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PREFACE.

ATt the Chicago meeting of the Institute in 1893, a remarka-
bly suggestive and comprehensive paper on the Genesis of
Ore-Deposits, by Prof. Franz Posepny, an Honorary Member of
the Institute, was presented and discussed. This paper com-
prised the substance of the author’s teaching on the subject at
the Mining Academy of Pribram. It was translated by me
from the German manuscript, and that translation, printed by
the Institute, was the first publication in any language of this
important treatise. I returned the original to Germany, where
it was subsequently published. i

Posepny’s paper and its discussion, as contained in Vols.
XXTIII. and XXIV. of our 7ransactions, aroused wide-spread
attention; and, in 1895, were reprinted in a separate volume.
The first edition of this volume having become exhausted, a
second and revised edition, comprising a large number of addi-
tional papers and discussions, was issued in 1902. As an
indexed compilation of material scattered through our 7rans-
actions, the “second Posepny book ” proved so convenient to
instructors, students, and practicing experts that another, of
gimilar character, is now called for. .

The great recent progress of the science of ore-deposits has
been largely due to the labors of the members of the U. S.
Geological Survey and to their cordial co-operation in the
work of the Institute, through contributions to its Transactions.

It was in this spirit of co-operation that S. F. Emmons, the
distinguished economic geologist of that Survey, who had been
since 1877 a member, and thrice during that period a Vice-
President, of the Institute, consented to edit the present vol-
ume. This generous service I accepted with enthusiastic
gratitude, both personal and official; for it relieved me from a
task for which I could scarcely find the necessary surplus time
and strength, and it secured the performance of that task by
more competent hands and with far greater technical authority.

Mr. Emmons made the selection and arrangement of the

(v)



vi PREFACE.

papers to be, in whole or in part, republished in the volume,
and wrote the introductory and the supplementary chapter, thus
finishing all the work which he had undertaken, except that
final revision of the proof-sheets, which every author or editor
claims as a right and needs in self-protection. But it was ar-
ranged between us that I should relieve him of the details of
proof-reading, beyond his approval of the text of his own con-
tributions; and this text had been so thoroughly discussed
between us as to make any further change.of it by him highly
improbable. He had also approved the Preface which I pro-
posed—and which, alas! is no longer appropriate.

The sudden death of Mr. Emmons has necessitated two
changes in this book—the sorrowful preparation of a new
Preface, and the introduction at the beginning of a Biograph-
ical Notice by Mr. George F. Becker, his life-long friend and
colleague, commemorating the work of our lost leader and
brother. In all other respects the volume is, as it would have
been had he been spared to enjoy its completion and publica-
tion, the work of Mr. Emmons; and I cannot but feel that it
will constitute a fitting memorial of him, wrought by his own
hand. Only too often, death interrupts the sculptor at his
work; but in this exceptional instance, the Messenger waited,
and the message was no peremptory summons, but the gentler
call, «“ Finish what thou art doing: then come—and rest!”

It should be added that, not wishing to alter the work of my
friend, T have left the limit of selection where he left it; and
therefore this ¢ Emmons volume ” contains no reference to In-
stitute papers published later than the Bulletin of December,
1910.

Thanks are also due to Prof. John D. Irving, of the Sheffield
Scientific School of Yale University, for the preparation, at Mr.
Emmons’s request, of the Bibliography which adds to the value
of the book as a guide to further study.

Rossiter W. RaymonD,
Secretary Emeritus.



INTRODUCTION.

BY SAMUEL FRANKLIN EMMONS.

THE great demand for the ¢“second Posepny book” on The
Glenesis of Ore-Deposits, published by the Institute in 1902, has
abundantly demonstrated that such volumes fill a real want
on the part of members of the Institute and others; and it has
been judged advisable to prepare another, including additional
important papers on this subject, which have been published
in the Zransactions of the Institute.

That this volume should not have an unwieldy bulk, it has
been necessary to omit from it, either entirely or in part, papers
which are more descriptive than genetic, and to select only
those, the subject matter of which in great part contributes to
the elucidation of general questions of genesis. A list of con-
tributions that might have been included, except for this
restriction, with a brief abstract of each, will be found at the
end of the volume, in a supplementary chapter, followed by a
general bibliography of the publications on the subject.

The arrangement of the papers is in general chronological;
but such an arrangement is necessarily imperfect, because those
in the previous volume were contributed in a middle period
(1893 to 1901), and some of the papers now published were
written before, but the greater part after, those dates.

The plan followed in the selection of contributions was to
make them represent, as far as they can, the progress of inves-
tigation and thought on the subject of ore-genesis in the 40
years that have elapsed since the organization of the Institute
in 1871. The papers themselves were not, however, written
for any such purpose, but are merely a set of facts and deduc-
tions which the respective authors thought worthy, at the time
they were written, of the consideration of their fellow-members ;
and since, as already stated, they were written in part before,
but for the most part after, those in the previous volume, they
do not present a consecutive or connected whole, but rather a
disconnected series, which needs some kind of running commen-
tary to bind them together. It is, therefore, the province of

( vii)



viii INTRODUCTION.

this introductory chapter to indicate in a general way the pro-
gress of opinion in the period under consideration, and to show
the place occupied and the part played in this progress by the
different papers in this book and its predecessor.

At the time of the organization of the Institute in 1871—
and indeed for many years after that time—so little was defi-
nitely known as to the processes entering into the formation
of metalliferous deposits that purely geological criteria were
rarely used in determining the value of an.ore-deposit, or the
best method of working it. Inreading the reports of the min-
ing engineers of those periods, one feels that such criteria were
either entirely neglected or mentioned in a merely perfunctory
way. The quantity and value of ore available or actually
opened were determined; but for the estimation of its prob-
able extent in unexplored ground, such estimates as were made
at all were ordinarily based on an effort to prove the deposit to
be a “true fissure-vein,” in which it was then assumed that ore
must extend to an indefinite depth, with possibilities of becom-
ing richer. Among professional geologists there was no well-
defined consensus of opinion with regard to the genesis of
ore-deposits. It was the commencement of what I have else-
where! called the period of verification, when the abundant
and varied speculations and hypotheses of the pioneers in this
department of study were about te be brought to the test of
practical application in a wide field of newly-developed ore-
deposits. Their minds were hence in the waiting or tentative
stage.

Neither Whitney, who was the greatest American authority
of his time, nor his European contemporary, Cotta, who,
through Prime’s translation of his well-known 7Zhreatise on Ore-
Deposits, was for many years the recognized authority in
American law.courts, had very decided opinions on the subject
of ore-genesis. In their publications they presented with con-
siderable impartiality the various views proposed by earlier
students, leaving it to their readers to select that which might
seem most worthy of belief.

It is difficult for the geologist of the present day to realize
the condition of geological belief at that time, since a very

! Theories of Ore-Deposition Historically Considered, Bulletin of the Geological
Society of America, vol. xv., p. 18 (1903).
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great part of his fundamental data'in geology is the result of
much later investigations. It was the discovery, in the sixties,
that the auriferous slates of California were of Jurassic age,
which finally negatived Murchison’s dictum that gold could be
found only in Paleozoic rocks. It was not until well in the
eighties that microscopical petrography had come to play any
essential part in American geological investigations. Before
that, it was only personal observation underground, supple-
mented occasionally by a few laboratory or blow-pipe tests, that
furnished information as to the processes going on in the earth
during ore-deposition ;. and, as all ores were thought to be
necessarily the filling of pre-existing open spaces, evidence of
replacement was seldom looked for. )

Richthofen’s report on the Comstock lode, in 1865, may
probably be regarded, in view of his previous career, as repre-
senting the most advanced and best-founded views of his time.
After professional study of the metallic deposits of Hungary,
the geological relations of which most nearly approach those
of our Cordilleran system, he had accompanied, as geologist,
the scientific expedition of the Austrian government in its
voyage around the world, and had remained in California to
take part in Whitney’s survey of the Sierra Nevada. His
Natural Classification of Eruptive Rocks had been a great step
in the scientific study of igneous action, and was generally ac-
cepted by petrologists, until it was finally superseded, some 20
years later, through new light thrown upon the subject by the
modern science of microscopic petrography. Richthofen re-
garded the Comstock lode as a true fissure-vein—that is, as a
result of dynamic action, cutting through different varieties of
rock, and extending to indefinite depth. Its mineral contents
he believed to have been deposited from solution, the silica
having been precipitated in a first stage, and the metallic min-
erals introduced in a second stage, after the fissure had been
re-opened. The extensive decomposition of the adjoining
country-rock could not, in his opinion, be explained by ther-
mal action alone; .and he therefore assumed that a process
had taken place, similar to that observed in the solfataras of
active volcanoes, which he therefore called ¢ solfataric action.”
As the source of the water which, acting as a solvent, had
brought in the chlorine, fluorine, and other vein-materials, he



X INTRODUCTION.

found the ocean too far away, and therefore resorted to the
waters of the Great Basin, which have a composition similar
to that of the ocean. These he assumed to have descended to
the heated region, where their chlorine and fluorine had be-
come as active as they are supposed to be in actual solfataras.
For the source of the mineral substances he says: « We have
to look to the action of these elements on the surrounding
rocks,” which is an application of the lateral-secretion theory.
It is noteworthy that, in spite of his characterization of the
action as solfataric, he considers the waters to have been of
meteoric origin. This was the most definite scientific opinion
that could be given at that time by the leading economic geolo-
‘gist of the day. What the average mining engineer would
say is illustrated by the statement of A. Sutro in the same
report, which was evidently a paraphrase of Richthofen’s
opinion, put in terms more comprehensible to the average
layman. Sutro says: «“ The Comstock lode is a true fissure-
vein . . . . through which open fissure ascended steam
and vapors, gases, acids, sulphur, chlorine, and fluorine, carry-
ing with them silica and metallic particles in a volatile form,
which in course of untold ages gradually filled up the fissure,
and, after undergoing many chemical changes, formed what is
now known as the Comstock lode.”

In the later, more detailed and exact, study of the Comstock
by King and Hague, published in 1870, the former declines to
go into abstruse speculation as to the genesis of the metals, it
being his opinion that, in the existing state of knowledge with
regard to ore-deposits, such speculations were more or less futile,
inasmuch as they could not be supported by facts. It was in
pursuance of this idea that, on assuming the Directorship of
the newly established U. 8. Geological Survey in 1880, Mr.
King founded the Division of Mining Geology, to which about
half of the entire appropriation granted by Congress was al-
lotted. To Mr. Becker and myself, whom he placed in charge
of this division, he pointed out, in the following terms, the ulti-
mate results at which he aimed:

““You will make accurate, detailed, and exhaustive studies of the Comstock,
Eureka, and Leadville districts; and, when these are completed, your principal
assistants will be competent to undertake similar studies of other important mining-
districts for which the necessary money will be furnished, thus successively dupli-
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cating the field of work, so that at the expiration of, say, ten years, the varied
types of deposits in all important mining-districts will have been studied ; and the
many phenomena bearing upon the genesis of ore-deposits thus accurately deter-
mined should be sufficient for a new theory of ore-deposits, based upon facts accu-
rately determined in the light of modern geology rather than, as is that of the
present day, upon theoretical speculations.”’

While the course of events has not been exactly that which
Mr. King planned, and results have been slower in coming,
and less definite and decisive, than his sanguine temperament
anticipated, they have been, nevertheless, such as to demon-
strate the wisdom of his plan. An important factor has been
the hearty concurrence and aid in this work afforded by indi-
viduals among the body of mining engineers, as soon as the
first results of the work planned by Mr. King had demonstrated
the immediate and practical aid to mining which might be
afforded by a knowledge of the geological relations of an ore-
body. It is this factor, emphasized by Dr. Raymond in his
Preface, which is especially brought out in the present volume.

The monographiec reports of mining-districts by the U. 8.
Geological Survey presented all the facts discernible with regard
to the geological relations of the deposits in each district, with
the conclusions that might be drawn for that special district;
but ‘it was many years before a sufficient number of districts
had been studied to permit any generalization applicable to all
deposits. These were naturally first formulated by the geolo-
gists actually occupied in that work, and were mainly published
in the Transactions of this Institute, because they would thus
reach a wide audience of working mining engineers, and lead
them to contribute facts and discuss results. Thus, the first
two papers in this volume present conclusions drawn by me
from the early years of my work on mining-geology, mainly in
Colorado.

No. 1. The Genesis of Certain Ore-Deposits. By S.F.Emmons.
This paper was written to correct certain misappréhensions by
critics of my views as given in the Leadville report. The theo-
retical conclusions therein expressed were of a preliminary
rather than final nature. The more important of these con-
clusions were:

a. As to the manner of deposition: that ore-deposition by
replacement or metasomatism is not confined to easily-soluble
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rocks like limestone, but is quite common in vein-deposits,
even in siliceous crystalline rocks.

b. As to genesis: that most ore-deposits are genetically con-
nected with eruptive or igneous rocks; and,

c. As to the source of the metals: that for ore-deposition .
from percolating waters (assuming, as was then universal among
geologists, that practically all waters circulating within the
earth’s crust are of meteoric origin), it is more reasonable to
suppose that these waters derive their metallic contents from
bodies of igneous rocks at moderate distances from the de-
posits than from the unknown depth or barysphere. The
main reason for this assumption is, that the hypothetical bary-
_ sphere (or region where the rocks are distinctly heavier, hence
richer in heavy metals, than those that come under observation)
must be at such great depths within the crust that it would
have been beyond the reach of meteoric water. Furthermore,
the suggestions of Bischof and Sandberger had pointed out a
means of verification of this theory, of which the derivation
from unknown depths is not susceptible. A modification of
the lateral-secretion theory much broader than the restricted
one put forth by Sandberger was therefore adopted as affording
the most fruitful field for further investigation and verification.

No. 2. On the Structural Relations of Ore-Deposits. By S. F.
Emmons. This presents my generalizations on the geological
character of the channels through which ore-bearing solutions
may have reached the loci of various ore-deposits, the conclu-
sions being that such channels have mostly been produced by
dynamic action and are in the nature of actual rock-fractures
or fault-fissures, even where no displacement is discernible.

No. 3. The Geological Distribution of the Useful Metals in the
United States. By S. F. Emmons. As here presented, this is
a series of extracts from a paper presented by me at the Chi-
cago meeting of the Institute (1898), containing the views then
entertained as to the genesis of the respective metals. These
views were still tentative, and their presentation was very much
in the nature of a report of progress; since the special studies
of mining-districts made by the U. S. Geological Survey had
not proceeded with the rapidity originally contemplated, and
the material for a new theory of vein-formation was still far
from complete.



INTRODUCTION. xiil

No. 4. The Torsional Theory of Joints. By George F. Becker.
This is a scientific demonstration, from the point of view of
terrestrial physics, of the laws governing rock-fractures, which
he groups under the term of ¢ joints,” giving the criteria by
which the effects of the agencies of pressure, tension, or torsion
may be recognized. While the term “joints” is applied by
him to those partings in rocks on which the throw is not appa-
rent without close observation, the laws governing them are
applicable to the larger fractures on which mineral veins have
formed.

Meanwhile, an important contribution to genetic investiga-
tion had been made by the Norwegian geologist, Vogt, in
demonstrating by microscopical study that certain titaniferous
iron-deposits of Sweden were in the nature of concentrations
taking place before consolidation in the fused magma of an
eruptive rock, on the principle of magmatic differentiation
recently announced by leading petrographers to account for
the varying composition of eruptive rocks in a given region.
Such magmatic concentration, I maintained, would furnish a
means of accounting for the localization of great mineral de-
posits in limited areas or mining-districts, and their absence
in other areas where eruptive rocks are equally abundant, by
the assumption that, in the fused magmas from which the
eruptive rocks of the mining-districts had been formed, there
had been a concentration of metallic minerals previous to con-
solidation. In so far, then, a fact of observation had been con-
tributed to the hypothesis that the metals of ore-deposits might
more probably have been derived from bodies of igneous rocks
which had consolidated near enough to the surface to be within
the reach of meteoric waters, rather than directly from the
unknown depths of the barysphere.

Posepny’s well-known paper on The Genesis of Ore-Deposits,
read at the Chicago meeting, and forming the leading article
in the first and second ¢ Posepny volumes,”” published by the In-
stitute, stated the strongest argument yet presented in favor of
the ascension theory, as distinguished from Sandberger’s nar-
row conception of the lateral-secretion theory; and had a great
influence in bringing about a revolution in the mind of the
professional public against lateral secretion in general. In his
advocacy of the direct derivation of the metals from the bary-
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sphere, Posepny did not, however, remove the objections
present in the minds of those who favored the broader, or
American, conception of the lateral-secretion theory—namely,
that it seems physically impossible for meteoric waters to have
penetrated the crust to the depths at which what is under-
stood by the term ¢ barysphere ” can be supposed to exist. He
tacitly assumes that all waters circulating within the earth’s
crust have a meteoric origin, and makes a most important dis-
tinction between those above and those below what he called
the ground-water level, which is assumed to correspond to the
lower limit of oxidation. The former, called vadose waters,
directly descending from the surface, exert an oxidizing or
decomposing action on already-existing deposits. The waters
below the ground-water level, or the deep-seated waters, are,
according to him, ascending, and were the vehicle through
whose agency the metals were brought up from the barysphere
and originally deposited. He did not, however, enter into any
explanation of the method by which he conceived these waters
to have gathered up their metallic contents ;—thus leaving this
part of the subject as indefinite as it had been at the beginning
of the period now under consideration; for Posepny apparently
did not attach much importance to Vogt’s idea of magmatic
concentration.

In a general way, therefore, it may be said that the actual
progress in verification made in the decade prior to 1893 had
been mainly in the line of getting a more accurate knowledge
of the structural character of the openings in which ore-deposits
are formed, of the channels through which the mineral-bearing
solutions reach these openings, and of the processes involved
in their deposition. Some important published results of
generalization on these lines had, however, not appeared in
the Transactions of the Institute—such, for instance, as Becker’s
laboratory experiments on the natural solvents of the pre-
cious metals, and his studies on the processes of vein-forma-
tion in actual progress at Clear Lake, California, and Steam-
boat Springs, Nevada.

These phenomena, as more or less susceptible of direct ex-
perimental investigation and verification, and also as having a
direct practical bearing upon the actual exploitation of ore-
deposits, were naturally those which first occupied the attention
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of investigators. Speculations with regard to the ultimate
source from which the metals have been derived, dealing largely
with deep-seated phenomena beyond the reach of actual obser-
vation, are less subject to direct experimental investigation, and
must, therefore, be verified by indirect or inductive reasoning.
The determination of facts on which such reasoning could be
based constitutes an increagingly important factor in the pro-
gress of scientific inquiry; and it has often been made by
geologists, chemists, or physicists, without special reference to
the applicability of such facts to the science of ore-deposition.
But economic geologists and mining engineers, while directing
their attention primarily to problems subject to direct proof,
and having practical bearing npon the mining industry, have
not neglected the more speculative aspects of these problems.
The succeeding papers of the series contained in this volume
illustrate this proposition, bearing as they do, in their treat-
ment of widely various subjects, now upon one and now upon
another branch of the general inquiry.

No. 5. The Allotropism of Gold. By Henry Louis. This
paper, aside from its practical application to the separation of
this metal from its ores, records facts which it may be impor-
tant to bear in mind in studying the various forms of the oc-
currence of gold in nature.

No. 6. The Superficial Alteration of Ore-Deposits. By R. A.
F. Penrose, Jr. This paper, though originally written for the -
Transactions, was, for reasons not necessary to record here,
actually published elsewhere. It is the first complete treatise
on the action of vadose waters on ore-deposits. It has been
deemed desirable to put it on record here, because it was
the only publication extant treating of that subject at the
time of the announcement of the important doctrine of
secondary sulphide enrichment, at the opening of the next
decade. Although the author, like Posepny, does not ex-
plicitly make the ground-water level the lowest limit of the
alteration he describes, it is evident from the context that, in
common with other economic geologists of the time, he regarded
this level as more or less identical with that at which oxida-
tion ceases, and that he did not admit the feasibility of the
actual transference of oxidized material, during such alteration,
below that limit.
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No. 7. Some Mines of Rosita and Silver Cliff, Colorado. By 8.
F. Emmons. This paper gives the record of actual observa-
tion of the occurrence of vadose and deep-seated waters in
one and the same mine (the Geyser), separated by a zone, over
500 ft. thick, of perfectly dry rock, where observation, as well
as analysis, gave an entirely independent source for each of
the respective kinds of water. While the conclusions drawn
in this paper are based on the then-prevailing belief that all
the waters circulating within the earth’s crust are primarily of
meteoric origin, the facts recorded have an .equally important
bearing upon the recently-adopted theory of the magmatic
origin of most deep-seated waters.

No. 8. The Genesis of Certain Auriferous Lodes. By John R.
Don. This is an abstract from a record of exhaustive chemical
research, carried on for seven years by Dr. John R. Don, of
New Zealand, into the possible source of gold, which has con-
tributed most important chemical data to the general subject
of genesis. Dr. Don’s analyses confirm the statements of pre-
vious investigators as to the presence of gold in extremely
dilute solution in the waters of the ocean; and his experiments
render it highly improbable that gold can have been precipi-
tated so as to form a part of sedimentary rocks; thus confirm-
ing the assumption that its source is to be looked for in igneous
material. In igneous rocks, however, he determines that it is
not contained in the bisilicates, but is necessarily associated
with pyrite; and, as he assumes that the pyrite is a later intro-
duction since the consolidation of the rock, he concludes that
the gold could not have been derived from the rocks examined
by him, but must have been precipitated from solutions ascend-
ing from rocks deeper than any now exposed at the surface,
without, however, concerning himself ¢with the question
whether this source is the vague barysphere with its somewhat
apocryphal contents of heavy metals.” As will be seen from
the discussions? of this paper, Dr. Don’s critics, while not ques-
tioning the accuracy of his determinations, do not agree on all
points with the conclusions that he saw fit to draw from them,
and do not admit that the impossibility of derivation from
igneous rocks is conclusively proved.

2 This volume, pp. 202 to 215.
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Chronologically, the next steps in the development of the
theories of genesis were taken at the Institute meetings of 1900
and 1901, at Washington and Richmond, respectively. The
papers presented at these meetings were of the greatest and
most critical importance in the development of the various
stages of the history of ore-genesis, and have been included in
the already-published volume, together with the treatise of
Posepny, which they so seriously modify and in some respects
even negative. Space will not permit a characterization of
them at all commensurate with their importance; and they will
only be referred to briefly, in such a way as to give each of
them what appears to be its proper place in the historical de-
velopment of opinion.

In his Principles Controlling Ore-Deposition, Van Hise pre-
sented a philosophical treatment of the entire question of un-
derground circulation as applied to ore-deposits, based on
experimental data with regard to underground circulation
furnished by the Water Supply Department of the U. 8. Geo-
logical Survey. . In this he explained, more definitely and in
greater detail than had hitherto been done, the manner in
which surface-waters, in their downward course, spread over
wide areas within the crust, and, as they turn upward, unite in
the larger trunk-channels through which they ascend to reach
the surface again at some outlet or point of run-off. The ele-
ment of lateral movement in underground circulation was
shown to be, therefore, much larger than had previously been
conceived. Van Hise believed that the descending and later-
ally-moving waters had been the main agents in taking up
metallic minerals from the rocks through which they passed,
-and that from these waters, ascending through trunk-channels,
the greater part of ore-deposition had taken place. Ie believed
in a ground-water level, but held that downward-moving and
oxidizing waters might penetrate some distance below this
level, and that when such mineral-charged solutions met other
similarly-charged solutions, ascending along trunk-channels,
extraordinarily rich deposits would be formed; whereas below,
in the trunk-channels, the ores would be mainly low-grade
pyritous ores.

The following paper in the second Posepny volume contains
my announcement of the important doctrine of ¢ Sulphide
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Secondary Enrichment,” which I had really discovered through
. my stadies, in 1896, of the veins of Butte, Mont., although I
had withheld its formal announcement, that I might test the
general applicability of the theory by the study of other de-
posits, especially those of copper, in which the results are more
easily observable than in those of other metals; and, further,
in order to investigate the chemistry of the processes involved;
for, according to the generally-accepted theory of a universal
underground water-level, descending oxidized solutions would
become diluted and neutralized on reaching this underground
sea, 80 as to lose their distinctive characters. As explained in
this paper, I do not believe in any such universal level, but
hold that the level to which water will rise in a given mine or
district is dependent on the structural relations in that particu-
lar mine or district, which thus constitutes a separate and
independent hydrostatic basin, so that the water-level, at
points no great distance apart, may be respectively much
higher or lower.

The next paper in the second Posepny book, by W. H.
Weed, on The Enrichment of Gold and Silver Veins, is of simi-
lar import. In the original survey of the Butte district, in
1896, Mr. Weed had acted as petrologist in charge of surface-
geology. Having listened to my discussion of the importance
of this new doctrine of enrichment by descending waters below
the ground-water level, Mr. Weed had appreciated its signifi-
cance, and, unknown to me, had studied its working in gold-
and silver-mines, principally in Montana—of which study this
paper was the result. He announced, for the winter meeting
of the Geological Society of America, an article on this gen-
eral subject, which-was not, however, actually read at the meet--
ing of the Geological Society in December, 1899, but was writ-
ten for that meeting at the same time that I was preparing,
for the Institute meeting of February, 1900, my paper on 7he
Secondary Enrichment of Ore-Deposits.

In the second Posepny volume, these contributions on sec-
ondary enrichment are followed by a very important paper of
Waldemar Lindgren, read at the same meeting, and entitled
Metasomatic Processes in Fissure- Veins. This is a most exact
and philosophic discussion of the part which metasomasis has
played during ore-deposition in various classes of deposits, and



INTRODUCTION. Xix

the changes thereby brought about in the wall-rocks, as well
as in the veins themselves. Mr. Lindgren shows this process
to have an even wider field of application in ore-deposition
than had been assumed by me in the early eighties, although
at that time my assumption was regarded as extra-hazardous;
but he deprecates the exaggerated importance assigned to it by
some over-zealous supporters of the metasomatic theory.
Able discussions of all these papers by prominent economic
geologists, European as well as American, were read at the
succeeding meeting of the Institute in February, 1901, at Rich-
mond, Va., and are incorporated in the latter part of the second
Posepny volume, together with two papers, which pursued a
new line of reasoning, destined to have a most important
influence on the whole question of genesis, and to set it, so to
speak, on a new basis. These were the paper of Prof. J. F.
Kemp, on The Rile of the Igneous Rocks in the Formation of
Veins, and- that of Waldemar Lindgren, on The Character and
Glenesis of Certain Contact-Deposits.  Both authors protest
against what they regard as the too great importance assigned
by Van Hise and others to the agency of meteoric waters in
vein-formation—Kemp attacking the question on theoretical
grounds, and Lindgren bringing practical proofs from a large
and increasingly-important class of deposits that could not
have been formed by meteoric waters.
Kemp enters at once into the broad question of the adequacy
-of meteoric waters to do what had been claimed for them, in
. bringing vein-material up from the barysphere, and makes a
strong argument against this adequacy and in favor of the prob-
.ability that not only the vein-materials themselves, but the
waters that carried them, were derited from igneous rocks.
A significant indication of the inadequacy of meteoric waters
was furnished by the recently-observed fact that the rocks at
the bottom of very deep mines (1,000 m.) are nearly or abso-
lutely dry. The evidence that water in quantity could have
been furnished by igneous magmas is necessarily indirect,
but was strengthened, a short time after the publication of
these papers, by the conclusions reached by Suess, from the
prolonged studies that had been made of well-known Euro-
pean thermals, namely, that the waters of many thermal springs
-are entirely derived from cooling igneous magmas, squeezed
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out, as it were, during the process of crystallization. Such
waters having never before appeared at the surface, Suess
calls them ¢juvenile” waters; but in America they are per-
haps more frequently called magmatic waters. Suess admits,
however, that the waters of some springs are entirely of mete-
oric origin, and that others probably have a mixed meteoric-
magmatic origin, while a portion only are exclusively mag-
matic.

Lindgren’s paper on contact-metamorphism was also a protest
against the extreme views of Van Iise and others, through its
demonstration that deposits of this class must have been formed
by direct emanations from cooling igneous magmas at a tem-
perature above the critical point of water, and hence in gaseous
or pneumatolytic state. IHe expressed the belief (which he
confirmed later by actual observation in nature) that, contrary
to the statement of European petrographers, this metamor-
phism involves also an actual transfer of material from the
intruding magma to the invaded rock. When he wrote this
paper, there were, it is true, few deposits of economic impor-
tance to which a contact-metamorphic origin could, with cer-
tainty, be ascribed ; but since then, as their characteristics have
become better known, the number of such deposits discovered
has been so greatly increased that they constitute in reality the
strongest argument in favor of the theory of the magmatic ori-
gin of vein-forming waters.

After the appearance of these two papers, there was a marked
revival of discussion on the ultimate source of the metals—
the question, as it came to be called, of « meteoric versus mag-
matic waters.” The advocates of the latter origin often went
further than either Kemp or Lindgren would have been willing
to go, in assuming it as proved that the great majority of ore-
deposits have been deposited from highly-heated waters of
magmatic origin—that is, waters occluded in igneous magmas,
and expelled or squeezed out of them during the process of
crystallization. This theory has the great merit of furnishing
a ready explanation for many facts connected with ore-deposi-
tion for which it has hitherto been difficult to account. If, for
instance, it be admitted that the mineral-bearing waters are
furnished by the cooling magmas, it is no longer necessary to
assume that surface-waters circulate to impossible depths; since
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the magmas themselves, which have unlimited powers of pene-
tration, may have risen to within the region of possible circu-
lation before the commencement of the process of consolidation
which would have squeezed out the mineral-bearing waters.
Some conservative minds still require more definite proof that
magmas contain water in sufficient quantity to fulfill the re-
quirements of this hypothesis; for, while petrographers in
general admit the possibility that during the consolidation of
magmas mineral salts may have been pneumatolytically forced
into the adjoining rocks, many of them doubt that such consoli-
dating magmas are of themselves capable of furnishing the
long-continued supply of water, carried through long distances,
which seems to be required for the formation of certain classes
of deposits. Direct proof of what has taken place at such great
depths cannot, it is evident, be obtained. It is, therefore, all the
more important to find well-determined facts of observation or
experiment that may indirectly contribute to this end. In the
later portion of the present volume will be found many papers,
the bearing of which upon questions of genesis may seem
rather remote, but which have been selected because they con-
tain scientific data which may be found later to have inductive
value in testing some of the current theories.

Returning from this discussion of previous contributions,
required for the continuous history of the literature of the
subject, as embodied in our Zransactions, I resume the con-
sideration of the papers contained in the present volume.

No. 9. The Influence of Country-Rock on Mineral Veins. By
W. H. Weed. This is a compilation of facts bearing on the
change of the mineral contents of vein-deposits as such deposits
pass from one rock into another. Fire

No. 10. Igneous Rocks and Circulating Waters as Factors in Ore-
Deposition. By J.F. Kemp. This paper continues the discus-
sion of the connection of vein-forming waters with igneous
magmas, giving the author’s reasons for thinking that Van
Hise’s final arguments, as presented in the discussion of pre-
vious papers, failed to afford an adequate explanation of vein-
phenomena through the agency of meteoric waters alone. As
will be observed, he inclines to the view that ore-deposits are
likely to occur where some intrasive rock charged with me-
tallic material has entered the earth’s crust and imparted its
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material to up-rising mineral waters, and that deposition in
such cases has ceased, not, as maintained by Van Hise, because
of cementation, but because the stimulating cause—the heat of
the intruded body—Dbecame exhausted. Ile also differs with
Van Hise with regard to the abundance of veins, and the uni-
versal and uniform occurrence of ground-water within the
earth’s crust.

No. 11. A Consideration of Igneous Rocks and Their Segrega-
tion or Differentiation as Related to the Occurrence of Ores. By J.
E. Spurr. This'is a recapitulation and analysis of arguments
recently brought forward in favor of what may be called a
magmatic theory of ore-genesis and of the facts that support it,
together with certain views peculiar to the author, especially
with reference to the magmatic origin of certain gold-bearing
quartz veins. His final conclusion is ¢ that the origin of
metal-producing districts as contrasted with barren districts is,
in most cases, due primarily to magmatic segregation, and that
an important class of ore-deposits is due directly to this.”
Most workable deposits, however, he admits to be due to sub-
sequent concentrations, often several times repeated, through
the agency of water acting either chemically or mechanically.
Like some others, Mr. Spurr has in this paper misconceived
the meaning of the word “occlude,” assuming it to be equiva-
lent to ¢ squeeze out,” whereas it really means to ¢“shut in” or
“absorb.”

No. 12. The Chemistry of Ore-Deposition. By W. P. Jenney.
This is an elaborate compilation of data with regard to the
influence which the various forms of carbon found in the rocks
may have had in the precipitation of the metals in ore-deposits
from their solutions, supplemented with actual observations by
the author, mainly in the lead-zinc deposits of Missouri and of
Tintie, Utah.

The reducing power of organic matter of any kind has been
recognized from the earliest conceptions of the genesis of ore-
deposits; and Dr. Jenney has rendered a valuable service in
showing the great extent to which, under one form or other, it
is found in nature in connection with them. There will proba-
bly be geologists who will question whether, in all instances
quoted by him, this has been the only, or even the main, agent
in the formation of the sulphide-deposits mentioned. Its action
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is unquestionably reducing; but that a substance has been re-
duced implies that it was primarily in an oxidized condition.
That this was the case for the secondarily-enriched material is
undoubtedly true; but for primary mineral deposits the as-
sumption seems hardly authorized.

No. 18. Ore-Deposits Near Igneous Contacts. By W. H. Weed.
This is an attempt to make a genetic classification of ore-de-
posits, the majority of which the author believes to be, pri-
marily, direct emanations from igneous bodies. Such attempts,
when conscientiously and thoroughly made, serve a useful
purpose in bringing together for discussion the evidence in
favor of the views advocated; but it is questionable whether
this classification of metamorphic contact-deposits, made before
there has been time for accurate and extended studies of any
great number of such deposits, has really advanced our knowl-
edge of them to any considerable extent; for it means the es-
tablishing of a standard which nature is expected to follow,
whereas, the reverse method is the only one which can yield
sound and permanent results.

No. 14. Ore-Deposition and Vein-Enrichment by Ascending
Hot Waters. By W. H. Weed. This paper treats of a phase
of secondary enrichment which, though normally included in
the original statement of this theory, had thus far received but
little attention—namely, enrichment by ascending waters, or
differential deposition. It is a phase which is less susceptible
of actual observation or demonstration than that by descending
waters; hence the data bearing on this subject which Mr.
Weed has here gathered are of great importance, and deserve
to be put on record.

No. 15. Basaltic Zones as Guides to Ore-Deposits in the Cripple
Creek District, Colorado. By E. A. Stevens. This paper pre-
sents the conclusions of the author, who had been profession-
ally connected with various Cripple Creek mines, with regard
to the eftects of recent dikes upon ore-concentrations in that
district. They differ in some respects from the theories pre-
viously maintained, and may not be confirmed by future
studies; but they are suggestive and worthy of consideration.

No. 16. The Geological Features of the Gold-Production of
North America. By W. Lindgren. The portion of the paper
included in this volume presents the practical application of
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the knowledge with regard to ore-deposition thus far ob-
tained on this continent, and a classification of deposits of
gold, primarily by relative age and also to a certain extent by
method of genesis, and gives the practical conclusions as to
future production that may be drawn therefrom. Coming
from one so well qualified for the task, bqth by ability and
by the advantages of official position, as Mr. Lindgren, these
conclusions may be considered as most important and authori-
tative.

No. 17. Osmosis as a Factor in Ore-Formation. By H. B. Gil-
lette. This paper discusses a force, the possible importance of
which in the process of ore-deposition has not received the at-
tention from economic geologists in gencral which it seems to
deserve. Already, in 1892, Dr. George ¥. Becker?® had called
attention to the possibility that osmosis might explain the dif-
fering action of the same mineral-bearing solutions on the inte-
rior of a vein and the adjoining wall-rock, only the solutions
of the gangue-materials being able to penetrate the latter.
Later, experimental tests were made by Dr. E. A. Schneider*
on colloidal sulphides of gold, carrying out the idea in a modi-
fied form. Lindgren has practically applied it in his discus-
sion of the vein-deposits of Nevada City and Grass Valley,
Cal.,® and of Cripple Creek, Colo.

Mr. Gillette does not refer to these earlier investigations, but
makes the suggestion that metasomatic replacement—for in-
stance, of limestone by kaolin—is a physical rather than a
chemical process, and that for every particle deposited by
crystallization a particle of country-rock may be dissolved.

No. 18. The Ore-Deposits of Sudbury, Ontario. By C. W.
Dickson. The genesis of these important nickel-bearing pyr-
rhotite-deposits has been the subject of repeated discussion
ever since their discovery. The most contradictory conclu-
sions have been reached by different geologists, whose acknowl-
edged ability entitled them to equal scientific credence. The
view expressed. in this paper differs essentially from those of
the majority of writers on the subject, especially the Canadians;

3 Mineral Resources of the United States, p. 156 (1892).

¢ Bulletin No. 90, U. S. Geological Survey (1892).

5 Seventeenth Annual Report, U. S. Geological Survey, Pt. 1I., p. 183 (1896).
6 Professional Paper No. 54, U. 8. Geological Survey, p. 229 (1906).
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but it presents the result of most careful microscopic study;
and the paper contains so full, and apparently methodical, a
statement of previous investigations, not only of these, but of
cognate deposits, that it has been thought best to give it in
full, since the facts are important and worthy of credence,
whatever may be the reader’s opinion of the conclusions
reached by the author. Even if, as claimed by some of those
who hold the opposite view, the phenomena here presented
are found in ‘only a small portion of the area exploited, that
fact does not justify their being disregarded. A preliminary
magmatic concentration does not preclude a subsequent con-
centration by some form of metamorphic action. It may never
be possible, where both these processes have been active, to
determine the exact proportion of the resulting deposit which
may be due to either, that is, which played the greater part in
its formation; but it would hardly seem proper to characterize
a deposit as a magmatic concentration if, it has been brought
to its present condition of an economically-workable deposit
through the agency of subsequent aqueous concentration.

No. 19. The Genesis of the Copper-Deposits of Clifton-Morenci,
Arizona. By W. Lindgren. This is an admirable supplement
to his earlier paper on contact-metamorphism in the previous
volume. It contains the genetic conclusions derived from an
actual and detailed study of a most typical group of contact-
metamorphic deposits, in which he has been able to verify in
nature many of his previous theoretical conclusions—notably
that of the actual contribution of material by intruding igneous
magmas to the intruded rocks, as well as many new and valu-
able data as to the phenomena of contact-metamorphic copper-
deposits.

No. 20. The Copper-Deposits of San Jose, Tamaulipas, Mexico.
By J. F. Kemp. This is a description of contact-metamorphic
deposits of copper in limestone in the periphery of an intrusion
of diorite-porphyry. It contains a discussion of the chemical
processes by which the lime silicates, mainly garnets, are
formed, and of the origin of the material which enters into
their composition—whether it can all be accounted for as
originally contained in the limestone, or whether some portion
must have been added during the intrusion of the igneous
magma. This paper thus forms a supplement to that of Mr,
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Lindgren on Clifton-Morenci, and, though descriptive, consti-
tutes an addition to our knowledge of the general process of
contact-metamorphism.

No. 21. Magmatic Origin of Vein-Forming Walers in South-
eastern Alaska. By A. C. Spencer. This is an argument in
favor of the magmatic origin of vein-forming waters in that
region, following the suggestion of Lindgren that the gold-
quartz veins of Victoria, Australia, and of Cahforma have been
deposited chiefly by water originally contained in a granitic
magma, possibly aided to a certain extent by atmospheric
waters.

No. 22. Genetic Relations of the Western Nevada Ores. By J.
E. Spurr. This paper ascribes a magmatic origin to the ore-
bearing waters which have produced the gold- and silver-de-
posits of western Nevada, and, in the Silver Peak district, even
suggests that the gold-bearing quartz veins are siliceous phases
of the cooling alaskite.

No. 28. Are the Quartz Veins of Silver Peak, Nevada, the
Result of Magmatic Segregation ? By J.B. Hastings. This is a
criticism of Mr. Spurr’s views, as applied to the Silver Peak
quartz veins in the foregoing paper.

No. 24. The Occurrence of Stibnite at Steamboat Springs, ]\’ewda
By W. Lindgren. This is a record of recent additional experi-
mental observations by the author on the processes going on
at Steamboat Springs, Nevada, where Becker had in 1885
proved that metallic sulphides were actually being deposited
by hot thermal waters. It is interesting as noting the changes
that have apparently taken place in the deposits within 16
years.

No. 25. A Summary of Lake Superior Geology with Special
Reference to Recent Studies of the Iron- Bearing Series. By C. K.
Leith.

No. 26. The Geological Relations of the Scandinavian Iron-
Ores. By Hjalmar Sjogren.

These papers, Nos. 25 and 26, contain respectively summa-
ries, by men especially well equipped for the purpose, of the
geology of the two great iron-ore regions of the world,—the
Lake Superior region of North America and the Scandinavian
peninsula in Europe. While not primarily genetic, they pre-
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sent summaries of the geological relations of the respective
deposits which involve a discussion of their genesis.

It is interesting to contrast the broader outlines of genesis of
these two greatest known concentrations of metallic ores in the
world. They both occur in the very oldest rock-series that have
yet come under observation and study, and are themselves, in the
main, of pre-Cambrian age, though they may have suffered some
further concentration in more recent times. They are consid-
ered to be essentially concentrations by oxide-laden surface-
waters of iron-material, originally disseminated in the form of
carbonate, silicate, or even oxide, in the beds of the sedimentary
series in which they occur,and are thus what the European geolo-
gists would classify as sedimentary in origin. Itistrue that these
primary constituents are considered by Van Hise to have been
derived in a last analysis from decomposing igneous rocks, out
of which they were dissolved or abraded by sea-waters, while
the actual process that has made them of economic value has
been later than sedimentation, and entirely independent of it.

The sedimentary origin formerly maintained for a large
proportion of the Scandinavian ores is now considered to be
impossible, since metasomatism, the importance of which has
been more readily recognized by the Swedish than by any other
European geologists, is shown to be the process by which they
have been formed, through the agency, however, of deep-seated
rather than surface-waters. Although the Scandinavian iron-
deposits are here divided into several distinct types, they are
all more or less distinctly connected with igneous eruptives.
Some are considered to be magmatic segregations; the greater
part are some form of pneumatolytic formation, of which the
extreme type is the contact-metamorphic deposit in limestone.
One or more of the lime silicates, garnet, amphibole, etc., are
very common associates of all the ores. Secondary alteration
and concentration by surface-water is considered to have played
but a very subordinate part, if any, in producing the present
deposits.

No. 27. The Formation and Enrichment of Ore-Bearing Veins.
By Géorge J. Bancroft. This is a discussion, by an experienced
mining engineer, from the point of view of his own personal
observations in Western mining-districts, of various points in
the theories of genesis from aqueous solutions presented in
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the previous papers. The main conclusions peculiar to his
point of view, are that veins are formed in relatively short
periods, and from rich or concentrated solutions.

No. 28. The Distribution of the Elementsin Igneous Rocks. By
H. S. Washington. This is a discussion of the relative amount
of the elements, as shown by the improved modern methods of
rock-analysis, that go to make up the ore-deposits found in dif-
ferent varieties of igneous magmas. From the point of view
of the petrographer and chemist, this is an important inquiry;
and though at present it yields but few results of actual eco-
nomie bearing, it is significant of what may be expected from
further research along these lines. It is noteworthy that while
the average water-content of crystalline rocks is not over 2 per
cent., this percentage may be carried up to 12 in fresh glassy
lavas, from which the water was unable to escape, owing to the
rapidity of solidification.

