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[ Reprinted from SCIENCE, N. 8., Vol. XV., No. 369,
Pages 132-139, January 24, 1902.]

A PLEA FOR GREATER SIMPLICITY IN THE
LANGUAGE OF SCIENCE.*

ScienTiFic ideas are with difficulty solu-
ble in human speech. Man,inhiscontempla-
tion of the flux of phenomena at work all
about him, is embarrassed by the want of a
vehicle of thoughtadequate for expression,as
a child whose stammering accentsdonot per-
mit him to tell his mother the new ideas
which suddenly erowd upon him when he
meets with something alien tohis experience.

Our knowledge of the mechanism of
nature has been undergoing a process of
growth, much of which has been sudden.
It is not surprising, therefore, that the in-
completely formed ideas of science should
become translated into clumsy language
and that inexact thinking should be evi-
denced by vagueness of expression. This
inexactness is often veiled by the liberal
use of sonorous Greek-Latin words.

The growth of knowledge has required
an increase in the medium of intellectual
exchange. New conceptions have called
for new terms. Sir Courtenay Boyle has
pointed out that the purity of a nation’s
coinagé is properly safeguarded, while the
verbal coinage of its national language is
subject to no control. Specially quali-
fied persons prepare the standards of gold
and silver. This insures the absolute
purity of the measures of commercial ex-
change and gives the English sovereign
and the American gold piece, for example,
an assured ecirculation along all the ave-
nues of commerce. It is not.so with the
standards of speech. The nation debases

*A paper read before Section E of the Ameri-
can Association for the Advancement of Science,
August 28, 1901.
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its language with slang, with hybrid and
foreign words, the impure alloys and the
cheap imports of its verbal coinage, mere
tokens which should not be legal tender on
the intellectual exchanges. France has an
academy which in these matters has much
of the authority given to theMint, whose as-
sayers test our metal coins;but in our coun-
try the mintage of words is wholly unre-
stricted, and, as a consequence, the English
language, circulating as it does to all the
four corners of the globe, has received an
admixture of fragments of speech taken
from various languages, just as the cur-
rency with which one is paid at the fron-
tier, where empires meet, includes the coin-
age of several governments, each of which
passes with an equally liberal carelessness.

Science ignores geographical lines and
bemoans the babel of tongues which hin-
ders the free interchange of ideas between
all the peoples of the earth. Nevertheless,
the international character of technical
literature is suggested by the fact that
three languages, French, German and
English, are practically recognized as the
standard mediumsof intellectual exchange.
One of these affords the most lucid solvent
of thought, another is the speech.of the
most philosophical of European people and
the third goes with world-wide dominion,
so that each has a claim to become the
recognized language of science. The
brotherhood of thinking men will have
been fully recognized when all agree to
employ the same tongue in their inter-
course, but such a far-off divine event’
is not within the probabilities of the pres-
ent, consequently there remains only for
us to make the best of our own particular
language and to safeguard its purity, so
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that when it goes abroad the people of
other countries may at least be assured
that they are not dealing with the debased
currency of speech.

Barrie has remarked that in this age the
man of science appears to be the only one
who has anything to say—and the only one
who does not know how to say it. It is
far otherwise in polities, an occupation
which numbers among its followers a great
many persons who have the ability for
speaking far beyond anything worth the
saying that they have to say. Nor is it so
in the arts, the high priests of which, ac-
cording to Huxley, have ‘ the power of ex-
pression so cultivated that their sensual
caterwauling may be almost mistaken for
the music of the spheres.” In science there
is a language as of coded telegrams, by the
use of which a limited amount of informa-
tion is conveyed through the medium of
six-syllabled words. Even when not thus
overburdened with technical terms it is
too often the case that scientific concep-
tions are conveyed in a raw and unpala-
table form, mere indigestible chunks of
knowledge, as it were, which are apt to
provoke mental dyspepsia. Why, I ask,
should the standard English prose of the
day be a chastened art and the writing of
seience, in a great scientific era, merely an
unkempt dressing of splendid ideas? The
luminous expositions of Huxley, the oceca-
sional irradiating imagery of Tyndall, the
manly speech of Le Conte, and of a very
few others, all serve simply to emphasize
the fact that the literature of scientific re-
search as a whole is characterized by a flat
and ungainly style, which renders it dis-
tasteful to all but those who have a great
hunger for learning.
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To criticism of this sort the profession-
al scientist can reply that he addresses
himself not to the public at large, but to
those who are themselves engaged in simi-
lar research, and he may be prompted to
add to this the further statement that he
cannot pitch the tone of his teaching so as
to reach the unsensitive intelligence of per-
sons who lack a technical education. Fur-
thermore, he will claim that he cannot do
without the use of the terms to which
objection is made. However, in condemn-
ing the needless employment of bombastic
words of classical origin, in place of plain
English, I do not wish to be understood as
attacking all technical terms. They are
a necessary evil. Some of them are instru-
ments of precision invented to cover par-
ticular scientific ideas. Old words have
associations which sometimes unfit them to
express new conceptions and therefore
fresh words are coined. The complaint
lodged against the pompous, ungainly
wordiness of a large part of the scientific
writing of the day is that it is an obstacle
to the spread of knowledge.

Let us consider the subject as it is thus
presented. In the first place, does the ex-
cessive use of technical terms impede the
advancement of science? I think it does.
It kills the grace and purity of the litera-
ture by means of which the discoveries of
science are made known. Ruskin, himself
a most accurate observer of nature, and
also a geologist, said that he was stopped
from pursuing his studies ‘by the quite
frightful inaceuracy of the scientific peo-
ple’s terms, which is the consequence of
their always trying to write mixed Latin
and English, so losing the grace of the one
and the sense of the other.” But grace of

Phrdivsdlol .
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diction is not needed, it may well be said;
that is true, and it is also true that a clear,
forceful, unadorned mode of expression is
more difficult of attainment and more de-
sirable in the teaching of science than
either grace or fluency of diction. One
must not, as Huxley himself remarks,
‘ varnish the fair face of Truth with that
pestilent cosmetie, rhetoric,” and Huxley
most assuredly solved the problem of how
to avoid rhetorical cosmeties and yet con-
vey deep reasoning on the most complex of
subjects in addresses which are not only as
clear as a trout stream, but are also bright-
ened by warm touches of humanity, keen
wit and the glow of his own ecourageous
manhood. Nevertheless, though clearness
of expression be the first desired, yet grace
is not to be scorned. When you have a
teaching to convey, it is well to employ all
the aids which will enable you to get a
sympathetic hearing. Man lives not by
bread alone, much less by stones. He likes
his mental food garnished with a sauce.
Let the cooking be good, of course, but a
chef knows the value of a well-seasoned
adjunet to the best dish.

Our language is capable of a grace and
a finish greater than we give it eredit. That
it is possible to write on geology, for in-
stance, in the most exquisite simple Eng-
lish has been proved by Ruskin, whose
‘Deucalion’ and ‘Modern Painters’ con-
tain many pages deseribing accurately
the details of the structure of rocks and
mountains, and dealing with their geologic-
al features in language which is marked
by the most sparing use of words which
have not an Anglo-Saxon origin.

The next aspect of the enquiry is
whether the language of science, apart
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from the view of mere grace of style in
literature, is not likely, in its present
everyday form, to delay the advance of
knowledge by its very obscurity. Leaving
the reader’s feelings out of the argument,
for the present, it seems obvious that the
whole purpose of science, namely, the
search after truth, which is best advanced
by accuracy of observation and exactness
of statement, is hindered by a phraseology
which sometimes means very much but
oftener means very little, and, on the
whole, is most serviceable when required
as a cloak for ignorance. To distinguish
between what we know and what we think
we know, to comprehend accurately the
little that we do know, surely these are
the foundations of scientific progress. If
a man knows what a thing really is, he can
say so, describing it, for example, as being
black or white; if he does not know, he
masks his ignorance by stating in a few
Greek or Latin terms that it partakes of
the general quality of grayness. Writers
get into the habit of using words that they
do not clearly understand themselves and
which, as a consequence, must fail in con-
veying an exact meaning to their readers.
Many persons who possess only the smat-
tering of a subject are apt to splash all
over it with words of learned sound which
are more quickly acquired, of course, than
the reality of kmowledge. Huxley said
that if a man does really know his subject
‘‘he will be able to speak of it in an easy
language and with the completeness of con-
vietion, with which he talks of an ordinary
everyday matter. If he does not, he will
be afraid to wander beyond the limits of
the technical phraseology which he has
got up.”” If any scientific writer should
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eomplain that simplicity of speech is im-
practicable in dealing with essentially
technical subjects, I refer him to the course
of lectures delivered by Huxley to working-
men, lectures which conveyed original in-
vestigations of the greatest importance in
language which was as easily understood by
hisaudience as itwas accurate when regard-
ed from a purely professional standpoint.
Science has been well defined as ¢ organ-
ized eommon sense ’; let us then express its
findings in something better than a mere
jargon of speech and avoid that stupidity
which Samuel Johnson, himself an arch-
sinner in this respect, has fitly deseribed
as ‘the immense pomposity of sesquipeda-
lian verbiage.” George Meredith, a great
mint-master of words, has recorded his
objection to ‘conversing in tokens not
standard eoin.” Indeed the clumsy latinity
of much of our scientific talk is an inherit-
ance from the schoolmen of the past; it is
the degraded currency of a period when
the vagaries of astrology and .alchemy
found favor among intelligent men.
Vagueness of langunage produces loose-
ness of knowledge in the teacher as well as
the pupil. Huxley, in referring to the use
of such comprehensive terms as ¢ develop-
ment’ and ‘evolution,” remarked that
words like these were mere ‘noise and
smoke,’ the important thing being to have
a clear conception of the idea signified by
the name. Examples of this form of error
are easy to find. The word ¢ dynamic’ has
a distinet meaning in physies, but it is
ordinarily employed in the loosest possible
manner in geological literature. Thus, the
origin of a perplexing ore deposit was re-
cently imputed to the effects produced by
the ‘ dynamie power’ which had shattered
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a certain mountain. ‘Dynamic’ is of
Greek derivation and means powerful,
therefore a ‘powerful power’ had done
this thing; but in physies the word is used
in the sense of active, as opposed to ‘static’
or stationary, and it implies motion result-
ing from the application of force. In the
ease quoted, and in many similar instances,
the word ‘agency’ or ‘aectivity’ would
serve to interpret the hazy idea of the
writer, and there is every reason to infer,
from the context, that he substituted the
term ‘ dynamic power ‘merely as afrippery
of speech. It is much easier to talk grand-
iloquently about a ¢ dynamic power’ which
perpetrates unutterable things and recon-
struets creation in the twinkling of an eye
than it is to make a careful study of a
region, trace its structural lines and de-
cipher the relations of a complicated series
of faults. When this has been done and a
writer uses comprehensive words to sum-
marize activities which he has expressly
defined and described, then indeed he has
given a meaning to such words which war-
rants him in the use of them.

In this connection it is amusing to re-
member how Ruskin attacked Tyndall for
a similar indiscretion. The latter had re-
ferred to a certain theory which was in
debate, and had said that it, and the like
of it, was ‘a dynamic power which operates
against intellectual stagnation.” Ruskin
commented thus: ‘‘ How a dynamic power
differs from an undynamie one, and, pre-
sumably, also, a potestatic dynamis from
an unpotestatic one—and how much more
scientific it is to say, instead of —that our
spoon stirs our porridge—that it ‘ operates
against the stagnation of our porridge,’
Professor Tyndall trusts the reader to
recognize with admiration.’’
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Among geological names there is that
comfortable word ‘metasomatosis’ and its
offspring of ‘metasomatic interchange’
‘ metasomatie action,’ ‘ metasomatie origin,’
ete., ete. To a few who employ the term to
express a particular manner in which rocks
undergo change, it is a convenient word
for a definite idea, but for the greater
number of writers on geological subjects
it is a wordy cloud, a nebular phrase,
which politely eovers the haziness of their
knowledge concerning a certain phenom-
enon. When you don’t know what a thing
is, call it a ‘phenomenon’! Instances of
mere vulgarity of scientific language are
too numerous to mention. ‘Auriferous’
and ‘ argentiferous’ are ugly words. They
are unnecessary ones also. The other day
a metallurgical specialist spoke of ¢ aurifer-
ous amalgamation’ as though any process
in which mercury is used could be gold-
bearing unless it was part of the program
that somebody should add particles of gold
to the ore under treatment. A ‘mining
engineer, of the kind known to the press
as an expert, described a famous lode as
traversing ‘on the one hand a feldspathic
tufaceous rock’ and ‘on the other hand a
metamorphie matrix of a somewhat argillo-
arenaceous composition.” This is seientifie
nonsense, the mere travesty of speech. To
those who care to dissect the terms used it
is easily seen that the writer of them could
make nothing out of the rocks he had ex-
amined, save the fact that they were de-
composed and that the rock which he de-
seribed last might have been almost any-
thing, for all he said of it; for his de-
seription, when translated, means literally
a changed matter of a somewhat clayey-
sandy composition, which, in Anglo-Saxon,
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is m-u-d! The ‘somewhat’ is the one use-
ful word in the sentence. Such language
may be described in the terms of miner-
alogy as metamorphosed English pseudo-
morphic after blatherskite. Some years
ago, when I was at a small mine near
Georgetown, in Colorado, a professor
visited the underground workings and was
taken through them. He immediately be-
gan to make a display of verbal fireworks
which bewildered the foreman and the
other miners whom he met in the mine, all
save one, a little Cornishman, who, bring-
ing him a bit of the clay which accom-
panied one of the walls of the lode, said to
him, ‘What do ’ee ecall un, you?’ The
professor replied, ‘It is the argillaceous
remnant of an antediluvian world.” Quick
as a flash came the comment, ‘ That’s just
what I told me pardner.” He was not de-
ceived by the vapor of words.

Next consider the position of the reader.
It is scarcely necessary at this date to plead
for the cause of technical education and
the generous bestowal of the very best that
there is of scientific knowledge. The great
philosophers of that New Reformation
which marked the era of the publication of
‘The Origin of Species’ have given most
freely to all men of their wealth of learn-
ing and research. When these have given
80 much we might well be less niggardly
with our small change and cease the prac-
tice of distributing, not good wholesome
intellectual bread, but the mere stones of
knowledge, the hard fossils of what were
once stimulating thoughts. In the ancient
world the Eleusinian mysteries were with-
held from the crowd and knowledge was
the possession of a few. Do the latter day
priests of science desire to imitate the at-
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tendants of the old Greek temples and con-
fine their secrets to a few of the elect by
the use of a formalism which is the mere
abracadabra of speech? Among certain
scientific men there is a feeling that scien-
tists should address themselves only to
fellow scientists, and that to become an
expositor to the unlearned is to lose caste
among the learned. It is the survival of
the narrow spirit of the dark ages, before
modern science was born. There are not
many, however, who dare confess to such
a ereed, although their actions may oceca-
sionally endorse it. On the whole, modern
science is nothing if not catholic in its
generosity. ‘To promote the increase of
natural knowledge and to forward the ap-
plication of scientific methods of investiga-
tion to all the problems of life’ was the
avowed purpose of the greatest of the phi-
losophers of the Vietorian era.

There are those who are full of a similar
good will, but they fail in giving effect to it
because they are unable to use language
which can be widely understood. In its
very infancy geology was nearly choked
with big words, for ILyell, the father of
modern geology, said, seventy years ago,
that the study of it was ‘ very easy, when
put into plainer language than scientifie
writers choose often unnecessarily to em-
ploy.” At this day even the publications
of the Geological Surveys of the United
States and the Australian colonies, for ex-
ample, are occasionally restricted in use-
fulness by erring in this respect, and as I
yield to none in my appreciation of the
splendid service done to geology and to
mining by these surveys, I trust my eriti-
cism will be accepted in the thoroughly
friendly spirit with which it is offered. It
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seems to me that one might almost say
that certain of these extremely valuable
publications are ‘badly’ prepared be-
cause they seem to overlook the fact that
they are, of course, intended to aid the
mining community in the first place and

. the public, whether lay or scientific, only

secondarily. From a wide experience
among those engaged in mining I ecan
testify that a large part of the literature
thus prepared is useless to them and that
no one regrets it more deeply than they,
because there is a marked tendency among
this class of workers to appreciate the
assistance which science can give. Take,
for example, a sentence like the following,
extracted from one of the recent reports of
the U. S. Geological Survey. ‘‘The ore
forms a series of imbricating lenses, or a
stringer lead, in the slates, the quartz con-
forming as a rule to the carunculated
schistose structures, though occasionally
breaking across laming, and sometimes the
slate is so broken as to form a reticulated
deposit.”” This was written by one of our
foremost geologists and, when translated,
the sentence is found to convey a useful
fact, but is it likely to be clear to anyone
but a traveling dictionary? A thoroughly
literary man might know the exact mean-
ing of the two or three very unusual
words which are employed in this state-
ment, but the question is, will it be of any
use whatever even to a fairly educated
miner, or be understood by those who pay
for the preparation of such literature,
namely, the taxpayers? An example of
another kind is afforded by a Tasmanian
geologist who recently described certain
ores as due to ‘ the effects of a reduction in
temperature of the hitherto liquefied hy-
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droplutonic solutions, and their conse-
quent regular precipitation.” These solu-
tions, it is further stated, presumably‘for
the guidance of those who wield the pick,
¢ asecended in the form of metallic super-
heated vapors which combined eventually
with ebullient steam to form other aque-
ous solutions, causing geyser-like discharges
at the surface, aided by subterranean and
irrepressible pressure.” At the same time
certain ‘ dynamical forces’ were very busy
indeed and ‘eventuated in the opening of
fissures’—of which one can only regret
that they did not swallow up the author
as Nathan and Abiram were once engulfed
in the sight of all Israel.

It will be well to contrast these two ex-
amples of exuberant verbosity because the
first befogs the statement of a secientifie
observation of value, made by an able man,
while the second cloaks the ignorance of a
charlatan, who masquerades his nonsense
in the trappings of wisdom. Here you
have an illustration of the harmfulness of
this kind of language, which obscures
truth and falseness alike, to the degrada-
tion of science and the total confusion of
those of the unlearned who are searching
after information.

Let the writer on scientific matters learn
the derivation of the words he uses and
then translate them literally into English
before he uses them, and thereby avoid the
unconscious talking of nonsense. If he
knows not the exact meaning of the terms
which offer themselves to his pen, let him
avoid them and trust to the honest aid of
his own language. ‘Great part of the sup-
posed scientific knowledge of the day is
simply bad English, and vanishes the
moment you translate it,” says Ruskin.
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The examples already given illustrate this.
‘Every Englishman has, in his native
tongue, an almost perfect instrument of
literary expression,” so says Huxley, and
he illustrated his own saying. Huxley and
Ruskin were wide apart in many things
and yet they agreed in this. Ruskin
proved abundantly that the language of
Shakespeare and the Bible can be used as
a weapon of expression keen as a Damascus
saber when it is freed from the rust of
classic importations, which make it clumsy
as a crowbar.

There is yet another reason against the
excessive use of Greek-English words, in
particular. Greece is not a remnant of ex-
tinet geography, but an existing land with
a very active people and a living language.
The terms which paleontology has bor-
rowed from the Greek may be returned by
the Greeks to us. And, as Ruskin points
out, ‘‘ What you, in compliment to Greece
call a ‘Dinotherium,” Greece, in compli-
ment to you, must call a ¢ Nasty-beastium,’
and you know the interchange of compli-
ments ean’t last long.”’

In all seriousness, however, is it too
much to ask that such technical terms as
are considered essential shall not be used
carelessly, and that in publications in-
tended for an untechnical publie, as are
most government reports, an effort be
made to avoid them and, where unavoid-
able, those which are least likely to be un-
derstood shall be translated in footnotes.
Even as regards the transactions of scien-
tific societies, I believe that those of us
who are active members have little to lose
and much to gain by confining the use
of our clumsy terminology to cover ideas
which we cannot otherwise express. By
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doing so we shall eontribute, I earnestly
believe, to that advancement of science
which we all have at heart.

The words which, at first, are the ex-
elusive privilege of the specialist, gradually
extend into wider use, following in the
wake of that diffusion of scientific knowl-
edge which is one of the objects of this
Association. We believe that to get along-
side faets, to apply the best knowledge
available, to seek truth for its own sake, i8
as essential to the well-being of the in-
dividual life as it is to the success of a
machine shop, and as beneficial to the com-
munity as it is to a smelting works.

In furtherance of this principle we must
remember that language in relation to
ideas is a solvent, the purity and clearness
of which affect that which it bears in solu-
tion. Whewell, in ‘ The Philosophy of the
Inductive Sciences,’has expressed this view
of the matter with noble eloquence. ‘Lan-
guage,’ he said, ‘is often called an instru-
ment of thought, but it is also the nutri-
ment of thought; or rather, it is the
atmosphere in which thought lives; a
medium essential to the activity of our
speculative powers, although invisible and
imperceptible in its operation, and an ele-
ment modifying, by its qualities and
changes, the growth and complexion of the
faculties which it feeds.’

In considering the subject from this
standpoint, there is borne in upon the
mind a suggestion which carries our
thought far beyond the confines of the mat-
ter under discussion. Such power of
speech as man possesses is a faculty which
appears to divide him from all other liv-
ing things, while at the same time the im-
perfection of it weighs him down con-
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tinually with the sense of an essential
frailty. To be able to express oneself per-
feetly would be divine, to be unable to
make oneself understood ¢s human. In
‘Man’s Place in Nature,” Huxley points
out that the endowment of intelligible
speech separates man from the brutes .
which are most like him, namely, the an-
thropoid apes, whom he otherwise resem-
bles closely in substance and in structure.
This endowment enables him to transmit
the experience which in other animals is
lost with each individual life; it has en-
abled him to organize his knowledge and
to hand it down to his descendants, first by
word of mouth and then by written words.
If the experience thus recorded were prop-
erly utilized, instead of being largely disre-
garded, then man’s advancement in knowl-
edge and conduct would enable him to
emphasize, much more than it is permitted
him at present, his superiority over the
dumb brutes. Considered from this stand-
point language is a factor in the evolution
of the race and an instrument which works
for ethical progress. It is a gift most truly
divine which should be cherished as the
ladder which has permitted of an ascent
from the most humble beginnings and leads
to the heights of a loftier destiny, when
man, ceasing to stammer forth in accents
which are but the halting expression of
swift thought, shall photograph his mind
in the fulness of speech, and, neither with-
holding what he wants to say nor saying
what he wants to withhold, shall be linked
to his fellow by the completeness of a per-
fect communion of ideas.
DENVER. T. A. RIcKARD.









“The Minerals which accompany Gold, and their bearing
upon the Richness of Ore Deposits.”

By T. A. Rickarp, M.Inst. M.M.

Ix the general advance of knowledge anatomy has distanced
medicine. The surgeon works with coufident skill while the
diagnosis of the physician is yet a faltering guess. It is thus in
our own profession. The structure of the rocky envelope of the
earth has been in many localities so carefully deciphered that the
mining engineer can unravel the geology of an ore deposit with a
success to which the mines of Leadville, Bendigo and Gympie
bear ungrudging testimony. When, however, he endeavours to
ascertain the causes which have determined the presence of gold
at one spot and its absence at another he hesitates, and, saturated
with the brutal experience of widely separated regions, he con-
fesses that it is a phenomenon yet to be explained.

The working of gold mines in different countries has yielded an
accumulation of scattered evidence which needs only scant examiuna-
tion to emphasise how incomplete and contradictory it is. The
absence of accurate knowledge on this subject has encouraged the,
growth of attractive fallacies, in the combating of which the whole
matter often comes up for informal discussion wherever mining
men congregate. During recent journeyings over the goldfields
of West Australia, I found that many an old fallacy had sprung
again into vigorous life amid the congenial atmosphere of a com-
munity over which the windy breath of a boom had but lately
passed.

It may seem a thaunkless task to oppose those plausible theories,
which become rampant only when facts are scarce, yet I am

convinced that in the search after truth the first step must be to
B
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sift the little that we really do know from the much that we think
we know ; the first is seience, the second is popular knowledge.
The old indusiry of mining was formerly guided by the venerable
rule of thumb, and would forever have remained but a blind sort
of groping in the dark had it not obtained the willing aid of the
younger science of geology.

The immediate problem to which my most recent experience
has called attention may be summarised thus:—In examining a
lode only incompletely developed and in a new country, what is
the evidence on which a correct estimate of the prospective value
of the mine may best be based ? The two most common answers
would be a plain denial of any man’s ability to see further into
the ground than the point of his pick, and against this obvious
surrender would come the reply that the best indication would be
found in the presence of particular minerals in association with
the gold.

It is this question of indicative minerals which I purpose dis-
cussing. The experience of certain mining districts has gone to
prove that gold is notably accompanied by particular minerals,
and this to such an extent that they are considered to assure the
richness of an ore in which the gold itself canuot visibly be
discerned. These ‘‘indicative minerals,” as they may be termed,
are not the same in every locality. A few examples, such as
have come within my own experience, may be quoted. Every
mining engineer can add to the list.

In Boulder county, Colorado, roscoelite (a vanadium mica) is
closely associated with the tellurides of gold (calaverite and
sylvanite). Thisfactis rendered of additional interest because the
same rare mineral has been recognised by me in the telluride ores
of Kalgoorlie, in West Australia.* At San Andreas, in California,
uranium ochre (the yellow oxide of uranium) is found to distin-
guish the pockets of specimen gold ore to such an extent as to
serve as a guide in prospecting. In several parts of Arizona, in
Yuma, Yavapai and Pinal counties, especially the last, vanadinite
and descloizite (both vanadates of lead) characterise ores rich in
gold and silver. Wulfenite (the molybdate of lead) often accom-
panies the vanadium minerals, and has been noticed in the ores of
two celebrated lodes, the Comstock in Nevada and the Vulture
in Arizona. The association of gold with these lead ores is
notable, because the particular minerals mentioned are all of
great beauty and delicacy. The same may be said of crocoite

* Roscoelite also occurs generously in the veins of the district (El Dorado)
where gold was first discovered in California.
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(the chromate of lead), which characterises several gold veirs in
the North Coolgardie goldfield, especially at Menzies* The
more common sulphide, galena, is also an accessory mineral in the
richest mines at Menzies, and accompanies coarse native gold. At
Niagara, Pinyalling, and Wagiemoola, three widely separated
localities in West Australia, I found gold closely associated with
tourmaline in the form of acicular erystals in contact with coarse
gold, and also in a condition of minute diffusion forming dark
blotches in the white quartz. The gold ores of the Mysore in
India carry tourmaline.

Instances might be multiplied, but it would be to no purpose.
Those already cited will serve as a sufficient text for the discus-
sion of the subject.

Such occurrences as these wounld seem at first sight to afford
a much needed aid to the explorer. It is unfortunately easy
to prove that as evidence they, and any number more of them,
are of very uncertain valne in a new mining territory, because
they are contradicted by similar testimony of a negative kind,
which compels us to regard them as mere coincidences. Take the
case of zinc blende. One locality was quoted where this mineral
is a sure sign of a generous amount of gold and silver in the ore.
The Morgan Mine, in Wales, affords, I understand, corrobhorative
testimony. At the East Murchison Mine, in West Australia, this
mineral has been found to be an almost unerring gnide in separat-
ing rich from poor ore. But in Arizona it isa common experience
that the impoverishment of lodes in depth, when it does occur, is
concomitant with an increasing percentage of zinc. Other regions
echo this unpleasant fact. Broken Hill knows it. Similarly, there
is the beautiful mineral fluorite or fluorspar. The association of
fluorite with the tellurides of gold was early recognised in both
the Boulder and Cripple Creek districts of Colorado, and the
purple tint imparted by this mineral was speedily bhailed as a
distinction peculiar to rich veins. Later experience, notably in
Park County, bas proved that poor ores are favoured with fluorite
no less than the bonanzas. 1 have mentioned a locality where
rhodochrosite is esteemed a favourable mineral. But while it is
thus characteristic of rich ore at Rico, in Colorado it is a negligi-
ble factor in certain lodes at Butte City, Montana. Again,
consider calcite. When it is seen amid the gold bearing quartz of
California it is recognised with regret, because it so often means a
falling off in values, while at Kalgoorlie the same mineral charac-

* Dana mentions that crocoite is associated with gold in the quartz of
Niznhi Tagilsk in the Urals,
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terises ores rich in calaverite (the telluride of gold), and at Rhuda
in Transylvania, a very valuable gold vein has beer worked whose
matrix was essentially calcite.

We are all familiar with mines in which iror pyrites is so
intimately associated with the gold that a lessening of the one
means a diminution in the other, but there are also cases where
an excessive percentage of pyrites coincides with impoverishment.
Moreover, there are lodes in which the coarse cubes of pyrites are
less favourable to the presence of gold than the finely crystalline
variety, but there are also those in which the reverse is true.
Much in the same way, there used to be an idea that coarse cubical
galena was less silver-bearing than the fine grained kind, bat this
as a generalisation has long since been exploded. Thus, therefore,
it requires but little sifting of this sort of evidence to emphasise
its contradictory character.

The rich lodes of the same district frequently differ widely in
their mineralisation.* Poor veins often carry the ores considered
characteristic of the rich ones. The neglect of the former causes
this fact to be overlooked. When the field of comparison is
enlarged from mines to whole districts the divergence of evidence
becomes tenfold emphasised.

In matters like these the experience of each mining engineer
is a personal equation by which every theory must be eventually
tested. Out of the whole sad wreck of -glittering generalisations
on this particular subject, only one or two have survived my own
particular trial of them, and even they, I fear, await the destruc-
tive testimony which may at any moment be found in the develop-
ment of new mining regions. When gold occurs in pyrrhotite
ores it has been as yet invariably proved to be in immediate asso-
ciation with a small, often overlooked, percentage of copper
pyrites. The testimony of Moutana, Colorado, and British
Columbia is at one in this deduction. Again, while many veins
carrying coarse gold encased in white quartz persist to great
depths, and in this respect Bendigo does especially set at naught
the dictum of American experience, nevertheless I have not known
gold quartz to be persistent when wholly barren of the sulphides
of the baser metals, while, on the other hand, I do remember in-
numerable examples of ore guite destitute of pyrites, galena, and
blende which proved particularly short lived. I might venture

* This word is not of vulgar coinage, It comes through the French, who
use it as we do, Lo express the fact that a rock carries minerals of economic
value, that is, ore. ‘‘Mineralisé” is the equivalent of “mineralised,” and is

related rather to the word “ minerai” (ore) than to * mineral.”
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one other. There is no better indirect evidence of the size of a
body of gold ore than uniformity in the distribution of the gold.
A patchy oceurrence is less likely than homogeneity to indicate
continuity or size; samples which vary between narrow limits are
more encouraging than those which swing between wide extremes
of richness and poverty. It is with a desire to avoid a merely
destructive attitude that I have dared to offer these three obser-
vations.

While therefore the evidence in support of the value of the
supposed indicative minerals is, as we have seen, of a very contra-
dictory nature, it also has another feature which must not be
overlooked. At its best, the aid of these minerals would be delu-
sive, because, even if it proved the invariable association of gold
with particular minerals, it could not predicate the actual amount
of that gold. That a lode should carry gold is quite insufficient
to the mining engineer, whose operations for its profitable extrac-
tion require that it should be there in paying quantity. This is
the difference between science and business. The union of the
two creates an industry. One might discuss in a learned and
entertaining manner, as Stelzner has done, the saggestiveness of
the association of gold with such a compound as the silicate of
boron and aluminium (tourmaline), because it indicates a deep-
seated origin. The presence in notable quantity of the fluoride of
calcium (fluorspar) might prompt speculations of a vapourous and
corroding kind. But the proof of gold having either a profound
or a gaseous origin, were it attained by the geologist or chemist,
would not permit the mining engineer to infer that the gold per-
sists in paying quantity to any particular depth. An ore which
carries 2 dwt. per ton in a region where the conditions are such
as to require the equivalent of 15 dwt. to be expended in the
extraction and reduction of a ton, is to all practical intent as value-
less as one which is wholly barren.

The question of indicative minerals bears many points of resem-
blance to that of the plants which have been observed to distin-
guish the soil enriched by particular ores. The Viola lutea was
supposed to be peculiar to the soil covering the zinc deposits of
Westphalia, and was subsequently recognised growing on the out-
crop of the zinc ores of the Horn Silver Mine in Utah. It became
known as the *zinc plant.”” Similarly there is a so-called “lead
plant,” the Amorpha canescens, which characterises the lead deposits
of Michigan, Wisconsin, and Illinois. These plants are local
varieties rather than a distinct species, their colour being affected
by their absorption of the particular metallic ingredient in the
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soil*  Their occurrence bas long ceascd to have anything more
than academic interest.

If then we cannot accept the belief that certain minerals are
indicative of the plentiful occurrence of gold, what shall be said
for the idea that they give an assurance of persistence in depth ?
Every one has read serious statements to the effect that this or
that mine was of undoubted value because its ores contained par-
ticnlar minerals, the presence of which promised that the vein
would increase in richness in depth. In young mining regions
such ideas find a fertile soil. In West Australia the finding of
tellurides in an ore is now generally considered to permit of the
inference that the lode will go down to a great depth. The early
discoveries of extraordinary pockets of native gold in veins of
white quartz, such as made the Londonderry famous, proved
sporadic and bunchy to a distressing degree. When, therefore,
the telluride ores of Kalgoorlie became recognised, and were found
to occur in bodies of magnificent size and very satisfactory per-
sistence, the conclusion was jumped at that if tellurides were only
present in an ore, contiuunity in depth became thereby gunaranteed.
Post hoc, ergo propter hoc. '

In these matters a very small portion of ascertained truth is
swamped amid a mass of supposition quite unworthy of the name
of theory. A theory embodies an underlying principle of universal
application. The idea which to-day dominates the mining of Wes-
tralia is a vain imagining, delusive as a promoter's dream.

Those who are acquainted with the history of the mining of
tellurides need not be told how ill founded is the statement that
these particular minerals characterise lodes of peculiar perma-
nence. The combinations of tellurium with gold and silver have
proved of notable commercial importance in three mining regions,
namely, Transylvania, Colorado, and West Australia. There are
other districts where the mining of them is an incident in the
working of ordinary gold ores. Such is the case in certain locali-
ties in California, South Dakota, and the North Island of New
Zealand. In none of these, however, have they been indicative
of any special persistence in the richness of the veins, and their
occurrence has been merely an added obstacle to the snccessful
extraction of the gold.

It was in 1802 that Klaproth discovered the presence of a new
element, tellurium, in the ores of Zalathna, and so led to the
recognition of a large number of the compounds of that metal

* See “ Indicative Plants,” by R. W. Raymond, Trans. Amer. Inst. of M.E.,
vol. xv, p. 644,
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with gold and silver. Zalathna, Nagyag, and Verospatak were
gold mining centres when Transylvania was the Roman province
of Dacia and was ruled by Trajan. The very complex ores of these
districts have been a puzzle to the metallurgists of many genera-
tions. The veins penetrate young volcanic rocks (andesites) and
Tertiary limestones, sandstones, and conglomerates. This very
ancient mining country exhibits to-day a very forceful example of
impoverishment in depth, while the refractory character of the
ores has tried the resources of the smelting establishments of
Schemnitz, Zalathna, and Freiberg.

In Colorado the tellurides were recognised as early as 1874 in
Boulder county, more especially at the mines of Magnolia, Salina,
and Sunshine. An experience of nearly twenty-five years has proved
to the miners of that county that these ores occur there in compara-
tively small bodies of remarkable richness but of very irregular
and uncertain behaviour. In two other districts of the same State,
namely, in Hinsdale county and amid the La Plata mountains,
valuable mines, carrying ores rich in the tellurides of gold and
silver, have been worked during the past ten years, but their
record corroborates that of Boulder. There remains the more
imnportant goldfield of Cripple Creek, where veins penetrating a
remarkable complex of volcanic rocks have proved so persistently
rich to a depth now approaching one thousand feet, that they have
obliterated the reputation which this class of ore won in the three
older parts of the same State.

In West Australia tellurides are being mined in three localities
—Redhill, Bardoc, Kalgoorlie—and the wonderfunl development of
the last has given a new impulse to the whole industry of the colony.

Thus, one hears much of Cripple Creek, and, lately, of Kal-
goorlie. In both districts very rich lodes, characterised by telluride
ores, have been opened up, with results so eloquent as to silence
the story of the more numerous localities where these particular
minerals have been only a metallurgical obstacle associated with
ore bodies of no satisfactory continuity. As a consequence,
investors are prepared to swallow the rhetorical confectionery of
an irresponsible press, and to believe that a new era has dawned
for any neglected region in which these tellurides are now for the
first time recognised. Believe me, the compounds of tellurium
are far more widely dispersed in gold ores than is generally sup-
posed. I have detected them in several mines when a low extrac-
tion in the stamp mill suggested an unusual difficulty in the ore,
and it is certain that during the next few years the greater
familiarity with these minerals will lead to their recoguition in

b b
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80 many unsuspected localities, that they will cease to be a
mineralogical curiosity.*

The idea, now very prevalent, that at Kalgoorlie especially the
presence of tellurides guarantees persistent richness is contradicted
by several facts, the most notorious of which should be the fact
that the very mine in which they were first recognised (by Mr. J.
C. Moulden, in May, 1896), and subsequently acclaimed by the
local press as heralding sure prosperity, has proved unprofitable ;
indeed, the particular ore-body in which the first telluride was
seen has been demonstrated by later development to be an isolated
patch leading to nothing of any moment. Moreover, the lodes at
Kalgoorlie vary in the amount of tellurides which they carry
without any proportionate difference in their richness. The
gold occurs not only in chemical combination with tellurium, but
also in its ordinary native condition. Further, tellurides occur
which do not contain gold. The so-called “ black tellurium” of
certain mines is the rare telluride of mercury, called * coloradoite,”
from the locality of its first discovery. Native tellurinm also
exists. Again, some of the veins even below the zone of oxidation
are so free from tellurium as not to differ from ordinary gold-
bearing reefs. Yet there is no reason to suppose that these are
less rich or less persistent than those which are characterised by
a notable percentage of tellurides.

It is not too much to say, therefore, that the observations
gathered from the working of telluride ores in various parts of
the world refute the idea that their occurrence has any particular
bearing on the question of persistence in depth; while, on the
other hand, experience has frequently demonstrated that their
presence is an important and objectionable factor from a metal-
lurgical standpoint, because it inereases the cost of gold extraction.

Thus we are brought to face the general question of the enrich-
ment of ores in depth. It is, however, outside the scope of this
contribution. As a far-reaching fallacy, persisting in spite of the
accumulated experience of many mining regions, it possesses a
pestilent vitality, which must at times astonish those who from
the actual direction of mining operations have seen so much
evidence to the contrary. I am referring now to gold mines only,

* The sulphide ore of Mount Morgan, Queensland, carries tellurides. The
fact was recently determined by Mr. E. S. Simpson, Government Assayer for
‘West Australia. How much of the early trouble in the treatment of the
oxidised ores is explained by this discovery? It also recalls to me the
resemblance between the dull brown gold of some of the Mount Morgan ore
and that of the first discoveries at Cripple Creek in 1892.

[ 4
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becanse the facts relating to baser metals, which by oxidation
become solunble, differ in detail. Gold and tin are in this respect
unlike copper and silver. 'While, therefore, I do not wish on this
occasion to reopen the whole snbject, I cannot forbear referring
to the question as it has come up for discussion in West Australia,
where I have lately been.

In that country the assertion is made with tiresome iteration
that veins become richer below the water level, becaunse in the
oxidised zone the ore has been impoverished by the leaching out
of the gold. It is also held by many who pose as having authority
and not as the scribes, that if the outcrop give evidence of notable
mineralisation it is reasonable to expeet almost barren quartz to
become valuable when the sulphides are reached in the ordinary
course of deeper mining. If these pleasant doctrines are ques-
tioned, you are bidden to go to Kalgoorlie, where, so they say,
you will be forced by the evidence there obtainable to admit the
fact that lodes which now attract the attention of the financial
world, were too poor to meet expenses until the mine workings
penetrated into the unoxidized ore. Indeed, at Kalgoorlie especi-
ally this idea has a strong foothold, especially among stock-
jobbers.

The matter seemed to me to be one of great interest. If the
facts really did indicate a general enrichment of the veins as they
approached the drainage level of the district, which is also the
water level of the mines, then Kalgoorlie offered a striking excep-
tion to the experience of other goldfields. If, moreover, a satis-
factory theory were forthcoming to account for these mnusual
facts, then the uncertain chemistry of ore occarrence would
receive invaluable aid. But the prettily coloured bubble was
dissipated as soon as an earnest investigation was commenced.
Tbe history of the development of the lodes, and a few quiet con-
versations with the able men who have come from elsewhere to
direct the big mines, were sufficient to stamp this as another
resurrection of a fallacy that was old before the Pheenicians came
to Cornwall.

To say that mines get richer in depth is, in such a region as
West Australia, a cruel cynicism. If anyone is inclined to believe
it, let him wander over the desert, and count the idle stamp mills
which lie rusting in the sweltering sun, and the long succession of
abandoned shafts which now serve only to water the passing
camel train. By mere repetition of an untruth you may effect
persuasion, but you do not alter the falsity of it.

If you omit the manifest failures and turn to the production of

B 3
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the more successful mines in the Menzies, Murchison, Cool-
gardie, and Norseman goldfields, you will still find that it is a
work of supererogation to attempt a serious discussion of the
statement that the veins have improved in depth. Incomplete as
the Government statistics are, and vitiated by a total lack of
system in the determination of the actual tonnage treated at the
mills, yet they, too, tender an emphatic denial.*

The alleged facts are further explained by a general hypothesis
that the gold in the oxidised ore has been leached out so that it is
beneath its normal richness, which will be found unimpaired
below the water level. This is stated to be evidenced by the
removal of the iron pyrites, the casts of the crystals of which now
appear as cavities in the quartz. In some of these gold is found,
but in others it is absent, proving, so it is said, that the gold has
been removed from the cavities which are now empty. The occur-
rence of films of fine gold, called * paint gold,” on the faces of
fractures is instanced as an illustration of secondary reactions.
Finally, the alkaline composition of the waters in the mines is
quoted in proof of their solvent power.

Although the chemistry of the oxidised zone is far from being
thoroughly understood, yet in its incompleteness it is sufficient to
disprove these arguments. When iron pyrites is decomposed the
sulphide becomes a sulphate, and this in turn, by further oxida-
tion in the presence of water, is resolved into sulphuric acid and
the hydrated oxide of iron. The native sulphur frequently seen
in the cavities left by the removal of the cubes of pyrites is not a
direct product of decomposition, but is traceable to later secondary
reactions in which the organic matter of the surface has served as
a reducing agent. The gold intimately mixed with the pyrites,
and probably originally deposited with it, remains, because the
noble metal is insoluble to the waters which dissolved the iron.

The occurrence of gold in pyrites is now less of a mystery
than it used to be. Microscopic examination has disclosed the
existence of the gold in the planes of the pyrites, and the leaching
of the gold by cyanide solutions without any apparent deformation
of the pyrites is no less suggestive. It is indeed true that in some
of the casts, left by the removal of the sulphides gold does not
occur, but this is frequently due to the fact that it is very diffi-
cult to break a piece of cellular quartz without shaking the gold
out of the cavities in which it lies loosely. Hence their emptiness

* Of course the grand totals are misleading, since they include the produc-
tion of new mines, and do not indicate the shutting down of unprofitable ones.
The yields of individual mines must be consulted.
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may mean nothing. At other times this may indeed be due to the
real absence of the gold, and against this observation we then
balance another, namely, that the pyrites as we find it unaltered
below the water level also varies in its gold contents, so that in
the same vein it is sometimes barren and sometimes rich, account-
ing in this way for the uncertain presence of free gold in the
oxidised zone. The “paint gold,” frequently noticed in the
gossan, appears to be the result of secondary and comparatively
recent reactions. It is, however, only a proof of precipitation,’
and therefore presupposes a previous leaching, but not necessarily
in the vadose region. It evidences local enrichment rather than
impoverishment.

Of the solvent power of surface waters upon the gold there is
only supposition, and this supposition must first overcome the
fact of the occurrence of such organic matter in the groand
apptoaching the surface as would reduce any known salts of gold
shonld they be in solution. In the Sugarloaf Mine, near Kunanal-
ling, I saw the roots of trees at 74 ft., and in the Great Boulder
Main Reef Mine, at Kalgoorlie, I saw some which had penetrated
the rock to 85 ft. below the surface. In the former case the
oxidation of the enclosing rock ceases at 130 ft. and in the latter
at 175 ft. The region is an unusually dry one, which has under-
gone erosion with extreme slowness; and this is doubtless the
reason why roots in search of moisture should penetrate so deeply.

The waters of the mines are all brackish; they are many times
more salt than the sea. Analyses made at the Great Boulder
Proprietary Mine show an average in solids of 89 per cent., and
of this 6-2 was chloride of sodium, 045 chloride of magnesia, and
073 sulphate of lime. The water from the Lane shaft gave the
maximam of 11'9 per cent. solids, containing 8'8 NaCl, 051 MgCl,,
and 1-1 CaSO,.*

Certain results obtained in the treatment of the zinc precipitate
in the cyanide works of the Associated Mines have led the mill
manager, Mr. Grayson, to deduce the solubility of gold in sulph-
uric acid when tellurium oxide is also present, and thus to offer a
chemical theory for the alleged leaching of gold in the surface
ores. This explanation, as it stands, is questionable, because the
solubility of gold under the stated conditions is not known.
When, however, free chlorine is also present such solubility would
occur.t The telluric oxide, in the presence of salt and sulphuric

* For these figures I am indebted to the courtesy of Mr. Richard Hamilton,
the mine manager.

t As pointed out by Mr. Richard Pearce, in a recent letter to the writer.



acid, would take the part given in the laboratory to the black
oxide of manganese. The occurrence, therefore, of waters rich in
chlorides, of sulphuric acid derived from decomposing pyrites and
of tellurium oxide obtained from the oxidation of tellurides, are
all recognisable amid the conditions at Kalgoorlie, and thus afford
a theory which, while it has no very strong evidence to commend
it, is at least tenable from a chemical standpoint.

In many cases the supposed enrichment in depth can be easily
explained. For example, a shaft passes, in course of sinking,
from poor into rich ore. The lode, it would appear, has become
better in depth. The fact is, that the shaft was started off the
oreshoot, which has a pitch such as to bring it across the line of
the shaft at a certain level. The accompanying diagram will
illustrate this point.

MAIN SHAFT

It would be just as reasonable to argue that the ore occurred
in vertical bands because the levels pass in and out of the shoots.
In another suggestive instance a vertical shaft was sunk in a very
wide lode which is nct quite perpendicular. The shaft was
started on the hanging wall side, where the ore is now known to
be always poor, and in depth it approached the footwall, where the
lode is richest. It was assumed, for a time, that an enrichment
in depth characterised the lode. The sketch (p. 13) will explain
this occurrence.

The idea of general enrichment in depth at Kalgoorlie arises
from an ignorance of the history of the early development of the
region. The discovery of the big ore-bodies was not made in the
infancy of the district, but came in the wake of that preliminary
digging which usually precedes systematic exploration. Patrick
Hannan pegged out the first claim on April 12th, 1892. At that
time nothing was known save the existence of a few superficial
deposits on the flat overlooked by Cassidy Hill and Mount
Charlotte. These deposits were of the kind termed “ dry blowers’
patches.” They may be described as the alluvium of a waterless
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country. Their substance varies. They may consist merely of

a few inches of sand and clay lying on the decomposed rock
surface, but elsewhere they may have a thickness of many feet,
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and include a lower portion which is so compact as to be called
“cement.” In the absence of the transporting power of running
water, the wind has been an active agent in sifting the débris
caused by that disintegration of the surface which is mainly trace-
able to the variation between tie heat of dayand the cold of night.
The finer rock particles are thus separated from the larger frag-
ments of hard qmartz. And although the wind is but a feeble
agent as compared with the mountain stream, yet, owing to the pre-
valence of the constant and violent dranghts of a high plateaun,
such as the interior of West Anstralia, the sum of its activities
during long pericds of time is capable of producing noteworthy
results. The miner imitates the ways of nature, and in default of
sluicing he winnows the dirt by a process known as ‘“ dry blow-
ing.”” The “dry blower” of West Australia is brother to the
¢ gulch miner ” of California and the “allavial digger ” of Vic-
toria.

From the deposits which are thus accumulated gold has been
extensively won, and occasional patches of extreme richness have
been encountered. The heaviest gold is found resting close to the
underlying rock surface, and therefore, as in ordinary alluvial
mining, the working of these deposits often leads to the discovery
of the veins from which the gold was shed. Thus many “dry
blowers’ patches” have been found adjacent to very valuable
lodes, and in the case of the ailuviam of the Kalgoorlie flats
there were found small veins which led to the first mining. This
early mining was confined to that portion of the district which is
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close to the present town of Kalgoorlie, and which is distinet from
the scene of the great mining developments of the past two years,
2 miles further to the southward. The veins found in this
northern part of the goldfield were, as has been stated, small ;
they were also uncertain in behaviour, and generally poor. They
served nevertheless as an excuse for the taking up of numerous
leases and the subsequent flotation of mining enterprises of a
thoroughly worthless kind. Not one of these veins has as yet
become the basis of a successful enterprise, although they have
been followed by very extensive workings. In the meanwhile the
prospectors wandered further south, and found several rich patches
of surface dirt and cement, which led directly to the discovery of
one or two strong quartz croppings, on the evidence of which the
Great Boulder and other claims now famous were pegged out.
These quartz veins were larger than those previously worked in
the northern part of the field, but they were similarly poor and
uncertain, althongh this fact did not prevent the flotation of the
Great Bonlder Proprietary Company. The story of this splendid
mine is typical of that of several of its neighbours. The first
explorations were confined to a vein which outcropped in the
eastern part of the lease, and the shaft sunk wpon it is the one
known as No. 8, or Gamble North’s. The vein was soon proved to
be of no importance, becoming thin and poor at a depth of 75 ft.
A trench was then started to cut a big ironstone outcrop which
forms a hillock behind the present office. This ironstone reef was
found to contain only 12 dwt. of gold per ton, an amount too
small for profitable operations at that time. When, however,
the trench referred to was extended farther west it penetrated
another vein which had no outcrop. This proved to be the eastern
portion of the magnificent lode which subsequently gave such
great value to the mine. It was rich from the start. A wide open-
cut now bears confirmatory evidenee, and the least observant can-
not help noticing that the stopes have been extended from the
underground workings up to the daylight. The section afforded
by the opencut exhibits the fact that 24 ft. of eement form a cap
over a lode nearly 20 ft. wide. The Great Boulder Perseverance
had a similar beginning. The first work was done on what is known
now as the old No. 1 Shaft, carrying a comparatively poor vein
which was abandoned when the rich lode in the neighbouring Lake
View Consols Mine was traced into the Perseverance ground. This
lode, which gave the value to this company’s property, also failed
to outcrop. A big opencut now explains the reason to be similar
to that noted in the case of the Great Boulder. The surface
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workings on the Ivanhoe, Kalgurli, and other adjacent mines
exhibit similar conditions, big lodes capped by cement and long
lines ot stopes breaking through into daylight.

In the meantime the extensive development of the goldfield has
afforded” an explanation for the chequered nature of the early
explorations. It has been found that the quartzose lodes are
uniformly poor, and that the rich ones bave a chloritic and mag-
nesian matrix which renders them susceptible to easy degradation
and erosion. Thus it is easy to understand the current misunder-
standing. The first veins worked were naturally those which had
outcrops. They outcropped because they carried much quartz and
were harder than the encasing country. They also happened to be
poor; therefore the first attempts at mining were upprofitable.
On the other hand the rich lodes had a composition into which the
carbonates of lime and magnesia entered largely, rendering them
softer than the rock enclosing them, and therefore they suffered
erosion at least as rapidly as the surrounding country. The
detrital deposits of the surface capped the tops of the rich ore-
bodies, and it was not until an accidental exploration had pierced
the cap of this “cement” that the first of the soft and rich lodes
was uncovered, The discovery of the others followed in due eonrse.

The idea of an enrichment in depth was based on the fact that
the mines which were at first unprofitabie became subsequently
marvellous ore producers. Careless observation and that wishing
which is father to much loose thinking served to bolster up an
erroneous idea, and to spread the statement that the ore became
richer at the water level. It is a matter which does not affect the
reputation of the really good mines so much as that of the forlorn
hopes, the poverty of which is excused by a lack of depth, thus
leading directly to the spending of much money on the foundation
of a fallacy.

From careful investigation and the sifting of much evidence I
am forced to the conclusion that Kalgoorlie is no exception to a
common experience, and that where rare enrichments occurred in
the sinking of a shaft, the fact can be traced to the structural rela-
tions of the ore deposits. I regret the conclusion. It would have
encouraged those in other regions had there at last been found a
district where nature had placed the best ore where man could
with most difficulty reach it, and, apart from its economic aspects,
the occurrence would have been one of great scientific interest.

Thus the tellurides, like rhodochrosite, tourmaline, zinc blende,
pyrites and a host of other supposed indicative minerals, must be
discarded as helps no better than the will-o’-the-wisp which leads
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the wanderer into a morass worse than the darkness itself. Better
no guide at all than a false one.

Shareholders and investors may be tempted to inquire whether
I would go so far as to deny the possibility of veterans in the
profession having such ability and experience as would permt
them to come to safe conclusions as to the prospective value of a
mine from a mere examination into the character of the ore. To
this I would answer that I believe the most experienced, the very
Ulysses among mining engineers, would be the first to emphatic-
ally disclaim such short cuts to the valuation of mines. A moiland
a 4-1b. hammer are of more use than a book full of sounding theories;
a careful sampling of the workings is of more immediate utility
than a treatise on mineralogy. Successful mining must be based
on facts; all the rhetoric and fond imagining in the world cannot
alter them. It is the province of the mining engineer to deter-
mine the facts, to get alongside them, as Huxley would say, and
when a theory comes floating by leave it, as Joseph left his coat
in the hands of the harlot, and flee. IKxperience has proved that
indicative minerals are delusive; so let them go. But the mineral
contents of an ore, though they have no bearing on the mining,
decide its metallurgical treatment. and therefore need careful
examination. The importance of the character of the ore from
this point of view is too often overlooked by those enthusiastic
mineralogists who permit themselves to make the most sweeping
deductions on matters of much greater uncertainty.