No. 29. The Agency of Manganese in the Superficial Alteration
and Secondary Enrichment of Gold-Deposits of the United States.
By Prof. W. H. Emmons, Copperhill, Tenn. This paper forms
a fitting close to the series. It is a thorough examination and
discussion of the doctrine of secondary enrichment, as applied
to the single metal, gold. It had already been noticed that
there are gold-deposits which have evidently been, and others
that apparently have not been, enriched by surface oxidizing
waters. The author and his assistants, by a series of chemical
experiments, have discovered the cause of this difference, and
thus contributed an important scientific addition to the doctrine
of secondary enrichment, which, in practice, should enable the
mining engineer to determine whether a given gold-deposit is
secondarily enriched; whether it is capable of producing valu-
able placers by disintegration; or whether neither condition
can be expected. It also accounts for transfers of gold from a

_higher to a lower horizon in certain classes of deposits. This
is the type of investigation to which we may look hereafter for
the most valuable results in furtherance of the science of ore-
genesis.
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BY GEORGE F. BECKER, WASHINGTON, D. C.

(San Franecisco Meeting, October, 1911. Trans., xlii., 643.)

A MERE record of Emmons’s professional career would very
inadequately represent the man. That he was eminent we
know, and our successors will realize in due time; but they
must depend upon us for knowledge of a singularly wholesome,
modest, unselfish personality, and of a character that did honor
to a profession in which trustworthiness is indispensable.
Those members of the Institute who met Emmons are his

friends, and I never knew one of these who was not the better °

for that frlendshlp

Emmons was born in Boston, Mar. 29, 1841, the son of
Nathaniel H. and Elizabeth (Wales) Emmons, and was named
Samuel Franklin after an ancestor who was of the same family
as Benjamin Franklin. He took the degree of Bachelor of
Arts at Harvard in 1861, and soon afterwards went abroad to
complete his education. From 1862 to 1864 he attended the
courses at the Fcole Impériale des Mines at Paris, Klie de
Beaumont and Daubrée being among his professors. The
year 1864-1865 he spent at Freiberg under Cotta and other
famous teachers; after which he spent another year in travel-
ing through Europe. Like many other r¢nowned geologists,
he approached his ultimate profession from its economic side,
and was thus from the first imbued with a sense of high re-
sponsibility in the promulgation of scientific opinions or con-
clusions. With hypotheses which were interesting merely
because they were ingenious or even plausible, he would have
nothing to do.

In 1867 he joined the Geological Exploration of the Fortieth
Parallel at its organization under Clarence King, serving at
first as a volunteer, but soon receiving a regular appointment.
This expedition was the first one of purely geological char-
acter sent out by the United States government. As Emmons
has shown in his admirable presidential address on ¢ The
Geology of Government Explorations,” its work was founded

( xxix )
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on a complete and comprehensive plan, adopted before taking
the field, and systematically followed in all essential features
during the ten years of its existence. This plan aimed at the
highest efliciency compatible with prompt completion. It was
important from every point of view that the broad outlines of
the geology and mineral resources of the belt of country to be
opened up by the completion of the transcontinental railway
should be made known as soon as practicable. To execute a
final, detailed survey under such conditions was impossible;
and for this reason the work was called an exploration, but as
a first approximation to the truth the intention was to make it
irreproachable in methods and in symmetry. The best experts
to be had were secured; contour-mapping as a basis for geo-
logical work was introduced for the first time in this country ;!
and, when lithological collections had accumulated, a well-
known Furopean petrographer was engaged to discuss them
by the new microscopic methods, then wholly unfamiliar to
American geologists. Emmons’s associates as assistant geolo-
gists were our late eminent colleague James D. Hague, and his
brother, Mr. Arnold Hague. The expedition started in 1867
from Sacramento; and it will help our younger brethren to
grasp the changes which have taken place in the civilization
of the West to be reminded that an escort of 30 regular
soldiers was needed in that year to protect the civilians from
hostile Indians.

To realize how hard the men worked, it is only needful to
glance at the Fortieth Parallel memoirs and maps, but shoot-
ing was an available recreation, and afforded a legitimate
means of varying a monotonous diet. There was one particu-
larly good bear-story which Dr. Raymond has recorded in his
notice of King in Emmons’s own words.? Of this Dr. Raymond
writes me:

“ King, who always reaped the glory which his splendid audacity deserved,
killed the bear ; but the story shows that Emmons was posted at the other end of
the passage where the wounded bear would have come out, if King’s shot in the
dark had not been fatal !

One of the rules of the Fortieth Parallel Survey was, that its

! Capt. John Mullan’s Report on the Construction of a Military Road, 1863,
contained contour sketch-maps surveyed and drawn by Theodore Kolecki.
? Trams., xxxiii., 633 (1902).
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members should be as civilized as practicable, especially at
meals. The men believed in a good and varied diet, well-
cooked and served ; and, when the accounting-officers of the
War Department demurred at passing a bill for currant-jelly,
they were met with a threat to charge up at the rate of beef
the venison furnished by members of the mess. By such
eans the geologists preserved both their digestion and their
adaptability to social life at centers of civilization, in which
every one of them took a prominent part in later years.
"~ Two episodes in the history of the Exploration of the For-
tieth Parallel deserve mention. In 1870, the appropriation-
bills passed too late for a regular season of field-work, and
King decided on an examination of the extinct voleanoes of the
Cascade range. He and Emmons ascended Mt. Shasta, and
there found the first glaciers recognized within the limits of
the United States. Later, in the same autumn, Emmons made
the ascent of Mt. Rainier, where he found much more extensive
glaciers, which he has very graphically described. Emmons
made no claim to the first ascent of this great peak, recogniz-
ing that it had been scaled two months earlier by Gen. Hazard
Stevens; but our colleague, who was accompanied by Mr. A.
D. Wilson, was the first to bring from this dormant volcano
valuable information on its topography, geology, and glaciol-
ogy. During the same season Mr. Arnold Hague ascended
Mt. Hood, where he too discovered typical glaciers.

In 1872 Emmons took part in the exposure of the famous
diamond swindle. Though strong efforts were made to keep
secret the locality of the alleged diamond ¢ discovery,” King
made out that it must be in a region which Emmons had sur-
veyed. They set out together to investigate, and Emmons was
able to lead the little party to the scene of the crime in Ver-
million Creek Basin, Wyoming. This had been selected by the
swindlers because it was*in a nearly waterless region, from
which almost any expert would retreat®at the first possible
moment. A great financial disaster was averted by the detec-
tion of this fraud, and it is doubtful whether King could have
achieved the disclosure without Emmons’s knowledge of the
country.

In King’s Exploration, Mr. Arnold Hague and Emmons had
charge of the descriptive geology. In 1870 Emmons had con-
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tributed a chapter on the Toyabe range and some minor notes
to Vol. III. (Mining Geology). With these exceptions, and
that of his description of Mt. Rainier, all his work on that sur-
vey is contained in Vol. II. (Descriptive Geology), printed
in 1877, and containing nearly 900 pages. In the letter of
transmittal by the authors the limitations of the work are thus

emphasized : °

“It will be readily understood by the reader, from the very title of the work,
that this does not claim to be a systematic survey like those of Europe, based on
accurate maps, but is rather a geological reconnaissance in an unknown and often
unexplored region, where geology and topography had to go hand in hand, and
that therefore, while details were often, from the necessities of the case, somewhat
neglected, it was the general bearing of the leading geological facts that was most
constantly in our minds.”’

Now-a-days, I suppose, no one would think of reading this
volume through, though it remains an important book of refer-
ence. In 1877, however, it was full of news, and Gerhard vom
Rath, to whom geology (directly and indirectly) owes so much,
told me in 18883 that it was the interest the Descriptive Geology
aroused in him which led him to visit the United States. It
was, I remember, the first work I ever reviewed; and I greatly
enjoyed the task.

In accordance with the plan of the Exploration of the
Fortieth Parallel all the men had constantly to guard against
two temptations, one being to follow out their problems by de-
tailed studies at an undue expenditure of time, and the other
to gain time by slighting important matters in which they
might happen to feel relatively slight personal interest. There
can be no doubt that they displayed great self-control; and in
my opinion the result was an unrivaled model of a preliminary
survey in an unknown region.

It should not be forgotten that the topographic and the
geologic reconnaissances were executed at substantially the
same time, so that the geologists rarely had maps in the field
on which to rgcord their work. This involved keeping in
mind and in note-books a vast number of detailed observations
systematically co-ordinated and of a prescribed standard in re-
spéct to generality. Ten years of this sort of thing gave
Emmons an unusual command of details, and power to marshal
them mentally without extraneous aid. In short, it was the
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training in descriptive geology, as he practiced it, which en-
abled him subsequently to deal with the complexities of Lead-
ville. !

With the completion of the Descriptive Geology in 1877, the
connection of its authors with the Fortieth Parallel ceased.
For the next two years, Emmons devoted himself to a cattle-
ranch near Cheyenne. The country was still unfenced, and
great profits were possible in this business, while the active,
out-door life suited Emmons’s temperament and habits. Even
after his return to scientific life, he retained his interest in this
ranch for some years, and kept there a pack of Scotch deer-
hounds with which he hunted.

In March, 1879, the government organizations which had
been carrying on geological reconnaissances were merged in
the present United States Geological Survey, and King was
appointed Director, taking his oath of office on May 24. Asa
matter of course, a position was offered to Emmons, and he
qualified on August 24.

In the autumn of that year King summoned Emmons and
me to Washington, in order to prepare schedules for the ex-
amination of the precious metals industries under the Tenth
Census, a task undertaken by the Survey as a matter of cour-
tesy to the Census Bureau and as germane to its own office.
As soon as Emmons arrived, I called upon him; and when, an
hour later, King entered the room to introduce us, we were
already friends. Such we always remained without a single
misunderstanding.

It was for each of us a busy and interesting period, and in
later years a favorite subject for reminiscence. Kmmons,
though of course strong on general geology and lithology,
was rusty in technical mining and metallurgy, which I had
been teaching; and while I had a considerable familiarity with
ore-deposits, my knowledge of general geology and lithology
was elementary. Indeed, on joining the Survey, I had stipu-
lated with the Director that he should call upon me only for
mining and metallurgical reports. Thus the preparation of
schedules led to many instructive discussions, carried on with
the utmost freedom and good-will. We worked hard and
long. We were in almost daily consultation with King, who
was well informed on the whole subject, but I do not remember
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that he ever made any material change in our plans; and we
also had prolonged sessions with Gen. Francis A. Walker,
Superintendent of the Census, who was thoroughly agreeable
and agreeably thorough.

Life was not all work, however. John Hay, then Assistant
Sceretary of State, and King had at Wormley’s a private dining-
room, which they invited Emmons and me to share with them.
I doubt whether there ever was table-talk more brilliant than
that to which we listened in that room. Neither Emmons
nor I said much, but we egged on the other two, and laid little
plots to get them started on matters we desired to hear dis-
cussed. King and Hay were intimate friends, and particularly
well-fitted by differences in temperament and experience to
complement one another in conversation. Though Hay rarely
indulged in humor and was not a man of buoyant spirits, he
was never commonplace or ponderous. He was gifted with
true wit, whose gleams showed even familiar relations in new
aspects and revealed relationships among less familiar things.
He offered, but never obtruded, suggestive reflections grace-
fully epitomized, and in this intimate companionship disclosed
the grasp of affairs and breadth of view which were to make
him a great Secretary of State. As for King, hear Hay!

‘““ He was inimitable in many ways : in his inexhaustible fund of wise and witty
speech ; in his learning, about which his marvellous humor played like summer
lightning over far horizons; in his quick and intelligent sympathy, which saw
the good and amusing in the most unpromising subjects; in the ease and airy
lightness with which he scattered his jewelled phrases ; but above all in his aston-
ishing power of diffusing happiness wherever he went.””

Had these wonderful dinners not been so entertaining they
might have been considered as equivalent to a post-graduate
course in liberal education. They exerted a lasting influence
on Emmons and me, expanding our views and adding symme-
try to our standards of thought and achievement.

It was while we were engaged on the Census schedules that
King completed his plans for the investigation of ore-deposits,
and placed the work in our charge by the orders quoted in
Emmons’s introductory chapter to this volume. I was reluct-
ant to accept the responsibility, and I should have persisted in

3 (larence King Memoirs, p. 131 (1904).
9
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refusing it, had not Emmons urged me to make the attempt,
assuring me in the kindest manner of his co-operation and
assistance, so far as circumstances might permit. He began to
cram me immediately; and, during the field-work in Leadville
and on the Comstock, we were in constant correspondence on
every phase of both problems.

Early in 1880, each of us had to select and instruct a staff of
young mining engineers who were to collect the statistics and
technological data under the Ccnsus, while at the same time
we organized and commenced our'geological field-work; in
fact Emmons began on the geology of Leadville just before the
New Year.

‘What little is to be said of the Census work may be said
here, although it was not completed until Emmons’s abstract of
his Leadville report had been printed. The purpose of the
Statistics and Technology of the Precious Metals was to furnish
mining-men with accurate data of production and a record of
technical practice in the year 1880, together with such an out-
line of the geology of the mining-districts as could be prepared
from material already published, supplemented by the informa-
tion derived from the reports and collections sent in by the
experts in the field. It was a harassing piece of work; and it
is needless to say that some districts were more competently
reported than others; but under the circumstances, and on the
whole, the authors were fairly satisfied with the result. Its
value would have been enhanced by prompt publication. By
working at night and on holidays the manuscript and maps
were completed and transmitted on Feb. 8, 1883 ; but more
than a year elapsed before the first galley-proofs reached us;
and in the meantime the maps had disappeared from the
Census Office. I remember exactly how we felt!

After King retired from government work, I was placed in
charge of the Statistics and Technology of the Precious Metals,
so that for a time I had the honor of counting Emmons nomi-
nally as my assistant; but of course we worked together as
before, and no question of subordination was allowed to arise.
When it came to deciding the order of our names on the title-
page, however, he said I was in charge and should come first,
while I maintained that he, as the senior and more experienced,
should take precedence. As neither would be convinced, I

-
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proposed deciding the matter by the turn of a coin. Thus we
settled it, standing by the statue of Jackson, in the ecity of
Washington. He won the toss and I my way. :

In spite of the labor involved in gathering statistics under
the Census, Emmons pushed the examination of the geology of
Leadville so energetically that he was able to close his office
at the camp on Apr. 1, 1881, and to transmit his Abstract of
a Report on the Geology and Mining Industry of Leadville
on October 20 of that year. This abstract, which appeared in
the Second Annual Repor't of the Director of the United States
Geological Survey, is a memoir of 87 pages and contains the
principal results of the investigation. The publication of the
Monograph was delayed by various causes till 1886; but his
main conclusions were not changed in the intervening time.*
In the field-work he was assisted by Ernest Jacob, Whitman
Cross, and W. H. Leflingwell as geologists, and by W. F.
Hillebrand and Antony Guyard as chemists.

Emmons’s views of the Leadville ore-deposits, up to the time
of the publication of his Monograph, may be condensed into
the following statement: Prior to oxidation, the ores consisted
of sulphides of lead and silver, zinc and iron, which were de-
posited by substitution for country-rock, this being as a rule
limestone or dolomite, but in some instances siliceous in char-
acter. The ore reached the deposits as hot aqueous solutions
at high pressures, and came from above. The temperature
was due to the depth (about 10,000 ft.), and the magmatic heat
of the intrusive porphyries. The water was of meteoric origin
and derived its metallic content, perhaps wholly but demon-
strably in part, from masses of porphyry which were not neces-
sarily in juxtaposition with the ore. The principal deposition
took place at the upper surface of the blue Carboniferous lime-
stone.’ ;

Twenty-one years later he returned to the subject with Mr.
J. D. Irving in a paper on the Downtown District; ® and the

* In the Abstract Emmons regarded the ores as derived from the porphyries,
while in the Monograph he considered them as ‘“mainly’’ derived from this source.

5 See Abstract, Second Annual Report, U. 8. Geological Survey, p. 234 (1882).
Geology and Mining Industry of Leadville, p. 584 (1886). Also, Trans., xv.,
138 (1886-87).

6 Bulletin No. 320, U. S. Geological Survey (1907).

L]
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only important change he was obliged to make was an addition
rather than a correction. Developments in the intervening
decades had shown that many, instead of few, ore-bodies
existed within the mass of the Carboniferous limestone (not
merely near its upper surface), and also in the Silurian lime-
stone. Meanwhile, however, the subject of juvenile or mag-
matic waters, first investigated by Charles Sainte-Claire Deville
and other French savants, had been actively studied and dis-
cussed, so that in 1907 questions arose as to the possible par-
ticipation of such waters in the genesis of the Leadville
deposits. How far the original sulphides at Leadville were
deposited from juvenile waters, and whether instances of depo-
sition as a feature of contact-metamorphism were to be found
there, were still unknown.

This paper by Emmons and Irving was, in fact, a partial ab-
stract in advance of a monograph by the same authors, in
which the entire Leadville work was to be revised. Fortu-
nately the volume was so nearly completed before the senior
author’s death that Mr. Irving is in a position to finish it
within a few months. How far it will answer the questions
which were still open in 1907, I do not know.

Leadville presents the most intricate problem of mining-
geology ever attempted ; for the structure is as complex as the
chemical history of the deposits. Emmons brought to the
study of this district a mind trained to carry a vast number of |
observations in due relation to one another; and this enabled
him to execute a truly monumental work. His Monograph
has been of enormous importance to miners, for experience
has shown that its predictions were substantially correct; it
has been of material advantage to the Geological Survey as an
evidence of what geology can do for industry; and it has set
an example to younger geologists of the mode of treatment
proper to such a problem. The revision of this great work
after the lapse of 30 years worthily closed his career.

Having concluded that the Leadville ores were deposited by
substitution, mainly for limestone, Emmons was led to study
instances of the replacement by ore of other rocks. Indeed,
even in his Leadville Abstract of 1882, he had recognized
limited occurrences of ores substituted for siliceous rocks.
Cases of this kind had been described in Europe by Groddeck
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and others; but in this country only the native copper of
Lake Superior had been recognized as pseudomorphie by Mr.
Pumpelly. Emmons soon found abundant evidence capable
of interpretation as indicating replacement or metasomatism in
a wide sense; that is to say, he found much ore in situations
from which even siliceous rocks or minerals had Dbeen re-
moved. To cover them all, he defined metasomatism as an
interchange of substances, but not necessarily molecule by
molecule,

This breadth (perhaps I aught to say looseness) of defini-
tion was unavoidable unless he had been willing to postpone
for years the announcement of his results; for convincing de-
tailed proof of the various processes active in the alteration
and impregnation of wall-rocks requires prolonged and difficult
chemical and microscopical investigation. Among engineers
the idea, new to many of them, immediately became popular,
too popular, in fact; and at one period there was danger that
all deposits would be set down without due proof as cases of
replacement. Some, however, were left to protest; and, after
a few years, the matter was reduced to proper proportions by
Mr. Lindgren,” who, adopting as his criterion the principle
that the theory of substitution of ore for rock is to be accepted
only when there is definite evidence of psendomorphic, mo-
lecular replacement, worked out his results with great labor

.and discrimination. There can be little doubt that as geolog-

ical chemistry is elaborated the importance of deposition by
substitution will be still further recognized, and that studies
devoted to this subject will shed unexpected light on geo-
chemical processes.®

Secondary enrichment of sulphide ores attracted attention

7 Trans., xxX., 596 (1900).

8 Among the very first observations which I made on the Comstock lode was,
that much of the pyrite in the wall-rock was pseudomorphic after ferromagnesian
bisilicates. ( Gedlogy of the Comstock Lode, p. 210, 1882.) Emmons’s studies on
replacement led me to examine the quicksilver-mines very closely for pseudo-
morphic deposition of cinnabar. In spite of profound alteration of wall-rock,
attended by other replacements, I found no instance of deposition of cinnabar by
substitution for carbonates or silicates. These facts led me to suggest the dia-
Iytic or osmotic separation of ore-bearing solutions, a hypothesis which is thus
indirectly due to Emmons. Geology of the Quicksilver Deposits of the Pacific Slope,
p. 396 (1888), and Mineral Resources of the U. S. for 1892, U. 8. Geological Survey,
p. 156 (1893).
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in Europe earlier than in this country. The relative aflinity of
the metals for sulphur was investigated as long ago as 1837,
by E. F. Anthon,’ but the first application to ore-deposits with
which I have met is contained in Mr. Joaquin Gonzalo’s admi-
rable monograph on Huelva, issued in 1888. The secondary
deposits of chalcopyrite (occasionally accompanied by other
copper-compounds), and galena, as they are found at Rio
Tinto, are described by the Spanish geologist as occurring
along lithoclastic fractures in the mass of the pyrite. They
are attributed to a process of segregation within the mass and
to the reduction of sulphates percolating downward from the
zone of oxidation.’ Mr. J. H. L. Vogt, after personal exami-
nation, entirely assented to Mr. Gonzalo’s views, and pointed
out subsequently that secondary enrichment is the true mean-
ing of that familiar old proverb: HKs thut kein "Gang so gut,
Er hat einen eisernen Hut.™

Emmons’s own studies on secondary enrichment were begun
at Butte in 1896 ; and he freely discussed his results in private,
though they were first published in our 7ransactions in 1900.
In this paper he quotes from that of Vogt, issued the year
before, but also sets in order a long series of observations of
his own, which form an. extremely important contribution to
the subject. This is cognate to his other studies on replace-
ment; for his idea of secondary enrichment might be para-
phrased as the replacement of pyrite by the sulphides of other
metals, especially copper.

The idea of secondary enrichment was in the air at the close
of the last century, and had been very distinctly suggested in
this country (for instance by Dr. James Douglas), though with-
out sufficient substantiation. Almost simultaneously with Em-
mons’s memoir appeared important papers by Messrs. Weed,
Van Hise, and Lindgren. ]

It is not needful here to pass in review all of Emmons’s
work. A full list of his papers will be found at the end of this
notice. All of them are as conscientiously elaborated as those

® Journal fiir praktische Chemie, vol. x., p. 333 (1837). See also E. Schiirmann,
in Leibig’'s Annalen, vol. cexlix., p. 326 (1888).

1 Mem. de la Comm. del Mapa Geolégica de Espaiia. Descripcidn fisica,
geolbgica y minera de la provincia de Huelva, por Joaquin Gonzalo y Tarin,
Pp. 217 to 220 et passim (1888).

1 Zeitschrift fiir praktische Geologie, pp. 241 to 254 (July, 1899).
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which I have selected for mention on account of their peculiar
importance. On the other hand, a few remarks seem appro-
priate on the tendency and the development of the science
which he so admirably represented.

When Clarence King planned the researches of the U. 8.
Geological Survey into the origin and nature of ore-deposits,
and placed Emmons and me in charge of them, no one of us
was in a position to appreciate the multifariousness and intri-
cacy of the facts which these investigations would disclose; but
before King’s untimely death, the vastness of the task was
manifest, as well as the necessity for improved methods of in-
vestigation and for experimental researches of the most funda-
mental character.

More than half of the great amount of information now
available to mining-geologists is due to the use of the micro-
scope, armed with which, the eyes of the generation now pass-
ing away have been a hundred times as sharp as those of their
predecessors. But the microscope is not merely a powerful
magnifying-glags; it is an instrument of moderate precision,
whose use has familiarized us with quantitative measurement
and stimulated us to demand exact methods of geological in-
vestigation.

It is not enough to know the facts, for these alone lead only
to delusive ¢ rules of thumb.” We can and must attain a com-
prehension of the mechanical, chemical, and thermal processes
which underlie the formation and distribution of ores, as re-
vealed not only by the microscope, but also by every other
available method of research. Many of the problems presented
are of extraordinary difficulty, far exceeding in this respect
most of those undertaken by professional physicists and chem-
ists; but they are not insoluble; and the limits of our knowledge
are extended year by year.

None of us have been more impressed with the necessity for
such researches than was King, or even Emmons, who regretted
all his life that he had not a better command of the exacter
sciences. ILet me pass the word on from them that the future
of the science of ore-deposits depends on investigations of the
utmost precision into the fundamental principles of geophysics.
Physics and physical chemistry will be as indispensable to the
mining-geologist of the future as mineralogy to the petro-
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grapher or zodlogy to the paleontologist. It is a duty which
the Institute owes to its founders, its members, and the world,
to promote and foster research of this description; to advance
as rapidly as possible the day when mining-geologists, no
longer groping, will comprehend why ore-deposits are what we
find them to be.

And now as to the man himself. There is not a geological
society or even a mining-camp from Arctic Finland to the
Transvaal, or from Alaska to Australia, where Emmons’s name
is not honored and his authority recognized; nor is there a
society of which he was nominally an active member in which
he was not really active and efficient. Thoroughness and good
judgment characterized all he did. He had a very high sense
of responsibility and rarely made his hypotheses public; yet
his originality has enriched the science to which his life was
devoted. In private life, he was modest to the point of diffi-
dence, and many of his old acquaintances scarcely knew of his
distinction; but none could long enjoy his acquaintance with-
out becoming conscious of the kindness of his heart and the
elevation of his character. Ie would not have known how to
undertake an unworthy action, or how to do a selfish thing.
His published investigations will live on as sources of knowl-
edge and models of method; and in a similar circle his per-
sonal example will continue potent for good.

Emmons died painlessly and unexpectedly in his sleep on
Mar. 28, 1911, the eve of his seventieth birthday. Thus fitly
ended a career of useful labor faithfully performed.

Among the societies to which Emmons belonged, none ap-
pealed to him more than the American Institute of Mining
Engineers. He joined us in 1877, was three times Vice-Presi-
dent, contributed many papers to the Zransactions, and was
always ready to assist in organizing our meetings. He was
also a member of the National Academy of Sciences, the
American Philosophical Society, the American Academy of
Arts and Sciences, the Washington Academy of Sciences, the
Geological Society of London, the Geological Society of Amer-
ica, the International Congress of Geologists, and the Colorado
Scientific Society. He was elected an honorary member of the
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Societe Helvétique des Sciences Naturelles, and received the
degree of Doctor of Sciences from Harvard and Columbia.

List or Scientiric PusricaTions ofF SaMuierL F. EmMoNs.

1870. Geology of Toyabe Range.

U. 8. Geol. Exploration of 40th Parallel. Vol. III. Mining In-
dustry. Chap. VI, sect. II, pp. 340-348, with colored geological

map.
Geology of Philadelphia or Silver Bend region.
Ibid., chap. VI, sect. I, pp. 393-396.
Geology of Egan Cafion District.
Ibid., chap. VI, sect. VI, pp. 445-449.
1871. Glaciers of Mt. Rainier.
Amer: Jour. Sci., 3d ser. Vol. I, pp. 161-165.
1877. The Volcanoes of the U. S. Pacific Coast.
Address delivered at Chickering Hall, N. Y., Feb. 6, 1877. Jour.
Amer. Geogr. Soc. Vol. IX, 18767, pp. 44-65.
1877. Descriptive Geology of the 40th Parallel.
U. 8. Geol. Exploration of 40th Parallel. Vol. II[ (with Arnold
Hague). 4to, pp. 850, with 26 plates and atlas of 11 maps and 2
section sheets, colored geologically.
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The Genesis of Certain Ore-Deposits.

BY 8. F. EMMONS,* WASHINGTON, D. C. .

(Bethlehem Meeting, May, 1836, Trans., xv., 125.)

IN a report upon the geology of Leadville and vicinity,
which is still in the hands of the Public Printer, I have given,
at some length, my conclusions as to the genesis of the remark-
able silver-lead deposits of that region, and the data, gathered
during a long and careful consideration, upon which my views
were founded. In the brief abstract of this report, published
in 1881, the bare conclusions are given, with but few of the
facts upon which they were founded. Since that time, these
conclusions have been variously criticised, and it has even been
assumed that the views I expressed with regard to these de-
posits were intended as a theory of ore-deposits in general.

Had my final report been printed, no such misconception
could have occurred; for, in that I explicitly disclaim any in-
tention of general application of the theories there presented.
Even in the abstract I am unable to find any statements which
would justify such a conclusion. ‘

Since my Leadville work, however, I have had further op-
portunities of examining ore-deposits, and have given the gen-
eral subject much thought and study, and, as a result, I have
made in my own mind certain generalizations, which, I am
conscious, need the test of a far greater number of practical
applications than I have yet been able to make, but which, I
think, it may be well to present to the members of the Insti-
tute as suggestive, that their own observations may further
prove or disprove them. I shall use my Leadville observations
and the criticisms which have been made upon them as a sort
of text for my remarks.

The salient facts, which I thought to have determined with
regard to the Leadville deposits, which, as is well known, are
silver-lead deposits in a dolomitic limestone, overlain and in

¥ U. S. Geological Survey.
1



2 THE GENESIS OF CERTAIN ORE-DEPOSITS.

part also traversed by various bodies of porphyry, are the fol-
lowing :

1. That they were deposited from aqueous solutions.

2. That they were originally deposited as sulphides, at a
great depth below the rock-surface (probably 10,000 ft.); that,
by subsequent dynamic movements and by erosion, they have
been brought to their present position near the surface, and that,
through secondary alteration by surface-waters, they have been
changed to oxides, carbonates, and chlorides.

3. That the process of deposition was a metasomatic inter-
change between the minerals brought in in solution and the
limestone—that is, that they were not deposited in already
existing open cavities, but gradually replaced the limestone,
from the channels through which they reached it outward.

4. That the solutions or ore-currents reached the present
locus of the deposits directly from above and not from below.

5. That, whatever may have been the ultimate source from
which the mineral components of the deposits came, the ob-
served facts point to the neighboring eruptive rocks as the
immediate source from which they were derived by the ore-
bearing solutions which deposited them in their present locus.

I will take up these propositions in the above order, and,
after discussing the criticisms which have been made upon
them, see how far they may be applicable to other deposits
than those of Leadville.

1. That the vast majority of ore-deposits have been deposited
from solutions, seems to be now so generally admitted as to
require no further discussion here. This view is held by most
all American, English and German geologists, while the
French may be considered to be those who still cling to the
sublimation theory in the modified form which is based on the
remarkable synthetic experiments of Sénarmont, Daubrée, and
others. But, as one of their number admits,’ this is practically
only a variety of the solution theory, which assumes that pres-
sure and heat, sufficient to vaporize water, are necessary to
bring about a solution of the metallic minerals. That many
deposits have been formed under conditions of great heat and
pressure is most probable; that heat and pressure greatly

! A. De Lapparent, Traité de Géologie, p. 1170 (1883).
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increase the solvent power of percolating waters is evident;
but that heat and pressure are an absolutely essential condition
of mineral solution cannot be maintained, since we see in
nature many instances of mineral solution and deposition
under ordinary pressure and by comparatively cold waters.

2. That the Leadville ores were originally deposited in the
form of sulphides, and that, therefore, they would be found in
that condition, when explorations should have been pushed in
depth beyond the oxidizing action of surface-waters, was as-
sumed by indirect reasoning at the time my abstract was
written, since at that time no sulphide deposits had been found
on the so-called ¢ contact” in the region. Explorations made
since that time have abundantly proved the correctness of the
assumption. An interesting description of some of the more
important sulphide bodies, and of a previously undiscovered
fault, was read at the Chattanooga meeting by F. T. Freeland.?

That metallic deposits, with the single exception of tin-ores,
pass into sulphides or some allied combination in depth has
been so generally observed, that it has almost come to be an
axiom in vein-geology that original deposition must have been
in this form. Some supposed exceptions have been observed ;
but the distinction between an original and a secondary de-
posit is often so delicate that it requires a most thorough and
searching examination to determine the point satisfactorily.
The determination beyond the shadow of a doubt of an origi-
nal deposit of these metals in an oxidized form would be of
the ntmost interest to science.

3. That the process of ore-deposition at Leadville was a
metasomatic ®* interchange between the material of the country-
rock and the minerals brought in in solution by the ore-cur-
rents, is a point upon which I particularly desired to insist,
because it is either tacitly or explicitly assumed by most text
books that all ore-deposits in limestones are the filling of pre-
existing cavities. This assumption, like the one that fissure-
veins were once open cavities reaching to an indefinite depth,
is, it seems to me, the result of generalizations upon too few

? Trans., xiv., 181 (1885-86). 4

® By metasomatic interchange, I understand an interchange of substances, but
not necessarily molecule by molecule in such a manner as to preserve the original
structure, form, or volume of the substance replaced.
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facts. The facts that support it (the arrangement of the ore
in layers parallel«to the walls of the body, etc.) are so striking
in the few cases where they have been observed, that they
have received universal mention, while the far more numerons
cases, where no such evidence of pre-existing cavity is found,
have remained in most instances without comment, as regards
this question.

Professor Le Conte* quotes me as saying that the ore at
Leadville was “accumulated in hollowed-out channels in the
limestone,” evidently assuming this as so much of a foregone
conclusion that he had not thought it necessary to read my
statement of the diametrically opposite conclusion at which I
had arrived. Now, I not only distinetly stated that I believed
the ore was not deposited in already hollowed-out channels or
pre-existing cavities, but I mentioned that the caves, which
are so characteristic of limestone formations, were at Leadville
formed after the deposition of the ore. I laid stress upon the
relation of these caves to those bodies, not because it was the
only or even the main proof of the statement I made, but be-
cause I thought it would appeal to those who consider all lime-
stone deposits as filling cavities hollowed out by surface-waters.
The most convincing proof of the statement to my own mind
is, that, in a prolonged study of the various deposits, I found
no single fact to furnish any evidence that the ore was depos-
ited in an open cavity; and I hold that, in such a case, the
burden of proof lies on the side of those who uphold the open-
cavity theory. There is, however, a consideration which can
be briefly stated and which affords conclusive evidence, if no
other were present; namely, that the deposits were originally
tormed at a depth of about 10,000 ft. below the surface and
before the strata were disturbed, and that, therefore, surface-
waters could not have reached their locus to hollow out such
cavities.

I find it difficult to understand Professor Newberry’s criti-
cisms of my views on this point. In the first place, he makes
what seems to me a totally unwarranted assumption, that I
consider that the Leadville deposits were formed by surface-
waters. Then, in presenting his own views on the formation

4 American Journal of Science, Third Series, vol. xxvi., No. 151, p. 18 (July,
1883).
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of the Leadville deposits, he says, ¢“they were deposited by
substitution,” ® and afterwards remarks that the fact that caves
in the limestone cut across the ore-bodies ¢ has no bearing on
the question.”

In a former article, The Origin and Classification of Ore-
Deposits,® his meaning is less ambiguous, and I shall take
this opportunity of criticising him in turn. One of the divi-
sions of ore-deposits there given by him is ¢chambers or
pockets in limestone,”” of which he says: “From a study of
them I have been led to add them to the catalogue of forms of
ore-deposit as a distinct and important addition to those given
by other writers.” As examples, he quotes the Eureka, Rich-
mond, Emma, Flagstaff, Kessler, and Cave mines, and (with
the modification of their contact-character) the Leadville ore-
bodies, of which he says they were ¢undoubtedly accumu-
lated in vacant spaces formed by the solution of the limestone.”
The formation of the chambers in which he considers these
deposits were formed, he compares to that of the Mammoth
Cave, saying, “ We must conclude that the chambers were
formed, like modern caves, by surface-water.” He then makes
the following deductions as to the probable extent of such
deposits: “They will not be found to extend to so great depth
as the ore-bodies of fissure-veins, since the excavation of the
limestone, if produced by atmospheric water, must be confined
to the zone traversed by surface-drainage.” Ile does not ex-
plicitly state what he considers to be the distinctive character
of his important addition to the classification of ore-deposits,
the want of information in regard to the true nature of which,
he says, ¢ has led to much litigation and heavy losses in mining.”
He surely cannot mean the irregular form of deposits in lime-
stone, for this has been recognized from the very earliest days
of mining, and has formed an important element in the classi-
fication of most writers on ore-deposits.® It would seem, there-

5 The Deposition of Ores. School of Mines Quarterly, vol. v., No.4, p. 341, et seq.
(May, 1884). y

8 School of Mines Quarterly, vol. i., No. 3, pp. 87 to 104 (Mar., 1880).

7 This division has been literally adopted by J. Arthur Phillips, in his Treatise
on Ore-Deposits (1884).

8 A criticism of this claim of novelty may be found in the Engineering and Mining
Journal, vol. xxx., No. 1, p. 1 (July 3, 1880).



6 THE GENESIS OF CERTAIN ORE-DEPOSITS.

fore, that this distinctive character must consist in their having
been hollowed out originally by surface-waters.

Surface-waters, as I understand the common use of the term,
means those waters which have so recently left the surface as
to still retain constituents common to waters now found at or
near the surface (free carbonic and organic acids, chlorides,
etc.), and which exert an oxidizing action; and from the above
quotations this would seem to be his interpretation of the term
also. Moreover, to dissolve out caves like the modern caves
there should be a comparatively free flow of water and ready
drainage to carry off the dissolved-out material, which could
only be found at comparatively shallow depths. The waters
which percolate through rocks, even at the greatest known
depths, may in one sense be considered surface-waters; but
at a certain depth below the surface these waters will have lost
their free carbonic and organic acids and have become, so to
speak, saturated and only able to dissolve out by actual inter-
change of their constituents with those of the rock through
which they pass; in other words, no longer capable of leaving
open caves. What this depth is, I am not yet prepared to say.
It would differ greatly under varying local conditions. It would
probably correspond with what is known as the « water-level ”
in Western mines, which is not generally below a thousand
feet. ‘

Now Professor Newberry’s theory, or the one he here adopts,
for it can hardly be considered original with him, involves a
sort of see-saw movement for the rocks inclosing each deposit,
which, though not impossible, seems from a geological stand-
point highly improbable. He admits, with other geologists,
that the original deposits were in the form of sulphides, and
that the oxidized condition, in which the ores he speaks of are
now found, is due to the action of surface-waters; hence, as
originally deposited, they must have been below the reach of
surface-waters. But the cavities in which they were deposited
were formed by surface-waters; hence, the rocks inclosing the
ore-deposits must have been once so near the surface as to have
been hollowed out by these waters; then have been depressed
beyond their reach, so that the ore-bearing solutions which
deposited their contents in the caves were protected from
oxidizing action, and then again raised to their present position,
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where the surface-waters have changed their sulphides to
oxides, and hollowed out a new set of caves. When I say
raised and depressed, I mean not necessarily actual but only
relative movement, as referred to the surface of the earth ; this
surface might itself have been raised by the accumulation of
deposits over the rocks, and these accumulations again re-
moved by erosion, so that the result would be accomplished
without actual movement of the inclosing rock.

In such an assumption, I hold, one is not justified, unless he
can find some evidence of it in the geology of the region in-
volved. In Leadville there is none. The rocks inclosing the
ore-deposits were never so near the surface as they are now,
and dynamic action and erosion have gradually raised them
from the depth of about 10,000 ft., at which the original sul-
phide deposits were formed. The same is true in a general
way of the other examples quoted by Professor Newberry—the
original deposits were deep seated, and, though the geology of
the districts has not yet, in all cases, been studied in sufficient
detail to afford as good estimates as to the depth of the original
deposition as at Leadville, there is no evidence of any such
relative oscillations as his theory would involve.

The practical application made by Dr. Newberry, though a
logical deduction from his theory, viz., that deposits in lime-
stone must be limited in depth to the zone traversed by surface-
drainage, and therefore of less value than fissure-veins, illustrates
the danger of a priori reasoning in geology, since it not only
leads to geological improbabilities, but gives the influence of
his name to a dangerous popular fallacy already too current
among miners. I have shown in my Leadville work not only
that the geological conditions there are such as to preclude the
possibility of the formation of caves by surface-waters prior to
the original ore-deposition, but that, in extent and in the quan-
tity of ore contained in it, the Blue limestone, which may in
one sense be regarded as a sort of horizontal vein, exceeds any
known fissure-vein, not even excepting the famous Comstock
lode. At Eureka, which is Professor Newberry’s typical ex-
ample, the exhaustive studies of J. S. Curtis, who came to the
work with a priori views similar to those entertained by Pro-
fessor Newberry, have shown not only that the ores were not
originally deposited in open caves, but that caves formed by
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surface-waters become less frequent in depth, and have nearly
disappeared at 1,000 ft. from the surface. As the workings in
this district are being rapidly deepened, a practical illustration
of the depth at which cave-formation by surface-waters is still
possible will soon be furnished. It will also be seen whether
ore-deposition in this region stops at the limits of cave-forma-
tion. Even should it be found to do so, however, it would
merely show a local coincidence, and not a logical conse-
quence.

The possible application of the theory of the formation of
ore-deposits by replacement or substitution is almost unlimited,
and the limits of its actually demonstrated application are
being every day extended, not only by studies of new districts,
but by more careful and unbiased studies of old districts in
which a different method of formation had previously been
determined upon.

The process is most readily conceivable in the case of easily-
soluble rocks, like limestone and dolomite; and, in point of
fact, it is found that these rocks are the favorite receptacle of
metallic deposits in mining-regions where the ores occur in
the later stratified rocks, among which calcareous beds are
abundant. Tt is also possible that in the older and more crys-
talline rocks, where the calcareous beds are of limited extent,
metallic deposits occurring in large masses, like those of iron,
may have so completely replaced the calcareous material that
little or no trace of it remains. The old theory that iron-ores
in the crystalline rocks are of eruptive origin is generally
abandoned at the present day. The few geologists who still
maintain this origin for individual deposits are doubtless in-
fluenced in their opinion by respect for views formerly
advanced; while among those who come to the study with a
mind free from preconceived ideas, and who push their exami-
nations with suflicient thoroughness and detail, I have known
of none of late years who have adopted the eruptive theory.
The most striking instance that has come to my notice is that
of the famous specular iron-ores of the island of Elba, which,
when I was a student, were held as the most typical example
of eruptive or sublimation deposits. These deposits were
visited by the most prominent geologists of Europe; but,
among them, Vom Rath, in 1870, was the first to doubt the
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eruptive origin of the ores, which he showed in certain por-
tions was impossible. The island has been systematically
studied and mapped by the Geological Survey of Italy; and B.
Lotti, the geologist in charge of this work, after a careful
study of all the evidence and of the views held by those who
have gone before him, but whose observations were necessarily
less complete and exact than his own, decides that they must
have been formed by replacement. The following is a literal
translation of his conclusions:

“ We may therefore reasonably conclude that the iron-
deposits of Elba and their analogues, both of iron and of other
metals, on the neighboring continent (excepting those con-
nected with the serpentines) are formed by aqueous solutions
of the metals, which found an easier passage for their subterra-
nean circulation, and perhaps also for reaching the surface,
between rock-masses of different nature, and deposited the
metallic minerals which they held in solution when they met
favorable conditions; that is, either in proximity to the surface
or in contact with calcareous rocks with which an interchange
of materials took place, and this in conformity with the law
that the more easily soluble minerals are replaced by those
that are less soluble. If the waters contained, besides the
bicarbonate of iron, sulphydric acid also, there resulted a pre-
cipitate of sulphide of iron.”?

As a reaction against the eruptive theory, it has been re-
cently held that all deposits of iron of whatever age have
been formed, like the bog ores now forming, by surface-pre-
cipitation, and that they were therefore actual sedimentary
beds originally, but in many cases have been altered by later
metamorphism. This going to the other extreme is, it seems
to me, as dangerous as the former a priori reasoning; and, as
I read the descriptions of many of our iron-deposits, such a
contemporaneous sedimentary origin for them would be im-
possible.

The theory of the formation of ore-deposits by replacement,
as opposed to that by the filling of pre-existing cavities, may,
however, be applied to deposits in rocks which are not so

? Descrizione Geologica dell’ Isola & Elba, p. 232 (1886).
10 J. 8. Newberry, The Genesis of Our Iron-Ores, School of Mines Quarterly, vol.
ii., No. 1, pp. 1 to 17 (Nov., 1880).
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readily soluble as limestone, in which cases the percolating
solutions would have first attacked the relativély more soluble
among their constituents. Very many so-called fissure-veins
in crystalline rocks are formed by percolating waters, circulat-
ing along joints, shrinkage-cracks, fault-planes, or zones of
crushed rock, which have filled the interstitial spaces and re-
placed the materials of the adjoining country-rocks to a greater
or less extent by the materials they held in solution, but are
not the filling of any considerable open cavities.

The comb-structure of veins, on which the early geologists
founded their theory that a vein was necessarily the filling of
a pre-existing open cavity, is of comparatively rare occurrence.
As early as 1869 Richard Pearce observed in the classic veins
of Cornwall that the gangue-material, instead of being a foreign
material brought from a distance, was the more or less com-
pletely altered country-rock, and his views have been con-
firmed and . further illustrated by the investigations of C. Le
Neve Foster, his successor in that district. The evidence
obtained by my own observations, together with the data
gathered during the investigation of the precious-metal de-
posits of the Rocky mountains under the Tenth Census, led
me to conclude that the majority of the deposits there are such
replacement-deposits; and I have not yet seen satisfactory evi-
dence of a deposit which consists essentially of the filling of
any considerable pre-existing cavity by foreign material.
Cracks or fissures must undoubtedly have existed, which de-
termined the concentration of mineral solution along their
course; but whether such cracks were to any great extent
fault-planes, whose movement might have left large open
spaces between the irregularities of their walls, seems ques-
tionable. The Comstock vein occupies a fault-plane, and its
ore fills the interstitial spaces in the crushed material between
the walls, but there was no filling of a pre-existing open cavity,
as I understand it. In Leadville one of the most noticeable
facts is that the fault-planes, which may be supposed to reach
to great depths, have been found barren of ore except by sec-
ondary infiltration from surface-waters, or as attrition-material
from pre-existing deposits, when the fault-line cut across such
deposits. ;

In this connection I would remark that it seems to me that
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the idea that a fissure-vein necessarily extends to an indefinite
depth is another popular error, and not founded on good geo-
logical reasoning. Whatever the nature of the fissure along
which the deposit has taken place, whether fault-plane, joint,
or shrinkage-crack, there must be some mutual relation be-
tween its horizontal and its vertical dimensions. In other
words, the study of structural geology shows that the length of
such a fissure or crack must bear some proportional relation
to its extent in depth, and the probability is that the latter
must be less than the former. Now veins can generally be
traced continuously for an extremely limited distance; the
Comstock, which is probably one of the longest known, is
traced only about 20,000 ft., and those which exceed 1,000 or
2,000 ft. are comparatively rare. As yet there are not suffi-
cient data for establishing any numerical ratio between the
depth and the length of mineral veins; I would suggest to my
fellow-engineers that they make notes on this relation, when-
ever opportunities present themselves. It may be said that
this is not likely to have much practical value, since the depth
from which the ore may be profitably extracted is likely to be
much less than the deduced depth of the fissure. The question
has a bearing, however, upon that of the source from which
the ore was derived; and any fact that contributes to a more
accurate knowledge of the origin and manner of formation of
ore-deposits has practical value, since it enables the mining
engineer to make a more accurate forecast of the probable
form and extent of any individual deposit beyond the limits ot
exploration.

4. In regard to the direction from which the ore-bearing so-
lutions reach the locus of the deposits, the brief statement made
in my abstract that «they came from above,” should perhaps
have been accompanied by some qualifying explanation. In
making the statement, I had in mind the common explanation
offered in regard to ore-deposits, that “they came from below,”
a statement which is more readily made by those who have not
examined the deposits of which they speak or write, than by
those who have, since they are not under the necessity of ex-
plaining observed facts in accordance with this hypothesis.
The prevalence of this theoretical method of explaining the
formation of any ore-deposit is due probably to the great plau-
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sibility of the theory generally advanced for the formation of
fissure-veins—namely, that the metallic contents of the solu-
tions were taken up by waters under conditions of great heat
and pressure (therefore, probably at great depths), and that as
these solutions approached the surface, with consequent de-
crease of heat and pressure, the solvent power of the water
decreased also, and their metallic contents were gradually de-
posited all along the walls of the channel through which they
were ascending. No exception can be taken to this theory, as
a theory; but before accepting it as of universal application, it
is important to see whether it accords with observed facts;
and, as Leadville presented a case where it unquestionably did
not so accord, I made the statement as concise and as strong as
possible, to counteract the effect of the ¢ coming-from-below
explanation which would undoubtedly be offered.

Such a one is that made by J. Alden Smith," which has also
been quoted by J. Arthur Phillips in his Z¥reatise on Ore-Deposits,
“that the ore-deposits of this district came from below through
fissures originating in the granitic rocks, and extending up-
wards penetrated the limestones and quartzites to the contact
with the overlying porphyry; that these fissures lead to many
bedded veins in the limestone and quartzite, and to contact-
veins of more or less value between the formations last men-
tioned, and between those and the granitic formation ; and that
these fissures and deposits will be extensively and profitably
worked for centuries after the contact-deposits now operated
are exhausted.”

A statement like the above, coming from one whose views
would be accepted as of scientific value, might cause much use-
less expenditure of money in prospecting before it was dis-
covered that the essential facts, upon which it would appear to
be founded, existed only in the imagination of the writer. In
Leadyville, no ore-bearing fissures extending downward from
the deposits have yet been found. The facts observed during
my examination, and by those who have studied the region
gince, show that the solutions must have penetrated the lime-
stone from its contact with the porphyry, which is generally its
upper surface, and, therefore, downward. An apparent excep-

1t Report on the Resources of Colorado, p. 64 (1883).
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tion to this state of things is found, as pointed out by Charles
M. Rolker,”® on Fryer hill, where, according to him, unreplaced
dolomite sand forms the roof of the deposit over large areas,
and is not found under it. I am ready to admit, for the sake
of argument, the truth of this statement for the upper part of
the Blue limestone or ore-horizon, which is included in, or both
overlain and underlain by, porphyry. The lower sheet of Blue
limestone, however, which has porphyry on its upper surface
alone, is, as far as observed, replaced only on that upper sur-
face. The exception is, however, in this case only apparent,
and does not militate against my supposition. According to
this, the intrusion of the porphyry bodies opened channels
along, and in some cases across, the sedimentary beds; more-
over, observation shows that these porphyry bodies admit the
percolation of water freely in every direction through their
mass, whereas the limestones are comparatively impermeable
except along joint- or fracture-planes. Thus, the contact be-
tween porphyry and limestone would, everywhere, be a prin-
cipal water-channel; and this, in the greater part of the region,
is at the lower surface of the former and the upper surface of
the latter; but where, as on Fryer hill, the limestone is in-
closed in porphyry, it might be attacked from either surface.
I can offer no direct reason for the irregular way in which com-
paratively unaltered remnants of dolomite are left on Fryer
hill; but it seems no more abnormal than the irregular distri-
bution of the rich ore within the mass of vein-material, or the
fact that, in some places, there is no ore at all at the contact.
I cannot quite agree, however, with Mr. Rolker’s opinion as to
the persistence of the dolomite sand in the roof of the ore-body.
His observations in the Chrysolite ground would naturally have
been more thorough than mine; but, if my memory does not
deceive me, unreplaced dolomite occurs there under, as well as
over, the ore-body, as it certainly does in the Little Chief,
Virginius, and other claims. It is to be remarked further that,
as the rich ore-bodies are found mostly in the upper part of the
ore-horizon, the upper surface has been far more thoroughly
explored than the lower, and much unreplaced limestone may
exist at this lower surface which has not yet been found.

12 Notes on the Leadville Ore-Deposits, Trans., xv., 273 (1886-87).
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It is hardly possible to establish a priori any general direction
for the flow of underground waters at considerable depths below
the earth’s surface. In the distinctly stratified rocks, which
form the immediate surface, and in which they may flow with
comparative freedom, they obey, within certain limits, the laws
of hydrostatic pressure; but, at the great depths at which the
Leadville deposits were formed,.their flow must have been very
slow,—a percolation or mere capillary circulation, for the most
part. It may be assumed, in general, that cold waters would
have a general downward tendency under the influence of
gravity, while superheated waters would under certain condi-
tions be forced upward; but the movement would not neces-
sarily be vertical in either direction at any given point. In the
present state of geological science, it is not possible to predi-
cate for any given point within the earth’s crust that the flow
of underground waters must be either upward, downward, or
sideways. There is an a priori possibility of either direction;
and the most probable one in any particular region must be
determined by an actual study of the geological conditions at
that point. For this reason, it seems to me, the student of
ore-deposits should divest himself as soon as possible of any
preconceived bias in favor of the old schools of ascensionists,
descensionists, or lateral secretionists, as the true theory, when
arrived at by actual investigation, will probably not correspond
exactly to the theoretical views of either school, and the time
given to arguments in favor of the exclusive correctness of one
over the other is more or less wasted.

In his admirably written paper on The Genesis of Metallifer-
ous Veins,” Prof. Joseph LeConte, after combating the lateral-
secretion views of Dr. F. Sandberger, says that the latter’s idea
of the ascensionjsts’ theory is a misconception, adding; «“ Now,
I am sure that no one, in this country at least, holds to any
such view. All speculators on this subject, I think, now hold
that the mineral contents of veins are wholly derived by leach-
ing from the rocks forming the fissure-walls. The ascension
theory (if we use that name at all) as properly understood, i.e.,
the theory which connects vein-formation with solfataric action,
is wholly a levigation theory. According to this theory, as I

18 American Journal of Science, Third Series, vol. xxvi., No. 161, pp- 1 to 19
(July, 1883).
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understand it, the vein-matters, including the metallic ores, are
not derived from an unknown mysterious region of volcanic
fires, but are gathered by leaching from the whole wall-rock
from top to bottom of the fissure, but mainly from the deeper
parts; because these are under heavy pressure and superheated.
Subterranean waters, gathéring soluble matter from wide areas
and great thicknesses of rock, find their way into fissures, and
these then become the natural channel back to the surface from
which they came.” With these views of Dr. Le Conte, as with
the rest of his article, I agree in most respects, while differing
with him as to their application, and as to some of his geological
facts and reasonings, as will be seen later.

The direction taken by the ore-currents in any given case in
bringing the material of ore-deposits to their present position
could be readily determined, if the source were known from
which these materials were derived. Perhaps even less than
the direction of the currents is this source susceptible of direct
and positive proof; but its probable location may be established
by inductive reasoning, and indirect or even negative evidence
may be furnished by actual demonstration, which may in time
raise this probability very nearly to practical certainty.

5. I stated in the abstract of my report on Leadville that the
contents of the ore-deposits were derived from the neighboring
eruptive rocks. By ¢“neighboring eruptive rocks,” I do not
mean that they must necessarily be in actual contact with the
ore-bodies; they may be at some distance from the bodies,
provided there is no impassable barrier to prevent the passage
of solutions from one to the other. From a theoretical point
of view, it is evident that the absolute distance is not essential,
since all theories of derivation of the contents of ore-deposits
involve a greater relative distance of the source, than that which
would derive them from the bodies of rock in the vicinity, even
if not at absolute contact. Le Conte’s ascension theory, quoted
above, supposes vein-materials to have been derived from the
rocks adjoining the fissure at some indefinite depth, where
pressure and heat were abundant. These were present here:
the pressure, that of 10,000 ft. of superincumbent strata; the
heat, that of immense bodies of slowly-cooling eruptive rock;
only the fissure, which his theory conceives, was wanting.

Something analogous to this fissure might be conceived, if

—
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the Blue limestone, which is, in one sense, the matrix of the
principal ore-bodies, had occupied a vertical instead of the
more nearly horizontal position that it does. At the time the
Leadville deposits were originally formed, it was a practically
unbroken horizontal bed, more or less replaced by deposits of
ore along its upper surface and extending through joint-cracks
at varying distances into its mass and in some few cases reach-
ing to its base. If the dynamic action by which the Mosquito
range was uplifted, instead of compressing the sedimentary
strata and their included ernptive sheets into a series of folds,
and fracturing and displacing them by faults, had simply
uptilted the whole into a vertical position, we should then have
had, in the place of the fissure, a great vertical limestone zone
with ore evidently brought in by solutions acting from one side
or wall only. It would then seem most natural, in searching
for a source from which the metallic contents had been derived,
to investigate the rocks on that side. The advantage of the
present over such a condition of things is, that the search,
instead of being necessarily confined to rocks adjoining a very -
limited upper portion of the supposed fissure, can be carried
on, not only among the various rocks adjoining the whole area
of ore-deposition, but for a considerable distance beyond that
area.

Search for the source of the vein-materials of the Leadville
deposits was carried on by subjecting the various country-rocks
to delicate chemical tests, in order to ascertain the presence or
absence in them of the most characteristic components of the
vein-materials, gold, silver, lead, and baryta. In selecting spe-
cimens for testing, those were chosen which came from points
so far removed from any known deposit that there could be no
suspicion that the materials found might be infiltrations from
such deposits. Among the specimens of eruptive rocks, the
freshest and least altered were naturally selected, since decom-
position might be expected to have acted on such basic con-
stituents first. None of the above substances were found in
the specimens of sedimentary rock tested; and the tests of
eruptive rock were, therefore, multiplied, as much as the time
which could be allotted to their special investigation would
permit. The greatest number of tests were those made in the
dry way for minute traces of gold and silver, for the reason



THE GENESIS OF CERTAIN ORE-DEPOSITS. 15

that these could be made with far greater rapidity, and con-
sequently in greater number in a given time, than in the wet
way. After considerable experiment with methods and mate-
rials, it was found possible to determine in this way with accu-
racy 0.005 oz. per ton, or 0.000017 per cent., of silver, an
amount which it would have required an enormous aniount of
concentration to detect in the wet way.

The results may be briefly stated as follows: Baryta was
found in all four specimens of eruptive rock tested for this
substance; lead in 14 out of 17 specimens tested; and silver
in 32 out of 42 specimens tested. It is to be remarked that
the negative results do not necessarily mean an absence of the
substance in question, but only that the amount is less than the
process employed could detect; so that where lead is found in
a rock it is probable that it contains silver also, but in rela-
tively small amount. Asthe medium percentage of lead oxide
in the above tests is 0.0082, if this lead oxide contained 40 oz.
of silver per ton, the percentage of the latter in the rock would be
within the limit of accuracy given above for our determination
of silver, and could not have been detected by the methods
employed. Several hundred assays for silver were made, the
results of which correspond in general to those given above,
but possible sources of error were found in some, and the 42
represent the residue, which had been confirmed as accurate
by repeated tests, after all containing any possible source of
error had been eliminated.

It may be said that these results do not necessarily prove
that the materials of the Leadville deposits were derived from
these eruptive rocks, and not from some unknown bodies of
rock still richer in these materials at unknown depths. Abso-
lute proof, as I have already said, could not be expected, espe-
cially as against an unknown quantity whose resources, being
unknown, are in one sense unlimited, but this evidence shows
a possibility which, combined with all the other facts that bear
on this question in this particular district, amounts to a very
strong probability. The quantities of vein-constituents found,
though minute, are quite sufficient when one realizes what
vast bodies of eruptive rock still exist there, and reflects, more-
over, that probably a very much larger amount was present
‘when the deposits were formed, but has since been removed

2
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by erosion. As against the probability that the materials were
derived from eruptive rocks below, there is the evidence af-
forded by the geological structure of the region that the
greater mass of eruptive bodies coming under observation are
above the Blue limestone, which is only 400 ft. above the
Archzan, and that these eruptive rocks came up through the
Archean in extremely narrow channels or dikes, and only spread
out in large bodies after reaching the sedimentary strata above ;
therefore, that in all probability there are no large bodies of
eruptive rock beneath, until the far-distant sources of these
rocks are reached; further, that the Archeean rocks, as far as
tested, were not found to contain these substances.

The criticisms that have been made upon this part of my con-
clusions are mostly general rather than special. Mr. Rolker
maintains that the overlying White porphyry (felsite) should be
stained by basic sulphate of iron, if the vein-materials had
been derived from it, and says, ¢ against Mr. Emmons’s analy-
sis of the felsite stand other analyses which did not find any
lead or silver in it (L. D. Ricketts).” To this I answer, the ex-
traction of such minute traces of metallic minerals by percolat-
ing waters would not necessarily leave any staining visible to the
naked eye, since the minerals themselves are rarely visible, even
under the microscope. Moreover, I do not maintain that they
came from the White porphyry alone—there are other bodies
of porphyry from which they could have been derived; and
this porphyry is so universally decomposed, as shown by mi-
croscopic examination, that it is difficult to see what all of its
original constituents were, Out of 11 specimens of it, included
in the above-quoted tests, only three yielded silver, a far
smaller proportion than that of the other varieties of eruptive
rock, which were, as a rule, less decomposed. Still, as Mr.
Rolker himself suggests, this may merely prove that its me-
tallic contents had been leached out. As for the counterproof
of other analyses, Mr. Ricketts himself says explicitly,” that
he made no study of the question of the source of the mate-
rial, and the fact that his single analysis of White porphyry
gives no lead or silver may simply prove that he did not make
the special test for these materials on the large amount of rock

% The Ores of Leadville, p. 46 (1883).
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which is necessary in order to detect them. Ie adds that his
analysis “ showed scarcely a trace of sulphur, though the rock
at one time certainly contained much iron pyrites.”

Dr. Newberry’s criticisms on my conclusions are entirely
vitiated by his complete misapprehension of my views. He
assumes that I would derive the ores from superficial igneous
rocks, through the agency of surface-waters; but since I my-
self do not believe that they could have been formed either by
surface-waters or from recent or superficial igneous rocks, it
would seem unnecessary to refer to his objections to that view
in the special case of Leadville. I will merely say that the
theory which he proposes as a substitute for mine, ¢ that the
plane of contact between the limestone and porphyry has been
the conduit through which heated mineral solutions coming
from deep-seated and remote sources have flowed, removing
something from both the overlying and underlying strata,”
etc.,” is one which he himself would probably reject, if he had
had as good an opportunity of examining the geological struc-
ture of the region and the relation of the ore-bodies to the sur-
rounding rocks as I have had. 3

Tt may not be amiss to call attention to the fact that Pro-
fessor Newberry has similarly misapprehended Mr. Becker’s
views as to the genesis of the ores of the Comstock lode. To
him Professor Newberry attributes the hypothesis that the Com-
stock ores were leached from the hanging-wall by cold sur-
face-waters. Becker’s memoir contains no such statement.
On the contrary, he maintains at length that the ore was ex-
tracted from the hanging-wall by rising waters of very high
temperature, and charged with solvents, acting at considerable
pressures.

As regards the general derivation of the vein-materials from
eruptive rocks, it will perhaps be wise to state explicitly what
I do think at the present time, reserving the right to modify
my views if I see fit, as I gain a wider and more exact knowl-
edge of the ore-deposits of the world. I consider that at the
present time neither I nor any one else is in possession of
accurate geological knowledge of a sufliciently large number
of ore-deposits to justify the formulation of that knowledge

18 School of Mines Quarterly, vol. v., No. 4, p. 341 (May, 1884).
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into a universally applicable theory of the formation of ore-
deposits. Ore-deposits occur in nature under such varied con-
ditions, moreover, that it seems doubtful if' any one theory of
their formation will be found applicable to all of them, and
probably the final theory will be an alternative one. As one
of these alternatives, the derivation from bodies of eruptive
rock in the vicinity of the deposits seems to have in its favor
more evidence, both direct and indirect, than any other now
offered.

As indirect evidence, Kuropean geologists have long re-
marked that regions rich in ore-deposits have, in the majority
of cases, been regions of long-continued eruptive activity. This
association, or coincidence, if such it may be considered, is still
‘more striking in this country; but it is to be remarked that it
is with the older and generally intrusive rocks of eruptive
origin that valuable ore-deposits are most frequently associated,
while they are rare when these rocks only form surface-flows
or are outpourings of actual volcanic vents.” Newberry!
brings forward the latter fact as argument against the deriva-
tion of vein-materials from superficial igneous rocks, and as such
it is certainly valid; but the greater part of our ore-deposits
are evidently of deep-seated and not of superficial formation.
I have no evidence to prove whether recent lavas are poorer in
vein-materials than the older intrusive rocks or not; nor is
that an essential point, since it is evident that they have been
subjected to the leaching process for but a comparatively short
time; that the surface-waters which reach them have neither
the heat, pressure, nor chemical solvents that render the action
of deep-seated waters more energetic, and therefore that- con-
centrations of vein-materials in ore-deposits from them could
not be expected to be as frequent or as considerable as those in
the older and deep-seated rocks.

Professor Newberry is inclined to doubt the frequency of the
association of eruptive rocks and ore-deposits, and says in re-
gard to the mineral belt of the Far West, ¢ the great majority
of veins are not in immediate contact with trap rocks, and they
could not therefore have furnished the ores.” As to the im-

16 Tenth Census, vol. xiii., p. 63 (1880).
17 The Deposition of Ores, School of Mines Quarterly, vol. v., No. 4 (May, 1884).
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mediate contact of trap rock with these veins, I do not feel that
I have sufficient data to contradict his statement, although I
am equally confident that it is not justified by accurate statis-
tical knowledge on his part. But the statement is liable to
mislead, in that the reader might be led to infer that, in the
instances he gives, eruptive rocks do not occur in the vicinity
of the deposits, whereas I am qualified, from my own observa-
tion and from knowledge gained during my investigations
under the Tenth Census, to state that this inference would be
diametrically opposed to the facts. Not only are there, in each
of the 11 districts he mentions, known developments of erup-
tive rock in the vicinity of the deposits, but in seven of these
districts there are important mines—some of which he has
quoted by name in his list—in which eruptive rocks form one
or both walls of the deposits.

Professor Le Conte, on the other hand, not only admits the
frequency of the association of great eruptive activity with ore-
deposition, but also the possible derivation of the vein-materials
from eruptive rocks. His view on this subject, which resem-
bles the Scotch verdict ¢ not proven,” is, “not that igneous
rocks alone supply the materials, but rather that igneous action
supplies the heat necessary for solution.” He afterwards ad-
mits that heat is not in all cases necessary for solution. As
Professor Le Conte’s views may be taken as a fair representa-
tion of the best speculative theories on the subject of ore-depo-
«sition at the present day, it may be assumed that there are no
good a priori grounds against the derivation of vein-materials
from eruptive rocks; and it remains to consider what direct
evidence there is in its favor. Before doing this, I wish to
advert to a geological question, as regards which I do not agree
with Le Conte’s implied ideas. He says: “ We never see any
stratified rock that has not been igneous rock nor, I believe,
any igneous rock that has not become so by refusion of strati-
fied rocks.” This statement might be admitted as applied to
the earlier stages of the earth’s history when its first crust was
forming, and yet doubted in such a practical application to the
sedimentary rocks now found on the surface, as is made by
Professor Newberry when he says:' « All the knowledge we

18 Deposition of Ores, p. 337.
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have of the subject justifies the inference that most of the igne-
ous rocks which have been poured out in our Western Terri-
tories are but fused conditions of sediments which form the
substructure of that country, . . . and it is possible and even
probable that the rocks composing the volcanic ridges are
but phases of the same materials that form the sedimentary
chains.”

The estimated aggregate thickness of sediments above the
Archeean varies, roughly stated, from 60,000 to 100,000 ft., but,
owing to frequent elevations and subsidences, the series is
probably never found complete at any one point, and it may rea-
sonably be doubted if the thickness of sediments accumulated
at one time and place over the Archeean ever reached even the
lowest of the above figures. But, by the agencies of dynamic
action and erosion, geologists have been enabled to study not
only these great thicknesses of overlying sediments, but great,
though unknown, thicknesses of the Archsean formations be-
neath; yet, nowhere in the vast portions of the earth’s crust
that have already been examined has any evidence of the fusion
of sedimentary rocks into an igneous magma been found. For
this reason it seems to me, and I believe I express the senti-
ments of the majority of geologists who have made a study of
eruptive phenomena, that Professor Newberry’s inference is
not justified by the knowledge we at present possess, and that
the region of fusion whence igneous.rocks may be supposed to
be derived, must be relegated to greater depths, and beyond:
the reach of the actual sediments which we can now observe on
the surface.

The theory that vein-materials have been derived from ad-
joining rocks is by no means a new one. Both Breithaupt and
Cotta admitted the probability of such derivation, provided
only the existence of the vein-materials could be proved, while
Bischof not only strongly upheld the theory, but by chemical
investigation actually detected the earthy or gangue-material
of veins in the neighboring country-rocks. Acting on Bischof’s
suggestion, and employing methods which enabled him to
detect minute traces of material in the separate constituents of
rocks, Sandberger has been investigating for many years past
the country-rocks of European mining-districts. He finds that
the basic silicates of the crystalline country-rocks .(metamor-
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phic or eruptive) contain the same metals as are found in the
neighboring deposits, and hence concludes that the materials
of the latter were derived from the former.” The investiga-
tions of country-rocks, carried on by Mr. Becker and myself at
Washoe and Leadville respectively, were in the same line of
research, although when they were undertaken we had not the
advantage of Sandberger’s experience, and our methods differed
somewhat from his, owing to the peculiar circumstances under
which each inquiry was conducted. Our results in either case
showed at least a possibility of the derivation of the materials
from the eruptive country-rocks, which the geological condi-
tions heightened to a probability. Since that time, I have
carried on similar investigations, with some improvements in
methods suggested by experience, on the country-rocks of other
"districts, notably those of Ten-Mile and Silver Cliff, Colo., which
have been in the main confirmatory of those obtained at Lead-
ville. Although the work thus far done in this line covers but
a small portion of the field of investigation, it affords valuable
indications from which one necessarily draws conclusions, and
which eertainly point a way for further research that promises
to be fruitful in results. The conclusions that I have reached
thus far are, that the vein-materials are probably derived from
country-rocks in the neighborhood of the deposits, though they
are not necessarily in absolute contact, and it may even happen
that they cannot be seen at the surface. And the chemical
tests thus far made show that the eruptive rocks rather than
the sedimentary are the more likely to carry the materials from
which the vein-materials have been derived. I am by no
means prepared to say that eruptive rocks will everywhere be
found to be the source of the vein-materials; indeed, it would
seem that there are many deposits where this would be impos-
sible; and yet it often happens that the published descriptions
of such deposits are not sufliciently complete or exact to enable
us to form a decided opinion one way or the other.

Professor Newberry considers® that an unanswerable argu-
ment against the theory of lateral secretion is furnished by the
great diversity of character exhibited by ditferent sets of fis-

1 Untersuchungen iiber Erzgiinge (1882).
0 School of Mines Quarterly, vol. v., No. 4, p. 334 (May, 1884).
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sure-veins which cut the same counfry-rock. It seems to me
that a certain amount of diversity might be allowed in different
sets of veins in the same belt of rock, without disproving the
theory as I understand it; first, because the derivation is not
confined to the immediate wall-rock; secondly, because obser-
vation shows that such accessory or accidental constituents as
these vein-materials may vary very greatly in the same body of
rock; and thirdly, because the determining cause of precipi-
tation or deposition might differ in the different sets of fissures,
so as to produce a difterence in the character of deposition from
one and the same solution. Dr. Newberry does not state
directly how great a diversity he considers necessary to prove
his argument; but the only instance in which he actually cites
the character of the ores has been unfortunately chosen for this
purpose. It is that of the Humboldt, the Bassick, and the
Bull-Domingo mines, near Rosita and Silver CIlift; which, he
says, “are veins contained in the same sheet of eruptive rock,
but the ores are as difterent as possible.” In point of fact, the
Bull-Domingo deposit occurs in Archeean gneiss, while the Bas-
sick and Humboldt bodies are in separate and distinct bodies
of andesite, evidently belonging to difterent outflows.

To summarize the above somewhat discursive remarks: The
present tendency of the results reached by careful and well-
authenticated determinations of the origin and manner of for-
mation of ore-deposits is in favor of a continually increasing
applicability of the following conditions:

That they are deposited from solutions made by percolating
waters.

That the deposition takes place very rarely in actually open
cavities, but most frequently by a metasomatic interchange, or
by replacement of the more soluble or more accessible portions
of a rock or members of a rock-series.

That these solutions do not necessarily come directly upward,
but simply follow the easiest channels of approach.

That these materials are not immediately derived from sources
at some unknown depth, but from neighboring bodies of rock
within limited and conceivable distances. »

That where, as is so often the case, ore-deposits are associated
with, or in the vicinity of, bodies of eruptive rock, especially
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the older intrusive rocks, there is a reasonable probability that
their materials have been derived from these rocks.

In order to accumulate facts upon which to form any well-
grounded, broad generalization upon these very important sub-
jects, we need, on the part of mining engineers, an almost in-
definite multiplication of such papers as those of Messrs.

licketts, Freeland, and Rolker on the Leadville mines, giving
facts in the minute detail which can only be arrived at by long
personal observation and study. Such papers should, as far as
possible, be based upon authoritative determinations of geo-
logical structure of the region where the mines oceur, and such
determinations it seems to be the proper province of a govern-
mental geological survey to furnish, as private individuals can-
not be expected to have the extended field-experience, or to be
.able to carry out the costly investigations which they necessa-
rily involve.
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No. 2.

Structural Relations of Ore-Deposits.

BY S. F. EMMONS, WASHINGTON, D. C.

(Boston Meeting, February, 1888. 7Trans., xvi., 804.)
¢
‘‘The obscurity which still veils from us the true nature of veins will become
more and more cleared up when they can be considered in connection with the
geological structure of the regions in which they occur.”’ !

Tunese words, according to Lossen, the biographer of the
late Dr. A. voun Groddeck, of Clausthal, were the last received
by him from that eminent man, perhaps the most far-sighted
and carefully progressive of recent writers on ore-deposits.
They seem to me to form a fitting ‘text for what I am about to
say ; since I find that many of the conclusions at which I have
arrived by my own study of the structural relations of ore-
deposits, or, in other words, of the structural and dynamic
geology of the regions in which they occur in this country,
have been similarly determined by him within recent years in
Europe, and especially in his home field of work, the Harz.

I shall not enter upon a detailed account of how far other
workers may have arrived at similar conclusions with myself,
since these questions of priority are of little interest, except to
those immediately concerned; but will briefly present the
methods by which, in my work in this country, I have arrived
at certain generalizations, and will point out the practical
bearing which they may have upon the work of mining
engineers. _

In my first thorough and systematic examination of an im-
portant group of ore-deposits, viz., that of Leadville, Colo., I
was enabled, through the generous facilities afforded me by
the then Director of the Geological Survey, Clarence King, to

1 ¢Das Dunkel, welches uns die wahre Natur der Génge noch immer verhiillt,
wird sich mehr und mehr lichten wenn sie im Zusammenhang mit dem geognos.
tischen Bau der Gegenden, in denen sie auftreten, betrachtet werden konnen.”
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make a most elaborate and detailed study of the geology, not
only of the immediate vicinity of the mines, but of the adjacent
mountain regions, based upon accurate topographical and un-
derground maps, and thereby to determine the structural rela-
tions of these ore-bodies with an exceptional degree of detail
and accuracy. The inductions based upon these structural
relations have now borne the test of seven years of active ex-
ploration by a most energetic and enterprising mining commu-
nity, and their substantial accuracy has been so abundantly
proved as to afford an excellent practical illustration of the
importance, in this class of deposits, of the structural study.

In entering upon this work, I was, I must admit, far from
familiar with all that had been written upon the theory of ore-
deposits, and I purposely refrained from reading up upon the
subject until my field-work was completed, in order to avoid
the danger of any unconscious bias which might influence my
interpretation of the facts of nature. It was commonly said
at that time of the Leadville deposits ¢« that they went contrary
to all the theories of geologists.” Such statements are in
general, I find, liable to originate in a misapprehension, either
of the true conditions which prevail at the locality in question,
or of what are the best geological theories. In this case
I found, in two respects at least, that the process of ore-deposi-

“tion at Leadville was not in accordance with the most widely

accepted theories upon the subject. First, they were not the
filling of pre-existing open cavities or caves in the limestone,
but had been formed by a gradual replacement of the rock-
material by the substances brought in by the ore-bearing solu-
tions. Secondly, these solutions did not come directly from
below, as seemed to be considered a necessary condition for
the deposition of ores, but in this case could be proved to have
reached the immediate locus of deposit from above.

As I pointed out in a paper read before the Institute two
years since,’ in stating the results I had arrived at in regard to
the genesis of the Leadville deposits, I made no claim of pre-
senting any complete general theory or classification of ore-
deposits at that time, nor have my observations been suffi-
ciently wide to enable me to do so now. I did, however, con-

? This volume, pp. 1 to 25; Trans., xv., 125 (1886-87).



28 STRUCTURAL RELATIONS OF ORE-DEPOSITS.

clude, as a result of my investigations, that existing theories
and classifications were inadequate to account for the various
forms under which ores are found in nature, and that this in-
adequacy arose probably from the want of some common un-
derlying genetic basis. Far too few of the descriptions of
ore-deposits in various parts of the world, upon which the
existing theories have been founded, are based upon accurate
determinations of their structural relations. I have, therefore,
been emboldened to assume that, by giving more attention to
these structural relations than has hitherto been done, many
existing uncertainties might be cleared up, and perhaps, in
time, a rational or natural classification of ore-deposits might
be formed. In the paper above mentioned I stated the conclu-
sions I had been enabled to form from my Leadville and later
studies in regard to the genesis of certain ore-deposits, mainly
those in limestone, and touched lightly on their probable appli-
cation to what are known as fissure-veins, of which I had, up
to that time, had but limited opportunities of personal observa-
tion. Since then, however, especially during the past summer,
I have visited many so-called fissure-deposits of great variety
of type, and during these visits I have been so struck with the
uniform occurrence of certain elementary structural conditions
that I have ventured to make some preliminary generalizations
based upon them, that seem likely to find a very wide practical
application, and to furnish a basis, with modifications that may
be afterwards introduced as a result of wider observation, for
a general classification of ore-deposits. Whether this prove to
be the case or not, it seems that this method of regarding ore-
deposits, while I can hardly elaim for it much that is absolutely
new, has the merit of being a simple, rational method, which
obviates many of the uncertainties and misapprehensions,
especially in practical application, that constantly arise from
the more complicated existing systems. '
Preliminary Statements.—The ore-deposits which I propose to
consider are original or primary deposits that have been formed
later than the inclosing rock. They exclude, therefore, second-
ary deposits, whether of mechanical or detrital origin, like
placers, or of chemical origin, like bog iron-ores, which result
from the superficial leaching of other deposits. They also ex-
clude deposits, such as beds of coal, gypsum, and the like,
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which have been deposited, so to speak, contemporaneously
with the inclosing rock.

Even with these exclusions they include practically all the
workable primary deposits of useful metals; for I have yet to
see such deposits which can be proved to have been formed
contemporaneously with the inclosing rocks. It is possible
that in some cases, as Irving holds with regard to the Lake
Superior iron-deposits, there was an original nucleus of ore con-
temporaneously precipitated with the sediments which formed
the rocks, but which has been added to to such an extent by
percolating solutions replacing the adjoining portions of the
inclosing rocks, that the present ore-body is practically a later-
formed deposit.

I believe, with Pumpelly, Posepny, and others, that all our
workable deposits of the useful metals are the result of a pro-
cess or series of processes of concentration or aggregation of
material previously disseminated in a minute form through the
mass of the rocky crust of the earth.

With regard to these deposits there are certain elementary
postulates, which at the risk of apparent unnecessary repetition
from former papers I think it best to briefly enumerate.

1. That these deposits were formed from aqueous solutions.
In other words, they have been gathered up by waters contain-
ing varying substances in solution, and percolating through the
earth’s crust, and again deposited in their present concentrated
form under a change of conditions which favored precipitation
rather than solution.

It seems hardly necessary at the present day to bring for-
ward any arguments in favor of the aqueous deposition of ores
as opposed .to the notion of an eruptive origin, which at the
best has been a theoretical view not founded upon carefully
and critically determined facts; but if there exist any linger-
ing doubts in any mind as to the capability of solutions to take
up and redeposit the various-minerals found in our ore-deposits
I would recommend a perusal of Daubrée’s recent voluminous
work upon subterranean waters.?

2. That, under given conditions of heat and pressure, all sub-
stances are more or less permeable to water. Hence we are

? Les eaux souterraines & I'époque actuelle et aux époques anciennes (1887).
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justified in assuming that, at suflicient depths within the earth’s
crust, waters circulate through or permeate all rocks, even
those apparently impermeable, and thus may dissolve out
minute quantities of the more readily attackable materials
within their mass, and remove them to some other place. It
is evident, however, that these waters will constantly tend to
concentrate in such portions of the rocky mass as offer a more
ready passage or flow, and that during such passage or flow
they will seek relief from heat or pressure, and hence come
into differing conditions which may favor precipitation, deposi-
tion, or chemical interchange of the materials they carry in
solution.

Among the determining causes of solution and of precipita-
tion or deposition, the chemical forces undoubtedly play an im-
portant part. The capacities of various alkaline solutions to
take up metallic minerals, especially when hot, and the condi-
tions of diminished heat and pressure, or of dilution, which
would favor precipitation of these minerals, present an extremely
interesting and important subject of discussion; but it is one
that would take too much time to treat within the limits of
this paper. I shall, therefore, confine myself as far as possible
to the mechanical or structural conditions which would favor
ore-deposition; in other words, consider what are the natural
water-channels within the earth’s crust, and what forms of ore-
deposits such water-channels will give rise to, when the chemical
and other conditions are such as to favor a deposition of valu-
able minerals in workable quantity by them.

8. A further postulate, which I insist on the more strenu-
ously for the reason that in former times the opposite view has
been so almost universally held among writers on ore-deposits-
is that a large pre-existing open cavity is not a necessary con,
dition for ore-deposition. In other words, that ore-deposits
are to a large extent the actual replacement of the country-
rock by vein-materials, and that the filling-up by these materials
is rather that of interstitial spaces than of what might properly
be considered open cavities. I by no means deny that a cer-
tain limited amount of unoccupied space may have existed in
the water-channel previous to the ore-deposition, but I wish to
remove the tendency to misapprehension caused by the previ-
ously-conceived view, under which, for instance, one might
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regard the whole width of an 8-ft. vein as material brought in
from a foreign source, when in point of fact more than 7 ft. of
it might be more or less completely altered or replaced coun-
try-rock, and less than a foot (and this not in one body) rep-
resent spaces actually filled in. T can even conceive of cases
of veins showing what is supposed to be the comb-structure,
from which the idea of the pre-existing open space was origin-
ally derived, where this structure is produced by sheeting of
- the country-rock, the different sheets being replaced by differ-
ent mineral combinations, as will be explained later on.

Let us consider, then, what would be the natural and most
readily available channels which would tend to collect the
waters circulating within the earth’s crust, and constitute their
primary water-courses.

It is evident that the nearest analogy to the flow of under-
ground waters which can actually come under our observation
will be found in the flow of springs, especially thermal springs.
A study of the phenomena connected with spring-action and
deposition, such as has been made by Daubrée in his valuable
work above cited, materially aids our conceptions of what may
have taken place in the deeper-seated channels which have
been in former geological periods the scene of ore-deposition.

One must beware of following‘this analogy blindly, however,
and bear in mind that most ore-deposits must have been formed
at considerable depths below the surface, and brought to the
comparatively short distance from that surface which they now
occupy by upheaval and erosion.

An instance of the errors into which one may be otherwise
led is afforded by a paper read before the Institute two years
since by Prof. T. B. Comstock,' on The Geology and Vein-
Structure of Southwestern Colorado.

Owing to the vagueness of Mr., Comstock’s statements, and
his many misconceptions of geological facts, we cannot always
be sure of his meaning; but from a careful consideration of
this paper I infer that he considers the head of Red Mountain
creek in that region, which he calls a crater-like depression, to
be an extinct geyser-basin, and that the ore-deposits opened
by the mines now worked there have been formed by geysers.

* Trans., xv., 218 to 265 (1886-87).
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Now a geyser, as its name implies, is a spring which violently
ejects its waters into the atmosphere, and hence, even more
than other springs, is essentially a surface-phenomenon.

As, since the ore-deposits of Red Mountain basin were formed,
something like 2,000 ft. in thickness of rock-material has been
eroded away to form the basin, it is evident that they could
not have been formed by a geyser, nor can it be determined at
the present day whether geysers ever existed there or not.
Apparently Professor Comstock has thought to find a resem- -
blance between certain rounded ridges of light-colored rock
near these mines and the mounds formed by deposits from the
springs in the Yellowstone Park. Instead, however, of being
surface-deposits, they are simply portions of the andesitic coun-
try-rock from which acid waters have removed the basic con-
stituents, perhaps depositing a certain amount of silica in their
place; the resulting quartzose masses, offering greater re-
sistance to the disintegrating effect of atmospheric agents and
to erosion than the surrounding rocks, have been left as mound-
“like ridges protruding above the general surface, more or less

independent of the natural drainage-channels.

There are abundant mounds formed by deposits from springs
in the vicinity of Red mountain, but they consist mainly of
bog iron, and are formed by oxidizing surface-waters passing
through and decomposing bodies of sulphides of the metals,
~whose action is quite distinct from, and in some sense the re-
verse of, those which originally formed these bodies. It would
seem almost unnecessary to insist on this distinction, but I
recall the description given me of similar deposits in the Red-
well basin in the Gunnison region by J. K. Hallowell, who
claimed as exact a knowledge of the geology of that district as
Professor Comstock does of the San Juan region. According
to him, galena and pyrite can be found in actual process of
formation there at the present day. On personal examination,
I found that a bog iron-deposit had been formed throughout
the débris filling the bottom of this ancient glacier-basin, and
in one place rested directly on the outcrop of a vein carrying
pyrite, galena and other sulphurets. Owing to the extremely
decomposed condition of the country-rock of this vein where
the bog iron rested on it, Mr. Hallowell had evidently con-
cluded that it formed part of the spring-deposit, failing to
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recognize the dividing-line between recent deposit and original,
though decomposed, rock-formation.

Although, in studying a given deposit, it is not safe to assume
that there has been a spring at that particular spot, from
whose waters it was deposited, it is evident that the under-
ground flow of waters which formed ore-deposits would have
followed similar laws to those which regulate the flow of water
now appearing at the surface as springs.

Natural Water-Channels—From the study of the flow of
spring-water, three principal structural conditions may be con-
ceived which would produce natural water-passages in the rocks
which form the earth’s crust:

1. Sedimentation or bedding.

2. Intrusion of eruptive masses.

3. Dynamic movements producing fractures across rock-

masses of differing origin or composition.

1. From the first of the above causes, by the deposition of
alternating strata of varying degrees of permeability, or by
successive flows of igneous rocks, natural channels will be af-
forded parallel to the stratification or bedding-planes, and more
or less coincident with them according to the nature of the ma-
terial of which the bounding beds are formed. This is proved
by the fact that where such strata or beds are inclined or pli-
cated, and afterwards eroded so that their edges outcrop,
springs will be found along such outcrops where they are at a
lower level than the general mass of the strata, or artificial
springs may be produced by artesian borings which fulfill the
necessary hydrostatic conditions. It is hardly necessary to
quote instances of flow of spring-waters under the simple con-
ditions of alternating strata of permeable and impermeable
sedimentary rocks. The evidences of water-passage between
flows of eruptive rock are well shown in Idaho and eastern
Oregon, where whole rivers disappear beneath the great lava-
flows that cover such immense areas of surface, and reappear
at some lower level at the bounding-plane between the succes-
sive flows, evidently having sunk through some natural frac-
ture and followed a more permeable bed of mud or breccia,
such as is generally found alternating with the. beds of solid
lava.

These primary water-channels along bedding-planes may
3
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be interrupted by either of the two other causes mentioned
above.

2. Eruptive dikes or cross-cutting intrusive bodies of any
form may interpose relatively impermeable masses across their
course, or intrusive bodies, running parallel with the bedding,
may render the plane of contact a more ready water-passage
than it otherwise would have been. Thus in regions of erup-
tive activity, springs, especially thermal springs, are generally
found along the outcrop of the contact of the later eruptives
with the rocks through which they have passed.

3. The interruptions to these primary water-channels result-
ing from the varied forms of rock-fracture caused by dynamic
movements are so manifold and numerous that it is not always
possible to trace back to cause from effect. Frequently springs
issue from the outcrops of fault-planes; and, when crossed
underground, the latter are generally found to be water-bear-
ing. It is easy to conceive that where a series of beds, includ-
ing certain permeable or water-bearing strata, are broken or
displaced by fault-movements, the current along the permeable
strata may be interrupted. On the other hand, the passage of
water along this new water-channel may not be continuous to
the surface; but may only follow it until it meets another per-
meable stratum and turn off again along that in a manner similar
to the well-known occurrence in artesian wells, where, if the
bore-hole be not protected by a water-tight casing, the water
rising from some deeper bed may gradually be dissipated in
other permeable beds passed through by the drill, between the
water-bearing bed and the surface, and the surface-flow be
finally lost altogether.