Careful sampling is worth a bushel of suppositions, and the
painstaking determination of the working costs is better than any
amount of geological generalisation. Mining is not a scientific
pursuit, although at times it may to the observant have seemed to
be either that or one big insanity. But mining is an industry.
The good sense which financial men have of late years contributed
to its operations has done much to bring it from a windy misti-
ness to the solid footing of sound business. The main purpose
is not to develop the waste places of the earth, nor to spoil the
scenery of the mountainons omes, but simply to win a profit by
extracting ores out of the gronnd. It is a plain matter of profis
and loss. On the one side is the value of the gold in the ore, and
on the other is the cost of the processes needed to obtain it. To
arrive at the former there is only one way, namely, to sample the
workings systematically. The result will be reliable in propor-
tion to the care taken. Any shirking of difficult places in the
mine, any avoidance of hard portions of the vein, any assistance
from untrustworthy hands, will vitiate the result. Against this
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must be placed the costs of operation. Here it is that experience
is needed. The sampling is largely mechanical, like ordinary
assaying, and requires patience and care more than anything else.
In the estimate of the costs there must be included many items of
expenditure, such as the breaking of the ore, the development
work, the equipment, the milling, the management ; and to arrive
at these the previous actual charge of mines is the only proper
preparation. Then comes the question of the quantity of ore avail-
able or likely to become available by further exploration. This is
the pons astnorum of mining. That which some describe as ore in
sight is often really ore out of sight. The over sanguine estima-
tion of ore reserves has ruined more enterprises than all the bad
management and over-capitalisation of which complaints are daily
made. It is ever a difficult matter and requires a cool judgment,
wide experience, and a careful investigation into the circum-
stances and structure of each particular mine.

When the value and tonnage of the ore available have been
arrived at, and when working costs have been determined, then
the engineer has the greater part of the evidence needed to submit
to the client whom he is advising. The other data which will
influence an opinion are more variable in their character. The
geological conditions may affect the distribution of the ore bodies
and, consequently, the cost of mining, and the mineralogical com-
position of the ore may determine the expense of milling. As
such they must not be overlooked, but the padding of a report
with a large amount of geological disquisition, where it is not
necessary to a comprehension of the facts of the case, is very
nearly an impertinence, seeing that it is not expected that it will
be understood by the person or persons for whose guidance the
report is written.

In concluding this contribution I would express the hope that
this paper may lead to a useful discussion. If there are any tech-
nical men who seriously entertain the idea of an enrichment in
depth due to the leaching of gold in the oxidised ores, then it would
be of much service to the industry if they would frame a defence
and an explanation of views which daily experience must other-
wise condemn as nonsense. Nor in denouncing one generalisation
would I make the equally grave mistake of advocating its opposite,
namely, that all mines must necessarily become poorer in depth.
There may be causes, founded on geological structure, why a
change in the value of the ore in a vein may take place in any
direction, upward or downward, in dip or in strike, and it is an
undoubted fact that there have been instances where the deepening
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of the workings has led to the discovery of new ore bodies. Bendigo
is a telling illustration.* The gold-bearing quartz occurs along the
anticlinal axes of sedimentary rocks. In sinking, a succession of
saddle formations is penetrated. No single one of these has any
notable -vertical extent, yet the series as a whole is wonderfully
persistent. This explains why the last resort of a perplexed mine
manager is to advise the sinking of the main shaft. At Bendigo
the advice is well founded, but when the managers from this dis-
trict go to West Australia and recommend deeper exploration
every time they encounter poor ore, they do so without regard to
the total unlikeness of the conditions. Again, it cannot be denied
that in certain regions alternations of comparative richness and
poverty appear to coincide with the penetration of the workings
through successive zones of rock. Tke Gympie district is a case
in point. There the veins cut through a series of shales, lime-
stones, conglomerates, and sandstones, amid which there are
several beds of black slate. The gold oceurs in paying quantity
only when the veins are traversing the slates. Kvery district
deserves a study unbiassed by the record of its neighbours; each
mine must be taken on its merits and inspected without prejudice.
It is, however, one thing to examine a mine with the assumption
that gold veins in general become enriched in depth, and it is
quite another thing to recognise that while it may occur in a par-
ticular case, it is an expectation which experience does not justify.
When, however, such enrichment or impoverishment does occur,
experience suggests to us that its cause is to be sought for rather
in the geological structure of the encasing rocks than in the
merely coincident presence of certain minerals found associated
with the gold.

* See “ The Bendigo Goldfield,” by the writer, in vol. xx, Trans. Amer. Inst.
of Mining Engineers.
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“The Cripple Creek Goldfield.”
By T. A. RICKARD., M.Inst.M.M., State Geologist of Colorado.

INTRODUCTORY.

THE romantic history of mining records many names which had an
odd sound until fame familiarised them. Ballarat, the Cceur
d’Alene, Bendigo, the Yuba, Leadville, Broken Hill, Klondyke, and
Kalgoorlie, for example, have been words to conjure with, although
in the beginnings of the particular mining districts designated by
them they were spelt with difficulty and pronounced with un-
certainty. In 1892, when Cripple Creek began to be talked about
among the clubs and banks of Denver, as a new locality where im-
portant discoveries of gold had been made, the name seemed only
provocative of derision. It is said to have originated from the fact
that at a certain point on the course of the little stream there was a
morass in which straying cattle wandered and, in their efforts to
extricate themselves, were occasionally lamed. So says one of the
survivors of the band of men who once tended the herds that
grazed on the hills now pierced with many shafts. However, the
name needs no apology to-day, the magic baptism of golden dis-
covery has made it sound as alliterative and impressive as the most
exacting historian could demand.

The locality of the great goldfield is full of romantic suggestion,
because its very situation, overshadowed by the granite battlements
of Pike’s Peak, recalls the fact that it has fulfilled the expectations
of an older generation. The wave of immigration which, after the
financial panic of 1857, swept westward until it broke against the
ramparts of the Rocky Mountains, was the vanguard of a new
civilisation destined to dispossess the Indian and the buffalo. In
their progress across the prairies, the pioneers of that advance ever
sought with shaded eyes for the first glimpse of the beacon moun-
tain whose white crest on the far horizon gave promise of the land
of gold. That beckoning guide was the granite peak which Lieut
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Zebulon Pike had reconnoitred in the first years of the century.
¢« Pike’s Peak or bust,” the motto of the adventurers of 1857 and
1858, sounds but mock heroic in our ears, but it expressed something
of the mingled humour and daring of the men who first pierced the
unknown wilderness which was then the borderland of the territory
of Kansas.

The immigration which marked the beginning of Colorado’s
history, was thus known as “the Pike’s Peak excitement.” The
rallying call of the pioneers expressed a delusion. No gold
discoveries of any moment were made at that time in the
canyons or on the hills surrounding the peak. It was in the
mountainous region 70 miles northward, now known as Gilpin
County, that the first beginning was made. On the 6th of May,
1859, John Hamilton Gregory found the outcrop of the lode
which still bears his name and the working of which celebrated the
commencement of the mining industry of Colorado. This discovery
led to the development of Gilpin county, which was contempor-
aneous with the opening up of Clear Creek and Boulder. In 1860
the placers of California gulch and Breckenridge were discovered ;
in 1875, Leadville ; in 1879, Aspen; in 1882, Red Mountain; in
1889, Creede; and so on, until the mining districts of Colorado
were distributed all over its wonderful complex of mountain land.

Amid all these rapidly succeeding discoveries, and the extra-
ordinary activity which followed each of them, the silence of the
quiet hills surrounding Pike’s Peak remained unbroken. Suddenly,
in the spring of 1884, rumours were circulated of a great discovery
south of the peak. During the darkness of an April night a horde
of prospectors stole swiftly away in obedience to vague hints which
had been scattered among the saloons of Leadville and surrounding
camps. Each party aimed to be the first on the ground. The
dawn of the next day found an excited crowd of four thousand men
gathered at the base of Mt. Pisgah. The incident has since become
known in local history as the Mt. Pisgah fiasco.

Among the hills which like a flock of sheep cluster around the
southern base of Pike’s Peak, there is a dark cone standing in soli-
tude among its smaller brethren. This is Mt. Pisgah. In 1884
the miners who rushed thither could find no gold in workable
quantity save in the prospect holes made by the original locators.
Salting was suspected, the man who had instigated the rush was
conspicuous by absence, an accomplice was caught with a bottle of
yellow stuff in his pocket. It was not whisky, but its modern
antidote, the chloride of gold. Man had endeavoured to remedy
nature’s seeming niggardliness and the rock had been artificially
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enriched. Angry feelings found vent in threats of lynching, but in
the failure to lay hands upon the real perpetrators of the fraud,
the affair broke up in a big picnic and a general drunk. A little
digging had been done, one or two veins were uncovered, but the
comparative poverty of the ore only added bitterness to the general
disappointment. The crowd disappeared as quickly as it had come.
The hillsides resumed the quiet aspect of the cattle range for which
they seemed best fitted. The incident was over.

The vicissitudes of mining are proverbial. No district illus-
trates it more forcibly than Cripple Creek. It provokes one to
eynicism to think how near the deladed prospectors of 1884 were
to the eve of big discoveries. The dark front of Mt. Pisgah now
overshadows the very streets of the town of Cripple Creek, with its
20,000 inhabitants, and on the ridges opposite the lines of smoking
chimneys bespeak a long suceession of productive mines.

Not until 1893 did Cripple Creek come to the front ; two years
before, the name had begun to be mentioned in mining circles, but
the Mt. Pisgah excitement had discredited the district and the
contemporaneous discoveries of large silver lodes at Creede, at the
headwaters of the Rio Grande, diverted attention for a time. The
closing of the Indian mints, in June, 1893, prostrated the silver
mining industry, which at that period was far more important to
the state than its gold production.* Assoon, however, as the silver
market became disorganized, all the activity of a most energetic
mining community was concentrated upon its gold resources. The
experienced men of Leadville and Aspen, where silver-lead mining
predominated, turned with the energy of despair to the new gold-
field which previously they had pooh-poohed. A new impetus was
given to exploratory work, Cripple Creek underwent rapid develop-
ment and the result soon became apparent in the opening up of
several rich mines and in a production of gold which sprang from
$583,000 in 1892 to $2,100,000 in the year following.

A few notes regarding the events which led up to the present era
of prosperity and productiveness will fittingly close this introductory
history. For several years before 1891 prospectors had wandered
over the hills from Colorado Springs and Florissant, treading in the
footsteps of the men of 1858. Indeed, there is a story current in
the camp to this day that on the top of Bull Cliffs,T above the Victor

* In 1892, Colorado produced 26,350,000 oz. of silver, valued at $23,082,600,
and 256,410 oz. of gold, worth $5,300,000. In 1898 the State produced
1,138,584 oz. of gold, worth $23,534,531.

+ The names of several hills and gulches are reminders of the fact that the
district was once given up to the quiet herds of cattle.
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Mine, there was found a shallow shaft, which had been dug by the
pioneers of the Pike’s Peak excitement. Among the earliest of the
gold-seekers was Robert Womack, who once owned a small ranch in
the district. He sold it to Bennett and Myers, the proprietors at
that time of the cattle range, which covered a large part of the area
now forming the environs of the town of Cripple Creek. For many
years, between 1880 and 1890, Bob Womack lived in the district,
doing occasional work for Bennett and Myers, and spending his
spare time in prospecting. He had previously had some experience
in Gilpin County, and knew gold ore when he saw it. In the course
of desultory digging, he found several veins, and when he would
turn up at intervals, at Colorado Springs, he exhibited pieces of
float (surface ore) as evidence of his discoveries; but having a repu-
tation for honesty rather than shrewdness, his statements made little
impression. For many years he worked on a hole in Poverty Gulch
without staking a claim in proper form. There seemed no need to
do so; no one came to disturb him ; the whole hill country was at
that time fenced in so as to serve as ‘a summer range for cattle. The
cowboys and herdsmen looked good-naturedly at Bob’s digging, but
did not consider it of any moment. In December, 1890, E. M. de
la Vergne and F. F. Frisbee came up from Colorado Springs to
prospect. George Carr, who was in charge of the ranch belonging
to Bennett and Myers, showed them around the district. The hills
were under snow, and only a few bare spots permitted of any pro-
specting. On Guyot Hill, in Eclipse and in Poverty Gulches, they
found evidences of gold veins, and samples were taken away. These
averaged about 2 oz. of gold per ton. Encouraged by their first
visit, De La Vergne and Frisbee returned early in February, 1891.
They found Bob Womack at work in Poverty Gulch. He had sunk
a shaft to a depth of 48 ft., and encountered good ore. The claim
he had pegged out was called the “ Chance,” and a number of
stakes indicated that he had relocated it six years in succession
without recording the fact or complying with the conditions of the
mining law in regard to the amount of assessment work required
annually. When he found the newcomers were making inquiries,
he relocated the claim as the “El Paso,” and De La Vergne, finding
another lode, heavy iu iron pyrites, to the west of Womack’s vein,
located a claim, which he called the ¢ El Dorado.” It was recorded
a few days later, and in the certificate the district was called for the
first time by the name which it still bears, Cripple Creek. Although
these locations had been made, little actual mining was done upon
them for some time afterwards. Womack absented himself. Frisbee
saw that there was a good deal of surface ore which could easily
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be removed, so while Womack was away, he sent 1,100 [b. by wagon
to the Pueblo Smelting and Refining Company, who gave returns at
the rate of $200 per ton. This was in August, 1891. Frisbee
induced Womack to give him a bond and option on the El Paso for
$5,000. Shortly afterwards it was transferred to Messrs. Lennox
and Giddings, who still own it, as a part of a very successful mine,
the Gold King.

In May, Frisbee and De La Vergne happened to be at Colorado
Springs and met W. S. Stratton, to whom they showed certain
assays of ores brought down by them from Cripple Creek. Stratton
was a house-builder and carpenter by trade, but in the intervals of
his regular occupation he had been prospecting for fully 20 years
previous to this date ; he had learnt the use of the blow-pipe, and
was familiar with the outlines of mineralogy and geology, in fact
an energetic, well-informed man, thoroughly equipped for prospect-
ing work of any kind. At that time he had been searching for
cryolite, a mineral from which the metal aluminium is obtained,
and had a camp on the Little Beaver, on the Cripple Creek side of
Pike’s Peak. After the meeting with De La Vergne and Frisbee,
he went to Cripple Creek and camped there. Stratton met Bob
Womack and went around seeing the little work done by the latter
and his associates. Among those who were prospecting in the
vicinity was Dick Houghton, an old mountaineer, prospector, and
specimen hunter, whose labours have enriched many museums. One
day Houghton brought down a piece of rock from the Lone Star
claim on Gold Hill, and, meeting Stratton in Poverty Gulch, he
told him he had found some galena (the sulphide of lead). Stratton
examined it with his magnifying glass and expressed doubts as to
its being galena, and in looking at the ore he saw little cubes of
rusty gold, one of which had been scratched by being carried in
Houghton’s pocket so as to expose a bright surface. They went
down to Stratton’s tent, and he pulled out his blow-pipe and made
a test which proved that it was gold. Neither of these men knew
at that time that the bright silvery mineral, which Houghton
thought to be galena, was sylvanite, the telluride of gold and silver.
It is not known who first recognised the tellurides of Cripple
Creek, but there is a story that a2 miner made a camp fireplace with
some pieces of rock which carried this silvery mineral, and that the
heat of his cooking operations roasted the ore so as to bring out the
fact that it carried gold. Se non & wero é ben trovato. Stratton
went up and located the claim adjacent to Houghton’s; it was
named the Gold King, and is now a part of the Gold and Globe
property. On the 5th of June, Stratton, accompanied by Fred
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Troutman, went to the ridge above Battle Mountain, and seeing
the willows at the head of Wilson Creek (where now the town of
Goldfield is situated), they inferred the presence of water. They
descended the hill and got.a drink; then climbing the hill behind
the spring, they found loose pieces of rock, one of which was
broken open and found to be smothered in gold. The owner of
the Independence says that this was the only time he got really
excited. Camp was moved from Cripple Creek next day and
pitched close to the spring. A search was begun for the lode which
had shed so goodly a float. Trenches were dug; but Stratton had
an idea at this time that veins with a north and south direction
were the ones which carried rich ores, and so his trenches were dug
at right angles to this course, with the result that they paralleled
the veins actually existing there, and since developed into the
Legal Tender, Lillie, and Vindicator Mines. They found nothing.
An old ranchman, Billy Fernay, came along about this time and
brought some float which he had found on the hill below, now
called Battle Mountain. Stratton liked the look of it, so Fernay
located it for Stratton, Troutman, and himself, calling it the Black
Diamond. It is now one of the claims included within the territory
of the Portland Mine. Next day Stratton went down to see the
vein and tried to make the course of it accord with the line of the
ridge. This led him down the hill to a big outcrop of granite. It
was the Independence vein, which had already been seen by many,
including nearly all of those whose names have been mentioned.
The path from one ranch to another went close by, and all the
cattle men who had any idea of prospecting had looked at it.
Every one had condemned it as worthless granite. Fernay pointed
it out to Stratton, but he also did as the others had done. On
examining the outcrop he remarked the absence of any metallic
mineral and of vein quartz such as he had been accustomed to in
the San Juan region, and therefore concluded that it was an
unlikely looking rock. And so it really was, for it was granite
without the ordinary gold-bearing minerals visible in it, differing
indeed from the granite of the dome of Pike’s Peak in being less
fresh in appearance, brown instead of pink, and marked by dark
spots where the mica had been decomposed. Some of it yet
remains in place, inviting the observation of those who may wonder
why the great lode was so long disregarded. Stratton overlooked
it, but not irretrievably. Two days later, John R. McKinnie, who
was one of the first prospectors in the district, came to their camp,
and so did Charliec Love, a ranchman from Beaver Park, who had
pointed out the big outerop to many of the prospectors. The latter
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asked McKinnie if he had seen it, but the matter was allowed to
drop. Stratton remembered the incident when, on the morning of
the Fourth of July, he was at Colorado Springs, whither he had gone
with five samples for assay. The assays gave only three or four
dollars per ton at the best, notwithstanding that he had obtained
good results by panning. It suddenly occurred to him that the
granite outerop must be the lode. He had found gold in the loose
fragments of porphyry lying upon the south face of Battle Mountain
near the granite outcrop, but he had been unable to trace its source
to any vein in the porphyry formation. Acting on the impulse, he
took a horse immediately, and on arrival found Troutman ready
to leave in order to celebrate the Fourth at Colorado Springs.
Stratton made two locations: the Washington and the Independ-
ence. I doubt if any man ever celebrated the Fourth of July to
better advantage. Some pieces of the outcrop of granite ore were
broken, and Troutman took them to be assayed at the Springs,
while Stratton awaited the result. Troutman returned on horse-
back next day with the assay certificate, proving the ore to be
worth $380 per ton! The rest of the story is simple. It records
the steady development of one of the richest mines ever uncovered
by the miner’s pick.

I might go on to tell the story of the Portland and that of other
mines, now celebrated, which made beginnings no less romantic ;
but the above few notes will give an idea of the manner in which
the Cripple Creek goldfield was first opened up. Let me emphasize
the fact that it was not the result of accident, nor the work of
ignorant men, but it was the accomplishment of experienced miners
who knew what they were doing, and had the energy and ability to
do it. It is now a part of the true and romantic story of beneficent
endeavour which turned the barren prairies into the granary of a
continent, and made the snowelad mountains an empire whose tribute
of gold and silver transcends that of the Ceesars’.

PHYSICAL FEATURES OF THE DISTRICT.

The known gold-bearing portion of the district covers .an area
four miles long by three miles wide, occupying a group of hills
which rise from 300 ft. to 1,000 ft. above the general surface,
and have an average altitude of 10,500 to 11,000 ft. above the sea.
The drainage of the region flows into the Arkansas river, whose
gateway into the plains is at Cafion City. The general slope is
southward, and the sunny aspect incident to this configuration of
the surface has caused the hill-sides to be clad with sufficient grass,
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and rendered them, at one time, despite the high altitude, a good
pasturage for cattle.

Few mining camps have so picturesque a situation, and Cripple
Creek is further notable because the picturesque is not obtained at
any sacrifice of accessibility. The beauty of the panoramic view to
be obtained from most of the mines is not due to mere ruggedness
or to the ordinary grandeur of a mountainous country ; it is trace-
able to a position upon the slopes flanking Pike’s Peak, which per-
mits of an uninterrupted view of snow-clad ranges a hundred miles
away. It is a panorama rather than a picture. In front are hills
like giants tumbled in troubled sleep, whose feet touch the platean
of the South Park. To the left are the Arkansas hills that confine
the river of the same name to its tumultuous gorge; further south
is the Wet Mountain valley, and beyond that the long magnificent
serrated range of the Sangre de Cristo, telling of the shattered dream
of Spanish conquest, of which no trace now survives, save in the
occasional name of a peak or a stream. These remind a practical
age of the priestly warriors and the warlike priests who once sought
to win the golden treasures of a land whose aboriginal people have
almost passed away. The wind blows the snow of the Sangre de
Cristo into streaming banners, and the clouds like vanquished legions
sweep across the far horizon, Turning northward, the valley of the
Arkansas can be seen dividing the mountains which overlook Lead-
ville. Further to the right are the beautiful Kenosha hills, at the
headwaters of the Platte, and beyond them are snow-clad peaks
rising above 14,000 ft. The details of the view are lost in the vast-
ness of it, which impresses the observer no less because he is sur-
rounded by a noisy murmur of trains, steam whistles, wagons, and
machinery, which tell of the activity going on about him. Still,
there is a nobility of human endeavour and successful achievement
no less impressive than the beauty of. snow-clad peak and silver
summits.

The physical condition of the surface had much to do with the
chequered history of the district. Owing to the southern exposure
and the comparative absence of a protecting growth of trees, the
rocks, which mostly possess a fissile structure, have been shattered
by frost so as to overspread the solid formation with a thickness of
débris to which the tufted grass has given a further covering.
Water, owing to its expansion between 4° C. and the freezing point, .
is a ceaselessly destructive agent. When it penetrates the cracks
and crannies of the rocks it serves as a wedge shattering their stony
substance with a resistless power. The heat of day and the
cold of night, the warmth of summer and the snows of winter, alike
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aid this disintegrating process. A high altitude and a south slope
afford the conditions most favourable to such action. Thus it came
about that the district of Cripple Creek is largely covered with the
shattered rock which the miners call ¢ wash,” incorrectly, however,
because it is not composed of rounded waterworn material, but of
angular fragments which, if not in place, are not far from their
original position, having slid down the hill slope in obedience to the
laws of gravity. This shattering of the rock-surface has caused one
very important and, in Cripple Creek’s case, far-reaching result.
There are no outcrops. Ordinarily, the veins of gold-ore stand
above the surface with that boldness which caused the Australian
miner to term them “reefs,” and the Californian to call them
“ledges.” The ore, as will be seen when discussing the geology of
the gold-field, is essentially mineralised and enriched rock, compara-
tively devoid of the quartz composing the typical lodes of other
districts in America or Australia, and consequently it shares with
the rock the tendency to undergo easy shattering. Solid veinstone,
therefore, rarely survives amid the general disintegration, the out-
crop of the Independence heing a very notable exception.

The first discoveries in mining are usually due to the finding of
outcrops ; in the absence of them, deep explorations are rarely under-
taken. Deep ravines often afford good natural sections of the rock
formation. The Cripple Creek district was as deficient in the one
feature as the other. The absence of steep declivities and con-
sequent rock faces was characteristic of the pastoral landscape, and
the angular debris covering the rounded hildsides made digging
difficult. For these reasons, although the district was traversed by
many thousands of prospectors at successive epochs, the existence
of rich lodes was not surmised until a very recent date, and many
experienced miners failed of success at first because they encountered
conditions unfamiliar to them. Among the early arrivals, in 1891
and 1892, were miners from Gilpin, Leadville, and Aspen, men of
knowledge in their own habitat, but unable to understand the
peculiar vein structure which they saw at Cripple Creek. It was
the adverse opinion of these men, rather than the views of geolo-
gists or scientific observers, which injured the reputation of the
goldfield in the beginning of its development.

THE GEOLOGY OF THE (GOLDFIELD.

The intimate relationship between geological structure and ore
occurrence has nowhere been more forcibly emphasised than in
Colorado. This is largely due to the labours of the United States
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Geological Survey, whose monographs on Leadville and Cripple
Creek (particularly the former) have been of inestimable assistance
to the mining industry.

The dissemination of accurate knowledge regarding the geology
of mining districts has been aided by the increasing simplicity and
clearness of the language employed to convey it. There was a
time when geological data were expressed through the distorted
medium of six-syllabled words, and scientific men appeared to follow
the example of the hierophants of the ancient temples, who spoke
to the populace only in language incomprehensible to them. The
application of seience to commerce, of geology to the industry of
mining, has led to the recognition of the fact that to talk to busi-
ness men in a hybrid Greek-Latin jargon, is only an impertinence.
If mining be not a husiness, it is a vain delusion. The language
of technical science when it bears upon business must be made
intelligible to business men, otherwise it will remain a mere abra-
kadabra of speech.*

The mines of Cripple Creek are situated in a complex of vol-
canic rocks, oceurring amid the mass of granite whose culminating
point is Pike’s Peak. These volcanic rocks found a passage through
the underlying granite in the comparatively recent period known
to science as the Miocene, an early part of the last of the three
great subdivisions of geological time. The granite was formed in
the very dawn of time, out of the substance of it the mighty foun-
dations of Pike’s Peak were upbuilt and the crest of the mountain
was chiselled. Itis the basal rock of the region and at one time
probably formed the floor of the ancient seas which received the
sediments now composing the sandstones and limestones flanking
the Front range. The granite is of a particular type, known,
because of its prevalence in this locality, as the Pike’s Peak granite.
It is coarsely crystalline and its three ingredients, the minerals
quartz, mica, and felspar, are easily distinguishable by the unaided
eye. A beautiful red tint, mainly due to the colour of the felspar,
characterises it and renders it recognizable by the least observant.

# I have in the present contribution laid myself open to the criticism of
technical men by avoiding the use of technical terms and by a seemingly
unnecessary translation of those the use of which was unavoidable. It may
seem to be a work of supererogation, yet because an institution of mining and
metallurgy does its most useful work when it transmits the recorded observa-
tions of its members to those who are engaged in the industries the benefit of
which it promotes, therefore it seemed better to me to give explanations
needless to scientific men than to be unintelligible to those to whom these

observations may be of interest, however slight, and of use, however insig-
nificant.
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Long subsequent to the formation of the granite and the sedi-
mentary rocks which were laid down upon it, there began an
elevatory movement supposed to be traceable to the re-adjustment
of the earth’s exterior to its cooling and shrinking interior.
Accompanying this movement there occurred a general fracturing of
the rocks thus affected, so as to permit volcanic matter to force a
way upward, after the manner of water rising through cracks in
the overlying ice. The voleanic rock thus brought to the surface
of the granite slowly filled the hollows of its uneven surface, and
spread over a large area since then diminished by the patient forces
of atmospheric erosion, which during the long period of time
separating the Miocene from the present day, have slowly sculptured
the hills and valleys of the district.

A glance at the coloured geological map of the goldfield exhibits
a great variety of voleanic rocks. The principal of these is ande-
site breccia.* The very nature of the breccia suggests the violence
of the volcanic action which brought it to the surface of the granite.
The miners call the breccia * porphyry ” from its apparent resem-
blance to the rocks of that class with which they were previously
familiar in the Leadville and in the Gilpin County mines. The
porphyry of Leadville is quartz-felsite, that of Gilpin is quartz-
andesite. PorphyryT is an adjective-noun and refers to the struc-
ture rather than to the composition of a rock, so that there is
¢ granite-porphyry,” “diorite-porphyry,” ¢ andesite-porphyry,” &e.,
the term being applied to rock of igneous origin in which particular
minerals are distinguishable amid the ground mass of the rock so as
to give it a speckled appearance. The Cripple Creek breccia has
this appearance, but it is due to the fact that it is made up of a
heterogeneous mass of rock particles of every size, from the most
minute powder to fragments as large as a man’s head. These con-

* ¢« Andesite” is derived from Andes, the mountain range where this rock
is especially prevalent.  Breccia’ is a word of Italian origin, and means
‘“broken.” It is a term applied to rocks which are made up of fragmentary
material.

t “ Porphyry” comes to us through the Greek word porphyra, signifying
purple. It was first used to designate a beautiful rock of this type which the
Romans obtained from the quarries of Gebel Dokhan, on the shores of the Red
Sea. 'This original “ porphyry” called by the Italians “ porfido rosso antice,”
had, according to Zirkel, a beautiful blood-red ground mass speckled with
small snow-white and rose-red crystals of felspar. But the first meaning of
the term which depended on the colour has long been lost in another meaning
which refers to the structure. A rock is a “ porphyry,” or, more correctly,
is ‘“ porphyritic,” when some particular constituent mineral, very often felspar,
stands out well defined from the general ground-mass, as in the western
miners’ familiar “bird’s-eye porphyry.”
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sist mainly of andesite, but the other rocks are included, especially
near the edges of the volcanic vent. Some of this material is
mere volcanic dust, called tuff,* which, when consolidated under
pressure and cemented by silicious waters, becomes compacted into
a dense hard substance difficult to distinguish from a true crystal-
line rock ; so that it is not to be wondered that the miners often
label it with an incorrect name.

The breccia lies in the uneven hollows of the ancient surface of
the granite, and probably fills a large part of the vent through
which it was ejected. The thickness of the breccia has-not been
proved, nor has the exact position of the vent been discovered,
although there is evidence, in the composition of the rocks, indi-
cating the approximate position of it to be just west of the town of
Goldfield and near the locality covered by the Hull City placer.
The mine workings have shown the thickness of the breccia to he
over a thousand feet in several places ; but as these are for the most
part near the edge of the mass there is every probability that the
maximum depth of this formation is several times one thousand feet
in the vicinity of the point of extrusion.

The accompanying sketch of the Cripple Creek volcano is largely
diagrammatic, but it will serve to convey a general idea of the
geological structure of the district.

The breceia is penetrated and traversed by later volcanic rocks,
of which phonolitet is the most important in its relation to the
occurrence of ore. Until recent years phonolite was not known as
a rock species save as forming the Wolf rock in Cornwall, and,
therefore, its association with great mineral wealth at Cripple Creek
has been one of the most interesting features of the development of
that district. The phonolite oceurs for the most part in dykes, that
is to say, in approximately vertical sheets which traverse the older
formations, the granite and the breccia, in various directions, and
are probably united, at depths far beyond the reach of human ex-
ploration, to larger masses of rock having a similar composition,
just as the cracks in ice are filled with a liquid similar to that
beneath.

These dykes follow such lines of weakness in the older rocks as

* «Tuff” comes from the Italian fufa. Vesuvius is responsible for the
Italian nomenclature of many volcanic products.

+ “Phonolite  is derived from two Greek words, phone, signifying sound,
and litkos, meaning stone. It owes this name to the fact that it rings when
struck by a hammer. This is due to its hardness and close texture. It is also
called “ clinkstone.” The essential constituents of phonolite are nepheline and
the glassy variety of felspar termed sanidine.
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were developed {into fractures during those periods when the rocks
underwent strains, the latter being considered to be the result of
the slow wrinkling of the earth’s crust due to its readjustment over

SECTION

GRANITE BRECCIA PHONOL.H‘E /?DYNES

a cooling and shrinking interior. The phonolite rose in a mobile, if
not molten, condition through the fractures thus formed after the
manner of water rising through the cracks in {the overlying ice.
The structural conditions thus created gave a direction to the sub-
sequent circulation of underground waters. The deposition of ore
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is the result of such circulation, the mineral-bearing solutions being
the vehicle by which the metals are leached out of the rocks and
laid down elsewhere in such a concentrated form and within such a
distance of the surface as to render them valuable to man. The place
of origin is surmised, but vaguely, as being deeper than our deepest
mines, and the place of deposition is not always the place where the
miner finds it. Lines of weakness, healed and strengthened by the
cementing effects of hot igneous rock, in the form of dykes, afford
new lines of lesser resistance, parallel to the old ones and along the
contact of the two rocks of unlike hardness and texture. For this
reason ore-bearing veins so often accompany dykes. They do so at
Cripple Creek.

Before venturing upon the details of vein structure in this par-
ticular distriet, it will be well to preface such a description by a
few general remarks upon the subject as viewed from a wider
standpoint.

The mines of Cripple Creek afford excellent illustrations of the
teachings of modern geology, and emphasise the incorrectness of
the hasty generalisations of Sandberger and others before him. It
is, of course, foolish to deride even theories which are now laid on
the shelf, after they have served the purpose of quickening the
researches of scientific enquirers. A working theory is needed in
order to give some sort of direction to observation, because without
an intelligent idea of what may be the possible fact one certainly will
be unlikely to discover the real one. A man who is lost on a dark
night, and declines the guidance of a tallow candle because it is too
poor a light to illuminate the mountains in the distance, will lose
the opportunity of avoiding the holes at his feet. The exploded
ideas of Werner served a good purpose in their own day, because the
accumulation of observations intended to disprove them became at
the same time the basis for other views, which were as much nearer
the truth as the data on which they in turn were founded, were
more complete and more thorough. During later years the lateral
secretion theory of Sandberger became accepted by certain dis-
tinguished geologists, and was as vigorously combated by others,
notably Posepny, with the result that a great impetus was given to
observation, and a large mass of new facts has been collected,
bringing the scientific explanations of ore occurrence another step
nearer the knowledge of things as they are. The unthinking sneer at
the faltering steps of science, and the working miner is apt to belittle
the aid which geology gives him. The amount of accurate knowledge
of any kind so far attained by the human race is small when com-
pared to the bulky mass of that which they think they know, Each
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intelligent observation is one step nearer the attainment of truth,
and those who direct the working of mines will get more aid from
geology when they contribute the necessary data without which the
occurrence of ore will remain merely a maze of tangled phenomena.

Tt is well to begin a discussion of a subject by defining the terms
employed. A “lode” is something that leads a miner, the words
“lode” and “lead” having an identical Saxon origin. Australian
miners designate a small continuous vein connecting larger ore-
bodies as a ““leader.” ‘“Lode” is therefore a comprehensive term
covering many diverse forms of ore occurrence. The word “ vein”
has a more restricted usage, and describes those lodes in which the
ore is supposed to occur in a tabular form, occupying continuous
planes which are approximately vertical, and traverse the rocks like
interminable sheets of paper set on edge, that is, they are supposed
to fill simple fractures made in a perfectly homogeneous material.
The term was originally borrowed from the human anatomy, and
the oldest writers have used the simile of the rock veined with
the precious metal. Nature does not recognise the definitions of
the technical dictionary and in mining practice it has been
found that regularity of structure is the exception rather than the
rule. The geologist of 50 years ago, when the science was more
the product of the library and the laboratory than of actual obser-
vation underground, conceived the ore as having filled gaping
fissures in the rock, comparable to the crevasses of a glacier, and
when he had noted the dissimilarity between the ore and the
encasing rock, he imagined the former to have been due to an up-
welling of molten metallic matter. The ideas of the present day
are still slightly tainted by the imaginations of the past and the
terms of an obsolete philosophy continue to cling to our nomen-
clature.*

Modern investigations, based on accurate chemical knowledge, as
well as geological observation, have all gone to prove that gold ores are
no$ the product of direct voleanic action, but that they have been
coneyed to the place where the miner finds them through the
medium of water, the metals having been dissolved, in various
chemical combinations, by underground solutions, and precipitated
along those fracturesin the rocks which have been first lines of least
resistance, and then lines of maximum ecirculation. The mineral
solutions cannot have come from indefinite depths, because the

* Thus the terms ‘fissure-vein,” “vein-filling,” ‘‘ vein-walls,” &e., carry
with them suggestions which are misleading to untechnical persons, and are
the heritage of ideas now, I trust, recognised as untenable in the light of later

evidence.
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increase of heat (1° F. for every 48 ft. of descent) observable in the
sinking of shafts and boreholes indicates that at a horizon of about
20,000 ft. below the present surface water would become dissociated*
into its constituent gases. It is considered probable, from the
evidence yielded by certain classes of lodes, particularly those of
nickel ores,t that volcanic action serves to bring the metals from
these great depths to that zone of the earth’s exterior wherein
solvent waters can circulate. The experience of gold mining corro-
borates this view, the association of voleanic rocks with bodies of
valuable ore having become almost proverbial.

It is not surprising, therefore, that this very fact has tended to
cause a confusion of ideas between volcanic action and lode forma-
tion.

In a railway cutting between the towns of Cripple Creek and
Anacoda, there is a bit of nature’s testimony which will be of service
in getting a clear idea of the essential characteristics of gold-bearing
veins as compared with dykes of volcanic rock. The accompanying
drawings will help the description. In Fig. 2 there is afforded an
excellent illustration of simple dyke structure. The dyke in this
case 13 composed of basalt ; it is from 9 to 15 in. in width, and can
be easily traced as an irregular dark band traversing the coarse-
grained pink granite. The dyke is very well defined, exhibiting
clean-cut lines of demarcation from the enclosing granite, and it is
evident from the contour of the walls that it occupies a fault fissure.
The outline of the east wall corresponds exactly to that of the
western one, the movement of the latter having been upward,
causing a displacement equal to about 14 in. It is a clean-cut
fissure in the granite, filled with foreign material, a basic volcanic
rock, which probably welled upward in a mobile condition, filling
the fissure as it was formed, so as at no time to permit of a vacuity.
Compare this with Fig. 3, which is a sketch of a gold-bearing vein,
situated at a distance of a few yards from the dyke illustrated in
Fig. 2. The country is the same, viz., granite, but in this instance
the vein filling is not foreign matter, but essentially rock in place ;
it is granite, altered, indeed, but easily recognisable, in spite of the
kaolinisation of the felspar, and the partial removal of the mica.
There are no clearly defined boundaries between the decomposed
vein matter and the enclosing country, nor is there any evidence of
faulting. The lines of fracture shown in the granite are the joints
of that rock, and those which are observable in the vein itself are

* T refer to the critical point, which is 773° F. At this temperature water
cannot, however great the pressure, retain its liquid form.
+ Asindicated by the vesearches of J. H. L. Vogt.
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minute quantity of gold, insufficient to make the decomposed
granite of the vein differ essentially from the outer country, but
rendering one gold-bearing ore, and leaving the other barren rock.

F1a. 3.

Here we have a dyke compared with a vein and volcanic agencies
brought into strong contrast with aqueous action. The faulting
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along the fissure followed by the dyke is easily seen, but no
evidences of such movement can be discerned along the seam of
altered granite, which forms the gold vein. Nevertheless there
must have been some movement, however slight, because a erack
or break is not made evident, can be considered only as latent,
until the two faces of it are caused, by that very shifting, so to
disagree as to produce the irregularities which, when linked together,
form the visible line of fracture. Even the joints in the solid granite
require such fan explanation, and however insignificant the shifting
may be, it marks the adjustment of the rock to the effects of stresses,
traceable in this case to the volcanic energies which extruded the
large masses of breccia forming the characteristic feature of the
geology of Cripple Creek. Permit me to repeat, however insig-
nificant this shifting may have been, it made the rocks pervious to
underground mineral-bearing solutions, and where it occurred it
developed a series of united passages, which afforded a line of maxi-
mum porosity, permitting of the circulation of gold-bearing waters,
and the subsequent precipitation of the metal dissolved in them.

The Cripple Creek district exhibits a great variety of vein strue-
ture, and in order to afford a general idea of the conditions under
which the ore is found it will be necessary to select one or two
typical examples. Many of the veins are essentially mineralised
dykes, that is, a part, or even occasionally the whole width of the
dyke, is sufficiently rich to be regarded as pay ore, and the boun-
daries of the dyke then become the walls of the lode. . The Moose
vein will exemplify this type. The accompanying sketch, Fig. 4, was
made at the 350-ft. level. From D to F is the width of the dyke,
which in this case is nepheline basalt. It traverses the andesite
breccia, which is indicated at AA. The pay ore extends from E to
F, a width of 10 in., and it is distingnished from the remainder,
EG, comparatively barren portion of the dyke, a dark bluish grey
rock, by being iron stained and seamed with reddish brown threads
in which gold and tellurides occur. The multiple fracturing, parallel
to the walls of the dyke, is a characteristic feature of such lodes,
and experience has shown that there is reason to expect the lode to
consist of rich ore when it becomes threaded with minute seams
following these lines of fracture. This feature ean be described as
a sheeting of the rock; it is a very important factor in ore depo-
sition.

Another type is presented by those veins which accompany the
phonolite dykes. This is very characteristic of the Cripple Creek
district. The direction followed by a majority of the veins, espe-
cially on Battle Mountain and Bull Hill, conforms to that of a

¢ 2
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system of phonolite dykes. While a particular vein may not adhere
continuously to the line of the dyke with which it is associated,
nor the ore itself be found in the substance of the dyke, when they
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are together, yet the behaviour of the vein is intimately connected
with that of the dyke, and the ore occurrence is modified by both.
The accompanying sketch, Fig. 5, recently made in the Independence
Mine, will illustrate this. The lode AB is shown to be in breccia,
and follows a phonolite dyke, BC, which is 2 ft. wide. The ore is
confined to the breccia, and if the phonolite is enriched it is so to a
slight extent only, and the enrichment is confined to the planes of



a— - S

T —

21 -

fracture near the lode and does not extend into the body of the dyke.
The ore is essentially andesite breccia, rendered gold-bearing by the

F1e. 5.
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PHONOLITE

R 0XIDISED ORE
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penetration of solutions which have circulated along the line of
contact between the phonolite and the breccia. The gold oceurs not
only in the seams which follow the fracture in the breccia, but it is
also found in the heart of it, where a spongy vesicular appearance
has been caused by the removal of the more soluble ingredients of
the rock.

In striking contrast to the two types above described I would
instance those veins which are neither mineralised dykes nor imme-
diately* associated with them, but consist essentially of lines of
fracture in the body of the granite itself. A very good illustra-
tion is afforded by the Independence vein when it leaves the breccia
and extends southward into the granite of the Washington claim.
The accompanying drawing, Fig. 6, was made at the bottom of the
old whim shaft on the 100-ft. level. The lode is essentially decom-
posed granite divided into two equal portions of 2 ft. each on either
side of the small seam EF, which consists of a parting, E, marked
by a slight clay selvage, and a seam of quartz, F, which is only
from } in. to § in. thick, but very regular and continuous. The
lode, which here consists of 4 ft. of 2 oz. ore, has no walls, that is
to say, the decomposed gold-bearing granite, CD, is not separated
from the undecomposed valueless granite, A and B, by any clearly
defined boundary, although the transition from the dark brownish
granite into the fresh pink rock can be clearly.followed by looking
at it from a distance of 5 or 6 ft. The ore is therefore essentially
gold-bearing granite, which, if examined, will be found to have
undergone several changes, the most notable being the removal of
the mica, the decomposition of the felspar, and the addition of
secondary quartz ; the general effect being to give it a honeycombed
spongy character.

The lode above described is similar to the outerop which so many
overlooked in 1890 and 1891, because it carried no visible metallic
minerals or free quartz. It will be of interest to examine the
famous outcrop more closely. The reef has evidently undergone a
weathering, yet it has withstood the elements, because it carries
more quartz than the surrounding rock. The outerop ceases to
appear at a point now occupied by the No. 1 shaft of the Inde-
pendence Mine. This shaft is situated at the contact of the granite
and the breccia. The lode continues northward for a great distance,
as the subterranean workings testify. Southward the lode is
encased in granite, and it is itself composed of granite. The barren
outer rock is pink in colour, and its constituent minerals present a

@

* Emphasis is laid on “ immediately ” because the Independence vein, for a
large part of its known course, accompanies a phonolite dyke.
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fresh unaltered appearance. The gold-bearing portion, comprised
within the lode, has a dull brown tinge; it is noticeable that the
mica is absent, having evidently been leached out, leaving patches
of chlorite and iron-stained spots in which free gold can occasionally

F1a. 6.
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be distinguished ; of the two felspars* of the original rock the more
soluble has become kaolinised, while the other remains so undecom-
posed as to preserve much of the usual appearance of the granite ;
the original quartz has been removed, probably by the action of the
hydrofluoric acid, the presence of which at one time is strongly
suggested by the purple fluorite now staining portions of the ore;
further, there is abundant secondary quartz, in groups of opalescent,
indistinet crystals, to the presence of which the lode owes the fact
that it is harder than the enclosing granite.

‘When the lode penetrates the breccia it continues to be made up,
not of free quartz or any other foreign vein-matter, but of the
formation which it traverses, so that south of the contact the Inde-
pendence is essentially gold-bearing granite, and north of the contact
it is gold-bearing andesite breccia. Why there is no outerop north
of the contact I do not know, unless it be that the lode partakes of
the fissile and easily eroded character of the breccia, and has not
been strengthened by the infiltration of sufficient additional secondary
quartz to enable it to withstand the obliterating hand of time.

The character of this lode presents several notable features, a high
value from a commercial standpoint coinciding with peculiar
scientific interest. At the third level there is presented a good idea
of the general relation existing between the gold-bearing portion,
recognised as “ the lode,” and the rock formations which it traverses.
It is remarkable that while the several bands of gold-bearing matter
have a general parallelism and sympathy with the course of the
two phonolite dykes, yet a large part of the ore is not contiguous to
the phonolite, but traverses the granite and the breccia, regardless
of such structural features as the contact or the dykes themselves.
The ore has no defined walls; when definite partings appear to
limit the widths of gold-bearing material it is only to mislead ; there
are similar “walls” both within the ore itself and beyond it in the
outer country. When the ore abuts against a phonolite dyke it
does not usually extend into the dyke, save occasionally where
tellurides are found upon the cleavage planes of the latter near
its edges. Where the lode crosses the centact the ore changes at
once from gold-bearing granite to gold-bearing breccia. A widen-
ing of the ore-body exists at the contact, and for a considerable
distance both north and south of it. The composition of the rocks
appears to have been an entirely unimportant factor as compared to
the physical and structural conditions in the locality of the ore
deposit. The evidence warrants the most careful study, and would

* Orthoclase and oligoclase. The plagioclase variety, containing a larger
percentage of lime, is the one which has undergone decomposition.
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furnish the text for a long discussion of the essential features of ore
deposition. Few examples of lode structure so well emphasise the
general truth of those modern ideas of ore deposition which are
advocated by the teachings of Posepny. It is interesting to
accentuate this fact, because there was an erroneous impression
conveyed, in the early days of Cripple Creek, by the writers of the
daily press, that the gold-field set at naught the accepted teachings
of geological science. The idea was due to the careless utterances
of local men, and never emanated from any recognised authorities.
The converse is true, and should be emphasised, namely, no modern
mining region so clearly establishes that explanation of ore deposi-
tion, which is based upon the recognition of the laws governing the
circulation of underground waters, under conditions traceable to the
geological structure of the rocks.

THE ORES AND MINERALS.

In discussing the geological features of the district, frequent
emphasis has been laid upon the fact, that the ore is usually only
rock, whether granite, phonolite, or breccia, which has become im-
pregnated with gold-bearing minerals to a slight extent as regards
percentage, but to a notable degree as regards commercial value.
In 1893, when W. S. Stratton, the owner of the Independence, sent
several carloads of rich ore from his mine to the Denver smelters,
the officials at the works thought a blunder had been made and
that loads of ballast had been inadvertently consigned to them.
The ore was obviously granite and it required a‘ trained eye, such
as that of Dr. Richard Pearce, manager of the Boston and Colorado
Smelting Company, to detect the fact that the mica of the granite
had been largely removed, leaving small, iron-stained spots amid
which there were disseminated dull yellow specks of gold. A
glance into the ore-bins of the chlorination establishments will
exhibit a mixture of brcken rock, which looks more like the spoil
of a barren cross-cut than the yield of a rich stope. The petro-
grapher, in looking over this material, could easily label the rock,
and if not initiated, he would wonder whether it could be gold-
bearing. On being assured that it was valuable as such, he would
take a few pieces, and break them open so as to examine a fresh
surface, and it would not be long before he would see on the planes
of fracture, evidences of richness.

The gold occurs either in the native condition or as a telluride,
and is found distributed among the interstices of the rock, lining
the fractures or penetrating the substance of it in threads of vary-
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ing minuteness. In lodes traversing the granite, the gold, or the
tellurides containing it, will be scattered amid the porous cavities
due to the removal of certain more soluble portions of the rock ;
in phonolite, the values will be found more frequently along
fractures than in the heart of it. This renders the last mentioned
class of ore very difficult of estimation. In the andesite breccia,
the component fragments of which are so heterogeneous, the physi-
cal character of the rock varies considerably, and the gold values
will partake of an irregular sporadic distribution.

The distinguishing feature of the ores of the district, is the
occurrence of tellurides. The discoveries of these uncommon
minerals, produced nearly as many misconceptions a few years ago
as the finding of similar minerals at Kalgoorlie in West Australia
Tellurides seemed to create as much confusion among the miners of
both countries, and to be as puzzling as the finding of the Ornith-
orhyneus paradozus (or duckbilled Platypus) to the naturalists at
the beginning of this century. Colorado, however, was better
prepared for the telluride discoveries of Cripple Creek, than
Australia was to exploit those of Kalgoorlie. The latter were
unprecedented, the former only followed the line of previous, partly
forgotten, experiences in the Boulder and La Plata districts of the
same State.

A few general notes concerning the composition of these com-
plex ores will be of interest. And first a few definitions are
necessary. The “tellurides” are compounds of tellurium with
certain metals, and they are so termed just as the compounds of
sulphur are called “sulphides”; thus, for example, calaverite is
the telluride of gold, while iron pyrites is the sulphide of iron.
The name “tellurium ” is derived from the Latin fellus, meaning
the earth, and was chosen in opposition to that of the element
selenium, which comes from the Greek word, seléne, the moon.
Tellurium is a von-metallic element with a metallic lustre, it acts
as an acid base, just as selenium and sulphur : the three forming a
recognized chemical group having common affinities. If tellurium
were a metal, as is often supposed, its combination with gold or
silver would only be possible as an alloy.

It is usually assumed that the precious metals enter into the
composition of tellurides, and a high commercial value is taken for
granted in speaking of this species of minerals. Nevertheless,
there are many varieties which are valueless to the gold miner, such
as the telluride of mercury, called Coloradoite, which occurs at
Kalgoorlie, as well as at Magnolia in Boulder County, Colorado ;
there are also the telluride of bismuth, called Tetradymite, and the
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telluride of lead, called Altaite, and the telluride of nickel,
Melonite, all of them found occasionally in the mines of Boulder
County, as well asin the ancient mining region of Transylvania,
where most of them were first recognised. These tellurides of the
baser metals occur, for the most part, in quantities so restricted as
to have no commercial value and are rather to be considered as
curiosities much desired by the mineral collector.

In the mining camps it is a frequent custom to speak of tellurium
when it is intended to refer not to that element, but to its com-
pounds with gold or silver. Tellurium itself occurs native, that
is, in a free state, just as gold, silver or copper. It is tin-white in
colour, it is soft but brittle, and is usually found in a granular
massive condition. A commercial value of $3:50 per ounce is ordi-
narily quoted for tellurium, but the demand for this rare earth (as
the chemist terms it) is very slight, and a few shipments of it would
quickly demoralize the market. No native tellurium has yet been
found in the Cripple Creek district, but in Boulder County, 90
miles further north, it occurs among gold ores in a free state, and a
mass weighing 25 1b. was found in the John Jay Mine about twenty
years ago.

Certain telluride materials very much resemble the common ores
of silver, the sulphide of silver (called argentite), for example, is
difficult to distinguish from hessite, the telluride of the same metal,
silver. The instance is quoted in order to refer to a simple test
applicable to any doubtful cases. Remove a small bit of the sus-
pected mineral with the point of an old knife, and put it in a porce-
lain dish or a white saucer. Add three or four drops of strong sul-
phuric acid, and heat over a lamp. Should tellurium enter into the
composition of the suspected mineral, a beautiful purple will suffuse
the colourless acid. The miner’s time-honoured test is to put the
ore in the fire of a blacksmith’s forge and roast it. Tellurium fuses
at a comparatively low temperature, and becomes volatilised, passing
off in white fumes of telluric oxide. If the telluride mineral con-
tains gold, the latter will remain in the form of globules. Even
the precious telluride hidden in the seams of the piece of ore will be
exuded as a yellow perspiration. The miner calls this process
“sweating,” and the reason for it becomes obvious when the results
are observed.

Experienced miners, such as those of the Boulder district of
Colorado, who have been working amid these particular ores for
twenty-five years, know very well, from the disappointing returns
of many a shipment to the smelter, that there are several minerals
closely resembling tellurides which are not rich in gold, and there-
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fore that a rough test, by roasting, is ocecasionally necessary. The
mineral may go off in fumes when heated, leaving no gold or silver
behind, as native tellurium does. Consequently, the Boulder miners
are apt to call everything native tellurium which in the process of
roasting disappears entirely or leaves a residue in which the precious
metals are not recognisable. But among the latter would be in-
cluded the tellurides of lead, bismuth, and nickel ; and to the former
belongs not native tellurium alone, but also the telluride of mercury,
because mercury also readily volatilises under the conditions of the
roasting test. This mistake was made at Kalgoorlie, where I found
the telluride of mercury being labelled “ black tellurium,” for the
reason just referred to. The mineral combination of tellurium and
mercury is rare ; it was first found at the Mountain Lion mine at
Magnolia, in Boulder County, and a simple test for it is to roast a
particle of it in a glass tube. The mercury is volatilised at the hot
lower end of the tube, and is condensed at the cool upper end in the
form of minute metallic globules, which are readily recognisable as
quicksilver.

The principal telluride minerals found in the Cripple Creek ores
are sylvanite, calaverite, and petzite. Sylvanite, named after the
place of its discovery, the historic goldfield of Transylvania, is the
most characteristic of Cripple Creek ores, very beautiful specimens
of it having been obtained at, among others, the Independence,
Portland, Moon, Anchor, and Anchoria-Leland Mines. It is a double
telluride, containing gold and silver, an average composition being
28 per cent. gold, 16 per cent. silver, and 56 per cent. tellurium.
Sylvanite is a brilliant silvery-white mineral, having a characteristic
crystalline habit, to which it owes its other name, “ graphic tellu-
rium,” the arrangement of the crystals resembling Arabic lettering.

On account of the large percentage of gold in the composition of
the richest ores of Cripple Creek, it has been concluded that the
prevalent mineral is not a silver-bearing telluride, but that the gold
occurs combined with tellurium alone in the form of the mineral
calaverite. Calaverite is the simple telluride of gold, pure speci-
mens contain 445 per cent. gold and 555 per cent. tellurium. It
is named after the county of Calaveras, in California, where it was
first found at the Stanislaus Mine. It usually carries from 2 to 3
per cent. of silver, which must then be considered as an impurity.
The purest varieties have a bronze-yellow colour.- It is the charac-
teristic mineral of the rich ores of Kalgoorlie, and beautiful speci-
mens of it are common in the Great Boulder, Associated, and Lake
View Mines of that celebrated district.. Calaverite is rather difficult
to distinguish from iron pyrites ; the difference in colour is slight,
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hut the former is easily cut by a knife, while the latter will not
permit of it. The cubic crystalline habit of pyrites will usually
help to make it known, because calaverite rarely occurs in any other
than a massive form. The best specimens obtained in the Cripple
Creek district came from the Work Mine.

Reference has been made to the uncertainty as to the identity of
the particular telluride mineral which carries the values in many of
the Cripple Creek ores. It is very probable that future investiga-
tions will discover the existence of a new variety, peculiar to the
district, in which many of the physical characteristies of sylvanite
will be united to a composition so rich in gold as to resemble
calaverite.

Petzite, named after the German chemist Petz, is, like sylvanite,
a double telluride of gold and silver, its average composition being
25 per cent. gold, 42 per cent. silver, and 33 per cent. tellurium.
Tt is much darker than sylvanite, being steel-grey to iron-black ; it
is also slightly harder and more brittle. The best specimens of
petzite found in the district came from the Geneva claim on Gold
Hill, about four years ago. Recently the writer found petzite in
the ore of the Porter Gold King Mine

All these tellurides are distinguished from the baser minerals, with
which they may be occasionally confounded, by their rich lustre.

The lodes of Cripple Creek are further characterised by the
presence of fluorite or fluorspar (the fluoride of calcium), a beautiful
purple mineral, which is so notably associated with the ores of the
district as to have led to the idea that it could be accepted as an
indication of the richness of the veins in which it was found. Buat,
like most similar attempts at short cuts to knowledge of this kind,
the generalisation has proved fallacious. There are several large
lodes of very low grade ore in the district which are purple with
fluorite, and there are some very rich ores almost devoid of it.
The association of the gold and the fluorspar points to a similarity,
and possibly a contemporaneity, of origin ; but this fact does not,
and could not, predicate whether the quantity of gold present will
give the ore an average value of $2 or of $200 per ton. As a
matter of science, both kinds of ore may be considered gold-bearing,
as a matter of business, one spells losses and the other dividends.

In the upper levels of the mines, within the reach of surface
waters, the tellurides are decomposed and the gold has been
liberated. In the first years of development, certain mines, such as
the Pike’s Peak and Garfield Grouse, on Bull Hill, afforded speci-
mens of native gold, the dull brown lustreless appearance of which
was a puzzling variation. At Kalgoorlie, likewise, a brittle spong
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variety became known as “ mustard gold.” In each instance, when
such a specimen is scratched with a knife or burnished, the bright
gleam of pure gold is made apparent. These varieties of native
gold are directly traceable to their origin from tellurides, which
have been decomposed by oxidation, the gold often retaining the
form of the original mineral, and being a perfect skeleton of a
former mode of occurrence. Beautiful pseudomorphs, as they are
called, of gold after sylvanite,* are common in the ores of Cripple
Creek. :

Below the depth, which ranges from 100 to 400 ft., reached by
surface waters, the unaltered tellurides appear in all their un-
tarnished beauty. At a further depth, from 500 to 700 ft., the ores
become more complex, because of the increasing percentage of baser
minerals, chiefly iron pyrites, but including also galena (the sulphide
of lead) and stibnite (the sulphide of antimony). This change is
important chiefly from a metallurgical standpoint, because the
increase of sulphur renders the roasting of the ores more expensive.
The general question of the probable changes to be encountered as
the mines become deeper will be discussed under another heading,
at the close of this description of the district.

THE TREATMENT OF THE ORES.

Most of the gold of commerce has been won from simple ores,
those in which the precious metal occurs in a native condition
encased in quartz. Stamp-milling, accompanied by amalgamation,
is the process ordinarily employed to reduce them. Another type,
of greater importance every year, is represented by the ores in
_ which the gold occurs intimately associated with iron pyrites, but
so minutely disseminated as to be rarely visible even under the
microscope, and therefore inviting the supposition that it is chemic-
ally combined in a condition as yet not understood. A modified .
form of stamp-milling is employed for some of these ores, but for
the most part they afford a field for great diversity of practice,
including chemical and smelting processes of many kinds. The
third type of gold mining, and in many respects it is the most
modern, is represented by ores in which the gold is known to be
chemically combined in definite proportions with the element
tellurium. Several mining regions produce these telluride ores.
Transylvania in Europe, Colorado in the United States, and West

* At the Gtold King Mine, in Poverty Gulch, I recently secured specimens
carrying crystals of gold pseudomorphic after krennerite, a mineral resembling
calavcrite, but occurring in prismatic crystals.
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Australia in the Antipodes are the principal localities.  Transyl-
vania has an interest which is chiefly historic, but Cripple Creek in
Colorado, and Kalgoorlie in West Australia, are writing their
names in glittering figures on the records of the present. The new
phases of metallurgical practice inaugurated by these recent dis-
coveries of telluride ores have given a great impetus to this technical
science, the aid of which is now thoroughly appreciated by the
miner and the capitalist alike.

The changes which have occurred since 1891 in the treatment of
the ores produced by the mines of Cripple Creek are a fitting
illustration of the fact that the development of metallurgical prac-
tice, like all true progress, is a slow evolution from simple begin-
nings to a full fruition. It is a common fallacy to suppose that
processes of ore treatment are unexpectedly discovered by rumi-
nating chemists or revealed from on high to the millman, and fre-
quent paragraphs go the round of an ill-informed press to the effect
that this or that spectacled professor has lit on a new combination
in physics or chemistry which is to revolutionise the existing
methods of ore reduction by extracting 100 per cent. at a negligible
cost. The progress of metallurgical practice resembles organic
evolution in that it does not advance per salfum. The chlorination
process was first applied, in 1857, by Deetkin, in California. It
took a quarter of a century of patient endeavour to place it on a
safe commercial basis. MacArthur and Forrest’s application of
potassium cyanide was used, at the Crown Mine in'New Zealand,
as early as 1889, but the chemical reactions which occur in the
cyanide process are still incompletely understood to-day, and the
development of this method of ore treatment ecannot be said to have
ceased.

The first ore broken at Cripple Creek was carried on the backs of
prospectors to Colorado Springs or Florissant, and forwarded to the
smelters of Pueblo and Denver. Such small shipments of selected
ore usually mark the birth of our western mining districts. Subse-
quently larger lots in wagons were similarly consigned, but the
costs were high and the proportion of ore capable of yielding a
profit under such conditions was small. The miner felt the neces-
sity of extracting the gold by milling it nearer the place whence it
came. He fell back on his previous experience in other localities
and put up a stamp-mill.

The stamp-mills were built on the model of those of Gilpin
County, the oldest gold mining district in Colorado, and therefore
had light stamps, 400 to 500 1b. ; a slow drop, 30 to 35 per minute ;
a long drop, 17 to 20 in. ; and a deep discharge, 12 to 15 in. The
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ore was broken by hammers and fed by hand into the batteries,
except in the case of the Rosebud mill, which was provided with
rock-hreakers and automatic feeders. ~Amalgamation, on copper
plates, both inside and outside of the mortars, followed the stamp-
ing. During the three years succeeding the first discoveries the

following plants were at work :—

] LY
2
Nane of mill. Locality. Dafe ol {1 e ol
erection. stamps.
Lawrence ..............| Lawrence. 1892 20
Summit . ems maitetetsnt araratli, (Gl sttt 1892 30
Gold and Globe 5B It Cripple Creek . 1892 40
Beaver Park ..... eeeeoes| Beaver Park . 1893 20
Colorado Sprmgs 5 koo teven s B eaver) Park s 1893 25
Denver . s sdod dol Beaver Park ..... 1893 20
Ha.rtzell ...... Anaconda ... 1893 20
Gold Geiser ... Cripple Creek 1892 15
Cranmer..... Arequa . 1893 20
Rosebud...... Mound Cltv 1893 60

The total is no less than 270 stamps. In April, 1897, only 50
out of this number were dropping, and to-day they are all idle,
having been replaced by large leaching plants shortly to be de-
scribed.

The first ores came of course from the surface, or near it, and
were therefore oxidised. ~The gold occurred in a free state, having
been liberated from its combination as a telluride. This last fact
was not known and not appreciated even when first it became
known. It affected the milling most seriously, because gold having
this origin is coated with a film of the tellurite of iron, which is a
serious obstacle to amalgamation. The extraction in the stamp-
mills was soon found to be low, and attempts were made to remedy
the incompleteness of the treatment by employing bumping tables
and Frue vanners to arrest the gold escaping amid the tailings.
When this failed, blankets were added, and these in time became a
recognised addition to the mills. Even then the best extraction
barely reached 50 per cent. of the gold in the ore, as shown by
assays, and a great deal of good ore was wasted in an ineffectual
effort to win a profit. 'The usnal rate for treatment was $3 per ton,
delivered at the mill. 3

Early in the development of the district there came men who
recognized the unsuitability of stamp milling for the treatment of
telluride ores, and in 1893, W. S. Morse, of the Russell Lixiviation
Works, at Aspen, made the experiments which formed a basis for
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the erection of a chlorination plant built by Edward Holden, at
Lawrence, 2 miles from the town of Cripple Creek, at the close
of the same year, 1893. Holden purchased an old stamp-mill at
Lawrence and altered it to a chlorination plant which, although it
was crude and incomplete, successfully demonstrated the suitability
of the process employed. This was barrel chlorination on the
model of the practice of South Carolina and Dakota. The erection
of the first well-designed plant, using this process, was begun at
Gillett, in August, 1894, and completed in the following January.
This had a capacity of 50 tons per day.

The eyanide process had been already tried, with results not
wholly satisfactory, because of the variable composition of the ores
and the inexperience of the men who organised the first milling
enterprise. The local company, controlling the MacArthur-Forrest
patents, built a cyanide mill of 40 tons capacity, at Brodie, in 1892.
It was remodelled in 1894. In 1895 the Metallic Extraction Com-
pany’s mill was built near Florence. It has been enlarged from
time to time and now has a capacity of 8,000 tons per month. The
cyanide process made less progress than barrel chlorination, so that
while two mills now employ this method, six use the other. The
Colorado-Philadelphia chlorination mill was built at Colorado city
in 1896. [t has a capacity of 6,000 tons per month. The El Paso
mill, with a capacity of 3,000 per month was built at Florence in
1897. The Gillett mill doubled its capacity in 1898. Others were
erected as shown on the accompanying list.

The Mills of the Cripple Creek District.

Haokte. Locality. Date of | Capacity
erection. | per day.
Chlorination— tons.
Lawrence .............| Cripple Creek ......... 1893 30
Gillett. . q Lo | Clitlett! . et s 1894 80
(‘olorado-Phﬂade]phla ..| Colorado City.......... 1896 200
BIIPASD: o5, % one o0 o« |1 HIOTERTe HuStrE e ] 1897 100
ColoTad o Jak pita e shstel [ * ATCCUAT NSRRI o 1897 75
Kilboms 2. .t o rgodis ) P lortmoes nas i Ui 1897 50
Cyanidation—
Brodie ...... ..| Cripple Creek ......... 1892 60
Metallic Extraction ....| Florence. ............ 1895 270
Page ve kit ee o dotios | a FIOTENEO s S Aot e el 1896 20

The Lawrence mill was burnt down in 1896, and the owners of
it built the El Paso, at Florence, immediately afterwards. The
d
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Page mill was erected to use a secret modification of the cyanide
process, but after a brief activity it became idle.

The trend of events indicates that the future growth of the
milling practice will favour an increase in the chlorination mills
rather than in cyanide establishments. At first, cyanidation was
conducted upon raw ores, but this gave good results only when they
were oxidised. Roasting is now considered a necessary preliminary
and it has removed the advantage which in the earlier years of the
district cyanidation possessed over chlorination, a process always
preceded by the roasting of the material subjected to it.

The chlorination practice of the district has undergone no radical
changes during recent years. It is typical barrel chlorination. In
the matter of the recovery of the gold from solution there is a
difference, the Gillett mill, for instance, using charcoal as a pre-
cipitant, while the Colorado-Philadelphia plant uses sulphuretted
hydrogen. The mills at Florence enjoy an important advantage
in the use of oil residuum, instead of coal, in their roasting furnaces.
The residuum comes from the distillation of petroleum and costs
about 1 dollar per barrel now, although a few years ago the price
was much less. There is an increased demand for it because it
affords a fuel peculiarly adapted for roasting, permitting of a niece
and quick adjustment of the temperature of the furnace.

During recent years the metallurgical practice in the chlorination
plants has remained fairly constant, the improvements being in the
direction of large capacity and better mechanical arrangements
rather than in any changes in the chemical department.

The cost of treatment at one of the larger mills, having a
capacity of 3,000 tons per month, is, per ton of ore treated : —

Labour and salaries ..................... 81-20
Chemicals and supplies .................. 0-78
Fiely 2L oS RabL IS b8 el 065
Wieaniand  tear e et R e e s« o 0'55
IINCIA Tt AlS o SRR ENIR RS S s 028

$3-46

Add to this interest on investment, general expenses and depre-
ciation of plant, and the total costs will approximate $4-00 per ton.
The above figures are based on chloride of lime costing $2-40, and
sulphuric acid $1:25 per 100 Ib. Roasting alone costs from 45 to
60 cents per ton. This item has grown as the mines have become
deeper, the sulphur contents having increased from an average of
1 per cent. in 1895 to 2} per cent. at the present time. The im-
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provements in other departments of the milling have more than
balanced this change.

The ores are altered phonolite, andesite brecma or gramte, and
therefore have a composition similar to these rocks save in an in-
creased preentage of quartz. A representative analysis may be
quoted as

A gl o S TUeT e S S e S e 29-94
ol e A e R R STt g 63-13
J LTI o i it Wa i R ity TR L 0-70
Ironsaxitey:, ..ot .ol et o 38 Rega 3:66
Tronzsulphidelieal - ot s o teiets 2-64
WiaTnesiale Snto s it e T trace
Manganese oxide .........cccoceueeen.l 0-40
Sulphivirid. esrysi s RN e e S 0-96

Two interesting features of Colorado practice have been brought
out by the treatment of the Cripple Creek ores, the first being the
greater use of mechanical roasters, such as the Pearce, Ropp, and
other furnaces, and, secondly, a modification of the methods em-
ployed to sample the ores. The material produced by the mines is,
as compared with the typical ores of other districts, high grade and
very variable in its gold contents. This variability is due to its
mode of occurrence as a telluride in minute seams irregularly
scattered, and, of course, extremely rich, rendering it difficult to
apply the law of averages and obtain a satisfactory sample of a
large lot of ore. In its passage from the hands of the miner to
those of the smelter, the ore usually goes through the sampling
works, the owner of which may be considered a hroker whose
business it is to see that both parties in the transaction get those
values in the ore which one sells and the other buys. It was soon
found that Cripple Creek ores were most unsatisfactory to sample,
the results being unreliable and erratic. This became remedied in
process of time by crushing a larger part of any particular lot of
ore and taking pains to pulverize the final pulp sent to the assayer
to 100 mesh,* instead of 60- or 80-mesh. It has also been found
that, on account of the variability of the ore, it is good business
for the mine owner to let all his product pass through the sampler
on its way to the smelter, and this has led to the erection of half a
dozen sampling works in the Cripple Creek district. The usual
cost of sampling is 75 cents per ton.

* That is, 10,000 holes per square inch. .
d 2
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THE MINES.

Cripple Creek is interesting to the geologist ; it is fascinating to
the financier. When viewed from the latter standpoint it presents
many aspects which render it unique among modern gold mining dis-
tricts. The mines of Cripple Creek have paid their own way from
grass roots, that is to say, they have not grown up by the expendi-
ture of working capital in development. Working muscle has made
a 10-ft. hole into a productive mine. There is, therefore, an in-
stant contrast between the financial features of the industry when
compared with the goldfields of the Transvaal or West Australia.

It may be objected that all mines are first made by the pick of
the miner and are then enlarged into important enterprises by the
investment of capital in machinery and development. Nevertheless
the contrast above suggested is not a strained one, because it is
a fact that the mines of Kalgoorlie and Johannesburg were merely
tracts of land when they became the basis for large company flota-
tions. The shafts were sunk afterwards by the companies organised
in London, or elsewhere, and the ore was uncovered by workings
which had no existence at the time of the first organisation of the
enterprise. Companies were brought out with a large subscribed
capital, a portion of which was paid out in the purchase of property
and another portion was set aside as a working capital, that is,
a fund out of which to pay the expenses of equipment and that
amount of development necessary to enable the mine to maintain a
steady production. It is rarely the case that a mine floated on the
London market is able to pay the increased dividends necessitated
by an increased capitalisation without some preliminary vigorous
development such as will permit of an enlarged output without
exhausting the ore reserves. In the case of the deep-level mines of
the Rand, the working capital is a princely sum, sufficient to sink a
shaft a couple of thousand feet, or even more, and erect a mill of
two or three hundred stamps. The finances of South African
mining are a study apart and the result of conditions previously
unknown in gold mining, although paralleled in the coal industry.
1t represents a wonderful development of modern practice, such as
renders the digging for gold a steady business very much unlike the
feverish uncertainties of the days of 1851 in California and
Australia.

Even in districts which have not the extensive low.grade deposits
of the Rand, it is necessary to provide for a rainy day, and English
capitalists are accustomed to the idea of furnishing a certain amount
of money as a reserve fund to tide over the lean places in a mine’s
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development. The practice is a good one, and to a great extent
offsets the large capitalisation of most British incorporations. The
American buys his mine and proceeds to work it for all it is worth,
the dividends are pocketed, and when the rich ore is exhausted
there comes a collapse. The shares of American companies are
usually non-assessable; the shareholders, who receive the divi-
dends, will often refuse to contribute fresh capital, and the mine
may be closed down until, after an interval, some one with a good
deal of pluck re-opens it. But this is rare. As a consequence
many properties which made a magnificent record are now idle, and
this idleness means, not inactivity alone, but the rusting of the
machinery and the falling in of the workings, rendering it a very
costly matter to re-open the mine. The English practice of heavy
capitalisation has been censured often enough, but there is this to
be said for the methods of London investors, that by subscribing an
adequate working capital they often permit the mine manager to
enlarge the capabilities of a property so as to enable it to hold up
cheerfully under its increased load and continue exploratory work
during those intervals when the production does not meet the
operating expenses.

Our ways of flotation in Colorado are much more simple, and this
very simplicity would ruin any but the best of mines. A mining
claim is in the possession of three or four working miners, who
secured it originally by location. It does not pay its way, although
there is evidence that it is worthy of development. They go to a
couple of merchants in the nearest town, and each of these pays the
wages of one working miner to represent him. The prospect hole
becomes a shaft, and a little good ore is discovered. A company is
organised by a lawyer-or a stockbroker. The capitalisation will be
a million shares of a nominal value of a dollar, but a rating of 10
or 20 cents per share. The owners give 10 per cent. of the stock to
the incorporator. Work is resumed with the aid of the money
obtained by selling a small block of shares. If the mine does not
pay, it is leased or some stock is sold. At the best it is a hand-to-
mouth policy, which succeeds in spite of its weak points, because of
the richness of the mine. .

In other cases the original working miner is bought out for a few
hundred dollars, and the new owners go ahead subscribing the
money required to meet expenses, month by month, until the
patience of one or more is exhausted, and either the impatient
minority sells to the plucky majority or the entire party gives up
the fight for riches, and awaits a buyer who may happen along at a
time when the camp is excited by new discoveries on neighbouring
claims.
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The history of Cripple Creek, however, records comparatively
few abandonments, because the veins have proved so generally pro-
ductive that their yield has sufficed to keep the work of development
going ahead, even if it did not meet all the expenses. As soon as a
small mine becomes organised into a company, it is listed on the
stock exchanges of Denver and Colorado Springs as a * prospect,”
and when it becomes a regular producer it is promoted to the
society of “ mines,” the two classes being kept distinct on the call-
lists of the exchanges.

A mine which does not pay goes through eras of greater or less
activity, according as the owners of it can scrape together the
money needed to continue the work. Idleness is possible because the
mining regulations do not entail forfeiture on that account. The
claim can be “ patented,” that is to say, the owner obtains a title in
fec simple from the U.S. Government when he has done a certain
amount of work, nominally rated equal to the expenditure of $500,
and the Government surveyor has prepared the map needed for
record in the burean of the surveyor-general. Labour conditions
such as obtain in the English colonies are unknown in Colorado, and
the continuous operation of a mine cannot therefore be enforced
under the mining laws.

This is itself an important feature of mining in this State, and it
will appeal at once to those who have been shareholders of Aus-
tralian mining companies. I remember, when at Coolgardie in
1897, what a serious matter the labour conditions were to the West
Australian companies which had acquired an extensive acreage
during boom times, and were compelled to work a large force of
men during a period of financial stringency. The regulations
required the working of claims on which no ore had been found on
pain of forfeiture, and, therefore, enforced the expenditure of money
regardless of the nature of the work to be done. This clause in the
mining law, which compels the working of a certain number of men
on each claim, known in Australia as the “labour covenants,” has
its good features, the chief being that it prevents good mining
claims from remaining undeveloped by those who, from choice or
necessity, would like to pursue a dog-in-the-manger policy. In a
lively mining district, like Cripple Creek, it is not needed, and
would only impose irritating obligations, but in the older camps of
the United States it has led to the severance from the public domain
of large areas, which remain unexplored on account of the poverty
or want of energy of absentee owners, who will not exploit the
mines, and refuse to sell them save at prohibitive prices. It must
be remembered that an idle mine is only a hole in the ground, and
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there is nothing more worthless. The problem is a far reaching
one, and is only mentioned incidentally because it is still agitating
the mining departments of the colonial governments.

The leasing system is still an important factor in Cripple Creek
mining. Three or four years ago it was more prevalent. The
owners of claims who were too poor to develop them, or too timid,
cut them up into several sub-divisions and leased them. The lessees
might be working miners, who engaged the service of others under
them, or the mine might be leased to outside parties, who hired
workmen in the ordinary way. The period of the leases varied
from six months to two years, and the royalties were 15 to 20 per
cent. of the net returns, that is, the receipts from the mill or
smelter, after the costs of transport and treatment are deducted.
Leasing is the last resort of the perplexed mine-owner, and is a
confession of inability to work one’s property, yet in the early days,
because the mines were so often owned by men wholly unfamiliar
with mining, the system served a good purpose, and many rich
mines owe their first beginnings to the enterprise of a lessee.

The history of the mines is a pleasant one, encouraging to those
who have been led by the experience of other districts to consider
mining only as a reckless gamble in which blind luck outweighs
intelligence. The infrequent transfer of mines, which has charac-
terised the story of Cripple Creek up to the present, is due to the fact
that the conditions for successful mining are present to an unusual
degree. In the first place no deep sinking was needed to reach the
ore. Although outcrops were rare, and discovery was thus delayed,
it soon hecame evident that the tops of the ore-bearing veins
could be reached by trenching. The hills became spotted with
yellow heaps of rock, and it looked in 1894 and 1895 as if they had
heen invaded by gophers of a larger growth. Ore was encountered
at depths of from 10 to 30 ft. It was rich. Cripple Creek has
always been a high grade camp ; the average yield for several years
exceeded 3 oz. per ton, and last year, notwithstanding an enormous
increase in the low grade milling ore, it was fully 2 oz. Therefore,
even in the earliest period of development, the ore could meet the
costs of transport to the smelters. But competing lines of railroad
were soon pushed into the district, and facilities for cheap mining
were obtained long before the goldfield had reached a quarter of its
present importance. This fact permitted poor men to work the
mines, because it gave them a market for their ores; muscle and
energy were sufficient, capital was not needed to the extent known
in less favoured localities. Even to this day no single mine has a
reduction plant of its own; it is not needed. As the camp grew,
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the chlorination and cyanide mills erected in or near the district
began to compete with the smelters, and prevented the latter from
levying excessive rates of treatment ; and, lastly, the demoralisation
of the silver market alveady referred to earlier in this description
as having occurred at the time of the closing of the Indian mints in
1893, which put a severe check on what was then the chief industry
of Colorado, did at the same time aid Cripple Creek immensely by
diverting the energies of a very resourceful population to the
development of the mines of its newly discovered goldfield.

STATISTICS.

From the first beginnings in 1859 to the close of 1898 Colorado
bas produced—

Grold sertlies 9,512,242 oz. $196,618,054
Silver ............ 362,526,541 ,, 326,482,532
Diead vty che: 1,064,762 tons 87,131,457
Copper ......... 43,089 ,, 10,742,167

The production for 1898 is estimated to have been—

Proportion of

U.S. output.
(Coldns 1,138,584 oz. $23,534,531 34 per cent.
Silver ...... 93,502,601 ,, 13,690,265 S
Lead......... 56,708 tons 4,117,043 26 4
Copper...... 5,435 1,304,504 2 B

At the present time the mineral production of the State, inclu-
stve of coal and iron, has a value of $55,000,000 per annum.

There are 30,000 men employed in the mines of Colorado out of
a total population of 520,000.

The smelting industry of Colorado has been an all-important
factor in the growth of its mining districts. There are ten large
smelting works in the State (at Denver, Pueblo, Leadville, and
Durango), and several smaller plants whose activity is intermittent.
The value of the entire product of the smelters amounted in 1898
to $61,000,000. This included the product from ores which came
from neighbouring States and from British Columbia.

At the present time 3,500 tons are smelted daily in Colorado.
The annual tonnage consists of 900,000 tons of ore, 300,000 tons of
iron flux, and 185,000 tons of limestone, the balance of the lime
needed being obtained in the form of ores, which carry more of
it than is required for their own treatment. Aspen provides the
bulk of the latter material.
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The charges for, treatment depend upon the composition of the
ore, particularly the ratio of iron to that of silica. On a neutral
basis the charge is $4:25 for oxidised ores and $7 per ton for
sulphide ores. On highly silicious ores, containing 60 to 70 per
cent. silica, the charge is $8 per ton, flat. $19 per oz. is paid for
the gold in ores carrying up to 2 oz. per ton, and $19-50 per oz. for
those which are richer.

Until 1892 silver mining was the most important industry ; since
that year gold mining has been in the ascendant. The production
of gold has grown steadily and rapidly, as the following figures
testify :—

1892 <fe. So b sae 256,410 0z.  $5,539,000
i S Pl 364,151 ,, 7,527,000
3 R e 462,009 ,, 9,549,730
F8IBH e thaias 656,021 ,, 13,559,954
VRO Uorr v 738,618 ,, 15,267,234
1T, S 947,249 , 19,579,637
1898 o o0 1,138,584 ,, 23,534,530

This increase is to be credited chiefly to the development of
Cripple Creek, the gain from that district having been the largest
part of the improvement made by the State in its entirety. The
output of the Cripple Creek district has been :—

TR et s B 100 oz. 2,060
4272 R 4 2,821 ,, 583,010
7863400 N 104,000 ,, 2,150,000
I1.0 Yy A 140,710 ,, 2,908,702
L0 R ey 332,800 ,, 6,879,137
1806 AL T TR s 363,400 ,, 7,512,911
13011 T T St 490,500 ,, 10,139,708
1888 .l 653,410 ,, 13,507,349

The analysis of the figures of the last three years exhibits the
growth in the tonnage of ores treated by the chlorination and
cyanide mills as compared with the smelters :—

Smelting ore. Milling ore.
= . - ) e Y B
Tons. Value. Tons. Value.
896 ~IR L A 84,659 $6,045,319 77,388 81,467,592
BT s, 94,287 5,697,788 181,885 4,441,920
T L R = 110,036 7,137,366 251,862 6,369,983

The smelters charge a minimum rate of $6:50% on Cripple Creek

* Smelter rates have gone up since this was written, pending the readjust-
ment of the ore market, recently deranged by a labour strike which compelled
several of the works to be inactive for three months.
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ores, the mine owner paying the cost of transport by rail, which
item varies from $3 to $5 according to the richness of the ore.
The chlorination and cyanide plants have the following scale of
charges :—
$7  per ton on ores carrying up té 4 oz. per ton.

7.75 bl ” % »
8.50 » ” 1 ”»”
9 2 » li »”
10 ” 2 1% ”
10-50 » ” 2 »

Ores carrying more than 2 oz. per ton are subject to smelter
rates. The mills pay $20 per ounce for the gold. In the above
charges is included the cost of transport, varying from 90 cents to
$1-50 per ton, which is met by the mill owners. Thus on a 2-oz.
ore the smelter charge would be $6-50 plus the freight. ¥4, making
$10-50, this being equal to the milling rate, plus transport, on the
same ore. The consequence is that ores carrying less than 2 oz. go
to the mills and the richer stuff to the smelters.

The dividends declared by the mines of Cripple Creek during
1898 amounted to 2,596,144, but to this figure must be added the
profit made by mines not owned by public companies and also that
of the numerous leasing parties, bringing the total dividends to
fully $3,000,000.

Out of the 121 American mines quoted as dividend payers on the
list of the New York Stock Exchange, 38 are in Colorado, and 23
are situated in the Cripple Creek district. A few of the principal
ones among the latter are quoted below, together with the details of
their production.

Depth area. Production in 1898. m
Divi Total
ivi- | 5.0
.| dividends
dends in 0
Per | 1898, |©Oct 1L,
Feet. | Acres Tons. ? Value. i | 1899.
| ? | -l
‘ $ $ $ | $
Independence ...| 920 112 = &378 459,576 |54 85| 220,949 3,062,154
Portland........| 903 | 183 27,798 1,479,681 |67 62| 570,000 2,377,080
Tsabella ....... 735 | 100 13,548 565.279 |41 ‘72| None. 472,500
Gold Coin ......| 680 [(150) 81,512|1,051,149 |33-33| 130,000 240,000
Moon-Anchor ...| 643 | 14 8,252l 352,329 | 42 -67 | 135,000 261,000
Elkton .........| 518 | 30 17.183| 336.265|31-21| 220,000 686,960
Victor..........| 1000 11 34,775 | 952,134 | 30 °28 | 350,000 | 1,555,000
Golden Cycle ....| 820, 40 22342 1 415,863 [18°61| 45,000 228,500
Vindicator ......| 650 | 103 19,329 | 576,518 |29-83| 126,875 253,750
Tillie' «e. 005 {50 5620 7% | 9,957 453,987145°59| 142,140 256,610
1 |
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Some additional notes conc¢erning a few of the big’mines will not
be out of place. The Independence is one of the pioneer mines of the
district. Tt yas pegged out by W. S. Stratton on the 4th of July,
1891, and remained under his sole ownership until May 1st, 1899,
when he transferred it to an English company, incorporated under the
name of Stratton’s Independence, Limited. This great mine has never
yet been pushed to its full capacity for production. In 1895 eight men,
while engaged in purely development work, broke ore which netted
an average of $155,000 per month for seven months in succession.
Of the total area covered by the property, not one quarter has as
yet been explored. Up to May 1st, 1899, the mine had produced
44,224 tons, having a gross value of £4,071,860 and yielding a
profit of $2,574,164. During the first quarter of the new company
there were produced 9,222 tons, having an average gold content of
402 oz., and a total gross value of $708,106. A dividend of
£100,000 was distributed on account of operations from May 1st to
July 31st. The ore reserves already opened up ensure a continuance
of this rate of production for many years.

The Portland adjoins the Independence on the north. Of its
entire acreage only a little over 8 per cent. has been as yet explored.
During 1898 the total receipts were $1,890,641, while the expendi-
ture was $881,833, and the resulting profit $1,008,808. Dividends
to the amount of $570,000 were distributed, and additional claims
were acquired. The surplus carried forward was $668,000. At the
present time dividends at the rate of 24 per cent. are being paid on
the share capital of $3,000,000. The total production of this mine
to the end of 1898 has been 109,591 tons, having a value of
$6,427,523. The average per ton is $58:65. There have been
expended on permanent equipment $228,213, and on purchase of
adjoining claims $619,953. Nevertheless the total dividends have
already been $2,377,080, and there is reason to believe that the mine
is yet young, and destined to do blgger things.

The Isabella became famous early in 1899 on account of extra-
ordinarily rich discoveries which permitted of a resumption of
quarterly dividends. Three separate shipments of over 50 tons
each averaged 45 oz. of gold per ton. This ore was obtained 20 ft.
above the ninth level, and the news of it caused a wild speculation
in the shares of the Company.

Next door to the Isabella is the Victor Mine, which is said to
have been bought in 1893 for £52,000 by Messrs. Moffat and Smith,
who still control its operations. The dividends paid since then
have an aggregate value 22 times the purchase price of six years
ago. The profit earned in 1898 was £323,724. The total output
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to the end of that year has been 12,242 tons of smelting ore and
82,249 tons of milling ore, having a total value of $2,161,186.

Regarding other mines above mentioned, it remains but to add
that most of them have made much larger profits than the dividends
indicate, the want of reserve capital causing the expenditure of part
of the profits for the acquisition of adjoining territory or the carry-
ing forward of a surplus to be used as necessity arises.

FuTrurRE PROSPECTS.

In the eighth year of its existence Cripple Creek produced 134
millions, of which 22 per cent. was distributed in the form of
dividends. Is this to be the height of achievement ! It is less
difficult to foretell the career of a young man than the future of a
mere child. Cripple Creek has grown to full manhood, having
passed safely through the ills of its adolescence, and has developed
a distinct character of such stability that oneis justified in prophesy-
ing a career of increasing success.

The present boundaries of the productive portion of the district
are approximately identical with the area occupied by the andesite
breccia, and the other rocks of the volcanic complex. This covers
about ten square miles. It is undoubtedly the proper territory for
further exploration, and no part of it offers greater promise than
the line of contact separating the breccia from the granite. Never-
theless the geological conditions outside this circumscribed area are
such as to forbid hasty conclusions discouraging to prospecting in
the granite, which surrounds the district on all sides.

The recent discoveries of pay-ore in Grassy Gulch, and on Copper
Mountain are suggestive of the probable extension of the boundaries
of the goldfield. It is known that the phonolite dykes which are
associated with the productive lodes of the central area extend into
the outer granite. Indeed several rich mines are wholly in the
granite, at distance varying from a few hundred feet to over 2,000
feet from the breccia. The Strong and Gold Coin are notable
examples, while among those most distant from the main mass of
the breccia may be mentioned the Orizaba and Prince Albert on
Beacon Mountain, and the Sweet and Caledonia, west of Anaconda.
It must not be thought that these mines exhibit an ore occurrence
wholly distinct from the main volcanic complex ; such an idea
would be unwarranted, because, while they are situated far outside
the mass of andesite breccia, the gold-bearing lodes, which they
develop, are associated with phonolite, in dykes and masses. The
geology of Beacon Hill is especially characterised by a very large
intrusion of that rock.
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It is not extraordinary that the vicinity of the contact of the
granite with the breccia should be a favourable environment for
large bodies of ore. The contact must have been, at all times, first
a line of weakness, next a line of movement and consequent fractur-
ing, and finally a line of water circulation. Thus there existed
the conditions which experience and observation indicate as being
most favourable to mineralisation, especially when to these is added
the penetration, across the contact, of bodies of volcanic rock,
such as the dykes of andesite, basalt, and phonolite. Although
comparatively little ore has been found lying immediately upon the
contact, there is plenty of proof, in the Independence, Portland,
and Granite Mines, for example, of the fact that the lodes crossing
it have been beneficiated. Similarly the phonolite dykes, when
they pass out into the granite, have afforded a line of weakness
along which fracturing has subsequently occurred, forming shattered
planes and lines of maximum porosity permitting of the circula-
tion of the underground solutions which precipitated the precious
metal. Every added page of evidence only further confirms the
view, held by the writer early in the infancy of the camp, that
Cripple Creek corroborates to a striking degree the most modern
explanations of ore deposition chiefly associated with the name of
Posepny.

What of the deep? Will increasing depth be accompanied by
impoverishment ¥ This is not asked with the timidity of a few
years ago when the lodes had only been followed two or three
hundred feet in vertical descent, and it was foreseen that they
would eventually cut into the granite under the breccia. At that
time the future of the district was uncertain, and many cautious
men held back in fear of unfavourable developments. It is obvious
that the mines near the edge of the depression occupied by the
breccia, will penetrate into granite by sinking their shafts or by
extending their levels, as illustrated in the accompanying sketch,
Fig. 7. This has occurred notably in the case of the Independence
and Portland Mines, which reach the granite on the southern and
western sides of the territory owned by them. It is very satis-
factory to be able to record the fact, that magnificient ore-bodies
have been found in these two properties upon veins which have
been followed downward into the underlying granite. Nor should
this be surprising in view of the discoveries made during recent
years in the granite south and west of the contact with the breccia.
If good ore is found in the granite at a horizontal distance of 2,000
ft. from the mass of breccia, why should it not be also found
at a similar vertical distance below the same formation ¢ All the



evidence to hand goes to show that wherever the dykes have

broken through the rocks of the voleanic complex, they have per-
mitted of ore deposition, and that therefore the possihilities of
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If the mines of the district were old, deep, worked out, one would
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be timid of foretelling a continued and advancing yield of gold,
because the brutal facts of experience do not countenance the popu-
lar idea of increasing richness with depth ; but the mines of Cripple
Creek are young, comparatively shallow, and only fractionally
explored ; each month’s development, whether in a lateral or a
vertical direction, uncovers ore reserves previously unsuspected,
save by those to whom painstaking observation has given a clue.

There is every probability that the near future will see the intro-
duction of capital from the outside, because the production of the
distriet has attracted the attention of the larger financial centres.
Nor is this anything but desirable. If the sale of the mines meant
the retirement of the present owners, their withdrawal from mining
operations and the transfer of the properties to absentee capitalists,
the benefits of the change might well be questioned ; but it is a
fact that those who control the best mines also own several smaller
undeveloped claims, and the result of a sale of any of the big pro-
perties would mean the liberating of large sums of money to be
used for the opening up of promising young mines, which now are
either idle or incompletely explored. The mining men of Colorado
have heen bred in the atmosphere of gold-seeking, and the acquire-
ment of riches usually only leads to larger operations. It is
unnecessary to cite examples. They are a part of local history.

If the growing reputation of the district should thus lead to the
investment of large sums of money, the immediate result would be
greatly to augment activity in exploratory work, and in the wake
of this greater development there will come, inevitably, discoveries
of an importance eclipsing those, the yield of which is the basis of
the present productiveness.

The steady betterment in economic conditions tends continually
to decrease the working costs and to make a commensurate addition
to the tonnage of ore available for exploitation. This is the story
of all modern mining regions. The Rand illustrates it ; Kalgoorlie
accentuates it. There is no immediate probability of any radical
change in methods of ore reduction or transport, but there is a
tendency in several directions to diminish the expense of handling
low grade ores. Two railroads tap the district, and the competition
prevents rates of transport being unduly high. The building of a
third line is probable, should the production of the camp increase
as it promises. Electric haulage is likely to become a factor in
reducing this item of expenditure. The increased capacity of the
mills, due to their steady enlargement and the better arrangement
of the machinery, is permitting them to buy ores which at one time
were considered to have no commercial value. Thus five years ago
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the minimum rate for freight and treatment was $12 per ton, while
to-day it is 87 per ton. During the same period the smelter rates
of treatment have dropped from $15 to $6:50 per ton. What a
reduction such as this means, and how great a tonnage of low grade
material it transfers from the category of rock to ore, will be
appreciated by those who have watched the growth of other
distriets.

The writer has seen the development of more than one of the
great goldfields of the globe, and looking back upon the brief history
of that development, he recognises that those which have pioved
permanent, share certain characteristics in common. In the general
persistence of the ore bodies, in the size and continuity of the lode
channels, and in the economic conditions favouring an easy realisa-
tion of the values contained in the ores, Cripple Creek exhibits the
features of a great goldfield, and affords the promise of a future
which will eclipse the achievement of the first eight years of its
existence. ‘

HARRISON AND Soxs, Printers in Ordinary to Her Majesty, St. Martin’s Lane.



SUBJECT TO REVISION.

[TRANSACTIONS OF THE AMERICAN INSTITUTE OF MINING ENGINEERS.)]

The Cripple Creek Volcano.

BY T. A. RICKARD, STATE GEOLOGIST OF COLORADO, DENVER, COLO.

{Washington Meeting, February, 1900.)

TrE Cripple Creek district occupies a cluster of foot-hills on
the south side of Pike’s Peak and is a portion of an extensive,
though uneven, plateau which unites the eastern range of the
Rocky mountains with the Sangre de Cristo. It is essentially
a small volcanic area, of about 20 square miles, amid the granite
of the Front range. But though, when regarded as a rich
mining district, it may be considered as an isolated area,* yet,
geologically, it is, as Whitman Cross has pointed out, only an
outlying portion of a much larger volcanic region, whicht
stretches to the south and west, around Silver CIliff and the
Rosita hills, forming the picturesque country cut by the deep
cafions of the Arkansas river and its tributaries.

The mines are situated amid a volecanic complex, consisting
of tuffs and breccias which have been penetrated by an exten-
sive system of dikes and other intrusive masses. The prevail-
ing formation is an andesite breccia, which lies upon the worn
surface of the granite and fills the deep basin around a volcanic
vent. The breccia, since its deposition, has been broken into
by several eruptions of phonolite and, later still, by a series of
thin dikes of basalt and other allied rocks of a highly basic
composition.

The successive sedimentary formations which, elsewhere in
Colorado, lie upon the basal granite, are not represented in the
district; whatever sediments were laid down before the volcanic
period must have been removed by erosion, and there is very
little evidence which affords a datum-line whereby the geolog-
ical age of the volcanic eruptions can be determined. Whit-

* The main mining belt of Colorado is 30 or 40 miles to the west, and extends
through Boulder, Gilpin and Summit counties, into Leadville, and then south-
westward, through Aspen, into the San Juan region.

t “Geology of the Rosita Hills, Custer County, Colo.,”” by Whitman Cross.
Proceedings of the Colorado Scientific Society, vol. iii., 1890.
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man Cross has referred the breccia* of Cripple Creek to the
close of the Eocene period or to the early Miocene.t This is
done by correlating the small deposit of grit which occurs on
Straub mountain, and is the only sedimentary formation in the
district, with the lake-beds at Florissant, 15 miles to the north.
These celebrated fossil-beds belong to the late Eocene; they
are largely made up of voleanic dust and are covered by breccia
similar to that of Cripple Creek. Moreover, they are overlain
by rhyolite identical in character with that which forms the
floor of the gravel-deposit on Straub mountain.

The granite which forms the basal rock of the region is
usually described as Archean. It is probably Algonkian. It
is, elsewhere, overlain by Upper Cambrian strata; and it has
been found to include fragments of quartzite which are be-
lieved to be of pre-Cambrian or Algonkian age. Therefore
the granite is not necessarily Archean, but, to quote Dr.
Cross, “older than the only Cambrian rocks as yet identified
in Colorado.”}

‘Within the Cripple Creck area the granite differs in appear-
ance from the rock which generally prevails in the Pike’s
Peak region. It is a well defined reddish biotite (black mica)
granite, and, instead of the microcline (feldspar) which ordi-
narily characterizes the Pike’s Peak formation, it carries ortho-
clase in prominent tabular crystals.§ The quartz is usually

* The miners call the breccia “porphyry.”” This term is derived from the
Greek word ‘‘porphyra,’”’ meaning purple. It was first applied to the beautiful
dark-red rock which the Romans obtained from the quarries of Ghebel Dokhan,
near the shores of the Red Sea. This original ‘‘porphyry?’ would now be classed
as a porphyrite. However, the original name, which depended upon color, has
long since lost its force in another meaning, which refers to the structure. The
original “porphyry,’” according to Zirkel, was speckled with snow-white and
rose-red crystals of feldspar in a blood-red ground-mass. Hence the term became
applied to rocks in which some particular mineral, frequently feldspar or quartz,
stands out well defined from the general matrix, giving it a spotted look, as for
example in the familiar ‘“ bird’s-eye porphyry’’ of the western miner. The term
is often employed as though it covered a particular species of rock, while in fact
it is merely a descriptive adjective-noun, covering any kind of crystalline rock
having a mottled appearance due to the predominant development of one of its
constituent minerals in individual crystals.

T ““Geology and Mining Industries of the Cripple Creek District, Colorado,”
by Whitman Cross and R. A. F. Penrose, Jr., 16th Ann. Rep. U. 8. Geol. Sur.,
Part II, p. 18, 1895. The writer owes a great deal of his descriptive geology to
this valuable monograph. $30p. o, pr 17.

¢ I obtained some fine twin crystals (Carlsbad type), 2} inches long, from the
top of Bull Hill.
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iron-stained, and the mica shows the commencement of a
change into green chlorite. The oligoclase, which occurs as a
subordinate feldspar, shows a ready tendency to decomposition,
especially near the ore-bodies in the mines.

Turning to the examination of the breccia,* we find that it
consists of a consolidated mass of fragmentary material having
a coarseness comparable to gravel. Occasionally the pieces
are as large as a man’s hand; but these are rare. More fre-
quently the breccia is very fine, and then comes under the
designation of « tuff.” It is mainly composed of augite-andesite,
in which smoky-brown prismatic crystals of apatite occur.
The feldspar is kaolinized, and the dark silicates, such as augite
or biotite, have undergone destruction by leaching. While the
mass of this formation is made up of andesite, it exhibits,
locally, a good deal of fragmental phonolite and granite, the
latter more particularly in the. vicinity of the contact. Fine
pyrite is distinguishable in most specimens. In the upper
workings of the mines the kaolinization of the feldspar has
given the rock a bleached appearance; and at the surface the
iron oxides, derived from the alterations of the pyrite, have
stained it yellow or red. Fluorite is a frequent constituent,
wherever the breccia is penetrated by the gold-bearing veins,
and colors it a dark purple. The finer tuffs are often so silicified
as to be undistinguishable, except under the microscope, from
massive rocks. The decomposed breccia also exhibits the
healing effects due to the infiltration of secondary quartz; and,
when it is included within the boundaries of any of the ore-
deposits, the soluble ingredients have been removed to such an
extent as to leave often only a pumice-like remnant of inter-
lacing quartz.

Penetrating the mass of the breccia and extending into the
surrounding granite, there is an intricate series of dikes, chiefly
of phonolite.t This is usually a light-colored rock of even

* “Breccia’” and ‘“tuff” are both words of Italian origin. We owe many
terms describing volcanic materials to the study of Vesuvius. “ Breccia’” means
“broken.” Tt is applied to rocks made up of a consolidation of angular frag-
ments. ‘‘Tuff” is employed both for a rock built up of fragmental material of
smaller size than that composing a *‘breccia,”” and also for the rock resulting from
the mud caused by the action of water upon volcanic dust. In the latter sense,
the original Italian word ‘‘tufa” is made use of by many authorities.

t ““Phonolite ”” is derived from the Greek words * phone,” sound, and ““lithos,”’
stone. The close texture and even grain of the phonolite causes it to give a ring-



4 THE CRIPPLE CREEK VOLCANO.

texture and sherd-like fracture ; but the conditions of its occur-
rence, in thin and in thick dikes, in almost horizontal sheets,
and in shapeless intrusive cores, are so varied as to have in-
duced a great many modifications in its physical characteristics.
The essential constituents are sanidine (the glassy variety of
orthoclase) and nepheline. The crystals of the latter are oceca-
sionally sufficiently developed to give the rock a porphyritic
appearance. Besides the normal phonolite there are allied
rocks, such as trachytic* phonolite and nepheline-syenite,t oc-
curring under various structural conditions. There are also
dikes of andesite,] similar in character to the earlier rock
which, in its fragmental form, composes the bulk of the breccia.
Finally, erossing these rocks, and therefore last in the sequence
of eruption, are the dikes of nepheline-basalt with which im-
portant ore-bodies are associated on Raven hill and Battle
mountain.

The Cripple Creek district represents the ground-floor of a
volcano,§ the superstructure of which has been removed by
erosion. Let us consider what this means. Among the gains
of modern science there is none more striking than the elucida-
tion of the causes which bring about the terrifying phenomena
of voleanic action. A hundred years ago, an active volcano
excited superstitious fear, and was regarded only as a catas-
trophic interruption to the order of nature. Since then, the
patient researches of such men as Spallanzani, Scrope and Judd
have enabled us to recognize in these activities the orderly
operations of forces subject to definite laws.

ing sound when struck with a hammer. In England it is often called ‘‘clink-
stone.”’

* ¢“Trachyte’’ is from the Greek word meaning ‘ rough.”” The rock usually
has an uneven fracture, due to the angular sanidine and the porosity of the ground-
mass.

T ‘“Syenite’’ comes from the Greek Syene, the town in Egypt now known as
Assouan. It is acurious fact that it has, comparatively recently, been found that
the rock at Assouan is not a typical syenite, which isa variety of granite contain-
ing very little quartz, with hornblende replacing the mica. It is really ared
granite, very much resembling that of Pike’s Peak. The Egyptians quarried it
for their obelisks, and out of it they built the Temple of the Sphinx at Ghiseh.

1 ““Andesite” is derived from Andes, the mountain range in South America
where it is particularly prevalent.

2 The word ‘“‘volcano’’ is Italian. It was the name given to one of the Lipari
Islands in the Mediterranean, where quiet eruptive action has been going on since
the time of the ancients, who considered the little mountain-island as the forge of
the Roman god Vulcan.



THE CRIPPLE CREEK VOLCANO. 5

The scope of scientific investigation has included not only the
observation of existing* voleanic action, but also the examination
of the remains of extinct volcanoes. The structure of the latter
has thrown light on the behavior of the former. As the story
of the development of forms of life now extinet, but preserved
in fossil-beds and recorded for us by the paleontologist, ad-
vanced our insight into the structure of living things, while
biology repaid the aid thus received from paleeontology by con-
tributing the clues through which the incomplete evidence of
the rocks was so correlated as to demonstrate the sequence of
strata, so the study of the volecanoes of to-day led geologists to
recognize the results of similar action in masses of rock, the
eruptive origin of which was previously unsuspected, and, in
turn, the deciphering of the skeletons of extinct volcanoes ad-
vanced the understanding of those which have survived. Nat-
ural sections gave the requisite testimony. Atmospheric ero-
sion, acting through vast periods of time, has cut into the
mass of many of the ancient volecanoes of the earth so as to un-
cover their anatomy. The dissection, by Professor Judd, of
the old volcano of Mull,} in the Western Isles of Secotland, is
an excellent example of this method of research. Occasionally
mine-workings, or excavations made for other purposes, afford
valuable evidence as to the internal structure of voleanic moun-
tains. The Kammerbuhl, in Bohemia, is a curious instance.f
It is a small hill, apparently of no particular interest, but,
nevertheless, it was once the subject of a hot scientific discus-
sion. The poet Goéthe took part in the dispute,and persnaded
a friend, Count Sternberg, to drive a tunnel into the hill with a
view to settling the question of its origin. The result justified
Goéthe’s claim that it was “a pocket edition of a volcano.”
It was found that the hill consisted of a mass of volcanic scoria,§
through the center of which passed a plug of basalt. The plug
obviously occupied the choked-up vent of the volecano, from
which proceeded a lava-stream which had flowed over the flank
of the hill. Fig 1 illustrates this statement.

* There are about 350 active volcanic vents on the surface of the earth at the
present time.

1 Quarterly Journal of the Geological Society, vol. xxx., p. 220, etc.

1 See Judd’s ¢ Volcanoes,” pp. 112-114,

¢ *‘Scoria” is a Latin word, unchanged. It is used especially for coarsely ve-
sicular lava, but often for fragmental lava in general.
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At Cripple Creek, the mine-workings afford a good deal of
information concerning the underground structure of the region.
It is hoped that an inquiry into the history of the volcano
which determined the interesting character of the district will
contribute towards a clearer comprehension of the geology of
the mines.

The operations of nature in the past are inferred from the
observation of those which take place to-day. The intensity may
vary; the forces are the same. This is the corner-stone of
modern geology as laid down by Lyell. The volcanic complex
at Cripple Creek is to be understood in the light of the evidence
gathered for us by the patient investigators who have stood by
the side of the craters of Stromboli, Vesuvius and Kilauea.

The conclusions of those who have made a specialty of this
branch of geology* may be summarized thus: The explosive
violence of voleanic eruptions is due to the access of water to
the fused rock within the conduit of the volcano ; but, as it ap-
pears that this water is not contained within the substancet
of the lava] emitted during the tranquil emissions succeeding
the first paroxysmal outburst,it is inferred that the water is not
the primary cause of volcanic action, which originates at a depth
greater than that to which it is believed that water can pene-
trate. The evidence collected is not complete ; but it warrants
a reasonable conjecture that volcanoes owe their origin to the
contraction, caused by the cooling,§ of the earth’s crust upon a
yielding substratum, separating the solid outermost shell from
an equally solid nucleus.|| While, therefore, the force which

* Among the best literature on the subject may be mentioned Volcanos by
Poulett-Scrope, Volecanoes by Judd, and Characteristics of Volcanoes by Dana.

t That is, ‘‘ occluded.”

1 Lava is Ttalian for ‘‘stream.’”” It is from the same Latin root aslave, lava-
tory, etc. Although the term is usually applied to the fused material emitted by
a voleano, it is often employed in referring to the same rock after it has become
consolidated, especially when the rock has not been specifically classified.

¢ ‘‘Secular refrigeration.”

|| The question of the condition of the earth’s interior is too large for extended
reference. Besides the standard text-books on geology, the reader will find much
suggestive matter in Osmond Fisher's ¢ Physics of the Earth's Cl:ust,” and in
Prestwich’s ‘“Controverted Questions of Geology.”” There is also a summary of
the evidence regarding this subject in the address of Sir William Thompson
(Lord Kelvin) before the meeting of the British Association in 1876. The gen-
eral conclusions of science have been lately expressed, in a popular way, by Pro-
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pushes large quantities of fused rock to the exterior of the earth
has, probably, a deep-seated origin, nevertheless, the imme-
diate cause of the uncertainty, the violence and the magnificent
energy of voleanic action is traceable to the effects produced by
water coming into contact with the lava as it approaches the
surface.

The destructive energy of a volecano may be likened to a
boiler-explosion ; volecanoes may be considered the safety-valves
of creation. The mass of incandescent rock which is slowly
being squeezed upward meets a large volume of water which
flashes into steam with a sudden expansion causing the most
astounding results. One cubic foot of water yields 1700 cubic
feet of steam. It is accepted by specialists that, whatever the
ultimate origin of volcanic action may be, the:surface effects
are due to the explosive escape of accumulations of steam sud-
denly released from pressure. This explanation is based upon
accurate observation of the quiet workings of the miniature
volecanoes of the Lipari Islands, in the Mediterranean, and
upon the evidence obtained during the more violent, apparently
paroxysmal, outbursts of Vesuvius, Etna, Tarawera, Kilauea
and Krakatoa.