It is evident that the greater number of underground water-
channels, though perhaps not those carrying the largest
volumes of water, will be afforded by the multitudinous
fractures in the crystalline or eruptive rocks and in the older
and more metamorphosed sedimentary strata. In one sense
these might be made to include the contact-channels along
dikes and intrusive bodies of eruptive rock also; for it is prob-
able that such bodies, when forced up from below, have fol-
lowed some previously-determined fracture or natural division-
plane.

Before proceeding to consider how far the origin of various
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types of ore-deposits may be ascribed to the passage of mineral-
bearing waters along one or more of the above natural water-
channels, I will mention another possible class of division-
planes in rocks which have been considered by some as the
origin of mineral-bearing fissures, but to which, so far as I
know, that of springs has never been ascribed. These are con-
traction-planes or joints. The most evident examples of them
are naturally found in eruptive rocks, notably the prismatic
joints of more recent eruptives. It is possible that the divi-
sion-planes which tend to separate most eruptive rocks into
parallelopipedic fragments may have been originally determined
by contraction of the mass, but it is probable that the actual
fracturing along these planes was produced by dynamic move-
ments. Whether sedimentary rocks contract after deposition
from the expulsion of the water they must have contained when
forming the sea-bottom, may be considered an open question.
One thing is evident: that contraction-planes must be confined
to one rock-mass or bed, and cannot cross several of them, as
do most mineral-bearing fissures. It is also evident that, as
contraction-planes alone, there would have been no movement
or pressure along them. Ience planes where evidences of
movement or pressure are found cannot result from contraction
alone. For these reasons, and the further one that I have
never yet found ore-bodies deposited on planes which I could
fee] assured were the result of contraction alone,I think it safe
to leave contraction-planes out of consideration for the present,
at least. .

Ore-Deposits Along Bedding-Planes.—The greater part of our
ore-deposits are found in mountainous regions where eruptive
and dynamic action has been most energetic; consequently,
deposits resulting from the flow of water along bedding-planes
alone, unconnected with the other classes of water-channels,
form but a small proportion of the whole. There are, more-
over, other conditions than the simple readiness of flow of
water that come into play. It is apparent that deposition will
take place more readily from a comparatively sluggish than
from a rapid flow; hence conditions that tend to retard the flow
. or cause a partial stagnation at a given point will favor pre-
cipitation at that point. Such would be the actual contact of
an impervious stratum, e.g., a bed of clayey material, with a
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readily pervious one like a loose sandstone. Again, in pli-
cated strata, points where by sharp folding the beds are more
closely compressed together—as on the side of the fold—than
at other points, are often found to carry larger bodies of ore.
The chemical composition of the different beds is also a most
important factor; so much so that in regions like the Ten-Mile
district, where thin beds of limestone are found scattered
through considerable thicknesses of sandstone and shales, the
ore of the so-called bedded deposit is almost exclusively con-
fined to the more readily attackable limestone. The term
“bedded vein” or ¢“deposit,” as derived from von Cotta’s
Lagergang (literally, bed-vein), might be objected to as seeming
to imply that the ore was deposited contemporaneously with
the inclosing beds, and for this reason the less concise term,
¢ deposit along bedding-planes,” would be preferable. Where
the deposit occurs at the junction of two beds of very dissimi-
lar composition, like limestone and quartzite or slate, it is often
called a contact-deposit, but it seems that this term should be
confined to those of the next class, contact-deposits with rocks
not of contemporaneous formation.

Instances of deposits of this class that occur to me are those
of the Ten-Mile region, the Red Cliff region, and others in
Colorado, which are mostly along the bedding-planes between
limestones and argillaceous beds, though at Red Cliff some are
found in quartzites. The iron-ore beds in the Silurian rocks
of the Appalachians are probably of this class, for Prime re-
ports that he finds evidence that they are the replacement of
the limestone rock, hence cannot have been formed, like bog
iron-deposits, contemporaneously with the inclosing rocks, as
Newberry maintains. They are not necessarily confined to the
immediate bedding-plane, but in a porous rock may spread
through the mass, like those of Silver Reef, where precipita-
tion has been probably induced by the presence of some re-
ducing-agent of organic origin. The copper-deposits of Mans-
feld in the Harz, and the lead-deposits of Commern in the -
Eifel, may be found to belong to the same class, though they
have generally been considered to be of contemporaneous origin
with the inclosing Triassic beds.

It will be evident a priori that mineral currents following
stratification-planes cannot be considered as necessarily coming
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from below, as has’ been assumed by many to be the universal
direction of such currents. As I have shown in a former
paper,’ the direction of flow of underground waters cannot be
determined beforehand for a given point; as this flow is a
circulation, its direction may vary according to the local con-
ditions which would govern it. As far as my observations go,
in deposits from currents following stratification-planes the
waters have sunk into the bed from its upper surface as if
under the influence of gravity.

Deposits Along  Contact- Planes.—Mineral-bearing solutions
gathering in or flowing along the planes of contact of eruptive
bodies with rocks through which they have been forced would
have a tendency to deposit their contents along such planes,
whatever the direction of their flow. If they were ascending
currents, it may be conceived that they were coming from a
hotter region, or from the vicinity of a larger and not so thor-
oughly cooled mass of igneous rock, where their solvent power
was greater, to a cooler region, in which this solvent power
would be relatively less. If lateral or descending flows, gather-
ing from the mass of one of the walls of the fissure, precipitation
might be induced from the solutions thus brought in by a
retardation or temporary stagnation of the flow, by dilution
through mixing with other waters already circulating in the
fissure, or by some chemical interchange resulting from contact
with the other wall, if a rock of different chemical composition
from that through which the solutions had been passing. For
these reasons it seems advisable to distinguish such deposits
from those along stratification-planes on the one hand, or along
rock-fractures on the other, even in those cases where the con-
tact-plane may be in part, or wholly, coincident with a stratifi-
cation- or fracture-plane.

It is quite a common practice among miners to designate as
“ contact-deposits ” ore-bodies occurring along the dividing-
plane between two bodies or beds of different rocks, even when
such plane is simply a stratification-plane. Such practice
should in my opinion be avoided, and the term confined to the
planes defined above, which are distinetly of later formation
than stratification-planes, and in which the conditions of depo-
sition would have certain distinctive characters.

5 This volume, p. 14; Trans., xv., 137 (1886-87).
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Contact-planes as defined above will more frequently be
found to coincide or connect with planes of rock-fracture, since
one can hardly conceive of sheets of eruptive rock being forced
through existing rock-masses in the form in which we now
find them, unless they had followed some already-determined
line of fracture, or at least of readiness to be forced open, and
it is well known that eruptions of lava at the present day are
generally preceded by earthquake-shocks, which probably in-
volve a very considerable shattering and fissuring of the earth’s
crust in the vicinity of the eruption.

Ore-deposits along contact-planes are very common, and
mining engineers can doubtless recall frequent instances which
have come under their own observation. The famous Lead-
ville deposits are in great part instances of the less common
type of deposits, in contact with intrusive bodies which have
generally followed stratification-planes. Among them, how-
ever, are deposits along the contact of cross-cutting eruptive
sheets, the so-called second contacts, and in some instances the
ore-currents have followed rock-fractures, and hence belong to
the third class. Asin all deposits in limestone, owing to the
readily attackable character of the rock, the actual form of the
various deposits at Leadville is extremely irregular; more so
than it would be in a more siliceous rock; but I have as yet
been unable to conceive of any classification, founded on the
form alone, that would essentially aid in the description of
such bodies, or help the miner in exploiting them.

Of deposits along the contacts of dikes or cross-cutting
bodies of eruptive rock, hence generally occupying a more
nearly vertical position, abundant examples are found through-
out the Archsean areas of the Rocky Mountain region, most of
which are commonly classed by the miner as fissure-veins, be-
cause of the prevailing prejudice in favor of the supposed
greater value of that type of deposit. It may be that the whole
mass of a narrow dike is impregnated with mineral, and thus
constitutes the ore-body; but in the structural sense it is none
the less a contact-deposit, since the deposit has been made by
waters acting from the contact-planes outward. Instances of
such deposits are frequent in Boulder, Gilpin, and Clear Creek
counties, in Colorado.

On the other hand, when the deposit occurs along a plane of
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contact of two dissimilar bodies of rock brought into juxtaposi-
tion by faulting, like the Comstock lode, it would more prop-
erly belong to the third class.

Deposits Along Planes of Rock-Fracture or Fissures Produced
by Dynamic Movements.—Many somewhat divergent views have
been entertained at various times by geologists as to the origin,
manner of formation, and even the proper designation of the
many kinds of fissures, cracks, and joints that traverse the rock-
masses forming the earth’s crust. Those that I propose to
briefly present here are the ones which a long field-experience
has shown to accord best with the facts of nature, and which,
as far as my reading has extended, are in essential harmony
with those entertained at the present time by the best structural
geologists both of this country and of Europe.

The most prominent and readily remarked of these rock-
fractures are the great faults which have played so important
a part in determining the orographic relief of our globe, a part
second in importance only to that of the flexures or plications
of the strata, to which, as I shall show, they are closely allied
both in origin and manner of formation. The greatest of these
faults often extend for miles in length, and the displacement
of the opposed rock-masses on either side of the fault may
amount to several thousand feet. Minor faults or displace-
ments, which are found in infinite variety, especially in regions
of great dynamic disturbance, may not produce any readily
apparent effect upon the surface-features, and yet may be rec-
ognizable as determining the flow of springs, or be detected
by the underground workings of mines. They have been most
thoroughly studied in the workings of coal-mines, where the
importance of careful underground mapping is most generally
appreciated, since the determination of the direction and amount
of throw of such faults has an actual money-value. Much has
been written about methods of making such determinations,
but more attention seems to have been given to reducing them
to mathematical formulsee than to tracing their origin or con-
nection with other earth-movements. In all these rock-frac-
tures the evidence of a movement of displacement, as disclosed
by the discrepancy or want of correspondence in the adjoining
walls, is usually very prominent.

There are other and much more numerous rock-fractures, in
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which there is either no movement of displacement, or it is so
slight as to be with difficulty detected. Among them certain
classes are characterized by their frequency and their general
parallelism in two or more co-ordinated directions, and at
angles often approaching a right angle with each other. To
these, owing to their apparent uniformity of character, the
name of joints, or cross-joints (inasmuch as they are apt to cut
across the strata), has generally been given by English-speak-
ing geologists. {

As regards the designation of these various forms of fissure
or rock-fracture, from the very fact that there has been so little
agreement as to their genetic relations, there has necessarily
been a great want of uniformity in nomenclature. In different
countries, and even in different districts in the same country,
local terms have been used to describe phenomena supposed to
be peculiar to the locality, which have been perpetuated by
geologists and have thus introduced into geological literature
a greater diversity and variety of terms than is justified from a
strictly genetic point of view.

Daubrée, in his comprehensive view of the phenomena at-
tending the flow of underground waters, recognizing the hope-
lessness of assimilating all these local terms, proposes the gen-
eral name of Lithoclases (rock-fractures) for all rock-fractures
of whatever nature, and, as principal subdivisions, uses Para-
clases, to designate those in which the movement of displace-
ment is readily apparent (in other words, what are generally
called faults), and Diaclases to designate those that are gener-
ally known as joints and in which there is no perceptible
movement of displacement, but which are characterized by
a parallelism and uniformity of distribution, and traverse dif-
ferent rock-masses. To both of these he attributes a mechani-
cal origin; in other words, considers that they are the result of
dynamic movements of the earth’s crust. He further desig-
nates all the rock-fractures of feeble dimensions, which are
confined to a given rock-mass and render it liable to break up
into small fragments under various influences, as Leptoclases
(small fractures), subdividing these further into Synclases (con-
traction-fractures), or those which, like prismatic joints, are
produced by the contraction of the rock-mass, and Piésoclases
(compression-fractures), those small fractures, without any ap-



STRUCTURAL RELATIONS OF ORE-DEPOSITS. 41

parent regularity, whose frequent striated surfaces show them
to result from a movement of compression like the diaclases.

On the other hand, Heim, who is the best representative of
the German ideas on structural geology, in his classic work on
the mechanism of mountain-building,® simply divides the larger
rock-fractures into two classes: fold-faults (Faltenverwerfungen)
and fissure-faults (Spaltenverwerfungen), both of which are pro-
duced by tangential or.lateral compression of the upper por-
tions of the earth’s crust. In the former, this pressure has
resulted in a general plication of the beds involved, which has
progressed to such a point that the limit of their plasticity
or capability of bending has been passed, and the tension re-
lieved by actual fracture and displacement. In the latter, the
fracture has taken place without any perceptible bending of
the rock-masses adjoining the fault, the tension being relieved
by sudden shatterings in the nature of earthquake-shocks, or be-
cause the lines of fracture were already determined, and the
cohesion sufficient to admit of the preliminary plication of the
beds no longer existed. He afterwards traces the effects of
the same forces upon the internal structure of individual rock-
masses, and shows that cleavage- and foliation-planes are, so
to speak, diminutive faults, and that the effects of these move-
ments are appreciable even in the microscopic structure of the
rocks.

‘While Daubrée’s nomenclature, as such, is the most com-
plete and comprehensive thus far presented, the attempt to in-
troduce into so practical a science as mining geology so many
new and strange terms would seem to be of very doubtful ad-
visability. For the present purposes, therefore, it seems suffi-
cient to use the terms ¢fold-faults,” ¢ fissure-faults,” and
“ compression-joints ” to designate the most marked types of
the various rock-fractures, bearing in mind that, as they are
supposed to be the result of the same general force of compres-
sion, it may not always be possible to draw a definite line of
distinction between the types.

Causes of Fracture.—It seems hardly necessary to state at the
present day that the force which produces the folding, fault-
ings, and rock-fractures—in short, the mountain-building force,

¢ Untersuchungen iiber den Mechanismus der Gebirgsbildung, vol. ii., p. 44 (1878).
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is to be considered as a result of the secular contraction of the
earth’s crust. Of late years, however, some theoretical argu-
ments have been presented by physicists tending to throw
doubt upon the adequacy of the force which might be produced
by secular contraction to account for what they assume to be
observed facts. Further, certain American geologists have
thought to find conditions which, according to their reading of
the facts, contraction could not account for, and for some of
which it has even been thought necessary to revive the old and
long ago abandoned hypothesis of a vertical upthrust.

As regards the theoretical objections, it may be said that
mathematical demonstrations are of questionable value in a
science like the geology of the present day, in which the ex-
actly determined facts are as yet too few to afford premises of
mathematical exactitude upon which to base them, and that
those who are arguing against the contraction theory have
presented no adequate hypothesis to take its place.

On the other hand, among practical observers in geology
the personal equation forms so large a factor that it may be
fairly questioned whether the readiness of the gentlemen re-
ferred to above to find facts that could not be accounted for
by the contraction theory was not enhanced by a previously-
formed opinion of its inadequacy and a desire to see it dis-
proved. In my own pretty large experience in the same
general field in which they have worked, I have found that
this theory not only accounts for, but is the only one that will
account for, all the observed facts; and where my observations
extended over regions actually mentioned by them, I have
found their explanations not to be in accordance with the facts
of nature, as I read them.

Under the contraction hypothesis, the forces exerted may be
concisely described as resulting from the attempt of an already
consolidated crust to fit itself more closely to a shrinking
nucleus. Their effect is felt probably only upon a compara-
tively thin outer portion of the earth’s crust: at any rate, it is
a very thin portion of this crust which comes under our obser-
vation. This crust may be conceived, therefore, as having
been since its first formation in a condition of tension, a gradu-
ally increasing force which from time to time found its relief
in earth-movements producing corrugations on its surface, and -
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hence relative elevations along certain orographic lines, which
from some reason or other were lines of least resistance or of
weakness. Such lines, once determined, have been the scene
of most marked expression of these constantly-recurring move-
ments of relief from tension. Closely connected with such
movements have been the eruptions of igneous material, forced
up from below, either from a region of permanent fusion of the
material of the earth’s crust, as was formerly most generally
maintained, or, according to later views, from local reservoirs
brought into a fused condition as a more or less direct result
of these movements, by the disturbance of equilibrium between
the various forces involved in the general condition of tension.
Whatever their source, the eruptions of igneous rocks have
unquestionably had a very close connection with orographic
disturbances, and further, have indirectly played an important
part in the formation of most ore-deposits.

Observation teaches us that these successive periods of
dynamic disturbance, or of mountain-building, must have been
followed by periods of relative quiescence, during which the
regions elevated into land-masses were worn down by atmos-
pheric abrasion, and their comminuted débris carried into the
adjoining oceans to form a new series of sedimentary beds.
Each successive series of dynamic movements would involve
not only this newer series, but also the older and already
plicated and fractured series of rocks; and thus the structural
conditions are found to be the more complicated and more
difficult to decipher, the older the rocks in which we have .
occasion to study them. '

The rock-masses of which the earth’s crust is formed possess
to a certain degree both rigidity and plasticity: the relative
degrees of these qualities may vary not only with the composi-
tion, association, and molecular structure of the different
masses, but, in the same mass, with differing conditions of heat
and pressure under which it exists at a given moment. Hence
it is impossible to determine a priori whether a given amount
of compression will produce plication and fracture combined,
or fracture alone. d

In a general way we know that certain rocks are more plastic
than others: for instance, argillaceous rocks more than sili-
ceous rocks; amorphous rocks more than crystalline rocks.



44 STRUCTURAL RELATIONS OF ORE-DEPOSITS.

Further, it is evident that under moderate temperatares dis-
tinetly stratified rocks will be more readily plicated than
massive or crystalline rocks; in other words, under given con-
ditions the latter would be more fractured than the former.

The fracturing of rocks, moreover, takes place the more
readily the lighter the load upon them; in other words, plas-
ticity increases with pressure. Thus, at sufficient depths below
the surface, or under the weight of a sufficient mass of super-
incumbent rocks, fracturing of the rock-mass would no longer
be possible, and compression would only result in some plastic
deformation. Heim places at 15,000 ft. the depth at which all
fissures sufficiently open to admit the passage of waters must
necessarily cease.

Heim further shows that the plasticity of a given rock-mass
will be greater under a slow-working pressure than under a
sudden shock, or under the effects of a force of rapidly-devel-
oped energy. Now it is a fact of observation that the elevation
of mountains, which is in the main the result of plication, is an
immensely slow movement, lasting at times through entire
geological periods. We can readily conceive, therefore, that
while, as observation shows us, under this slow-moving force
great thicknesses of beds have been folded together like so many
sheets of paper, when the limit of plasticity was reached and
fracture took place, that this would be a relatively rapid action,
more in the nature of a sudden shock ; indeed, that under such
enormous pressure as must necessarily exist, the movement
. past each other of the lips of the fracture, involving hundreds
or even thousands of feet of rock-masses, may have produced a
series of violent shocks, which propagated themselves through
the adjoning rock-masses, and produced in them a series of
fractures such as we see in so-called cross-joints. According
to the theory that earthquakes are the relief of tension in the
earth’s crust, this propagation of movement would resemble
the vibratory movement observed in modern earthquakes.
Such an origin for cross-joints has already been suggested by
W. O. Crosby.”

It has been objected, however, that while the propagation of
such vibratory movements would produce the main parallel

T Proceedings of the Boston Society of Natural History, vol. xxii., pp. 72 to 85
(1882-83).
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joints at right angles to the direction of movement of the wave,
it is not so easy to account for the correlated joints which eross
the primary joints, generally at a large angle.

If, however, we assume that all the rocks thus fractured were
under a tension which, acting more slowly, would have pro-
duced folds, and if this tension was not simple, but complex, or
acting in more than one direction at the same time, so that
not one, but two or more systems of folds would finally be pro-
duced ; then, by the crossing of these systems of folds, there
would result not only a plication along parallel axes, but at the
same time a torsion of the beds or rock-masses involved. The
assumption of a torsional strain, combined with that tending
to produce plication, admits of an almost infinite complexity of
rock-fractures as a product of these forces under the various
conceivable conditions attending dynamic movements.

The foregoing theoretical consideration of the forces which
may have produced the various rock-fractures under consider-
ation has been purposely made very brief, and is hence possibly
somewhat incomplete, for the reason that in so practical a
science as mining geology, the outward manifestations of geo-
logical phenomena—the effects—are, in my opinion, of more
importance than the causes, which always remain to a certain
extent in the region of hypothetical conjecture, and that if one
becomes too much wedded to a certain theory he is in danger
of adjusting his facts to that theory.

I shall, therefore, insist more particularly upon the physical
phenomena which characterize these rock-fractures, as deter-
mined by actual observation, and for which, while the above-
mentioned hypotheses seem at present to account for them, I
shall be quite ready in the future to adopt any other explana-
tion” that, by my own studies or by those ot others, may be
presented as more reasonable and adequate.

Common Characteristics of Compression- Fractures—There are
three phases of structural evidence of rock-fractures and dis-
placement resulting from compression, one or more of which
I have found to characterize the various types of fissures carry-
ing ore-deposits, which have come under my observation.
These are:

1. Striations and “ slickenside ”-surfaces.

2. Breccia or fragmentary material in the fissure itself, or
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zones of crushed or broken rock-material included between
intersecting systems of fissures.

8. A sheeting of the country-rock parallel with the main
fracture; in other words, the occurrence of a system of minor
fractures which divide the country-rock up into a system of
approximately parallel plates or sheets. The distance between
these parallel fractures, or the thickness of the sheets, may be
reckoned by inches, by feet, or by hundreds of feet, according
to the varying texture of the rock-masses involved, or the dif-
ferent dynamic conditions which have produced the fracture.

It will at once suggest itself that these are all phenomena
characteristic of faults. But they are also found, at. times,
where there may be no recognizable evidence of actual dis-
placement of the rock-masses on either side of the fissure or
fracture. On the other hand, it will be equally evident that
fissures characterized by these phenomena can hardly be the
result of contraction, or shrinkage-cracks.

Striations are not confined to well-defined fissures, but are
found on smaller planes within rock-masses; but in any case
they necessarily seem to give evidence of movement under
pressure, be the amount of that movement ever so small.

Fragments of country-rock are often rounded, and writers
upon ore-deposits are accustomed to speak of them as having
fallen into the fissures from the walls, and, when rounded, as
having become so by attrition either against the walls or
against each other. As regards the falling in, which seems to
imply a fall in a free or open space of considerable dimensions,
my observations have led me to consider it of rare occurrence,
and to infer that the fragments generally found have been pro-
duced rather by the rubbing or dragging of one wall against
the other. The greater or lesser size of the fragments would,
in a measure, prove a greater or less distance between the
walls, but-it seems that under the enormous pressure that must
have accompanied these rock-fractures, the space between the
walls must have been more or less completely filled with attri-
tion-material, only part of which would be actual rock-frag-
ments, and the rest finely-comminuted material, which, under
the dissolving agency of percolating waters, would finally result
in more or less impure clays. The rounding of the fragments,
on the other hand, is readily accounted for as the action of
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these same percolating waters, it being a well-recognized fact
that the decomposing action of moisture in any form acts more
rapidly on the corners or angles of a rock-mass than on its flat
surfaces, and the sharper the corner the more rapidly is it
eaten away.

Crushed zones are merely larger phases of the same actions
as produce the breccia-material, and are subject to the same
general laws, only differing in their greater dimensions and
the more irregular shape of the inclosing walls.

The sheeting of the country-rock in faulted or fractured re-
gions where ore-deposits abound, is a phenomenon to which
hitherto too little attention has been paid. Its importance as
a feature of fissure-veins is, however, great both from a geo-
logical and from a practical point of view. That it has hith-
erto escaped due recognition, is probably due to the prevalence
of the old idea that vein-deposits are necessarily the filling of
open fissures, and to the failure to appreciate to how great an
extent they are .actually the replacement of rock-material ren-
dered more readily accessible and attackable by the dynamic
movements which produced the fissure. This feature will be
more fully illustrated in the practical examples given later.

Before proceeding to the consideration of how far these
features appear in actual ore-deposits, it will be well to exam-
ine the typical manifestations of the above-enumerated rock-
fractures where their relations are best shown, independently
of whether they may have been mineralized or not.

Typical Rock-Fractures.—The typical form of the fold-fault,
as observed by Heim in his studies in the Alps, and as shown
experimentally by Daubrée in his G'éologie Expérimentale, may
be produced in the following way: If a given series of strata
are compressed into a sharp anticlinal fold by longitudinal
pressure, the individual strata will tend to expand or swell
along the axis, or in the crest of the anticline and in the bottom
of the adjoining syncline, while in the intermediate portions—
the sides, or as the Germans express it, the shanks (Schenkeln)
of the fold—they will be contracted and attenuated or drawn
out, as it were. When, therefore, the beds in folding have
reached their limits of plasticity, the fracturing will take place
by preference along the contracted portion; that is, on the
sides of the fold rather than along its axis. Such a fault, it is
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evident, will be necessarily accompanied by marked plication
of the strata on either side. Faults exist in nature, however,
in which there is no marked plication of the strata on either
side, but which are quite evidently the result of folding, since
at one or both ends they pass into an unfractured fold. It is
evident, therefore, that the latter type may be undistinguishable
from the fissure-fault, in cases where the structure of the ad-
Jjoining region is so obscured that it is not possible to determine
whether the fault actually passes into a fold or not.

Characteristic examples of the above faults occur in the
Mosquito range near Leadville, Colo., and will be found illus-
trated in the maps and sections of the Atlas accompanying
Monograph XII. of the U. 8. Geological Survey. There the
Mosquito fault, which splits into two at its southern end, each
branch terminating in a fold, and to the north has been traced
for a distance of about 25 miles and may extend as much
farther, is a typical illustration of Heim’s definition of the
fault-fold. Where the adjoining strata are exposed and have
not been eroded away, they are seen to be sharply folded and
to have once formed part of an S-fold, which has been fractured
along one side of the anticlinal axis or on the shank of the
fold. The Iron and Carbonate faults, on the other hand,
which, though of less extent, it has been possible to study more
thoroughly, owing to the many mine-openings along their
course, show no evidence of folding in the bending of.the
strata immediately adjoining them on either side, which are
cut across by the fracture nearly at right angles to the bed-
ding-planes throughout the greater part of their extent. They
form, however, a definite part of a system of gentle anticlinal
and synclinal folds, and pass into an unfractured fold at either
end, being, therefore, properly speaking, fold-faults.

In other prominent faults in the district, such as the Ball
Mountain, Mike, and Pilot faults, it is not possible to trace
their direct connection with folds, and yet it is evident that they
were produced by the same general dynamic movements as the
others, and form part of the same tendency towards plication,
which, in their case, has evidently been counteracted by the
greater rigidity of the rock-masses as a whole, resulting from
the large proportion of igneous masses entering into their
composition. .



STRUCTURAL RELATIONS OF ORE-DEPOSITS. 49

The phenomena of striation, brecciation, and sheeting of
the country-rock are well seen in the Iron and Carbonate
faults, which are the only ones that have been explored un-
derground. As I have shown elsewhere,® these fault-planes
are not mineral-bearing, since the principal mineral deposition
in the region was accomplished before the faulting took place.
But in cases where the faults cut through ore-bodies, consid-
erable broken and ground-up vein-material has been dragged
into the fault-fissure, in quantity sufficient to give rich returns
for extraction. The brecciated character of this material is,
however, less readily recognized than when the fragments
have been cemented together by metallic minerals, as is the
case in many fissure-veins. The sheeting of the country-rock
in these two faults has apparently been confined to the side
of the fault opposite to that from which the pressure came,
and has produced what are sometimes called step-faults, the
movement of displacement having been partly distributed on
several minor planes, a hundred feet or more apart, and par-
allel to the main fault-plane.

The best region for studying the typical fissure-fault that has
come under my observation is the sonthwestern portion of the
Elk mountains, in Gunnison county, Colo. This has been a re-
gion of intense and repeated dynamic disturbance, accompanied
by enormous eruptions of a great quantity of igneous rocks in all
-the varied forms in which they occur. Elevated glacial am-
phitheaters or basins, at altitudes of about 11,000 ft., whose
walls consist of thinly-stratified and uearly horizontal beds of
variegated colors, afford unusually favorable opportunities for
tracing the many faults, which form a complicated network
over a large area, and for determining the amount of displace-
ment produced by them, which is generally slight and meas-
ured by tens or hundreds of feet. Although, as seen on a
cliff-face, these faults seem to consist of a single plane of frac-
ture, it is found, when they are examined in underground
workings, that what might be called the fissure-plane consists of
a series of thin sheets of more or less altered and intensely
compressed and striated country-rock, generally only an inch

8 Notes on Some Colorado Ore-Deposits, Proceedings of the Colorado Scientific
Soctety, vol. ii., part ii., p. 85 (Oct., 1886).
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or two thick. Where, as is frequently the case, these fissures
have been mineralized and constitute important ore-deposits,
the original character of the sheets is not readily apparent;
but the amount of breccia, consisting ordinarily of small angu-
lar fragments of country-rock, cemented by vein-material, suffi-
ciently proves that the fissure is a fault-fissure; and, when explo-
rations on the strike have extended beyond the zone of miner-
alization, the sheets of country-rock are found to retain enough
of the original structure to prove their origin. Further, when
cross-cut drifts have been run into the country on either side,
a series of more or less parallel cracks or fissures are found,
gradually disappearing as the distance from the central fissure
increases. As only the ore-bearing portions of such fissures
are, as a rule, explored, it is evident that the fracturing and
the directions and extent of the fissures can be determined but
incompletely. Still, owing to the frequent surface-exposures,
a certain regularity of direction is easily detected, showing
that the fractures have been determined by definite series of
dynamic movements. Although in this particular region the
faults are unaccompanied by any considerable plication, yet at
no great distance, and nearer a center of disturbance, there
has been intense plication, accompanied by fold-faulting.

Similar fissure-faults, with the same phenomena of thin
sheeting of the country-rock, and with breccia cemented by
vein-material, are found in the San Juan region. MHere, also, .
the directions of the various faults follow certain systems, which
a thorough orographic study of the region would, doubtless,
enable one to connect with the dynamic movements which
produced them.

From these individual fissure-faults there is a gradual transi-
tion into the co-ordinated fractures, as a rule greater in number
in a given area but of less individual extent, which form a sort
of fractured zone with two or more prominent directions of
fracture, apparently of nearly contemporaneous formation,
which I have called compression-joints, because where I have
studied them in mining-districts, either by personal observa-
tion or from the deseription of others, I find one or more of
the evidences of compression present, viz., striation, brecciation
or crushed material, and sheeting of the country-rock. Such
complicated systems of fracture would appear to involve, as I
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have already suggested, the action of more than one system of
dynamic movement; that is, of forces of compression acting at
the same time in several directions, and hence combining with
the direct plicational strain more or less strain of torsion.

The effects of such torsional strain can be best understood
by considering the effect of torsion alone. This is well shown
in Daubrée’s experiment upon a sheet of glass held firmly at
either end, and subjected to a torsional strain up to the point
of rupture. The following diagram, Fig. 1, showing the cracks
thus produced in the glass, is copied from that in his Géologie
Expérimentale.

It is to be remarked in regard to the cracks or fissures thus
produced : .

1. That they follow two general directions, crossing each
other at a nearly uniform angle.

2. That certain cracks are more prominent and fully devel-
oped than the others, and often consist of groups of nearly
parallel cracks.

F16. 1.—SHEET OF GLASS CRACKED BY TORSIONAL STRAIN (FROM DAUBREE).

3. That, among the subordinate cracks, some extend only
from one of these greater cracks to the other, and do not con-
tinue on in the same line, but at a little distance on the one
side or the other, so that they might appear to have been
faulted or displaced by the larger crack, if one did not know
that all had been formed contemporaneously and by the same
strain.

In nature no such regularity or uniformity could be expected ;
and yet, when one considers the cross-joints of sedimentary
rocks, it is surprising to observe how much they recall the
lines in this diagram. In the larger joints or fractures ob-
served in mining-districts, the effects of direct compression
have been more marked, and the effects of the torsional strain
are probably more seen in the minor fractures, or stringers
and leaders, as the miners call them. Still, if one calls to
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mind the map of a mining-district characterized by a multitude
of small veins, it will be found that the more detailed the map
and the more thoroughly the veins have been explored and
represented thereon, the more regularity and uniformity in
their directions are shown. It must be borne in mind, however,
that such a map never represents the totality of the fissures in
the district, but only such parts of them as have been found
sufficiently rich to exploit for ore.

The following diagram, Fig. 2, represents the veins of a por-
tion of the region around Freiberg, Saxony, as given on the
official maps. Here two general directions are prominent, and
combined with them are certain directions which would appear
to be resultant of these two. KEven more striking is the uni-
formity of system in the mining-districts of Cornwall, which
have been worked for so many years that the various fractures
are exceptionally well explored.

Fra. 2—VEIns IN THE ERZGEBIRGE, NEAR FREIBERG, SAXONY.

"The predominance of certain directions in the lines of frac-
ture in these, as in almost all well-studied mining-districts, has
been the subject of remark, and has given rise to considerable
speculation ; but generally this speculation has been based upon
the idea that the veins were the filling of considerable open
fissures by mineral currents coming from some unknown source
below, and has been rather mineralogical than structural; that
is, more attention has been given to the character of the filling
than to the structural origin of the fissure. If all those who
have described mines and ore-deposits had devoted as much
and as intelligent study to the structural features of the regions
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where they occur as the late von Groddeck did in the Harz,
we should probably be much nearer a satisfactory theory of the
origin and manner of formation of the ore-deposits than we are
at the present day. ;

It is evident that by a succession of dynamic movements,
especially when accompanied by torsional strains, an almost
infinite variety of fissures and passages for mineral-bearing
waters may be produced, and that it would therefore not be
possible beforehand to describe all the various structural con-
ditions under which ore-deposits may occur. It is only by an
intelligent description of such fissure-deposits as are observed
in nature in all parts of the world that we can get a compre-
hensive view of the various possibilities. Still there are cer-
tain conditions that suggest themselves as a result of the struc-
tural method of considering them that would seem to have a
general application.

Structural Generalizations.— Exteni, of Fissures.—Since the
dynamic movements are confined to the crust of the earth, it
is evident that the fissures produced by them cannot literally
have an indefinite extent in depth, though in certain cases it is
very possible that this extent may be practically indefinite, as
it may go beyond the limits at which mining is practicable.
It is fair to assume that those fissures which have the greatest
horizontal extent will have the greatest extent in depth; in
other words, that their vertical and horizontal dimensions bear
some sort of proportion to each other. If, therefore, as some
have maintained, the vein-filling has in all cases been brought
from some source at great depths in the earth, the ‘greatest
‘fault-fissures would be expected to be the greatest and most
frequent ore-producers, since they would reach nearer to this
unknown source.

In my own experience, however, I have found rather the re-
verse to be the case, which, as far as it goes, furnishes an argu-
ment in favor of the view that the vein-material has been
derived from the surrounding, though not of necessity abso-
lutely contiguous, rocks. On the great fold-faults I have found
no considerable deposits of ore, and it is comparatively rare
that continuous deposits are found along a single well-defined
fault-fissure. The majority of deposits seem to occur where
there are a series of fissures, more or less regularly co-ordinated,
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in which several of the series are prominently accentuated. In
such systems there seems to be a tendency for the rich ore-
bodies or bonanzas to extend in a direction which lies at an
angle with that of the main fissure, or to continue for a certain
distance along one fissure and then to pass into another fissure,
set off at a little distance from the first. It would seem prob-
able that there must be some structural reason for the concen-
tration of ore in this way, and that sufficiently wide and detailed
studies might discover this reason and thus throw some light
on this, at present, so obscure subject.

The practical lesson to be learned from the above phenomena
is that the miner should not confine his explorations to the
single fissure in which his ore ocecurs; but when he runs out
of bonanza in that, he should seek a continuance of it in some
adjoining fissure or plane, in a direction to be determined by
the study of the system of the fracturing of the region and of
the general direction of the bonanzas.

Vein- Walls.—The second generalization is in regard to the
walls, which have generally been considered an important and
almost indispensable characteristic of a true fissure-vein. The
typical wall which the miner considers an evidence of a strong
and well-defined fissure-vein is a comparatively smooth, gener-
ally striated, rock-plane, and frequently coated with a clay
selvage—a band of decomposed argillaceous material which
itself generally shows evidence of pressure and movement.
From the above structural point of view of the origin of vein-
fissures it is evident that the character of the wall and selvage
is dependent on the composition of the rock and the amount
of displacement and pressure. The grinding of one face of'
rock against another will undoubtedly tend to plane oft both
and to produce a certain amount of fine attrition-material; but
this attrition-material will not necessarily be reduced to clay
unless it has further been subjected to the decomposing action
of water, which has carried off certain portions and left an
argillaceous residue. The extreme instance of such decompo-
gition is found in the muddy accumulations at the bottom of
caves in limestone, which are simply the less soluble residues,
mostly silica and alumina, resulting from the dissolution of
large quantities of more or less impure limestone.

These walls and selvages are a frequent accompaniment, but
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by no means an essential characteristic, of an ore-bearing fis-
gure. It is quite conceivable that one or both may be wanting;
and such occurrences are not uncommon in nature. Take, for
instance, the veins of Butte, of which I gave a brief description
at a former meeting.? These are a series of co-ordinated frac-
tures or compression-fissures in a remarkably homogeneous
mass of granite. Apparently there has been little or no dis-
placement in the walls of these fissures relatively to each other;
hence, but little attrition-material has been produced; and
for this reason—and probably, also, on account of the char-
acter of the rock and because it was not much decomposed
along the fissure-planes before the advent of the ore-bearing
solutions—no clay selvages have been formed, and the ore-
bearing solutions have eaten into the wall-rock to varying
distances, replacing it more or less completely by vein-material,
and leaving no definite boundaries or walls to the deposits.
There is no reason, however, for considering them any the less
true fissure-veins or less valuable ore-deposits on this account.

On the other hand, under certain conditions, instead of an
absence of well-defined wallg, there may be so many as to mis-
lead the miner who depends too implicitly upon them as a
boundary of his ore-body. In the Gunnison region above men-
tioned, for instance, where, owing to ‘the plasticity of the
country-rock, it has been divided along the main fracture-
planes into a series of very thin parallel sheets, the space
between these sheets has frequently been filled by quartz,
which thus forms a thin sheet, often so completely reproducing
the form of the fissure as to present a cast of the striation-sur-
faces. Such a sheet of quartz, when the adjoining bands of
country-rock have been replaced by vein-material, forms a hard,
well-defined wall to the ore-body, which delights the eye of the
honest miner and enhances in his mind the value of his
property.

Ore may be found as well on one side as on the other of such
a wall, and not infrequently is apparently confined to one side
for a considerable extent along the length of the vein, and then
is found almost as exclusively on the other side. Thus, in one
prominent mine in this district I found a drift run for several

® Notes on the Geology of Butte, Mont., Trans., xvi., 49 (1887-88).
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hundred feet in barren country, but following what was appa-
rently the direct continuation of the vein which had been
yielding a large amount of rich ore. After a change of admin-
istration in the mine, it was found by cross-cutting that there
was a continuous ore-body only from 4 to 6 ft. to one side of
this drift and parallel with it. In another mine in the same
district, which had produced a great deal of very rich ore, I
found that though there were frequent cross-cuts into the
country on the hanging-wall side, disclosing the usual systems
of parallel fissures, none had been made on the foot-wall side.
The reason given was that this foot-wall was so uniform and
well defined throughout the mine that it was considered useless
to explore beyond, since it must necessarily be the limit of ore
in that direction. An examination showed that there was no
geological reason for this assumption in the character of the
rock, and that it was simply one of a number of quartz-fillings
between two sheets of country-rock. On visiting the mine a
few weeks later, I was told that in the southern portion of the
mine, where the vein had seemed to be running out at the time
of my first visit, a new body of rich ore had been struck by
cross-cutting into the foot-wall country.

The moral is that judicious cross-cutting forms a very im-
portant part of vein-mining, but should be conducted with due
regard to the fracture-system of the adjoining country, and to
the evidence to be obtained as to the course followed by the
ore-bearing currents, or it may involve an unnecessary amount
of dead work.

Banded Structure.—In most of the deposits of the Gunnison
region, referred to above, there is a noteworthy appearance of
banded structure parallel with the walls of the fissures. The
evidence of faulting and of the thin sheeting of the country-rock
is there so clear that the explanation at once presents itself that
this appearance arises from the fact that the deposits are partly
a filling-in of interstitial spaces, and partly a replacement of
thin sheets of country-rock, the differing composition of the
bands resulting rather from the necessary variation in the pro-
cess of deposition than from essential differences in the ore-
bearing solutions. Were one to examine there only a large
body of rich ore, and neglect to examine the adjoining poorer
deposits and to study the structural conditions of the region,
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one might be led to adopt some of the complicated explanations
set forth in books on ore-deposits, such as successive reopenings
of the vein, to account for the conditions found, instead of the
simple one given above. Reasoning inversely, I am led to
think that much of the banded structure described in books on
ore-deposits might be accounted for in this way, if the deposits
could be re-examined with a view to determining the structural
evidence in favor of it. For instance, in the excellent work of
J. Arthur Phillips ** there is given a diagrammatic section of a
vein at Carn Marth, in Cornwall, consisting of six successive
bands composed of quartz, with metallic minerals in some of
them, separated from each other and from the adjoining
country-rock by clay partings or selvages. The explanation
there given to account for this condition of things is, that it is
“ag fissure that has been several times reopened;” and the
author says, < It will be observed that each reopening has been
attended by an amount of grinding action between the walls
sufficient to produce a clay parting of considerable thickness.”
This explanation involves so much that is geologically improb-
able that I feel convinced that it is not the true one, and that
some condition of things analogous to that described above
might be found on examination of the mine itself. The clay
parting might prove to be a more or less completely decom-
posed band of country-rock; for it is difficult to conceive that
clay could be produced by the grinding of quartz on quartz.
In reading such descriptions one has to bear in mind that in
making a diagrammatic section one is liable, consciously or
unconsciously, to bring out strongly points that are in favor of
the explanation one has in mind, and to neglect those that are
opposed toit. That there may be repeated or continued move-
ments along the same fracture-plane cannot be denied, but, as
will be argued later, one should not resort to such explanations
for phenomena that can be accounted for otherwise.

Crushed Zones.—Thus far we have been considering mainly
the sheet-like bodies deposited along fissures having a generally
parallel direction. But cases must also occur where the sys-
tems of rock-fracture intersect each other, and under suitable
conditions considerable portions of the country-rock included

10 A Treatise on Ore-Deposits, p. 48 (1884).
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between such intersecting fractures may be broken up or
crushed to such an extent as to admit a relatively free passage
of percolating waters. Where such waters are mineral-bear-
ing, the interstices between the fragments will offer spaces for
the precipitation of their contents, or where the rock is readily
soluble the fragments themselves may be replaced by vein-
material. The forms of ore-bodies thus deposited may evi-
dently present much greater variety and irregularity than those
deposited along single or parallel fissure-planes. J. S. Curtis,
in his memoir on the Eureka district,” gives a detailed de-
scription of the extremely complicated and irregular zones of
crushed limestone to which the ore-deposits there are practi-
cally confined.

Where three or more nearly vertical fracture-planes inter-
sect each other near the same point, the prismatic body of rock
included between these intersections may be so crushed and
broken as, in a district rich in mineral-bearing solutions, to
give rise to what are generally known as chimney-deposits.
‘Where the fracture-planes are merely joints along which there
has been but little movement, and consequently no clay sel-
vages have been formed, the ore-solutions will eat out into the
rock in such a way that the ore-chimney may appear to have
a rounded instead of an angular horizontal section, and the
fracture-planes themselves may have become, by the decompo-
sition of the adjoining country-rock, so obscured as to be with
difficulty traced in the immediate vicinity of the ore-body.
Instances of deposits to which this origin may be ascribed are
the Bull-Domingo and Bassick mines in the Silver Cliff dis-
trict, and the Yankee Girl mine in the San Juan region of
Colorado.

The first-named deposit occurs in Archean rocks, traversed
by a dike of compact syenite which in places forms one bound-
ary of the ore-body. The ore is mainly galena, which consti-
tutes the cementing-material of fragments of the country-rock
resulting from the movement of displacement. These frag-
ments are mostly of gneiss, and as this rock is readily decom-
posed by aqueous solutions, the fragments are generally
rounded ; the few fragments of the less readily attackable sy-

1 Monograph VIL, U. 8. Geological Survey (1884).
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enite, however, retain in great degree their original angular
form. .