The voleanic rocks of the-Cripple Creek district have come
up through the granite. It underlies them all; they rest upon
it, and can be seen penetrating it in the form of dikes. Pre-
vious to the first eruption, the granite must have presented
a weather-worn surface, such as characterizes the high hills.
Ever since its first emergence from the ocean this region has
been undergoing an intermittent elevatory movement, which
culminated in making the Front range. Erosion had been con-
tinuous, but the uplift more than counterbalanced such wear-
ing away ; and the granite hills had been slowly raised far above
the Cretaceous seas which washed their edges in the era pre-
ceding that to which the eruption is assigned. The forces
which had done this work were of the most patient kind ; their

fessor Milne, thus: ‘‘The earth became solid under two influences; it began to
solidify at the surface by cooling, the crust growing thicker and thicker; and it
began to solidify at the center by pressure, the core growing larger and larger.
This double phenomenon of solidifying continued until a solid outer shell and a
solid inner core came close together in what may be called the critical region of
the earth, the region which feeds lava to voleanoes.”
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manifestation had about it nothing of a violent or paroxysmal
character; time was an essential element of the process.

At the close of the Eocene period this apparent equilibrium
was disturbed. The foundations of the granite hills trembled.
Slight tremors were followed by earthquakes, and these were
the precursors of greater violence.

Earthquakes usually precede an eruption. In certain vol-
canic regions, such as the north island of New Zealand and
Japan, the minor shocks, designated as ¢ tremors,” are of daily
occurrence. They represent the vibrations set up by the sud-
den generation of steam from water coming into contact with
the upwelling lava. It is water-vapor, and not smoke, which
is emitted by volcanoes.* This water is derived from the sur-
face, having sunk into the soil, permeating the more porous
sedimentary rocks, lodging in the crevices of unstratified for-
mations, and becoming stored underground, as mine-explora-
tions testify. 'Where the country surrounding the volcanic
vent has become covered with the products of previous erup-
tions, the loose character of the soil, resulting from the dis-
integration of scoriaceous lava, facilitates the descent of the
rains, and tends to the accumulation of large quantities of
water. Moreover, the vibrations set up by the superheated
steam cause fissures which allow distant bodies of water, from
subterranean reservoirs, fresh-water lakes,t or, if the volcano
be sitnated near the coast, the ocean itself, to be let down] sud-
denly into the volcanic vent and into explosive contact with the
incandescent lava. Humboldt§ found small fishes in the water

* Volcanoes are not necessarily mountains. The mountain is the result of the
volcano, and not vice versa. It is the accumulation of the material ejected from
the vent which slowly builds up the cone. Many emissions of lava occur at the
base of mountain ranges and have quietly overspread the surface from fissures,
much as water rises through cracks in the ice and overspreads it, when a heavy
wagon presses it down. The lava-plains of the Snake river, traversing Oregon
and Idaho, afford an example; so does the Deccan (India), where successive,
nearly horizontal, flows, covering an area of 200,000 square miles, have reached
a thickness of 6000 feet.

t Lake Rotomahana was drained at the time of the eruption of Tarawera, in
New Zealand, in 1886.

1 Mosely (Notes by a Naturalist on the Challenger, p. 503) mentions that, in
1877, when on board the *‘Challenger,” he saw the sea-water actually pouring
down into a fissure formed in the bed of the sea off the Hawaiian coast. The fis-
sure was traced to the shore and three miles inland. This occurrence was con-
nected with the volcanic activity of Mauna Loa, on the neighboring island of
Hawaii. ¢ Controverted Questions of Geology, Prestwich, p. 116.
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emitted from fissures caused by earthquakes in the Andes.
Diatoms, the microscopic forms of life characterizing the deep
sea, have been found in the volcanic ejections of the Pacific
islands. 'Where volcanoes are in proximity to the ocean it has
been found that among the emanations from the lava there
exist, not only chlorides, but also sea-salt itself. A sudden
diminution of the water-supply in wells and springs near
Naples has been repeatedly observed to presage the eruption of
Vesuvius.

There is therefore ample evidence that water does penetrate
into the conduit of the voleano, and that it is originally derived
from the surface. As against the contrary belief, namely, that
the water-vapor accompanying eruptions is an essential con-
stituent of the lava, and therefore shares with it a deep-seated
origin, there is the following evidence. It has been found, as
the result of a large number of accurate observations in wells,
shafts and bore-holes, that the temperature underground in-
creases 1° F. for every 48 feet of descent.* At 7776 feet, the
boiling-point, and at 34,700 feet, the critical point, 773° F., of
water, would be reached. The expansive force of steam in-
creases rapidly with the temperature, so that at 773° F. it would
be equal to the pressure of 350 atmospheres.t This is termed
the “critical point,” because, at this temperature, water, how-
ever great the pressure to which it is subjected, can no longer
exist as a liquid, but becomes dissociated into its constituent
gases. Although the exact conditions which obtain at these
greaf depths cannot be known with certainty, nevertheless,
all the evidence goes to show that there is a limit set to the
descent of surface-water by the rapid increase in the expansive
force of its vapor, due to the rising temperature. Prestwichi
put the maxim limit at 6 to 7 miles, and Delesse§ estimated it

* “On Underground Temperatures,’’ Sir Joseph Prestwich. Proceedings of the
Royal Society, February, 1885. Of course this increment of 1 degree per 48 feet
can only apply to the outermost portion of the earth. Beyond a few miles of
depth there must exist conditions of which very little can be inferred. There,
the enormous pressure probably counteracts the expansive effects of heightened
temperature, and upsets many of the conclusions of physics which hold good near
the surface.

1 Which, at 15 1bs. per square inch for each atmosphere, amounts to about 2}
tons per square inch.

1 Controverted Questions of Geology, p. 93.

¢ Bulletin Société Géol. de France, vol. xix., p. 64.
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at 60,000 feet, or about 11 miles. Moreover, experience goes
to show that the water encountered in mines is the drainage
from the surface. Deepmines are usually dry ones.” I mayin-
stance the deepest metal-mines, the Calumet-Hecla and Tama-
rack, in the Lake Superior region, and the «180,” «“New Chum-
Viectoria,” and neighboring shafts, at Bendigo, in Australia.

The evidence obtainable concerning the first eruption of the
Cripple Creek volcano is necessarily very meager. The first
vent must have been formed at some point along one of the
fractures caused by the earthquake-shocks; the lava,in forcing
for itself a way to the surface, being aided by the force of the
expanding steam. The pressure required to break a passage
through the overlying rocks is stupendous; and, as a conse-
quence, when the steam accompanying the lava is finally, and
very suddenly, released from that pressure, on its immediate
arrival at the surface, it escapes with explosive energy, and with
projectile discharges which may reach to an astonishing height.
Thus, when the outburst of Krakatoa, an island near Java, oc-
curred in 1883, the finer fragments ascended skyward 10 miles,
and were recognizable* in the atmosphere of London. The
winds carried the dust of Krakatoa round the world, and thus
gave rise to the extraordinary sunsets observed in the autumn
following.

The material ejected during the first outburst of a volcano
consists of fragments of rock torn from the sides of the vent.
The extinet volcano of the Kammerbuhl, already mentioned in
this paper,t exhibits pieces of burnt slate within the mass of
the scoria forming its cone. The underlying formation consists
of slates and other metamorphic rocks.

The Cripple Creek volcano first ejected fragments of granite.
These were probably small in size, and became further re-
duced by colliding with each other as they were discharged,
so that they fell to earth in showers of particles like gravel. Of
this first eruption there is little trace now, unless the grits of
Straub and Grouse mountains be the remnants, as is probable,]

* The writer, then a student at the Royal School of Mines, saw this volcanic
ash under the microscope after it had been collected from the London atmosphere,
which hardly needed solid contributions from such a distant source.

T See Fig. 1 and the corresponding text.

1 This is the opinion of Whitman Cross. See page 71, op. cit.
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of the débris accumulated at that time. Material resembling
this must certainly have covered the surface around the vent,
until the larger portion of it was washed away. The steam
which, in enormous volumes, accompanies the first outbursts
of volcanic action, becomes condensed as soon as it issues into
the cold air and forms rain-clouds, the downpouring of which
frequently removes the accumulations formed at the inital stage
of the volecano. The floods which succeed eruptions are due to
the super-saturation of the atmosphere with the water-vapor
emitted by the volcano. Such floods are more feared by the
dwellers around Vesuvius, for example, than the lava-streams,
the destructive effects of which are comparatively restricted. It
was the formation of a liquid mud, by the action of heavy rains
on the fine material, called ¢tufa,” which buried the city of
Herculaneum.

It is unlikely that sufficient data will ever be forthcoming to
give an exact presentation of the chief vent of the Cripple
Creek volcano, unless one of the millionaires, enriched by the
gold he has won from the mines, shall prove as public-spirited as
Goéthe’s friend, and shall undertake the requisite explorations.
Yet some very interesting evidence on this point is available.
A miniature vent* exists near the town of Victor, and the
railroad has cut through it, so as to furnish the section of it
shown in Fig. 2. As a hand-specimen may exemplify the
structure of a mountain range, so this small vent typifies many
of the characteristics of the orifice probably existing in the
earlier stages of the Cripple Creek volcano.

This vent occurs in the massive granite of Squaw mountain,
about 1700 feet south of the main breccia-formation of Battle
mountain. In the railroad-cut, where it is to be seen, it has a
width of 35 feet. Itis filled with fragments of granite and the
gravel derived from the brecciation of granite. The edges are
not particularly well-defined, because the face of the enclosing
rock is shattered. The most peculiar feature of the section is
presented by pellets, nodules and rounded fragments of dark-
red scoriaceous lava, which occur all through the material filling
the vent. At the edges, rounded inclusionst of this lava can be

* Whitman Cross describes this vent on page 77 of his Cripple Creek report.

1 The largest are 1 to 13 inches in size. On microscopic examination Professor
Kemp found it difficult to determine the exact petrographic character of this lava.
‘It shows only alteration products in some parallel arrangement, but not in sig-
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seen in the mass of fragmentary granite; and in the center the
lava, by reason of oxidation, forms a red granular matrix, in
which large pieces of granite are separately discernible. The

o'

AMBANK NOTE 00,,N.

@
<
2
S
i
5
T
< e
=
=
Q
&

Fic. 2.

Q
=
g
[
B
o3
¥
%"'
06
@
e
=}

VOLCANIC VENT IN GRANITE, AT VICTOR, CRIPPLE CREEK.

foets

o
=
=
8
3
(<]

O > A AT—\‘% 3

\Y 2 -

p<

ale

material, especially near the edges, has a laminated structure,
parallel to the sides of the vent. These laminations vary in
thickness according to the coarseness of the material.

nificant condition.”” In both of the specimens I sent to him he detected large
scales of biotite. Having in view this fact, and the character of the material, it
seems most probable that the lava closely resembles the rock of the basaltic dike
in which the neighboring Anna Lee ore-chimney was found to occur.
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This illustration is of great interest. The vent is in granite,
as was the first vent of the volcano. It is now filled with breccia,
as, at one time, that was. The shattering of the sides is sug-
gestive of the mode of formation of the breccia, which now fills
it. Had this vent been further enlarged, and subsequently pene-
trated by phonolite, not in fragments, forming a breccia, but in
liquid form, solidifying to a compact mass, it would have pre-
sented a complete analogy to the Cripple Creek voleano.

As another example, but from a different locality, of a
natural section of a small vent, I would instance that shown in
Fig. 8, which represents a drawing recently made by Sir Archi-
bald Geikie,* while traveling among the Faroe Islands, in the
North Atlantic ocean. The action of the waves has cut down
the face of the cliff, so as to exhibit its structure very clearly.
The vent occurs in banded lava (A A) and has a diameter of
about 100 yards. It is filled with agglomerate (B) consisting
of compacted débris, in which lie large fragments of slaggy
lava, the largest being in the center of the former orifice. The
filling is arranged in distinct layers toward the sides. The top
of the vent is saucer-shaped, and is covered with three succes-
sive flows of basalt (D, G, E); of these, the lowest has merely
extended over the center of the vent, while the next (D) nearly
covers it, and the uppermost (G) lies over the whole of it.
Above these there are other layers of basalt (E,F) which com-
pletely bury the orifice.

After the first outburst, a change took place in the matter
ejected by the Cripple Creek volcano; there began to appear
the fragmentary andesite which was destined to be accumulated
to such an enormous thickness. It may be that flows of ande-
sitic lava also welled out over the surface at this time. If so,
they were subsequently eroded. During the long intervals of
quiet separating one period of eruption from another, the lava
became cooled, cracked, and then disintegrated by rain and
frost, so as to be broken up and -carried away by the moun-
tain streams to form a part of the alluvium of the valleys.
Thus the superficial flows were removed ; but the corresponding
bodies of lava which consolidated underground, when the ex-
trusion at the surface had ceased, are now, thanks to that very

* (The Tertiary Basalt Plateaux of North Western Europe.”  Quarterly
Journal, Geological Society, vol. lii., page 344.
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erosion, to be seen as bodies of andesite rock in several parts of
the district, notably on the eastern side of Battle mountain and
near Legal Tender Hill, above Goldfield.*

The fragmentary eruption of andesite continued. At this
time the volcano must have been a splendid sight, especially by
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night. It was so late in geological time that Pike’s Peak was
already a giant among its fellows, and towered in lonely
grandeur above the lesser hills where the eruption was taking

* As theaccompanying geological map (Fig. 4) of the district illustrates. This
map is a reduced copy of the colored map published by the United States Geo-
logical Survey. The ideal section which I have drawn (Fig. 5) is taken in an
east and west line across the southern part of the area.
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(After U.8, Geological Survey.)
place. The shifting lights of the volcano were reflected by the
snow-fields of the peak. Those lights were due to the glow of
the incandescent lava in the crater thrown upon the clouds* of

* Professor Judd very aptly likens this effect to that caused when, at night,
the engineer of a locomotive pulls gpen his furnace door and permits the light of
the fire to be thrown upon the stream of vapor issuing from the funnel.
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watery vapor which hovered overhead. To this appearance*
were added lightning-flashes. The steam issuing through the

L -i- - 4.+++*

(e

- Massive Eruptives
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orifice of a voleano is highly charged with electricity, generated
by its upward rush, and the friction of the colliding particles

* The old idea of a volcano was a mountain which spouted fire, ashes and
smoke. The ‘“fire’’ is the reflection referred to above ; the ‘‘smoke’’ is vapor;
the ‘‘ashes” are lava rendered vesicular or pumice-like by the bubbles of steam

penetrating fused rock.
2
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of solid matter ejected with the steam contributes further in
producing a condition of intense electrical excitement. This
is relieved by discharges into the surrounding atmosphere.

The lightning illuminated the surrounding hills and shone
around Pike’s Peak ; the hurtling of the fragments of rock as
they met in mid-air and the sound of their fall as they rattled
down the slope of the volcano mingled with the muffled roar
of escaping steam and the occasional rumbling of the thunder.

There was none to see it. Man was not yet on earth, though
the footsteps of his oncoming could almost be heard.* Of
animal life no traces have been found in the Cripple Creek
formation. Bird and beast fled from the terrible sights and
sounds. But remnants of the vegetation of that time have
been preserved, and at depths of many hundred feet beneath
the surface of to-day the miner has encountered the remainst
of trees, resembling pines, which were overwhelmed by the
eruption.

At this period similar outbursts were occurring among the
neighboring hills, for the Cripple Creek volcano was but a
minor incident among the eruptions which, during the Tertiary
epoch, spread a vast thickness of breccia and lava over a large
portion of southern Colorado. Out of the products of these
eruptions were sculptured the serrated peaks of the Uncom-
paghre, the Cochetopa hills, and the rugged ranges of the San
Juan. 2

After the eruption had continued sufficiently long to form a
vast accumulation of the fragmentary materials, which in pro-
cess of time became consolidated into breccia, there came a
period of comparative quiet.

* The earliest vestiges of man belong to the close of the Miocene period.

1 These are various. In the Jack Pot mine, at 400 feet from the surface, in the
Logan at 600 feet, and in the Doctor at 700 feet, there have been found fragments
of coal, exhibiting traces of wood-structure. In the Independence, at 5C0 feet, a
stump of a tree was discovered in the very midst of rich ore. In every case thé
enclosing rock was breccia. The specimen from the Independence is stone, the
othersare coal. In the former case, the tree-portion must have become buried
under conditions free from access of air, and must have been subjected sub-
sequently to the action of siliceous waters, which gradually replaced the fiber of
the wood with a mineral precipitate. In the other cases, the tree must have be-
come enclosed within the breceia and subjected to a slow oxidizing action which
carbonized the wood, without permitting it to burn freely. Otherwise, it would
have been destroyed, leaving only ashes As it was, it became coal, carrying 60
per cent. carbon, and having the other characteristies of a typical lignite.
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The Cripple Creek volcano must have formed a conspicuous
mountain. This is inferred from the nature of the material
ejected. The size and shape of the cones formed by the emis-
sions of a volcano depend upon the condition in which they
are emitted. Limpid lavas, like those of the Hawaiian vol-
canoes, form extremely flat cones. Mauna Loa, for example,
has a height of 13,675 feet above the sea, with a base of over
70 miles, the slopes having, according to Dana, an angle of
4° to 6° only. The great volcanic cones of the Andes are
made up of a much less liquid lava, and, according to Whym-
per, have slopes which range from 27° to 37°. Mount Shasta,
in California, which is built up of similar rocks, stands, accord-
ing to Whitney, at an angle ranging from 28° to 32°. A cone
such as that formed around the vent of the Cripple Creek vol-
cano, which emitted vast quantities of fragmental material
alternating with occasional lava-flows of the more viscid type,
would partake of the character of the well-known pfiys or peaks
of Auvergne, which dot the surface of that part of south-central
France, in shapes resembling a candle-extinguisher. Breccia
and lava together make steeper cones than lava or breccia
separately; therefore the Cripple Creek volcano, when at its
maximum height, must have appeared as a steep mountain.

Projectile discharges were succeeded by tranquil emissions
of lava. The bodies of massive andesite in the southeastern
part of the district may represent such extrusions. They were.
marked by an absence of the violence which accompanied the
earlier outbursts, due, perhaps, to a diminution in the quan-
tity of escaping steam and a lessening of the pressure upon that
which remained. The earlier ejectamenta of a volcano are
scoriaceous and vesicular; thatis, they have been penetrated and
torn by the explosive escape of superheated water-vapor, while
the lava characterizing the later stages of activity is compact
and homogeneous. The creation of a vent serves as a safety-
valve in releasing the tremendous pressure of the steam, due to
its sudden expansion when coming into contact with incandes-
cent fused rock. Attendant upon the relief given to that pres-
sure, are all the terrifying phenomena of the first outhurst. Sub-
sequently the force of the eruption diminishes. The lava ceases
to be violently projected by escaping high-pressure steam. The
underground waters near the conduit have become used up.
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The rise of the lava underground, followed by its protrusion at
the surface, becomes a quiet process, which must be referred to
a more deep-seated cause, namely, the local readjustment of
the earth’s crust, causing the fused rock to ooze out slowly.
Many lava streams have a glacier-like movement. They seldom
progress more than 3 miles per day, and often require a year
to advance a few miles.* Observers have described the flows
of lava which follow the first ernption as welling out ¢ with the
tranquility of a water-spring,”t as “proceeding in silence,”{
as ¢ being effected quietly and without noise.”’§ All this is in
vivid contrast to the paroxysmal outburst which marks the first
stage of voleanic activity. The difference is to be referred to
the relative quantity of steam taking part in the process of
eruption.

The period of quiet may have been, and probably was, suc-
ceeded by a complete, though temporary, cessation of activity.
This interval may have persisted for several hundred years.
Geology:is lavish of time. The inaction was due to the diminu-
tion of pressure consequent on.the withdrawal of the lava in
the conduit of the volecano. Such a result would be brought
about by the shifting of the center of eruption to another place
along the line of fissure. The island of Vuleano, in the Lipari
group, affords an excellent example of such a change of vent.
Among the extinct craters of Auvergne| in south-central
France, similar instances are numerous. (See Fig. 6.) The
first conduit of the Cripple Creek volcano became plugged up
by material which had failed of ejection. Other minor vents
may have been formed on the flanks of the mountain which
had been slowly formed by the long continuance of discharges.
‘When, after an interval, a vigorously active condition was re-
sumed, the second eruption, in all probability, took place
through a new vent, produced, as the original one had been,
by a fissuring of the rock immediately over congested masses
of steam due to the water which had accumulated during the
interval of inaction.

* Dana. - t Scrope. 1 Fouqué. ¢ Ibid.

|| The writer cannot claim to have any special knowledge of volcanoes, but he
is familiar with the volcanic region of Auvergne, in south-central France, has
seen Vesuvius, and has traveled in the volcanic parts of New Zealand, and also
in Oahu, one of the Hawaiian Islands.
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There is evidence indicating that the Cripple Creek volcano
had several vents. One existed near the present site of the
Hull City placer ; another must have been situated near Ana-
conda. The original position of the orifice of an extinct vol-
cano can be inferred from the composition of the rocks. The
lava which cools rapidly in the open air assumes the character
of a glassy substance,* containing only a few embryonic

PLAN

SECTION

THE PUY DE PARIOU, AUVERGNE.
ILLUSTRATING THE SHIFTING OF ERUPTION ALONG A LINE OF FISSURES.
(Aftes Indd)
crystals, but that which cools slowly underground, and while
still subjected to great pressure, is developed into completely
crystalline rock. Experiments with smelter-slags, and a micro-
scopic examination of the resulting material, have confirmed
this proposition. In this way the lava streams which have
1ssued from the vent are distinguishable from the material

* On June 38, 1840, a stream of lava from Kilauea reached the sea, after having
flowed over the island of Hawaii for a distance of 11 miles. * The burning lava,
on meeting the waters, was shivered like melted glass into millions of particles,
which were thrown up in clouds that darkened the sky and fell like a storm of
hail over the surrounding country.” —Daxa, Characteristics of Volcanoes, page 63.
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which has solidified in the throat of the volcano. The nephe-
line-syenite near the Lillie and Vindicator mines is the granular
equivalent of the phonolite which occurs so plentifully all over
the district. The phonolite and the syenite have a similar
chemical composition, but their texture is very different. This
is due to the fact that in the former a crystalline structure has
not been fully developed, but the ground-mass or matrix, as
seen under the microscope, being made up of crystallites,
minute, hair-like bodies without the properties, but with the
tendency to become, crystals. This indicates that the rock
cooled too rapidly to permit of proper crystalline growth. The
nepheline-syenite, on the contrary, is made up entirely of de-
veloped minerals, no part of the original ground-mass having
failed of arrival at true crystalline maturity; so that even the
slight excess of quartz, though uncombined, presents a crystal-
line structure. This indicates that the rock cooled very slowly,
giving ample time for the full play of the forces which pro-
duce crystallization. It is to be inferred that the nepheline-
syenite fills an old vent, or is close to it. The same inference
is drawn from the patch of syenite-porphyry between Gold hill
and Squaw gulch. Further evidence suggestive of the former
existence of a vent thereabouts is afforded by the steepness
of the plane of contact between the granite and breccia on
the adjoining Guyot hill. The dissection of extinct volcanoes
in other parts of the world, a dissection brought about by
natural erosion, which has cut valleys right into the flanks of
ancient eruptive centers, furnishes numerous examples con-
firming such deductions as have just been made with reference
to the vents of the Cripple Creek volcano. Even in Great
Britain, which has not known voleanic disturbances during the
time covered by the brief record of human life, there are abun-
dant proofs concerning the shifting of vents and the resulting
relations between perfected and undeveloped rock-types.

The occurrence of several vents would not be unusual. Vol-
canoes are not mere bores through which eruptive discharges
take place. Where one single vent survives, it may be con-
sidered to represent the centralization of energy due to the
choking-up of many other openings along the line of fissure
formed at the time of the first manifestation of activity. This
is well illustrated in the accompanying sketch of Mount Etna,
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as it appeared in 1865. (See Fig. 7.) The expansive force of
the steam, to which the violence of the initial stages of vol-
canic action is due, tends to radiate from the central point of
energy so as to form cracks, the character and extent of which
will vary according to the structure of the rocks through which
the shocks are propagated. At certain points along these
cracks, or at the crossing of two of them, openings are formed,
permitting eruptive discharge. Those openings which are im-
mediately above the points of greatest pressure, will survive
longest; the others become plugged up with the material they
are unable to eject. One vent usually remains as the center of

Fia 7.

Slonte Frumento, an old Parasitic Cone BB  Line of Fissure CCC  New Scoris Cones
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FISSURE FORMED ON THE FLANKS OF MT.ETNA IN 1865.
(After Judd.)

energy. The others become extinct, until an increase of erup-
tive activity finds a single conduit insufficient, and thus neces-
sitates the obtaining of relief at other points. Lava-flows do
not necessarily take place at the central vent. Many of the
largest flows known to have occurred among the Hawaiian
voleanoes, for example, have emanated, not from the crater at
the top of the mountain, but far down upon its flank. In cer-
tain instances, as at Kilauea,* the larger number of discharges
have been subterranean.

The subterranean discharges of lava are of peculiar interest

* Dana. That of July, 1840, started at a point 16 wiles distant from the crater.
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to the miner, because they are among the factors which he has
found by experience to influence the distribution of the ores
which he seeks. They are to be seen both in natural sections,
afforded by ravines, and in those other sections of the rocks
which are presented underground in the mines. , The accom-
panying drawing,* after Fouqué (see Fig. 8), of a natural sec-
tion seen on the slope of the old voleano of Santorin, will be
suggestive. These intrusions take a variety of forms. Such
as seek out the lines of weakness presented by the bedding-
planes of sedimentary rocks, or the lines of successive deposi-

Fic. 8.
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SECTION ON THE SLOPES OF THE OLD VOLCANO OF SANTORIN
(After Fouqué)

tion of fragmentary volcanics, form sheets. In England, such
an intrusive sheet is termed a “sill.” An instance is illustrated
in the accompanying section, obtained in the western islands of
Scotland by Sir Archibald Geikie.t (See Fig. 9.) The intru-
sive masses of porphyry (quartz-felsite) which, at Leadville,
penetrate the sedimentaries, afford an example which is of
peculiar interest on account of the remarkable ore-deposits
found at the contact of the porphyry with the Carboniferous
limestone.

* From Santorin et ses Eruptions.
t ¢ The Tertiary Basalt-Plateaux of Northwestern Europe.’”’ —Quarterly Journal
Geol. Soc., vol. lii., p. 377.
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Those subterranean flows of lava which do not find a ready
passage, either in a lateral or a vertical direction, tend, when

thus impeded, to congest locally, so as to form huge under-
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ground blisters which are sometimes large enough to arch the

overlying strata into dome-shaped hills.

as they are termed, were first recognized as a type by G. K.

Laccolith would be a better

* From the Greek lakkos, cistern, and lithos, stone.

form.
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Gilbert.* Since then, Whitman Crosst has described similar
occurrences in southwestern Colorado. The accompanying
drawing (Fig. 10) represents his ideal section of one of these
enormous cores of what was once fused rock. In this particular
section, of Mount Marcellina, it is evident that the porphyrite
has arched the overlying coal-bearing strata to the point of rup-
ture, a line of fracture being indicated to the right of the
laccolite. ‘
Such intrusive masses as have been described are encoun-
tered by the miner with much less frequency than the dikes,
which are approximately vertical sheets of igneous rock, evi-

Fig, 10.
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THE LACCOLITE OF MT.MARCELLINA AM.BANK NOTE 6O, N.Y.
(After W.Cross)

dently filling cracks which usually extend to a depth greater
than any existing mine-workings. In underground explora-
tions we sometimes come across dikes which have failed to
reach the surface; and, more rarely, it has been found that the
lower end of one of these vein-like bodies merges into the very
heart of a large mass of similar rock. It is inferred that every
dike emanates from some central core, because a purely local
origin is not conceivable ; the conditions which induce liquefac-
tion and those which compel the upthrust of the fused rock
are alike referable to factors created by the forces at work

* ¢ Report on the Geology of the Henry Mountains,” 1877,
+ ¢ The Laccolitic Mountain Groups of Colorado, Utah and Arizona.” 14th
Annual Report, U. S. Geol. Survey.
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within large masses of rock. The water coming up.through
a crack in the ice is referred to the body of it beneath that ice.
The fused rock rises in the fractures:causéd by earth-move-
ments much as the water fills the cracks in the ice; that is, no
gaping crevasse is necessarily formed, but the lava rises and
occupies the fracture as it is formed; it follows it, it does not
make it, although the movement which makes the crack and
the pressure which squeezes the lava into it may both be trace-
able, far back, to a common cause.

The behavior of.dikes often affords striking evidence of their
adaptability to the structure of the rocks they traverse.. They
seek out lines of least resistance, and thus frequently make
evident structural features which otherwise would -have been
merely latent. The accompanying drawing (Fig. 11) illus-
trates this. It represents a flat surface of granite (in West
Australia) traversed by a dike of dolerite, which has evidently
utilized for its passage the lines of fracture produced along a
sheer-zone in the granite. The very low conductivity of lavas
(as of smelter-slag) may explain their ability to pass through
rock-fractures for great distances. The edges of a dike would
cool instantly, but in so doing would afford a protection to the
central portion, the liquidity of which would thus tend to be
maintained. .

The bulk of the material thrown up by the Cripple Creek
volecano was fragmentary, and became the great mass of
breccia now constituting the leading geological feature of the
district. The earliest lavas extruded were of medium fusi-
bility : namely, andesite, and then phonolite. On reaching
the surface, they formed streams, the exterior of which became
promptly chilled to a black-looking slag, to which escaping
steam gave a cindery structure. The lava rolled down the
slope of the volcano with the utmost slowness, making clinking
sounds such as are heard when the workmen empty the slag-
pots over the dump of a smelter. Such lava-streams weather
very easily ; their exterior, by the contraction of the surface due
to cooling, becomes porous, and water penetrates into the mass
of them, disintegrating them so that they are readily carried
away by the rains of spring.

The last extrusions of the Cripple Creek volcano were of
basalt. These were more limpid, and must have formed
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streams which traveled much farther than the less fusible
phonolite and andesite. The basalt, judging from the be-
havior of similiar lava-flows actually observed in the Hawaiian
Islands and elsewhere, would progress rapidly down the slopes
of the mountain and overwhelm the forests which, probably,
clothed the lower portions of the Cripple Creek volcano, setting
them on fire and adding greatly to the aspects of destruction
presented by the scene. Upon cooling, these basaltic flows
would be cleft asunder by symmetrical series of cracks forming
prismatic columns grouped like the pillars of a Gothic cathedral.
But where they were not protected by a later covering of rock,
the ruthless hand of decay attacked them also, the frost of
many thousand years shivered the straight columns; and the
freshets of spring swept the remnants into the torrents which
fed the Arkansas river.

The successive periods of activity in the life of the Cripple
Creek volecano are marked by the sequence of lavas extruded.
This sequence is indicated by structural relations, the older ex-
trusions being penetrated by the younger. But this is not all.
The crystalline structure and the chemical composition of the
rocks resulting from the cooling and consolidating of the
suceessive lavas exhibit differences which have been found to be
closely analogous to those presented by similar successions of
rock at other volcanic centers, both in the United States and in
Europe. The earliest lava extruded by the Cripple Creek vol-
cano was andesite. - Then came the phonolite, and, lastly, the
basalt. These three rocks represent types which vary in their
chemical composition and in their consequent fusibility. Basalt
fuses at about 2250° F.; certain varieties fuse at about 2000°
F. 'What is usually termed a ¢ white heat ”” is equivalent to a
temperature of 2100° F*. The least fusible rocks are of the
granite and trachyte class; they fuse with difficulty at about
2700° F. To the intermediate type belong the andesites, which
fuse at about 2520° F.+ The relative fusibility of these rocks
is dependent upon the fusibility of their chief constituent, feld-

* According to the latest determinations by Henry M. Howe. According to
Pouillet’s experiments, gold melts at 2192° and silver at 1832° F. See Eng. and
Min. Journal, Jan. 20, 1900, p. 75.

t These are the temperatures derived from the experiments of Carl Barus.
See Dana’s Manval of Geology, p. 273.
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spar, the variety in the basalts being labradorite, the most fusi-
ble of the feldspars. Moreover, in basalt there is present a
good deal of augite, a still more fusible mineral, and a large
percentage of iron which, as in smelter-slags, contributes di-
rectly to fusibility. The trachytes are largely made up of
orthoclase, the least fusible of the feldspars. The andesites
are intermediate in composition and of medium fusibility, their
characteristic feldspar being oligoclase.

This fusibility used to be expressed in terms of ¢“acid” and
“basic character,.’ the rocks high in silica and low in iron being
at one extreme, and those low in silica and high in iron at the
other. But Dana has pointed out* that this does not express it
correctly, fusibility being dependent not so much on the per-
centage of silica as upon the amount of alkali, namely, potash
and soda.t Thus the rocks rich in alkaline feldspars are the
most fusible. Free quartz exists in most rocks; and the percent-
age of it, which is far from uniform among the members of
any particular type, increases the acid character of the rock, so
that it becomes a secondary factor in determining fusibility.
Similarly iron occurs as an oxide (magnetite) in all rocks, to an
insignificant degree in the granites, but in the basalts and gab-
bros freely, so as to form an important ingredient, giving them
their dark coloring. This large percentage of iron contributes
to easy fusibility; indeed, certain basalts are known to become
so limpid that they can be taken up in a spoon attached to the
end of a cane.}

This question of fusibility would be of slight importance
were it not for one interesting fact, namely: it has been ob-
served in several volcanic regions that lava of intermediate
composition, such as andesite, is succeeded by those of the
extreme types, namely, the very alkaline or comparatively non-
alkaline rocks, such as basalt and rhyolite, respectively. This
was the case at the Cripple Creek volcano. It has been in-
ferred from these facts that in the earlier stages of volcanic
activity the lavas are mingled together underground, and that
during the period of eruption the heavier portion separates

- * Manual of Mineralogy and Petrography, p. 437.

+ Dana, Characteristics of Volcanoes, p. 146.
.. 1 This was actually done in the case of the basaltic lava of Kilauea, in Hawaii.
Coan. American Journal of Science.
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from the lighter, causing two diverse products to be separately
emitted.

Eventually (it may have been several thousand years after
the first manifestation of activity) the volcanic energies became
wearied, and lava ceased to appear at the surface. The re-
adjustment of the earth’s crust, at this particular locality, had
been accomplished, and a condition of equilibrium supervened.
The lava sank beneath the level of the crater, and, on cooling,
plugged up the conduit, as was the case, for instance, at the
Kammcrbuhl * The sinking of the lava may I}ave gone further,
so that the withdrawal from the upper part of the mountain,
formed by the ejections of the volcano, may have caused ex-
tensive subsidence and created deep fissures. Such was the
case at Kilauea in 1832 and 1840.f Those who are engaged
in mining at Cripple Creek are aware of the existence of
numerous large cavities underground, particularly in the south-
ern part of Bull hill and the northwestern portion of Battle
mountain. In the Logan mine the orifice of a very large
cavity was recently encountered while sinking the shaft.f The
sudden flows of water which have embarrassed some of the
mines are due to the unexpected drainage of such openings.
It is worthy of note that these especially characterize the
trachyte-phonolite and those rock-masses which represent the
lavas extruded last.

After the volcanic energies had declined, there followed a
long period of smothered activity, evidenced by geysers and hot
springs. Steam continued to escape, but gently. There was
none of the violence of the earlier period. Heated water ac-
companied the steam, instead of fused rock. The hot lava still
existing at greater depth served to give expansive force to the
surface waters which found their way, by seepage, through
the overlying deposits of volcanic material. The steam and hot
water now emitted, at some spots quietly as a thermal spring
and elsewhere intermittently as a geyser,§ probably carried a

* Judd’s Voleanoes, p. 114. See also p. 5 of this paper.

+ Dana’s Characteristics of Voleanocs, p. 124.

1 The miners heard the inrush of air caused when they tapped the cavity and
promptly left their work, to go to the surface. It is probable that the pumping
operations of the neighboring Portland mine had drained the water, which at one
time had filled the cavity, leaving it void.

¢ Geyser is an Icelandic word, and means ‘“gusher.” A thermal spring w hlch
spouts or gushes out above the surface isa geyser.
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good deal of mineral matter in solution. A wonderful work is
accomplished in this quiet way, because such activities extend
over enormous periods of time. Professor Judd has shown
that the hot spring at Bath (England), although an apparently
‘unimportant geological agent, brings daily to the surface
180,000 gallons of water at a constant temperature of 120° F.
This spring was doing its duty at the time of the Roman in-
vasion of England, and it is estimated that since that time it has
brought up, in solution, enough material to form a good sized
volcanic cone.* |

The Cripple Creek district exhibits abundant evidence of
hydrothermal action. This is particularly the case in the
northwestern part of the mining area. The breccia of the
upper parts of Globe and Ironclad hills, penetrated by the
workings of the Deerhorn, Summit, South Park, Plymouth
Rock and other mines, is much decomposed, and has a loose,
crumbly character. It is seamed to an unusual degree with
irregular fractures, lined with secondary minerals, among
which erystalline gypsum and amorphous kaolin are the most
common. In the Deerhorn shaft there is evidence of a more
definite kind. At a depth of 240 feet the shaft cuts into a
mass of gypsum, and from that point to the bottom, 575 feet
below the surface, it has been sunk in the midst of what
appears to be a series of extinct thermal springs. The accom-
panying drawing, Fig. 12, will illustrate the occurrence.

The workings are very extensive in a direction at right-
angles to the plane of the section followed by the illustration,
and connect with the adjoining mines. Breccia and tuff’ com-
pose the prevailing rock.t No distinct dikes are visible near
the Deerhorn shaft; it is probable, judging from the com-
position of the breccia at several points, that several intru-
sions do exist, but that they have been so shattered in place as
to be scarcely distinguishable from the original breccia which
surrounds them. At the third level, and at the succeeding
levels, there are three distinct narrow-pointed cones of com-

* Page 219 of Volcanoes.

+ The breccia was found by Professor Kemp to contain undoubted fragments
of kaolinized granite, decomposed orthoclase being easily recognizable. The
breccia of Cripple Creek, although fragmentary andesite predominates, every-
where exhibits a scattering of granite particles, which in places become so numer-
ous as to give it a truly granitic character.
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"Fie 12,

Deerhorn Shaft

Breccia

AN EXTINCT THERMAL SPRING, CRIPPLE CREEK.

pact white gypsum which, at 15 to 25 feet from their apex,

graduate into chimney-like masses of breccia cemented by
3
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crystalline gypsum. At the sixth level there is a fourth of
these occurrences. Others, which do not happen to have been
intercepted by the workings of the mine, may exist in the
vicinity.

Iron pyrites is found in the gypsum; it occurs as a scattering
of coarse crystalsin the upper portion, and finely disseminated
lower down. The white gypsum carries patches which are
stained pink by fluorite. The surrounding breccia is every-
where traversed by coler-bands due to layers of gypsum, man-
ganese oxides, and iron ocher. Scattered through the vicinity,
but parallel to the group of columns above described, there are
patches, as well as seams, of fluorite sand, consisting of parti-
cles of erystalline silica stained purple by admixture with fluor-
spar. The upper levels also show bands of a white unctuous
clay, named ¢ Chinese tale” by the miners. This is pure kao-
lin,* derived from the decomposition of the feldspar in the
andesite fragments composing the bulk of the breccia. The
latter is in a crumbly condition, its character being suggested
by the fact that in driving the levels only a pick is needed, the
ground requiring no blasting. Beyond the central portion,
which has structural lines sympathetic to the arrangement of
the columns of gypsum, the breccia is still stained and dis-
integrated for a great distance, and in places exhibits sug-
gestions of the neighborhood of other thermal conduits.

There can be no doubt as to the nature of these masses of
gypsum. Thermal springs which have become extinguished
are marked by just such accumulations of lime, although the
carbonate is, under such circumstances, more common than the
sulphate.t The flows of hot water encountered in the deep

* The following is Dr. Hillebrand’s analysis, made by him for Prof. Penrose.
See page 128 of the Report on ‘‘ The Geology and Mining Industries of the Cripple
Creek District,” U. S. Geological Survey, 16th Ann. Rep. Part II.

Silica, . 5 2 . 3 3 ’ : : o . 45.08
Alumina, . y b A ¢ ; ? 5 7 . 31.83
Ferric oxide, : : . : . 4 g . s .95
Lime, . . . . . . ; 3 : . . 176
Magnesia, . 3 . 5 g . s 5 9 5 .59
Potash, . . S 3 5 3 3 5 5 5 : .14
‘Water, . ; 5 3 . . . 3 3 g . 19.96

100.31

t Siliceous deposits characterize geysers.
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workings of the Comstock carried a notable percentage of gyp-
sum. Last April, while examining certain copper-mines near
Hawthorne, in Nevada, the writer came across a group of sim-
ilar vents, marking the site of former thermal springs. The
conduits, in this case, occurred in lime-shales, and were still
open to a considerable depth, as was proved by dropping stones
into them. They were surrounded by a compact chimney of
carbonate of lime, which had also overspread the enclosing
rock.

Recurring to the conditions observed in the Deerhorn shaft,
it would seem that the rising hot waters, in their approach to
the surface, were unable to maintain a defined channel through
the breccia higher than the level marked by the tops of the
cones of gypsum. This might be caused, first, by the fact that
the vapors ascending above the subterranean springs disinte-
grated the breccia so as to destroy its cohesion, and changed it
from a compact rock to loose material. The most potent factor,
however, was probably the diffusion of the ascending waters
into the drainage of the surface, the eftect of which would be
encountered at this horizon. The condition of the breccia and
the wide area which has undergone disintegration favor this
view. .

It is in accord with facts observed in other regions that the
vents which permitted the emission of lava-flows should be in
one part of the volcanic area (in this case the southern portion)
while the escape of hot waters which marked the time when
the volcanic energies were waning should have occurred in
another part, in this case the northern and northeastern.
The lava had healed lines of weakness; it had cemented the
fractures produced by the earlier paroxysmal efforts of the vol-
cano ; and therefore the thermal waters found a better chance of
exit elsewhere. With the hot waters which found their way to
the surface during the closing period of the volcanic eycle there
were emanations of gas. Sulphuretted hydrogen was:probably
emitted, sulphurous acid gas, and, in all likelihood, earbonic
acid gas also, although not all of these were to be found at one
place or at one time. The volcano had now reached the «sol-
fatara” stage.* These acid gases played an important part in

# ““Bolfatara’ is from the Italian ‘‘solfo,”” meaning sulphur. Itisa name
given to one of the small volcanoes, near Naples, which is in a condition such
as marks the dying out of volcanic activity.
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altering the volcanic rocks, and were, possibly, a factor in the
process of ore-deposition which was beginning. The vapor of
hydrofluoric acid was also among the agencies at work. This
is inferred from the large amount of fluorite, the fluoride of
calcium, which occurs all over the district, and more especially
in the gold-bearing lodes. Fluorite is not common in volcanic
regions, although it is found in the lava of Vesuvius. The
action of hydrofluoric acid on feldspars containing lime would
form fluorite. It would also convert gypsum in a similar way.
Fouqué has shown that the action of hydrofluoric acid in the
liquid state is to decompose, first, uncrystalline silicates or
glasses, then feldspar and other acid silicates, then quartz, and
lastly, basic silicates. Whether the vapor of hydrofluoric acid
would act in the same way is uncertain, although it is possible
that in this case quartz might be attacked in preference to the
feldspar. This is a matter of interest, because in examining
specimens of granite which have been converted into ore (by
the addition of gold-bearing tellurides) it is observable that the
original quartz of the granite has been attacked while the
orthoclase remains comparatively fresh.

This last stage of the Cripple Creek volcano is of great
importance to the mining geology of the region. It extended
over an enormous period, coinciding, roughly speaking, with
that which has elapsed since the time to which is ascribed the
first evidence of the existence of the human genus, and it
afforded, to an unusual degree, those particular conditions which
are considered to favor the deposition of precious ores. During
this time, also, the breccia, with its finer portions, the tuff]
became solidified. The- pressure of the overlying masses of
lava which at one time covered it, and the chemical solutions,
which deposited fresh crystalline substances in the interspaces,
converted the scoriaceous material into a compact mass,
which eventually became solid rock as we now see it. The
cooling of the intrusive bodies of lava caused them to contract,
and thus developed lines of weakness along which the ener-
gies of the volecanic center developed fractures permitting the
subsequent prolonged circulation of underground waters. The
readjustment of this particular portion of the earth’s exterior,
which followed the cessation of voleanic eruptions, and the
partial settling of the entire mass forming the Cripple Creek









SUBJECT TO REVISION.

[TRANSACTIONS OF THE AMERICAN INSTITUTE OF MINING ENGINEERS.]

The Lodes of Cripple Creek.

BY T. A. RICKARD, DENVER, COLORADO.

(New Haven Meeting, October, 1902.)

A. INTRODUCTORY.

Ix a former paper* the writer has described the essential
featured of the general geology of the Cripple Creek region.
In the present account it is intended to examine into the oc-
currence of the ores, the value of which has made this district
the most important among existing American gold-fields. The
production of Cripple Creek from its discovery, in 1891, to the
close of 1901, has reached a valuation of fully $125,000,000.
During the past year (1901) the output amounted to $17,285,-
470. In 1900 it was $18,174,681.

The first discoveries, which led to the development of the
district, were made in the spring of 1891, but it was not
until 1893 that vigorous work was commenced. A great im-
petus was then given to the exploration for gold on account
of the sudden drop in the market-price of silver, caused by
the closing of the Indian mints in the summer of that year.
This induced an energetic population from the older silver-
mining camps of Colorado to go to the new gold-field, which
was then beginning to attract attention. Prospecting, at first,
was hindered by the comparative absence of outcrops, due to
the fact that the surface of the hills is covered with a consid-
erable thickness of shattered rock, resulting from the action of
frost at a high altitude; but so much indiscriminate digging
was done that a number of rich veins were uncovered, and this
stimulated the search for others. The advanced condition of
the mining industry of Colorado offered unusual facilities for
exploration and reduction; progress was therefore rapid, with
the result that the district soon achieved great prominence.

* “The Cripple Creek Voleano,”’ Trans., xxx., 367-403. It is proper that
reference should also be made to the more authoritative monograph of the U. S,
Geological Survey, namely, ‘‘ Geology and Mining Industries of the Cripple
Creek District, Colorado,” by Whitman Cross and R. A. F. Peunrose, Jr. 1895,
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B. GroroercaL CHARACTER OF THE DISTRICT.

The geological environment of the gold-bearing veins can be
outlined briefly. The district occupies the ground-floor of a
voleano, the superstructure of which has been removed by ero-
sion. This basal wreck of material erupted during the Tertiary
period now survives as a complex of voleanic rocks, filling the
hollows and occupying the plug of a basin which is surrounded
by the granite of Pike’s Peak. The volcanic area of Cripple
Creek occupies about nine square miles, and consists, for the
most part, of breccia, in which andesite predominates. Pene-
trating the breccia in every direction are numerous dikes,
composed of various rocks, those of basalt and phonolite being
the most notable, on account of their close association with
the occurrence of ore.

The mine-workings have reached a maximum depth of 1400
ft. Added depth appears to have affected the persistence of
the ore to the same extent as experience elsewhere would lead
one to expect. The veins situated near the edge of the breccia
have in several cases been followed downward in their penetra-
tion of the underlying granite, and it has been demonstrated that
some of the ore-bodies have continued from the upper into the
lower geological horizon. The distribution of these ore-bodies
offers the same perplexing problems as in other gold-fields. Ix-
tensive developments, due to very successful mining, have, how-
ever, afforded a great deal of interesting evidence, the consid-
eration of which may contribute toward the better understand-
ing of the economic geology of the district.

The mines exhibit examples of a great diversity of lode-
structure. This diversity is mainly traceable to the complexity
of the enclosing rocks. The variations in ore-occurrence due
to this fact explain the vicissitudes which marked the ecarly
history of the district, and the recognition of them should pro-
mote the success of future exploratory work.

During the past five years, while examining a dozen of the
principal mines, the writer has gathered many examples of
vein-structure which are herewith submitted as testimony bear-
ing upon the ever-fascinating problem of ore-occurrence. As
a poor witness may sometimes furnish a good lawyer with an
illuminating bit of evidence, so the writer hopes that this testi-
mony may be of service to the geological philosophers who are
engaged in the study of ore-deposits.
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C. A TyprE oF LODE-STRUCTURE.

A small section of a single vein will sometimes typify the
lode-structure of an entire region. Such I believe to be the
case in the occurrence which is illustrated in Fig. 1. It repre-
sents the vertical section of a portion of the Independence vein
as it appeared just south of the station at the second level from
the No. 1 shaft. The scale indicates that the space covered is
about 10 ft. high by 16 ft. wide. The country-rock is the pink,
coarsely crystalline Pike’s Peak granite; the vein, A K, L C,
appears as a band of iron-stained, decomposed granite along-
side of a phonolite dike, A B, C D, which throws out a
nearly horizontal tongue, E F, G H, into the rock on the
west. This offshoot from the dike is crossed by the vein, and it
affects the distribution of the ore. Thus, while the decom-
posed gold-bearing granite, constituting the lode, is about 1-1}
ft. wide both above and below this intrusion of phonolite, it is
broken up at the place of crossing into a few stringers cutting
through the phonolite; so that, while the lode maintains its
continuity, it does so with difficulty. An important feature of
the section is the evidence obtainable as to the relative age of
the phonolite and the joint-planes in the granite. The pho-
nolite is, of course, younger than the granite which it pene-
trates. But this is not all; it is also apparent that the joints in
the granite are more recent than the dike. Observe how the
joint-planes, E F' and G H, cut through the protruding sinuosi-
ties of the outer edge of the phonolite. It remains to add that
there is a distinct division, but no selvage, between the hang-
ing-wall, A C, of the vein and the dike which it accompanies,
while on the other side, K L, the vein is not marked by any
clear line, but graduates, by the lessening of the evidences of
decomposition, into the outer granite. The east wall, B D, of
the dike exhibits a marked selvage, and it is also accompanied
by traces of ore. On the joint-plane, G H, which is nearly
horizontal, there is a slight, but evident, .selvage.

The story told by this section is that the phonolite penetrated
the granite; that, subsequently, a line of fracture was estab-
lished alongside the phonolite ; that this afforded a passage-way
for ore-bearing solutions; that the impregnation of ore was less
where the solutions passed through the protruding tongue of
phonolite, because there, the rock being closer-grained and
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more fissile than the granite, it was broken by a very few de-
cided cracks, rather than by an irregular multiple fracturing
such as determined the diffused mineralization constituting the
lode in the granite; further, it is evident that the jointing of

Fie. 2
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PRoNOLlTE it Lt GRANITE
GOLD-BEARING.

the granite, due to a condition of strain, must have occurred
subsequent to the intrusion of the phonolite, because the joints
cut through the edges of the phonolite;* finally, it is rendered

* Of course it is possible that the cracks through the phonolite are merely the
prolongation of the joints, and that this extension of the latter may have been
of later origin ; but this is not my interpretation of the evidence as T have seen it.
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very probable that the jointing of the granite and the fractur-
ing now identified with the lode were contemporaneous, both
being the result of mechanical stresses connected with the
earth-movements which followed the last stages of volcanic
activity in the district.

D. GENERAL CHARACTERISTICS OF THE V EINS.

The foregoing example will serve as a text for a preliminary
statement. The lodes of Cripple Creek are essentially lines of
fracture accompanied by a variable width of rock, the constitu-
ents of which have undergone replacement by fluorite, quartz,
pyrite and other gangue, together with gold-bearing tellurides.
The width and distribution of the ore depends upon the extent
and character of the fracturing; the study of the latter is there-
fore of vital importance to the miner. Owing to the number
of voleanic rocks occurring in the district, the veins differ
greatly in appearance ; but this difference is traceable to diverse
structural conditions rather than to diversity of origin. In all
the lodes which I have examined, the ore is essentially rock in
place, however much altered; the lodes are to be regarded as
bands of replacement, rather than the filling of open fissures or
crevices; nor is there any departure from the rule that the
lodes were formed during a late period in geological history,
for the ore is, in every case, as far as I know, subsequent to the
intrusion of the eruptives which penetrate the breceia, itself of
late Eocene or early Miocene age. While these eruptives cut
across each other and thereby evidence their relative succession
in geological time, they do not appear to cut across the ore-
veins, which, on the contrary, pursue their course amid varying
petrographic conditions, unchecked but not unchanging, for to
the changes due to this variable rock-environment we owe the
extremely interesting variations in ore-occurrence.

The lodes have originated from lines of fracture formed sub-
sequent to all the members of that volcanic complex which con-
stitutes the gold-field. These fractures are the outward mani-
festation of lines of weakness, or of such comparative weakness
as is the equivalent of least resistance ; therefore, it is not at all
surprising that the veins frequently follow the planes of contact
between rocks which are unlike in hardness, and especially the
very close-grained eruptives when these traverse the coarse-
textured breccia.
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8 THE LODES OF CRIPPLE CREEK.

For this reason phonolite is closely related to the occurrence
of ore,—so much so, indeed, as to be often confounded with the
origin of that ore. The later dikes of basalt are also notably
connected with important lodes. It is possible to generalize
further and state that the dikes, especially the very numerous
dikes of phonolite, spread outward toward the edges of the
volcanic area, and, as a consequence, the strike of the principal
veins also has aradiated distribution. The latter are dependent
in their strike upon structural relations coincident with the
dike system, the arrangement of which points to the approxi-
mate position of the volcanic vent, or vents, supposed to be
situated somewhere in the central portion of the district.

From these preliminary considerations it is evident that the
study of the district, from the point of view of the miner, re-
solves itself into the endeavor to understand the structural re-
lations of the ore-deposits as affected by the fracturing of the
rocks. Questions of origin may be of greater interest, because
they appeal to the scientific imagination, but they do not have
any direct bearing on the economics of mining. To those who
conduct mining operations it is not so much a question of
¢ Where did the gold come from ?” as ¢« What are the condi-
tions which determine the distribution of it among the rocks
now penetrated by mine-workings?” Therefore, the patient
deciphering of complicated systems of fracture will be of more
immediate help to the miner than the broad philosophic con-
siderations which render the science of ore-deposits so fascinat-
ing to all of those who are interested, even indirectly, in
mining.

Before discussing the matter any further it will be well to
pass in review more of the evidence afforded by the examina-
tion of the lodes as seen underground. For the sake of con-
venience, it is considered advisable to divide the lodes accord-
ing to their encasing rock, which is also their matrix.