The deposit of the Bassick mine is a nearly vertical chimney
of somewhat square or lozenge-shaped outline, which has been
explored to a depth of about 1,100 ft. from the surface. It
occurs in an andesitic breccia, composed of angular fragments
of various sizes and forms cemented together by material of
essentially the same composition as the fragments. This ce-
menting-material, probably by reason of its later consolidation,
has been more readily attackable than the fragments, for the
ore has replaced it, forming concentric layers around the frag-
ments, whose angles have become rounded during the process
of deposition. Here the fragments were original and not
necessarily produced by the dynamic movements, which prob-
ably resulted in a simple fracturing of the rock without much
displacement.

In the Yankee Girl there are several chimneys in which the
ore occurs. They are of elliptical outline, the longer axis cor-
responding in direction with a main system of fractures run-
ning through the region. Although the striated surfaces of
these planes show that there has been movement along them,
there is but little evidence left of actual brecciation of the
country-rock, the ore-solutions having completely replaced the
andesitic country-rock between the fracture-planes which ad-
mitted them. In places a siliceous skeleton is left, the basic
constituents being replaced by vein-materials; in other places
a solid body of metallic minerals is found, while the country-
rock adjoining the body of pay-ore is impregnated to a consid-
erable distance with low-grade sulphurets.

Repeated Movements along Fissure- Planes.—It is a well-recog-
nized fact of structural geology that in successive dynamic
movements in the same region there will be a tendency for
fractures to follow already-determined planes of fracture. Fur-
thermore, it appears that the faulting of a rock-mass is not
necessarily a geologically instantaneous movement, but that
the displacement may continue for some time after the first
fracture has been determined, probably dying out very gradu-
ally. Some such continued movement seems necessary to give
time for the reduction by the action of water of the attrition-
material to the clayey condition in which it is often found.
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We may expect, therefore, to find evidence in large fissures of
repeated movements. In the Comstock lode, for instance,
which G. F. Becker has so well demonstrated to be a great
fault-fissure, accompanied by sheeting of the country-rock on a
grand scale, the cryshed and sugary condition of the quartz,
which in the fissure has replaced the included masses of coun-
try-rock, can hardly be explained, except by movement along
the fault-plane subsequent to this replacement, though per-
haps prior to the final completion of the ore-deposition.

On the other hand, it is easy to conceive that the healing of
a fissure, as we might regard the filling-in of its interstices by
vein-material, might make it better able to resist fracture than
it was before, and a second fracture in such a case would not
necessarily follow the already-determined plane. Moreover, if
we recall the diagram given on p. 51, showing the fractures
produced by torsion in a sheet of glass, it will be seen that
cross-fractures, and even apparent displacement of one fracture
by another, may be produced by one and the same strain.
Hence, in studying a system of fissures, ene must not too
hastily conclude that each direction of fracture means a distinct
movement, or even that displacement of one fissure by another
necessarily proves that the latter was produced by a distinct
and later movement; to be sure of this, some of the other
evidences of movement must be found. g

The famous Ontario mine in Utah affords an excellent in-
stance of a strong fault-fissure deposit in a region which has
been subjected to repeated dynamic movements, associated
with successive intrusions of eruptive rock, and illustrates the
above-mentioned points. I had intended to submit detailed
plans of the underground workings of this mine, drawn to
scale, with the geological data indicated thereon, but find that
the notes gathered somewhat hastily during my visit of last
summer are not sufficiently complete for this purpose. [ shall
therefore describe, as clearly as I can in words, the character-
istic structural features of the deposit. :

It occurs in distinctly-bedded quartzites of middle Carbon-
iferous age, which dip about 20° to the northward and strike
here nearly east and west. These rocks are traversed by nu-

12 Geology of the Comstock Lode, Monograph I1L., U. S. Geological Survey (1882).
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merous bodies of eruptive porphyry, some in the form of dikes,
others of irregular shapes. But few appear at the surface in
the immediate neighborhood of the mines; they are mostly
disclosed by the underground workings, many of the dikes
having a direction parallel with the vein-fissure and sometimes
forming one of its walls for considerable distances. An older
dike is faulted by the vein-fissure.

The vein-fissure has a somewhat curving direction, running
about east and west, or parallel with the strike of the forma-
tion, in the eastern part of its course, and bending towards the
southwest in the west half. Its dip, however, is much steeper
than that of the quartzites, being from 45° to 50° north, in-
stead of 20°, so that it cuts these at an angle of from 25° to
80°. In the western part of the mine it is a double fissure, or,
as the miners express it, there are two veins, a north and a
south one. These are connected by what the miners call
“ cross-courses,” which are smaller, co-ordinated, and nearly
parallel fractures, forming an acute angle—about 80°—with
the main fissures. These are regarded there, in accordance
with generally-received ideas, as a distinet system of fractures
formed at a different time from the main fissure. I find no
geological evidence of this, however, either in the structural
conditions or in the composition of the vein-material.

The fissures show plentiful evidence of movement in stria-
tions and crushed country-rock, the ore being a filling-in of the
interstices between the quartzite fragments, and perhaps a
partial replacement of the same. The principal fissure con-
sists in places of a zone of broken quartzite, sometimes over
100 ft. wide, the ore being distributed in seams along the
boundaries of this zone and crossing it along a somewhat
irregular series of planes, but in which a certain co-ordination
of system can be traced.

Three distinct series of dynamic movements can be traced in
the structural condition of this mine. The first is proved by
the existence of a narrow dike of older porphyry, crossing at
right angles the western part of the vein-fissures, where the
two members are about 600 ft. apart. This is locally called
the trap dike, from its somewhat darker color than the other
porphyry bodies. By the second series of movements the
vein-fissures themselves were produced and this trap dike was
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faulted and displaced. On the 600-ft. or drain-level of the
mine this displacement can be observed in each of the principal
fractures. The lateral or horizontal movement is about 40 ft.,
and, as the striation-surfaces across the face of the dike are
inclined at an angle of about 45° with the horizon, it may be
assumed that the vertical movement was of the same amount.
The third dynamic movement is shown by what is locally called
the ¢« dislocating fissure,” which runs in the same general
direction with the western part of the vein, and on the drain-
level is intermediate between the two veins, cutting and dis-
placing the cross-fissures.

There are also large faults in the country-rock at both ends
of the workings, which now have a linear extent along the
vein-fissure of about 6,000 ft. I had not time to determine de-
finitely to which period of movement these last faults belong.

A careful and accurate study of the structural relations of
this most important mine, of which the above is only a hasty
glimpse, gathered during a couple of visits to a part only of
the underground workings, would form a most valuable con-
tribution to our knowledge of vein-structure.

Another mine recently visited by me, whose structural condi-
tions seem peculiarly instructive, is the Queen of the West
mine, near Kokomo, in the Ten-Mile district of Colorado. " It
is situated on the steep southeast face of a shoulder of Jacque
mountain, and the vein-fissure runs nearly parallel with this
slope, or in a northeasterly direction, and has been explored to
a length of about 2,000 ft. It stands nearly vertical, thus
crossing about at right angles’ the sedimentary beds in which
it occurs, and which have a slight dip eastward, or down the
slope of the hill. These beds consist of sandstone, rather rich
in feldspar, some shaly beds, and intrusive sheets of porphyry
generally conformable with the stratification of the sedimentary
beds.

The faulting of these rocks has taken place not along a
single plane, but along a series of parallel and closely con-
tiguous planes. In other words, by the dynamic movement
the country-rocks have been divided into thin sheets, each of
which has moved past the other a certain distance, and in the
central part of the fissured zone the interstices between the
sheets have been filled with vein-material and the sheets them-
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selves decomposed, impregnated, and to a greater or less extent
replaced by it. There results a condition of things which is
extremely puzzling for the miner who expects to find his ore
between well-defined walls. Walls there are in abundance,
and of excellent definition at times; but no one wall can be
followed continuously for any great distance. Experience has,
therefore, taught those who are managing the mine, while they
follow in their main drifts or levels as nearly as possible the
center of the mineralized zone or vein, to run frequent and ex-
tended cross-cuts on both sides of this central drift, which have
disclosed ore-bodies running parallel with it, now on one side,
now on the other, and often from 15 to 25 ft. distant from it.
The longer cross-cut drifts, which have been run 80, 50, or
even 100 ft. into the adjoining country-rock, disclose a series
of parallel fissures, in general farther apart as the distance
from the central drift increases. Although mostly barren of
pay-ore, they always give evidence of a certain amount of
mineralization: sometimes they are filled by a vein of massive
crystalline calc spar from a few inches to a foot in thickness.
In the portion above the water-level, owing to the secondary
decomposition of both ore and country-rock, and to the diffu-
sion of metallic oxides which have stained the whole, it is often
difficult to recognize whether partly-replaced portions of the
vein-material were originally sandstone or porphyry. The out-
crops of no less than four sheets of the latter rock have been
traced on the surface; but, owing to the complicated move-
ments along the fissured zone, there would appear at first
glance to be many more there; for not only do the walls
change from sandstone to porphyry and vice versa, in alternate
levels, but on one and the same level one finds these rocks
alternating with each other in an apparently unaccountable
manner in either wall. One can conceive of such a thing as
resulting from the movements described above, combined with
the gentle inclination of the beds; but to represent it accu-
rately on paper would require most full and accurate surveys
and detailed studies along every drift, map in hand.

A second and apparently quite recent dynamic movement is
evidenced by a faulting of the vein-fissures in the upper part of
the mine. The displacement is slight in amount, and, what is
rather unusual, it is along a nearly-horizontal plane. As this
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plane dips gently east, it is probable that it is a movement
along a bed of decomposed shale, rendered slippery by the
percolating of surface-waters. '

Similar horizontal faults along stratification-planes were ob-
served by me in some of the gold-veins of the north slopes of
Mt. Guyot, east of Breckenridge, Colo. By these the veins are
faulted in a series of gently-inclined steps, only a few feet wide,
the movement following the stratification-planes. The veins
themselves are narrow cracks in a dense blue-black argillaceous
shale of Cretaceous age. Owing to the insoluble character of
the country-rock, there has been comparatively little replace-
ment of it by the mineral-bearing solutions. Sulphurets of
iron and gold have been deposited in narrow fissures, seldom
over an inch thick, and by secondary decomposition the iron is
oxidized and the gold left in the form of leaf- or wire-gold.
Sometimes a mat of interwoven wires of gold, an inch thick and
larger than the palm of the hand, is found. Small quantities
of gold have been deposited along the minute natural joints of
the shales also, so that extraordinarily rich placers have re-
sulted from their disintegration and abrasion by atmospheric
agents.

Many more instances of different structural conditions might
be presented did space and time allow; but I think the above
are sufficient to illustrate the main proposition which I wish to
lay down, namely: that careful structural study of the district
in which a mine occurs and of the manner in which the water-
passages were formed, which originally gave access to the
mineral-bearing solutions, is of the greatest importance to the
mining engineer in his determination of the probable extent
and value of a deposit and of the best method of exploiting it.
Hence, that he must be something of a structural geologist, as
well as a technical mining engineer.
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No. 3.

Geological Distribution of the Useful Metals in the
United States.

BY 8. F. EMMONS, WASHINGTON, D. C.

{Chicago Meeting, being part of the International Engineering Congress, August, 1893,
Trans., xxii., 53. Here reprinted in extract only.)

THE first paper which appears in the published Zransactions
of our Institute is that read by our respected Secretary at its
first meeting in Wilkes-Barre, in May, 1871. It is entitled
The Geological Distribution of Mining Districts in the United
States, and presents a brief but masterly review of what was
known of the distribution of our deposits of useful minerals,
particularly the metals, not only from a geographical but from
a geological stand-point.

At the request of Dr. Raymond, I agreed, somewhat hastily,
perhaps, to write for this occasion a brief sketch of the geo-
logical distribution of the deposits of the useful metals in this
country, in the light of the increased knowledge of the present
day. Inthe time given no personal investigation was possible,
and as it was therefore out of the question to attempt to make
anything that could be considered an original contribution to
the history of our ore-deposits, I have been obliged to limit
myself to an examination of such published data within my
reach as bore upon this subject, and could be consulted in the
brief time I have been able to give to it. Had the geological
investigations undertaken by the Tenth Census been continued
systematically by the United States Geological Survey or by
the Eleventh Census, it might have been possible to make a
fairly-complete review of the subject. As it is, the principal
result of my examination® has been to show how very unequal

! It would occupy too much space to give a complete list of the various papers
and authors consulted in this examination, and it must suffice to say that they
have been found for the most part in the publications of the following organiza-
tions : Tenth and Eleventh Census, Director of the Mint, various United States
and State Geological Surveys, American Institute of Mining Engineers, Colorado
Scientific Society ; and in the American Journal of Science, American Geologist,
Engineering and Mining Journal, Zeitschrift fir praktische Geologie, etc.
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and in many directions extremely meager are the data of any
kind that are available, and to demonstrate the great need
that exists for a systematic investigation of this important sub-
ject by some scientiﬁcbrganiza’cion, for its field is too vast to
be covered by any single individual, and such an investigation
will be of little permanent value unless carried out on some
uniform plan by which the relative accuracy of its results may
be assured.

The utmost that I can hope, therefore, for the very imper-
fect, and from a statistical stand-point possibly somewhat inac-
curate, review here presented, is that it may offer to other
workers in the field a suggestion of lines of investigation that
may be profitably pursued in the future.

In the 22 years that have elapsed since Dr. Raymond’s paper
was written, many important contributions have been made to
our knowledge of the geological structure of the continent, but
a great part of these contributions, especially in late years,
have been.rather in the line of modifications and reversals of
preconceived theories, than in the firm establishment of new
ones. We seem now to have removed most of the unstable
stones from the foundation of our geological knowledge, and
to be nearly ready to build up a permanent structure in the
immensely enlarged field that progress in various lines has
opened to us. In like manner the special study of-ore-deposits
and of their relations to geological structure, which had hitherto
been rather neglected by field-geologists, has in the last decade
received more attention, though perhaps not as much as it de-
serves; many false conceptions have been cleared away, and
important progress has been made towards a more rational
method of correlating their phenomena.

In the realm of eruptive or igneous rocks, the great change
that has come about has been the gradual abandonment of the
theory that the mineralogical or structural character of the rock
is a criterion of its age. It is no longer a necessary conclu-
sion, for example, that because a rock is a trachyte, rhyolite,
or basalt, it is of Tertiary or later age. Well-defined rocks of
types formerly classed as Tertiary have been found to be as old
as Cambrian, and the petrographical character of a rock is now
admitted to be dependent on other causes besides geological
age. It still holds good that most of the so-called volcanic
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rocks are of Tertiary or recent eruption, but many crystalline
rocks, actually granitoid in structure, are also of Tertiary age,
and it is now necessary for the geologist to determine the age
of the various eruptives of each district by their relations to
sedimentary rocks of known age.

From the internal structure of the eruptive rock, whether
more or less completely crystalline, one can judge whether it
has consolidated at considerable depths and under the pressure
of great weight of superincumbent rock-masses, hence very
slowly, or at or near the surface and with comparative rapidity.
In many cases this furnishes a further aid in the determination
of the relative age of different varieties of eruptive rock ocecur-
ring in a given region. _

As regards the origin of eruptive rocks and the determina-
tion of the natural order of succession of the many types dis-
tinguished by their different chemical and mineralogical com-
position, most of the theories hitherto held are gradually being
discarded or merged into what may be called the theory of
differentiation of igneous magmas, which is now being worked
out by the more advanced petrologists in this country and in
Europe, and which promises to throw important light upon
the origin of ore-deposits also. It proceeds from what is
known as Soret’s principle, that in a cooling solution of a salt,
the salt will concentrate in the parts of the solution which cool
first, and reasons that in a molten rock-magma a similar sepa-
ration or differentiation of substances may take place. For in-
stance, it has long been observed that in eruptive dikes of
moderate dimensions, those portions of the dike adjoining the
walls, which, when the matter forming the dike was injected,
may be supposed to have been relatively cold, have a finer-
grained texture than the interior of the dike, and in certain
cases there is a“concentration of the more basic minerals com-
posing the general mass in the outer zone or in different parts
of the rock-mass. It is assumed that on a larger scale the
different varieties of eruptive rock which belong to one general
period of eruption in a given district and are, so to speak, con-
sanguineous, proceed from one general molten magma in the
depths of the earth; and that in this magma a chemical and
mineralogical differentiation takes place by virtue of which
each successive eruption of igneous rocks differs in character
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from the one which has preceded it, according to laws not yet
fully made out, but which, according to the preponderance of
chemieally acid or basic material, under varying conditions,
produce in the erupted rock a corresponding preponderance of
acid or basic minerals. A

On the other hand, considerable advance has been made in
the classification of the crystalline rocks, which were formerly
all grouped indefinitely as Archean. More detailed and
systematic field-studies in the areas occupied by typical series
of crystalline rocks have shown that there are several series
that can be distinguished as originally sediments made up of
débris of older series, with a greater or less proportion of erup-
tive material, in which there is evidence of the former existence
of organic life, and which are older than the oldest known
Cambrian beds, and younger than Archsan, the latter term
being limited to non-clastic rocks, in which there is no evidence
of life. Petrological investigation, in the light of the most ad-
vanced studies in this branch of geology, has shown the enor-
mous capabilities of metamorphism, in that a crystalline and
more or less schistose product may result from the alteration
of either sedimentary or eruptive rocks, the original form of
which may be entirely undeterminable if such rock cannot be
traced continuously in the field to some less altered condition
in which sufficient traces of its original character can be found
to admit of its satisfactory determination. As a result of these
investigations, so much discredit has been thrown upon the
classification and subdivisions of Eastern crystalline rocks by
Hunt and his school, which were based on petrological distine-
tions now shown to be unessential and local in their character,
that, until the areas covered by them have been systematically
and carefully studied, the relative age of different parts of the
geries must remain a matter of doubt. In a few cases, fossil
evidence has been found in the Appalachian areas to show that
certain crystalline beds are altered sediments of Cambrian or
later age. In others, remains of organic life have been found
which are older than any known Cambrian forms. In most
cases, however, it can only be determined on stratigraphical
grounds or lithological evidence that the rocks in question are
older than any known Cambrian, and younger than the funda-
mental complex of non-clastic crystallines for which the term
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¢« Archeean” is still retained. To these rock-series the general
designation ‘¢ Algonkian” has been given.

The Algonkian, as thus defined, necessarily includes a great
many rock-series in different parts of the continent, which, in
the absence of paleontological evidence, cannot be correlated
in age, and whose relative succession must be determined in
each geological province separately and by itself. They have
been thus far systematically studied only in the Lake Superior
region, where the new classification was first proposed by Irving
and Van Hise. Here they consist of an aggregate thickness of
over 60,000 ft. of rocks, in which three general subdivisions,
separated by great unconformities or time-breaks, have thus
far been recognized, the Keweenawan or copper-bearing series,
which consists of sandstones, conglomerates, lavas, and tuffs,
being the upper, and resting unconformably upon the two great
iron-bearing series, the Upper and Lower Huronian, which in-
clude all the at present economically important iron-deposits of
the region. Two, and possibly three, series of Algonkian rocks,
each of great thickness, and some showing a large development
of eruptive rocks, have been recognized in the Rocky moun-
tains, but for the Appalachians, where geological study is
rendered more difficult by the intense complications of struc-
ture, great metamorphism, and deep covering of weathered
material and soil, it can only be said as yet that certain rocks
hitherto called Archzan are certainly either altered, Paleozoic
or Algonkian, while of the greater part it remains for further
study to determine whether they belong to either of these

systems or may properly be classed as Archsan.
* * * X * * * * * *

Genesis of Iron-Deposits.

It has always been a matter of wonder to the geologist, as
well as to the layman, how such enormous concentrations of
metallic minerals as occur in the great iron-mines could be
brought about, and whence their materials could have been
derived. In the light of the more exact studies of modern
times, the easy reference of such knotty questions to the ¢“un-
known source in depth " is no longer available, especially since,
in the case of the Lake Superior deposits, the last stronghold
of the little band of geologists who still maintained the erup-
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tive origin of iron-ores, the careful and systematic researches
of Irving and Van Hise have demonstrated that the supposed
eruptive bodies of iron oxide have been deposited from aque-
ous solutions as replacements of carbonates, and that the
eruptive contact-phenomena result from the fact that the in-
closing rocks, instead of the iron-ores themselves, are of
igneous origin.

That iron-minerals, such as pyrite, magnetite, and ilmenite,
are frequent and almost universal constituents of eruptive
rocks, is well known, but they occur as original constituents
of the rock, that have formed within its mass more or less con-
temporaneously with the other mineral constituents, and not as
later injections into an already consolidated rock-mass; whereas,
critical studies of existing ore-deposits have so universally
proved them to be of distinctly later origin than the inclosing
rocks, that the burden of proof lies upon those who would main-
tain a contemporaneous origin for any particular deposit. The
truly scientific method in the study of such questions, at the
present day, is the reverse of that which was followed in the
early days of geology, when, after the observation of a few
isolated facts, some great geological mind was led to a general
theory, and humbler followers were only too apt to do mild
violence to nature in order to make her facts conform to it. It
accumulates, year after year, a multitude of facts of patient ob-
servation, gupported by studies with the microscope and in the
laboratory, avoiding general theories, and only making such
deductions in regard to local conditions as are supported by the
overwhelming evidence of facts.

Although we are yet far from having a sufficient accumula-
tion of facts bearing upon the origin of iron-ores to justify the
putting forth of any general theory, it may be allowable in the
present case to indicate the lines of research to which the facts
that have lately been accumulated seem to point as promising
the most remunerative results.

A great deal of light has been thrown upon the manner of
formation of iron-ore deposits by the researches of Irving and
Van Hise in the Lake Superior region, and by the discussion
of replacement of limestones by iron-ores in general by J. P.
Kimball. By both, the process of formation of workable iron-
ore deposits is regarded as a concentration by the agency of
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percolating waters, such concentration being influenced by
physical or structural conditions, and localized, it may be, by a
pre-existing nucleus of iron-bearing minerals as original con-
stituents of the rock. The deposition is considered to be in
very large degree a metasomatic replacement of the rock-mate-
rial, and only to a very limited extent a deposition in pre-exist-
ing open cavities.

For the Marquette region, it is found that though the Lower
Huronian carried iron originally, the concentration into work-
able deposits, of both this and the Upper Huronian series, was
brought about subsequent to folding and erosion, and that
hence the age of the deposits as such is Upper Huronian or
later. Evidence is also found that the deposition was a second-
ary concentration from waters percolating downward along
the paths of great water-channels until stopped by some im-
pervious base. The original condition of the ore is regarded
as probably iron carbonate, though it is admitted that this may
have been a replacement of calcium carbonate.

In the Pal®ozoic limestones and shales of the Appalachians,
the iron-bearing solutions appear in most cases to have been
also downward-going currents, or water sinking from the sur-
face under the influence of gravity, rather than hot ascending
solutions. The original mineral was the carbonate or the sul-
phide of iron (pyrrhotite or pyrite), and instances are adduced
where the limestones carry in their mass over 2 per cent. of
iron carbonate, and in other cases pyrite is known to occur in
about the same proportion. Whether these minerals were
chemically or mechanically deposited with the limestones or
" were introduced subsequently remains to be determined, but it
appears improbable that deposits (of sufficient size to consti-
tute workable deposits) were formed simultaneously with the
inclosing rocks by chemical precipitation from sea-waters.

If it be admitted, then, that our workable deposits of iron-
ore are mainly concentrations of iron-minerals already dissemi-
nated in sedimentary beds, and that these concentrations have
occurred in different forms and places according to varying
local structural or chemical conditions, it still remains to be
determined what was the original source of the iron in different
regions, and why the concentrations are so much greater in one
place than in another.
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A line of investigation that seems to promise interesting
results is suggested by recent researches by Swedish geologists
on the formation of concentrations of titaniferous ore by the
so-called differentiation process in basic eruptive magmas. In
Sweden and Norway, according to them, actually workable
deposits of titaniferous iron have been formed by differentia-
tion within the eruptive magmas of labradorite, hypersthene, or
olivine rocks. Van Hise had already suggested for the titanif-
erous magnetites of the eruptive gabbro of Lake Superior that
in the crystallization of these rocks, before the magma had
solidified, magnetite, which is one of the early minerals to
separate, had slowly settled to the base of the mass by virtue
of its superior specific gravity. But it is still questionable
whether in this differentiation process gravity is a controlling
influence, since in most observed cases it is evident that some
other force must have influenced the concentration. Metallic
concentrations in eruptive rocks have been observed before,
the most remarkable of which is the body of metallic iron at
Ovifak in Greenland. Although in these cases the ores may
properly be said to be of eruptive origin, it may still be doubted
whether their concentration as workable deposits is not due,
in a measure at least, to secondary action, as has been observed
in the case of the Lake Superior gabbros.

‘While, therefore, one may not necessarily expect to find
economically-valuable deposits in such rocks, the question
naturally suggests itself whether the occurrence of large areas
of older basic eruptives, which in some parts contain a rela-
tively large proportion of iron-bearing minerals, may not fairly
be considered to be an indication that neighboring sedimentary
beds may contain large concentrations of iron-ores, which have
been derived from them. Where such basic eruptives are older
than the beds, this derivation would be mainly mechanical, the
ores being sediments resulting from the abrasion of the erup-
tives, more or less concentrated according to varying condi-
tions of sedimentation. Where the eruptives are younger and
have broken through or overflowed the sedimentary beds, the
derivation would be mainly chemical, through leaching-out
and redepesition by the agency of percolating waters.

‘While there seems to be some genetic connection between
the greatest concentrations of iron-ore and considerable devel-
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opments of ancient basic eruptives, important deposits also
occur where no such relation can be traced. The frequent
association of iron-deposits in the West with large bodies of
eruptive diorite, suggests that though the very basic rocks
would naturally afford the greatest amount of iron, even a rela-
tively acid rock, like diorite, may contain concentrations by
differentiation, which have yielded to the action of percolating
waters and thus allowed their basic constituents to be trans-
ferred to easily-soluble rocks like limestone.

Since water is the principal agent in the final concentration
of ore-deposits, it is important in searching for them to study
the physical conditions which will favor its ready action both
in taking up and in throwing down. In the Northwest, Van
Hise has found an impervious basement a general favoring
condition. This assumes downward percolation, but within
the crust of the earth the circulation of waters may be in any
direction, according to local conditions. It may possibly be
safe to assume that iron-ores which occur mainly as oxides
would have been deposited from oxidizing waters or those
which come recently from the surface, and that pyritous ores
would be more likely to bespeak a derivation from subterra-
nean waters. Types of the former are furnished by the Lower
Silurian ores which pass in depth into ferriferous limestone,
and are apparently a concentration due to leaching by surface-
waters, in which other minerals have been removed in greater
proportion than the iron oxide. The so-called gossan-ores oc-
curring in the eastern or metamorphic belt of the Appalachians,
and which pass into pyritous ores in depth, would appear to be
good types of the latter class.

Much remains yet to be done in the study of the structural
relations of iron-ore deposits. One of the interesting problems
is furnished by the line of magnetic deposits occurring, in
Pennsylvania and southward, in limestones at the contact
of Mesozoic sandstones, and frequently associated with trap
dikes. If this prove to be a line of displacement, as there
seems to be reason to assume, it would afford a natural water-
channel for the collection of iron-bearing waters from various
series of iron-bearing rocks, which would preferably collect in
limestones, and more readily from their broken edges. Whether
the function of the trap has been to furnish heat for magneti-
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zation of the iron oxides, as has been frequently assumed, or
to interrupt the ore-bearing currents and thereby induce pre-
cipitation, may well be the subject of further investigation.

There is reason to assume that the concentration of iron-
ores in the more southern parts of the Appalachians, especially
in the extremely complicated regions of the Carolinas, Ten-
nessee, Alabama, and Georgia, will be found to have more or
less intimate structural relations with the many fault-zones
that abound there.

A careful study of the magnetite-deposits in Colorado is
likely to throw some light upon the true genetic connection,
if any exists, between the occurrence of this oxide and the vi-
cinity of eruptive bodies. In the light of present knowledge
it would appear that the iron-ores occur as magnetite in the
vicinity of large bodies of eruptive diorite and as limonite
elsewhere at the same horizon. It has been asserted, more-
over, that there is no evidence of an intermediate hematite or
limonite stage in the alteration from pyrite to magnetite. As
against the theory that in these cases the formation of the
magnetic oxide is due to the heat of the eruptive body, it is
probable, in the opinion of the writer, that these ores have

been concentrated since the eruption of the diorite.
* * * * %k % * % * *

Glenesis of Manganese-Deposils.

The same lines of genesis suggest themselves for manganese
as for iron, but owing to its much smaller percentage as a con-
stituent of original rocks, it will be less easy to detect the
probable localities favorable for secondary concentration in
workable bodies. :

In this secondary concentration the study of structural con-
ditions which would produce natural water-channels is equally
important. It has already been observed that the manganese-
ores of the sonthern Appalachians occur along a great faulted
zone, and the frequent mention of breccia conditions in other
deposits suggests that further study may show that the concen-
trations of this mineral, as well as of iron, have been along such
lines of displacement more frequently than has been hitherto
realized.

In the relative chemical behavior of the salts of manganese
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and iron in terrestrial economy there are certain unexplained
contrasts which would appear to offer remunerative results to

those who would occupy themselves with its study.
* % * % * * * * * X

Glenesis of Nickel-Deposits.

The frequent connection in nature of nickel and magnetic
pyrites, and of nickel with native iron and magnesia, in meteor-
ites and at Ovifak in Greenland, is suggestive of an intimate
connection between the two metals in fused magmas. The
frequent occurrence of its silicate ores in connection with ser-
pentine and associated with chrome and magnetic iron has
often been remarked by geologists and chemists as pointing to
a genetic connection between these minerals and magnesian
silicate rocks. It is to be noted, however, that both the silicate
of nickel and serpentine are secondary products. Serpentine
is known to result from the metamorphism of many rocks, both
eruptive and sedimentary, most commonly from basic magne-
sian silicate rocks in the first case, and from caleareous sedi-
mentary rocks. The silicates of nickel may well be assumed to
have resulted from the secondary alteration of sulphides, if the
assumption is correct, that in those cases where it so occurs in
association with magnetic pyrites the neighboring basic erup-
tives have not yet reached the extreme of serpentinous alteration.
As with iron, therefore, certain portions of basic eruptive
magmas may be supposed to have been relatively rich in nickel-
bearing minerals, and by secondary concentration these may
have been transferred to the water-channels of adjoining rocks.
The greater this alteration of the rock the greater concentration

of nickel-ore, as a general rule, would one expect to find.
* * % % * * 3 * * LS

Glenesis of Copper-Deposits.

The observed facts with regard to copper-deposits seem to
point to eruptive rocks as the original source of the metal, and
to indicate that its original form in deep-seated concentrations
or deposits was that of sulphide. There seems to be less
ground for supposing it to have been generally disseminated in
marine sediments than in the case of some of the other metals,
though very strong arguments have been advanced by geolo-
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gists of great ability in favor of the theory of its chemical pre-
cipitation from the waters of the Triassic ocean by the agency
of decaying organic remains. Its concentration, either in sedi-
ments generally or in ore-deposits, seems to have been by
chemical rather than by mechanical processes. The assump-
tion that certain portions of eruptive magmas are exceptionally
rich in this and associated metals furnishes a good working
basis for explaining its concentration in most well-known ore-
deposits. Its chemical behavior, especially in deposition, pre-
sents some peculiarities not always easy to explain. In its
ready assumption of the metallic state, as in certain other
actions, it resembles gold and silver. Pumpelly explains the
absence of the baser metals in the Lake Superior deposits on
the assumption that the copper has been reduced from its salts
by protoxide of iron, which would not have acted on the salts
of the baser metals, which would have been carried farther on;
and that once reduced to a metallic state, the copper was in a
condition of greatest permanence in presence of the usual rea-
gents. To account for the unusual amount of metal in this
region, there is an extraordinary amount of eruptive material
to draw from, and unusually intense and long-continued action
of metamorphic or alterative processes to produce the concen-
tration. On Keweenaw Point, traces of sulphur are found in
the melaphyre; and in two mines, copper occurs as sulphide
agsociated with other metals. Other exposures of this same
geries of rocks, in Wisconsin and Minnesota, where no ore-
deposits have yet been found, are said to carry small quantities
of metallic copper, associated with sulphides of iron and
copper.

It is worthy of remark that the native silver which occurs
with the copper in this region is never alloyed, but separates
from it by rolling.

The unusual richness in copper of the ores along the limits
of the zone of oxidation in veins at Butte and in the Appa-
lachians is readily explainable by the leaching-down of this
metal and the removal of the less permanent salts of the baser
metals. It is more difficult to account for the frequent sudden
appearance and disappearance of copper at different parts of an
unaltered deposit of mixed ores, as at Leadville and other
places. There does seem to be a more frequent association of
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deposits of gold and copper with relatively acid rocks, as of
iron, chrome, and nickel with basic magnesian rocks, but ex-
ceptions are so frequent and data so incomplete, that it is
questionable whether this association can properly be assumed
to have a genetic cause. The pebbles in the copper-bearing
conglomerate of Lake Superior, for instance, are said to be
mostly of acid eruptives; but this may result from the supe-
rior hardness of these rocks over the altered basic rocks. In
Leadyville, the ores carrying copper in the most important de-
posits are in a more siliceous limestone than are those which
contain no copper, but other copper-deposits in the same region
are in the more pure magnesian limestone, and both here and
in Arizona more copper is found in the relatively basic lime-
stones than in the adjoining acid eruptives.

The presence of copper in nature is so easily detected on
account of the bright colors of its surface alteration-products,
that it may be assumed to have been so thoroughly prospected
that no important sources of the ore remain undiscovered. It
seems probable, however, that the belt of pyritous ores with
limonite caps which stretches through the erystalline zone of
the Appalachians, and contains generally small percentages of
copper, may yet prove a source of this metal of commercial
importance in connection with other products of these great
deposits,

* * * % * * * * * *

Genesis of Lead- and Zinc-Deposits.

For the original source of lead and zinec there seems no valid
reason why we should not look to the massive eruptive rocks,
as in the case of other metals, It is true, that their mineral
combinations do not form prominently-visible constituents of
these rocks, as do the iron-bearing minerals, nor have concen-
trations of them yet been discovered which could be considered
to be the result of differentiation in an eruptive magma. As
their deposits are found in nature, they are essentially precipi-
tations from aqueous solutions, and their favorite habitat ap-
pears to be sedimentary limestones. Moreover, for the very
extensive and important deposits of the Mississippi valley there
are no known eruptive rocks within reach from which their
metals could have been derived, and the opinion of most of the
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geologists who have made careful study of these deposits is
that the metals in them were originally deposited with the
limestones in a disseminated form, and that the present de-
posits are merely concentrations of these finely-disseminated
minerals by downward-percolating waters. On the other hand,
chemical analysis has detected their presence in appreciable
amounts in some eruptive rocks not directly connected with
ore-deposits, which is sufficient proof that portions of eruptive
magmas may contain them as original constituents. If it is ad-
mitted that they were deposited with the Mississippi Valley
limestones, whether chemically or mechanically, they must
have been derived from some earlier rock-masses, and may
well have resulted, either in first or second instance or even
further back, from the disintegration or decomposition of older
eruptive masses. The latest student of the Mississippi Valley
deposits (W. P. Jenney), whose most detailed studies were
made in the southeastern Missouri region, finds the fissures in
the limestones to be fault-fissures, and argues that they are
probably deep-seated, and that the minerals have probably
been brought up through these fissures from some deep-seated
source in crystalline or eruptive rocks below. The fact that,
in the upper Mississippi region, blende, which is at the lowest
horizon, is generally of earlier deposition than galena, might
be considered an argument in favor of this hypothesis, though
it is explainable otherwise. On the other hand, their general
agsociation with barite in Silurian limestones, and the fact that
fluorspar is found with lead only in Sub-Carboniferous lime-
stone, is in so far an argument of derivation from the lime-
stones themselves. y

In the West, the frequent association of the deposits with
eruptive rocks is most striking, and it seems likely that more
systematic studies in the Appalachians may discover a probable
association of areas of concentration of their minerals with
eruptives, from which they might indirectly have been derived.
A most fruitful field of investigation lies open here, and one
that is comparatively untouched, for no general truths can be
derived from the study of a single deposit or group of deposits,
and, as yet, the work either of individuals or organizations, in
this country, has scarcely gone beyond this stage. It would
also be interesting to determine how far the segregation of the
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minerals of the two metals was due to differentiation in the
original magma, and how far to a process of gradual selection in
successive concentrations. In composite sulphide deposits of
great extent, like those of Leadville, which may be assumed to
be the first concentration after that in the original magma,
there appears to have been a certain amount of selective segre-
gation by which certain portions contain a larger proportion
of one or of the other metal, comparable to the imperfect sepa-
ration of the first part of an ore-dressing process. In the min-
eral economy of nature there is a generally-observed tendency
for like to seek like, as far as freedom of movement admits.
It suggests itself, therefore, that those deposits which contain
one metal, to the practical exclusion of the other, may be the
result of a succession of such selective concentrations, and
hence more removed from the original source than the more

mixed deposits.
* * * * * * % * * *

Glenesis of Quicksilver- Deposits.

The original source of the quicksilver and the associated
metals is believed to have been in or below the deep-seated
granites. The deposits are regarded as having been precipi-
tated from heated solutions containing sodium sulphide, rising
through fissure-systems, by relief of pressure and contact with
surface-waters. The quicksilver-minerals have been deposited
in interstices between rock fragments and in masses of porous
texture, particularly sandstones, but nothing like actual mo-
lecular substitutions or pseudomorphosis has been observed
either in California or in Spain.? In the Bavarian palatinate,
however, cinnabar has been found to play the part of a fossil-
izing mineral and has therefore replaced organic matter.

The only recent important development of quicksilver-ores
in California is at the Mirabel mine, formerly known as the
Bradford, in the Mayacmas belt, Lake county. This mine
yielded in 1892, 3,245 flasks. The production at the older
mines, and particularly at the New Almaden, has fallen to a

very low point.
* * * * * X k * * *

* Data with regard to this metal are from G. F. Becker’s monograph on the
subject, 1888, and from private information communicated by him. He draws
a distinction between molecular substitution and the deposition of ores in porosities
which are due to precedent chemical action.
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Glenesis of Gold- and Silver-Deposits.

The frequent association of deposits of gold and silver with
eruptive rocks, the world over, has long been remarked.
Chemical investigation of many eruptive rocks has detected
their presence under such conditions as leave little doubt that
they were original constituents of these rocks. Recently a
German geologist has reported the discovery of gold in a late
eruptive rock in Chile, which could be actually seen, by the
aid of the microscope, to be an original constituent of the rock.
There seems very good reason to assume, therefore, at any rate
as a working hypothesis, that the original or ultimate source of
these metals has been the eruptive rocks.

With regard to their subsequent dissemination in sedimen-
tary beds, whether by mechanical or chemical agencies, there
appears to be less satisfactory evidence, as there are few known
concentrations which can with much probability be assumed to
have derived their material exclusively from sedimentary rocks.
The concentration of the metals in workable ore-deposits has
evidently been by the agency of aqueous solutions; detrital
deposits are only the mechanical rearrangement of such con-
centrations, though some maintain that these have been en-
riched by precipitation from solutions.

Aside, then, from the study of the structural relations which
would afford favorable conditions for the concentration of metal-
bearing solutions and the precipitation of their contained salts
in workable ore-bodies, which is of common interest and im-
portance with regard to deposits of all the metals, a most
fruitful field of research, and one which promises results of
economic as well as scientific importance, is afforded by the
study of the chemical and mineralogical affinities of these two
metals, and their probable behavior under the conditions which
may have existed where deep-seated deposits were formed.
Much obscurity still exists as to the actual chemical condition
of silver in galena and of gold in pyrite. The suggestion has
recently been made that combinations of these metals, as alloys
or otherwise, with small amounts of tellurium, bismuth, ete.,
are much more common in nature than has hitherto been sus-
pected, and may be the reason of the unexplainable difficulties
found in amalgamating certain ores, and further investigation
on this line may produce important results. There are some
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features, also, with regard to the behavior of these metals
under the action of atmospheric waters, and their consequent
concentration along the zone of alteration of sulphide deposits,
which are not entirely clear, and demand more systematic and
«careful investigation.

Conelusion.

What is at present known about the distribution of ore-
deposits west of the 100th meridian does not seem to call for
any serious modification of the statement as to their general
distribution made by Clarence King in 1870. It is probable
that if the subject were carefully worked up in detail it would
be found that the meridional zones laid out by Mr. King con-
tain, as Raymond has suggested, a greater variety of minerals
than he was at that time aware of.

In the eastern half of the continent it is evident, from the
facts given above, that certain geographical areas are peculiar
in containing great concentrations of certain varieties of
minerals, but it seems hardly necessary to recapitulate the
peculiarities of these areas, since it is the geological rather than
the geographical distribution that is of practical importance.
The former must have a genetic bearing; the latter can only
have such bearing through geological causes. Unfortunately,
our knowledge of the geological relations of the ore-deposits of
our country is as yet too incomplete to afford material for any
exhaustive generalizations on the geological relations of the
useful metals as a whole, or the underlying genetic causes of
such relations. The fissure-systems, or the natural water-
channels which have admitted of the concentration of the
metals into workable deposits, have, as pointed out by King,
Becker, and others, certain definite relations with the great
orographic movements, and these relations admit of our form-
ing an idea of the relative age of the deposits. They do not,
however, afford any reason why certain minerals are more
prevalent in one district and certain others in another; nor do
they necessarily afford any clue to the original source of the
metals. A certain amount of systematic geological work has
already been done by our Geological Surveys towards the solu-
tion of these important problems, which are of practical, as

well as scientific, importance, but a vast amount remains yet
6



82 GEOLOGICAL DISTRIBUTION OF THE USEFUL METALS.

to be done, and many, large fields are still practically un-
touched.

The suggestion afforded above as a working hypothesis seems
to be one worthy of consideration by the workers in this field.
"If the metallic minerals do concentrate in eruptive magmas
within the crust of the earth in accordance with some law not
yet clearly known, but which results in what is called differen-
tiation, by virtue of which certain areas of igneous rocks,
formed by successive extrusions of material of differing chemi-
cal composition which have cooled at or near the surface, are
found to be unusually rich in minerals containing a given metal
or class of metals, a basis is afforded to account for the un-
usual abundance of deposits of these metals in a given area.
In the case of the older eruptive rocks, the accumulation of
mineral combinations of the metals into workable deposits
may be the result of many processes of concentration, both
mechanical and chemical. The concentration of material de-
rived from younger eruptive rocks, on the other hand, would
be more direct, and mainly chemical, by the sole action of per-
colating waters. In either case, did investigation prove that
certain areas of eruptive rock were unusually rich in mineral
combinations containing a given metal, it would afford reason-
able ground for looking for valuable deposits of that metal in
the vicinity, especially if the geological conditions of rock-
alteration or metamorphism and dynamic movements are such
as to favor concentration.

If sedimentary beds carry disseminated minerals, or concen-
trations of such disseminated minerals into ore-deposits, they
might have been derived ultimately from the abrasion of bodies
of igneous rocks rich in their minerals by differentiation. How
close a proximity would constitute a vicinity would vary widely
under varying geological conditions. It is quite uncertain
how far percolating waters carrying minute amounts of metallic
minerals in solution might travel through underground water-
passages without depositing their load, but the possible dis-
tance is evidently very considerable; and the argument some-
times advanced against the lateral-secretion theory, that proof
can be found in certain cases that the mineral of a vein could
not have been derived from the immediate wall-rock, is no
valid argument against this theory in its broader acceptation,.
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which admits the secretion from neighboring bodies of rock
not necessarily in immediate proximity, but possibly at con-
giderable distance and not visible at the surface.

For the derivation of sediments, the possible distance of the
source of materials has still wider limits; but analogy from the
conditions under which sediments are deposited in present
oceans would bring it within 100 miles as a probable limit.
Here, also, it may readily happen that the eruptive body from
which the metallic minerals were derived is not visible on the
surface.

Discussiox.
(Trans., xxii., 732.)