E. Lopes 1N GRANITE.

The granite which surrounds, and partially underlies, the
breccia of the volcanic area of Cripple Creek forms a part of
the mass of Pike’s Peak, the great mountain which overlooks
the district from the northeast, and has given its name to the
rock. The country near the mines, however, is not the same as
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the Pike’s Peak granite, orthoclase replacing, to a large extent,
the microcline of the typical rock. The Cripple Creek granite
may be described as a pink, rather coarsely crystalline rock,
the most prominent constituents of which are biotite (black
mica) and orthoclase (feldspar), the latter occurring in large,
tabular crystals. The color of the rock is due to that of the
orthoclase which has been stained red by iron oxide. Flu-
orite occurs sparingly, but it is interesting on account of its
association with the ores of the district. In different portions
of the district the granite presents variations, the most im-
portant of which is a very fine-grained rock that, in the form
of dikes, peunetrates the coarser variety, and is evidently of
more recent date than the basal rock of the region.*

Fig. 2 illustrates a gold-bearing lode in granite. It repre-
sents the heading of the 160-ft. level in the Hallett and Ham-
burg claims, near Victor, as seen in April, 1897. The ore ap-
pears as an ill-defined band, B B, about 1 ft. wide, which is
wholly in granite, but at the same time is only 2 ft. distant from
a large phonolite dike, A A. The alteration of the granite,
which marks the course of the ore, follows a series of short,
overlapping seams, parallel to the line of the dike, and also ex-
tends into the surrounding rock along the cross-joints, C C.
The width of 2 ft. of granite which separates the vein from the
dike exhibits partial alteration along the seams, D D, and car-
ries a feeble scattering of ore. The granite under the vein is
fresh and unaltered. In the ore-bearing rock the mica is nota-
bly absent, the granite is honeycombed by decomposition, and
of the two constituent feldspars, oligoclase and orthoclase,
the former is kaolinized. Iron pyrite bespatters the gold-
bearing portion, and, by its partial oxidation, stains it dark red.

Fig. 3 exhibits the Independence lode in the Washington
claim, which is a portion of the Stratton’s Independence prop-
erty. The lode, which farther north traverses the breccia and
is closely associated with a phonolite dike, is seen here as a
band of decomposed granite subdivided equally by a central
thread of quartz. The ore is essentially granite. The por-
tion A C, D F, is 4 ft. wide, and carries a little over 3 ounces

* This is discussed by Whitman Cross in *‘Geology and Mining Industries of
the Cripple Creek District, Colorado,”” U. S. Geol. Survey, page 23.
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of gold per ton. The width of 4 ft. which carries gold, and
is therefore ore, has no parting or wall separating it from the
outer rock, which is granite, and is regarded as waste, but is
distinguished from the latter in many ways. The outer granite
is fresh and unaltered, exhibiting with great-clearness its con-
stituent minerals, reddish quartz, black biotite-mica and pink
orthoclase-feldspar. The inner gold-bearing rock is much
altered by decomposition and replacement; the orthoclase
alone appears to have survived the general destruction; the
mica has been removed, and, in its stead, chlorite can be seen
in green patches; the original crystalline quartz is largely
gone, and the presence of purple fluorite suggests that hydro-
fluoric acid may have been a primary agent in that removal;
secondary hydrous quartz fills many of the interstices between
the erystalline constituents of the rock;* in iron-stained cavi-
ties free gold can be seen by the aid of a pocket-lens, and the
gold is observed to have the dark, lusterless appearance which
characterizes it when derived from the oxidation of tellurides.
The entire width of this gold-bearing decomposed granite is
heavily iron-stained by the oxides resulting from the disintegra-
tion of the small crystals of iron pyrite, which can still be
seen, in an unaltered condition, scattered throughout the same
lode, at lower levels. In the center of the band of ore there is
a distinet parting, B E, which is separated from a persistent
thread of white quartz, only about a quarter of an inch in
width, by a slight selvage of red clay. At a distance, the lode
appears as a distinet broad band of iron-stained granite, and it
is only by closer examination that the boundaries of it are seen
to consist, not of ¢“walls”” or of any such evident demarkation,
but merely of a transition from decomposed into undecom-
posed granite.

The Independence vein is illustrated again in Fig. 4, which
was obtained on the same level as Fig. 3, but 300 ft. farther to
the north, where the vein lies against a phonolite dike, A B—

¥ This description is founded on the examination of hand-specimens by the
aid of a pocket-lens. To those who desire to go into the matter further, there is
the detailed description of Mr. Lindgren, together with microscopic sections of
this very ore (made from specimens which I gave to Mr. Emmons in 1900), to be
found in that most important contribution entitled ‘‘ Metasomatic Processes in
Fissure-Veins,” by Waldemar Lindgren, Trans., xxx., 578-692, especially
page 655.



12 ‘ THE LODES OF CRIPPLE CREEK.

D E. The thread of quartz, shown at B E in Fig. 8, is to be
seen again as a larger, but less regular seam, B E,in Fig. 4. In
this case it is characterized by cavities, or ¢ vughs,” as the
miners call them, which gave evidence,* at the time they were
first encountered by the workings, that they had served as
water-holes along a line of underground circulation. This
may be considered as marking the line of the original fracture
which determined the course of the lode. In Fig. 3 it was in
the center of the ore; in Fig. 4 it marks the western limit, and
separates the ore-bearing granite from the phonolite. The lat-
ter is 20 inches wide, and regular. The lode consists, as in the
preceding instance, of highly-altered granite, which is richest.
along the contact with the dike, and shades off eastward (from
B E toward C F) along an irregular wavy line, C F, which in
no case has any of the characteristics of a ¢ wall” or defined
separation between what is gold-bearing ore and what is barren
rock.

These characteristics are repeated in other sections which I
have sketched underground. The lodesin the granite are fre-
quently remarkable for absence of definition, as was instanced
in Fig. 4, this being due to the evenly granular texture of the
rock. Within the zone of oxidation the boundaries of a gran-
ite lode are made manifest by the red-brown stain, due to the
decomposition of iron pyrite; but below the zone of surface-
waters it becomes difficult to distinguish country-rock from ore
without frequent assays. When the granite has undergone
impregnation it is usually porous, by reason of the removal of
the microcline and some of the quartz of the original rock.
‘Whatever biotite, hornblende and epidote it contained are ab-
sent from the ore, and their decomposition-product, chlorite, is
in evidence. Microscopic sectionst indicate that secondary
valencianite (a form of orthoclase feldspar) and sericite (hy-
drous mica) have been formed, and that iron pyrite, fluorite
and the tellurides have been deposited within the cavities pro--
duced by the removal of parts of the granite, and also along
the cracks which traverse the rock. Occasional specimens, ob-
tained from the stopes, exhibit these changes on a scale visible

* By containing water and by being lined with slime.
+ See Lindgren, Trans., xxx., 656, and Genesis of Ore-Deposits, p. 576.



THE LODES OF CRIPPLE CREEK. 13

without any lens. Thus I possess a piece of ore characterized
by large crystals of pinkish feldspar (or orthoclase) and a little
silvery mica (muscovite) held together apparently in a cavern-
ous mass of quartz, through which bright specks of calaverite
are scattered. The quartz contains spots of green, earthy
chlorite and a very few minute cubes of fluorite. White quartz,
as a distinct veinstone, does not characterize these lodes to the
extent usually observable in gold-lodes elsewhere, although
" secondary quartz is everywhere found penetrating the altered
veinstone. Pyrite is also a constant companion of the gold-
bearing tellurides, and fluorite is readily to be seen save where,
near the surface, it has been decomposed. The occurrence of flu-
orite has suggested many theories, but the fact that it forms an
original constituent of the granite of the Pike’s Peak region
and the prevalence, in the same neighborhood, of such fluorine-
bearing minerals as cryolite and topaz,* renders it dangerous to
draw inferences connecting it with the ore-forming agencies.
There is the appearance of probability about the idea that the
secondary fluorite of the lodes was derived by the circulating
waters from the granite of a lower horizon, and it may be men-
tioned that Fouqué showed that hydrofluoric acid in a liquid
state has a notable effect on silica and silicates by first de-
composing the uncrystallized silicates, or glasses, and then act-
ing similarly on feldspars and other acid silicates, then on
quartz, and lastly upon the basic silicates. 'Whether hydroflu-
oric vapor acts similarly is an open question. Under such cir-
cumstances, quartz might be attacked before feldspar.

F. VEINS IN ANDESITE AND ANDESITE BRECCIA.

The andesite of Cripple Creek is usually an augite-mica-
andesite. It is distinguished by having apatite as one of its
constituent minerals. Although this andesite forms the prin-
cipal element of the breccia, the latter is notably irregular in
its composition. Phonolite is sometimes locally predominant,
and near the edge of the volcanic area the breeccia contains a
large proportion of fragments of granite. The breccia, since

* Florissant and the Pike’s Peak region generally are celebrated for specimens
of topaz. W. 8. Stratton, the discoverer and former owner of the Independence
mine, was prospecting for cryolite, as a source of aluminum, just previous to his
first trip to Cripple Creek.
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it was laid down as a product of violently explosive volcanic
eruption, has become decomposed and cemented. According
to Whitman Cross, the decomposition has led to the « total de-
struction of the dark silicates,” such as the augite, hornblende
and biotite present in the original fragments, and in the re-
moval, by leaching, of the compounds resulting from this de-
composition.* The result has been to change the breccia from
dark crumbling material into a bleached compact mass which,
in process of time, by reason of pressure and waters contain- -
ing kaolin, silica and other cementing substances, has become
consolidated into a hard, massive rock. In the vicinity of the
lodes the effects of siliceous solutions are rendered apparent
by the impregnation of quartz to such a degree as to obscure
the original fragmentary nature of the rock and make the
finer-grained breccia, or tuff, resemble phonolite in texture
and appearance. The variations in the andesite and andesite-
breccia are responsible for corresponding changes of lode-
structure, as will be presently illustrated.

Fig. 6 is a photograph of the Anaconda lode, as seen in an
open-cut, in July, 1897. The lode at this place forms a part of
an andesite dike traversing the breccia. The dike exhibits a
multiplication of fractures parallel to its walls, and along these
lines of cleavage there occur seams of quartz and fluorite car-
rying tellurides.t In the surface-workings, the gold liberated
from the tellurides occurred pseudomorphic after sylvanite,
distributed in yellow patches amid purple fluorite, affording
specimens of great beauty.}

‘When, as rarely happens at Cripple Creek, the lode consists
of massive ore notably separated from its encasing rock, it will
be found that such definition of structure is due to the presence
of fluorite and secondary quartz which have so filled up the
interstices of the decomposed breccia as quite to obscure its
original character. Fig. 7 represents the main lode of the
Gold King mine, in Poverty Gulch. At the time the drawing

* ““Geology and Mining Industries of the Cripple Creek District, Colorado,”
U. S. Geol. Survey, page 52.

t The general characteristics of the ores of this district have been separately
described. “ The Telluride Ores of Cripple Creek and Kalgoorlie,”” by T. A.
Rickard, Trans., xxx., 708-718.

1 See ¢ Further Notes on Cripple Creek Ores,” by Richard Pearce, Proc. Colo.
Scientific Soctety, vol. v., pp. 15-18.
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*was made the stopes had a maximum width of 12 to 18 ft.
The rock, owing to partial oxidation, seemed, at first glance, to
be structureless and homogeneous, but on closer investigation,
prompted by contradictory assays, it was found that in the
middle of the section afforded by the stopes, which were (for-
tunately for the purpose of observation) unencumbered with
timbering, there was to be seen a compact dark band, A B-
C D, from which small seams, E E, went out, almost at right
angles, into the surrounding breccia. This band, which was
the vein proper, also consisted of breccia, but so impregnated
with purple fluorite and so interpenetrated by secondary quartz
as to hide the fact. Throughout the massive vein-stuff’ fine
iron pyrite was scattered, and with the pyrite were crystals of
calaverite, rendering it very rich. At intervals, small cavities
lined with crystalline quartz occurred, as is indicated at H, H,
in Fig. 7. In these cavities occurred crystals of native gold
pseudomorphic after calaverite. Owing to their dull, rusty
exterior, they looked like bits of rotten wood, and it required
close observation, especially underground, to detect them.
When scratched, they gave instant testimony of their precious
nature. Minute stringers of ore, rendered noticeable by the
color of the fluorite, followed the cross-fractures or joints in the
surrounding breccia, and, as delicate threads, accompanied the
central vein, A B—C D, the boundaries of which were further
marked by a granular selvage along A C.

Fig. 8 is very characteristic of Cripple Creek veins in brec-
cia. It represents the breast of a level following one of the
branches of the Bobtail lode, in the Independence mine, on
Battle mountain. The Bobtail lode itself is, similar, but its
true structure is less evident on account of a more diftused im-
pregnation of ore. The oxidation of the pyrite accompanying
gold-bearing tellurides marks the course of the ore-streaks,
A B and CD. They look, at a distance, like mere stains; but
closer observation discloses the. fact that they are partings
along the lines of fracture in the breccia, each of which forms
the center of a narrow band of oxidized pyrite and very minute,
bright specks of calaverite. The latter is seen, under the mag-
nifying glass, to be in process of decomposition, the oxidation
of the tellurium of the telluride in the presence of decompos-
ing pyrite having resulted in the formation of the tellurite of
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IMPREGNATION ALONG PARALLEL FRACTURES

iron* and the liberation of the gold in a brown amorphous
condition, resembling yellow paint which hasbecome tarnished.

* This alteration product has a definite chemical composition, as has been de-
termined by F. C. Knight. See ‘“A Suspected New Mineral from Cripple
Creek,”” Proceedings of the Colorado Secientific Society, vol. v., pp. 66-71, October 1,
1894. Mr. Knight’s analysis gave a percentage of Fe,0;, 32.72; TeO,, 65.45 ; and
H,0, 1.83. The physical characteristics ascertained were, a light-brown color,
a dull luster, a brilliant and uneven fracture, a hardness between 3 and 4, and a
bright yellow streak.
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The tributary streaks, along the cross-joints of the breccia, are
also gold-bearing for a short distance away from A B and C D.

Such parallel partings as have been shown in Fig. 8 are
sometimes so multiplied as to become zones of sheeting. An
example is exhibited in Fig. 9, which represents a lode in the
Moon-Anchor mine. This type of ore-occurrence is thoroughly
characteristic of the mines’in that part of the district known as
Gold Hill. The breccia is fine-grained. The partings are
about a quarter of an inch apart. They are followed by minute
seams of red, gritty, clay in which the tellurides can be distin-
guished. The individual seams are united by transverse im-
pregnations which collectively make a pocket or small body of
ore, in which it is not unusual to encounter patches consisting
of an almost solid aggregate of crystalline calaverite and kren-
nerite.* This sheeted structure dies out into the enclosing
country-rock by the process of a gradual widening of the space
intervening between each successive parting.

Fig. 10 represents the Fmerson vein at the fourth level of
the Independence mine. Here, also, the country is andesite-
breccia. A central thread, B E, of fluorite and quartz, is fol-
lowed by a band, A C, D F, about 3 ft. in width, of decomposed
rock, which is gold-bearing, and therefore regarded as a lode.
This lode appears as a band of bleached rock amid the dark-
gray breccia. It is marked by thin veinlets of quartz, and is
sparingly honeycombed with small, spongy cavities, containing
iron pyrite and fluorite. The ore has no defined boundaries,
but in the space from A to C and D to F it averages 2} oz. of
gold per ton.

The breccia and tuff’ exhibit the effects of the thermal waters
which have penetrated them during the quiescent stage of the
volcano. Kaolinization of the feldspars was the most evident
result; the dark silicates also are entirely gone, and are re-
placed by white mica.t During the subsequent period, when
the ore-deposits were in process of formation, these decomposed
fragmentary rocks, already partially cemented by their kaolini-
zation, became further consolidated by siliceous solutions, so as

* Krennerite is a telluride of gold, approximating calaverite as regards compo-
sition, but differing from the latter in possessing a perfect cleavage. Itwas named
after Professor J. A. Krenner, of Buda-Pesth.

t As observed both by Lindgren and by Cross.
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to be changed into a compact hard rock. Underground, near
the veins, by reason of the bleaching, due to decomposition, the

ANDESITE BRECCIA ///ORE STREAKS

ORE ALONG SHEETED ZONE:

breccia has the mottled look which the miners recognize by the
term , “ porphyry.” As in the case of the granite, secondary
minerals are readily found wherever the breccia has been



20 THE LODES OF CRIPPLE CREEK.

changed into ore and the groundmass of the rock is seen to
have undergone substitution by fluorite and pyrite. The
former enters into the groundmass so thoroughly, sometimes,
as to make it a purple rock spotted with bits of bleached ande-
site. It is a feature of the breccia that the ground-mass of it
has undergone mineralization more extensively than the rock-
fragments which it contains,—an observation which illustrates
the selective action of the circulating waters. As a conse-
quence, even when it is changed into ore, the included pieces
of andesite are conspicuous, and are often edged with the ore-
forming minerals, such as pyrite, fluorite and the tellurides.
However, the most important change which the breccia has
undergone, in the vicinity of the lode-fractures, is its silicifica-
tion by impregnation with quartz. This is not so apparent as
would be imagined, because it does not occur in the form of
bands of white quartz or dark hornstone, but rather as an ill-
defined width following the dominant lines of fracture. For this
reason the ore is often harder than the country-rock, and the
workings on the lode require less timbering than the cross-cuts.

G. VEINS IN PHONOLITE.

Phonolite is in many respects the most characteristic rock
of the gold-field because of the comparative rarity, elsewhere,
of this species of eruptive, and its marked association with the
occurrence of ore in this particular mining district. ~The essen-
tial constituents of phonolite are nepheline and that glassy
variety of feldspar termed sanidine. Sodalite, nosean, and a
variety of augite called aegirine, are common to the Cripple
Creek phonolite, which, typically, appears as a dull greenish-
gray, dense, very hard rock, distinguished from the other erup-
tives in the district by a schistose structure* that gives it a
sherd-like fracture. In the vicinity of the lodes the greenish
tint (due to augite and allied minerals) has been obliterated by
bleaching, and a speckled or porphyritic appearance is given
by white spots of decomposed nosean.t

. W TN P p—

* Due, according to Whitman Cross, to the fluidal arrangement of the tabular
feldspars. Op. cit., p. 33.

+ This is especially a characteristic of the so-called Independence dike, as seen
at the third and fourth levels of that mine. Professor Judd, F.R.S., from speci-
mens which I sent to him, labelled this rock distinctively a ‘“nosean phonolite.’’
For further discussion of the varieties of phonolite oegurring in the region, the
reader must refer to Dr. Whitman Cross’s interesting descriptions in the ‘‘Geol-
ogy and Mining Industries of the Cripple Creek District, Colorado,’”’ pp. 34 to 41.
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Phonolite is normally a fine-grained close-textured rock, and
for this reason the alteration which it has undergone, wherever
it has been in the passage-way of the ore-depositing agencies,
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is rendered more striking. The Independence dike, which ac-
companies a very rich vein, has been so corroded by the solu-
tions as to be a spongy-looking porphyritic rock, especially
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wherever it happens to have lain in the path of the ore-bearing
solutions which found a way along the vein-fracture. Where not
thus altered by impregnation, the phonolite is often so cleaved
by cracks parallel to its walls, and to those of the accompany-
ing lode, as to resemble a shale. At such places it is usually
mineralized by the occurrence of pyrite and tellurides along
the faces of the cracks.

The phonolite occurs not only within the central mass of
breceia, but also outside the immediate boundaries of the vol-
canic area, penetrating the granite in dikes and in large, irreg-
ular, intrusive masses, one of which forms Mt. Pisgah, so cele-
brated in connection with the early history of the Pike’s Peak
region.*

In the distribution of ore, phonolite plays an important part,
as the sequel will show. It has already appeared in Fig. 4, but
not in so direct a relation as, for instance, in Figs. 5 and 11,
now to be described.

Fig. 11 is especially interesting when taken in connection
with Figs. 8,4 and 5, because it represents the same vein amid
a different geological environment. The dike in Fig. 4 is the
same as the one, B C-E F, in this drawing, while the body of
phonolite to the left is a tongue from a large mass of brecciated
phonolite occurring in this part of the mine. The feature to
which it is desired to draw attention is the distribution of ore
at this point. The dike, B C-E F, is the traversing breccia.
The main ore-streak consists of the width of breccia, 26 inches
across, separating the phonolite at B E from that at A D. There
is some ore also in the phonolite dike, especially along C F,
where it is so shattered as to resemble a shale. Threads of ore
also occur along the other cleavage-planes in the phonolite,
and are (observe G G) widely distributed through the breccia
to the east, so as to form a large mass of comparatively low-
grade ore. By way of summary, it may be said that the ore is
scattered through the breccia and is concentrated near the
edge of the phonolite, occurring in the body of the latter only
where it happens to be shattered.

In Fig. 5 the Independencc vein is again illustrated, as it

* The Mt. szgah story is told in my earher paper, *The Cripple Creek Gold-
field.””  Proceedings of the Institution of Mining and Metallurgy, London. Vol.
viii., pp. 50-51.
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appeared in the raise between the 800-ft. and the 700-ft. levels,
in June, 1899. The same dike of phonolite, E F-G H, having

Fic. 11

PHONOLITE

here a width of from 18 to 20 inches, occupies the center of the
band of gold-bearing granite, A C-B D, which is the lode.
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‘When sampling the ore, previous to shipment, it was found
that the dike only yielded fines or ¢ screenings,” indicating that
the fine particles, which came oft' the cleavage-planes, carried
whatever gold there was in the phonolite. In the case of the
granite, on the contrary, the bulk-ore was the best. The lode
extends from A to C; the left-hand portion is about 2 ft. wide,
it is traversed by streaks of fluorite, and is richest along the
contact with the dike. This is also true of the right-hand por-
tion, which is 2} ft. wide and similar in character. The richest
parts follow the dark streaks composed of purple fluorite asso-
ciated with iron pyrite, accompanied by the tellurides, sylvan-
ite and calaverite.* The walls, A A and B B, are clean and
defined, with a slight selvage. The outer rock is a fresh pink
granite, the inner lode-granite being kaolinized and otherwise
altered.

Fig. 12 was obtained at the fourth level of the Independence
mine, at a place where a part of the Bobtail vein, in its north-
ward course, penetrates a mass of phonolite, which, apparently,
is only a local enlargement of another dike crossing the breccia
at a slight angle with the vein. The main streak of ore, even
at this point, is in breccia, so that it is only the enlargement of
the Bobtail lode, 5 to 6 ft. wide, which is considered to reach
into the phonolite. The planes of fracture are well-marked.
‘Where the ore occurs, the rock is sheeted along lines which
are parallel to the lode, and accompanying these fractures there
are found small threads of extremely rich material. That
marked A A is the largest; it is only from a quarter to half
an inch thick, and consists of little crystals of iron pyrite,
which, by reason of their partial oxidation, give the ore-streak
a dull-red color, and render very distinct its passage through
the light-gray rock. Tellurides accompany the pyrite, and are
the cause of the high gold-contents of the ore. The other
streaks are similar, though smaller. The surrounding phono-
lite is peppered over with minute cubes of purple fluorite,
which darken it. , Many of the planes of fracture are lined
with the same material. The whole mass, from A A, and
across C C, for a width of 6 ft., assayed 3 to 4 ounces of gold
per ton.

* And especially a massive granular telluride, found, by Mr. W. E. Ford, to
be a variety which, as regards composition, is intermediate between calaverite and
sylvanite.
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esting. A characteristic section is given in Fig. 13, which
illustrates this lode as seen in the stopes above the fifth level,
in May, 1899. The dike is nearly 4 ft. wide, from A C to
B D, and traverses the andesitic breccia of Raven Hill. Tt
shows a distinct lamination parallel to the walls. This is very
strong along the outer edges of the basalt, where it is also
bleached and decomposed. The central portion of the dike
appears as a hard, dark-gray mottled rock, marked by evident
cross-jointing. The dike is nearly vertical, inclining slightly
to the east. The cross-joints dip northward at an angle of
about 20°, and facilitate stoping. The basalt exhibits the
effects of mechanical stress by its lamination, which is suffi-
ciently pronounced in places to give the.rock the character of
shale and to render mining dangerous.

Evidences of chemical alteration are apparent, and they co-
incide with the occurrence of ore. The latter usually follows
the west wall, but occasionally it is found on both walls, and
more rarely in a scattering through the mass of the dike.
The total width of ore in these particular stopes averaged
about 18 inches. ,

A remarkable feature of the section is the inclusion, within
the dike, of fragments of granite. The largest of these (at Q) is
4 inches wide. In the neighboring stopes such inclusions were
frequently seen. This suggests the vicinity of the basal granite.
In fact, the level above which this drawing was made leaves
the breccia and enters the outer granite at a point only 850 ft.
from the place here illustrated. At an intermediate point,
where the Elkton dike is not ore-bearing, I secured the section
shown in Fig. 15; here larger fragments of granite are in-
cluded within the basalt, and the breccia itself is seen to con-
tain numerous fragments of the older rock.

In Fig. 18, which is a characteristic section of the lode, the
main streak of ore is seen to follow the western boundary of
the dike, and to include the rock on either side of that line, so
as to obscure it. There is no parting or selvage to mark the
line of division between the basalt and the breccia; that is, it
is, as a miner would express it, «“a frozen contact.” The ore
spreads across into both. Both alike exhibit the destruction of
their original soluble constituents and the replacement by
veinstone, especially fluorite. The breccia is bleached by the
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kaolinization of the feldspar, and is honeycombed with cavi-
ties which contain water-quartz in various forms, especially
hyalite. The tellurides, sylvanite and calaverite, are scattered
through this decomposed breccia and extend into the adjoin-
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ing basalt. This latter is also bleached to a dull gray, and is
seamed with ore along the faces of the cleavages. Although
neither the walls of the dike nor the ore-streaks themselves are
indicated by selvages, it is noteworthy that several very dis-
tinet partings, followed by clay-seams, traverse the basalt in
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lines parallel to its strike. They are shown at G M, H N,
K O and L. P. 3

This section presents another interesting feature. It will be
noticed that on the east side the breccia is brececiated; that is,
the fragmentary rock has been broken again into fragments by
a later movement which took place along the course of the
dike. Tt is likely that the other side was similarly affected, but

Fie. 15

7] srecenn [ ]sasaLT GRANITE

ELKTON DIKE

I could not determine the fact with certainty, owing to the de-
composition of the rock and the deposition of ore. That this
movement bears some relation to the period of ore-formation
is most likely; that it occurred subsequent to the complete
consolidation of the dike is rendered certain by another sec-
tion, shown in Fig. 16, obtained in a neighboring level of the
same mine. Here a lateral offshoot, A B, of basalt is seen to
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be clearly broken by vertical movement. The central portion
of the dike is dark green, with secondary chlorite, and is
speckled by feldspar phenocrysts. The dike, C D-E F, only 11
inches wide at this point, also exhibits a banded structure along
the sides, suggesting a differentiation between the core and its

i, 18

GRANITE

ELKTON DIKE

edges, due to a less complete crystalline development, conse-
quent upon rapid cooling at the time of intrusion into the
breccia. The latter is seen to contain numerous fragments of
granite, for this section, also, was secured at a distance of 500
feet only from the granite rim.
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Dike and Vein nearly Vertical
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COMPOSITE SKETCH SHOWING CHARACTERISTICS OF THE ELKTON VEIN.
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Another section is illus-
trated in Fig. 14, obtained in
the same stopes as Fig. 13,
but about 50 ft. farther north.
The dike, A C-F E, is 3 ft.
10 inches wide. It has a very
distinetly laminated structure,
and in places it breaks like
shale.. It is spotted with vesic-
ular cavities which are lined
with zeolites and hydrous
quartz. The ore occurs along
each wall of the basalt, spread-
ing over into the encasing
breccia. No selvage divides
the dike from the outer rock,
but the bands of decom-
posed ore-bearing basalt, A
B-C D, and I. F-M E, are
separated from the central
mass of the dike by distinct
clay-partings, B D and L M.
The ore-bearing edges of the
dike are rich in tellurides.
That part of the ore-streak
which consists of mineralized
breccia, F H-E G, appears as
a kaolinized rock darkened
by spots and streaks of purple
fluorite. It is from 2 to 6

.inches wide, and is fairly well

distinguished from the outer
gray breccia by the contrast of
color. The enclosing rock is a
fairly coarse breccia, marked
by sintery spots, due to altera-
tion. These are frequently
ore-bearing, by reason of tel-
lurides. The slips or parallel
fractures, S S, also carry a
little ore upon their faces, and
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permit the rock to be mined at a profit, because it yields
¢« gcreenings ”’ or fines, which are rich enough to be sent to the
smelter.

In Fig. 17 there is given a characterization of the chief fea-
tures of the Elkton lode-structure. The vein is remarkably
straight; in the breccia it appears as one or more small frac-
tures carrying tellurides, accompanied by chlorite; when the
vein encounters the basalt dike, it follows the latter as long as
the basalt maintains a direction similar to the strike of the
vein; when the basalt is crossed by a later dike of phonolite,
the vein-fractures persist across the phonolite, and spread so as
to make a large width of gold-bearing rock.

The trachytic phonolite of Cripple Creek occurs in large
intrusive masses, which are penetrated by later dikes of phono-
lite and basalt. It has a decided porphyritic habit by reason
of the occurrence of large orthoclase crystals in a dense ground-
mass. The workings of the Legal Tender (or Golden Cycle)
property are in this rock, and afford examples of lode-structure.
In Figs. 18 and 19 the Harrison vein is illustrated as it is seen
in this mine. ‘

The Harrison vein consists of a band of shattered coun-
try in the trachytic phonolite; the center of it is marked by a
leader, usually very rich, bordered by fractured rock having a
very variable width. This leader is shown at B E in Fig. 18
and A B in Fig. 19.

In the first example, secured just above the 6th level, B E
appeared underground as a streak of crushed rock, 3 to 4 inches
wide, and dark-red in color by reason of the oxidation of pyrite.
The band of brecciated and bleached rock on the hanging-wall
side, from A to B and from E to D, contained numerous little
threads and spots of pyrite, accompanied by just sufficient
gold tellurides to make it low-grade ore. The corresponding
band on the foot-wall, from B to C and from E to F, was less
decomposed and exhibited more clearly a defined system of
fractures, the latter being lined with fine-grained iron pyrite.
In Fig. 19, A B appeared underground as a seam, 1 to 1}
inches wide, of white, gritty mud, very rich in gold. The hang-
ing-wall, from A to C and from B to D, is brecciated and
ore-bearing, as is the corresponding band, A E-B F, on the
foot-wall; but the latter, being less fractured, is also less rich
than the other side of the lode. '
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The  widest ore found on the Harrison vein is found at
places where spurs or subordinate veins joined the main lode.
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This gives the ore-bodies a disconnected character, a series of
linked enlargements, rather than the appearance of a persistent
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ore-streak; when the ore-body narrows, the line of the lode
becomes indistinct, being indicated merely by a group of irreg-
ular fractures scarcely different from the fractures to be seen in
the crosscuts, and not recognized as ¢ veins” simply because
they do not carry pay-ore. :

o
0.

* TATAR:

ScALE

55 eraniTE 53] pHanoLiTe GOLD-BEARING

Vein Traversing a Sheet of Phonolite.

I. VeiN CrossiNg A SHEET OF PHONOLITE.

The occurrence recorded in Fig. 20 represents the Orizaba
vein, on Beacon Hill, as seen in September, 1899. The coun-
try is granite, which, in this part of the district, is penetrated
by several sheets and intrusive cores of phonolite. The Orizaba
vein cuts through at least two of these flat intrusions, and in
~doing so presents several interesting features. Fig. 21 illus-
trates the relation between the geological structure and the
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mine-workings at 220 ft. below the surface. The phonolite is
from 9 to 11 ft. thick, dipping flatly both northward and west-
ward. At the south winze the phonolite is cut at a point 4}
ft. down, and is found to extend thence to a depth of 13} ft.
The remainder of the winze, to the bottom, at 233 ft., is in
granite. The north winze, which is 77 ft. distant from the
other, penetrates phonolite at 13} ft., and strikes granite again
at the bottom, 23 ft. down. The phonolite is faulted about 14
in., B to C and D to E, Fig. 20, by the fracture which marks
the line, A B D F, of the vein. In the granite the vein ap-
pears as a narrow seam, but in its passage through the phono-
lite it opens out and forms a series of cavities which are lined
with long prismatic crystals of sylvanite, encrusted with quartz,
affording specimens of great beauty, and, of course, of extra-
ordinary richness. The tellurides also impregnate the rock
encasing the fracture.
Fia.21

Level

Granite

phonolite Sheet

Granite

SCALE
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This shows the Relation of the Phonolite Sheet (Fig. 20) to the Workings.

In crossing the phonolite, the lode-fracture straightens up;
in leaving it, and passing into the granite again, it flattens.
While traversing the 9 to 10-ft. sheet of phonolite, and for
a farther distance of 15 to 20 ft. into the granite above the
phonolite, the vein carries very rich ore, forming a flat body,
the pitch of which conforms to the dip of the phonolite.
Farther up, the vein becorpes impoverished, until, at a point 85
ft. above the 220-ft. level, it encounters another flat sheet of
phonolkite, characterized by a repetition of the conditions just
described. In the stopes above the 220-ft. level the granite is
mined not only for the 4 or 5 inches of vein proper, but also
for as much as 5 or 6 ft. into the hanging-wall, which is tra-
versed by telluride threads, parallel to the line of the vein. In
the phonolite the vein is characterized by « vughs ” or cavities,
2 to 8 inches wide, yielding an average of about 5 inches of rich
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ore. This rich ore does not continue downward into the
granite under the phonolite; the vein thins out, becoming a
mere thread amid a series of parallel seams, which give the
granite a schistose character for a width of one foot.

J. GENERAL OBSERVATIONS.

The occurrence of ore in the Cripple Creek district is inti
mately related to the distribution of fractures. As a rule, the
veins, in their strike and dip, exhibit an evident sympathy with
the dikes, more particularly those of phonolite, which are also
the most numerous. It is true that the locality of Bull Hill is
crowded with a very large number of veins which appear to be
independent of dikes, but it is a fact, proved by the experience
of mining in the district, that these numerous veins are less
persistent and carry ore-bodies which are more uncertain than
those, for example, of Battle Mt. and Raven Hill, where the
veins are obviously connected with dikes. It is possible to go
further and state that the explorations carried out in the ex-
treme eastern and western parts of the region, such as the
eastern part of Gold Hill and the corresponding slope of Big
Bull, both of which are still well within the voleanic area, have
tended to prove that the absence of dikes means the want of a
factor usually very favorable to the finding of ore. Nor is this
a matter of surprise. The veins are obviously the sequel to
the voleanic activity which occurred in this region, and it is a
reasonable deduction that the agency of ore-precipitation was
linked to that of the thermial waters which marked the last
stage of the dying voleano.

The principal veins, such as those which have made rich
mines out of the territory controlled by the Independence,
Portland, Strong, Gold Coin, Granite, Anaconda, Elkton, Gold
King and other companies, either follow dikes or have a course
lying closely paralle]l to them. It is noticeable that the later
fracture constituting the vein is apt to be straighter than the
older line of fracture occupied by the dike; so that the vein
may be compared to a road, alongside a river, which avoids the
excessive bends of the latter and keeps a course as straight as
is consistent with a given general direction, namely, that of the
river. The Independence main lode illustrates this observa-
tion, as the accompanying plan will indicate. (See Fig. 22.)
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fact that it has to cross the sharp bend made by the dike. At
the place of crossing, E D, there are one or two small stringers
of ore which serve to connect the lode on either side of the pho-
nolite. Between C and E the ore, here 4 ft. wide, narrows
down, by steplike succession, from one joint-plane in the gran-
ite to the next. Beyond the No. 1 shaft, as will be seen in
Fig. 22, the lpde widens until, at the contact, it is 10 to 15 ft.
across. At this contact, where the overlying breccia rests on
the granite, the oreisin decomposed granite, having no marked
boundaries save where, on the east, it lies against the dike.
Immediately north of the contact the vein narrows and crosses
the phonolite only to disappear. At lower levels it has been
traced much farther northward.
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INDEPENDENCE. CROSSING DIKE

The obvious connection between phonolite dikes and veins
has led to the idea that phonolite itself is notably an ore-
carrier. This is scarcely true. The details of lode-structure
described earlier in this account indicate that the gold-ore ob-
tained from the phonolite comes mainly from the places where
the ore-bodies in the granite or in the breccia are in immediate
contact with the dikes; or, if ore is found within the phonolite
itself, it is at isolated spots, where the line of a lode crosses a
dike and makes a scattering along the fractures produced by
the crossing. Mistakes in this connection have been made by
confounding phonolite with certain finer-grained breccias and
tuffs which, by impregnation with quartz, have put on the ap-
pearance of a close-textured crystalline rock. This happens
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frequently in the mines on Gold Hill. 'Where valuable ore is
really taken from phonolite, it will be found that its true char-
acter is sufficiently indicated by the - fact that it is secured in
the form of ¢screenings.” The fine, powdery material ob-
tained by passing the ore over a wire-screen (which separates
all the larger fragments, and concentrates the small proportion
of rich ore), occurs as an encrustation, of fluorite and tel-
lurides, which lines the numerous cracks of a phonolite dike.
That shattering of the dense, fine-grained siliceous rock ap-
pears to be an essential factor in the deposition of the ore.
In this connection it is a notable fact that the phonolite
dikes are found occasionally to widen into tongues or cores of
large dimensions, which, if they lie on the strike of a series of
veins, are so much shattered as to permit of a generous dis-
semination of ore. Such an ore-body, of noteworthy size and
richness, occurs in the Independence mine at the second, third
and fourth levels, pitching northward more flatly than the con-
tact with which it was originally supposed to coincide, causing
a confusion of ideas very detrimental to the development of the
mine.

The chief characteristic of the ore-bodies of Cripple Creek
is that they are essentially impregnations spreading outward
from lines of fracture; therefore, it is not surprising that the
distribution of ore is aftected by the changes in country. Prof.
Penrose has pointed out that ¢ the character of the fissures of
the district is much affected by the nature of the rocks they
intersect,”* and it is but a further step to connect this observa-
tion with the distribution of ore. In discussing this aspect of
the inquiry it is preferable to avoid the use of terms such as
«fissure,” with its old associations of open crevasses and gaping
cavities, and to risk the weariness of iteration by employing
the word ¢ fracture,” which goes no further than to suggest
dislocation or breaking without necessarily bringing in the
idea of an open space, because the experience of mining in the
Cripple Creek district is all against the theory that open spaces
are the necessary adjuncts to ore-deposition; and Mr. Becker’s
well-known dictum, made in connection with the Comstock,
that « the first condition for the formation of a quartz body is

* ‘“Geology and Mining Industries of the Cripple Creek District,”” U. S. Geol.
Survey, p. 143.
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an opening to receive it,”’* is daily contradicted by the under-
ground workings of this district, as it has been by many others
with which I am familiar. The open spaces which are fre-
quently encountered, especially in the mines situated on the
south slope of Bull Hill and on Ironclad Hill, are, as a rule,t
notably unfavorable to the finding of ore; and while certain
veins, among which the Bobtail, in the Independence mine,
may be instanced, are indeed marked by frequent « vughs” or
‘cavities, these cavities do not contain ore, nor is their presence
a factor in connection with the distribution of good ore; quite
otherwise, all such ¢pot-holes” are disliked by the mine-
foremen, because they coincide with lean places; and by this
is understood not only poverty in respect of gold-bearing min-
erals, but also an absence of gangue, such as quartz, fluorite,
and the other constituents of the ores of the region. This all
goes to show that the term ¢fissure” and the associations
which go with it are to be avoided in an attempt to convey the
real nature of the lode-structure, because it cannot be empha-
sized too much that the ores of the district occur as a disper-
sion into the rock where it is traversed by lines of fracture, not
only in the fracture itself, which is often only a mere parting,
but also along the minor cracks and porosities of the enclosing
rock. *

The physical and chemical characters of the rock—the first
more than the second—are, consequently, a primary factor in
determining the shape and extent of the impregnation which
constitutes the lode. Close-grained rocks are apt to be more
fissile and less porous; coarse-textured rocks are likely to break
in a larger, more irregular manner, but they are often more
penetrable by solutions. The phonolite and the breccia exhibit
extreme divergence in this respect. Granite resembles the
breccia because it is coarsely granular, but its jointings are
more regular; basalt resembles the phonolite in texture, but,

* Quoted from the Comstock monograph.

+ An interesting exception was recently encountered on the seventh level of
the Elkton mine, where a cavity, having maximum dimensions of 20 x 20 x 35
ft., was found to contain ore and water. The latter was struck in such quantities
as seriously to impede operations ; the ore occurred in a mass of brecciated rock,
lining the fractures and penetrating the shattered country, especially near the
periphery of the mass. It looked like a thermal spring which had become
choked before reaching the surface.
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on account of its basic composition, the weak places in it are
more readily searched out by corroding waters.

This ¢ structural dependency ” (as it may be termed) of the
lodes in relation to the rock is manifested not only by the char-
acter of the vein-fractures but also in the manner of their im-
pregnation by ore. Thus, while the bands of ore in granite
are often wanting in walls, yet on the whole they are less lack-
ing in definition than the breccia, because structural lines in
the granite, such as joint-planes, have served as barriers to in-
definite impregnation. On the other hand, the breccia, not
being composed of a crystalline granular material, but being
built up by fragments which are confusedly mingled together,
has no defined system of joints, and the width of the impreg-
nation which constitutes the ore will be determined by purely
local conditions of fracture; the lodes may have no walls, and,
when they are limited by such boundaries, these are apt to be
cracks sympathetic with the main vein-fractures and parallel to
them. In the phonolite the limits are set up by the sheeting
of that rock; the ore, which is infrequently found in phonolite,
occurs then as a lining or powdery encrustation upon the faces
of the laminee, and not, as a rule, within the matrix of the
rock itself. As the lamination is parallel to the walls of these
dikes, the width of ore also has a shape conforming to them:.

Faulting on a large scale is conspicuously absent in the mine-
workings ; that is to say, there is no evidence of extensive
movement since the ore was deposited. Penrose has recorded
his opinion that ¢ the fissures represent fault-planes of slight
displacement.”* The amount of this displacement is not meas-
urable, because, as a matter of fact, the multiplicity of the
fracturing and the subsequent precipitation of ore has obscured
it most effectually, and it is this character of multiple fracture
which pervades the entire structure of the volcanic area. To
what extent these fractures are merely shrinkage-cracks and
to what extent they represent radical movements due to the
readjustment around a voleanic orifice, I cannot say. In so far
as the question concerns ore-deposition, one can emphasize the
fact that all breaks, from a crack to a crevasse, are the outward
and visible signs of displacement; for without displacement

* “Geology and Mining Industries of the Cripple Creek District,” U. S. Geol.
Survey, p. 153.
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the fracture is only latent, and a latent fracture has no possi-
bilities for ore-deposition and does not concern the mining ge-
ologist. Since the ore was formed conditions of comparative
rest must have supervened, for this is a direct inference from
the comparative absence of faults. This fact, taken with the
known age of the volcano, which broke out so late in geologi-
cal time as the end of the Eocene or early in the Miocene
period, points to the recency of the agencies which made the
ore-deposits. )

Nore BY THE SECRETARY.—Comments or criticisms upon all
papers, whether private corrections of typographical or other
errors or communications for publication as “Discussions,” or
independent papers on the same or a related subject, are earn-

estly invited.
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Vein-Walls.
BY T. A. RICKARD, DENVER, COLORADO.

(Pittsburgh Meeting, February, 1896.)

FroM time immemorial the fissure-vein has been held the
simplest type of ore-deposit. The prominence given to it by
Cotta and his disciples, from their study of the mines of the
Erzgebirge, is impressed upon technical literature; and, in
in consequence, the ores which carry the valuable metals have
been supposed to occur mainly in fissures, cleaving the rocks
in diverse directions, and the noblest type of vein has been
deemed that which cut across the country independent of its
structure, whether evidenced as bedding, foliation or cleavage,
and which was identified with rents produced in the rocky crust
of the earth.

As 80 conceived, the vein was a fissure filled with ore, extend-
ing through the country for a varying distance,.and continued
downward to a depth more or less proportionate to its longi-
tudinal extent. The vein-material was bounded by an encase-
ment of rock, and those immediate surfaces which limited it
on either side were called ¢ walls.”

These primary conceptions have become modified by the ex-
perience of modern mining in widely separated regions. The
study of lode-formations has led to the recognition of notable
departures from the supposed normal structure of the veins of
Saxony and Cornwall, the two classic homes of early economic
geology.

Typically the walls of a vein are conceived as parallel rock-
planes enclosing the ore; the upper one being called the « hang-
ing,” and the lower the ¢« foot-wall.”’*

Walls are rarely alike. Kven where a vein traverses a
homogeneous formation, such as a massive crystalline rock, it
is usually found that the surface which bounds it underneath

* The French equivalents arele toit, ‘‘the roof,” and le mur, literally, “the
wall.” In German, das Hangende and das Liegende.
1
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difters from that which limits it overhead. This is to be as-
cribed to the effect of the agencies which brought about the
deposition of the ore. The action of underground waters tends
at first to affect both equally ; but in many cases probably the
solutions, as they slowly ascend along the line of fissuring, are
prevented from penetrating into the encasing rock by the occur-
rence of an impermeable covering of clay, due to abrasion,
which may line either wall, but, because of gravity, generally
accompanies the under one. Similarly we are justified in sup-
posing that the deposition of a mineral deposit may form a
coating which would serve to protect the foot-wall from the cor-
roding effects of chemical action. The activity of the mineral-
bearing current thus becomes diverted in its greatest intensity
toward the upper wall, where the decomposition of the rock-
surface may be followed by its disintegration so as to cause the
exposure of fresh faces for further dissolution.

Tlustrations of these conditions may be seen in Figs. 1 and
2. The first is reproduced from a sketch made June 25, 1895,
in the lower level of the Union and Companion mine at Cornu-
copia, Union county, Oregon. It represents the breast of the
north drift on the west vein. The country, a fine-grained
granite, is not visibly altered under the foot-wall; but along the
hanging it exhibits an alteration of its more soluble ingredients.
There is a slight selvage, D, separating the granite from the
pay-ore, C, which is about 10 inches thick, and consists of rib-
bons of quartz, impregnated with pyrite and alternating with
strips of altered country. A distinct parting, unaccompanied
by any apparent selvage, divides this streak of ore from one, B,
below it, which is twice as thick, but much less gold-bearing.
This part, B, of the vein consists of white quartz, carrying occa~
sional patches of pyrite, and marked by large inclusions of
slightly altered country, arranged along the foot-wall, where a
thin selvage separates them from the outer granite. The evi-
dence of vein-structure embodied in this figure permits diverse
interpretations. The upper pay-streak, C, appears to me to be
country-rock, in place, decomposed, fractured, and silicified,
with accompanying precipitation of gold. The central wall
may have been the original hanging-wall. The present foot-
wall is sufficiently distinct; but the occurrence of the pieces of
enclosed country leads me to believe that at an earlier stage
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4 VEIN-WALLS.

the foot-wall was broken and irregular ; the shape and position
of the fragments of rock now lying upon it being such as to
render it doubtful that they could have been detached from the
hanging.

Fig. 2* was drawn May 10, 1893, in the No. 4 level, north,
of the Hillside mine, Yavapai county, Arizona. The lode oc-
cupies a strong fissure, cutting almost vertically through the
nearly horizontal Jayers of a quartzose tale schist, B B. The
original line of fracturing is probably now occupied by the
seam, C, 6 inches thick, of white talcose clay, covering the foot-
wall. The ore-bearing portion, D, of the lode is formed by an
irregular mineralization of the hahging-wall country, extending
to a distance of from 15 to 18 inches, and presents an intricate
medley of quartz; pyrite, zinc-blende and a little galena, carry
ing about 1 ounce of gold and 25 ounces of silver per ton.

The most noteworthy feature of the section is the occurrence
in the hanging, on the outer confines of the main ore-streak, of
several irregular cavities, A A, whose inner surface is covered
by a series of siliceous coatings, evidently deposited by min-
eralizing waters that have circulated through them. Along
the outerop of the lode, at Wikiup Point, there occur hollows
in the schists, of a character similar to those above described,
and of such a shape as to suggest that their origin was due to
the removal, by waters carrying carbonic acid, of certain por-
tions of the country, rendered soluble by the segregation of
lime. As the fourth level nearly follows the water-level of the
mine, and the siliceous encrustations were stained with iron
oxide, the formation appears to have been due to what Posepny
called the Vadose circulation. On the other hand, the im-
pregnation of the hanging-wall country by sulphides cannot be
ascribed to oxidizing waters, and must have taken place at an
earlier period, when the surface was relatively more distant.

The lode follows a fissure formed along the axis of a syn-
clinal bend in the schists, and often very noticeably reproduces
. the structure of the country which it has in part replaced; the
ore breaking along lines corresponding to the almost horizon-
tal foliation of the schists. The width of the ore is very ir-
regular. That occasionally found under the clay seam is rarely
rich enough to mine; the main pay-streak being that portion

* See also Trans., xxiv., 945.
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of the vein bounded underneath by the clay and extending into
the hanging until the mineralization becomes so meager that
“ore” becomes ¢ country-rock.”

LIMESTONE

(O euartz &5 RHODOCHROSITE (&=8) ore SELVAGE
ENTERPRISE MINE, COLORADO.

- ) COARSE SANDSTONE FINE GRAINED SANDSTONE

When a vein occurs in a formation composed of several kinds
of rock it may cut across the lines of parting and be labelled a
“true fissure;” or it may conform to them, and become a
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“bedded vein,” if the two beds happen to be similar, or a
¢« contact-vein,” if they are dissimilar. It is evident that, when
a vein crosses the bedding of a series of sedimentary rocks, the
differences between the enclosing walls at any given place will
depend upon the thickness of the beds traversed, and the ex-
tent of the faulting of the country along the line of the fissure.
When the faulting is slight, the change in the wall-rock will be
practically simultaneous for both sides of the vein; while, when
the dislocation is equal to, or exceeds, the thickness of the
members of a series of dissimilar beds so intersected, the oppos-
ing walls may be entirely dissimilar. This is illustrated in Figs.
3 and 4.

Fig. 38 represents the breast on August 14, 1894, of the north
drift of the Jumbo No. 2 vein, on the Group tunnel level, in
the Enterprise mine, at Rico, Dolores county, Colorado. The
vein follows a fault-fissure through a series of lower carbonifer-
ous shales, limestones and sandstones. The throw of the fault,
along which the ore has been deposited, is about 2 feet; the
thickness of the prominent bed of limestone is 3 feet; and the
section shown in the figure covers 7 feet by 6. It is charac-
teristic of the veins in this mine that they 'split up and be-
come impoverished in lime, while in the sandstone, on the
contrary, they usually become clean-cut, compact and richly
ore-bearing, as is the case at the top of the drift represented
in the figure. In traversing the lime, the sclvage following
the line of fissuring is very noticeable; but in the sand-
stone, particularly where the vein splits, the ore is ¢frozen,”
that is, has no evident parting separating it from the encasing
roek.

Fig. 4 is taken from a drawing accompanying a note by Mr.
E. J. Dunn, of the Victorian mining department, contributed
by him to the Quarterly Report of December 31, 1888. It rep-
resents certain features of the Sunday reef, near Beechworth in
Victoria (Australia). The country consists of Silurian slates
and sandstones, which have been faulted about 2 feet. Along
this line of faulting gold-bearing quartz has been deposited ;
and it is noticeable that its occurrence is mainly confined to the
under side of the sandstone, while under the slate it disappears
and gives place to fluccan or clay. I would suggest that the
lenticular shape of the quartz-bodies indicates that the spaces



Fig 5.

Fig. 4.

z
w
>
o
2
>
o

E SLATE

VEIN-WALLS.

BONANZA VEIN, OREGON.

SUNDAY REEF, VICTORIA



8 VEIN-WALLS,

occupied by them were produced by the movement of one of
the walls of a fissure, following a line whose undulatory form
was caused by the unequal texture and hardness of the beds
traversed by it.

Of the change observable in the character and value of the
mineral ingredients of a vein in its passage from one kind of
rock into another it is hardly possible to speak in parenthesis.
One of the best known examples is that of the old Dolcoath
mine -in Cornwall, where the vein, in leaving the clay-slate
(killas) and penetrating the granite, changed from a copper-
bearing into a tin-bearing lode. I might also mention the sil-
ver-lead veins of Pontgibaud,* in France, which are in a gneiss
country, diversified by dikes of granulite. The ore-veins have
been formed along fractures within the dikes, and on their line
of contact with the gneiss. When the dike diminishes in size,
the ore decreases in width ; when the vein penetrates into the
gneiss, the ore disappears. The best ore is associated with the
kaolinization of the feldspar of the granulite; and when the
latter becomes hard and unaltered in depth, the ore pinches
out.

On Newman Hill, Rico, Colorado, the veins of rich gold- and
silver-bearing ores are noticeably affected by the character of
their rock-walls. The particular changes due to penetrating
from lime into sandstone have already been mentioned in con-
nection with the veins of the Enterprise mine, but there is also
the more general observation, that when the sedimentary beds
are black, the veins in them are rich; when they lose that
black color, the ore diminishes.

Other instances occur to me, but the above are typical. This
inter-dependence between country and ore has been used as an
argument in support of the now ecrippled lateral-secretion
theory. It has been suggestedt that this relation, often no-
ticed in vein-mining, points to the derivation of the ore from
the enclosing rock, and that some formations have an enriching
effect, because they have been the source of the valuable metals

* See ¢ The Lodes of Pontglbaud 2 by the writer, inthe FEng. and Min. Jour.
of August 11 and 18, 1894,

+ As, for instance in the paper ‘‘On Some Evidences of the Formation of Ore-
Deposits by Lateral Secretion in the John Jay mine, at Providence, Boulder
county, Colo.,” by P. H. Van Diest, in the Proceedings of the Colorado Scientific
Soctety, vol. iv., p. 340, and in the discussion of the said paper, Id., p. 340.
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now found in the veins penetrating them. But as Cotta long
ago suggested, the influence of the physical texture and chemi-
cal composition of the country, as facilitating the deposition of
the ore, may explain this phenomenon. The former would affect
the rate of cooling and the formation of adhesive crusts. The
latter would act by direct chemical precipitation.

As I suggested in the discussion of the paper just referred to,
the local enrichment or impoverishment of veins may be ex-
plained by the presence or absence in the enclosing formation
of precipitating agents. What the agent has been we can only
in rare instances guess. At Rico it was undoubtedly the car-
bonaceous matter enclosed in the Lower Carboniferous shales,
limestones and sandstones. At Pontgibaud it was probably the
feldspar which made room for the silver-bearing galena, and in
Cornwall also the beautiful pseudomorphs of tinstone after
feldspar suggest similar chemical interchanges.

In the case of veins which lie along the bedding-planes of
sedimentary rocks, the dissimilarity between the enclosing
walls may not go further than a slight difference in the grain
of two beds of sandstone, the color of two beds of slate, etec., or
it may reach the more marked diversity presented by rocks as
entirely unlike as a quartzitic sandstone and a soft slate.

Fig. 5 represents a gold-vein, following the bedding of, and
encased by, a band of black slate, which is in turn flanked on
either side by light gray slates. The ore consists of ribbons of
quartz, mingled with strips of included country, and separated
from the outer slates by a selvage, faint on the hanging- but
strong on the foot-wall. The drawing was made July 3, 1895,
in the upper level of the Bonanza miné, Baker county, Oregon.

The comparatively straight walls of ordinary vein-mining
occasionally give place in veins of the bedded class to surfaces
having a marked curvature. Such walls characterize the sad-
dle-reef, a type of lode-structure common in only two known
mining districts, namely, Bendigo in Australia and Waverly in
Nova Scotia—unless it be true, as is now stated on good au-
thority, that the Broken Hill lode in New South Wales is also
a saddle-reef.

In these regions, gold-bearing quartz is found along the bed-
ding-planes of folded sedimentary rocks. While anticlinal
folds (or saddles) alternate with synclines (inverted saddles or
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troughs), experience has shown that the ore-deposition is mainly
confined to the former. Such a formation will offer many
striking features, because of the occasionally very regular cur-
vature of the walls. I remember, for instance, standing in the
stopes just above the 980-foot level in the Johnson’s mine at
Bendigo, and seeing the foot-wall curve nnderneath like the top
of a boiler, while the hanging arched overhead like a Roman
bridge. This was the apex of a saddle, as illustrated in Fig. 7,
reproduced from a sketch made at the time.* The lode is seen
to consist of white quartz about 2} feet thick, separated from
the overlying sandstone by a very regular parting of black clay.
Underneath is about a foot of sandstone, then a dark seam of
slate, from 5 to 6 inches thick, whose parting from the next bed
of sandstone is marked by streaks of quartz, thinning out both
east and west.

The downward continuation of such a formation (the “legs
of the saddle ”’) presents the appearance of an ordinary bedded
vein, usually marked, however, by a noteworthy want of per-
sistence of ore in depth. Of the many drawings illustrating
such veins already contributed to the Transactions,t I have re-
produced, in Fig. 6, the breast of the north end of the 1990-foot
level in the Shenandoah mine at Bendigo. The lode carries 2
feet of closely-laminated quartz, from which spurs or stringers
go off into the underlying sandstone. The hanging shows a
gouge or selvage,} separating the quartz from the overlying
slate.

Many veins follow the contact between eruptive dikes and
the metamorphic or sedimentary formations which they have
penetrated. The dikes of quartz-andesite porphyry traversing
the granitoid gneiss of the earliest mining districts of Colorado
(in Boulder, Gilpin and Clear Creek counties) offer many ex-
amples of this type of vein-structure. In such cases the miner-
alization may often be found to have spent itself on the more

* October 5, 1890. See also Trans., xx., 506.

+ By the writer in vols. xx. and xxi.

I ¢“ Selvage,” “ gouge,”” ‘“dig,” *‘pug,’’ “fluccan ’’ are all more or less syn-
onymous. ‘‘A layer of soft stuff”’ would cover them all. It is perhaps worthy
of notice, however, that our ‘‘selvage,’’ used in this sense, is not the exact syno-
nym, as it has often been supposed to be, of the German Saalband. A Saalband is a
definite wall, as distinguished from a gradual transition from vein-matter into
country-rock. A layer of soft material on the wall is a Besteg.
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14 VEIN-WALLS.

soluble porphyritic igneous rock, rather than upon the less
soluble metamorphic. The walls of such veins will vary, as
the ore deposition has followed either fractures along the im-
mediate contact, or those which ramify into the body of the
dike, or those again which cut across the latter, where its irregu-
lar outline has been an obstacle to the main line of fissuring.
These ideas are illustrated in the diagrams A, B and C, Fig. 8.

The California mine, in Gilpin county, offers many examples
of such vein-phenomena. Figs. 9 and 10 represent the western
ends of the 2000-foot and the 2100-foot levels, as seen on July
13, 1892. In the first the vein is seen to lie between mica-
schist, on the foot, and porphyry,” on the hanging. The
“ porphyry” forms part of a dike, 17 feet thick, of dacite or
quartz-andesite, and is both brecciated and much decomposed
near the lode, from which it is separated by a dark band of
«flint,” which consists of small fragments of porphyry ce-
mented together by a very dark chalcedonic quartz. Under-
neath this there are 5 inches of white kaolinized porphyry,
containing threads of iron and copper pyrites. Next comes an
inch and a-half of quartz and feldspar intermingled ; then a band
of included country, part gneiss and part mica-schist, which is
subdivided by a streak of pyrite. Finally there is an irregular
foot-wall; the load-filling shading off into the soft mica-
schist which underlies the vein.

The lower level, shown in Fig. 10, exhibits a marked differ-
ence. The lode has crossed the dike, and the porphyry forms
the foot-wall. Next comes a thickness of 6 to 8 inches of white,
soft, decomposed porphyry, then a black selvage, with slicken-
gides on the lower side. Then come two bands of mineralized
porphyry, separated by thin partings. The main width of ore
consists of about 2 feet of lode-filling traversed by patches and
streaks of pyrite. Fragments of porphyry can also be recog-
nized in it. This is separated from the overhanging gneiss
and mica-schist by a selvage of varying thickness.

In the neighboring Indiana claim, the California vein exhib-
its certain changes, the most evident of which are the absence
of selvages, the indistinctness of its limits and the brecciation
of the vein-filling. This is suggested in Fig. 11, which repre-
sents the breast of a stope above the 800-foot level west, as ob-
served November 13, 1895. The enclosing country, A A, is a
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granite almost destitute of mica. The part B is bespattered
with pyrite. The best ore is a seam, C C, of black zinec-blende
lining the hanging-wall. D is evidently brecciated. The
larger part of the section consists of slightly altered country (E
E) reticulated with seams of blende, following joint-fractures.
The foot-wall of the vein is considered to be under the bands of
zine-blende and copper pyrites occurring along F F. The en-

ZING BLENDE IRON PYRITES
BRECCIA i z ] reecenrs

tire width is about 4 feet. The lode has departed from the
dike, with which it is so closely associated in the neighboring
mine; but the workings show that it meets this dike at inter-
vals, and is benefited by the intersection.

That the vein follows the line of a fault can be seen by ex-
amining the walls of the 2000-foot level in the California mine,
more particularly at points between 850 and 450 feet west of
the shaft, where the lode has left the dike entirely, and is en-
cased in the gneiss and mica-schist. The country-rock on the
two sides of the drift is not the same. The extent of the throw
of the fault, however, could not be measured.
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In the course of the foregoing descriptions of lode-structures,
mention has been repeatedly made of the occurrence of clay
selvage, following sometimes one, sometimes both, of the walls
of a vein. This “ clay ” may occasionally be material precipi-
tated from solution; ordinarily it is only crushed rock. Tt fre-
quently encloses exquisite mineral specimens, because its soft
consistency has permitted untrammeled ecrystalline growth.
Most examples of well-developed crystals of native gold have
been discovered under such conditions. This is the case at
Cripple Creek, Colo., where the gouge or clay has been dried
and hardened near the surface, and as a crumbly earth, made
purple by the presence of fluorite, carries beautiful crystals of
gold pseudomorphic after sylvanite and calaverite. The exquisite
leaf-gold specimens, for which Farncomb hill (Breckenridge,
Summit county, Colo.) is so famous, are found imbedded in
talcose clay. Large pieces of pure argentite are often found in
such an environment, as at the De Lamar mine, in Owyhee
county, Idaho. Wire-silver also has been found in compara-
tively large amount encased in such a “mud” in many Lead-
ville mines; notably at the Crown Point, in 1886.

By reason of their opposition to the passage of water such
seams of clay protect the rock-surface of vein-walls, and under-
neath them there will occasionally be found comparatively fresh
and unaltered rock having beautifully polished faces or slicken-
sides. At Ballarat, in Australia, I have seen many such rock-
faces like finished ivory in their smoothness, and streaked with
black lines, due to the grinding of specks of pyrite. In the
Bonanza mine, Baker county, Ore., there could be seen quite
recently an exquisite example of such an occurrence. In an
upper drift there was at one place a surface of a few feet square
(on one of the walls of a gold-bearing quartz-vein) covered by
a thin layer of black clay, under which lay what seemed a white
enamel of very remarkable delicacy. It could not be removed
without breaking, because it was very friable, consisting essen-
tially of crushed quartz partially recemented, probably by
pressure. ;

«The handwriting on the wall” is not always easy to deci-
pher. The lines or striee occasionally to be seen upon its sur-
face have been held to indicate the direction of that movement
(or succession of movements) of the opposing rock-planes to
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which the deposit of ore primarily owed the opportunity for its
existence. These lines, however, sometimes have opposite di-
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rections within a short distance and offer conflicting evidence
hard to explain.
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Rarely is a story told more clearly than in the ripple-marked
foot-wall which was to be seen in October, 1891, in the John-
son’s mine at Bendigo. It had been very diflicult to distinguish
the bedding of the country because the development of a
strongly-marked cleavage had obliterated the lines of original
sedimentation. At the 1065-foot level, however, the matter was
made plain. For more than 100 feet square the surface of the
foot-wall was covered with ripple-markings. The crests of the
waves were about 3 inches apart and presented all the little ir-
regularities to be seen to-day when the wind blows over the shal-
low waters of an estuary and imprints the evidence of its action
upon the yielding sand. The markings had been protected
by layers of Silurian sediment, and the whole series had been
indurated into rock, the sand which bore the markings becom-
ing quartzitic sandstone, and the overlying mud slate. Between
them, as within the pages of a book, was preserved the conclu-
sive evidence of the original position of the beds of rock enclos-
ing the reef, which had been formed in later times, when fissur-
ing had made room for the circulation of underground waters
and the deposition of the gold-bearing quartz.

In the above interesting case the corrugation of the foot-wall,
due to the ripple-markings, rendered difficult the detachment
of the ore. Distinct walls, especially when accompanied by
selvage, are very useful in actual mining; but they are not by
any means necessarily indicative of a produective vein, or par-
ticularly favorable to the continuity of the ore. A «clean”
wall and a good « gouge ” are welcomed by the miner because
they ease his toil; but the idea that their presence alongside a
lode gives it a character. better than another unprovided with
such adjuncts is a dangerous delusion. In many mines, more
ore has been lost through the persistent following of a ¢« wall,”
without exploring beyond it, than was ever compensated for by
the greater facility given by such a parting-plane for the break-
ing of the ore found.

Many veins have no defined walls, but gradate imperceptibly
into the enclosing country, and are bounded only by the com-
mercial value of the material mined. Such veins are to be
seen, for instance, in the mountains that overlook Silver Plume,
Clear Creck county, Colo. Fig. 12 represents a sketch made
May 27, 1892, from the 300-foot level of the Seven-Thirty mine.
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A fracture penetrating the metamorphic granite carries ore on
both sides, which diminishes in richness as it spreads into the
encasing country. The joints in the granite are evident.

In this mine the so-called «walls” are often simply two
parallel veins (rich, but very small), separated by clean, hard
country. This is illustrated in Fig. 18, which was obtained

CANTON MINE

from the same level about 1000 feet further east. The grani-
toid gneiss is traversed by two streaks of ore, of which the one
to the right is much the richer. Between them there are at
least two well-marked parallel fractures devoid of ore. The
vein to the left has a thin selvage, under which there is a streak
of quartz carrying a little silver-ore; but the companion-vein to
the right follows a fracture, unaccompanied by any selvage,
whose upper side is impregnated with about 8inches of tetra-
hedrite, galena, and polybasite.
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‘Where ore is absent in the Seventy-Thirty mine, the walls
are apt to be particularly well-defined ; and when there is any
thickness of rich silver-bearing mineral present, the walls are
scarcely to be distinguished, and the rock is hard to break, be-
cause it is destitute of convenient partings. The large veins
carrying gouge are found to be uniformly poor, except where
they meet the very narrow rich streaks which constitute the
resource of the property. The Seven-Thirty vein proper is
only 2} inches thick, but it is very persistent through the midst
of hard crystalline rocks, and it has, for twenty years, proved
very productive.

In many mines one vein only is exploited, and cross-cutting
the country in search for parallel lodes is entirely neglected.
In others, a cross-cut is stopped as soon as it reaches the further
wall of the particular vein it was started to reach. Both these
unwise practices are founded upon a misconception of lode-struct-
ure, due to a narrow interpretation of the early teachings of
economic geology, which lays a misleading emphasis upon the
definition and clean-cut boundaries of so-called ¢true fissure-
veins.” The fact is, as daily observation proves, that there are
wallg within walls, and walls beyond walls; and that to follow
closely any particular hard, smooth rock-surface, with the idea
that it is the utmost limit of ore-occurrence in any particular
mine, is to be blind to the realities of geological structure.

Fig. 14 represents the face of a drift* in the Canton mine,
near Waipori, Otago, New Zealand. A A is the reef, a vein
of quartz which is supposed to lie immediately upon the foot-
wall. Along B B the quartzose schist is soft, and the included
quartz-folia are much twisted. C C is one of .the so-called
¢“false hanging-walls.” Along A A and C C faulting is evi-
dent, along B B distortion only. It was not possible to say
where the lode ended, or where it began. The whole width
from A to C was known to be gold-bearing, although A A
served as a guide in following the gold-bearing channel.
Nevertheless those who were working the mine had little com-
prehension of the formation, particularly of its essential lack
of definition, and, while admitting that there were several
«false hanging-walls,” insisted that there was only one foot-
wall (underneath A A) which was stated to be of a different

* On November 15, 1890. See also Trans., xxi., 415.
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kind of rock, and exceptionally hard. On examination I found
that the rock of the supposed foot-wall was similar to that of
of the rest of the gold-bearing country forming the lode, and
on a sample of it being crushed and tested in a prospector’s

GRANITE #& pyaves - [/H miseoN quarTz
55 SELVAGE ano CRUSHED ROCK Wt QUARTZ

UNION anD COMPANION MINE, OREGON.

pan, it was discovered to be richer than that which was being
actually mined. It was scarcely necessary after that to insist
that a cross-cut should be made into the foot-wall.

Fig. 15 represents the north breast* of the lower level on
the main lode in the Union and Companion mine, Union

* On June 26, 1895.
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county, Oregon. It illustrates the occurrence of ¢ walls within
walls,” for while the lode may be limited by the main boundaries
along K and D, there are at least two partings (G and H) equally
well-defined, subdividing the enclosed width of ore. The coun- -
try is a-fine-grained granite, which, near the hanging, is de-
composed and ore-bearing. D is a streak of granular crushed
country, mixed with lenticles of white quartz whose longer
axes are parallel to the lode-walls. D is from 3 to 7 inches
wide, and ecarries only traces of gold. A consists of white
hackly quartz spotted with iron pyrites. It is from 14 inches
to 2 feet wide, and contains about } an ounce of gold per ton
of ore. Then comes a hard regular ¢« wall,”” separating A from
B, which is the main pay-streak, ribboned with veins of iron
and copper pyrites. The width is from 2} to 3 feet, and the
ore averages about 2 ounces in gold and 8 ounces in silver.
Then follows a parting marked by a slight selvage, underneath
which comes a 10- to 15-inch band (C) of ribboned white quartz,
stained by the oxidation of copper pyrites and earrying about 5
pennyweights of gold per ton. Then ecomes the main foot-wall
with its streak, 1 to 8 inches thick, of granular erushed country,
mixed with clay. The underlying rock is but little altered.
Fig. 16 affords an example of ¢« walls beyond walls.” It rep-
resents a section obtained at the station on the 500-foot level in
the Mammoth mine, Pinal county, Ariz. The Mammoth lode
traverses hornblende-granitite, porphyrite and a porphyry
agglomerate. The lode-filling consists of altered country, and
therefore changes as the lode in its strike penetrates first one
kind of rock and then another. When standing in the stopes
it is not diffieult to recognize in the ore the reproduction of the
habit of either the granite or the porphyrite by whose altera-
tion the lode was produced. The country near the lode is
much altered and often visibly gradates into the ore, while, as
the lode is receded from, these effects diminish until they be-
come confined to the faces of the rock lining the fractures. The
granitite carries two feldspars, of which the pink orthoclase is
evidently more stable and succumbs to decomposition less
quickly than the green plagioclase. The ore is both gold- and
silver-bearing, but chiefly valuable for gold. The great variety
of associated minerals includes some uncommon species, such
as wulfenite (usually colored by vanadic acid), vanadinite, des-
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cloizite, ecdemite, dechenite, linarite, besides the commoner
anglesite, pyromorphite, cerussite, malachite, dioptase, azurite,
and a little galena and pyrite. Referring to the drawing (made
March 17, 1893), the edge of the ore is shown at A ; it becomes

GRANITITE . (0&] VEIN QUARTZ ‘
GRANULAR FILLING = - . ° / SELVAGE

MAMMOTH MINE, ARIZONA.

mixed with altered granular country (along B) in approaching
the “main footwall.” This is followed by the granitite itself,
in which there are well-defined walls (or fractures parallel to
the lode-channel) and cross;joints, often lined with exquisite
crystals of vanadinite and wulfenite.

Going to the Pacific coast, Fig. 17 represents a part of the
west side of the so-called “ mother lode ” of California. The
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drawing, made May 21, 1891, is a portion of the face of a large
open cut at the Gold Cliff mine, Angel’s Camp, Calaveras
county, Cal., near the now well-known Utica mine. The ore-
channel consists of a country-rock traversed by cross-veins of
white gold-bearing quartz. The ecountry-rock is a greenish
gray augite schist (probably at one time a diabase), carrying
coarse pyrite near the gold-quartz.

There are «“walls ” ad infinitum. Each cuts oft' the quartz-
seams, which ocecur again on the further side and extend to the
next ¢« wall,” where they are terminated as before, and so on.
A certain portion, 20 to 30 feet in width, of this channel of
country is rich enough to work, and is sent to the mill, but the
poorer material which lies beyond it has an identical geological
structure. Of course, in such a case the ¢ main walls” will
depend for their determination upon commercial rather than
geological conditions.

Another case in point is presented at the Cashier mine in
Summit county, Colo., as illustrated in Fig. 18, which shows a
part of an open cut on the lode, as seen August 22, 1895. The
latter consists of altered quartz-felsite, rendered porphyritic by
large crystals of feldspar. It is spoken of as a vein 45 feet wide,
having a hanging-wall of porphyry and a foot-wall of lime. The
ore is said to be penetrated by dikes of porphyry. The facts
are really these: A certain width of quartz felsite within the
neighborhood of its contact with the limestone has been acted
upon by mineral solutions which probably came up along that
contact. There are no walls, the porphyry of the hanging be-
ing simply the rock of the ore-channel in a less altered condi-
tion. The feldspar of the lode-rock has been leached out. In
the cavities, now partially filled with crystalline quartz, iron
oxide and gold, there can be distinguished the outlines of the
large (3 to 1} inches) crystals of orthoclase whose removal
made the rock porous to circulating waters. The mineraliza-
tion is indicated by the softening and reddening of the por-
phyry and is most marked along the joints, especially where
they intersect. There are occasional portions of the rock com-
paratively unaffected by the leaching agencies, and therefore
appearing as hard, unstained nuclei amid a mass of softer red-
dish ore. It is these that are locally termed ¢horses” and
¢ dikes” of porphyry.
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Lodes subdivided by partings parallel to their outer walls (as
in numbers 1, 9, 10 and 12) often resemble twin veins such as
are actually formed by the temporary parallelism of two dis-
tinct fissures travelling together after they have united. Such
a case is shown in Fig. 19, which illustrates the union of the
Old and New Castletown veins as seen in the north face of the
500-foot level of the Drumlummon mine, Marysville, Mont. The
country is clay slate. A B is the Old Castletown vein, 2} feet
wide. B Cis the New Castletown, 2 fect wide. There 18 no
selvage on any one of the three walls, but each is marked by
soft, erushed and foliated slate.

The generous lodes of silver-bearing copper-ore which at
Butte, Mont., penetrate the granite are frequently marked by a
brecciation of the encasing country and are accompanied by a
mineralization of the granite far beyond the walls or limits
of workable ore. In the 300-foot level of the Gagnon mine,
374 feet west of the main shaft, a cross-cut shows that the
lode-channel extends 80 feet north of the supposed foot-wall, the
enclosed granite being broken and mineralized. Beyond this
line the country ceases to be shattered and is nolonger impreg-
nated with ore, but is comparatively fresh, hard, normal granite,
with a blocky fracture. This outer foot-wall of the lode-chan-
nel is marked by the occurrence of some ore-streaks and an ac-
companiment of seams of clay, as is shown in Fig. 20 (drawn
September 15, 1895). The foot-wall country has a noticeable
number of slips or joint-planes. It is separated from the lode-
channel by a thick layer of tough black clay. Then comes a
zone of kaolinized granitie filling traversed by irregular veins
of zine-blende and pyrite. Another clay-seam divides this part
of the section from a band of mixed white quartz and granitic
filling, followed by altered mineralized granite, ribboned with
veins of gray quartz, whose southern limit is a third seam of
black clay. Then comes crushed, brecciated granite, diversi-
fied by quartz and ocecasional evidences of ore, which extends
to the main pay-vein (on the hanging) which has been the
workable part of the deposit. The section in the figure repre-
sents a width of 6 feet.

Fig. 21 came from the east breast of the 1300-foot level, in
the same mine. It is a representative section of the main ore-
bearing vein. Granite, visibly altered, marks the northern
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THE GAGNON MINE, BUTTE CITY, MONTANA.
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edge of the section, which is the foot-wall. Upon it lie a few
inches of breccia, succeeded by 8 inches of blende, pyrite, and
enargite, well intermingled. Then come 3 feet of friable,
mineralized, light gray shattered quartz, giving place to 6 to 8
inches of harder quartz streaked with veinlets of chalcopyrite
and bornite. Upon this lies a foot of altered granite traversed
by streaks of quartz. Then 18 inches of low-grade ore, con-
sisting of quartz, pyrite, blende and a little bornite, separated
from the main pay-streak by 6 inches of granitic filling. The
main pay-streak is from 5} to 6 feet wide, and consists of a
massive mixture of pyrite, blende, enargite and bornite, carry-
ing about 60 per cent. of silica. Between this and the hang-
ing-wall there is 2 or 3 feet of decomposed broken granite,
showing small veins of ore which drop into the main pay-streak.
Beyond is granite.

In mines of this character, the geologist may determine the
existence of the lode far beyond the limits of workable ore; but
the miner will rightly distinguish between what is mineralized*
country too poor to exploit and the concentrated mineral which
will yield a profit.

That straight walls are not the necessary adjuncts of a vein
of ore is suggested in Fig. 22, which represents the breast (on
September 26, 1895) of the hanging-wall drift on the upper
level of the Double Extension mine, in Summit county, Colo.
The lode-formation consists of gently sloping quartzite, cut
across and broken into by porphyry, which, as a dike, forms
“the main vein,” and in the shape of sheets, intercalated
among the beds of quartzite, makes a succession of «“floors” of
gold-bearing ore of widely varying hardness. In the particular
section illustrated, the intrusive porphyry forms the hanging-
wall, A B C, of a zone of ore which is limited on its lower side
by the ragged edges of the quartzite, M M. In this instance
the conventional straight walls give place to one of extreme and
irregular curvature and another of a markedly broken and

* The term *‘ mineralized,”’ like the word ‘‘mineral,”’ is employed by miners
in a sense not sanctioned by the ordinary dictionary, though fully entitled by its
general usage to such recognition. Dr. Raymond’s Glossary of Mining and Metal-
lurgical Terms gives this sense as follows: ‘“‘Mineral. In miners’ parlance, ore. . . .
Mineralized. Charged or impregnated with metalliferous mineral.”’ The French
use minerai and mineraliser in this sense ; and I have adopted it because no English
equivalent occurs to me.
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jagged oﬁtline; but they are nevertheless walls, as truly as
would be the most perfectly straight, smooth rock faces.

Fig. 23.
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DOUBLE EXTENSION MINE, BRECKENRIDGE, COLORADO.
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The porphyry, A C, a quartz-felsite, is bleached to a yellow
white and softened to a granular clay, as it approaches its con-
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tact with the broken quartzite, D D. The latter is dark bluish-
gray, and carries, along its joints and other fractures, minute
seams of iron-stained ocherous clay, which is gold-bearing. E
E and G G are veins of such gold-bearing ocher. F F is crushed
quartzite, very similar to D D. The band of quartzite breccia,
H H, is separated from an equally wide band of porphyry-
quartzite breccia, L L, by a succession of thin parallel quartz-
seams, K K. Then comes the foot-wall itself. At N, under
the projecting curve of the porphyry of the hanging, there
is a mass of much-shattered quartzite mixed with iron-stained
quartz. This is all gold-bearing.

Fig. 23, representing the western edge of a ¢« cutting-out
stope,” near the supposed foot-wall of the lode (as seen Septem-
ber 23, 1895) exhibits a somewhat similar complication and
another curved ¢« wall.” To the extreme leftis fractured quartz-
ite, carrying iron-stained clay along the faces of fractures, and
divided into two parts, II II and B B, by a narrow zone, A A,
of soft yellow porphyry, whose curved lines of alteration are
marked by streaks of gold-bearing ocher. The remainder of
the section is all porphyritic material, of which C C is similar
to A A; D D is a wedge of comparatively fresh rock, but
slightly kaolinized and full of pyrite, and E E and F F are lay-
ers of brown and reddish soft talcose porphyry and clay, sepa-
rated by numerous slips or smooth partings forming ¢ false
walls.” The “main foot-wall ” was supposed for some time to
be the line of contact of the band of quartzite, B B, with the
underlying porphyry; but assays have shown that the soft de-
composed rock lying beyond it is fully as gold-bearing as the
quartzite, and can be mined with as much profit for several
teet beyond that line.

Not infrequently veins have irregular indistinet walls when
ore-bearing, and smooth, clearly defined ones when barren.
Fig. 24 illustrates the face (as scen September 15, 1895) of the
west drift of the 430-foot level on the middle vein in the Nettie
mine, near Butte City, Mont. The south country is a fairly
hard, reddish granite, which, in approaching the hanging, be-
comes soft and is traversed by slips or joints. On the hanging-
wall itself, A A, there is a seam of tough black clay, in which
can be seen frequent films of minutely crystalline blende and
galena, and small imbedded shots of ore and rock. This over-
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lies a filling of white decomposed granitic material, full of part-
ings and seams ot black clay, such as C C. The foot-wall, B B,
is also marked by a black selvage. Underneath it comes com-
paratively fresh ¢ Blue-bird ” granite.

- :
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NETTIE MINE, MONTANA.

A few feet further east this level carried an ore-body, A B
in Fig. 24 being the zone so transformed. The brecciated
quartz upon the foot-wall was the part of the vein which first
became ore. The sides of the drift are now coated with a deli-
cate efllorescence of goslarite (sulphate of zine). In this con-



32 VEIN-WALLS.

nection it may be of interest to state that in the Gagnon mine,
at Butte, three miles away, the apparently clean country, at
some distance from the lode, was found* to carry 3 per cent. of
zine, indicating the extent to which the mineralizing action had
penetrated.

Figs. 25 and 26 represent an interesting piece of evidence.
Fig. 25 is an attempt to reproduce in color a block of ore giv-
ing a section of the Jumbo vein, and broken in the Enterprise
mine a year ago. Itis a beautiful example of ribbon-structure.
The general lode arrangement is shown in Fig. 26, from a
sketch made November 19, 1894. The vein follows a line of
faulting, nearly at right angles across sedimentary beds of alter-
nating sandstone and limestone. The extent of the fault is
clearly marked by the dislocation of the bed of lime, B B, and
its down-throw of about 2 feet on the hanging-wall. The
country on the foot has its bedding-planes turned down, while
on the hanging the reverse occurs.

The vein is about a foot wide and is composed of a regular
symmetrical arrangement of diverse minerals. The center of
the ore is marked by a seam of quartz. The most remarkable
feature of the section, however, is that while on the hanging
the ore is frozen hard to the sandstone, on the foot there is an
actual vacancy separating the ore from the country. This ex-
tends for a few feet above the place of the section, and is seen
to find its downward termination as soon as the foot-wall pene-
trates into limestone, where the contact of the ore and the en-
casing rock is only marked by a slight selvage.

This description will render more intelligible the meaning of
the detailed section of the vein presented in Fig. 25, which is
intended to portray as accurately as possible the characteristics
of the ore-occurrence at the point in the lode marked A on the
outline-drawing, Fig. 26.

The main features are as follows: The western boundary of
the vein is fairly straight, dipping, as the vein does, eastward.
It is separated from the country-rock, a light-gray medium-
grained sandstone, A A, by an actual vacant space, B B, of
about half an inch. The edge of the ore nearest the foot-wall
consists of an irregular band, C C, of about $ of an inch of
quartz, speckled with pyrite and chalcopyrite. Toward the bot-

* Accordir;g to Mr. C. {VTGoodale, theit;mna'ger..
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tom this quartz narrows, but becomes clearly defined into a
crystalline comb, with teeth at right angles to the vein.

Then comes a zone, D D, averaging 1} inches, of pink rhodo-
chrosite. This band is broken into by veinlets of quartz, some
of which are only branches from the outer seam, C C, while
others traverse the rhodochrosite in bluish-gray streaks parallel

SANDSTONE - - 25l umestone o
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to the general structure, and are peppered over with particles
of pyrites.

The rhodochrosite band is broken on the right by the irregu-
lar outline of the blende and galena, E E, which is about 2
inches wide. There are blotches of yellowish ¢ resin-blende ”
and patches of bluish-black galena distributed thronghout a dark
and intricate mixture of these minerals. They shade out into
the white quartz, F F, which makes a bilaterally symmetrical
division in the ore. The dark mass of the sulphides encloses
shreds of rhodochrosite having distinct outlines.

3
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Along the median line of the central quartz-seam, F' F, occurs
a succession of geodes, lined not only with crystals of the quartz
itself but also with beautiful crystals of stephanite. The latter
are seen in irregularly distributed clusters. In the outer quartz
there are numerous specks of pyrite.

The eastern half of the vein presents, in reverse order, an ex-
act repetition of the mineral bands just described. The separa-
tion between the rhodochrosite band and the outer quartz is
more distinct. The dark sulphides also present a cleaner out-
line. The outer quartz has its comb-like structure strongly de-
veloped, the points of the crystals penetrating into the pink
rhodochrosite and their base gradating into the dark-gray sand-
stone of the hanging-wall. There is not the slightest selvage or
parting of any sort. The quartz is, as the miners say, “ frozen ”
to the sandstone. The latter is marked by clouds of dark min-
eral hardly defined enough to be described as dendritic. This
feature is traceable to the diffusion of minute particles of pyrite
and stephanite. The rock is rich enough to.be classed as ore.

In interpreting this structure, shall we follow the explana-
tions given for the repeating symmetry of the comb-structure of
the Drei Prinzen véi‘n,* and accept the theory of successive
crystalline growth from the sides of a gaping crevasse? Or
are we to conclude that the mineral aggregates, now forming
the ore, were derived by the substitution, bit by bit, of rock in
place by material deposited from solutions circulating along the
line of fissuring ?

Do we conceive of veins as formed by the filling of pre-exist-
ing cavities, whatever their shape may be, produced by the
rupturing of the earth’s crust, or do we believe that lodes can
be formed without any previously prepared vacant space and
simply by the chemical interchange vaguely covered by the
term metagomasis ? or, again, do both these explanations find
corroboration in the daily observations of the mine ?

* As drawn by Von Weisenbach in his book published at Leipzig in 1836.
Other notable examples of this structure are C. Le Neve Foster’s drawing of the
Huel Mary Ann lode (in the Transactions of the Royal Geological Society of Corn-
wall, vol. xix., 1875), and that of the Carn Marth lode by J. H. Collins (in the
Proceedings of the Institute of Mechanical Engineers, 1873). Reference may also
be permitted to the writer’s four colored drawings of the Eureka, Songbird, Jumbo
and Kitchen veins, accompanying a paper entitled ¢ Vein Structure in the Enter-
prise Mine,”’ in the Proceedings of the Colorado Scientific Society for 1895.
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Walking recently along the railroad grade between Ana-
conda and Cripple Creek, in El Paso county, Colorado, I found

M ALTERED m;mmn .

A VEIN.

@mm

Fig. 27.
A DIKE.

in the sides of two open cuts the testimony transcribed in Figs.
27 and 28, one representing a typical dike and the other a typi-
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cal ore-vein. In both cases the country is the coarse-grained,
red granite of the Pike’s Peak region. - In both the jointing is
well developed. The dark dike of basalt in Fig. 27 cuts clean
through the red granite. Its boundaries are clear, there is no
mistaking the line of separation. Moreover it is evident that
the walls have duplicate outlines and that rupturing has sepa-
rated them without the destruction of their definition. The
throw of the fault-fissure followed by the dike can be seen to be
about 14 inches, and its direction is indicated by the arrow.

Fig. 28, sketched in the immediate neighborhood, illustrates
a gold-bearing vein in the same granite formation. Ilere there
is no essential difference between the country and the vein-fill-
ing. The latter is altered granite, easily recognizable as such,
in spite of its having become granular and soft through the
kaolinization of the feldspar. The walls of the vein are ill-
defined, the streakiness of the filling being dimly repeated in
the encasing rock. The vein-illing assays $2.60 gold per ton
at this place, but is richer, without other material change of
character, a few rods distant.

The dike, Fig. 27, is composed of foreign matter filling an
evident fissure; the vein, Fig. 28, is rockin place changed into
ore by the removal of some of its constituents and the substitu-
tion of new ones. In the former case liquid material rose into
the fissure, probably pari passu with its formation. On the
other hand, the vein of gold-ore traversing the granite gives no
evidence of the oceupation of a fissure by the incoming of new
material. The ore is granite in place, softened, decomposed,
discolored, and impregnated with gold, but still granite, clearly
enough. Some liquid more subtle than molten lava was the
vehicle which brought in the minute particles of gold and re-
moved the alkali of the feldspar. It was water, circulating
for long periods, and patiently searching out its way, which
quietly changed the granite into gold-bearing ore.

Is it necessary in this case, as in that of the neighboring dike,
to suppose the existence of an open fault-fissure ? The evidence
of a fault along the course of the vein c¢annot be discovered with
certainty ; nevertheless, judging from analogy and experience,
we would certainly believe that the gold has been deposited
along a line of displacement. It seems diflicult to conceive
that any fracturing, such as marks the beginnings of vein-forma-
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tion, can take place without some displacement, however slight,
of the two opposing rock-faces. Without such dislocation,
though it be comparatively insignificant in amount, the fracture
is only latent, and can hardly be said to exist. The possibility
of a simple rupture, without any shearing movement or relative
displacement, cannot be denied ;* but observation underground
indicates that, so far as the deposition of ore is concerned, we

Fig. 20.

Y Lot 4:!49{ ;

U

INDIANA VEIN. GILPIN COUNTY, COLORADO.

have invariably to deal with rupturing accompanied by a rela-
tive displacement of the rock-walls. In other words, veins are
generally built on fault-lines. The absence of evidence of such
movement in a section on one particular plane is not conclu-
sive, since the displacement may have been at right-angles to
the section.

* In this connection I would refer the reader to the suggestive paper of Mr.
William Glenn on ““ The Form of Fissure-Walls, as Affected by Sub-fissuring, and
by the Flow of Rocks,” read at the Atlanta Meeting of the Institute, October,
1895, and printed in Trans., xxv., 499.
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Where a vein cuts across sedimentary rocks, the dislocation
may be looked for along the bedding-planes. Such is the case
at Rico, in the Enterprise mine already referred to, where the
breast of a stope will show a vein traversed by a fracture at right-
angles to its walls, and apparently unaccompanied by any dis-
location, but further examination will frequently show that
there has been a displacement of the country along the dip
of the sandstone and limestone beds, in the strike of the vein
itself.

The question here arises, whether the formation of the ore-
vein required the existence of an open fissure. In the particu-
lar case shown in Fig. 28, the quantity of foreign material within
the vein is insignificant in amount; the «“ore” being simply
altered rock in place. That this rock became mineralized by
the penetration of metal-bearing waters was probably due to
the crushing of the granite by an original slight faulting move-
ment, presenting facilities for circulation and consequent chemi-
cal interchanges. Minute spaces there probably were; but
a clear opening, or a slow crevassing, such as accompanied the
formation of the neighboring dike, seems hardly needed. The
ribbon-structure of the Enterprise section, in Fig. 25, presents
features much more difficult to explain.

‘When Werner and his school attributed the filling of veins to
the agency of descending waters, the existence of open fissures
at the time of vein-formation was conceivable, because the
theory necessarily restricted such operations to the vicinity of
the surface. But the acceptance of ascending waters as the
main agents of ore-deposition, and the recognition of the condi-
tions possible to the formation of large masses of sulphides, at
once transferred the laboratory of ore-formation to a deeper
horizon ; and the suggestion that veins were filled by the de-
position of layers of mineral precipitated from waters passing
upward along fissures which were kept wide open during such
time as was required for crystalline growth to choke them with
ore, was immediately ridiculed by the miner, because his daily
experience taught him that the vein once deprived of its filling
did not remain open, but was inevitably closed by the pressure
of the surrounding rock. In many cases, in the absence of arti-
ficial means of support, his mine-workings collapsed, so that
where there was once a level wide enough for a man to walk



VEIN-WALLS. 39

through, there came to be only a seam of mud enclosed in
shattered rock.

Despite the miner’s objection, however, there is evidence
that fissures do sometimes occur, which have been sufficiently
open to permit the tumbling in of large pieces of rock. Such

MAMMOTH MINE, ARIZONA.

an occurrence was observed in connection with certain faults
which disturb the Virginie lode at Roure, near Pontgibaud, in
France,* where, at a depth of 164 feet from the surface, a fault-
fissure encloses a mass of clayey material containing boulders
of a black, soft, and porous rock, which can be identified as

* See Ktude sur les gites metalliféres de Pontgibaud par M. Lodin, Ingénieur-en-
chef des Mines. Annales des Mines, April, 1892, and *‘ The Lodes of Pontgibaud,”
by the wrjter, in Eng. and Min. Jour., August 11 and 18, 1894.
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pieces of scoriaceous lava. No such rock occurred elsewhere
underground ; and the boulders must have been portions of the
Quarternary alluvium which covered the outerop of the lode,
and fell into it at the time of its intersection by an open fissure,
which long post-dated the formation of the ore-vein itself. The
mines are in a district which has frequently been subjected to
earthquakes, and in the heart of a region formerly the scene of
great voleanic activity.

We must be careful, however, to distinguish between the for-
mation of cavities within the zone of the vadose circulation, and
their existence in ¢ the deep,” Where sulphide ores have their
origin.

Two examples may be quoted. The first is shown in Fig.
29, sketched November 25, 1895, in the stopes above the 800-
foot level in the Indiana mine, Gilpin county, Colo. The lode,
which is the California vein, in its extension westward from the
Hidden Treasure mine, is about 2 feet wide. There is no part-
ing or selvage separating it from the country. The latter is a
quartz—feldspflr rock, best described as granulite. Near the lode
it is seamed and sprinkled with pyrite, and suﬂimentl) gold-
bearing to be sent to the stamp-mill. The main pay-streak is
almost entirely composed of black zine-blende which, by candle-
light underground, contrasts strongly with its encasement of
light gray country. The upper part of the vein, in this particular
stope, consists of a breccia of zinc-blende, with an occasional
spattering of wall-rock, the latter so disintegrated as to resemble
gravel. At one point, A B, there is a shred of wall-rock lying
across the vein. Lower down there are a number of cavities
or vugs scattered among angular fragments of ore. It all looks
loose, like an old stope filled with ore that has been mined, but
the material is hard and difficult to detach without explosives.
Lower again, the vein loses both its cavernous and its brecciated
character, and consists of a compact body of blende. It may
be added that, even where the brecciation is most evident, both
walls are lined with a few inches of ore unbroken and firmly
attached to the wall-rock into which it gradates. The vugs,
when first found, were full of gas (CO,, probably) and the
miners suffered from bad air when working in ground of this
character. The pieces of blende are held together by a siliceous
cement, which also covers each fragment in the form of a gray-
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blue chalcedonic coating. It is alimost certain that the cavities
above described contained water, previous to the drainage of
the ground by the penetration of the level underneath.

Fig. 3

ANDESITE BRECCIA [_‘E NEPHELINE BASALT- VEIN MATTER
THE MOOSE VEIN, CRIPPLE CREEK, COLORADO.

Another instance is suggestive. In the Mammoth mine,
Pinal county, Ariz., already described, the granite in the east
cross-cut at the 300-foot level, north, has an extraordinary num-
ber of fissures partially occupied by broken pieces of rock, so
wedged in as to leave open spaces. The pieces are not of any
foreign rock, but are identical with the enclosing granite. Fig.
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30 is a reproduction from a sketch made on the spot, March 15,
1893. The elongated cavities, such as that illustrated, were
found full of water when first reached by the cross-cut; but
they became drained as the workings tapped them, and thereby
depressed the water-level of the mine.

This instance suggests why mining excavations collapse, and
yet a natural cavity underground might remain open. The
former contains unconfined air only, while the latter may be
filled with a confined and practically incompressible fluid,
water.

It is the usual experience in mining that when the abandoned
workings of a mine are flooded they are less likely to collapse
than when they are dry. This is due partly to the exclusion of
air, and partly to the sustaining power of the water itself, as
suggested by Mr. P. Argall, in the Eng. and Min. Jour., Sep-
tember 23, 1893, p. 314.

The formation of the hollow spaces occasionally seen in veins
is, I believe, in most cases subsequent to the ore deposition, and
may therefore have taken place at a time when erosion had
brought that portion of the vein near to the surface. The In-
diana section, Fig. 29, shows that the cavities have been pro-
duced by the shattering of a vein of zinc-blende already formed.
The only occurrence of later date is the consolidation of the
mass by the agency of water bearing silica, unaccompanied, so
far as can be seen, by the deposition of any metallic minerals.
In the Mammoth mine, Fig. 30, the blocks of rock wedged
within the cavities were coated with crystals of vanadanite and
wulfenite ; but there seems to be no connection between the
presence of these later minerals and the formation of the ore-
bearing parts of the lode. They are the result of secondary
processes, of which the upper part of a lode is the characteristic
zone of activity.

The vein in the railway-cut, cited above as a type, presents a
filling readily recognizable as simply altered rock containing
only an insignificant percentage of material foreign to the com-
position of the original granite. Nor is this an abnormal type
of vein-structure. The rich gold mines on the adjacent hills
atford numerous examples of this very kind of lode-formation.
(And incidentally I would say that I know of no mining dis-
trict which illustrates modern views on ore-deposition so clearly



VEIN-WALLS. 43

as does Cripple Creek.) Of such mines I would quote the
Independence vein, whose richness is such as to cause its com-
mercial value to obscure its scientific interest. It does illus-
trate very aptly, however, this part of our enquiry, because the
ore is so very evidently only altered country-rock. In 1893,
when the workings had not penetrated far from the surface, the
car-loads of ore sent from this mine to the Denver smelters
gave the impression that some one had blundered and either
shipped waste from a cross-cut or else switched cars of bal-
last into the place of loads of ore.” One could see that it was
the normal Pike’s Peak granite with its big pink feldspar, but

DRUMLUMMON MINE, MONTANA.

it required a trained eye to note that the mica had been largely
removed, leaving small iron-stained patches. It was ore by
ourtesy, because there was enough gold present to give it as
certain commercial value; but to the petrographer it was clearly
granite, not much altered and but slightly mineralized.

The vein leaves the granite and, going northward, penetrates
into andesite breccia. Its character remains the same; the ore
is still altered country-rock; only now it exactly reproduces the
structure of its new encasement, and the habit of the andesite
breccia is quite evident, although blotches of sylvanite and fluo-
rite may occasionally try to obscure it. The strike of the vein,
its width, its richness, all appear unatfected by the passage from
one formation into the other, while the change in the structure
of the ore is so marked as to render it easy for the observer to
know what is the enclosing rock without looking at the walls.
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In a ease such as this—and it is not abnormal—it is not ne-
cessary to suppose the original existence of an open cavernous
fissure since the material of the vein is the material of the rock
which was there before vein formation began. The vein follows
a line which became a path for metal-bearing waters. Minute
interspaces there probably existed, such as would be produced
by the crushing and slight dislocation of particles of rock lying
along a line of fracture; but a clear opening, a crevassing, such
as accompanied the origination of the dike, seems hardly
needed. :

Oceasionally, it is true, we do find veins ful] of minerals for-
eign to the encasing rock and so symmetrically arranged in
bands having a comb structure as to suggest to many investi-
gators that they were formed by successive crystalline growth
from the walls of a vacant fissure. Such, no doubt, would be
the interpretation given to the section of vein illustrated in Fig.
25. The reversed repetition of the quartz, rhodochrosite and
sulphides is evident enough; but the most striking feature to
me is the equal width of each of the two bands of the same
mineral. Each vein of mineral would seem to have been frac-
tured exactly in the middle previous to the deposition of the
next succeeding one.

This specimen, and numerous similar structures in the same
mine, indicate that the rhodochrosite was the first laid down,
replacing, in part at least, the crushed rvock which encased an
original line of fault-fissuring. Subsequently another fracturing
occurred, and this time the line of least resistance was the rho-
dochrosite itself, which, being homogeneous, broke down its
center. The shattered carbonate offered an easy prey to the
sulphide-bearing waters which laid down the blende and galena.
The presence of bits of rhodochrosite within the sulphide band
indicates that the substitution was irregular. Later, new dis-
turbing forces were at play and the vein was fractured not only
along its middle, as heretofore, but also along the lines of its
contact with the encasing rock. These fractures were healed
by the deposition of quartz, accompanied first by iron and cop-
per pyrite, and then by rich silver-bearing minerals, such as the
stephanite. The corrosion of the sandstone on the hanging had
on that side irregularly widened the vein so as to give it greater
strength; therefore the next movement, the last, took place



VEIN-WALLS. 45

along the foot-wall. This apparently resulted in nothing save
the crushing of some of the encasing rock and the formation of
a selvage whose removal produced the cavity which was so
striking a feature of the stope.

Another typical illustration of this structure is presented by
the Amethyst—ILast Chance vein (at Creede, Colo.) which is cer-
tainly a magnificent example of an ore-break.* The country-
rock, trachyte, has undergone multiple fracturing and ore has

Fig. 33.

NATURAL SIZE

DRUMLUMMON MINE, MONTANA.

been deposited along the division-planes so that there are walls
ad libitum. The regular ribbon-structure produced by the de-
position of agatized quartz in a sheeted rock is very beautifully
marked, and the same process of silicification is further evi-
denced in those places where the lode consists of breccia com-
posed of pieces of country covered by concentric layers of agate.
The lode itself is much wider than the pay-streak of silver-ore,
wvhich usually follows the foot-wall. On the hanging the boun-
dary between vein and country is fairly discernible; on the
foot less so, because for several feet beyond the ore there is a
red jasperoid which gradates into country.

* At Red Mountain, in Ouray county, Colo., it has been the practice to speak
of the veins (the Guston, Yankee Girl, and other celebrated lodes) as ‘‘ore-
breaks,”’ a break in the rock accompanied by ore—a term, it seems to me, much
preferable to ‘“fissure vein.”
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In the Enterprise example, Figs. 25 and 26, each succeeding
fracture occurred in the mineral deposit which had healed the
previous fracture. In other instances the mineral deposit ap-
pears to have proved harder than the encasing rock and the
second fracturing took place near the original one, but in the
goft rock rather than in the hard vein, thereby producing a

‘new break parallel to the first one, and close to it, causing a
repetition of vein-walls such as have already been described in
connection with the sections given in Figs. 1, 9, 10, 15 and 21.
Or there may be the production of companion-fissures forming
contemporaneous veins, such as are shown in Figs. 13 and 19.
Finally, the companion-fissures may be so multiplied as to cause
a sheeting of the country and the formation either of one vein
and several, subordinate, smaller and parallel to it, as in No. 15,
or of a series of ore-streaks united by mineralized country so
as to form one large lode, as seen in Figs. 5, 14, 17 and 31.

The evidence of a multiplicity of fracturing, whether succes-
give or contemporaneous, is the clue, I venture to believe, to
many of the anomalies of vein-structure. No district within
my knowledge so well illustrates this aspect of the inquiry as
Colorado’s' new El Dorado, Cripple Creek, in El Paso county,
where gold-veins occur as mineralized and enriched portions of
dikes, phonolite and basalt, traversing masses of andesite tuff
and breccia. Other types are observable, but these are to-day
the most characteristic. The mineralized rock forming the
vein and that less distinctly gold-bearing country which encloses
it, have been subjected to such multiple fissuring as to produce
a very marked division of the rock into parallel bands or sheets
which may be a fraction of an inch apart or several yards.
This structure can be seen no less in hand-specimens than in
blocks an acre big. The Moose vein, on Raven hill, is a fair
example. It is illustrated in Fig. 31, as seen October 27, 1895,
in the back of the sixth (or 350-foot) level. A is andesite tuft
and breccia, B CD is a dike of dark, blue-gray nepheline basalt,
subdivided into two barren parts, B and C, and one ore-bearing
portion, D. Native gold and telluride compounds (sylvanite and
calaverite) occur along the seams in the basalt where it is de-
composed and iron-stained. The pay-streak extends from E to
F, about 10 inches.

This sheeting or multiple fissuring was probably the result of
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shrinkage accompanying the cooling of the volcanic rock. The
fractures have a contemporaneity of origin quite distinct from
the successive ruptures discussed in conneetion with the ribbon-
structure of the Enterprise section. The latter were marked
by the precipitation of diverse minerals, while those of a Cripple
Creek vein are characterized by a similarity of mineral de-
position.

Cases also occur where there can be discerned a combination
of both these types of multiple fissuring.

A line of weakness, or even a region of weakness, once de-
veloped in the earth’s crust is apt to continue to be a line of
least resistance available for future fracturing. Even when a
quartz-vein is formed along a line of rupture, healing the break
and strengthening it with a substance harder than the rock-
walls themselves, we may suppose that the next break will take
place along the line of weakness presented by the imperfect co-
hesion existing along the plane of contact between the hard
quartz and the less resisting rock.

The gradual penetration of mineral solutions into the imme-
diately encasing country may finally obliberate the divisions
due to multiple fissuring. The sheets of rock separating one
from the other would be replaced by ore, and nothing might re-
main of the original structure save faint partings in the lode,
such as are less evident to the eye than to the hand of the
miner who instinctively uses them to assist him in breaking ore.

Thus, I believe, the collection of observations in various
mining districts tends to the modification of that idea of clean-
cut definition which accompanied the early ideas of vein-struc-
ture. The evident contact between two dissimilar rocks, such
as is seen along the walls of a dike, will be often found in veins
to be replaced by an indistinet gradation from mineralized to
unmineralized rock, originally the same but now rendered un-
like by the selecting action of chemical solutions.

We are justified, however, in putting some limit to the depth
of possible ore-formation, since that formation is dependent on
the presence of water. The record of the largest number of
careful observations has shown that as we sink into the earth
the increment of temperature is 1° F. per cach 48 feet of de-
scent. At this rate the critical point of water would be reached
at 34,704 feet or 6} miles from the surface. Where the tem-
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perature is that of the critical point(773° F.) water cannot ex-
ist as a liquid no matter how great the pressure, but becomes
dissociated into its gaseous elements. Moreover we are war-
ranted in believing that the thermometrical gradient becomes
more rapid at depths beyond those reached by human observa-
tion because of a decreased conductivity in the rocks, or as Pro-
fessor Prestwich, the best authority on these matters, puts it :*

““Taking into consideration the probable limitation of the percolation of water,
and the possible diminution of conductivity with increase of depth, if there should
be any alteration in the thermometric gradient, at great depth, it will be more
likely to be in the direction influenced by these more or less certain factors.”

Therefore, taking these conditions into consideration, we may
expect the eirculation of water to cease at 20,000 feet or there-
about. Butat the maximum depth the maxima of temperature
and pressure must obtain. It must necessarily be a horizon of
solution. Precipitation would hardly begin until a lowering of
the temperature and a lessening of pressure permitted it. The
deposition of ore is the direct result of precipitation, therefore
actual ore-formation is likely to be limited to a depth often of
15,000 feet.

It is not difficult to surmise why clean-cut fractures are not
necessarily most favorable to ore occurrence. In the Drum-
lummon mine, Montana, the distribution of the ore appears to
be connected with the change in the angle of intersection be-
tween the course of the veins and the strike of the slate country.
Most of the ore-bodies have been found where the course of the
veins (N. 16° E.) cuts the slates at an oblique angle and the
levels run out of ore when their direction is either at right an-
gles to, or conforms with, the strike of the country (N. 17° W.).

Fig. 32 is asketch made in one of the surface-workings of that
mine which illustrates in miniature the fact above noted It rep-
resents a small quartz-seam 2 inches wide, traversing the slates,
whose structure is very clearly marked by the color bands fol-
lowing lines of original sedimentation. Near the left of the
sketch the quartz follows a joint and becomes narrowed, while
where it crosses (along a line of slight dislocation) the country
it has irregularities and bulges which answer to the alternating
slate-bands. A rough, ragged fracture, when continuous, may

* Controverted Questions of Geology, by Joseph Prestwich, D.C.L., F.R.S., etc.,
Macmillan, 1895, p. 247.
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be expected to offer more surface to solvent action and more,
but not too many, obstacles to a rapid circulation of under-
ground waters. Its structure also means more opposition to
the closing in of the walls, because the irregular faces of the
fracture, when they come together, leave openings which, if not
along one section then along another, have intercommunica-
tion, and so permit of a passage which would be badly im-
peded, if not absolutely stopped, by the closing in of smooth
walls.

Fig. 33 represents, to actual scale, a piece of slate enclosing a
quartz-vein, which came from near the end of the 700-foot level,
also in the Drumlummon mine. It so happens that this is a
true illustration in miniature of what the lode itself is doing at
this point. The New Castletown lode, on which the level is
driven, is at this point cutting at right-angles across the bedding
of the slates and is barren of ore. In the hand specimen, re-
produced in the drawing, a quartz-vein, not quite half an inch
wide, cuts perpendicularly across the slate whose bedding is
rendered beautifully marked by dark bands. The vein has a
uniform width, it has regular well-defined walls guiltless of the
projections and bulges noticed in the previous illustration. It
may be only a convenient coincidence, but it is a fact that the
quartz in Fig. 25 was opalescent and destitute of other miner-
als while that in Fig. 24 was true ferruginous vein-quartz.