JouN A. CHurcH, New York, N. Y.: It requires some cour-
age to appear as a critic of a theory which is not only the
fashion among American geologists, but is usually presented
by them in terms which imply that any other views are an
exhibition of ignorance. Still, I am obliged to say that the
theory of lateral secretion as it is stated in this and other
writings of Mr. Emmons and other geologists has not added
much to our real knowledge or clearness of view. In the ear- .
lier and less developed stages of the theory, when it was used
as Sandberger used it, to show that certain veins were proba-
bly.derived from the rocks in which they lie, or which are
adjacent, it was valuable in pointing us to an immediate source
of ore-deposition. When we are driven to assume the exist-
ence of undiscoverable rocks at an unknown but certainly a
considerable distance, and in an unknown direction from the
vein, I do not see that we have improved upon the despised
“ unknown source in depth” jvith which our ignorance has
been covered so long. The new theory may suffer from ado-
lescence, and these points may be cleared up by further study,
but I speak of it as it is. v

Differentiation in a magma, by which a metal is concen-
trated in one member of a series of outflows, may explain why
certain ores have favored a given locality with their presence;
but it is not a necessary precedent to ore-formation. Concen-
tration in the source of supply cannot be a requirement, for
the forces that have been able to take up four or five tons of
gold from an extensive body of rock must be able to collect
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four or five thousand tons of lead, copper, or nickel from a
proportionately more extended body of rock. That is to say,
concentration is no more essential for these metals than it is
for gold.

In fact, differentiation, as it is now explained, is not an ad-
vance upon old ideas, but a retreat from them. It was noticed
long ago that violent eruptive phenomena, however long con-
tinued, died away in solfataras; and when a vein came to be
looked upon as an extinct solfatara the inference was ready
that veins are eruptive in the sense that the solfataric waters
collected the metals from the unerupted residue of the magma
and carried them to the veins. The early views carried differ-
entiation further than the modern school.

It is the fashion of the new school, to which I believe all
professional geologists in this country adhere, while all profes-
sional mining engineers keep themselves aloof from it, to speak
of these old ideas as if they were very ignorant, and were
necessarily brushed aside by the advance of experimental
knowledge. It seems singular to me that the new school
should recognize no other origin for ores than the leaching of
- rocks by comparatively shallow water-currents and yet recog-
nize no other origin for the fissures that carry the ores than
cataclysmic action! If it had been found that bed-planes were
commonly the channels by which the ore-solutions entered,
we might accept the fact as evidence of lateral secretion; but
when I find the adherents of this theory declaring, as does
Mr. Emmons (and as do all the others), that every ore-deposit
lies in a plane of faulting, or has been filled from a fault, it
seems to me hardly logical to carry one branch of the volcanic
theory to such an extreme, and totally reject the other branch,
with which this view is undoubtedly in sympathy.

The older geologists looked upon a vein as a channel estab-
lished between the surface and the interior of the earth. Into
its lower termination poured solutions, the character of which
was determined by the pressure and heat normal to the depth
at which they may have been formed. The almost uniformly
siliceous filling of veins shows that this depth was uniform in
its conditions of solution. It may have been the whole bary-
sphere or only that upper portion within which we may imag-
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ine a comparatively lively circulation. At least it was lower
than the vein.

The crevice was supposed to be an open chamber, or series
of chambers, with occasional points of support. Through this
chamber the waters rose to the surface, where they were dis-
charged. As they rose, they necessarily passed through zones
of continually-decreasing pressure and temperature, and “relief
of pressure” and “lowering of temperature” were the potent
agents which were supposed to effect precipitation of the dis-
solved solids, discharge of gas being another. The idea that
the rocks inclosing the crevice could act as precipitants re-
ceived early attention, and has led directly to some of our most
widely accepted modern ideas.

Undoubtedly, these are plausible views; and the agencies
invoked are real agencies of precipitation, as we know from
the action of hot telluric waters discharging upon the surface.
One of our most noted veins—the Comstock—was studied and
explained in the light of this older theory by Richthofen, in
1865; and these ideas have not been entirely abandoned there.

Mr. Becker, within the last ten years, has gone into an elabo-
rate argument to prove that there has been almost no erosion
of the Comstock rocks. If this argument is sound, the outecrop
now is within 25 or 50 ft. of where the original outcrop was
formed. It is true, his views contradict each other; and, if
the dynamical conduct of the rocks had been what he describes,
there would never have been an outcrop where the Comstock
was found. Still, T believe all writers upon that noted vein,
except myself, have represented it as a solfatara, in the sense
that it was formed by hot waters from a deep unknown source
discharging into the atmosphere. The attempts to connect
lateral secretion with the lode have been failures; and the
Comstock still represents the old theories in their advanced
form. It seems to me, that the solfataric origin of ores is a
more reasonable explanation of the observable facts, in some
cases, than the theory of lateral secretion. That minute quan-
tities of the metals are found in all or many rocks, is true; but
the crucial question of their origin has never been determined.
Do they form an original source, or a secondary deposition like
the vein? is a question that has not been conclusively an-
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swered ; but I agree, and I think most mining engineers agree,
with Posepny, in believing them to be the latter.

We owe to the distinguished author of this paper one of the
most striking and valuable contributions to the discussion of
the lateral-secretion theory. From his description we may say
that, in his view, the ores at Leadville were not exotic, since
the rocks in which they lie, the rocks from which they were
leached, and the water-currents that formed them, were all at
substantially the same depth. These features are essential to
lateral secretion; for, if we allow that the circulating waters
sink deep enough to reach the unerupted residue of the magma
before they take up their metallic contents, we have the old
solfataric theory of origin.

Sandberger’s original idea, that veins are filled by leaching
from the rocks that contain them, has been so expanded by the
discussion of ore-bodies formed under a cover of three or four
miles of rock, that it is brought, not into conflict, but into close
sympathy with the solfataric theory. The question whether
the origin was in erupted or in non-erupted magma is interest-
ing; but it is not controlling when the action is acknowledged
to have taken place at very great depth, far within the ¢« bary-
sphere ” in either case. :

Having reached that amount of agreement, it seems to me
that the next task of the structural geologists is to determine
critically whether any vein has really been formed in a crevice
discharging directly into the atmosphere. The conditions
found at Steamboat Springs and elsewhere seem to me to point
to vein-action (if vein-action there is) at some other point. The
discharging waters may be regarded as the filtrate derived from
metasomatic precipitation lower down, or as a mixture of
waters from the upper and lower regions. As yet, I doubt if
we have any proof that ore carried by the deep circulation has
been retained long enough to be deposited at the surface. Mr.
Becker entertained that view, but I believe his conclusions
upon the geology of the Comstock to be radically wrong.

ArTHUR WinsLow, Jefferson City, Mo.: I think that others
will join me in expressing thanks to Mr. Emmons for his ad-
mirable résumé of our ore-deposits, and for the many valuable
suggestions embodied in it. The ground is so well covered
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that there remains little room for additions, yet I should like
to make a few remarks concerning some subjects touched on
of which I have personal knowledge.

Mr. Emmons refers to the specular ores of southeastern Mis-
souri collectively, as probably of Algonkian age. There is, how-
ever, a distinction to be made. Those of Iron Mountain occurin
Archean porphyry, in tongue-like masses or veins which taper
out with depth. The ore of Pilot Knob, on the contrary,
occurs as a bed interstratified with Algonkian clastics com-
posed of débris of the pre-existing Archeean porphyries. These
ores have recently been made the subject of renewed study by
the Geological Survey of the State, through Mr. Nason. He
thinks that the facts at Iron Mountain are such as to favor
the theory that the ores there are derived from the decay of
great thicknesses of porphyry, accompanied by a leaching-out
of the abundant iron-content and its deposition elsewhere in
crevices and openings of the same rock, at times possibly re-
placing the decomposed porphyry adjacent to these crevices.
These deposits would thus be examples of chemical concentra-
tion from older basic eruptives. In the case of Pilot Knob,
Mr. Nason concludes that the iron-ore body is probably the
result of replacement of certain members of the Algonkian
series of strata. This would again be an example of chemical
concentration from an older basic eruptive, though if we allow
that the Archaan specular ores were formed prior to the deposi-
tion of the Algonkian series here, it is possible that this Pilot
Knob bed is of direct mechanical origin from the abrasion of
these earlier ore-masses.

In the iron-deposits of central Missouri, which consist of a
mixture of blue specular and red hematite ores, Mr. Nason
concludes that we have instances of accumulation in cavities
and depressions produced by subterranean erosion of lime-
stone. The disturbed condition of the adjacent strata, their
converging dips and other facts corroborate this. That there
was some replacement of limestone by the iron-solutions is also
undoubted. This is well illustrated by the recent discovery of
crinoid remains in the body of the ores, replaced entirely by
blue ore. An interesting fact about these fossil remains, and
one which adds support to the theory that the ore accumulated
in depressions or cavities, is that they are not fossils found in



88 GEOLOGICAL DISTRIBUTION OF THE USEFUL METALS.

the Cambrian country-rocks, but belong probably to a Lower
Carboniferous fauna. All over the Cambrian area of the
Ozark uplift patches and fragments of such later rocks are
found, indicating that a thin covering once existed there, of
which portions are preserved in depressions and pockets in the
older dolomites.

Remote as these ore-bodies are from eruptive rocks, we are
obliged to seek for their source in the surrounding sedimenta.
ries. Mr. Nason has fixed upon the sandstones of this area as
the probable contributors. These are often highly ferruginous,
and are readily leached by percolating waters. It is probable
that the decaying dolomites also contributed a share.

In referring to the zinc- and lead-ores of Missouri, Mr.
Emmons has brought forward for discussion a series of most
interesting and at the same time most perplexing deposits, so
far as a satisfactory theory of their origin is concerned. Those
of the southwestern portion of the State occur essentially in
the Mississippian or Lower Carboniferous limestones. The
statement that they extend into the Coal Measures should be
made with imitations. They are found in shales of that age
in Jasper county, but those shales are in isolated patches,
which occupy depressions in the older ore-bearing Mississip-
pian rocks. Hence, the metallic contents of the shales may be
derived, by some secondary process of transfer, from adjacent
ore-bodies. In any case, the Coal Measures in the State, as a
whole, are practically destitute of these ores, which, therefore,
can hardly be declared to belong to that formation, whether
their general absence from it be due to their prior formation,
or to limitations in their distribution determined by physical
causes. '

Cross-fissures or fault-fissures in these Mississippian rocks,
to which Mr. Emmons alludes, if they exist, are not very appa-
rent. The strata are, undoubtedly, very much shattered in
certain limited areas, have been subjected to extensive subter-
ranean erosion and corrasion and great silicification. Of a
system of extensive or considerable faults, recent stratigraphic
work in this region has, however, revealed nothing.

In the Cambrian limestones of the eastern part of the State,
the conditions are somewhat different. Crevices and fissures
are there plainly developed, and evidence of considerable fault-
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ing is indubitable. In Franklin county, such vertical crevices
have supplied large quantities of ore. In that portion of the
Southeast to which Mr. Emmons especially refers, however,
and which has produced by far the greater part of the lead,
the crevices are of insignificant dimensions, and the experience
has been that they contain, themselves, little or no ore. On
the contrary, the great ore-masses consist of galena dissemi-
nated through a thickness of the country-rock often of 50 ft.
and more. At Bonne Terre, a tract 1,300 ft. long by 800 ft.
wide has been mined out of such diftused ore.

The crevices which traverse this ore-body are frequently
almost blind, and can only be detected by the drip of roof-
water. These are such as traverse almost any massive rock.
They have possibly had their influence upon the ore-deposi-
tion; but to picture them as veins and channels of direct ore-
supply seems hardly justifiable, even under the existing differ-
ences of opinion among geologists as to just what a vein is.
The questions of the source and mode of accumulation of these
ores are very broad, and involve considerations of the ore-
deposits, and of the geological history of the whole Mississippi
valley. Only through studious, detailed analytic methods can-
a satisfactory solution be reached. I hope, at a later date, to
have something further to contribute to the Institute on this
subject. .

Concerning the distribution of barite, to which Mr. Emmons
refers on page 78, I would add, that it is not confined to the
older Cambrian rocks of Missouri, but is found in Cooper and
adjacent counties, at a number of localities, in Lower Carbon-
iferous limestones, sometimes associated with lead-ores. In a
previous paper, presented to the Institute,® Mr. Emmons has
suggested the use of the apparent fact of the limited distribu-
tion of barite in determining the origin of the ores. This oc-
currence in the Lower Carboniferous lessens the value of the
suggestion, though it remains still locally serviceable.

Mr. Exymoxs: I am very glad to have the details which Mr.
Winslow has given us with regard to the ore-deposits of Mis-
souri; and as my knowledge of the greater part of them is

3 Trans., xxi., 41 (1892-93).
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derived, not from personal observation, but from the descrip-
tions of others, I am quite willing to accept his corrections of
my facts, since his information is of later date than that to
which I had access. I was aware that barite occurs at times
in the Lower Carboniferous limestones of the Mississippi val-
ley; indeed, small amounts have been found in the fluorspar-
deposits of Rosiclare, Ill., since I wrote my previous paper to
which he refers; but I think it still remains true that fluorspar
is characteristic of the one horizon and barite of the other.

(Trans., xxiv., 755.)

Wirniam Hamrnton MEerritr, Toronto, Ont.: With refer-
ence to Mr. Emmons’s remarks on the nickel-deposits of Sud-
bury in the district of Algoma, Province of Ontario, Canada,
and his general argument in connection with igneous rocks as
the source of supply of ores, I would draw attention to two
series of facts personally observed in connection with the Sud-
bury deposits.

1. The Diorite as a Source of Supply.—The diorite, as a rule,
is speckled with pyrrhotite, and to a less extent with chalcocite.
In the diorite I have seen a speck of free gold quite visible to
the naked eye. The same diorite, decomposed, has been run
through a prospector’s stamp-mill in an earthy and gossany
state, and free gold and the new platinum mineral, sperrylite
(PtAs,), perfectly crystalline, have been collected from it.
Near by, a quartz vein, cutting the same diorite formation, has
yielded rich samples of free gold, which occurs also in the
diorite walls beside the vein, the wall-rock being, in some places,
thickly interlaced with threads of gold.

2. Secondary Action in Concentration Has Produced Some of the
Ore-Bodies.—As has been noted by Mr. Emmons, the theory of
differentiation, or the concentration of the ore-bodies in the
fused magma, is offered to explain the source of the Sudbury
nickeliferous pyrrhotite masses in the intrusive diorite. This
would not appear unreasonable. Yet I am satisfied that a sec-
ondary concentration must have taken place to explain the
presence of some of the ore-bodies; at all events, where the
contents of copper run comparatively high. The presence of
the horses of country-rock cemented by the ore (alluded to by
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Mr. Emmons), and which I have observed sharply brecciated,
seems to strengthen this belief; for if they had been floating
in a fused magma, surely all abrupt demarcation would be
obliterated.

Moreover, I have seen such signs of secondary action as thin
films of native copper in connection with the ore-body; also a
band of ¢ fluccan” cutting across it, which may indicate a por-
tion of the chief channel which may have filled the cavities
caused by movement. Native copper grains are also seen in
the crystalline hornblende rock associated with the deposit. I
have not observed serpentine, which might be expected to
occur. In another portion of the same ore-body there is free
gold visible in chalcopyrite; and where a very small crack or
vug had occurred in the ore, wire-gold has been developed.
The ore-body is distinctly more quartzose than the diorite in
which it occurs.
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No. 4.

The Torsional Theory of Joints.

BY GEORGE F. BECKER, WASHINGTON, D. C.

(Virginia Beach Meeting, February, 1894. Trans. xxiv., 130.)

Complexity of Rock-Fractures.—The strains to which rocks
have been subjected are manifestly very complex, and it is en-
tirely safe to presume that every possible mode of deformation
and rupture is exemplified. The most superficial inspection of
any ordinary mountain region is sufficient to assure the ob-
server that the rocks have been pressed, stretched, bent,
buckled, twisted, and shorn. The study of torsional rupture
cannot fail, therefore, to throw light on geological phenomena.
The question is, how areas which have been broken in this
manner are to be distinguished from those which have yielded
to other systems of forces.

Phenomena of Joints.—It is well known that a large part of
the more homogeneous rocks and some very heterogeneous
rocks are intersected by partings, often called joints. These
partings are frequently flat surfaces, even when seen in very
large exposures, but are sometimes surfaces of moderate single
or double curvature. Joints usually occur in groups, in each
of which the several partings are parallel to one another, and
several such groups often intersect the same rock-mass. In such
cases the different systems make large angles with one another.
Nearly all students of the subject of jointing have reached the
conclusion that joints are faulted surfaces, the dislocations
usually being of small amplitude; and this conclusion receives
abundant support from the study of thin sections under the
microscope. It has thus been shown that much even of what
would be regarded in hand-specimens as mere slaty cleavage
consists, in reality, of innumerable microscopic faults. For
this reason, Mr. Daubrée rejects the term ¢ joint,” as failing to
imply the existence of relative motion, and has introduced the
terms ¢ diaclase ” and ¢ paraclase ” as substitutes.!

1 Bulletin de la Société Géologique de France, Third Series, vol. vii., p. 108 (1879).
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Although the word ¢ joint ” does not imply relative motion,
it does not necessarily preclude such movement, and, as it is
universally intelligible, I prefer it. In nearly all cases where
Jjoints are suitably exposed they show slickensiding. In many
hundreds of joints I have found polished surfaces, although the
throw of the faults was so small as scarcely to be determinable.
Slickensiding is a very important genetic characteristic of
joints, for wherever it prevails over any considerable portion
of the parting, it is good evidence that the joint-walls have not
only undergone relative motion, but have remained in contact
during the dislocation.

It does not follow that gaping joints should be infrequent,
for a rock-mass once affected by joints will present but small
resistance to any disturbing force, and such a force may readily
spread the joint walls.? Indeed, it is somewhat surprising that
joints are so often found closed. When a bar of metal is cut
by shears, the two parts are in contact immediately after the
continuity is destroyed and they slickenside one another, but
under ordinary conditions they then fall apart. The compara-
tive rarity of gaping joints is explicable in part by the presence
of water. The surface-tension of thin films of water leads to
adhesions which seem to me of much importance. Thus, if
two surfaces of rock are distant 0.01 in. from one another, and
if the space is filled with water, the rock-surfaces are drawn
together, in consequence of the surface-tension of the liquid,
with a force equal to 13.5 1b. per sq. ft.; and if the opening is
only 0.001 in. wide, the pressure will be 185 1b. per sq. ft.*
There can be no doubt that many jointed rock-masses, which
project above the local water-level, are prevented from dis-
organization by this means.

Kxplanatory Hypotheses.—Jointing is now regarded by all in-
vestigators as of mechanical origin. It has been referred by

* Prof. William King, Transactions of the Royal Irish Academy, vol. xxv. (1875),
- has collected much evidence to show that joints were originally close. Mr,
Daubrée also draws from observations by himself and others the conclusion (L¢.) :
“A cutting or shearing force, then, was operative during the formation of joints.”’
This is equivalent to asserting that contact existed during and immediately after
rupture.

* The pressure is equivalent to that of a column of water, the height of which is
¢ centimeters when the distance of the surfaces from each other is d centimeters,
and ¢ d = 162/981.4. Compare Tait's Properties of Matter, p. 258 (1890).
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eminent authorities to simple tensile stresses, but observers
have long protested against this explanation, because such
joints would gape from the start and would not be slickensided.
Even if a tensile stress leading to rupture were associated with
slipping, slickensides would be produced only on a few small
portions of the surfaces involved. These surfaces can never be
true mathematical planes, and a rupture like that just sug-
gested might bring into contact protuberances, however small,
but in such cases slickensides would be confined to small por-
tions of the surface. In heterogeneous masses, particularly in
conglomerates, tensile stresses leading to rupture would pro-
duce rough and irregular partings. Even in masses so homo-
geneous as steel, tensile rupture takes place on very uneven
surfaces.

For these reasons, jointing has been explained most satisfac-
torily by reference to pressure, though it does not follow that
all jointing is thus brought about. Mr. Daubrée has shown by
direct experiments with simple pressure that all the more usual
phenomena of joints can be artificially produced, the line of
pressure making an angle of about 45° with the joint-planes. In
this case the immediate cause of the jointing is shearing stress,
and the walls of the joints are not only in juxtaposition, but
are pressed together during the rupture and dislocation. The
dynamic theory of this case is not difficult even when the
strains are finite and the angle between the joint-surfaces is
greater than 45°.4

Some geologists hesitate to accept the explanation of joint-
ing by pressure in a given direction, on the ground that an
accompanying lateral pressure of sufficient intensity would pre-
clude rupture. It is a very important truth that, under proper
conditions, rupture cannot, and flow must, take place. A mass
may be subjected to such confining forces that rupture is im-
possible by any deformation or change of volume; but this is
true of tension, torsion, or shearing as well as of simple pres-
sure. Since rock-fractures are abundant, it is certain that con-
ditions permitting of rupture, as well as those compelling flow,
have frequently prevailed.

While Mr. Daubrée and others refer many joint-systems to

* Bulletin of the Geological Society of America, vol. iv., p. 57 (1892).
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the action of pressure, the famous author of the Ktudes Synthé-
tique has also made beautiful experiments on the torsion of
glass plates, which produces systems of fractures highly resem-
bling joints in their distribution. He has consequently ex-
pressed the opinion that torsion, as well as pressure, has led to
joint-systems.’

Character of Torsion-Fractures—Mr. Daubrée has minutely
described the phenomena of the rupture by torsion of glass
plates, these being mounted on paper to avoid the scattering of
the fragments. Torsion, as he describes it, produces two main
sets of fractures, approximately at right angles to one another,
and usually at nearly 45° to the axis of torsion. The fissures
cut the broad surfaces in lines which are nearly straight, and
the surfaces of fracture are approximately warped surfaces, the
inclination to the vertical in some cases reaching 50° on each
side. Some few fissures reach from edge to edge of the plate,
while many do not entirely cross it, and sometimes single fis-
sures neither reach the edge nor any other crack, and are thus
isolated in the mass. The fissures which reach the edge of the
plate cut the narrow face at angles with the line measuring the
thickness, which varies greatly—from 20° or less up to 50° or
thereabout. DBesides the more regular systems of parallel
fissures, fan-shaped groups are not uncommon. In the neigh-
borhood of the finer groups of fissures the glass loses its optical
and thermal isotropy.

By the kindness of Prof. T. C. Mendenhall I have been ena-
bled to make experiments similar to those of Mr. Daubrée in
an apparatus which permits of gradually straining the plates
and of measuring the angle of torsion. Besides common
window-glass, I employed glass ground on one side, for the
purpose of making sure that surface-tension played no part in
the result. Well-polished plate-glass was also used, sometimes
in simple strips and sometimes cut in the shape of a cross-sec-
tion of an I-beam, in order to confine the initial rupture to
points remote from the jaws. In a large number of the experi-
ments the cut edges were ground with emery, so that imper-
fections of the edges might not influence the result. Many

5 W. O. Crosby also adopts the torsional hypothesis, with the modification that
he supposes the final rupture to be determined by shock.—American Geologist, vol.
xii., No. 6, p. 368 (Dec., 1593).
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different dimensions were selected, and the plates varied from
nearly square rods to sheets wider than they were long. It
was found best to substitute a thin fabric, known as ¢ cheese-
cloth,” for the paper on which Mr. Daubrée mounted his plates.
The paper, in drying, exerts a considerable tension, and the
specimens mounted on cloth, besides being more easily handled
after fracture, show smaller tendency to fan-fracture.

All of Mr. Daubrée’s descriptions are illustrated by my speci-
mens,® and I have but few observations to add. It scarcely
requires mention that the curvature of the surfaces of rupture
is ordinarily such as to permit of the free torsion of the broken
plate. Sometimes, however, short cracks extending from the
main fissure to the edges of the plate are so warped as to ob-
struct torsion. Hence, when the axis of torsion is not in the
vertical, all the principal faults produced in the experiments
are reversed, the hanging-wall rising relatively to the foot.

‘When the breadth of a glass plate is large relatively to its
thickness, the surfaces of rupture are, as Mr. Daubrée remarks,
nearly coincident with warped surfaces; but when the breadth
is only a few times the thickness, the departure of the surface
from a warped surface is well marked. In such cases it is in-
teresting to note that one cropping of the fissure is usually
wonderfully straight, while that on the opposite side is an
inflected curve. From the point of view of pure dynamics the
exact shape of these surfaces would be interesting, but I have
reason to believe that the geometrical character depends essen-
tially upon that of the cross-section of the twisted bar; and
since it will seldom or never be’ practicable to determine the
shape of a twisted rock-mass, there seems no geological interest
in ascertaining the precise form of the surface of rupture. It
is probable that the forms are all closely related to the warped
surface.

Among the excessively fine cracks in the glass which are
mentioned by Mr. Daubrée, there are some which are super-
ficial. These are usually near the middle of the plate; they
are very straight, and invariably parallel to the straighter edges
of the ruptures on the same surface, and do not seem to pene-

¢ T have not tested the anisotropy in the neighborhood of the terminations of
cracks not crossing the plates. As the mass at such points is in a permanent state
of strain, anisotropy is to be expected. '
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trate quite to the center of the plate. They are clearly in-
cipient fractures, and the observations indicate that rupture
begins on one of the broad faces in a very straight line, the
surface twisting as it spreads through the plate in such a man-
ner as best to relieve the torsional stress. Even on rather thin
plates it is visible that one cropping of each well-formed crack
is straighter than the cropping on the opposite face, and that
" the straight cropping has a definite relation to the direction of
twist. When torsion is so applied as to tend to twist the bar
into a right-handed screw, the straight lines are inclined like
the thread of a left-handed screw, and wice versa. Thus the
straight croppings on one surface of a plate are at right angles
to the straight lines on the other side of the plate.

The angles at which the cracks cross the narrow edge-sur- '
faces of the plate vary considerably, as Mr. Daubrée has
observed. I cannot find that the inclination of these lines
varies in any regular manner with the width of the plate. The
average angle which the cracks on these narrow surfaces make
with the long edges seems to be about 631°, or the angle
whose tangent is 2. These croppings are in fact curved lines
in almost all cases, and the curvature is such that the acute-
angled fragments bounded by the edge of the plate and the
ruptures are somewhat grooved.

The following diagram shows two warped surfaces intersect-
ing a bar supposed four times as wide as it is thick, and a
sketch of two of the more complex surfaces, referred to above,
generalized from a considerable number of cases.”

[

Ry

F16. 1.—DIAGRAM ILLUSTRATING INTERSECTION OF SURFACES OF RUPTURE
WITH A BAR.

7 If the axis of the bar is the z axis, y the distance from this axis parallel to the
broad surface, z the distance parallel to the narrow surface, b the breadth, ¢ the
ithickness, then the following equation represents both the warped surfaces.

450 T QRN
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7



98 THE TORSIONAL THEORY OF JOINTS.

Rupture by Shear.—In a pure (or irrotational) shear the re-
sultant load on any section passing through the center of the
strain ellipsoid is the same. On the sections perpendicular
respectively to the greatest and least axes the load is wholly
normal. On the sections of unchanged area (which stand at
45° to the greatest and least axes when the strain is very
small) the load is purely tangential® In a homogeneous mass
thus strained, rupture may conceivably occur by the tension
along the greatest axis, or by pressure along the smallest axis,
or by tangential motion at 45° to the axes. A mass ruptured
by tension sometimes breaks perpendicularly to the direction
of tension with a smooth surface, and sometimes, as in the case
of mild steel, with a rough or ¢ cupped ” surface, the facets of
which are in the direction of the planes of unchanged area. A
mass broken by uniformly-distributed pressure breaks in the
direction of the planes of unchanged area. A mass ruptured
by tangential stress also breaks on these planes. Thus a homo-
geneous mass subjected to a shear can.break in only two ways,
viz.: perpendicular to the greatest axis or at 45° to this axis.
In the present state of knowledge concerning the constitution
of matter, experiment only can determine which rupture will
occur. The experiments on glass plates in connection with the
theory of torsion, due to the genius of Barré de Saint-Venant,
render a decision very easy for this substance.

Points From the Theory of Torsion.——When a rectangular bar
of an elastic, homogeneous solid is twisted through a small
angle the following conditions are fulfilled: The lateral sur-
faces of the bar become warped; the length of every edge
remaining substantially unchanged, while diagonal lines are
elongated or contracted, but the volume of the mass.is neither
increased nor diminished by a sensible amount. At the sur-
faces of the bar the resultant strains lie in these surfaces. The
directions of maximum extension and compression are at 45°
to the axis of torsion, and at right angles to each other. If the
rotation of the torsion-couple is positive (opposite to that of the
hands of a watch) the directions of greatest extension on all the
sides are inclined in the same sense as the thread of a right-
handed screw. The strain at any point in the mass is a pure or

8 American Journal of Seience, Third Series, vol. xlvi., No. 275, p. 339 (Nov.,
1893). y
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irrotational shear. The points of maximum strain are on the
surface and nearest the axis; in other words, the danger-line is
the median line of the broad surface; and on the narrow surface
of the prism the strain is also greater half way between its long
edges than elsewhere. '

Most of these conclusions can be exemplified in a very easy
and striking manner with a rectangular bar of rubber, such as
1s in common use for erasing pencil-marks. The surface of
such a mass, cross-hatched with lines parallel to the edges,
shows, when the bar is twisted, that deformation is greatest
nearest the axis and insignificant near the edges of the prism.
Lines at 45° to the edges are greatly extended or shortened by
twist, and a very small circle is converted into an ellipse with
axes at 45° to the edges. :

It evidently follows that rupture should begin at the middle
of the broad surface. If rupture takes place by slipping on the
planes of no distortion of the shear ellipsoid, the cracks of
the broken mass will be parallel to or perpendicular to the axis
of torsion. If the mass yields to the tensile component of the
shearing stress the cracks will coincide in direction with the
lines of greatest linear compression and stand at 45° to the
axis of torsion. This is precisely what occurs in the experi-
ment on glass. On the other hand, the theory shows that the
resultant stresses within the body of the plate are not in general
parallel to the surfaces, and it is therefore to be expected that
curved surfaces of rupture should ensue.

Character of Torsional Rupture—It now appears certain that
the experiments on' the torsion of glass are equivalent to the
application of a system of tensions peculiarly distributed, and
that the fissures produced by torsion in any mass physically
resembling glass, will exhibit the peculiarities of tensional
fractures, together with some marked characteristics of their
own. The fissures will gape from the start, excepting at cer-
tain points, which alone will be slickensided. The surfaces
will be rough, excepting when the mass is uncommonly homo-
geneous. The surfaces will also show double curvature, which
will be very strongly marked unless the mass of rock affected
by torsion is immense. If the axis of torsion is vertical the
particles originally in contact will separate along horizontal
lines, and there will be no faults as these are usually estimated.
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In all other cases every surface will be faulted, and every master
fault will be reversed. The network of fissures will show
marked regularity, provided that the exposure is an approxi-
mately flat surface nearly parallel to the axis of torsion, but any
section forming an angle with the axis of torsion, will expose a
very complex arrangement of curved partings. If rocks break
under torsion at all as glass does, a pronounced characteristic
will be the frequency of fissures completely ¢« cut off” by
others, these being much more numerous than ¢ master " joints.

Conclusion as to Jointing.—It appears from the foregoing that
though torsional rupture may be of frequent occurrence in
disturbed regions, the systems of dislocations familiar under
the designation of joints cannot aptly be ascribed to pure tor-
sion, while direct pressure will produce the phenomena called
jointing. But the forces acting upon a rock-mass are in general
very far from simple; indeed, it may be assumed that every
variety of stress exists in a strained rock-mass. Nevertheless a
general idea of the nature of rupture even under such condi-
tions may readily be reached. The strain ellipsoid at any
point must either be torn apart by tension or cut across by
shearing, and in all ordinary cases it is easy to distinguish
these modes of rupture. In a mass subjected to a complex
stress the orientation of the strain ellipsoid will vary from
point to point, and so will the direction of the rupture; but
smooth, slickensided surfaces, though curved, will still be due
to pressures acting at approximately 45° to the local direction
of the surfaces when the material is a hard and homogeneous
one; and tension-cracks will form at right angles to the local
direction of the effective tension. Thus in typically jointed
areas, curvature of the joint-planes indicates that the direction
of the effective pressure has varied from point to point, as it
does, for example, in the compressed portion of a flexed bar.
The existence of curved joint-planes is consequently by no
means inconsistent with the ascription of jointing to pressure,
while it does indicate that the entire system of forces, operative
and inoperative, which has been brought to bear on the mass
is complex. The action of pressure on heterogeneous materials
is much more regular than the action of tension; and it might
be possible in some cases from the study of curved joint-sur-
faces to infer the nature of the complete stress-system.
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DirscussIoN.
(Trans., xxiv., 863.)

H. M. Howg, New York, N. Y.: It is, of course, not easy to
discuss offhand the paper which Mr. Becker has presented
with so much lucidity. I will make only one remark, which
is outside of the line of his argument, and concerns merely a
passing allusion in his paper. Mr. Becker speaks of the fact
that glass breaks with a flat or conchoidal fracture, and that
steel shows a rough or “cupped” surface of fracture. This
difference we would naturally ascribe to the great difference
in the other physical properties of the two substances. Yet I
have seen copper-steel which did break in a perfectly flat frac-
ture, or apparently so. It seemed to be accurately perpen-
dicular; a smooth, mirror-like fracture, such as mineralogists
called “splendent.” Yet the physical properties of this steel
did not differ from those of common steel, or resemble those
of glass in the way which this fracture suggests.

R. W. Ravmoxp, New York, N. Y.: The general conclusions
reached by Mr. Becker seem to me to be fairly demonstrated.
His paper does not contain any precise definition of what we
call joints; and possibly such a definition ought to be offered
as the basis of any complete theory of the subject. Without
venturing to supply such a definition here, I infer from Mr.
Becker’s paper, and in accordance with our general usage of
the term, that joints are to be distinguished, on the one hand,
from cleavage-planes, which we may, perhaps, consider as
potential rather than actual partings, and, on the other hand,
from fissures on a larger scale, such as become the receptacles
of mineral veins. And I understand his view to be, that joint-
ing is neither produced by tensile stress nor by pure torsion,
while direct, more or less oblique, pressure will account for
the observed phenomena. At the same time, he recognizes
the inevitable complexity of the stresses involved.

This conclusion may have an important bearing on the sub-
ject of larger rock-faults. At the Washington meeting of
February, 1882, I presented a paper on Hoefer’s Method of
Determining Faults in Mineral Veins,? based upon the author’s

% Trans., x., 456 (1881-82).
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essay, which appeared in volume xxix. of the Austrian Zeit-
schrift. The peculiarity of Professor Hoefer’s method is, that
it provides for the case of a relative movement of the two walls
of a fault which is not rectilinear, but to some extent rotatory;
that is, in which a partial revolution of the mass on one side of
the fault has taken place around an axis normal to the plane
of the faultfissure. The evidence of such a motion is found
in changes of dip and strike, produced by the fault, in the
fissure faulted. I wrote to Professor Hoefer at that time,
telling him that this phenomenon had not been recognized in
our mining-districts to any great extent, and asking whether
such movements, distinct from rectilinear ones, had been fre-
quently observed by him. His reply was:

“‘Circular movements, combined with movements in straight lines, are very fre-
quent in our faults; in fact, I do not doubt at all that a continued careful study
will show them to be the rule. Whether simple revolutions often occur, is very
difficult to decide from the observations thus far available.”” 1

It is my present belief that the circular movements have
been, as a rule, not only accompanied by straight-line move-
ments, but that the latter have been predominant; and it seems
to me most reasonable to suppose that rotation has been caused,
not by the direction of the forces which caused rupture, but by
the resistance encountered in the course of a rectilinear slide.
It is, indeed, almost inevitable that such a movement would
not be wholly rectilinear, but that the mass would be turned
more or less around points of greater friction. In other words,
the seeming effects of torsion might be produced after the
occurrence of a rupture in which torsion had taken no part.

In this view the causes of rupture on the large scale would
be entirely analogous to those observed on the small scale in
joints. This is a familiar prineciple to those who have worked
upon rocks with the microscope, or have studied in hand-
specimens the features exhibited in rock-masses. We find in
all sizes the phenomena of faults, contortions, cavities, segrega-
tions, etc.; and we are almost irresistibly led to the conclusion
that the microscopic is but the image of the macroscopic, and
vice versa. But, in accordance with this principle, it may be
(indeed, it ought to be) true that the small ruptures are some-

10 For a single and uncertain instance of possibly simple circular movement,
adduced by Professor Hoefer, see my paper above cited, p. 463.
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times produced, as are larger faults, by tensile stress. In fact,
I think such minute tension-ruptures are frequently to be
observed, but they do not generally, if, indeed, they ever do,
exhibit the smoothness and regularity of joints.

Mz. BeckEr: I may remark that faults supposed to be pro-
duced by torsion are said to be so common in certain French
mining-districts that the miners have a special name for them.,
They call them hinge-faults, which is, I think, a very good
name.

The term ¢joint” I regard as used simply for convenience
to designate those partings in rocks on which the throw is not
apparent without close observation. Excepting in the amount
of throw, they are not distinguishable from the paraclastic rup-
tures on which mineral veins form. Even on joints ores some-
times occur, e.g., the ¢ paints ” of the quicksilver-mines. Joints
also pass over into cleavage. This structure sometimes con-
sists of closely-grouped joints of microscopic throw, and some-
times of mere deformation not carried quite far enough to
induce rupture. Cleavage and faulting are equally orogenic
disturbances.

C. R. Boyp, Wytheville, Va.: In examining a silver-mining
property at Conrad Hill; 6 miles southeast of Lexington,
Davidson county, N. C., several years ago, I found two series
of fissures crossing each other, one set being mainly filled with
carbonate of iron and magnesia, the other with iron and copper
pyrites, carrying gold and silver. The individual fissures of
each series were not more than 15 or 20 ft. apart. The car-
bonate veins had a north-and-south strike, and a dip of 30°
west. The pyrites veins ran east of north and west of south,
- dipping 40° west of north. The angle between the two series
was about the same as that which the mountain ranges of that
section make with the true meridian. That both series- could
have resulted from simple tangential strains or thrusts would
be difficult to prove, and that they could both be fissures of
contraction I hardly believe. Possibly torsion may have caused
them; but it is more probable, in my judgment, that they re-
sulted from disturbances proceeding from separate foci, and
not necessarily simultaneous.
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MR. BeckEr: The angle depends on the amount of distor-
tion which has preceded rupture. If a substance is brittle, like
glass or cast-iron, and yields to rupture before it has been
deformed to any considerable extent, the fissures will cross at
right angles. If, on the other hand, the character of the mass
or its confined position (as is often the case with rocks) pre-
vents rupture from occurring until deformation has reached an
extreme limit, the angle between the direction of the force and
that of fracture may be even 50° or 60°, and large angles seem
always to mean great preliminary deformation.

The most usual conditions of rock-fracture involve the simul-
taneous formation of two sets of fissures; but when the resist-
ances in all directions perpendicular to the line of force are
substantially uniform, four sets of ruptures may form, each
being at 45° or more to the line of force, and all four sets will
be slickensided. A single system of parallel faults involves the
action of a “ rotational ” stress (which is, of course, utterly dif-
ferent from a torsional stress); and a solitary fault arises as an
extreme, and in my experience rare, case of a rotational stress.
I am inclined to believe that when two or three or four sys-
tems of joints or fissures intersect a rock-mass they were, as a
rule, formed simultaneously. When a rock is once shattered
a fresh force meets, in general, with very unequal resistance in
different directions, and will cause disturbance on the old fis-
sures or brecciate the whole mass rather than induce a new,
regular system of intersecting partings.
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No. 5.

The Allotropism of Gold.

BY HENRY LOUIS, LONDON, ENGLAND.

(Virginia Beach Meeting, February, 1894. Trans., xxiv., 182.)

It can scarcely be considered a matter of doubt, in the
present state of our knowledge, that the existence of, at any
rate, two well-marked allotropic modifications of gold can be
recognized, namely (a), the ordinary, yellow variety, and (&)
the red, brown or purple, non-lustrous, amorphous variety.

There are, indeed, not wanting indications that still other
allotropic forms may be capable of existing. It is, for instance,
possible that the green colors of gold obtained under cer-
tain conditions, or the black powder produced when the alloy
of gold with potassium is decomposed by water, may represent
further allotropic modifications, although this proposition is
open to doubt. . It can scarcely be pretended that the two first-
named varieties have been absolutely isolated, yet it is, perhaps,
quite permissible to speak of the ordinary and the amorphous
modifications as having a proved existence.

Ordinary gold is sometimes found ecrystallized in nature,
although never in a state of purity. When gold is melted and
cooled slowly, its surface shows crystalline markings, and the
fact that it is capable of crystallizing in the cubic system may
be looked upon as established. When gold is produced by
precipitation, the form which it assumes is dependent on the
conditions of precipitation. G.Rose!says that gold precipitated
by ferrous sulphate from very dilute solutions is so finely
divided that no regular form can be recognized, but in more
concentrated solutions the precipitate consists of minute cubes.
‘When oxalic acid is used as a precipitant, the gold is coarser
and forms octahedral crystals. J. Thomsen? has obtained
similar results. Working with dilute and with highly-dilute

! Poggendorf’s Annalen der Physik und Chemie, vol. Ixxiii., p. 8 (1848).
* Journal fiir praktische Chemie, vol. xiii., p. 348.
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solutions, I have myself been quite unable to recognize any
crystalline structure, even under the highest powers of the
microscope; nor did there seem to be even any tendency of
the particles to group themselves into arborescent forms, such
as might indicate incipient crystallization. Precipitates from
solutions containing between 0.0001 and 10 per cent. of gold
gave no indications of crystallization, even when magnified 800
diameters.

Thomsen (loc. cit.) has also pointed out that the physical
characters of precipitated gold differ according as it has been
precipitated from solutions of its chloride or its bromide. He
also found that these different forms possessed different degrees
of thermic energy, and hence deduced a strong argument in
favor of their being allotropic varieties.

The specific gravities of various forms of gold differ con-
siderably. G. Rose (loc. cit.) found that fused gold had a
density of 19.8836 after it had been compressed in a coining-
press, it being a little lower before this mechanical treatment.
The density of precipitated gold thrown down by ferrous sul-
phate he found to vary from 19.5419 to 20.6882, the highest
figures being obtained from extremely-dilute solutions, the
precipitate from which showed no trace of crystalline form ;
when precipitated by oxalic acid its specific gravity was
19.4791. When such amorphous gold was struck in the coin-
ing-press, its density became reduced to 18.0194. I have found
that the density of gold left on dissolving out various metals
alloyed with it, when the gold remains behind in a brown,
amorphous, lusterless condition, varies between 20.8 and 19.5.°

It is only fair to notice that Rose did not ascribe the differ-
ences in the densities of the different forms of gold to allot-
ropism, but has suggested another explanation, which is
hardly, to my mind, a sufficient one. It is probably safe to
assume that there are two modifications of gold—one a light
one, of density 19.8 or thereabouts, and the other a heavy one,
the density of which approaches 20.7—while various combina-
tions of these extreme forms are capable of occurring.

In this connection the curious divergencies in the densities
of specimens of native gold, from different loecalities but of

3 See note by the writer, Trans., xxii., 117 (1893).
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about the same composition, may also be referred to; allotro-
pism may, at any rate, be suggested as a possible explanation
of them. There are thus sufficiently well marked differences
in physical characteristics to support the hypothesis of allot-
ropism.

As regards chemical properties, Thomsen has also pointed
out that when amorphous, pulverulent gold is acted on by
chlorine or bromine, aurylic compounds (Au,Cl, or Au,Br,) are
produced ; whereas, these same substances produce auric com-
pounds (AuCl, or AuBr,) with ordinary gold.