Thus underground work bears daily testimony to the close
dependence of ore-occurrence upon the geological structure of
the enclosing country, a relation, the importance of which Mr.
S. F. Emmons has done invaluable service by clearly stating in
more than one of his contributions to the Transactions. Want-
ing a proper understanding of the structure of the rock enca-
sing his vein, the miner gropes but blindly in a maze of tangled
phenomena until the geologist, by their proper elucidation,
gives him a light which dissipates much of the darkness ob-
scuring his progress underground.
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Subject to Revision.

[TRANSACTIONS OF THE AMERICAN INSTITUTE OF MINING ENGINEERS.]

THE BENDIGO GOLD-FIELD.

BY T. A. RICKARD, ALLEMONT, ISERE, FRANCE.

(Glen Summit Meeting, October, 1891.)

AMoxa the names which won a world-wide fame during the
golden age of the early fifties, Bendigo and Ballarat were to Aus-
tralia, what the Yuba and Grass Valley were to California. The
map of Victoria did not for a long time show the name of old Ben-
digo ;* for this first and more distinctive name was replaced with
the more English Sandhurst, just as the alluvial diggings gave place
to quartz mining. Towards the close of last year, steps were taken
to give back the old name, as associated with the early days of rich
allovium, and more suggestive than the application taken second-
hand from an English military academy.

HisTory.

The first discovery of goldt in this district, was made in the-
autumn of 1851 ; but there has never been any certainty as to the:
day or the man. At that time the country around Bendigo Creek was
a part of the Ravenswood sheep-run, and its resemblance to the
Forest Creek district (now Castlemaine), induced the first prospect-
ing. It was late in November when the “rush” broke out; the
shepherds left their flocks; the sylvan solitudes were disturbed by

* The name of Bendigo is said to have been derived from a hut-keeper on the
Ravenswood sheep-run, who on account of his fondness for * fisticuffs > was nick
named Bendigo, after the prize-fighter of that name. It is not aboriginal, as is
often supposed, but Spanish ; and eqnivalent to onr Benedict. There must always
be some confusion between the two names of Sandhurst and Bendigo ; the town, and
with it the gold-field, having been three times named. Several other old familiar
names have been likewise unfortunately replaced by second-hand English ones; so
that an old digger talks of Forest Creek when he means the modern Castlemaine
Mt. Ida for Heathcote, Growler’s Creek for Bnght etc. 1 shall use the names
Sandhurst and Bendigo interchangeably.

t Thefirstdiscovery of gold in Australia, was made by E. H. Hargraves, February
12, 1851, near Bathurst in New South.Wales. In Angust of the same yearthe dis-
covery at Buninyong, near Ballarat, inaugurated the first of a series of.rushes to
the Victoria gold-fields.

’
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2 THE BENDIGO GOLD-FIELD. .

.
the voices of the first “diggers ;” the green glades of Bendigo Creek
were ruthlessly uptorn by pick and spade; and the busy energetic
life of a young and thriving mining camp replaced the sleepy idle
routine of an out-of-the way sheep-station.

Since that date the gold-field has yielded over fifteen million
ounces of the precious metal, valued at more than sixty millions
sterling. Like most mining districts, it has passed through days of
severe depression and extreme inflation. Until 1854 the alluvium
only was worked. The pan and the cradle early gave way to the
paddling-tub, a machine more suited to the clayey character of the
wash. By reason of the limited supply of water, the long tom was
never very widely used. The highest output on record was reached
in 1853, when 661,729 ounces, valued at £2,6 46,800, were obtained
from the alluvium only. Long before the diggers were aware of the
real value of gold-quartz, they used to amuse themselves by break-
ing off specimens from the outcrops for decorative purposes.* Dia-
mond Hill owes its name to the beautiful specimens which its surface
yielded in the early days. Vein-mining or ¢ quartz-reefing” had
its inception with the discoveries made by Ballestedt on Victoria
Hill, which has now been pierced for a depth of over half a mile,
and is honeycombed with deep workings. From 1851 to 1862, the
quartz-mining industry had a chequered career; as will be readily
understood when the peculiar character of the ore-deposits has been
passed in review. In 1859 the first regular registration of a quartz-
minet took place. About this period the shallow alluvial deposits
became exhausted and, in the absence of deeper channels, the whole
energy of a very enterprising community was concentrated upon the
exploitation of the quartz-lodes. In 1862 the first limited-liability
company was brought out; and in the immediately succeeding years
the steady development of the field and the increasing knowledge of
the lode-structure were accompanied by an increasing gold-output,
which rose in 1870 to 241,380 ounces. The formation of numerous
companies which marked the early seventies, introduced fresh capi-
tal into the district, and thus led to great increase in the work done
in the mines, the output from which averaged at this time over
300,000 ounces per annum. But company-promotion soon devel-

* So ignorant, it is reported, were the pioneers of gold-mining in those days, that
many immigrants went to the rushes or mining stampedes with the idea that “ gold
in quartz” meant gold in quarts or pailfuls!

+ This was the Johnson’s gold-mine, which is still a rich prodncer, having
headed the dividend list for 1890 with £30,800.

.
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oped into a mania which rapidly did its evil work. Paper mining
replaced honest work, as it has done in many another mining district
before and since. A reaction set in; the gold-field saw its darkest
days; and a collapse took place which ended the wild speculation in
bogus companies and marked the commencement of a new era of
steady progress. The opening up of deeper ground and a renewal of
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rich discoveries, brought about a revival in the first years of the last
decade, which, accompanied as it has been by great enterprise, and
the intelligent development of the mines with a more accurate
knowledge of their ore-deposits, has enabled the Bendigo gold-
field to hold the first place among the quartz-mining districts of
Australasia, and to make its record unique in the statistics of this
industry. :
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To the members of the Institute, probably few mining districts are
less known, considering their importance, than those of the colony
of Victoria. The steamship, the railway, and the telegraph, have
linked together the most distant mining centers, Broken Hill and
Virginia City, Johannesburg and Grass Valley ; but the older gold-
fields of Australia have received but a superficial and passing notice
from the pens of standard writers. More particularly is this true of -
Sandhurst or Bendigo,* which shares with Ballarat the first rank
among the Australian localities of quartz-mining. This mining
center and its peculiar ore-deposits it is my purpose to describe,
from the notes of a recent examination. The time—three monthst—
was insufficient to enable me to give to the field the extended study
which it invited; and I would leave the subject to better hands, did
I not believe that the objects of our Institute are best carried out,
when its members place on record the different facts observed in
different countries, in order that a mass of observations may ulti-
mately be accumulated, which those best qualified may combine and
discuss. '

GENERAL DESCRIPTION.

At the outset a general description of the appearance of the gold- ’
field may be of interest. A very good view can be obtained from
the upper platform of the Old Chum poppet-heads,{ on Victoria
hill. The air is usually clear, and from this point of vantage one
can see a long way. The district lies among a series of undulations
which rise above the tame level of the surrounding plains. The
even line of the latter is further broken by several hills, marking the
granite bosses which penetrate the overlying slates and sandstones.
To the north, poppet-heads and tall red brick chimneys in long suc-
cession indicate the various great lodes or “lines of reef,”§ stretching
out to Eaglehawk, four miles away, while out in the distance be-

* Only the more recent works on gold-deposits contain any references, and these
are almost invariably inaccurate and misleading in their descriptions of the mode
of occurrence of the quartz. Lock’s Gold which is, generally speaking, a very
complete compilation on the subject, contains only one reference to Sandhurst,
comprised within a paragraph of a dozen lines.

T April, September, and part of Octcber, 1890, also a part of February, 1891.

1 “Poppet heads” is the English and colonial equivalent for the Western “gal-
las” or gallow’s frame, “ Three legs” and “heapsteads” are the names used in the
north of England.

% A “line of reef” is a reef or lode taken as a whole, The mines of Amador,
Calaveras, and Tuolumne counties would be said to be on “the same line of reef,”
viz., “ the Mother-lcde” of California.
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yond is the dark blue sea of the trackless bush,* broken in front by
the hills at Kerang and to the right by the promontory of the White
hills,# a name familiar to every Australian digger. White hills
they are no longer, for the “ cement” which covered the rich allu-
vium has become oxidized, and patches of red gravel-heaps have
replaced what was once glistening white. Between these and the
spectator lies the modern city of Sandhurst, its well laid out streets
lined with the English trees which have replaced the gums that
once covered the site. A wavering, blue, irregular line marks Ben-
digo creek, once flowing through the forest glades, but now mean-
dering past tailing-heaps and back.yards. Out beyond the town we

ITSANDSTONE === sLATE BraSX|QuARTZ
SADDLE.

can dimly see Mt. Ida, where Heathcote lies. Southward the suc-
cession of poppet-heads marks the auriferous belt. The engine-
houses of the South Bellevue and Eureka Extended mines indicate
the New Chum reef, on which there is operated to-day perhaps the
greatest series of deep gold-quartz mines which the world has yet
seen. A new church rises above Golden Square, the scene of some
of the first and richest of the alluvial diggings. The view is further
diversified by gray heaps of tailings, bluish piles of waste rock, gar-

* The forest of Eucalyptus, which at one time covered the whole of the habitable
portion of the Australian continent. i

+ The White Hills of Bendigo and the Black Hill at Ballarat are in the history
of Australian gold discovery what Mokelumne Hill in old Calaveras, and Table
Mountain in Tuolumne were to California, or what Ruby Hill at Eureka, and Mt.
Davidson at the Comstock were to Nevada. :
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dens and houses, among which is seen the sinuous curve of the rail-
way along which the Melbourne express is now coming. Further
south, in the distance, are the granitic slopes of Mt. Alexander, be-
yond which lies Castlemaine. To the west, clouds of sulphurous
smoke indicate the various pyrites-works, and a black line against
the blue sky marks the water supply flume, while immediately be-
low us are the gardens and house of one of the mine-owners,* an oasis
of pleasant green among the stern practical surroundings of mines
and mills.

Sandhurst or Bendlgo has a population of over 30,000 inhabitants,
several fine public buildings, and some very beautiful public gar-
dens. Tt is connected with Melbourne, the chief port and metropo-
lis of Victoria, by a double-track railway 101 miles long, cnnstructed
at a cost of £18,000 per mile.

STATISTICS OF PRODUCTION.

A few figures, taken from the annual report of the Secretary for
Mines, will indicate the size and importance of the Bendigo gold-
field. During the past two years the gold-production of the three
leading Australian colonies has been as follows :

No.of Average per

Ounces. Value. miners. miner.
£, £, s d
Victoria, 1889, . . 614,838 2,459,352 24,323 101 2 2
Ly 1890, . . 588,560 2,354,240 23,833 98 15 7
New South Wales, 1889, 119,758 434,070 10,192 42 11 9
¢ ‘ 1890, 127,460 459,086 12,182 37 13 8
Queensland, 1889, . 737,822 2,582,377 8,955 288 7 5
< 1890, . 600,000 2100,000 ..ccceier ciceriinieenens

The year 1889 was the first in which Victoria did not lead the
colonies, being surpassed by Queensland through the Mt. Morgan
mine, whose output alone was over 300,000 ounces. The marked
decrease in the yield of Queensland for 1890 is similarly due to a
decline in the output from Mt. Morgan. The explanation of the
Queensland average of £288 per miner, in 1889, is explained by the
fact that the most of the value of the product of Mt. Morgan in that
year found its way into the pockets of half a dozen men.

The yield of 588,560 cunces (1890) is the lowest on record in the
history of gold-mining in Victoria. There has been a gradual de-
crease during the past decade, mainly due to the exhaustion of the
more readily accessible alluvial deposits.

* Fortuna Villa, the residence of M. George Lansell.
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From 1851 to the end of 1890 the yield of gold from Victoria
amounted to 56,870,574 ounces, valued at £227,482,296, an average
per year of 1,452,761 ounces, the highest for any single year being
3,053,744 ounces, in 1856. Of this total, Bendigo has contributed
11,168,414 ounces, valued at £44,673,656. In addition, it is esti-
mated that the gold taken away privately to Melbourne and the
neighboring colonies, and not included in the government returns
for the district, will amount to 4,000,000 ounces, which would give
a round total of over 15,000,000 ounces, valued at over £60,000,000
sterling.

Victoria is divided into seven mining districts, of which the

== E&Z] QuarTz
FALSE SADDLE.

-most important are Ballarat and Bendigo, the former being the chief
alluvial center, while the latter leads the quartz-mining districts.
The total area of the Victoria gold-fields, 86,760 square miles, is
worked and prospected by a force of 23,832 miners; and the propor-
tion belonging to the two principal gold-fields is as follows:

Area in

8q. miles. Miners.
Bendigo, 5 o 5 o s 3 . . 5870 4,420
Ballarat, . . 1 . - % ’ . 95,180 6,249

While the mining operations in the Ballarat district are distributed
over an actual area of 40 square miles, and the boundaries include
such im portant centers as Clunes and Creswick, those of the Ben-



8 THE BENDIGO GOLD-FIELD.

digo district are practically concentrated upon an area of 21 square
miles within the adjacent townships of Eaglehawk and Sandhurst.
During the past 2 years the yield of gold has been:

Alluvial, Quartz. Total.™ "

Oz. dwts. grs, Oz. dwts, grs. Oz. dwts. grs,

Bendigo, 1889, 6,973 12 10 134547 8 21 141,521 1 7
¢ 1890, 3,293 3 18 134,671 10 11 137,964 14 5
Ballarat, 1889, 98,342 6 13 117,321 18 0 215664 4 13
gt 1890, 92,836 2 10 117,597 0 8 210,433 2 18

It is seen that, while Ballarat is the leading alluvial district, it
produees also a large proportion of gold from quartz,* while at Ben-
digo, on the other hand, the alluvium is relatively important. The
figures just given bear out the statement of the Secretary for Mines
that the diminution of the gold-yield is chiefly in that from the allu-
vial mines. In both the leading centers the yield from quartz has
slightly increased, while that from alluvium has considerably dimin-
ished. The average yield of the quartz per ton of ore crushed, dur-
ing the past year, was as follows :

dwts. grs.
Victoria (average of the seven districts), : : q .9 4
Bendigo, . c 5 s 5 . 5 o 3 . .9 5
Ballarat, . 5 5 Y 5 g s . 3 3 b~ A 0N
The average yield from pyrites and blanketings was:
- Total treated. Total yield. Average.
Tons. cwt. Oz. dwts. grs. Oz. dwts. grs,
Bendigo, 3 . 1,766 10 3,901 16 12 2 4 4
Ballarat, . . 2,148 0 5,196 19 7 2 8 9

The highest and lowest prices paid for the gold per oz. were, at
Bendigo, £3 17s. and £3 19s., and at Ballarat, £3 17s. 6d. and £4 3s..

While in the colony as a whole the number of miners is pretty
equally distributed between alluvial and quartz mines—11,470 in
the former to 12,363 in the latter—there is, in the two leading dis-
tricts, a greater disproportion; Bendigo having 949 alluvial and
3375 quartz-miners, while Ballarat has 2440 alluvial and 3677
quartz-miners. At Sandhurst there are 270 Chinamen, nearly all
engaged in surface-washing, while at Ballarat there are 736 Mon-
golians to 5508 Europeans. -

* At Ballarat, as the deep leads (alluvial) were becoming worked out, the crop-
pings of the quartz-veins were found in the bed-rock of the alluvium. Several
claims which have been rich in allaviom are now good quartz-mines.

e
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The Bendigo gold-field includes several scattered subdivisions;
but it consists practically of Eaglehawk and Sandhurst (or Bendlgo),
two distinct municipalities, forming one long straggling township,
somewhat after the manner* of Gold Hill and Virginia City, or
Blackhawk and Central City.

In 1890 the machinery employed in quartz-mining was thus dis-

tributed :
Steam- Machine Concen- Arras-
engines. Stamps.  drills. trators. tras.
Sandhurst, 4 . . 175 625 70 65 25
Eaglehawk, . 9 . 105 501 40 40 6

For the Bendigo gold-field as a whole, the numbers are as fol-

| Fig. 4.
OYKE NEW CHUM LINE
~4a GARDEN GULLY LIN 3
i M/ { — LINE HUSTLER'S LINE
NN \
i B N R
1 R

S

\/,\

IDEAL SECTION. Brodicy ¢ Potes Engrs. N.F.

3 SHOWING THE MAIN LINES OF REEF.

lows: Steam engines, 316 ; aggregate nominal, H.P. 6873 ; stamp-
heads, 1328 ; whims, 76; whips, 127 ; machine-drills, 128 ; con-
centrators, 105; arrastras, 82. The total value is estimated at
£478,611. Considering the size and yield of the district, the value
of the machinery is small indeed, when compared to that of a
Western American mining-camp, with its much larger and more
costly hoisting-engines, mills, etc.

* But the mining townships of Victoria are very different from those of the
great West. Ballarat, Sandhurst, Clunes, and Creswick are pretty towns, situated
in rich agricultural districts, and presenting none of that bare ruggedness which is
characteristic of most mining camps of Colorado, Nevada, and California.

e T s it
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The quantity and cost of the timber consumed for mining pur-
poses during the year were as follows :

Firewood,* 5 h - . 5 . 4 . 146,628 tons.
Props and cap-pieces, 3 n 5 3 § . 105,533 pieces.
Laths and slabs, Tt J 5 3 g . 80820 “
Sawn timber, . . . . 5 X 5 3 . 821,232 feet.

The value of this is set down at £63,856 6s. 6d.

Mining is carried on for the most part by companies, whose share
capital is invariably small and their reserve capital usually nil.
The tribute-system is largely in use, and, here as elsewhere, often
leads to the discovery of valuable ore-bodies. There are few private
mines, the most important of which belong to Mr. Lansell, a mine-
owner, the record of whose enterprise forms an important part of
the history of the field. A few small parties of miners, less numer-
ous than the future prosperity of the district requires, are engaged
in prospecting new grounds.

Operations are distributed among eleven approximately parallel
formations or “lines of reef,” of which by far the most important
are the New Chum,} the Garden Gully and the Hustlers. At
present the greatest activity prevails along the first-named which
has also been the most continuously profitable of the series. A
- notion of the extent of the field and its worthiness to rank among
the greatest of modern mining centers may be obtained from the
following statements. The New Chum lode has been worked from
Axe Creek to the Franklin mine in Sailors’ Gully, a distance of
fourteen miles. The Garden Gully has been followed from the
Suffolk Tribute and the Moon, beyond Eaglehawk, to the Great
Southern Extended, beyond Bendigo Creek, a distance of 7 miles.
The third great lode, the Hustlers, has been tapped at the Fortuna
Hustlers in the city of Sandhurst, and from there has been worked
as far as the King of Prussia, in Opossum Gully, which is 5 miles
away. So much for the extent of working along the strike. Down-
wards, the New Chum has been followed for a vertical depth of over
half a mile (2641 feet), the Garden Gully for over 2300 feet and the
Hustlers 2000 feet. . There are in Sandhurst 18 shafts exceeding in
depth 2000 feet. Several of these are still going down ; and of the

* Fifty feet of firewood equal one ton of 2240 pounds. Laths and slabs are the
same as what the American calls “lagging.” ;

+ “New Chum” is the colonial equivaleut of the Western “tenderfoot,” i.e., a
fresh arrival in the country.
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20 companies among which these 18 shafts are distributed, 3 are in
rich ore, 7 are breaking pay-ore, 9 are prospecting and 1 is idle.
Though the output has suffered during the past two years by
reason of the greater attractions presented by gambling in silver
shares at Broken Hill, Sandhurst contained during the past year 28
dividend-paying companies which produced 101,879 ounces 10 dwts.
(not including 7 tribute parties which were dividend paying),
enabling the payment of £149,381 17s. in dividends. The work
of the past year has shown an improvement as indicated by the fol-
lowing comparison. In 1889 the calls amounted to £137,489, the

Yoot
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SADDLES

dividends to £118,473, a balance on the wrong side of £19,016. In
1880 the calls were diminished to £111,142, while the dividends
increased to £149,38]1, leaving a profit of £38,239. During the
last 14 years the dividends have exceeded the calls by £1,101,836,the
year 1889 being the only unprofitable period. Roughly speaking,
during 1890 each ounce of gold was obtained at a cost of £2 10s. 8d.,
leaving £1 9s. 4d. as profit for the sharehoulders.

Out of the 28 companies which appeared on the dividend-list at
the beginning of 1891, the 20 whose records are obtainable show
that only four have failed to pay back the capital expended
upon them, and of these four, one is not yet a year old. The
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average total dividends of each of these 20 properties* amounts
to £81,947, the average nominal capital of each is £49,742,
while the average paid up capital is only £34,167. It is seen, there-
fore, that these 20 companies have returned in dividends nearly
twice the amount of capital called up for their equipment and de-
velopment. Further, it should be stated that the number under
consideration does not include several of the minest which have the

* The following list gives the detailed figures of the twenty companies which
were dividend-paying at the beginning of this year (1891).  The results are given
up to the end of 1890:

Nominal Paid u
Company. capital, capital, Dividends.

Catherine Reef United, . . 135,200 82,810 50,755
Fortuna Hustlers, . . . 14,000 3,500 2,800
Gt. Ex. Hustlers, . 5 . 68,000 62,050 419,200
Hercules and Energetic, . 60,000 8,250 74,625
Johnson’s Reef, . g . 78,000 72,100 223,950
" Lazarus New Chum, . . 67,500 63,187 67,500
Lazarus No. 1, 5 5 . 67,500 63,950 95,062
Lady Barkly, . . o . 24,000 17,400 58,315
New Chum Con, . 3 . 42,000 18,200 132,300
New Chum Railway, . . 36,890 28,589 52,078
New Chum United, 5 . 14750 8,850 66,375
North Old Chum, . : . 54,000 33,075 86,495
Rose of Denmark, . . . 24,000 4,800 63,600
Shamrock, . ’ 5 . 45,000 27,750 15,750
Shenandoah, . 3 g . 96,000 33,600 59,600
South New Chum, . 3 . 32,000 21,735 800
Specimen Hill United, . . 20,000 12,000 23,500
United Hustlers and Redan, . 48,000 19,200 114,000
United Devonshire, - . 28,000 9,800 21,700
Young Chum, . 5 . 40,000 32,500 10,550
Totals, . 9 . 994,840 623,346 1,638,955

Averages, . . 49,742 31,167 81,947

1 The greatest producers have been the following mines:
Called up
Name. agpital. Dividends.
£, £.

Garden Gully United, . . 3 ; . 21,642 667,796
Gt. Extended Hustlers, . ? o A . 62,050 419,200
Johnson’s Reef, i 5 9 3 - . 72,100 223,950
Gt. Hustler’s Tribute, . . . S . 61,200 620,200
North Johnson’s, . . : 2 . 31,850 148,625
United Devonshire, . ¢ 4 ¢ . . 8,244 224,000
New Chum Con., . : 5 3 3 . 18,200 132,300

There are many others, the totals of whose dividends is more than £100,000.
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greatest records, but have temporarily dropped out of the divi-
dend-list.

The instances of individual productiveness here have been sur-
passed in other parts of the world ; but it is doubtful whether in the
history of gold-mining there can be shown a better record in the
proportion of dividends paid to capital expended. The product of
the mines from tribute-parties is not included in the above list unless
especially mentioned. It is a matter of record, for instance, that,
including the product of the tributers, the Garden Gully United has
vielded over £1,000,000. The Kentish mine of the late I. B.
Watson is said to have yielded over £2,500,000; and another
private mine, G. Lansell’s “180,” has given magnificent profits to
its owner, as have also several tribute-workings; the records of which
are not accessible now.

To the Australian the name of Sandhurst is always associated with

Fig. 6.

INVERTED SADDLES.

the “saddle-reefs.” It was the frequent mention of these which led
me to visit the mines ; and it is the peculiar interest which they must
have for all geologists and mining engineers which has induced the
publication of these notes. Before discussing, however, these and
other matters of detail, a general account of the geology of the
district should be given.

GEOLOGY.

As will be seen by a reference to the map* of Victoria (Fig. 1),
the gold-field is situated near the northern edges of the exposure of
the Lower Silurian, which, a short distance further north, is over-
lain by Pliocene shales. The boss of granite at Mt. Hope suggests

* The geological map of a portion of Victoria which accompanies this paper,
was copied by me from the geological sketch-map in The Geology and Physical
Geography of Victoria, by R. A. F. Murray, the geologist of the Victorian govern-
ment.
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the deeper masses of crystalline rocks which also form the Mt. Alex-
ander ranges, dividing the Sandhurst and Castlemaine gold-fields.
The gold-mining distriets of Victoria are almost entirely confined to
beds of Upper and Lower Silurian age, of which Mr. Murray says :*
“ As surface or underlying rocks, they occupy the greater part of
Victoria from the sea-coast to elevations exceeding 6000 feet.”
They form the bed-rock of the alluvium the yield of which aston-
ished the world in 1851, and the country-rock of the quartz-lodes
from which that alluvial gold was derived. Selwynt computed their
total thickness to be not less than 35,000 feet. While the line of
division between the two horizons has not been found, certain differ-
ences in lithological character and fossil remains have led the Vie-
torian Geological Survey to refer to the Upper Silurian that portion
of the Silurian rocks lying east of a line drawn from Melbourne to
Heathcote, while the Silurian west of that line'is regarded as Lower.
It is in the lower horizon, which, according to Professor McCoy, cor-
responds to the Llandeilo Flags and Bala rocks of Wales, that the
auriferous deposits of Ballarat, Castlemaine, and Sandhurst{ occur.
In the upper are the Ovens district, the Buckland and Harriet-
ville. Again, to the latter belong the picturesque alpine districts, .
and to the former, the extensive plains diversified by low rounded
hills,

While there is a general similiarity in the mode of occurrence of
the gold, there are also some interesting differences in the habits of
the quartz-lodes in the two horizons. The auriferous deposits are
found traversing certain defined belts, which have a general strike
20° to 30° west of north. These parallel belts contain veins of
quartz which conform to the general strike, and which, like the belts
themselves, are separated by barren portions of country. My ob-
servations lead me to believe that the gold-veins of the Lower Si-
lurian are more often conformable to the stratification, while those
of the Upper are more frequently true fissures, traversing the country
at an angle to the bedding. R. A. F. Murray, the government
geologist, has noted that while the quartz-reefs in the Upper Silurian

* Page 33 of the book mentioned in the preceding note.

+ A. R. C. Selwyn, formerly head of the Geological Survey of Victoria, and now
occupying a similar position under the Canadiad government.

1 The fossils most common in the rocks at Sandhurst, are graptolites, particularly
stellatus, extensus and {ripedes, together with Sertuluria magna and vergata, Didymo-
grapsus, fruticosus and Phyllograpsus folium. In the weathered slate-beds they are
easily found, but underground, the dark color of the rock, and the development of
fine cleavage renders them difficult of recognition.
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may be fewer in number and smaller in size, they have, on the other

- hand, considerably exceeded hitherto, in their average yield of gold,
the reefs in the lower division.* Tt seems probable, however, that
the smaller number of discovered rveefs in the upper horizon is
largely due to the more mountainous and less accessible character of
the country in which they occur. In the few districts, such as
Bright and the Buckland, where there has been any considerable
amount of prospecting in the rocks of this division, large numbers
of parallel veins have been exposed. Their greater yield per ton
is accounted for by the faet that the ores of the mines in the Upper
Silurian are frequently so charged with sulpbides as to come under
the “refractory” class, necessitating the working of ore of higher
tenor than is required in the Lower Silurian, where the quartz is
usually of the simplest “ free-milling” type. This difference will
also serve to explain the circumstance, mentioned by the govern-
ment geologist, that all the largest nuggets obtained in the alluvial
mines of Victoria have been found where Lower Silurian rocks
prevail.

The Bendigo district consists, broadly speaking, of a belt of sand-
stones and slates of Lower Silurian age, abutting to the south and
west against the granite of the Mt. Alexander ranges and overlain
to the north and northeast by the shales of the Pliocene. The most
marked characteristic of these sandstone and slate beds is the extreme
bending, folding, and contortion which they have undergone,
accompanied, as might be expected, by a varying amount of fissuring
and faulting. The anticlinal and synclinal undulations are often
remarkably sharp and exhibit every gradation in extent, from a few
feet to miles, from a hand-specimen to those larger corrugations of
the earth’s crust which geologists name * ge-synclines” and ¢ ge-
anticlines.” The main anticlinal axes strike N. N. W. and S.S. E.,
but there are also transverse undulations which further complicate

" the geological structure.

THE REEFS.

The quartz reefs or lodes} conform to these folds in the country-

* The returns show that the average yield per ton is as follows :

Upper Silurian, Backworth, 13 dwts. 23 grs., Gippsland 15 dwts, 21 grs.

Lower Silurian, Ballarat, 7 dwts. 21 grs., Bendigo, 9 dwts. 5 grs.

+ The Australian calls a quartz lode or vein a “reef,” the Californian a “ledge,”
while in Colorado the word “crevice” often does similar duty. Throughout this
article I shall often use the colonial mining tern s, since they are usually expressive
and it would be difficult to find other names that are not also local.
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18 THE BENDIGO GOLD-FIELD.

rock, that is, the ore-deposits lie between and along the beds of slate
and sandstone, the anticlinal axes of which form the apex or cap of
the quartz- formatlons which are thus known as ¢ saddles,” while
the lower portions, called the “legs,” similarly dip east and west
with the inclosing strata. In like manner, in the direction of their
strike, the quartz-formations* pitch north and south conformably to
the longitudinal undulations produced in the anticlinal axes by the
transverse folds mentioned above.
The “ saddle-reef ” is the distinctive ore-deposit of the Sandhurst
“mines. The references to this most beautiful type of ore-deposit to
be found among the works relating to the distribution and extraction
of the precious metals, are both meager and inaccurate. In the
Colonies, it is true, one hears a great deal of these “Sandhurst sad-
dles,” such references being, however, for the most part very vague
and incorrect. In other mining districts, in the neighboring colo-
nies of New South Wales, Queensland, ete., the writer has often
heard this or that mine spoken of as containing ‘““a saddle, just like
those of Sandhurst.” On examination these proved in every case to
be different forms of the nrdinary junction of two lodes, not true an-
ticlines, producing however bodies of quartz which the old Bendigo
digger would promptly label as “saddles,” for the sake, perhaps, of
auld lang syne. 1 was beginning to fear that the saddle-reef as a
distinct formation did not exist at all; even at Sandhurst, until
underground, at the New Chum and Victoria mine, I saw for the
first time a type of ore-deposit which is perhaps the most interesting
of the many forms in which gold is known to occur. I remember
well my delight in recognizing the peculiar character of the lodes,
also my disappointment on finding that the ¢ west legs” did not
conform to the bedding, and then finally my relief when I saw that
in the latter observation I had confounded bedding and cleavage.
The cleavage in some parts of the field is so strong as to obliterate
the bedding ; and it is by reason of this fact that so many observers
have gone astray  In what is practically the only authority dealing
with Victorian mining—Brough Smyth’s Gold-Fields of Victoria—
there is a lamentable confusion upon this point. The difficulty is
further increased by the fact that there are ¢ false saddles,” one leg

* In the mines, the words “pitch,” “dip,” “underlay,” etc., are used indis-

criminately. I shall always use *“‘dip” to express the angle with the horizon, east
or west, made by the beds of the country or the reefs which are conformable to
them. “Pitch” will be used to describe the inclination north or south along the
strike of the quartz-formations.
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of which conforms to the stratification, while the other follows a
joint or some other cross-fracture in the country. Figs. 2 and 3
serve to illustrate the simplest type of true and false saddles. 1In
both cases the bedding-planes are indicated, while, to avoid con-
fusion, the lines of cleavage are omitted. In Fig. 2, A would be
called the cap or apex, B the west leg, and C the east leg. A cross-
cut passing through D would be said to be in “ center-country ;" as
soon as the dip of the beds became distinetly east or west the cross-
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cut would have penetrated into “east ” or ¢ west country.” In Fig.
3, A A illustrates a fissure, sometimes a fault, sometimes only a
joint; D D is the ore formed along this line of fissure, while B is
the body of quartz formed at its junction with the bedding-plane
C C, which carries another vein of quartz. When a formation like
this is further complicated by a few minor faults and the develop-
ment of a strong slaty cleavage at varying angles, it is very diffi-
cult to determine correctly the true facts of the case ; and the quartz-

body may be mistaken for a true saddle, that is, an anticline of
quartz.
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The mines are located along the various “lines of reef,” which
are coincident with the surface-exposure of the quartz formed along
the anticlinal axes. The general dip of the country (as distinguished
from that of the individual beds comprising it) is eastward; or, as
the miners put it, ¢ center-country dips east.” The following state-
ment illustrates this point. Three mines (they happen to be three
famous producers) are taken approximately opposite each other on
the three great lines of reef—the New Chum, the Garden Gully, and
the Hustlers. In the accompanying table, the third column gives
the average strike of the anticline which forms the “line of reef)”
and the fourth the pitch of the quartz-formation at the depths indi-
cated in the brackets. The last colamn gives the dip of ¢ center-
country” as determined from the figures given in columns 5 to 8.
Taking the saddle as similar to the roof of a house, the third column
gives the angle which the ridge makes with the meridian; the fourth,
the angle with the planeof the horizon; and the last column, the in-
clination of its axis when it is slightly tilted to one side.

Table showing the Principal Features of the Main Saddle- Formations.

|
{

SHAFT.

Line ot Reef.
Ave. Strike.
Average pitch
of formation
Distance of
center-country
from Shaft.
Distance of
center-country
from Shaft.
Average dip.

{

[ Depth.
\ I Jepth.

180" Mine... ‘\ew Chum.. !21" W.of N. 1 in 6 (at 2500 ft.) 560 65 ft. W. r’a()O 70 ft.E.|1in14
|
Victory and Pandora GardenGu]]y'Zs° W.of N.1in 6 (at 650 ft.) 140l 9 ¢ ¢ 12160 130 « ¢ lmh

Gt. Ex. Hustlers......... Hustlers........ :35° W of N. 11n 5 (at 1800 ft.) 200(80 « « 1800 160 * '1in (374 |
| | ‘

At the 180 ” mine, for instance, the strike of the Chum forma-
tion is 21° W. of N, the pitch of the saddle at the 2500-foot
level is northward 1 in 6, the dip of center-country is east about 1
in 14. The last is determined thus: at the 560-foot cross-cut the
center country is 65 feet west of the shaft, while at the 2500 it is
70 feet east of the shaft, so that it has travelled eastward 135 feet
in about 1940 feet, the general dip of the country having taken from
one side to the other of this particular shaft the series of beds inter-
sected by it. The ideal section, Fig. 4, represents the structure, and
shows how, the general trend of the country being to the east, any
one of the deep mine-workings will intercept, in succession, many

saddles, some of which will prove gold-bearing and some barren.

It will be wnderstood that only the gold-bearing ones of the series
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are developed in a manner permitting their proper examination.
One mine may have only two gold-bearing saddles, while another
may have exposed a dozen or more.* As soon as one formation has
been worked out, when the legs intercepted by the deeper cross-cuts
are found to become too small or too poor for profit, prospecting is
renewed until another gold-bearing saddle is cut. Its apex may
occur between the lower portions of the legs of the last saddle or it
may not be found for 200 or 300 feet deeper. Deeper, not further
east or west on the same horizon ; for the working of the mine has

Fig. 13
e PNE g1

222 ano LAZARUS.

shown that a gold-bearing succession of saddles will go down in
step-like gradations, each succeeding one being slightly eastward of
the one above it (see Fig. 5). This simplicity of arrangement is, of
course, much complicated, sometimes utterly destroyed, by faulting,
and by the formation of irregular bodies of quartz that may be rec-
ognized occasionally as imperfect saddles. '

* In the New Chum and Victoria mine, for instance, as many as 30 saddles
have been passed through from the surface to 2300 feet. In the “180” mine, five

have been discovered and explored, of which number three have proved profitably
auriferous. >
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As would be expected by the geologist, these anticlines alternate
with synclinal undulations ; but this fact has been recognized by few
of those engaged in the development of the field, though it is a point
of paramount importance to the proper conception of the mode of
occurrence of the quartz. The explanation of this neglect is that
exploration has been confined, particularly in the deep mines on the
New Chum reef, to -a narrow strip of country in the immediate
vicinity of the great anticlinal axes; and, though it is known that
quartz lodes occur, for instance, between the New Chum and Garden
Gully lines, these ‘side-lines,” as they are called, have been
neglected,* and it is in that portion of the country that the synclines
would be situated. Where extensive faulting has taken place, these
synclines are to be seen in the workings of some of the mines on the
main “lines of reef.” In the Confidence Extended, for instance, I
observed some small “inverted saddles,”” as also in the Hercules and
Energetic. In both cases there is reason to believe that a dislocation
has brought a portion of the west country into line with one of the
chief anticlinal axes, in the one case the Garden Gully, in the other
the New Chum. A good instance of the more frequent occurrence
of “inverted saddles” is presented by the Great Britain mine, located
on the Carshalton reef, a ‘“side-line” west of the New Chum. Fig.
6 illustrates it.

The distribution of the gold in the quartz of the saddle-reefs
shows great variations. In a given formation in one mine the cap
or a portion of the cap only will pay, while on the same formation
in a neighboring claim the cap and west leg may yield good returns,
or again both legs may prove gold-bearing while the cap is barren.
The quartz-bodies do not extend uninterruptedly along their strike ;
their continuity is broken by overlappings or disturbed by faults.
Ditferent local changes in the structure of the country give very
different shapes to the enclosed formations.

The most extensive ore-body and the greatest yield of gold from
any one formation is claimed by the Garden Gully line from a saddle
which traversed a group of mines (of which the Garden Gully
United and the Victory and Pandora were the chief producers), at

L

* Since writing the above, and during a later visit to Sandhurst, I learn that the

recent legislation as to mining on private property, together with the notable suc-

cess of the New Red, White and Blue Consolidated, which is on a “side line” (the

Sheepshead), has caused the beginning of active exploration on these subsidiary

formations, this exploration being due, as has often been the case in this gold-field
to the enterprise of Mr. Lansell.
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a depth of from 600 to 700 feet from the surface. In the Garden
Gully United alone, it was worked for 646 yards along the strike
during 14 years, and yielded 13 tons of gold. For continuous pro-
ductiveness, most numerous succession of gold-bearing formations,
and greatest underground development, the New Chum ranks first.
One can walk underground from the Victoria Consols to Golden
Square, through the continuous workings of 21 mines, at a depth of
from 1800 to 2000 feet, for a distance of 2 miles. The average num-
ber of “payable” saddles in any one mine on the New Chum line
from the surface to 2000 feet, would be not far short of ten; on
the Garden Gully the gold has been practically confined to two for-
mations. The Hustlers line had its greatest development in the
Great Extended Hustlers, the Hustlers, and the United Hustlers and
Redan. It has been worked less extensively than the other two main
lines of reef; but its known extent is great, and it should prove an
important producer in years to come. Of the various formations to
be seen in the mines of Sandhurst at the time of my inspection, the
largest, -most extensive, and most profitable was that on the New
Chum lode between the New Chum railway and the “180” mine.
It extended through 14 different claims (see Fig. 7), a distahce of
2400 yards, and was intercepted at depths which varied from 1600
to 2400 feet. I saw the development of this formation in six of the
Inines through which it passed, and, with the aid of drawings repro-
duced from sketches made underground, I will endeavor to describe
the different modes of its occurrence.

Tue New Cuum RAiLway MINE.

The most southerly mine on this great body of gold-bearing
quartz is the New Chum Railway, which, on account of the good
returns obtained from this formation at 2025 feet depth, is often
quoted in the Colonies as an example of deep gold-mining. From
this company’s ground the formation rises towards the Shenandoah,
where at 1990 feet* the west leg was being very profitably exploited
at the time of my visit. In the breast of the level and in the slopes
overhead, the reef is seen to be notably laminatedt and very well
defined. As the cap is approached the walls remain as before, but
the quartz becomes broken, dead-white in color, and with a splintery

# It will be seen that between the New Chum Railway and the Shenandoah, the
back or anticlinal axis of the formation pitches about 100 feet in 600.

+ In Amador County, Cal., this would be called “ribbon-rock.”” In both Cali-
fornia and Australia such a structure is considered a favorable sign.
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fracture at right angles to the walls. The cap or apex of the saddle
is poor, while the east leg soon gets small, and is never “ payable.”
Figs. 8,9, 10, and 11 illustrate the peculiarities of the formation.
A indicates sandstone, B slate, and C quartz. Fig. 8 shows the west
leg at the bottom level. The lode is about 7 feet wide, and consists
of beautifully laminated and mottled stone, carrying visible gold.
There is about 4 inches of selvage* or “dig” on the hanging-wall,
shown at E. Fig. 9 shows the same lode at the north end of the
drift. It is here about 2 feet wide, closely laminated, but poor.
This is explained by the fact that going northward the level gets out
of the ore-shoot, which is rising overhead, pitching south. The
“spurs” or feederst going off into the center-country are a common
feature in these mines. Fig. 10 illustrates the west leg a-few feet
below the turn-over of the saddle. The quartz, which is white and
barren, shows included fragments of country-rock (D). Fig. 11
gives a general view in cross-section of the formation. The richest
ore was found along that part of the west leg which is marked by
crosses (to the right of N). The distance from M to N is 120 feet.
In the cross-cut, 60 feet below the cap of the saddle, the legs are 90
feet apart. Center-country consists of beds of hard sandstone, sepa-
rated by thin slate partings. A winze sunk below the cross-cut has
intercepted another small saddle, whose axis is a few feet eastward
from that of the main formation.

TaE NElW CHUM CONSOLIDATED.

The next minef in which I studied this formation was the New
Chum Consolidated. Between this mine and the Shenandoah the
formation undergoes a change. While it pitches south in the latter
(as we have seen), it turns over in an intermediate mine, Craven’s
New Chum, and begins to take a northerly pitch, which character-
izes it in all the remaining mines through which we shall follow it.
It is scarcely necessary to add that in the exploitation of the mines
it is found that the back or anticlinal axis of the formation has not

* “ Dig” and “pug” are the names given in the Colonies to that which an
American calls “gouge,” a Cornishman “hulk ” and “ fluccan,” and which in the
text-books is termed “selvage.”

1 Irregular cross-veins of quartz, which are found traversing the country in all
directions, are called at Sandhurst “spurs”—a good name, and almost equivalent
to the “feeders” and “droppers” of other districts. The short-lived, flat seams
are often called “floating spurs.”

1 See the plan, Fig. 7, of the mining properties referred to.
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that unswerving regularity which a general description might lead
one to infer, but is frequently broken by faults, and presents over-
lappings, which, however, do not prevent it from keeping a general
easily-recognized inclination.

In the New Chum Consolidated, the formation has undergone
several changes, as compared to its appearance in the Shenandoah,
and one would be led to believe that it consisted here of three sad-
dles, one above the other. If I read the facts correctly, there is
only one, which corresponds to that seen above the 1990 cross-cut
in the Shenandoah. At the mine, one is told that there is one con-
tinuous west leg, with three east legs; but it seems to me that it
would be more correct to consider the lower two legs as “spurs”
from the west leg into the center-country, after the manner of the
veins shown in Fig. 9. By Fig. 12 it will be seen that the bend of
the saddle is very sharp, and that below the 1770-feet cross-cut there
is a break or fault. Center-country, as in the Shenandoah, is hard
sandstone, with traces of a westerly cleavage, while the bed overlying
the quartz is slate, which in the 1683-feet cross-cut, west of the cap,
shows a very strong cleavage of about 60° east. This has been
mistaken for bedding, so that one is. told that the saddle is east of
center-country, and that the west leg cuts across the stratifications.
It is frequently the case that in the immediate vicinity of the saddles
the cleavage is so developed as to hide the bedding-planes.

The richest quartz, or “ best gold,”* was found on the west side
of the lower part of the cap, as indicated by crosses in my sketch.
The quartz of the stopes is generally very white and the gold com-
paratively fine. Near the lode there is a casing of black graphitic
slate, which is highly pyritiferous. In conclusion, it may be noted
that in this mine six saddle-formations have been discovered, from
* the 1240 down to the 1810-feet level.

LaxseLy’s € 222" MINE.
Leaving this mine, to which I hope to refer again as being one
of the best-equipped and best-managed properties on the field,
the next claim northward which T visited] was Lansell’s ¢ 222,”§

* The Australian talks of “fair gold,” “good gold,” * best gold,” etc.,, meaning
that he is getting a fair amount, a good amount, ete., of,gold in the quartz; or, as
would be said out West, ¢ fairish rock,” “ good dirt,” the ¢ best ore,” etc.

+ My best thanks are due to Mr. James Boland for his courtesy in guiding me
through the mine, etc. ;

i The New Chum United lies between the New Chum Cons. and Lansell’s ¢ 222.”

4 The claim is about 222 yards long, while, similarly, the famous * 180 mine is
180 yards long. Both are the private property of Mr. George Lansell.
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30 THE BENDIGO GOLD-FIELD.

which communicates underground with the Lazarus mine, so that
it will be convenient to consider both togethem. In these two
mines the overlying beds have been bent, with the result that the
arch of the saddle is broken, and a long neck of quartz marks the
fracture. At times, the formation looks like an ordinary junction of
two lodes; and the highly developed cleavage would make it, re-
garded alone, difficult to unravel. At the 1900-feet level in the
222 the legs are only 20 feet apart, approaching each other
overhead so that both are worked in one run of stopes, the heading
of which presents the appearance of a big lode divided by a  horse ”’
of country. The quartz itself ds from 5 to 20 feet wide, enlarging,
of course, near the cap of the saddle. Between the legs the country
is quartzose, and much broken up by a ramification of spurs which
with the cleavage obliterate the bedding. The cap forms a long and
narrow neck of ore, which extends for 81 feet above the level, break-
ing up into spurs and irregular bodies of quartz at its upper end.
The formation at this level pitches north 1 in 10.

Tae L.azarus MINE.

In the Lazarus, the cap of the saddle, forming here also a narrow
neck of quartz, was followed down by the shaft from 1850 to 1960
feet, and proved “ payable ” most of the way. In the illustration
(Fig. 13) A is sandstone, which, near the saddle, is cut up by spurs
(as is usually the case where center-country is sandstone), but in the
2000-feet cross-cut is hard and clean. B isslate, the cleavage of which
is highly developed. The arrows (at E and W) indicate the bedding,
while the slanting lines mark the cleavage. E (at the top of the
Fig.) is at 1889, and D at 1960 feet below the surface. C is the
main body of ore, which is frequently disordered by minor faults,
such as « and y. That marked y, for instance, carries crushed quartz
3 to 4 inches wide, accompanied by softer materials (fluccan or sel-
vage). The spurs, indicated in A, show gold near the main lode.
Both legs and the cap have been profitably worked, the gold in the
legs being very coarse, more especially in the “ west reef,” where
pieces weighing from 1 to 3 ounces have been obtained. The quartz
itself is dead-white, with a splintery fracture, and when broken
rattles like fragments of porcelain. There is but little pyrites present,
and it is noteworthy that pyrites is generally absent from that part
of the lode which carries the coarsest gold. Below the formation
another saddle has been discovered, which may possibly be that which
was described as cut by the winze below the 1990-feet level in the
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Shenandoah. In Fig. 11 this “ make of stone ” is shown. It is sep-
arated by 20 feet of sandstone from the main saddle; it is more
regular than the upper one, and its west leg carries “fair gold,”
while the eastern is poor.

Only two paying formations have been intersected in this mine
in the last 1000 feet of sinking (that is, below the 1000-feet level),
namely, the saddle at the 1750, and that at the 2000-feet level above
described. In that portion of the mine below 850 feet, twelve for-

Fig. 34.

mations have been cut, most of which showed some gold; but the
two above mentioned have been much the most productive.
The following list may be of interest:

Saddle cut at Remarks.
850 feet, . s 5 . . 3 o b : . “ payable.?
930 ¢ . 5 . o 3 . ’ 5 . . . nogood.

1040 ¢ . . 3 . . 5 : . . . no good.
1160 “ . s : 3 e 8 0 5 . nogood.
1240 ¢ | 4 7 dwts. first crushing, followed by a 4 dwt. yield.
1968484k 4 . X i g . 6 . . mno good.
1436, 54 f : - s 4 " s 3 . no good.
1630 “ . : 5 3 3 : A . small, not payable.-
1750.2%" y.ao v n i s 3 e el e A 2 good.
1790, 55, u¢ g s o o . 0 v 2 3 poor.
1837 . . 5 g . 4 P broken, poor.

1889 to 2000 feet, . o 2t G g . . . very good.
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Tae NortH OLp CHUM MINE.

Next to the Lazarus,* is the Old Chum, which I did not visit,
and then follows the New Chum and Viectoria, which was not
deep enougnt to cut the formation which we have been following
through the different mines. Then follows-the North Old Chum,
where, at 2290 feet, the main formation has been profitably devel-
oped. A cross-cut at that depth cut the west leg at 70 feet from the
shaft, and 45 feet further intercepted the east leg. A lava dyke
about 4 inches wide is seen 24 feet east of the west leg. The west
reef has been driven upon for about 20 feet each way. In the
north end it was 8 feet wide, with clean walls, carrying coarse} gold,
easily visible in the quartz which had the same dead-white color
and curious fractureé as that of the Lazarus. There were to be seen
patches of mineral (mostly arsenical pyrites) arranged along the black
lines formed by some included slate. From this drift, during my
stay in Sandhurst, was broken stone which gave “ the deepest divi-
dends” on record for the Southern hemisphere.§

In the south end the lode was smaller, as would be expected, since
the saddle pitches north. The width was 2 feet in the face, and the
back of the level showed coarse gold, the quartz being similar to that
of the north drift and accompanied by 2 inches of black clay or
“dig.” The banging-wall, as heretofore in the other mines, is seen
to be slate, while immediately under the foot-wall there is “ cordu-
roy ” or closely alternating thin beds of sandstone of varying hard-
ness and composition. Near the lode the country shows coarse

pyrites, arranged with no apparent regularity.

" The east leg had not been driven upon when I saw it; but since
then it has been developed and has given good stone.

When the north drift from the 2290-feet level in the North Old
Chum has been driven 300 feet further, it will connect with the
2300 feet level in Lansell’s “180” mine,|| the deepest in Australia.

* ] take this opportunity to thank the mine-manager, Mr. T. Whitford, for his
courtesy in taking me through the workings.

t Since my visit the shaft has been sunk and the reef cut at 2260 feet.

1 The coarse character of the gold is indicated by the yield of 223 oz. of gold
from only 341 oz. of amalgam.

¢ For the week ending September 13, 1890, it yielded 223 oz. 9 dwts. from 141
tons, which result enabled a sixpenny dividend to be paid. The depth was 2290
feet. ¥

|| The opportunity is offered me in this connection to express my great obliga-
tions to Mr. George Lansell, the man who has done most to develop the Sandhurst
gold-field, for assistance given me in visiting the mines, as well as for valuable
information regarding mining and milling in the gold-field.
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In this mine the crown or cap of the saddle is cut by the 2200-feet
cross-cut, 80 feet east from the shaft, showing a width of 12 feet of
quartz. At 43 feet a dike is cut. In the 2300-feet cross-cut the
west leg is cut at 58 feet, while the east leg is seen, broken up and
irregular, at 130 feet. The dike is cut at 56 feet. In the 2400-
feet cross-cut the west leg is 8 feet east of the shaft and the dike 46
feet. In the 2509-feet cross-cut this formation has not been cut, but
the west leg of another saddle is formed at 48 feet east, the corre-
sponding east leg being at 81 feet. The dike is at 58 feet. In the
2600-feet cross-cut the same dike occurs at 56 feet. The cross-sec-
tion (Fig. 14) illustrates these formations. The dikes, one of which

is shown in the section, are a most important and interesting feature
of the mining at Sandhurst, and will be referred to frequently.

TrHE “180” MINE,

In the “180” mine we see the furthest northern development of
the great saddle which we have followed through several mines and
which is first cut by the New Chum Railway. In the “180” mine
it has not been opened up much; but at 2400 feet, in the south
level, it forms the deepest gold-bearing quartz now worked in the
colonies. The west leg, the only portion of the formation which is

worked at present, shows about 1 foot of very beautifully laminated
3
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quartz. The quartz is brittle and flaky, the gold coarse and associ-
ated with a good percentage of iron pyrites and zinc-blende. On
the hanging-wall there'is a black graphitic slate which carries a note-
worthy amount of mundic. The foot-wall shows cross-joints about
30 inches apart and nearly at right angles to the strike. The coun-
try is “corduroy,” similar to that noted in the North Old Chum,
and carries pyrites near the reef. The cleavage is highly developed,
and to the east (about 60 feet) in the cross-cut, it obliterates the
bedding, though the latter is to be distinguished with difficulty to
the east near the east leg and to the west near the west leg. Be-
tween them the country is broken up and penetrated by the dike,
which bas a slight easterly dip.

The illustrations represent other interesting features of the “180”
mine. Fig. 15 shows the point where the lava dike, about 8 inches
wide, strikes the top of the saddle above the 2500-feet level. The
arrows indicate the bedding; the slanting lines, the cleavage; E is
disordered country. The dike T appears to be cut off, but it finds
a passage in a plane other than that in which the section is taken.
A is broken sandy rock. O and C are fragments of the cap. Fig.
16 is taken in center-country at the 2500-feet level. The dike T
. (here 10 inches wide) cuts through the spurs preparatory to taking
a more regular course conformable to the bedding. In Fig. 14,
already referred to, the dark line indicates the dike, which, though
it rarely exceeds 9 inches in width, has been traced through the
half-mile of workings from the surface down. It can be seen in the
2600-feet cross-cut and it is a noticeable feature of a surface cutting,
a sketch of which is reproduced in Fig. 12. Iig. 17 shows the dike
T where it forms a division in the quartz of the west leg (of the
2500-feet saddle) and carries included pieces of quartz, D. In this
figure B is slate, A is slaty sandstoune, and C is quartz. Fig. 18
shows a fault, the throw of which is about 7 inches, as seen in the
2400-feet level. The sketch explains itself.

The underground workings of this very interesting mine* have un-
covered five saddles, of which the oneat the 2400-feet level is the third
‘“ payable”” one. The other formations were cut at 560, 1560, 2000
and 2200 feet respectively. The east leg of the 2400-feet formation
is the longest east leg in the mine, 40 feet. The longest west leg
was worked from the 1600 to the 1870-feet level. The cap of the

* Mr James Northcote, the mine-manager, gave me a great deal of thisinforma-
tion and in many other ways assisted me in my examination of the gold-field.
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560-feet saddle was the most payable portion of that particular
formation. The east leg was short-lived, the quartz pinching, while

-the wall or “back” continued. Generally speaking, the west legs

are the strongest and most auriferous in this, as in most of the
saddles of the New Chum line of reef. No considerable body of
gold-bearing stone has been worked below 1870 feet.