I have found another point of difference, of far greater
practical importance, in the behavior of these modifications
towards mercury. Ordinary gold, of course, amalgamates
readily, as is well known. I have found that gold precipitated
from highly-dilute solutions by ferrous sulphate is not attacked
at all by mercury when freshly precipitated, and only slightly
after drying on an air-bath. Near the boiling-point of mer-
cury, partial amalgamation took place, but it was by no means
complete. Mercury containing a large amount of sodium
amalgam was equally without effect on the dry gold, although
it readily and completely amalgamated it when moist. In
these observations I seem to have been partly anticipated by
Ludwig Knafll,* who, however, appeared to attach little im-
portance to his observations. In a brief note on the prepara-
tion of certain amalgams of gold, he says:

‘“Gold precipitated by green vitriol or mercurous nitrate is not suitable for
amalgamation, as it is too finely divided and always floats on the surface of the
mercury® as a black powder, whether heated mercury be poured upon heated gold
or vice versa. I examined this floating black powder, and found it to contain gold
and mercury. . . . Gold precipitated either by means of arsenious acid or by
boiling a solution of the chloride in amylic alcohol, when it sepamtes out in small,
lustrous octahedra, is best suited for amalgamation.”

It may also be added that the purple of Cassius, which prob-
ably contains an allotropic modification of gold, is not attacked
by mercury. The black pulverulent form of gold resulting
from the decomposition of the potassium-gold alloy likewise
resists amalgamation. On the other hand, the coherent gold

* Dingler’s Polytechnisches Journal, vol. elxviii., p. 282 (1863).
5 The italics are mine.—H. L.
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sponge left on dissolving out the alloying metal from a gold-
alloy amalgamates fairly readily, as does also the coherent pale-
brown powder produced by precipitating with sulphurous acid
a strong solution of auric chloride.

All forms of gold are converted into the ordinary yellow,
lustrous variety by the action of heat. A very high tempera-
ture is not required, but the exact point has not yet been
determined ; it is certainly well above 200° C., but probably
under 600° C.°® Powerful mechanical action, such as percus-
sion, friction, or compression, has the same effect.

I do not pretend that the above data form anything like a
complete chain of evidence proving irrefragibly the allotropism
of gold, or that our knowledge of this subject is precise or
definite; yet I venture to think that the facts do warrant us in
looking upon the following deductions as probably correct:

1. Gold is capable of existing in allotropic modifications.

2. One of these modifications is capable of amalgamation
only with great difficulty, if at all.

3. This modification is capable of being produced and of
subsisting under conditions that may reasonably be supposed
to exist in nature when gold is deposited in reefs.

‘Whatever may have been the nature of the solution by
means of which gold has been introduced into the deposits in
which we find it, whether as a soluble haloid salt, as is generally
supposed, or as an alkaline aurate, as I venture to suggest,” it
must have been precipitated from such solution in various
ways and under varying conditions. We have but few indica-
tions of the cause of this precipitation, but it is reasonable to
conjecture that such reagents as ferrous sulphate or sulphurous
acid, both resulting, perhaps, from the slow oxidation of iron
pyrites, may have found their way, in solution, into the fissures
within which the gold-solution was circulating, and may thus
have caused the deposition of gold within the reefs. Now, if
the gold, thus deposited from highly-dilute solutions, happened
never to be exposed to a particularly high temperature, or to
violent mechanical action, the conditions would be favorable

6 T am at present engaged in investigating this point, and hope to publish
shortly the result of my research.—H. L.

7 On the Mode of Occurrence of Gold, Mineralogical Magazine, vol. x., No. 47,
p- 241.



THE ALLOTROPISM OF GOLD. 109

to the production of that allotropic modification of gold which
is indifferent to the action of mercury. In other words, under
the above conditions, an auriferous deposit will have been pro-
duced in which a greater or smaller part, or perhaps even the
whole, of the gold is what gold-miners term ¢ rusty.” I have
little doubt that the ¢“rustiness” of gold is in different cases
due to widely-different causes—that, in fact, there is more than
oune kind of “rustiness;” but I venture to think, also, that
there is sufficient evidence to warrant us in classing allotropism
among such causes of “rustiness.” If this is correct, I need
hardly point out either the great practical value or the applica-
tion of this deduction. The gold which is thus allotropically
indifferent to mercury is in a condition in which it is readily
attacked by such reagents as chlorine and potassic cyanide. I
have pointed out long ago that the gold of the Witwatersrand
deposits of the Transvaal was probably deposited in situ under
some such conditions as I have sketched above, and it is now
notorious that a large proportion of the gold in them is not
attacked by mercury, but readily by potassic cyanide solution.
Again, in some cases it may be economically feasible to con-
vert the non-amalgamable modification of gold into the common
amalgamable variety by heating the ore to a moderate tem-
perature, or the same end may be attained by mechanical
means. In any case, the only really sound method of prevent-
ing losses of gold in the process of gold-extraction is that of
ascertaining, in the first place, the ultimate causes of such loss;
and I venture to hope that it will be found that among such
causes, the one here treated of—namely, allotropism of gold—
will be found worthy of more consideration than it has hitherto
received from scientific gold-miners.
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No. 6.

The Superficial Alteration of Ore-Deposits.

BY R. A. F. PENROSE, JR., U. S. GEOLOGICAL SURVEY.

(Reprinted from The Journal of Geology, vol. ii., No. 3, Apr.-May, 1894.)

I. INTRODUCTION.

THE superficial alteration of ore-deposits is a recognized
principle of geology, in the same way as is the superficial altera-
tion of any of the common rocks. Its importance in some
classes of ore-deposits is also well understood, as in many
precious-metal deposits; while in other classes, its importance
has been proved in individual cases, as in the Lake Superior
iron-deposits. The causes and effects of superficial alteration
in many classes of deposits, however, are not so generally under-
stood; and it is the object of the present paper to show that
such changes almost invariably give rise to exceedingly im-
portant chemical and physical phenomena, while in many
deposits, the question as to whether they can or cannot be
profitably worked depends largely on the extent and character
of this alteration.

The various treatises on ore-deposits published in the United
States and Europe make frequent mention of superficial altera-
tion, but have not treated the subject fully. As early as 1854,
however, before which time but little accurate information was
had on the geologic nature of ore-deposits, Prof. J. D. Whit-
ney in his classic volume, The Metallic Wealth of the United
States, describes the alteration-products, or gossans, in certain
deposits and mentions others. On the more purely chemical
side of the question, the work of Bischof, Daubrée, Roth, Rose,
Hunt, Breithaupt, Blum, Julien, Deville, Debray, Volger, Mois-
san, Fremy, Lévy, Fouqué, and others has afforded much valu-
able information and many useful suggestions. The chemical
principles brought out by these various authors have been ap-
plied, to a certain extent, to the solution of the phenomena of
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the origin of ore-deposits, but have not as yet been applied
to anything like their possible extent to the solution of the
phenomena of the alteration of ore-deposits.

II. GENERAL FEATURES.

Scope of the Subject.

The modern idea of ore-deposits teaches that formations of
this kind represent a process of concentration of mineral matter,
either by chemical or physical means; in other words, that
they are unusual localizations of certain minerals which are
often found disseminated in smaller quantities in many common
rocks, and that they differ from the same minerals situated in
other conditions, only in their degree of concentration. These
concentrations may take place at different times in the history
of the rocks in which the deposits occur. If they occur in
sedimentary rocks, they may sometimes be formed during the
deposition of the rocks with which they are associated, as in
the cases of placer-gold, stream-tin, and sometimes of other
ores; while if they occur in igneous rocks, they may some-
times be the result of concentration by differentiation from
fused magmas.! More usually, however, ore-deposits are a
result of a concentration after the formation of the inclosing
rock, whether the latter be of sedimentary or of igneous origin.
The mineral matter represented in this concentration may be
derived from the inclosing rocks or closely-adjacent rocks, as
in the case of many, if not most, iron-ore deposits; or it may
be derived from more distant sources, often from greater or less
depths, as in some of the precious-metal deposits. Occasion-
ally, both these sources may be drawn on for mineral matter
in one deposit. In this subject of the original source of an ore,
. we enter a field concerning which there has been much dispute
of late years between the advocates of the lateral-secretion
theory and those who favor the idea of a deep-seated source for
many ore-deposits. It is not, however, the purpose of the
present paper to enter into this discussion, and the following

! This has been shown by J. H. L. Vogt (Zeitschrift fiir praktische Geologie, Jan.,
1893) to be true of certain titaniferous iron-ores and other deposits in the eruptive
rocks of Norway. It may also be true of certain titaniferous iron-ores in the
United States.
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remarks are confined to what happens in the superficial parts
of ore-deposits, and to a less extent of allied formations, after
the materials forming them have been brought into their
present, or approximately their present, positions.

Relation of Alteration in Ore-Deposits and in Country-Rocks.

Ore-deposits are generally more or less changed in their
upper parts by atmospheric influences, so that very rarely do °
the same mineralogical and physical features that are found in
these parts continue to very great depths. In considering this
superficial alteration, we discuss a subject analogous to the
secular decay of rocks. The latter, however, involves usually
but a limited number of common rock-forming minerals, while
the secular decay of ore-deposits ifivolves a great variety of
minerals, not only the oxides, carbonates, and silicates common
in most rocks, but also sulphides, arsenides, tellurides, sele-
nides, antimonides, chlorides, bromides, iodides, fluorides, sul-
phates, phosphates, tungstates, molybdates, and numerous other
classes of minerals, many of which, under surface-influences,
give rise to intricate chemical changes. In discussing the sub-
ject of the superficial alteration of ore-deposits, therefore, we
treat a similar, but much less understood, subject than the
superficial alteration of rocks.

Technical Names of Alteration-Products.

The altered surface-outcrop of ore-deposits is known by
various names in different regions. Among the Cornish
miners of England it is known as gossan, a name which has
also been adopted into American mining nomenclature, though
other special names are given in special classes of deposits. In
France it is known as chapeau de fer ; in Germany as eisener
Hut ; among the Spanish Americans as pacos or colorados. As
almost all deposits contain more or less iron-minerals, the out-
crops are usually stained brown from their oxidation, and
hence the reference to iron in the French and German names.
Sometimes, however, the outcrops are stained black by the
oxidation of manganese carbonate or silicate, or green by cop-
per-minerals, or other colors by the formation of other com-
pounds.
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Agents of Alteration.

The superficial alteration of ore-deposits, as of any rock,
results from a combination of mechanical and chemical disinte-
gration, brought about by the combined action of the atmos-
phere, surface-waters, changes in temperature, and the various
organic and inorganic materials contained in the air and water.
In nature, we never deal with perfectly pure water, but dif-
ferent waters contain different ingredients derived from the air
and from the different materials with which they come in con-
tact. Among the most important of these ingredients are
oxygen, numerous organic acids like carbonic, oxalic, malic,
citric, formie, propionic, butyric, acetic acids, ete., certain inor-
ganic acids, such as sulphurie, nitrie, hydrochlorie, hydrobro-
mic, etc. Some of the acids mentioned occasionally occur
in the free state, but most of them are generally combined
with some of the bases present, such as the alkalies, lime, mag-
nesia, iron, alumina, etc. These various ingredients, of course,
are not all contained in the same waters, but are found in
various associations in different waters. The organic acids
mentioned represent various stages of oxidation of materials
from organic matter, but they all eventually, if allowed to be-
come completely oxidized, pass into carbonic acid; while if
they are in combination with different bases, these salts are
eventually converted to carbonates.

Method and Chemical Effects of Alteration.

Surface-waters thus charged with various chemical ingre-
dients percolate down into ore-deposits, and there meet various
materials which are even less stable under their influence than
most of the common rocks. The alteration, therefore, is com-
paratively rapid, and, though only superficial, generally extends
to much greater depths than in the surrounding country-rock
From a chemical stand-point, the first effect of this superficial
influence is usually the oxidation, or hydration, or both, of cer-
tain ingredients, followed generally by the formation of other
chemical combinations and by the leaching of certain materials.
In the formation of these other chemical combinations, how-
ever, the base usually remains the same, and the alteration
consists generally in a change of the materials associated with
the base, that is, in the acidic portion of the mineral or the

8



114 THE SUPERFICIAL ALTERATION OF ORE-DEPOSITS.

part that represents the acidic portion. Thus, iron sulphides
are oxidized to iron sulphate, and then this is converted by
further oxidation and by hydration to the hydrous sesquioxide.
Copper sulphides may be oxidized to copper sulphate; and
from the sulphate, by the agency of materials in surface-waters,
may be formed copper carbonates, haloid compounds, silicates,
oxides, and even metallic copper; while from some of these,
still other compounds may be produced. Similar reactions
occur in many lead-, zine-, silver-, gold-, and other deposits.

Occasionally, chemical changes may occur without previous
oxidation, and sometimes, though rarely, surface-influences
under peculiar conditions may have a reducing effect, as in the
formation of iron pyrites and copper pyrites from the sulphates
of iron and copper, or in the formation of native copper by the
action of a ferrous salt on certain copper salts, or in the forma-
tion of native silver in surface-outcrops. In many of such
cases, however, the chemical action is primarily one of partial
oxidation, and the reducing action follows as the effect of one
of the partly-oxidized compounds on the other, as in the case
of copper just mentioned. In deposits such as gypsum, a
reduction, due sometimes to superficial influences, is seen in
the occasional formation of sulphur from gypsum.

An important chemical effect of surface-influences is the re-
moval in solution of certain ingredients of the ore-deposit
which are soluble in surface-waters; as the removal of the cal-
cite gangue of many silver- and other deposits; the oxidation
and removal of the sulphur in various silver-, lead-, zinc-, cop-
per-, and other deposits; the oxidation and removal of both
the iron and sulphur of iron pyrites in auriferous quartz veins;
the removal of silica from certain iron-deposits, such as those
in the Lake Superior region, etc. Probably many phosphate-
deposits are formed by the superficial leaching of carbonate of
lime from calcareous beds, and the corresponding concentra-
tion of phosphate of lime once finely disseminated in the same
beds. ‘ '

Another chemical effect of superficial alteration is seen in
the occasional formation of mineral deposits of importance by
certain materials carried from outside sources and deposited
in a rock of otherwise no commercial value. Thus certain .
phosphate-deposits of the South Pacific ocean, the West Indies,
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and possibly of Florida, are formed by the leaching of soluble
phosphates from guano, their transportation down into under-
lying limestone or coral reefs, and the precipitation of the
phosphoric acid as tribasic phosphate of lime, which, being
almost insoluble, arrests further escape of the phosphatic
materials.

Again, another chemical effect is seen in the incrustations,
and even extensive beds, of saline materials, like borax, niter,
and the various alkaline salts of the Western arid regions,
formed by precipitation from water rising by capillary action
through the soil, becoming evaporated on the surface and de-
positing the saline materials which it has dissolved from below.
Many saline deposits are formed by the simple evaporation of
surface-waters, such as lakes, seas, etc., but certain deposits
undergo only an initial concentration in this way, and are laid
down with clay, sand, and gravel, while further concentration
is due to this capillary action. In the case of niter, indeed,
the saline material is very often, if not generally, formed in
soils or guano-beds and undergoes 1ts first concentration by
this capillary action.

In the various chemical changes mentioned above, the -class
of salts that remains, whether oxides, carbonates, haloid com-
pounds, etc., varies with the nature of the bases affected.
Thus, iron sulphides and copper sulphides are both oxidized
and form sulphates. But here the similarity of their behavior
ends, for the iron sulphate probably passes then into a basic
sulphate and then into a hydrous sesquioxide, while the copper
sulphate takes up carbonic dioxide and water and forms basic
carbonates. The iron sulphate might, under certain condi-
tions, form a carbonate in a similar manner, but this compound
would be very unstable under the conditions existing in the
alteration of sulphide deposits and would quickly go into the
form of the hydrous sesquioxide, while the carbonate of copper
is stable under existing conditions and remains.

In the same way, if silver sulphide and iron sulphide are
both oxidized and then affected by waters carrying common
salt or other chlorides in solution, the silver is converted to
chloride, which is insoluble and remains; while the chlorides
of iron are much less liable to be formed, as they are soluble,
and some of them unstable, compounds, and even if they were
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formed, they would be leached out or oxidized, Hence, though
chloride of silver is a common product of alteration, in silver-
deposits, chloride of iron is never found, at least to any extent,
as a product of alteration of iron-deposits.

Again, it is frequently found that unaltered auriferous iron
pyrites contains a certain amount of silver, while the altered
part often carries almost none. In such cases, the gold has
remained stable during the alteration, while the silver, in the
absence of a chloride or other reagents to convert it to an in-
soluble compound, has been dissolved and carried away in
solution by the acid materials generated during alteration.

Hence, the materials in surface-waters affect different bases
differently, and, therefore, there is a great difference in the
classes of salts formed by the same surface-waters on the ores
of different metals. In the same deposit there may be formed
an oxide of one metal, a carbonate of another, a chloride of
another, ete. In fact,in some of the silver-deposits of southern
New Mexico, there can be found hydrous sesquioxide of iron
formed from iron sulphide, carbonates of copper formed from
copper sulphides, and chloride of silver formed probably from
silver sulphides, and yet in all probability the same surface-
waters produced all these changes practically simultaneously.

As a result of these various changes, certain materials are
sometimes leached from the upper parts of ore-deposits, which
have become porous by alteration, and carried down to the less
pervious unaltered parts. Here they are precipitated by meet-
ing other solutions or in other ways, and hence the richest
bodies of ore in a deposit often occur between the overlying
altered part and the underlying unaltered part. This is not
always the case, but it is true of some copper-, silver-, iron-,
and other deposits.

Physical Effects of Alteration.

From a physical stand-point, the effect of superficial altera-
tion is generally to make the deposit more open and porous, to
cause it to shrink, and, in some cases, to convert it to a loose
material of the consistency of sand and clay. In some cases,
however, especially where considerable hydration goes on, an
expansion may be caused. This is well seen in the formation
of gypsum by the hydration of anhydrite, often causing an ex-
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pansion sufficient to brecciate and fold the associated rocks,?
and amounting to about 33 per cent. of the original material.®
In the conversion of carbonate of iron to the hydrous sesqui-
oxide of iron, or limonite, it has been found* that there is
a contraction of 19.5 per cent., giving the deposit the loose
porous structure characteristic of limonite and forming the
familiar limonite geodes.® In this case carbon dioxide has been
removed from the iron, but oxygen and water have been
added. A porosity is also produced by the removal of certain
ingredients in an ore-deposit without the addition of others, as
in the oxidation and leaching of iron pyrites in veins of aurif-
erous quartz, leaving a loose, porous, spongy quartz mass.

Surface-decomposition has also, in many places, not only
affected the ore-deposit itself, but also the country-rock in the
immediate vicinity, and has converted it into a loose material
of a sandy or clayey consistency, as at Iron Mountain, Mo., in
the Batesville manganese-region of Arkansas and in other
localities described beyond. In the iron- and manganese-
deposits of the Cambrian and Lower Silurian rocks in the
Appalachian region, the limestones and shales, which once in-
closed the ore-bodies, have often been converted to clay in the
same way as in the Batesville region; and, in fact, the com-
mon mode of occurrence of these deposits is as residual clays
carrying irregular bodies and nodules of ore.

This decay of the country-rock in immediate association with
ore-deposits, is generally more extensive than in similar rocks
not associated with such deposits, and, therefore, requires fur-
ther explanation than the simple action of ordinary surface-
waters. The explanation is, doubtless, in many cases, that the
rock has decayed under the influence of the same waters that
originally concentrated the ore; and as these waters differed
from most waters in character and in the materials they held
in solution, they often had an abnormal effect. Moreover,
when subsequently the ore-body is affected by surface-influ-

2 Elie de Beaumont, Explic. Carte géologique de France, vol. ii., p. 89. R. A. F.
Penrose, Jr., Arkansas Geological Survey, vol. i., pp. 535 to 538 (1890).

3 A. Geikie, Text Book of Geology, 3d ed., p. 345 (1893).

¢ T. Sterry Hunt, Mineral Physiology and Physiography, p. 262 (1889).

5 R. A. F. Penrose, Jr., The Tertiary Iron Ores of Arkansas and Texas, Bulletin
of the Geological Society of America, vol. iii., pp. 44 to 50 (1891).
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ences, sulphuric acid is liberated from sulphides and carbonic
acid from carbonates, as well as other acids from other min-
erals, and all these materials have an active effect on most
rocks. Moreover, the porous nature of many ore-deposits,
after they have been altered on the surface, allows a freer per-
colation of surface-waters than elsewhere in the same country-
rock, and, hence, a correspondingly greater decay.

Another physical effect of surface-influences on ore-deposits
is seen in certain forms of brecciation due to physical or chemi-
cal causes, such as expansion by hydration, etc. Such breccia-
tion, however, has usually occurred in the country-rock before
the concentration of the ore-deposit; in fact, its existence, by
offering favorable conditions for deposition, has often been the
cause of the formation of the ore-deposit in a given place.
Though brecciation, therefore, is very important as a factor in
the concentration of ore-deposits, it does not belong, to any
large extent, in a discussion of the, surface-alteration of ore-
deposits after their formation, and, therefore, it will not be
treated further in this paper.

Depth of Alteration.

Having thus discussed briefly the means by which superficial
alteration in ore-deposits is produced, and the results of this
alteration, the next feature to be taken up is the depth to which
it extends. As already shown, the alteration is primarily one
of oxidation and generally of hydration; and, though either
may occur without the other, they both very often occur
together. When surface-waters percolate into the rock, th«:%r
influence is more active near the surface, because they carry
large quantities of oxygen, and because the oxygen of the air
itself also has some influence. As they sink deeper, the effect
of the oxygen of the air becomes less active, and the oxygen
dissolved in the water is consumed in oxidizing various ma-
terials which it meets on the way, until finally most of the
oxygen is lost and active oxidation ceases. Theoretically, this
oxidizing action may extend down as far as, and sometimes be-
low, the level of the drainage of the surrounding country, which
is called also the zone of permanent saturation. Above that
level, there is a constant circulation of water from the surface
downward, thus affording means of active oxidation; but when
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the water reaches that level, not only has most of the oxygen
contained in solution generally been used up, but also the cir-
culation of the water is much more sluggish, so that oxidation
is less active.’

The process of hydration, when the materials affected do not
require oxidation before they can become hydrated, may ex-
tend down indefinitely below the limit of oxidation; but when
oxidation is necessary before hydration is possible, the latter
process of course can extend no deeper than oxidation. Thus
the silicate of aluminum in feldspar may become hydrated and
form kaolin without the intervention of oxygen. This is
brought about by the action of carbonic acid and water, which
react on the feldspar and form alkaline carbonates, kaolin, and
free or hydrous silica. Theoretically, therefore, kaolinization
ought to go on to any depth that can be reached by water and its
almost universal accompaniment, carbonic acid. In this case,
however, the base in question is already in its peroxide condi-
tion (Al, O,); but when a base is not in this condition, it
frequently requires oxidation previous to hydration. Thus
sulphide of iron does not become hydrated until it is peroxi-
dized, and this mineral, therefore, requires oxidation previous
to hydration.”

The various materials other than oxygen in surface-waters
have a very important effect on the mineral matter with which
they come in contact, and their action sometimes takes place
before that of oxidation, though it often requires at least a par-
tial previous oxidation. The effect is both to form new chemical
compounds with the materials involved, and to dissolve and
bodily remove certain materials. As with oxygen, however, so
with these other agents of alteration, they are more active
above the drainage-level of the country than below it, and an
additional reason for this is that many of the materials affected
require a primary oxidation before they enter into other
chemical combinations. Thus sulphide of lead is oxidized to

6 Tt is possible that the oxidation near the surface is due largely to free oxygen
in the waters, while, when this becomes exhausted at a depth, the oxidation may
be due to the abstraction by mineral matter of the oxygen in combination with
materials in solution.

T For a full discussion of this subject see H. Rose, Ueber den Einfluss des
Wassers bei chemischen Zersetzungen, Poggendorff’s Annalen der Physik und Chemae,
vol. Ixxxii. (1851) et seq.
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sulphate of lead before it can take up carbonic acid and form
carbonate of lead ; while on the other hand, carbonate of lime
can be converted to sulphate of lime (gypsum) by the action
of sulphuric acid or certain sulphates without any change in
the degree of oxidation of the lime.

It will thus be seen that in going from the surface downward,
we pass from a zone of active oxidation into a zone in which
oxidation practically ceases. Below the level of permanent
saturation, the waters may sometimes gradually sink to very
great depths, even deep enough to become intensely heated
and possibly dissociated. Such waters may have a very im-
portant effect in the formation of ore-bodies, though in a man-
ner quite different from their action on the surface. The
present discussion, however, relates not to this, but to only
superficial influences.

Though theoretically, therefore, alteration of one kind or
another may extend down to, and in some cases much below,
the level of permanent saturation, and if given sufficient time
would actually go to such depths; yet in many, if not most,
cases it has not yet reached that level. The actual depth to
which alteration does extend varies with the topographic con-
ditions of the region, the chemical nature and the porosity of
the deposits affected, the character of the climate, and other
minor conditions.

The topography of a region affects the depth of alteration
because it is one of the principal features in determining the
depth of permanent saturation. The chemical nature of the
deposit affects the depth of alteration because on this depends
the degree of resistance it will offer to the chemical effects of
percolating waters. The porosity of the deposit affects the depth
of alteration because, in deposits of similar kind but of different
porosity, the more porous will be more accessible to surface-
influences, and will, therefore, be more affected, in a given
time, than the less porous deposit. :

The climatic conditions, such as the amount and manner of
occurrence of rain-fall and other forms of atmospheric moisture,
and the rate and degree of variation in temperature, have a large
influence on superficial alteration. On the amount of rain-fall
- and other forms of atmospheric moisture depends the amount
of moisture available as an agent of alteration; while on their
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mode of precipitation depends, other things being equal, the
amount of water which would sink into the deposit, thus effect-
ing alteration, and the amount that would immediately run off
the surface or be evaporated and thus have but little altering
effect. The rate and degree of variation in temperature affect
the amount of breaking in the rock by expansion and contrac-
tion, and, therefore, the accessibility of the rock to surface-
influences. The character of the climate also influences, to a
certain extent, the nature and amount of vegetation, and from
the vegetation arc obtained many organic acids which assist
the action of surface-waters. In other ways, also, such as in
the generation of nitric acid in the atmosphere, the character
of the climate influences the agents of alteration.

As a result of all these influences, surface-alteration is found
to extend in different ore-deposits to depths varying from only
a few inches, or in fact only a fraction of an inch, to several
hundred and even a thousand or more feet. In glaciated re-
gions the products of decay have often been swept away by
glacial action, and the time which has elapsed since then has
not been sufficient for alteration to have extended to any great
depths; while in regions of moist climates, the erosion some-
times, though not always, keeps pace with the alteration, so
that the depth of the change is shallow. In those regions,
however, which have not been recently glaciated and which
have dry or only moderately moist climates, so that erosion is
slight; or in places which have moist climates, but which, on
account of their topography, are not subjected to very active
erosion, the products of alteration collect, and the changes are
traceable downward often to great depths.

In the copper-regions of Michigan, the deposits have been
exposed to glaciation, and are still exposed to the active effects
of erosion in a moist climate, so that here, though the native
copper of the region is a material very easily affected by surface-
alteration, yet the only change observable is a slight stain of
copper carbonate or oxide on the surface of some of the native
copper, and even this is not always present.” On the other
hand, in the arid region of the West, most of which has not
been recently glaciated and which has an exceedingly dry
climate, the residual products of alteration have accumulated
to great thicknesses. This region, however, had once a much
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more moist climate than now, and some of the alteration may
have occurred then. Many of the Arizona copper-deposits in
this region originally contained their copper in the form of
copper pyrites, which, under similar conditions, is probably
more resistant to surface-alteration than the native copper of
Michigan, and yet it has been changed to various other copper-
minerals for depths often reaching from 100 to over 700 ft.
In Chile some of the copper sulphide deposits are said to have
been altered to a depth of 1,500 ft., but it is very rare that
much alteration extends in an); ore-deposits to greater depths
than this. In the more moist climate of Tasmania, the results
of alteration are also very marked.

The depth of alteration of ore-deposits in unglaciated regions
in the United States varies from a few feet to over 1,000 ft. In
the Appalachian region, many of the deposits of auriferous
quartz, iron pyrites, coppéer pyrites, etc.,.are altered to depths
varying from less than 1 to 100 ft. or more. Many of the
Clinton iron-ore deposits are altered to still greater depths.
The depth of alteration in these Appalachian deposits is usu-
ally much greater, other things being equal, south of the limit
of glaciation than north of it. * In the silver-, lead-, gold-, and
copper-deposits of the Rocky mountains and the Western arid
region, such as at Butte City, Leadville, Central City, Cripple
Creek, Silver City, Lake Valley, Eureka, Virginia City, Park
City, the Cceur d’Aléne district, and elsewhere, the alteration
has reached depths ranging from 50 to 600 or 700 ft., and in
some rare cases still more. At Granite Mountain, in Montana,
signs of alteration are seen in the argentiferous quartz-deposits
of that region, even at depths of 900 ft., though of course at
such depths the alteration is slight as compared with that
nearer the surface.

Complete alteration rarely extends to these greater depths,
and usually parts of a deposit which have as yet escaped altera-
tion appear comparatively near the surface. These are at first
very few and may be entirely inclosed by altered products, but
with increased depth they become more numerous and continu-
ous, until they predominate over the altered products, and
finally, when the limit of alteration is reached, they. entirely
replace them. The planes of contact between an ore-deposit
and the country-rock, that is, the walls, afford, when well
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defined, easy passages for the downward percolation of surface-
waters, and therefore alteration frequently continues down
along these lines for considerable distances after the limit of
alteration in the main part of a deposit has been reached. Any
other possible channels, such as the planes of contact of dif-
ferent minerals in banded deposits or the series of drusy cavi-
ties often found in the central parts of ore-deposits, may act in
the same way as passages for water. Hence thé not infrequent
abundance of alteration-products, such as hydrous sesquioxide
of iron, and native copper and silver, along the walls and else-
“where in certain deposits.

Classification of the Products of Alteration.

The products of superficial alteration may be divided into
two general classes: (1) Those which occupy the same position
as the materials from which they were derived, or are only
slightly rémoved, and possess the same general environment.
Thus the altered outcrops of auriferous quartz and iron pyrites,
of argentiferous galena, of sulphides of copper and many other
similar deposits, represent alteration-products occupying the
same general position as the original sulphide ores; while the
iron-ore bodies of the Lake Superior region represent alteration-
products changed somewhat in position from that occupied
originally, but yet in the same series of rocks and sometimes
with somewhat similar environment. (2) In the second class
are included those deposits which have been entirely removed
from their original position and redeposited under totally dif-
ferent environments. Thus, placer gold-deposits, stream-tin,
most of the deposits carrying platinum and the allied metals,
magnetic and chromite sand, the gravels and sands carrying
precious stones, and many other similar deposits, represent this
class. They have been derived by the decay and erosion of
veins, dikes, or country-rocks carrying the materials now con-
centrated in these fragmental deposits. The materials in their
original environment may or may not have been sufficiently
concentrated to serve as commercial sources of supply, but the
fragmental deposits mentioned almost always represent a fur-
ther concentration. This class of deposits is of great importance,,
but the present discussion relates more especially to the super-
ficial alteration of deposits that remain in situ, and therefore
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these will be treated more in detail than the other class (No.
2), though the latter will be mentioned as occasion requires.

ITI. SUPERFICIAL ALTERATION .IN DIFFERENT DEPOSITS.

Alteration in Iron-Deposits.

It was once generally believed that most iron-deposits were
the result of direct precipitation from aqueous solution, or in
rarer cases, were igneous masses. It has long since been
shown, however, that most workable iron-deposits are the
result of a eoncentration subsequent to their deposition, while
very few are due to a direct precipitation during the formation
of sedimentary rocks, though some may be due to a process
of differentiation in the cooling of eruptive magmas.® The
original presence of the iron in sedimentary rocks was doubt.
less due to a direct precipitation during the formation of the
inclosing rock, but it was then in a finely-disseminated condi-
tion, and it was only by being subsequently taken into solution
again by percolating waters and concentrated, that it was con-
‘verted into bodies of greater or less purity. Generally, though
possibly not always, this process is superficial, and though it
may extend to a depth of several hundred or even a thousand
feet or more, it can be traced directly to surface-influences, and
its effects are seen to decrease gradually with depth. Shaler,’
in 1877, showed that some of the limonites of Kentucky, Ohio
and elsewhere were concentrations of iron derived in solution
from shales and other rocks and reprecipitated in underlying
limestone. 7

Van Hise,” in 1889, showed that the iron-deposits of the
Lake Superior region are concentrations of iron formerly dis-
seminated in a siliceous rock containing carbonate of iron and
other carbonates, and called by him cherty iron carbonate.
This disseminated iron was taken into solution by surface-

8 See foot-note !, p. 111.

® N. S. Shaler, Kentucky Geological Survey, Report of Progress, vol. iii., New
Series, p. 164 (1877).

10 (¢, R. Van Hise, The Iron Ores of the Penokee-Gogebic Series of Michigan
and Wisconsin, American Journal of Seience, Third Series, vol. xxxvii., No. 217,
Pp- 32 to 47 (Jan., 1889) ; The Iron Ores of the Lake Superior Region, Transac-
‘tions of the Wisconsin Academy of Science, vol. viii. (1891). For a fuller discussion
by Van Hise on this subject see Tenth Annual Report, U. S. Geological Survey, Pt.
1., pp. 409 to 422 (1888-89) ; Monograph XIX, U. 8. Geological Survey (1892).
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waters, carried down until its passage was obstructed or im-
peded by less pervious rocks, often dikes, and there precipitated
by meeting with other solutions of a different nature. These
other solutions contained oxygen, while the iron-bearing solu-
tions had been largely robbed of their oxygen and had been
freed from silica by the large amount of carbonic acid they
contained. 'When, therefore, the two solutions met, the iron
in solution was oxidized and precipitated; while the silica, in
the spot where this precipitation occurred, was, on account of
the dilution of the carbonated waters with the other waters,
and through the agency of alkaline carbonates, dissolved and
carried off, thus gradually increasing the amount of iron and
removing the silica. By this theory, the iron is largely a re-
placement of the silica of the cherty iron carbonates, and has
been derived from the parts of the strata exposed to superficial
influences. The deposits are, therefore, of only superficial ex-
tent, though they may reach over 1,000 ft. below the surface,
yet when they pass below the action of surface-influences the
iron has not been concentrated, and they are of too low grade
to be mined for iron-ore. The methods of local concentration
proposed by Professor Van Hise for these Lake Superior iron-
deposits are equally applicable to certain other iron-deposits,
and are a most valuable addition to our knowledge of chemical
geology. They also bring out in a most prominent manner,
the fact that even rocks composed of materials like silica,
which are very resistant to surface-influences, may, under
proper conditions, be replaced on a large scale.

The iron-deposits of the Mesabi range, in Minnesota, which
have lately been described by H. V. Winchell,"! are supposed to
have had a somewhat similar origin to that given for the
Michigan and Wisconsin ores by Van Hise. Winchell believes
that they are due to the concentration by surface-agencies of
iron disseminated as oxides in a highly-siliceous rock, and that
in this concentration the silica has been replaced by iron.

The red hematites of the Clinton horizon of the Upper Silu-
rian in the Appalachian region have been at least partly formed
by superficial concentration which extends to only limited
depths. '

It Twentieth Annual Report, Minnesota Geological Survey, pp. 136 to 148 (1891).
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The iron-deposits in other geologic horizons of the Appala-
chian valley, especially in the Cambrian, Lower Silurian, and
Carboniferous rocks, are also often much changed by the
action of surface-influences. Many of the deposits in the
Cambrian and Lower Silurian can be clearly shown to be due
to a superficial replacement of limestone, or even of more sili-
ceous rocks like shales, by iron dissolved from ferruginous
rocks in the neighborhood. In such cases, the iron in the
original rock has been dissolved and carried off in carbonated
surface-water, and re-precipitated in the other rocks, all these
stages being directly due to surface-influences. Many of the
carbonate iron-ores of the Carboniferous rocks are rendered
not only of higher grade, but also more easy to treat, by the
oxidation of the carbonate to the sesquioxide and the removal
of the carbonic acid. Moreover, these carbonate ores often
occur as nodules, ¢« kidney ores,” in shale, and, on the surface,
this shale has been softened by atmospheric conditions, thus
facilitating mining; while away from the surface, the shale
becomes harder and makes mining more expensive.

Surface-influences on carbonate of iron have been made use
of artificially in Styria, where a very hard spathic iron-ore has
been mined and spread out on a hill-side for from 20 to 25
years. By this process the ore was oxidized and made more
porous, and thus became very much more cheaply treated.™

At the celebrated Iron Mountain, in Missouri, a large part
of the ore came from conglomerates composed largely of frag-
ments of iron-ore, which had been weathered out of the pre-
Cambrian rocks that had originally contained them. These
conglomerates lie at the base of the Cambrian strata which
overlie the pre-Cambrian rocks, and even in the latter rocks,
where exposed, the original ore has been made much more
easy to work by the decay of the inclosing material and its
conversion to clay.

In the iron-region of eastern Texas, the limonite ores are
often a result of the solution of iron from the superficial oxi-
dation of iron pyrites, iron carbonate, and glauconite. Some-
times the sequel of this process is the downward passage of the
golution to an underlying laminated clay, and the gradual re-

12 Letter from Charles E. Smith, Philadelphia, Pa.
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placement of this bed, forming a hard limonite,”* which still
preserves the laminated structure of the clay.

In Mexico certain hematite-deposits described by R. T.
Hill* as occurring in Lower Cretaceous limestone at or near
the contact with intrusive masses of diorite, and sometimes
even in the diorite itself, may, as Hill suggests, be the result
of superficial concentration from the limestone.

Very large deposits of hematite also occur in Grant county,
N. M,, at the contact of limestone and an eruptive. The
origin of this ore is as yet somewhat obscure, but is probably
due to a concentration after the original deposition of the
iron.

The iron-deposits in the lakes of Sweden and Norway are
most striking instances of a concentration of iron-ore due to
surface-influences and going on at the present time, The iron
is derived from the oxidation of the neighboring rocks, car-
ried by carbonated surface-waters to the lakes, and there, by
further oxidation and hydration, precipitated as hydrous ses-
quioxide (limonite). The iron-ore is dredged up and used, but
the processes of nature gradually replace it, and, in the course
of years, the lakes again accumulate a considerable thickness
of ore. _

Many other similar cases of superficial enrichment in iron-
deposits might be mentioned, but the above are enough to illus-
trate the point in question, and it will be seen that, of the
regions which are the active producers of iron-ore in this
country, almost all, if not all, owe the existence, or at least the
availability, of their large bodies of ore, to superficial concen-
tration.

Alteration in Manganese-Deposits.

Manganese-deposits are aftected by superficial influences in
much the same way as iron-deposits. Many of the manganese-
deposits in the Cambrian and Lower Silurian rocks of the
Appalachian valley were concentrated in a manner somewhat

3 R. A. F. Penrose, Jr., First Annual Report, Geological Survey of Texus, pp.
72 to 76, 79 to 81 (1890) ; also Bulletin of the Geological Society of America, vol. iii.,
pp. 47 to 50 (1891).

Y American Journal of Science, Third Series, vol. xlv., No. 266, pp. 111 to 120
(Feb., 1893).
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similar, though not always so, to the iron-deposits in the same
regions.”

In the Batesville manganése-region of Arkansas, the ore
originally occurred in irregular masses in Silurian limestone,
but surface-decay has leached the carbonate of lime out of the
limestone, leaving a red siliceous clay, which represents the
less soluble part of the original rock. This clay now lies in
hollows on the surface of the limestone and contains the masses
of ore once disseminated through that rock. The removal of
the carbonate of lime has concentrated the ore-masses in the
clay, and has also rendered them more easily mined; in fact,
the only manganese-ore that can now be profitably mined in
this region is that in the residual clay.'

The frequent occurrence of deposits of bog manganese-ore
in the areas of crystalline rocks, generally represents a concen-
tration of manganese resulting from the oxidation of dissemi-
nated carbonate and silicate of manganese in the country-rock.
This oxidation-product is taken into solution in surface-waters,
and transported until subjected to such conditions that it is
oxidized and precipitated as a hydrous oxide.

Alteration in Copper-Deposits.

In many copper-deposits superficial alteration has produced
very remarkable chemical and economic results, and this is
especially well seen in the copper sulphide deposits of Arizona,
Chile and elsewhere. In Arizona the upper parts of the
deposits are composed of brown or black ferruginous masses,
with brilliantly colored oxidized copper-minerals, as cuprite,
malachite, azurite, chrysocolla, etc.; while below, at depths
varying from a few feet to several hundred feet, the deposits
usually pass into a mixture of copper pyrites and iron pyrites,
the latter usually being far in excess. Sometimes other copper
sulphides occur, either mixed with copper pyrites or free from
it, and they may or may not have been derived from it. Here
the carbonates and some of the other alteration-minerals con-
tain not only more copper than the unaltered copper pyrites,
but they are also in a much more concentrated condition than

15 R. A. F. Penrose, Jr., Journal of Geology, vol. i., No. 4, pp. 356 to 370 (1893).
16 R. A. F. Penrose, Jr., Manganese: Its Uses, Ores, and Deposits, Arkansas
Geological Survey, vol. i., pp. 166 to 209 (1890).
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the sulphide which is disseminated through iron pyrites. The
total amount of copper has not been increased, in fact it may
be decreased by leaching, but it is in a more concentrated
form, and therefore the ore obtained from these concentrations
averages from 8 to 80 per cent. or more in copper, while the
‘mixture of unoxidized copper pyrites and iron pyrites below
averages only about 5 per cent. in copper. Moreover, the
altered ores are much more cheaply treated than the unaltered
ones, and are therefore still more desirable. It will thus be
seen that the economic value of the deposits as a whole has
been greatly increased.

In the surface-alteration of these deposits, the copper sul-
phides have first been couverted to copper sulphate and then,
by the action of surface-waters and the materials contained in
solution in them, they pass into the forms of copper carbonates,
oxides, silicates, and occasionally to the chlorides and bromides,
and sometimes to native copper. The iron sulphide is first
converted to sulphate and then this, through other stages, is
converted into the hydrous sesquioxide (limonite), though the
iron sometimes now occurs in the form of the anhydrous
sesquioxide (hematite). This may have been derived from
the limonite by dehydration, or, under certain conditions, may
have been formed directly by the oxidation of iron pyrites.
The oxidized copper-minerals in the upper part of the ore-
deposit have been concentrated partly by segregation during
alteration, and partly by the leaching of the associated materials.
As a result of this, these minerals occur as seams, pockets, or
irregular bodies, often a hundred feet or more in diameter,
generally inclosed by, and often intimately associated with,
the oxidized iron-materials which represent the gangue.

In the case of the Arizona deposits, alteration has progressed
just far enough to increase greatly the value of the deposits
without to any extent injuring it. Such products of alteration,
however, are more or less soluble in surface-waters containing
various organic and inorganic compounds, so that in a moist
climate there is a constant tendency to leach them out and
leave only the less soluble parts of the gangue. In Arizona,
this stage has not yet progressed to a noticeable degree, and
one reason for this may be the extreme dryness of the climate,

<
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which affords opportunity for only comparatively slight per-
colation of surface-waters.

In the copper-deposits of Montana and the Appalachian
region, however, a further stage of alteration is often observ-
able. The copper-deposits of Butte City, Mont., are composed
Jargely of chalcocite, with copper pyrites, bornite, enargite,-
iron pyrites, and other minerals, in a siliceous gangue. On
the surface the copper in these deposits has been almost en-
tirely oxidized and leached out, and the ore consists of a
porous, rusty, siliceous mass, which was once mined for the
small percentage of silver it contained. As depths were
reached, the oxidized copper-minerals began to appear, and
eventually the sulphides formed the mass of the veins. ‘In
this case, a further stage of alteration is seen than that in
Arizona.

At Ducktown, in eastern Tennessee,”” deposits of mixed iron
and copper pyrites occur and have been altered in a somewhat
similar manner on the surface. The copper-minerals have
been leached out of the ferruginous gangue in the upper parts
of the deposits, and for a depth of from 20 to 80 ft. or more,
the deposits are composed simply of a porous mass of more or
less hydrous sesquioxide of iron. Below this a part of the
copper, which has been leached from above, has been carried
down and deposited as a dark material, probably composed
largely of oxides and sulphides of copper, and averaging some-
times from 20 to 25 per cent. or more in metallic copper. This
material immediately overlies the unoxidized mixture of cop-
per and iron pyrites, which averages only from 2 per cent. to
4 or 5 per cent. in copper. The commercial copper mined in
this region came from the part of the deposit below the iron
capping and above the unoxidized sulphides. When this was
exhausted the mines had to be closed, for the unaltered sul-
phides were too poor to be utilized.