Barren quartz is rarely met with, but some is not of paying grade.
From 1560 to 1870 feet was worked the great saddle-reef of the
% 180” mine, there being a large body of stone or ore of extraordi-
nary richness on the west leg of the formation, which was first cnt

A

at 1560 feet. The deeper levels show no change in the character of
the country, and no large influx of water* hinders further sinking.

RECAPITULATION.

This concludes that portion of my notes which refers to the series
of mines in which is to be seen the main saddle-formation of the
Sandhurst of to-day. It may be taken as typical of the great runs
of pay-quartz from which the field has obtained most of its gold.
During the time (the four weeks preceding October 13th, 1890) in
which I inspected the larger number of this group of mines, the re-
turns were as shown in the accompanying table.

* The quantity of water hoisted is 3000 gals. per 24 hours.
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1st Fortnight, 2d Fortnight,

2
5
ending Sept. 27, °%0. | ending Oct. 11,°00, | For the Month. é‘

MINE.

New Chum Railway..... 527 474 1 512 643 1 1039 1117! 2 | 2025

Shenandoah.....ccerour 38 | 479 3 365 | 879| 1 | 750 858 ' 4 | 1990
North Shenandoah...... 209 95 | 10 145 | 00| 4 | 8547 195 | 14 | 1900
Young Chum.............. 108 5| 5 160 56| 14 | 268| 101 19 | 1400
New Chum Con.... 736 [ 532 | 12 757 | 878 | 2 | 1493 | 910 14 | 1850
New Chum United....... 416 17 | 11 420 72 8 836 | 189 ( 19 | 1850
Lansell’s ¢ 2227............ 00 ) | st Y i 98 88 1 0 | 1900
A ZATIIEL GO e ssesikrapsieses 23t | 163 | 17 210 | 336 11 | 441| 400 | 8 |1960
Lazarus NO. Loveceennn| 256 52| 7 249 | 188} 18 | 505 | 191 | O | 1960
North 0ld Chum.......... 181 | 73] 1 279 | 241 | 10 | 460 | 895 | 1 | 2290

Ten mines are included in this list, there being no crushing from
the “180 " mine for this particular period. The returns for the
separate fortnights are given so as to show how far the yields vary.
Nine out of the ten are dividend-paying properties at the present
time, and the figures show that the average yield is 444 oz. 16 dwt.
from an average output for the month of 624} loads,* these results
being obtained from workings whose depth is 1912} feet from the
surface. This is a good record for deep quartz-mining.

OrHER UNDERGROUND PHENOMENA.

Before proceeding to describe the underground phenomena ob-
served in others of the mines it will be well to refer again to the gen-
eral structural geelogy of the district. Immonst quotes a saying
of the geologist Von Groddeck that the understanding of the true
character of veins can only be arrived at by study of the structure
of the region in which they occur. Of no mining district can this
be said more foreibly than of Sandhurst. As we have already seen,
the gold-field is situated among the highly contorted folds of the
Lower Silurian slates and standstones. The fissuring which is the
accompaniment and result of extreme contortion has led to the pro-
duction of very diverse forms of ore-deposition. We have seen
something of the saddles and synclines (troughs or inverted saddles).

* A load is equal to 25 ewt. (avoirdupois, at 112 pounds) of ordinary ore, or 30
to 35 cwt. of concentrates. ;
+ “The Structural Relations of Ore-deposits,” Trans., xvi., 804.

Loads. | Ozs. |Dwts.| Loads. | Ozs. |Dwts. L’ads| Ozs. Dwts.| Feet.| -
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For reasons to be discussed in the sequel, the latter are neither so
extensive nor so productive as the saddles proper. In addition to
these two very beautiful types of ore-deposition, there are in the
Sandhurst mines good examples of almost.all the best recognized
forms in which gold-quartz is known to occur. When the parting
between two adjacent beds has been a line of movement, the distinet
division as produced in the country is recognized and named a
“back.” Tt is usually accompanied by a smooth wall forming the
surface of the harder of the two beds, and by more or less black
selvage or gouge, resulting from the abrasion to which one of
the two beds has been subjected. Sucha back ” offers facilities for
the deposition of quartz by the waters to which it gives a ready
passage. A “back ” accompanied by quartz, whether a mere thread
or several inches in width, becomes a “leader,” the word referring
more particularly to the quartz seam which serves as a guide in
prospecting the ground. Such a deposit would come under the
category of “ bed-veins.”

Another very common, often also very extensive and profitable,
formation is locally known as a “ make of spurs.” It consists of a
network of quartz-veins, traversing a more or less definitely limited
section of country. They frequently start in the neighborhood of a
“back ” or “saddle,” and intersect the slate and sandstone at a
strong angle with their bedding. These spurs are sometimes so
numerous as to make the country almost entirely quartzose, while in
other instances, though continuous and following a distinet belt of
country, they may be so far apart as to hide their true character.
In various forms these spur-systems constitute one of the :most im-
portant sources of the gold obtained in the Bendigo* mines. 'When
they accompany one of the main reefs they may be considered as
“ feeders;” when they form a distinct reticulation of quartz-veins they
answer to the term of “stockwork.”

Midway between the forms known as-“backs” and ¢ makes of
spurs”’ come the “lodes.” These consist of occasional belts of country-
rock, most frequently slate, which carry irregular seams of quartz,
some of which are arranged parallel to the walls (the’bedding planes
of the country), while others have a transverse direction. Such oc-
currences are locally called by the generic term of “lode,” differing
from a “ make of spurs” in that the quartz-seams are confined to one

* The best-producing mine at the present time—the New Red, White, and Blue
Consolidated—is developing one of these “makes of spurs.”
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bed alone, and from the backs and leaders in being larger and less
defined, and in carrying a greater proportion of country-rock.
Fissures containing quartz and traversing the country unconform-
ably to the bedding, are often fanlts and would answer to the *true
fissure-vein,”* a type which is of frequent occurrence in this field,
though not so important a repository of the precious metal as the
saddles or spurs. ¢ Bulges,” “blocks,” etc., are names given to
irregular bodies of quartz, presenting features more or less in common
with the preceding types. At Sandhurst, as elsewhere, the different
forms of ore-deposition cannot be arbitrarily labelled, exhibiting as
they do frequent gradations from the one to the other. In the para-

Fig. 38.
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graphs which follow, I will describe instances of the type known as
“saddles,” leaving the other forms for subsequent consideration. :

TaE Sourn NEWwW CHUM MINE.

At the southern end of the district—about 3} miles from the
group of big mines on Victoria Hill, some of which have been passed
in review—there is a small mine called the South New Chum, which

* This form of ore-deposit was at one time erroneously considered as particularly
favorable to the occurrence of continuous shoots of gold-bearing stone.
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admirably illustrates the particular formation most characteristic of
Sandhurst.* )

This mine is working in regular “saddle-country.” The longi-
tudinal and cross-sections given in Figs. 19 and 20 will serve to
explain it. The underground developments of this mine and its
northern neighbor, have proved the existence of three formations,
all pitching strongly to the south.

Formation No. 1 came to’the surface 120 feet from the South New
New Chum shaft. The line drawn in the section, Fig. 19, is the
anticlinal axis of the saddle. Looking along the strike, it would
appear like the ridge of a roof, sloping rapidly southward. At A
the cap of this formation was strongly defined and very rich in gold.
Near the surface both legs proved “payably ” auriferous. At B,
the saddle was not ““ payable.” At C the cap became gold-bearing,
and was well defined as it approached the next shaft to the south.

Formation No. 2 is the one which is shown in the cross-section,
Fig. 20, which is taken in a plane 5 feet south of the line of the
shaft. Both the 170- and the 280-feet cross-cuts passed through it.
At D, Fig. 19, the cap is broken, and there was no quartz in the
legs. At A the cap became “ payably” gold-bearing as it ap-
proached the line-of the shaft. The east leg was not worked, and
the west leg was also poor. At B there was a “ payable” cap and
west leg, between the 170- and 280-feet levels. At C, the formation
is irregular and broken.

Formation No. 3 is cut through by the shaft and is again partially
exposed at the 550-feet level. The cap is irregular. The west leg
is worked, but the east leg has not yet been reached by the cross-cut.
Referring to the cross-section, Fig. 20, I will transcribe the notes
made by me while underground.

At the 170-feet level—East leg cut 10 feet east of shaft. The lower dyke 12 feet
and west leg 34 feet, both west of shaft. The lower portion of the cap is passed
through in sinking at 125 fee , the top of the cap being 5 feet west of the shaft.
The lava dike is 4 feet wide, divided by 2 to 3 inches of slate, which, through-
out the upper workings, separates it into nearly equal portions. The cleav-
age of the country is with the east leg, slightly over the cap and stronger a short
distance above. On the other side of the saddle the cleavage is decidedly across
the west leg. The formation pitches strongly southward, 1 foot in 6, and at
times even 1 in 5.

* 1 owe thanks to Mr. L. A. Samuels, the mine manager, who conducted me
through the workings during my visits at the mine and gave much interesting
information.




THE BENDIGO GOLD-FIELD. 41

At the 280-feet level.—East leg 74 feet east of shaft. Lava dike in the plat.*
West leg 84 feet west of shaft. The dike is increased in size, the two portions
being divided by two feet of slate. The cross-cut shows a subordinate saddle un-
derneath the main formation. This secondary saddle carries a little quartz (4 to
5 inches), which in the shaft showed “nice gold.” The west leg (of the main
saddle) consists of two parts, each about 5 inches in width, the quartz of which is
very beautifully laminated or ribboned. The hanging-wall is clean and defined,
inclining at a less angle than in the level above. The cleavage west of the center-
country is slightly west, nearly upright, and cuts across the bedding, which is
readily recognizable. The country east of the west leg is slate (2 feet thick) over-
lying sandstone, the thin bedding of the latter being very marked. The east leg
as cut in the cross-cut is small and poor, but is overlain by country corresponding
to that which covers the west leg.

At the 450-feet level.—The legs of the upper formation have not been sought for,
as they both became small and poor below the 280-feet level. The east leg would
be about 150 and the west leg 200 feet from the shaft. At 35 feet east of the shaft
a western “back ” is struck, this proving to be the continuation of a wall coming
from a saddle below the level. The lava is cut at 36 feet from the plat; it here
shows only a fine black line dividing the two portions. %

At the 550-feet level. In the plat the sandstone of the west country shows ripple
markings. The west leg of the third formation is cut close to the shaft, and has
been driven upon for 118 feet southward.

The east leg has not yet been cut, though the cross-cut has been put out in

* The station at the shaft, often called the “station.” Literally, ¢ plat” means
a flat place cat out. The Cornish talk of a “tip plat,” the flat place where the ore
is accumulated, with facilities for discharge below the level.
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that direction for 69 feet. It is estimated that 20 feet more would find it. The
cross-cut very clearly shows the bedding of the country which is pierced by the
lava dikes, which here are 16 feet apart. The south drift is on the west leg.
While the wall (the “ west back” of the 450-foot cross-cut) continues its course,
accompanied by a seam of quartz (“the leader ”), the west “reef’”” turns off east-
ward and strikes against the lava dikes, but has not yet been crossed by them.
The quartz which here is highly auriferous is found to occur both between the two
dikes and west of them. The end of the drift is in lava.

Figs. 21 to 27 inclusive illustrate some of the more interesting of
the underground features already referred to. Fig. 21 shows the
second formation as disclosed in the workings above the 170-feet
level. There is no doubt as to the continuity of the beds forming
this anticline. Sandstone A overlies the saddle, of which B and D
are respectively west and east legs. C is the body of quartz form-
ing the apex; above it there is a wedge-shaped mass of crushed
country, consisting for the greater part of black broken slate con-
taining a notable percentage of pyrites, but no *‘ payable” amount of
gold. The slate underneath the west leg varies from 2 to 3 feet in
thickness, and is divided by a thin “bar” (3 to 4 inches) of hard
sandstone. Underneath the east leg there is also from 2 to 2} feet
of slate, while below the cap this slate is irregular and forms
“Dbulges.” This bed overlies the hard sandstone H of the center-
country, fractured and penetrated by spurs. The east back F, that
is, the parting which forms the hanging-wall of the east leg, has been
followed for 30 feet above the cap of the saddle.

Fig. 22 is the west leg, as seen at the 550-foot plat. The reef C
is hard against the back A, which carries its own thin vein of quartz
(the leader). D D are spurs from the west leg into center-country.
These cross-spurs are a frequent feature of the country between the
legs of a saddle.

Fig. 23 represents in plan the position of the ““lava streaks” in
the south drift of the 550-feet level. S and T represent the dikes ;
C is the quartz; and A, A the ““back.”

Fig. 24 shows the relative position of the dikes, as disclosed in
the 550-foot east cross-cut:  The bedding of the country is very evi-
dent. T, whichis from 18 to 20 inches thick, is just east of center-
country, and has cut through it. S is 20 inches thick, and has just
begun to shape its course with the bedding.

Fig. 25 represents the markings, natural size, in the decomposing
lava of the west dyke in the 550 cross-cut.

Fig. 26 shows the “ west back,” which, 40 feet above the 550-ft.
level, runs into the west leg of an incomplete saddle (the third form-
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ation). It will be understood that a “back ” is such only so long
as it follows the line of parting between two beds of the country;
that when it follows a quartz seam it often becomes the hanging-
wall of a reef; and finally that, before striking the quartz or
after doing so, it may change its character and be a cross-fissure.
In Fig 26, A is the back ; C is quartz; S and T are the two portions
of the lava dike which cuts through the formation. There is a
fault, the throw of which is from 8 to 10 inches. The dike does
not fault the quartz, but follows the line of an earlier dislocation.
D is broken ground, traversed by spurs. B is an east back.

Fig. 27 is taken from the cross-cut at 190 feet, and indicates a
local fault which throws the country about 3 feet east. B, Bisa

S

bed of slate; F, F is the line of fault, carrying a couple of inches
of selvage and, on the under side, a little quartz.

This mine illustrates the general character of the saddle-reefs. To
any one desirous of obtaining the key to the geological structure of
the district T recommend the examination of formation No. 2 as cut
by the 170 and 280-ft. cross-cuts, where the different features of
cleavage and bedding of the enclosing country, the pitch and under-
lay of the quartz bodies, are all more distinetly marked than T ob-
served them in any other mine. On the other hand the lower or
No. 3 formation, as cut by the 450~ and 550-ft. cross-cuts well illus-
trates the frequency with which the simpler type of ore-deposits
becomes complicated almost beyond recognition. That this is due to
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the action of faults, is evidenced by the slickensides on the walls
and the crushed condition of portions of the country, such as the
wedge of slate above the No. 2 saddle.

In this mine there is none of the perplexity occasioned in the deep
mines on Victoria Hill by the difficulty in distinguishing the bed-
ding from the cleavage, where the latter is highly developed. The
cleavage which elsewhere so often obliterates the bedding, especially
of the west country, is clearly distinguishable in the slate and sand-
stone beds disclosed by the different cross-cuts.

The 280-ft. level, where it is driven upon the western leg particu-
larly, well illustrates this feature. The sandstone there seen over-

lying the reef is composed of a number of thin beds of different

shades of gray rock, the light and dark laminz are beautifully regu-
lar, and have a strong dip westward (with the reef), while the
cleavage is only slightly off the vertical, giving the foot-wall in the
“drive” the appearance of taking a roll. The side of the level
had broken first along the wall of the reef—which is also the bedding
of the enclosed country—and then along the nearly vertical cleavage.

In conclusion I may add that though the mine is called the South
New Chum, having been originally supposed to be a southern con-
tinuation of that great “line of reef,” it is now generally accepted
as being on an extension of one of the “side-lines” to the west.

TeE JoHNSON’S MINE.

The finest example of the saddle-reef to be seen at the present
time is in the Johnson’s mine at Eaglehawk. This claim is not, like
most of those hitherto described, on the New Chum line of reef, but
on the northern extension of the Garden Gully, so called after the
mine in which it had its greatest and richest development, the Garden
Gully United. There has been but one saddle worked in the Johnson’s
mine, but that one has been exceptionally regular and rich. The
apex is 980 feet from the surface ; the west leg has been but little
developed as yet, but the east leg still continues profitable beyond
the 1340-ft. level, which is the deéepest in the mine.

All the gold obtained in the workings came from “backs” and
“spurs,” as well as other irregular bodies of stone or quartz.* De-
scending No. 2 shaft a thousand feet, one finds that the level is
driven upon ‘ the main east back,” as it is called. It may be con-
sidered as an east leg which has no corresponding west leg; nor, so

¥ The Colonial talks of “stone,” where the American speaks of “rock,” and the
Frenchman “mineral.” Gold-quartz in Australia 1s * golden stone.”
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far as it has been followed, does it turn over to form a saddle. This
“ back ” has been worked successfully for 300 feet along its strike,
the quartz making in bulges, sometimes 100 feet in height, but of
very variable longitudinal extent. The gold-contents varied from
3 to 10 dwt. per ton. These bodies of quartz pitch north. Before
coming to an end they usually break up into a number of spurs,
and they are generally to be found at those points where a number
of small veins—feeders or spurs—join the main back. Such a
“make of stone” * is to be seen above this 1000-ft. level. The

quartz, 12 feet wide, is crystalline and white, but well mineralized,
containing vugs or geodes and occasionally patches of included
country. This block of quartz pitches north, but 60 feet further is
another which pitches in the contrary direction. A small regular
seam usually accompanies the back. It is known as the * leader,”
and is distinet from the other irregular bodies of quartz which may
be found along the line of the back. The terms “back” and
“leader ” are used interchangeably. The wall of the back is very
well defined, and carries a couple of inches of black clay—the
“dig "—which continues long after the quartz has died out. Figs.
28 and 29 will illustrate this. A is sandstone ; C is massive quartz;
B is slate ; L is the leader; D isthe dig or selvage ; F, F are small
spurs. A cross-cut 85 feet east from this back brings us to the east

* A ““make of stone” is the equivalent of a “shoet of ore” or an * ore-body.”
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leg of the bigsaddle. The cross-cut shows that on the hanging-wall
there are 14 feet of sandstone, divided by three thin partings of
slate. Both walls are very clean and distinct, the hanging par-
ticularly.

Above the stopes the saddle itself is seen. The appearance of
the workings is very striking.  The removal of the quartz has left
a large vaulted chamber, over which the curving hanging-wall ex-
tends with the regujarity of an arch of masonry, while the foot-wall
underneath looks like the back of a boiler, the curve of the saddle
being remarkably regular. As there is no timbering to obstruct the
vein, it is easy to sketch the heading. Fig. 30 shows the general
structure of the formation. ILooking along the crest—the summit
of the curving under-wall—one can readily see that the pitch is to
the north. The overlying rock is the hard sandstone which forms
the hanging-wall ; underneath comes 2% feet of quartz ; then follows
a dark parting of slate, under which lies 12 to 14 inches of sand-
stone, then 5 to 6 inches of slate, mixed up with quartz, which latter
gets rapidly smaller both east and west.

These layers of slate, sandstone and quartz are all conformable to
the bedding of the enclosing country. The over-arching wall of
sandstone shows wavy markings, a suggestion of the beautiful rip-
ple-markings to be seen at the 1060-ft. level. There are also to be
observed thin threads of quartz, in lines at right angles to the
strike—probably following joint-planes.

The west leg has been followed only 30 feet on the dip. Fig. 31
illustrates its appearance. Under the hanging is 12 to 14 inches of
clean quartz, C, well laminated. Underneath comes 2 feet of sand-
stone, A, separated by a black slate parting. Between this sand-
stone and the main foot-wall there is 5 inches of slate, B. The
hanging is broken by feeders which carry gold. The cleavage of
the country-rock is to the east, as indicated ou the right of the
drawing.

The east leg has supplied the major portion of the output of the
mine, and has proved highly auriferous. Fig. 34 shows its appear-
ance just below the cap of the saddle. The reef at this point is
divided into two parts by about 12 inches of sandstone, H. The
upper portion, C, is 2} feet wide, mottled by the inclusion of bits of
country, M, near the hanging-wall, and well laminated or ribboned
(N) near the included sandstone, H, which last is cut up by spurs,
S, S.

The underlying slate, B, is black and graphitic. The lower por-
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tion, E, of the reef is less regular, and lies directly upon the hard
sandstone, D, of the main foot-wall. At about 40 feet below the
cap the east leg, as seen in Fig. 32, pinches to 3 inches at C, with 4
feet of slate, B, and sandstone, A, between it and the hanging. The
decrease in size is compensated for economically by an increase in
the gold-contents.

At the 1065-foot level the lode has been worked out. At the
1280-foot level a cross course throws the east leg, which is here from
9 to 10 inches wide, eastward 6 feet, which is equivalent to its being
moved from one wall to the other of the lode-channel in which it is
situated. This is shown in Fig. 33. At this point a body of quartz,
C, about 6 feet by 6 feet, is formed. It is very white, and has been

Fig. 42.

known to carry coarse gold. A is sandstone; B, slate; R, the reef.
The north end of the 1280-foot drive shows two faults* in the lode.
See Fig. 35. The larger has a throw of 8 inches. Both dip west-
ward, but at different angles. The quartz, A, on the foot-wall side,
is much the best in appearance and in yield. The foot-wall itself is
well defined and unbroken. B is broken, slaty rock, containing
pieces of quartz. Cis a body of quartz, white, and containing but
little gold.

In the stopes the same faults are found closer together. The spurs

* In the mine they call them “slides.” Elsewhere in Australia this term alter-
nates with “heads” and “breaks.” In the New Zealand coal-mines the synonym
is “ troubles.”
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in the foot-wall going west from the reef pay to follow for 20 or 25
feet. The quartz of which they are formed is white and the gold is
coarse, not varying in this regard whether near or distant from the
main lode. The tenor of the ore is such that the reef will pay to
work when only 3 inches thick, the miners breaking with it feeders,
spurs, mullock,* everything as it comes. The average width,
however, is from 12 to 16 inches, at which size the lode is most
gold-bearing,—better than when it increases to its maximum width
of 3 feet.

At the 1340-feet level the east leg is still rich in gold. It is be-
coming more inclined, having travelled east 10 feet in the last 60,
while between the 1000- and 1280-feet levels it moved 90 feet.
There is not so much country-rock between the walls as in the levels
above. The quartz is covered by a very clean striated hanging-wall,
which is 4} feet west of the main hanging of the lode-channel. In
the breast of the north drift the reef is 6 feet wide. The foot-wall
is a sandstone so far altered and hardened as to be a quartzite. Rip-
ple-marks are beautifully distinet. There is a fine line of stopes
above this level. Faults similar to those in the 1280 are seen. The
broken country under the faults shows evidence of having been
arranged in lines parallel to the lode.” In the south drift is seen the
lava dike, shown in Fig. 36. B is a fault, the course of which is
marked by soft broken slate. The reef, A, is twice dislocated, the
second time by a small fault, which has served as a passage-way for
the dike, T. -

This 1340-feet level is at present the deepest in the mine. The
reef has been followed by a winze for a further depth of 35 feet.
The shaft is now being sunk so as to enable deeper levels to be
opened, and so continue the development of the mine. A cross-cut
is being driven to intercept the west leg.

The richest ore which this formation yielded was obtained just
below the turn-over of the saddle, but very rich shoots were found
irregularly distributed through the reef, having the same pitch as
the formation itself. The quartz, speaking generally, is patechy,and
sometimes extremely rich bunches are found. One of these lately
gave 150 ounces of gold from a half-sack of quartz.

* Mullock is waste rock. A “mullock-tip” is brother to the western “ dump.”
Originally, mullock was the name given to the basalt which covered the deep leads
of Ballarat; but since then the alluvial diggers have introduced the term into
quartz-mining ; and at Sandhurst it refers to the slate and sandstone which is broken
with the quartz of the reef,
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As we have seen, most of the workings are on the east leg, which,
as observed in the levels underneath the cap of the saddles, presents
all the appearance of an ordinary quartz-lode with walls parallel to
the bedding of the enclosing country. The cross-cuts show the bed-
ding. The alternating slate and sandstone are called “ bars” by
the miners. Thus, one hears of a cross-cut having just passed
through a “tight bar of sandstone”” Even where the difference in
the nature of the rock forming adjacent beds is very slight, there are
lines of parting (usually seams of slate) which indicate the stratifi-

cation. The cleavage is distinct and uniformly to the east at an
angle of 60°.

The Johnson’s mine for the half-year ending June 30, 1890, paid
dividends amounting to £19,441 2s. The yield of 12,367 loads of
stone was 9146 oz. 3 dwt., worth £38,639 5s. 3d., and averaging 14
dwt. 19 gr. per load. The following figures will be of value as in-
dicating the tenor of the ore at the different levels during the half-
year:

Loads. Yield.
Part of the Mine. {About 2800 1bs: each.) 0z. dwts.
Above the 550-feet level, . 3 E o L A2h 13 10
. 1000-feet level, F ¥ . 1886 991 3
£ 1130-feet level, ¥ . 0t 289 206 16
5 1200- and 1210-feet levels . 2156 1274 17
<9 1250-feet level, : % . bl4s 3276 17
& 1340-fect level, s 4 s 2113 2803 19
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The average yield from the stone at the bottom of the mine was 1
oz. 7 dwt. per load.*

The Johnson’s mine is on the Garden Gully line of reef, but
the next to be described is on the third of the three great anti-
clinal axes—the Hustlers. The Great Extended Hustlers is one of
the “ record-mines”” of the district,} and at the present time exhibits
a formation of subsidiary saddles which is both peculiar and inter-
esting. Fig. 37 illustrates the formation as it is seen in the workings
between the 1700- and 1800-feet levels. The cross-section is taken
along a b, and, with the longitudinal section, will explain itself. A
is slate, B and C are both sandstone. It is seen that the anticlinal
axes (the ridges of the saddles) pitch strongly to the north, the main
axis 1 in 5, while the secondary saddles pitch 1 in 3. The main
formation has been worked for 800 feet in this mine, and extends for
some distance into the adjoining claims. The secondary saddles} have
a length along their strike of 250 and 300 feet respectively.

In Fig. 37 it is seen that, commencing at the south, the right hand
of the drawing, a cross-section would show one large saddle; as we
proceed north the great width of quartz becomes divided by a horse
of sandstone which, like a wedge, eventually splits the formation
into two saddles, having at a—b a width through their caps of 40
and 12 feet respectively. At this point the top of the main cap
is irregular, broken into a mass of spurs. The foot-wall of the lower
saddle forms a very clean arch. Further north again, the lower
saddle gradually pinches out, while simultaneously the main forma-
tion increases in size, very soon to be again divided by another wedge
of country-rock, with repetition of the conditions already noted in the
previous case. »

Before the two saddles become divided by the country-sandstone,

* My thanks are due to Mr. Williams, the mine-manager, as also to the under-
ground foreman, for the details here given.

+ It is a noteworthy fact that the three mines which perhaps rank first in the
returns of gold which they have made, should be on the three main “lines of reef,”
and opposite each other, illustrating the old mining aphorism, “ore against ore.”
I refer to the “ 180” on the New Chum, the Garden Gully on the line of the same
name, and the great Extended Hustlers on the Hustlers line.

1 During my later visit to Sandhurst the manager informed me that he had eome
across a third of these subsidiary saddles. I had not the time to inspect it. I have
here an opportunity of thanking the mine-manager, Mr. Thomas Heckley, for the
valuable assistance he gave me in visiting this mine, as well as for his guidance in
examining the old workings of the Unity mine.
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the main body of the quartz begins to show included fragments of
country ; becomes, as the Sandhurst miners say, “ mullocky.”*

At the 1750-feet level, the east leg carries three or four inches of
quartz against a sandstone wall which exhibits transverse markings.
These will be referred to later. The quartz is crushed so as to re-
semble common table-salt, and occasionally the surface where it has
not been pulverized shows beautiful slickensides, polished to the
likeness of ivory, and veined with black streaks due to the grinding
of the pyrites. The west leg shows a large body (5 to 6 feet) of
white and splintery quartz.

The saddle was most auriferous at and immediately below the
commencement of the legs. This was particularly marked in the
case of the west leg, which was by far the more auriferous of the
two. In another formation, worked in the levels immediately over-
head, the reverse was the case ; the east leg paid best, often proving
continuously gold-bearing for from 150 to 200 feet; whereas the
east legs are generally short-lived.

The sandstone overlying the saddle is 10 to 15 feet in thickness,
and is overlain by a bed of slate 25 feet thick over the cap, and
penetrated lower down by the 1800-feet cross-cut, the slate being
thinner on the west side than on the east, where it is much disturbed
and broken.

The sandstone over the cap has a nearly vertical cleavage; that
of the west country is strongly east, while that of the eastern country
is slightly westward ; in other words, the cleavage is radiated. This
is illustrated in Fig. 38.

In Fig. 39, one of the lower secondary saddles is shown. The
cleavage over the cap is also radiated and distinct, though it does
not entirely hide the bedding. Above the cap, at B, and in the
quartz itself, at C, there are a few inches of black slate. In the
center-country underneath, there is the suggestion of a third saddle,
D, in the quartz seam following the slate-parting which marks the
bedding of the sandstone.

Fig. 40 is taken in the 1805-feet level. A B is a bedding-plane,
sandstone above and slate underneath. The lines C, C, are joint-
fractures; S, S, are small spurs cutting across both divisions in the
country-rock. Underneath the second saddle in the same level are
seen the fractures shown in Fig. 41; A B is the east leg, Cisa
qnartz seam following the bedding ; a aare lines of normal cleavage.

* That is, mixed with mullock or country-rock.
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The system of fractures to which b & belong appears to me to be also
cleavage, but due to the transverse (north and south) folding of the
country. In other words, there is here double cleavage, one due to
the east and west, and the other to the north and south, bending of
the beds. The planes b b are at right angles to the plane of A B
(the bedding) and are not confined to the bed only. ‘

Reference has been macde to some peculiar markings seen above
the east leg of the main formations. They are more plainly seen in
the sandstone above the west leg at and about the turn-over of the
saddle. As seen underground, they present the appearance shown
in Fig. 42. The deepening and thinning of the dark lines is due
to the unevenness of the surface produced in breaking it. Actually,
the lines are as shown in Fig. 43. They are identical with the
cleavage, and present an instance of cleavage which is also crystalline
lamination, that is, they are lines due to compressive strain, along
which a dark indeterminate mineral has been developed and arranged.

Fig. 44 is a “ false saddle” seen in the 1670-feet level. B isslate,
the cleavage of which is indicated, as is also that of A, which isa
slaty sandstone. T is a lava dike, 12 to 14 inches wide. D is a
slaty sandstone, broken up and containing irregular fragments of
quartz at E, E. The bedding, to the west, is indicated by the arrow.
This is a typical instance of a quartz formation which is very apt to
be mistaken for a true saddle.* Quartz is formed along the fissure
which cuts across the bedding of the country, the bedding-planes
themselves also show quartz, and the point of intersection with the
fissure may be marked by a large body of ore. In this case the
dike follows the line of the cross-fissure and a formation of quartz
(C) is seen. It is to be noted that the line of bedding is more favored
in the deposition of quartz than that of the fissure which crosses it.
Such “makes of stone ” are notably irregular and uncertain. At
the point where the sketch is taken the lava is just west of “center-
country,”” and the reef underneath the lava is of very limited extent.
In going south, the dike makes over to the east country, the country
dipping east, and the accompanying quartz then becomes more contin-
uous.

Tae U~xity MINE.

At the Unity mine, which is on the Garden Gully line, there is a
good example of the extensive faulting which frequently obtains in
this district, making difficult the development of the ore-bodies.

* As already noted in the beginning of this paper.
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Fig. 45 is a section, 40 feet to the inch, which will serve to explain
the occurrence. B A C is an imperfect but true saddle, since the
country dips east and west with the two legs. There is no true east
leg, but rudiments of it are seen in the spurs which traverse the
slate at S. Sandstone overlies the cap and the west leg, as well as
the bed of slate in which are the spurs which replace the east leg.
At 28 feet below the cap, the country is faulted, the throw bringing
the west leg, the only part of the formation which continues well-

VICTORY ano PANDORA
COMPARATIVE SECTIONS
SCALE ABOUT 40%=1”
ez LA DYKE

defined, from B to D, a distance of 35 feet. Another slide at a
further depth of 38 feet (along the dip) causes another break, this
time of 8 feet only. Again at M there is a dislocation, which has
not gone further than to cause a derangement in the straight course of
the lode. We will follow the formation through the different changes
which it undergoes. At the 183-feet cross-cut, where it is first seen,
the top of the cap has been stoped away, offering to view the partial
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formation of the arched structure, which is so beautifully distinet in
some of the mines, the Johnson’s for instance. The west leg is
strongly defined, and yielded well at the time it was stoped. The
spurs which replace the east leg were worked for a depth of 25 feet,
and eventually merge into the formation shown at C in Figs. 45 and
46. In the latter, A is the sandstone of the.overlying country ;
E E are spurs; C is quariz, which includes several fragments of
country at D D; B is a layer of brecciated quartzose material con-
taining gold, whose origin was probably the fragments of quartz
" broken away by the fault from the west leg up above. All this
overlies the lava dike T, which is from 6 to 8 inches wide, and is
separated from the underlying sandstone by the lower wall of the
fault-fissure. The whole formation, inclusive of the portions C, D,
B, may be considered as forming the slide or fault which at a later
date became a passage-way for the dyke. The west leg continues,
well-defined and easily recognizable, for a depth of over 200 feet, in
spite of its being three times dislocated. From D to F it forms a
large body of stone,* decreasing from 12 te 5 feet in width, which
yielded good returns, many crashings giving 5 oz. per ton.

At the 290-feet level at the east end of the cross-cut, the first fault
is seen. A drift 15 feet long shows at its opposite ends the appear-
ance illustrated in Figs. 47 and 48. Fig. 47 shows the south ead.
The sandstone, A, is over the line of fault, which along its course
has a clean wall carrying a few inches of soft selvage, S. The sand-
stone, C, underneath, is considerably fissured, and in the fissures are
the small quartz-seams, m, m. The slate, B, shows cleavage parallel
to the fault. Quartz is formed along the main wall, and a large
spur,t D, follows the bedding of the country. At the other end of
the drive, only 15 feet from the south face, the heading presents a
totally different appearance, as is shown in Fig. 48. A is sandstone;
T is the dike which, in the plane of section, Fig. 47, must have
pinched out temporarily. D, D are quartz-veins parallel to the
fault. The country thiough which it cuts dips east.

The 291-feet cross-cut gives a section of the lode and of both
slides. The lower fault is 28, and the first, or upper, 57 feet east of
the shaft. The second fault has more dip, but, like the first, it
shows a bulge of lava at one end and none at all at the other end, 6

* Thatis, “ mill-stuff)” “ quartz,” or “ dirt,” as it is variously termed by the miners
in various parts.

1 Were it to continue for any distance it would be called a *back,” since it fol-
lows the line of bedding.
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feet distant, of a raise which has been put up to cut the lode. The
country between the two slides is much disturbed, and shows lines
of fissure in sympathy with the faults. It is full of flat spurs, hav-
ing a slight dip eastward. The country west of the faults contains
no spurs, but it is hard sandstone and much fissured. At 15 feet
west of the second fault or slide, the country begins to show a west-
erly dip. In Fig. 49, taken at this point, a, @ are fissures parallel
to the faults; b, b is the bedding, indicated by a slate parting be-
tween two layers of sandstone; ¢, ¢ is cleavage, nearly vertical.

At the 353-feet level (see F'ig. 45) the quartz has decreased to 2% ~
feet, but it is still a strong lode. Neither of the faults is to be seen,
as the cross-cut is not far enough east. At M there is seen an at-
tempt at fanlting which has gone so far only as partially to dislocate
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RIPPLE MARKS. :

JOHNSON'S MINE. 1065 FT. LEVEL.

the reef. At N there is a “back,” a line of parting between two
beds, parallel to the lode, which goes up as far as the second fault,
where a formation of spurs is found on both sides of it. This is the
last we see of the reef, which decreases rapidly in size and becomes
unprofitable, the dip taking it across the shaft before reaching the
level of the 451-feet cross-cut.

This cross-cut intercepts at O, Fig. 45, the back which we saw at
N, in the 353-feet cross-cut. It is well-defined and continues under
foot. The cross-cut ends in a very well-formed saddle, P, Q, R,
which is shown in greater detail in Fig. 50. The outline is sug-
gestive of a double contortion. The cap makes a very clean curve.
Sandstone, A, overlies the quartz, both being penetrated by the dike,
T. Underneath the quartz is slate, B, in which are the spurs at C,
which replace the east leg. The west leg is divided into two por-
tions, separated by slate. Going south, they are wider apart. The
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slate under the cap shows lines of bedding, and its division from the
underlying sandstone forms a clean, very beautiful arch.

The lava dikes, which form so marked a feature of the section, -
Fig. 45, have many points of interest. A dike (varying from 12 to
20 inches in size) cuts through the cap at the 183-feet level. It has
a slight eastern dip which, on striking the quartz, is changed for the
dip of the west leg, through which it passes (it is now 6 to 8 inches
wide) until meeting the fault, which it then follows, as the line of
least resistance. It underlies the formation at C, and is last seen in
the 294-feet cross-cut.

Another dike (4 inches only in width) comes down, keeping com-
pany with a “leader,” cut near the shaft at the 294-foot level. It
is probably a branch from that which follows the No. 2 fault, as
seen at H, Fig. 45. This latter dike is probably again seen in the
lava which strikes at Q against the saddle, following the west leg
for a few feet, and then cutting across the quartz to continue its
course through the sandstone of the center-country.

At the 353-feet level, near the plat, is seen the dike shown at K,
which is also illustrated in Fig. 51. There it is seen that it cuts
across the bedding (A, A), following a fissure, and that it appears to
die out in small threads at M and N.

About 5 feet east of this point there is another dike, shown at Z,
Fig. 45, which is 9 inches thick, and is continuous so far as it is
seen.

The two faults encountered in this mine are found again in the
neighboring mines. They get wider apart to the north. In the
Carlisle they are divided by 40 feet of country, while southward
they approach each other, and in the Victory and Pandora Com-
pany’s ground they are seen to cross. I saw a section of the upper
workings of the Pandora in which these same faults are readily
recognizable, though they had been misinterpreted by the draunghts-
man. In Figs. 52 and 53 are given two comparative sections. Fig.
52 is a sketch. reproducing on a smaller scale the old drawing to be
seen in the office of the company.  Fig. 53 indicates what appears
to me to be the real situation. In Fig. 52 S is called the leader,
G the cap of the saddle, H the west leg, and K the east leg of
another more complete formation. The lava dike follows a slide
which has an irregular course through the two bodies of quartz.
Just below the 234-feet cross-cut the legs are bent.

Compare this with the section of the Unity. The two mines ad-
join, and we know that southward the two faults or slides are ap-
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proaching each other. Now refer to Fig. 53, where G is the cap of
a formation, which, like that of the Unity, of which it is undoubt-
edly an extension, has no east leg, while the west leg, H, is faulted
by the two slides, A, B and C, D. In the Unity we saw that
the lower fault was flatter than the other—it is so here, where
they cross. Below the 234-feet cross-cut we have a partial dis-
location due to the fault, E, F, similar to that seen at M in the
Unity (Fig. 45). The portion, N, of the formation corresponds
to that shown at C in the Unity section, while the quartz which
- accompanies the dike at L, L is similar to that which usually
follows the line of the fault, as indicated in Figs. 47 and 48.

The question arises, which way was the movement? The only
evidence in reply is that obtained by noting which part of the
country-rock is most shattered. In the Unity the country between
the faults has been fissured, that west of them less, and that east of
them more. That the west country has not been subjected to much
movement is shown by the regularity of the formation in the 451-
feet cross-cut. It seems to me, therefore, that the movement was an
upward one on the part of the country east of the first fault, accom-
panied by a lesser movement in the same direction by that which
lay between the two faults, decreasing westward until at M it had
almost died out.

OTHER INDICATIONS OF STRUCTURE.

Having given a description of some of the typical mines of the
district, it remains for me to add such other evidence gathered in the
various mines as bears most directly upon the structural relations of
the ore-deposits.

Of the evidence offered by the underground workings, none is
more beautiful than the ripple-marking at the Johnson’s mine. This
is seen at its best in the 1065-feet north level. Figs. 54 and 55, are
sketches made underground to illustrate it.*

Fig. 54 was taken 5 feet north of Fig. 55. The crests of the
waves are 3 to 3% inches apart, the rock in which they occur is a
very hard sandstone, shading into a quartzite, and forms the footwall
of the reefs. On breaking the face the markings cannot be followed
into the next layer of sandstone, this being due to the metamorphism
which the rock has undergone, and its cementation along the lines

* Tt requires photography to do justice to this very interesting occurrence. All
I can do is to give roughly an idea of this striking evidence of the bedded character
of the reefs. :
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of original deposition. The preservation of the ripple-marks is due
to the fact that the sandstone face which shows them was overlain
by a soft slate, which has since in part been replaced by the quartz
of the lode. The markings can be followed for 100 feet in height,
and for more than 200 feet in length. The reef of which this is the
foot-wall dips east about 70°; it was in this part of the mine richly
gold-bearing, and it was found in breaking the quartz* that it
broke with difficulty, owing to the resistance offered by the pro-
jections of the corrugations which were so striking a feature of the
stopes.t ;

Fig. 6!.

CONTORTIONS IN SANDSTONE.
LAZARUS. 1250 LEVEL
34 NATURAL SiZE.

These ripple-markings were in east country.. At the 550-feet plat
in the latter mine, immediately behind the “ west reef,” there is a

* 1 The ripple-marked wall formed “the shooting-wall,”” that is, it was utilized in
blasting as the line along which the quartz detached itself most readily.

1 Soon after my third visit to Sandhurst, I saw an almost exact duplication of
these markings in the sands of to-day. It wasin New Zealand. We were trawling
by moonlight ; and while pulling in the net I noticed that the sand forming the bot-
tom of the shallow water in which we stood was covered by a series of ripple-marks,
whose distance apart and little irregularities resembled those which I had seen in
the Johinson’s mine; but these on which I stood were of to-day, those were laid
down in the estuaries of the Silurian seas; these were soft and yielding, while those
had been consolidated into a gnartzitic sandstone, now one thousand, and at one
time many thousand feet below the surface.
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bed of sandstone whose under side shows a cast of ripple-markings,
in other words instead of getting ridges, you get hollows, the true
ripples on the-underlying bed are not to be seen, but the sandstone
which was deposited upon it still retains the impression, the nega-
tive of the face of sand which it overspread.

At the Lazarus mine is found the formation shown in Figs. 56 to
61, reproduced from sketches taken in some old stopes at the bottom
of a winze leading from the 1250-feet east level. Fig. 56 gives a
general view of the saddle. A A is the cap, which is not at all
regular in outline, and both above and below breaks up into spurs.
The east leg is cut off by a fault, on which the winze was sunk.
The manager informed me (the ground is filled up now), that in
stoping it, was found that the west leg also was cut off by this same
“slide.”

The remarkable feature of this formation is the development of
radial cleavage. In the drawing, a a are lines of cleavage, b b are
structural lines parallel to the bedding. The bedding is for the
most part completely obliterated by the cleavage. On careful search
the lines of original deposition can be traced, but with difficuity and
only partially. The [most striking evidence, however, is that of
some extremely delicate but distinct markings found in the sand-
stone underneath the arch of the saddle, markings which prove in
miniature the contortion to which the rock has been subjected. They
are shown in their natural size in Fig. 61,* and their position as
regards the saddle is indicated by X in Fig. 56. The rock in which
they occur is a very fine-grained sandstone, the contortions being
rendered distinct by the alternation of dark- and light-gray laminze.

Fig. 57 was taken in the winze. The slide S is 5 feet wide, and
the slaty materials of which it is composed are arranged parallel to
the bounding walls. A small quartz-seam B is faulted,t the throw
being about four inches. It is accompanied by a narrow band of
black slaty filling. The edges of the beds of the country are bent
and broken at their contact with the walls of the “slide ”—at D.

Fig. 58 is taken in center-country, under the saddle. A is a vein
of quartz, a spur, filling one of the many fractures produced in the
bending of the beds; a a are lines of cleavage, at this point very
marked ; b b are quartz-seams arranged along the structural lines,

* This might be taken as the cross-section of a mountain range; and certainly
these foldings, though only covering a few inches, are typical of the plication which
has produced mountain ranges.

T A fault within a fault.
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which are parallel to the bedding. This may be called “secret bed-
ding,” since the fractures are doubtless in sympathy with the bedding
and along lines of original deposition, only now made visible by the
fissuring through which relief was obtained at the time of the plica-
tion of the rocks.

Fig. 59 is in east-country, just above the slide or fault. Cis
slate; D, slaty sandstone; E, sandstone. A and B are quartz-spurs
thrown off by the east leg. At F the cleavage is twisted. t

This formation, the several portions of which have been briefly
described, throws a good deal of light upon the structure character-
istic of saddle-reefs.

Evidence of the structure of the district can be obtained without

going underground, since large open cuts are numerous along the
main lines of reef. Several sketches made in the surface-excava-
tions are shown in Figs. 62 to 66, inclusive. Figs. 62 and 63 were
both taken behind the engine-house of the “180” mine on Victoria
Hill. Fig. 63 shows where the quartz has been for the most part
removed, leaving an arch overhead. C is débris; D, slaty sand-
stone; while A is a lava dike, the same dike which is repeatedly
seen underground and which forms one of the most striking features
of the deepest workings, as shown in Fig. 14.

Fig. 62 is about 100 yards south of Fig. 63, and shows the
southern continuation of the same anticline. At B, the bedding is
very distinetly to the west, the rock being “corduroy,” which
weathers very slowly. The country about the apex of the saddle
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has undergone considerable alteration, and only traces of the original
bedding are now to be seen.

Fig. 64 is taken in the vicinity of the New Red, White and Blue
mine. The saddle is very sharp and distinet. Cis an old drift,
while I consists of material which has been filled in.

Figs. 65 and 66 will appear curious. They are sections of the
same anticline, taken from the opposite sides of a narrow cutting.

. The space covered is only 7 to 8 feet in width.* The wavy lines
are marked by small seams of quartz which follow the contorted
bedding in the country-rock. The nearly vertical veins are inter-
esting as indicating the fractures which took place along the axis of
the fold.

This closes the evidence which I offer as bearing most directly
upon the structural relations of these very remarkable ore-deposits
of Sandhurst. Out of the large number of notes and sketches made
by me while underground I have endeavored to place before the
Institute those which seemed most directly pertinent. Instances in
which geology, particularly structural geology, and practical mining
are so closely allied can rarely be found. The close relation which
they bear to one another is hardly understood by the busy under-
ground managers of the mines, save in a few very noteworthy cases ;
and this is scarcely to be wondered at, seeing that almost without
exception the references to and the descriptions of the Sandhurst
mines, meager as they are, on the part of geologists, engineers,
ete., are quite incorrect ; their authors having confounded the bed-
ding with the cleavage. Misled by the cleavage, “its mysteriously
deceptive harmonies with the stratification ”t on the east side of the
saddles, and its often complete obliteration of the bedding on the
west side, they have considered that the east leg did conform to the
bedding, but that the western cut across it, that is, the ore-deposits
were “saddles ” in name only.

There is one noteworthy exception, namely, a short note which
appeared in the quarterly report of the Mining Department of Vie-
toria, for December, 1888, by E. T. Dunn, formerly government
geologist of the Cape Colony. In that note attention is directed to

* There are several large open cuts behind the Victoria quartz mine, and having
noticed that in different parts of the workings the country dipped east and west, I
hunted for the turn-over of the saddle. It was only a ter a second search that, in
leaving the old excavations by a narrow road-cutting, I found what is represented
in my sketches. Recent rain had rendered the structure beautifully distinet.

t Ruskin, in Schisma Montium, Deucalion.
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this point. Had it come under my notice previous to going to
Sandhurst, I should have been spared much of the difficulty which
I experienced before the true nature of the deposits became manifest.*

That the typical ore-deposit of the Sandhurst gold-field is a true
anticline there can be no doubt. As already pointed out, the saddle
is not the only formation in which the gold-quartz is formed, since
the spurs, backs, lodes, etc., have at all times been responsible for a
very large share of the output; but the saddle is the distinctive
form to which the others are for the most part accessory and sub-
sidiary.

The ripple-marks frequently observed underground are incon-

Fig. 63.

trovertible evidence of the original position of the beds. That, for
instance, the east leg of the big saddle in the Johnson’s follows the
true line of stratification, is amply proved by the very beautiful
markings seen in the 1060-feet level. Similarly, ripple-marks are
seen on the faces of beds dipping west. Other no less conclusive
though less striking evidence has been given in the descriptions of
the various mines.

Mining is a commercial business and not a scientific pursuit. The
following of a lode on its dip ceases whenever the guartz which it

* In visiting Sandhurst one usually visits first the more famous mines on Victoria
Hilt, such as the celebrated “ 180"’ mine and others near it. It so happens that in
these mines that the structure of the country-rock is most hidden, because the
cleavage is most highly developed. The smaller minesat the other end of the field
show the true character of the ore-deposits far more clearly. Among the lawer the
South New Chum has been described here.

5
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contains is no longer auriferous; and as a consequence the mine-
workings rarely disclose the ultimate limits of the lower portions
of a saddle-formation. Lower cross-cuts will intercept a thin but
pronounced parting in the country,a “back” which could be traced
upward until it formed the bonndary of a big lode or “reef;” or
they may cut through a “spur,” which if followed would be found
to lose itself in an east or west leg, the distinction in the two cases
being solely that of conformity with the bedding of the country-
rock. Where the legs, as parts of a saddle-formation, end, and
where they become one or other of the various types of cross-fissure,
no man can say. It may be considered that whenever they lose
their true character as bedded veins they cease to be the lower por-
tions of a saddle; but the distinction is theoretical and arbitrary ;
for the gold knows no difference and is found in both.

The same system of fracturing may produce ‘in one part of the
mine a “ big reef,”’ a leg of a saddle which is highly auriferous, while
overhead* in another part it may be a mere fissure, carrying no
quartz, and lined only with a thin seam of black clay, which cuts
across the country overlying the saddle. Again at a lower depth,
while still retaining its characteristics as a portion of a saddle, it
may carry quartz which is not sufficiently gold-bearing to work, or
it may slowly degenerate into a ** leader,” if the quartz continue, or
a “back ” whenever that has ceased, becoming nothing more than a
parting between a bed of sandstone and a bed of slate. Again, it
may eventually cross the bedding, cease to be a true “leg,” and
become a gold-bearing “spur”; and finally it may be traced into a
mere thread of whité quartz, one of many, traversing a bed of sand-
stone.

To make nice distinctions would be arbitrary and out of accord
with the facts ; the same fissure in one mine plays many parts.

While, therefore, I would not say that the legs of a saddle-forma-
tion never go astray from their correct course between the bedding
planes, such an occurrence would be found only when they are begin-
ning to die out, and does in no way modify our view of the true nature
of the “saddle-reef,” which, notwithstanding interesting local varia-
tions of structure, is a distinet type of ore-deposit—essentially travers-
ing the Silurian slates and sandstones in conformity with the bed-
ding, and forming along the anticlinal undulations of the enclosing
country those bodies of gold-bearing quartz which are the most pecu-

0
* See Fig 2!, where an instance of this kind is shown in the South New Chum.
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liar feature of the mining industry and the most valuable depository
of the wealth of the Bendigo gold-field.

MINE-MANAGEMENT,

Fig. 67 isa view of the New Chum line of reef from Eaglehawk,
copied from the quarterly mining report of the Viectorian govern-
ment.

There are at present engaged in the exploitation of the mines 143
companies and 21 tribute-parties, the former including four private
mines. The gold-field has been developed by the energy of its own
people, the amount of outside—chiefly Melbourne—money invested
being comparatively small. Sandhurst has profited greatly by the
enterprise and success of one or two mine-owners, such as the late
I. B Watson and the present owner of the “ 180 ” mine; but its
development has been retarded, on the other hand, by the prevalence

of one of the worst systems of compauy-financiering. The actual
management of the mines, both above and under ground, is in the
hands of capable and careful men; but they are hampered by the
fact that reserve capital is almost unknown. Of the 28 dividend-
paying companies of 1890, four appear also on the call list. That
is to say, these four companies both levied calls and disbursed divi-
dends during the year. A series of fortnightly sixpenny dividends
may be followed by a number of fortnightly calls, supplemented
by a bank-overdraft—a state of affairs which may swell the volume
of business and keep a number of clerks employed, but which, to
say the least, is quite unbusmesslike and highly prejudicial to the
proper development of mines which require extensive and systematic
exploration. The fortnightly dividend is the bane of Bendigo.
Whenever a rich saddle-formation is discovered, all haste is made to
open it np; as soon as the cross-cuts and drifts have intersected the
ore, stoping is at once commenced, the quartz being br?ken away as



68 | THE BENDIGO GOLD-FIELD,
rapidly as possible, while all development-work is for the time prac-
tically suspended. The results of a few crushings enable the di-
rectors to pay off the bank-overdraft and enter upon the regular
announcement of dividend after dividend, at intervals of a week if
a fortnight seems too long ! No part of the profit is laid aside as a
reserve-fund, and, as a consequence, when the ore-body is worked
out, the dividends abruptly cease, and the bank-account is overdrawn
to pay running expenses, until it is necessary to call upon the share-
holders for fresh assessments. This foolish round of alternating
"surplus and deficit, of squandering, borrowing and taxing, has gone
on year after year, notwithstanding some of the more thoughtful
managers are fully aware of its harmful character. The result may
be seen in the cases of mines which divided in profits a few years
ago sums varying from £100,000 to over £250,000, and are now
almost idle for want of funds to open up new ground. The imme-
diate distribution of profits leads to a continual change in the per-
sonnel of the shareholders, so that a mine when poorest may be owned
by men who had no share in the property when it was most produc-
tive. Mining is thus brought down to the level of mere specula-
tion—an evil not unknown, under different forms, in other districts,
and certain everywhere to cripple the legitimate industry of mining.
The management of the mines is controlled by the directors, the
“legal manager ” and the “ mine-manager.” Since, as a rule, these
are all resident in the vicinity, and exercise more or less direct super-
vision, it is largely a question of personal influence which is in the
ascendant. A mine-manager, as known to English companies,
that is, a manager of all the mining work, or a superintendent, as
known in the United States, is not found in this gold-field. The re-
sponsibility of superintendence is much scattered. The ¢ mine-man-
ager”’ receives the pay of a foreman—about £20 or $100 per month.
The “ legal manager” is the business man and book-keeper. The
directors control the policy of the company, and also do much of
the work often delegated elsewhere to a consulting engineer. Such
a thing as a trained mining engineer is not to be found upon the
staff of any of the companies; and the work done, as a conse-
gence, lacks progressive character. The actual mining work under
ground leaves nothing to be desired. Itis carried outunder the eyes
of men whose superiors as miners cannot be found ; but a want of
system is to be observed in the development of .the mines.
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