In Chile, Peru, and elsewhere in South America, chianges
in copper-deposits, somewhat similar to those described in the
United States, frequently occur. In fact, the great reputation
which Chile once had as a copper-producer was largely due to
this surface-alteration, for the oxidized ore once supplied a rich

17 J. D. Whitney, The Metallic Wealth of the United States, pp. 322 to 324.
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and easily-treated source of copper; but when the mines reached
the unoxidized sulphides, the ores became poor in copper and
more difficult to treat, so that the copper industry of Chile
began to decline. In that region, however, the oxidation has -
in some places extended down as far as 1,500 feet.

i Alteration in Lead-Deposils.

In the case of lead-deposits, the mineral galena, which is the
commonest ore, is frequently more or less altered on its sur-
face-outcrops and converted to the sulphate (anglesite) and the
carbonate (cerussite). The first product of oxidation is angle-
site, but this is a soluble compound and readily unites with car-
bonic acid or soluble carbonates in surface-waters, forming the
carbonate of lead, or cerussite. In rarer cases, other lead-min-
erals, like phosphates, may also be formed.

Alteration in Silver-Deposits.

Galena-deposits often contain silver, possibly sometimes in
the same condition of sulphide as the galena, and this material
is altered at the same time as the lead, with the formation of
native silver, chloride of silver (cerargyrite), bromide of silver
(bromyrite), iodide of silver (iodyrite), and various other min-
erals. The native silver is formed, probably, only after a pre-
ceding oxidation of the sulphide. Deposits carrying other
unaltered silver-bearing minerals, such as the various silver
sulphides, arsenides, antimonides, tellurides, etc., are, when
" exposed to surface-influences, affected in much the same way
as the silver in argentiferous galena.

Alteration in Zinc- Deposits.

In the case of zinc, the most common ore is the sulphide
known as blende. This mineral, like galena, is generally oxi-
dized on the surface, and forms by other chemical changes the
carbonate (smithsonite}, the basic carbonate (hydrozincite), and
the basic silicate (calamine), in a manner similar to that
described in copper- and lead-ores.

In the cases of both lead and zine, oxidized ores are very
desirable for metallurgical purposes, and are much sought
after. To be sure, the carbonates, sulphates, ete., of lead and
zinc contain less of these metals than the pure sulphides, but



.

132 THE SUPERFICIAL ALTERATION OF ORE-DEPOSITS.

they occur in a more concentrated form than the sulphides,
and, therefore, the ores containing them frequently carry as
much or more of the metals than the ores containing the sul-
- phides. Moreover, the oxidized ores are much more easy to
treat and, therefore, have an additional value over the sulphide
ores.

Alteration in Gold-Deposits.

In the case of gold-deposits, surface-alteration has a most
marked effect, and probably in no class of deposits is the
change of more geologic and economic importance. The typi-
cal unaltered condition of gold in nature is in association with
iron pyrites in quartz, the gold being sometimes in such asso-
ciation with the pyrites that it cannot be separated by mechani-
cal means, while in rarer cases it can be so separated. The
effect of surface-oxidation on such a deposit, is first to convert
the iron pyrites into a hydrated sesquioxide of iron, which per-
meates the white quartz, with which the pyrites is usually as-
sociated, and turns it into a rusty brown mass. The next stage
is the gradual leaching-out of the hydrous sesquioxide by the
action of surface-waters. The iron is, in this way, finally re-
moved altogether, and the remaining product is a pure-white
quartz, containing the gold which was originally in the iron
pyrites, and which has remained stable during the oxidation
and leaching of that mineral. Such quartz is usually porous
and spongy, and is filled with cavities which represent the
shapes of the original crystals of iron pyrites, and which,’
during an intermediate stage, have been partly filled with hy-
drous sesquioxide. This leaching, however, is rarely complete,
and the quartz is usually stained brown on the surface.

In gold-deposits of this kind, other minerals, such as copper
pyrites, galena, blende, ete., frequently occur, and when the
deposit is affected by surface-influences, these minerals act in
the manner already described under copper, lead, and zinc. It
is not uncommon to see gold-bearing quartz stained green by
oxidized copper-minerals, or black by manganese-minerals.
Sometimes, especially in the Rocky Mountain region, gold
occurs in the form of a telluride instead of in iron sulphide,
and in such cases, the telluride is oxidized and the gold set free
from its combined state. The gold,in being freed from pyrites
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or other minerals, is not only concentrated by the removal of
certain ingredients of the deposits, but it is brought into a con-
dition in which it is much easier to treat than the unaltered
part of the deposit, and, therefore, the upper parts of most
gold-bearing veins are greatly enhanced in value. The ore
from these parts is known as “free-milling” ore, because it
can generally be ground and the gold extracted by direct
amalgamation with mercury; while the ore in the unaltered
parts of the deposit cannot usually be thus easily extracted,
but must be smelted or treated by chlorination or some other
more or less expensive process.

‘When such deposits as those described are eroded, the parti-
cles of gold separate from the quartz and are concentrated in
the streams as placer-gold. These detrital deposits are the
source of a large part of the gold of commerce, and, in fact,
were once the source of most of it. Now, however, many of
the richest placer-deposits known have been exhausted; and
besides, the methods of treating the ores in the original de-
posits are better understood, so that the latter are supplying
yearly a larger and larger percentage of the gold-production
of the world. Hence, it will be seen that, in gold-deposits,
surface-alteration not only plays an important part in freeing
the gold from the iron pyrites, but also in forming placer-de-
posits. Detrital deposits similar to gold-placers and carrying
various other materials are not at all uncommon, as in the
cases of the platinum group of metals, cassiterite, diamonds
and many other gems, chromite and magnetite sands, and, in
fact, even with some of the more common ores, as with the
iron-conglomerate at Iron Mountain, Mo.

Alteration in Tin-Deposits.

In tin-deposits, the typical mode of occurrence of the metal
is in veins, dikes, or country-rocks, in the form of the oxide
known as cassiterite. Cassiterite is not easily affected chemi-
cally by surface-influences, so that it is not much changed by
superficial alteration, but, for this very reason, its concentration
is most markedly affected by surface-alteration, for in the ero-
sion of tin-bearing deposits the masses of cassiterite are broken
up and carried off mechanically by surface-waters, to be de-
posited somewhere else in the form of gravel-beds, instead of
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being dissolved and possibly disseminated. In this transition,
the fragments of cassiterite are largely separated from the
accompanying materials by reason of their greater specific
gravity, and hence, gravel-deposits rich in cassiterite frequently
occur. These represent the stream-tin of the miner, and have
been formed in much the same manner as have the placer gold-
deposits. Some chemical action, however, has gone on in the
tin-ore itself, but this seems to have been simply a process of
solution and redeposition, as is seen in the pseudomorphs of
cassiterite after other minerals and in the impregnations of
animal remains in Cornwall, such as antlers, with oxide of tin.'

Alteration in Antimony-Deposits.

In many antimony-deposits, alteration similar to that de-
scribed in some of the deposits already mentioned frequently
occurs. The metal occurs most commonly as the sulphide
known as stibnite. By alteration, however, this passes into
the oxides valentinite, senarmontite, cervantite, stibiconite, etc.,
or into the combined sulphide and oxide known as kermesite.
Valentinite and senarmontite have the same chemical composi-
‘tion but differ in their crystalline forms. Native antimony
sometimes occurs, and this also, by alteration, gives rise to the
oxides.

Alteration in Bismuth-Deposits.

The allied metal bismuth occurs most commonly as native
bismuth, though the sulphide (bismuthinite), the selenide
(guanajuatite), the telluride (tetradymite), etc., also oceur.
Native bismuth, by alteration, forms the carbonate (bismutite)
and probably also the oxide (bismite) and the silicate (eulytite).

Aliteration in Mercury- Deposits.

In the case of mercury the metal commonly occurs as the
sulphide (cinnabar), though other mercury-minerals also occur.
By the alteration of cinnabar and some of the other mercury-
minerals, metallic mercury is set free and occurs as globules
or filling cavities in the ore.

18 J. H. Collins, Mineralogical Magazine, vol. iy., p. 115 (1882).
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Alteration in Molybdenum-Deposits.

Another case of surface-alteration in metalliferous deposits is
that seen in molybdenite. This mineral is the sulphide of the
metal molybdenum, and often occurs in quartz or calcite veins
in the crystalline rocks of parts of Canada, and in many ore-
deposits of the Rocky mountains and elsewhere. By surface-
oxidation, molybdenite passes into a brilliant yellow oxide of
molybdenum, commonly known as molybdite or molybdic ocher,
which, in the Canadian region, occurs as a powdery coating on
the cleavage-planes of the molybdenite.

Alteration in Other Deposits.

Superficial alteration like that already described in various
deposits occurs also in many others not yet mentioned, as in
aluminum-, nickel-, cobalt-, chromium-, tungsten-, and many
rarer deposits, but the changes already described show the
general features of the subject. It may be said, however, that
one of the important ores of aluminum, known as bauxite, is
probably derived from the alteration of feldspar under certain
conditions; and its source, therefore, is not altogether unlike
that of the hydrous sesquioxide of iron derived from the altera-
tion of certain silicates. The conditions during formation, how-
ever, were probably quite different.

IV. Tug ForMaTioN oF Havrorp Compounps IN OREe-DEPOSITS
IN ARID REcIoxs.

The formation of chlorides and other haloid compounds has
already been mentioned as one of the phenomena of superficial
alteration in ore-deposits. As soluble chlorides and some-
times other haloid compounds are common in surface-waters,
chlorides and the allied compounds are not at all uncommon
as alteration-products, especially in such cases as that of silver,
where the chloride, bromide, and iodide are insoluble com-
pounds, and are not leached out. For this reason, chloride
ores of silver are found to a greater or less extent in almost all
silver-districts in America, Europe, and elsewhere, but the
occurrence of such compounds in very large quantities in
certain parts of North and South America deserves special
explanation.

Over a large part of the arid region of the West, lying be-
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tween the Rocky mountains and the Sierra Nevada, ores con-
taining chloride of silver (cerargyrite) are abundant, and some-
times the bromides and iodides also oceur; in fact, parts of
this region are characterized by chloride ores. They are
especially well developed in parts of New Mexico, Arizona,
Utah, Nevada and other States and Territories, and it seems
probable that their abundance can be traced to the effect of
the peculiar climatic conditions which have prevailed in that
region in late geologic times. Most of this arid country was
once covered with numerous bodies of water, some of them of
great size. In late geologic times, however, these began to
dry up, until their waters no longer rose high enough to have
outlets, and then, as a natural result, they became highly im-
pregnated with salt and other saline matter. Finally, they
became desiccated, leaving deposits of various earthy and saline
materials in their old basins, and among the most common of
these was common salt. It seems probable that the abundance
of chloride ores is due to the action of this salt on the pre-
existing ore-deposits of the region, in the basins of the lakes,
and that the smaller quantities of bromides and iodides were
formed by a similar action of the soluble bromides and iodides
in association with the salt. Such ores, in some of the mines
that have gone to sufficient depths, have passed into various
other silver-compounds, such as the sulphide (argentite), argen-
tiferous galena, etc., which represent the original condition of
the ores. This transition proves the chlorides and other haloid
compounds to be of only superficial extent.

This transition to haloid compounds is not confined to silver-
ores, for the basic chloride of copper (atacamite) occurs at
Jerome, in Arizona, and both chlorides and bromides of copper
occur in the Bloody Tanks district west of Globe, in Arizona,
though here, as elsewhere in Arizona, the other copper-minerals
already mentioned, such as carbonates, sulphides, etc., form
the bulk of the copper-deposits.

In parts of Mexico, Chile, and Peru, where saline materials
have collected in a manner somewhat similar to that in the
arid regions of the United States, the chloride of silver is one
of the important ores mined, and it sometimes occurs intimately
mixed with chloride of sodium, or common salt, forming the
mineral huantajayite, or the lechedor of the miners. The
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bromides of silver are also abundant in Chile, and, in fact, at
the mines of Chaﬁa‘rcillo, a common ore is the double chloride
and bromide known as embolite. Again, the atacamite, or
basic chloride of copper, from the Desert of Atacama is well
known.

It seems probable that this transformation of the silver- and
copper-minerals did not necessarily oceur exclusively while the
deposits were covered by saline lakes, but may have occurred
even more actively afterwards, when the surface-waters were
highly impregnated with chlorides from the residue left by the
lakes, and when oxidation in the ore-deposits was much more
active than when they were covered by water. This seems all
the more likely when we consider that the original silver- and
copper-minerals probably had to be oxidized before they were
converted to chlorides, etc. Of course the oxidation may have
partly occurred before, or during, the existence of the lakes,
but in many cases it probably also occurred after they were
desiccated.”

V. SuMMARY.

It will be seen from the above discussion that:

(1) After the deposition of ore-deposits and their subsequent
exposure'to surface-influences, such as air, water and the mate-
rials contained in it, changes of temperature, etc., chemical
and physical alterations occur which cause a total change in
the mineralogical condition, and generally in the economic
value, of the ore-deposit.

(2) The process of this alteration is primarily one of oxida-
tion and generally of hydration, and both of these actions may
go on alone, but generally both have their effect on the same
material. The other materials in solution in surface-waters
also react on the substances in the ore-deposit, either before or
after the oxidation of the latter,though generally after at least
partial oxidation, and form various compounds different from
those originally in the deposit. The difference, however, with
few exceptions, is not in the metal or other base which forms
the important feature of the deposit, but in the acidic portion

v

19 Chlorides of other materials than silver and copper may also have been
formed by a similar process, but the solubility of many metallic chlorides would
prevent their being accumulated in any but very dry regions.
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or material representmg this portion of the mineral. Thus,
sulphide of copper may be altered to carbonate of copper, but
the base remains the same. The action of surface-influences is
in rare cases one of reduction, which, however, often follows a
previous oxidation. The process of alteration also frequently
causes a leaching of certain ingredients of the ore-deposit,
either with or without previous oxidation, as in the removal of
iron pyrites, calcite, etc. It also sometimes renders a hitherto-
worthless material valuable by the introduction of a valuable
constituent, as in the replacement of carbonate of lime by
phosphate of lime. It also causes the concentration, by capil-
lary action in soils, of certain deposits like niter, etc. The
compounds formed with different ore-deposits vary with the
ores affected and the stability of the compounds formed by the
action of the materials in the surface-waters on the constituents
of the ores. :

(3) The physical effect of superficial alteration is generally
to make the deposit more open and porous, to cause it to
shrink, and, in some cases, to convert it into a loose material
of the consistency of sand and clay. In some cases, however,
especially where hydration is active, expansion may be caused.

(4) Superficial alteration extends downward as far as sur-
face-influences are able to act, though generally alteration is
not complete down to the possible limit. The depth of altera-
tion depends on the topography of the region, the nature of
the rocks, and on the climate. ‘ In glaciated regions, the glacial
action has swept away the products of alteration, and sufficient
time has not elapsed since then for alteration to have gone on
to any great extent, but in many other regions the products of
alteration have accumulated to considerable depths. The
depth of alteration, under different conditions, varies from a
fraction of a foot to 1,500 ft. or pessibly more.

(5) Superficial alteration is well illustrated in iron-, man-
ganese-, copper-, lead-, zinec-, silver-, gold- tin-, and many
other deposits. For special descriptions see text.

(6) The accumulation of soluble saline materials, like salt,
on the surface has a very important effect in converting certain
materials in underlying ore-deposits to chlorides, ete.
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No. 7.

Some Mines of Rosita and Silver Cliff, Colorado.

BY S. F. EMMONS, WASHINGTON, D. C.

{Colorado Meeting, September, 1896. Trans., xxvi., 773. Published by permission of the
Director of the U. S. Geological Survey, and here reprinted in part only).

k b3 * X k k * * * b 3
Mines IN RBYOLITE NEAR SILVER CLIFF.

Geological Sketch.—The rhyolite area near Silver Cliff includes
what may be called the Silver Cliff plateau, with Round moun-
tain and the intervening valley. The plateau is about 2 miles
long and 1 mile wide. From its northern part rise the
White hills, which have no special topographic importance, as
their highest point is only 400 ft. above the northern edge of
the rhyolite mass. Round mountain, on the other hand, is a
quite sharply pointed conical hill, so steep-sided as to consti-
tute an important topographic feature, although its elevation
above the plains around it is barely 700 ft. The summit of
Round mountain is dense banded rhyolite, with steep, irregular
dip; the southern end is breccia containing fragments of the
banded rock. There are slight exposures of glassy forms of
rhyolite on the lower slopes. On the east, the Archean rocks
extend half-way up the side of the mountain, and the contact
between them and the rhyolite is vertical, or dips steeply to
the west. This mountain is supposed to be at the vent from
which the rhyolite of the plateau was poured out.

The Silver Cliff plateau occupies the site of a former basin,
in which at one time there was probably a lake. At the time
of the rhyolitic outburst of the Rosita hills there was a local
eruption of the same character in this region, commencing with
showers of volcanic ash and of rock-fragments, which filled the
lake and built up about it hills which’ have since been removed
in great measure by erosion. At present the southern half of
the plateau is capped by solid lava to’a depth in places of 150
ft. The cliff of blackened rhyolite on the southern edge, where
the main discovery of ore was made, is from 30 to 50 ft.



140 SOME MINES OF ROSITA AND SILVER CLIFF, COLORADO.

high. In many places, as in the Vanderbilt mine, the rock is
plainly fragmental and stratified, and has a well-defined dip.
The contact of Archesean and rhyolite along the western border
is a gently-undulating surface, and in most of the prospect-holes
the Archean is much broken and resembles a breccia. The
northern half of the area is breccia and tuff, except a few dikes
of massive rock. At the Songbird and Mountain View mines,
and along the western border generally, the gneiss under the
rhyolite has been much altered and is locally ore-bearing, car--
rying magnetite, pyrite, and some galena, as in the Immortal
and Keystone mines. Near the Sunrise, and along the eastern
border as far south as the Vanderbilt, the rock is a finely-
bedded tuff, dipping south and west. The thickness of frag-
mental material below the highest point of the hills is more
than 550 ft. These beds terminate abruptly to the south along
an east-and-west line running near the Vanderbilt, which Mr.
Cross thinks may be a fault-line.

The massive rock is everywhere characterized by a banded
or fluidal structure, and in it topaz and garnet have been found.
Under the massive lava on the southern portion of the plateau
is pitchstone or glassy rhyolite, about 50 ft. thick, with about
as much more below, containing spherulites, which, when de-
composed, form a boulder-zone. These glassy rocks outerop
around the cliff to the south and east, and are found in cellars
in the town of Silver Cliff.

Surface-Deposits.—The original outcrop of the ore-bearing
rhyolite on the Silver Cliff and Racine Boy claims was appar-
ently nothing more than the ordinary banded rhyolite, stained
and blackened by oxides of manganese, extensively cracked
and fissured, and carrying little flakes of chloride of silver in
the cracks. As far as known, no other metallic minerals were
detected, nor was there any definite boundary or regularity of
form to the part that constituted the ore. An area several
hundred feet in diameter and from 80 to 50 ft. thick was thus
found to be ore-bearing. When examined by usin the quarry,
the principal set of joints or rock-fractures were observed to
run nearly northwest and southeast, and it was on these that
the most silver was found. On some of these cracks was a
considerable coating of clear black manganese oxide; in others,
where there was more iron oxide, the coating had a metallic
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luster; and it was on the latter, according to the observations
of the miners who were sorting the ore, that the principal
values were found. A set of secondary joints or fractures,
crossing the main joints nearly at right angles and reaching to
the surface, could be observed along the benches of the quarry.
These also were heavily coated with manganese oxide, and
carried ore. It was but rarely, at that time, that the flakes of
horn-silver could be detected by the naked eye. Our observa-
tions indicated that the horn-silver was more frequently de-
posited on small cracks, adjoining those filled by iron and
manganese oxides, and apparently of later formation. The
light-colored mass of the rock had a faint pink tinge, and a
specimen analyzed contained 0.06 per cent. of manganese oxide.
It was the experience of the miners that the silver-values did
not occur outside of the stained zone.

When the ore-body was first worked, it is said to have con-
tained from 35 to 50 oz. of silver per ton, but it gradually
decreased in value as it was taken at a greater distance from
the surface. It is said that, while the mills were running, the
rock was not sorted, but sent in bulk to the crusher. The last
mill-runs are said to have assayed only about 7 oz. to the ton,
and the greater part of this went off in the tailings.

The ore taken from the quarry was sorted, so as to average
from 50 to 60 oz. per ton, at one time; but this fell off later, and
it was apparently so low finally as not to pay for working.

It has been a cause of much fruitless speculation that the
amalgamating-mills were so unsuccessful in treating this ore.
It is generally conceded that much the larger portion of the
silver was carried away in the tailings, which were afterwards
profitably concentrated by hand-jigs. A sample of these tail-
ings, carefully quartered down, yielded in the laboratory of the
Survey 0.138 per cent. of sulphur, which is sufficient to combine
with the silver contained and form sulphides. It is also said
that a small amount of antimony has been found in the ore by
those who smelted it.

If the silver is generally in the form of sulphide, it would
naturally be difficult of amalgamation, and the presence of
antimony would heighten that difficulty.

. Small amounts of ore were also found near the surface at
many other points on the plateau, which, though not compara-
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ble in amount to the Silver Cliff body, were sufficient to en-
courage prospecting to such an extent that over 400 prospect-
holes were counted there at the time of our examination. For
the most part they had been already abandoned, and there was
nothing to show how the ore, if any there was, occurred.
Among the more prominent ones, which actually produced
considerable values, may be named the Boulder, Vanderbilt,
King of the Valley and Silver Bar (formerly the Kate).

Derp DEerosiTs oF THE GEYSER MINE.

The only mine-workings that have extended to any consid-
erable depth on the plateau, say over 100 ft., are those of the
Security-Geyser mine. As far as is known, the ore of all the
plateau-deposits had given out, really or apparently, within
considerably less than 100 ft. of the surface. The ore was
always chloride of silver where its character could be distin-
guished. That from the Kate (Silver Bar) claim, worked in
early days, is said to have contained some gold also; but this
is the only case reported and the statement has not been veri-
fied. It does not seem likely that silver would be accompanied
by gold in one place and free from it in all the others. As
will 'be seen later, of the two shipments to smelters of ore
from the bottom of the Geyser shaft, one contained ounly 0.1
oz. of gold per ton, the other but a trace.

It is only through the underground workings of the Geyser
shaft, therefore, that it has been possible to obtain any informa-
tion with regard to the conditions of ore-deposition in depth.
The data which it has been possible to obtain with regard to
them in occasional visits during past years will therefore be
given in considerable detail. :

The Geyser shaft, as it is now called, is located 350 ft. north,
a little west, of the mouth of the adit leading from the floor of
the Silver Cliff quarry, and its collar is 104 ft. above that level.
It was originally intended to sink the shaft only 500 ft., it being
supposed, from the position of the various observable contacts
of the rhyolite with the underlying Archean, that the former
was a rather shallow body, and that the underlying granite and
gneiss would be reached within the depth named. It was,
later, decided to prepare for greater depths, and the hoisting-
machinery was given greater capacity. The limit of this ca-
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pacity was reached in the summer of 1894, when a depth of
2,100 ft. was attained. Entirely new and heavier machinery,
with a capacity of 4,500 ft., was then ordered, which is now
(May, 1896) in working-order, and sinking has been resumed.

Mine- Levels.—The first exploring-levels or drifts were started
at a depth of 500 ft. These were run 500 ft. west and 700 ft.
east; likewise some distance in a southerly direction. At 750 ft.,
levels were run to the east and south, and one branch passed
directly under the quarry. Below this, levels were run at
1,450, 1,850, 2,000, and 2,100 ft. from the surface, respectively.
The general direction of exploration in these levels appears to
have been to the west and northwest, but the 1,450-ft. level
had a drift running southward. Accurate maps of the respec-
tive levels could not be obtained, but, in a general way, it is
estimated that the main exploring-drifts have a linear extent of
about 1.5 miles at the different levels, and that about 600,000
8q. ft. of area was more or less thoroughly explored. Fig. 1
(Fig. 7 of original paper) gives a somewhat diagrammatic repre-
. sentation of the ground explored.

Country-Rocks.—For the first 150 ft. the shaft passed through
banded rhyolite. In the tunnel leading to the shaft, a narrow
zone or band of this rock was found to be changed into a
plastic white clay, which was almost pure kaolin.

Below the solid rhyolite was about 50 ft. of pitchstone, then
about -the same thickness of the boulder or spherulitic zone.
Veins and crystals of calcite were found in the rhyolite under
the pitchstone. From 250 ft. down to about 1,900 ft. the shaft
passed through white rhyolitic tuff and breccia, the former often
distinctly stratified and generally looking like white sandstone,
much kaolinized. The breccia varies from fine to coarse, and
contains fragments of all the varieties of Archean rocks found
in the region ; but no eruptive, other than rhyolite, was observed
among the fragments. Some of the Archean fragments are
kaolinized and disintegrated ; others are qulte fresh. The green
decomposition-product of hornblende and mica was in one place
thought to be a copper-stain.

Here and there through the tuff, as far as the 2,000-ft. level,
fragments of charcoal or carbonized wood were observed (the
special localities are marked by a cross on the section in Fig.
1). At 385 ft., pieces 2 ft. long are said to have been found in
the shaft.
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~ The bedding of the tuff was found to be, for the most part,
nearly horizontal. Intheshaftaslight dip tothe west was noted
at times for considerable vertical distances. In the drifts,
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the dip to the west or northwest is more marked, in a general

way, to the southeast of the shaft, and in one place, for a short
In the shaft there appears to have

distance, this dip was 75°.
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been a somewhat irregular alternation of white tuff and breccia.
For instance, the former was found continuously from 775 to 905
ft., and from there to 1,000 ft. the rock was mostly breccia, at
times with so many large fragments of Archeean, up to 2.5 ft.
in diameter, that it was thought the solid formation would soon
be reached.

The shaft actually entered the granite and gneiss of the
Archean near the 1,850-ft. level. Where cut in the drifts
below, the contact of rhyolitic tuff or breccia and Archsan ap-
pears to be on fault-planes. The Archaan consists of mica- and
hornblende-schists cut by red granite. These rocks are frac-
tured and sheeted in a direction parallel to the ore-bearing veins
in the rhyolite; but the actual contact apparently does not, as
might be assumed from the section in Fig. 1, conform in every
respect to these planes. The intersections of the contact by
drifts are too few to permit the tracing of the shape of the
Archwan wall that incloses the rhyolite. It was noted, however,
that the drifts pass out of the Archesean into rhyolitic breccia as
they go north-northwest or west from the shaft.

In the 2,100-ft. level, drifts run only north and west, and
the contact, as contrasted with that in the level above, has an
inclination to the northeast. The contact on this level is, not
sharp and well defined, but rather a broken zone, first of very
coarse fragments of granite and gneiss, then of normal rhyo-
litic breccia with small fragments of granite and gneiss. The
three lower levels have been run from 800 to 500 ft. north and
west in this material, which is sometimes hard and jaspery and
of dark-red color, but bleaches on exposure to the air. It is
traversed by planes of movement, sometimes irregular and curv-
ing, but all having a general northwest strike. Beyond one of
these planes is a dark bluish rock, supposed by the miners to
be limestone because it effervesces freely with acid, but, on mi-
croscopic examination, found to be a decomposed basic eruptive,
containing considerable calcite.

Ore-Bodies—No defined ore-body was found until the 1,850-
ft. level was reached. Thin films or stains of metallic sul-
phides, said to assay high in silver, occurred occasionally in the
shaft and in some of the drifts; lining delicate cracks in the
tuff, and sometimes also in the Archean fragments. On the

1,450-ft. level, about 450 ft. south of the shaft, it is said that
10
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there was found in the white tuff a 0.25-in. seam of ruby-silver
and argentite, with crystalline calcite, which had a general
course north-northwest, and was traced about 50 ft., when it
disappeared.

The main ore-vein was first found in the 1,850-ft. level, about
200 ft. northwest of the shaft, as a narrow seam, a fraction of
an inch wide, with barite and calcite gangue, which widened,
as it was followed, to 4 or 5 in., mostly of galena, and narrowed
again to a mere knife-edge seam in about 150 ft. A few
nearly-parallel seams, containing only calcite and barite, were
observed near it. This vein was traced by a winze downward,
and was cut afterwards in the 2,000-ft. and 2,100-ft. levels,
gaining width and richness as it went down. In the 2,000-ft.
level, it is quite thin in the middle, and splits into several thin
seams at the northwest, which gradually wedge out. On the
2,100-ft. level a smaller vein is found about 40 ft. northeast of
and parallel to the main vein; this also splits at the northwest
end. The general strike of the vein is N. 37° to 40° W., and
it stands nearly vertical, its average dip from the 1,850-ft. to
the 2,100-ft. level being 70° to the northeast.

Vein- Materials.—Although very thin, in no case attaining as
much as a foot in width, this vein has been remarkably produc-
tive, owing to the richness of the ore and the relatively small
proportion of gangue. The principal metallic minerals: are
galena, zine-blende, chalcopyrite, cupriferous argentite, tetra-
hedrite, ruby-silver, and possibly stromeyerite or polybasite.
Hessite and leaf-gold are said to occur, but their presence could
not be verified. The galena occurs in fine scaly form, rather
than in the usual massive crystals. The zinc-blende is generally
of the ferriferous variety known as ¢ black jack ” by the miners,
and is rather porous. It occurs at times in cup-shaped forms,
which are lined with fine crystals. It sometimes forms cross-
courses, or distinct shoots in- the vein, which carry from 800
to 400 oz. of silver to the ton, and always a good deal of
galena. The chalcopyrite occurs mostly amorphous and easily
disintegrable, in rounded patches, distinct from the other min-
erals, and prominent by its dull brass-yellow color. Where the
ore occurs in botryoidal form, one can distinguish the following
succession from the center outward: (1) barite in tabular crys-
tals; (2) galena (and argentite); (3) copper sulphide; (4) gray
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. copper in crystals; (5) small crystals of chalcopyrite. In cer-
tain parts of the vein which consist exclusively of metallic min-
erals, they have a peculiarly fresh look, as if quite recently
deposited and not yet completely consolidated. The average
composition of the ore from the Geyser mine is best shown by
the following analyses of two car-load lots kindly furnished by
the Arkansas Valley Smelting Co., of Leadville, to whom they
had been sold :

' Lot No. 1. ; Lot No. 2.

" | Per Cent. | Per Cent.
a

Gold Trace.

i 51.05 ¢ 1.27
23.80 17.60
14.00 11.10
1.50 2.30
2.30 2.00
1.20 | 0.80
5 : I A e
Sulphur ..................................................................... | 22160 [0y 9:50
ST, oo s A R i mhes e e e IR L NSE B R S e e 33.60 | 46.90
WL Dl AR L ESEIANE LMD o o O % 91.75 91.47

« 0.10 oz. per ton. b 270.42 oz. ¢ 300.28 oz.

In addition to the above metals, there was probably anti-
mony, which had been proved qualitatively, in the mineral that
was supposed at the mine to be hessite, but is probably either
tetrahedrite or polybasite. Barium and alumina probably make
up a part of the balance.

Of earthy minerals, the most common dre barite, calcite,
and quartz, the latter generally in the chalcedonic form. Frag-
ments of country-rock are found in the vein, more or less
rounded, and changed on the outer part into hornstone-like
material, which, in turn, is coated with galena, barite, etec.
Rounded cavities in the vein-material are often filled with a
white powder, apparently an infiltrated decomposition-product
of the rhyolitic tuff,

Water- Courses.—This mine has proved unusually dry for the
region. In the upper part of the shaft the first considerable
flows of water came in at 840, 390, and especially at 420 ft.
This water, collected at the 500-ft. level, amounted to 250 gal.
per minute, and was undoubtedly vadose or surface-water, and
probably seeped in from the surrounding country. At 945 ft.
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it had decreased to 65 gal. per minute, and below 1,000 ft. had _
practically ceased, the little water that was found being prob-
ably due to leakage along the shaft.

In the 1,450-ft. level what may be considered subterranean
or deep waters were first struck. They were not very abund-
ant, and were only slightly charged with gas. At one point
on the south drift there was a slight deposit of tufa. A con-
siderable flow was obtained from a vertical drill-hole sunk 300
ft. downward from this level.

In the 1,850-, 2,000-, and 2,100-ft. levels there are many
small water-courses, from which proceeds a constant flow of
water, not very great in aggregate amount, but highly charged
with carbonic acid gas, so that there is a constant hissing, sput-
tering, and rumbling, and the water is ejected with such force as
to go entirely across the drift at some points. These waters
apparently ascend along fissures having a general parallelism
with the ore-bearing fissure; but no water proceeds from the
vein itself. They often come into the drifts through small
cracks or cross-fissures at an angle with the direction of the
main system. As they emerge into the air of the drift they
deposit freely a calcareous tufa or sinter on the wall around
the crack or orifice out of which they flow. This sinter is
sometimes white, sometimes highly iron-stained; it has the
texture and the peculiar wavy or ripple-marked surface char-
acteristic of the sinters of the Yellowstone Park. In some
places it takes a pisolitic form. Again its surface has a shiny
glaze. It deposits very rapidly in some places. At one point
on the 2,000-ft. level, which had been opened only four months,
the water issuing from a minute vertical crack on the side of
the drift had built out a little ridge of sinter over the crack,
1.5 in. from its base and less than 0.5 in. thick.

The water-courses are most active and abundant near the
vein or on the line of its extension.. On the 2,000-ft. level,
where the vein splits to the northwest, the water comes in on
all sides; and when the shaft was first opened, the escape of
carbonic acid gas was so abundant at this point that it filled the
lower 5 ft. of all the drifts on this level and the shaft below the
level so that no light would burn, and the miners were obliged
to abandon work until a blower could be put in operation to
drive the gas out. Even now, a light is soon extinguished
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if put at the bottom of the drift. The water-bearing fissures
are mostly in the rhyolitic tuff, but a few are found in the
Archean, which shows evidence of faulting within itself, in
slickensided clay seams and zones of brecciation. The water-
bearing fissures decrease in number and in strength of flow as
the distance from the line of the ore-bearing fissure increases.
The abundant escape of gas is the most striking feature of
these water-courses. Even where no water comes into the
drift, one can often hear the bubbling and sputtering of the
escaping gas in an adjoining fissure.

The temperature could not be accurately determined, but is
about the same as that of the air in the drift at the 2,000-ft.
level, viz., 80° F.

Analyses of Sinters.—Three typiéal specimens of sinter from
the 2,000-ft. level were selected for analysis: one of the per-
fectly white, with very slight iron-stain; one white and brown
(both showing the ripple-marked structure well); a third of
the pisolitic sinter, strongly iron-stained. They were analyzed
by W. F. Hillebrand, with the following results:

Analyses of Sinters from the 2,000-Ft. Level, Geyser Mine.

| e, | W | e
Per Cent. | Per Cent. | Per Cent.

0.08 | 010 0.17
53.11 i 52.60 52.59
42.98 | 42 57 42,03
0.20 1.08 ' 1.82

a 0.026 ’ « 0.03 Undet.
0.17 0.26 | 0.22
1.50 1.39 1.01
0.03 0.03 ‘ 0.04
0.17 0.16 0.09
Trace. Trace. Trace.
0.33 0.51 0.53
0.88 0.72 0.87
0.29 0.50 0.58
Trace. - Trace. Trace.

Faint trace. | Faint trace. | Faint trace.

99.766 99.95 99.95

a Manganese was estimated on 34 g. The same samples showed also minute
traces of lead, copper, nickel, cobalt, zinc, alumina, and a double trace of antimony.

On comparing these analyses with those of the waters which
follow, it appears that, under the influence of free access of air,
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with presumably reduced pressure and temperature, the pre-
cipitation has been mainly of carbonates of lime, iron, and man-
ganese; of the alkalies, magnesia, and of other metals a rela-
tively small proportion seemed to have been precipitated.

Analyses of Waters.—Carboys of water from the 500-ft. level,
i.e., surface or vadose waters, and of waters from the 2,000-ft.
level were collected with great care by the foreman of the mine
under the direction of C. H. Johnson and sent to Washington
for analysis. Upon their arrival, there was found to be con-
siderable sediment in each of the carboys, which had presum-
ably been precipitated during the journey, since they had been
filtered through cotton cloth when gathered. Mr. Hillebrand
found evidence, however, that the filtering had not been com-
plete, as some splinters of wood were found in the sediment,
which casts some doubt on the analysis of the sediment.

In the 42.6 1. of vadose water of which the analysis is given
below, there was a deep blackish-brown sediment, containing,
however, no organic matter, which, after drying at 110° C.,
weighed 0.5592 g., and gave:

Gram.

Ignition, . 5 3 2 3 3 5 3 : . 0.0642
HCI extract, ; 3 ! . K . 4 . 0.1583
Insoluble silica and sﬂlcates, ) 4 s ¥ 5 . 0.3362
Total, - . g 3 : . 5 o o . 0.5592

It was assumed that the silica and silicates must have been
mechanically introduced, through want of sufficient precautions
in filtering at the mine; and this portion of the sediment was
not analyzed. Of the sediment in the carboy of deep water,
however, the insoluble portion was analyzed, with the result
given in the following tables. The total sediment in the carboy
of deep water was 10.6602 g., of which 5.0134 g. was insoluble
in dilute HCI (at 110° C.). The filtered vadose water had a
slightly alkaline reaction and contained no organic matter.
The results of analysis are given in the following tables [pp.
151 and 152] :

These tables present a remarkably complete series s of actual
analyses, representing :

1. The average contents of a vein-deposit of metallic miner-
als, rich in silver, lead, copper, and zinc, which was first found
at over 1,800 ft. below the present surface.
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Vadose Water from the Geyser Mine, 500-Ft. Level.
(W. F. Hillebrand, Analyst.)

|
In Sediment. Soluble in HCI. In Filtered Water.

Assumed
s Liggm e(}?)i;e
Refi d Y
Amounts p tg }g;r;s i Parts in va%ismleé}t
Found. 1;1{1,‘%%062(:? l 1,000,000. posited.
e e
0.0012 Trace 7.9
0.0010 Trace 43.2
0.0008 Trace 110.5
0.0456 0.7 10.6
0.0365 0.8 s
| Trace
0.0498 0.8 37.4
0.0104 0.2 12.25
0.0096 0.1 Trace.
0.0039 0.05 Trace.
(e) 2:2 0.8
e i PRYaE 0.2
0.1588 4.85 0.7
0.8
25.9
! 286.65
| ’ Free and [
‘ { semi-com-
l ' bined CO,| 38.8 | 87.2
| Ry U NIRRT
| ’ | 3206 | 823.85
; 1 ' Total C()z,li 118.2
a Calculated. b Assumed condition.

¢ Any traces of CO, present have been neglected. 3
d Calculated for the metals, as carbonates before deposition.
Note.—No tests for other possible constituents were made.

2. The contents of subterranean mine-waters taken at 2,000
ft. below the surface, and evidently coming from still greater
depths, very highly charged with carbonic acid, and carrying
small amounts of most of the metals that occur in the deposit;
also the sinter deposited by these waters as they issue from the
rock into the mine-drifts—that is, under ordinary atmospheric
pressure.

8. The contents of atmospheric waters coming from the sur-
face, which, in their downward course, had traversed rocks
similar to those in which the first-named deposit is inclosed,
and through which it may be assumed that metallic minerals
similar to those in the deposit may be sparingly disseminated.
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Deep Water from the Geyser Mine, 2,000-F¢. Level.

Specific Gravity 27° C. =1.0036. (W. F. Hillebrand, Analyst.)
Composition of Sediment. ’ ositi :
(Fromh 4.76 k. of Water) Filtered Water. 33,;,‘;';,‘;?
i | tion Be-
$ | ‘ lfore Se;h-
Insoluble in Dilute HCL HCl Extract. Parts in | AERL
| T R
| |
hiefly Clayey an | i
I*Qeltfsp%tgiiybgatteg Amounts | Referred to Parts in 1 CL. ...|  186. 40| 186.40
Weight Dried at 110° C. Found. 1,000,000. e TR ey e o 8
PLE: .| 16170 161.70
7 | Per Cent. | Grams, ...| Trace. | Trace.
Silo2 ............ 54.07 0.0667 Si .l f1.60f 1.60
AL O, | Trace.| Trace.
Fe,0; } ...... 20,7 B ©1,437.26/1,513.44
TiO, 3 ‘ | "None. | h Trace.
A little ; 198,00, 198.00
OO . as | 2.7921 719.45 719.45
CaFl,?) | 2.85| 2.85
IMp @5 oS, None. 0.0778. 5 ..., 108.84| 146.41
HOTOLEY 4.40 DOl | D S T o Tt P Al S oh o Ao ool 1.10| 1.95
Na,O. e 0.37} tested | 176.60] 177.67
S0;... SR, for. 0.05; 1.35
CONORE S v e s AP o 3 | Trace. |  0.02
(2050088 At [t 00000 0.0440 0.19 0.57
BaO... o A None. 0.17] 0.34
Fl...... 7 S T R | 0.4 350
PhO... o | e 0.0610 300eeo| Nome. | 2 1.06
Cu@imi=, ol A T Q:0011 . (Cut....oo.) " 1002 Sl()2 ....... |  22.90 24.42
an()4 T Y 0.0232 |Mn......... | 0.33 | Org. mat. Not est.| Not est.
VAT O SRR o RS St 0.0095 Zn.......... (0517
. Ignition.......|  9.47 (e) | HERi (e IS ? 009. 25 3,140.73
| 98.01 | 5.6468 ‘ 18148 | Total Co2 2,472.60 2,528.43

a Perhaps derived from the mechanically-included minerals of the sediment.
Contains a little P,O;.

b The sediment was largely incrusted on the glass of the carboy and could only
be removed by acid ; hence the CO, was caculated for PbO, ZnO, SrO, CaO, MgO,
as normal carbonates.

¢ This value includes the CO, needed by Fe, Mn and Cu, as well as the metals
named in the preceding notes.

d Assumed condition ; perhaps partly as MnCO;.

e Organic matter not estimated.

f Approximation, not a maximum.

g Calculated for normal carbonates.

h The fluorine of the insoluble part of the sediment is probably to be credited
to the water.

1 Possibly from the insoluble sediment.

From these analyses it is possible to apply a practical test to
some of the assumed theories of ore-deposition.

Source of Solid Constituents in the Waters.—In the first place,
in comparing the contents of the vadose and deep waters, it is
seen that though the latter contain about 20 times as much
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dissolved matter as the former, the relative proportions of the
principal constituents are sufliciently alike to permit the assump-
tion that they have been derived from a similar source; and
this source, in the case of the surface-waters, which should have
been practically pure when they entered the rocks, must have
been the material of the various rocks through which they
have passed in reaching a depth of 500 ft. below the surface,
In making this comparison, one must bear in mind that the
deep waters had already deposited the greater part of their lime
as sinter before they were analyzed; hence, while the vadose
waters contain three times as much lime as magnesia, in the
analysis of the deep waters lime is to magnesia in the propor-
tion of ounly 4 to 5. :

The alkalies appear in the same relative proportions in each
case, though the aggregate amount of the two constituents is
proportionately less in the vadose than in deep waters.

Iron and manganese are in nearly equal amounts in the vadose
waters, the latter slightly predominating, whereas in the deep
waters iron is in a hundred-fold greater relative amount. This
might be explained by the relatively larger amount of man-
ganese oxides present in the surface-rocks. It has often been
noted by the writer that manganese oxides are generally pres-
ent in much larger proportion in the oxidized portions of ore-
bodies than below the zone of oxidation, which may be due to
their forming, in contact with atmospheric agents, less soluble
salts than do the iron oxides.

The other metals are in such small proportions in either case
that one cannot reason from their relative amounts; and it is
not surprising that most of them could not be detected in the
vadose waters.

Such constituents as fluorine, boric and nitric acids, stron-
tium, and barium are characteristic of deep sources, but they
algo might have been present in the vadose waters without
being detected in the small amount of solid constituents avail-
able for analysis.

The greatest apparent discrepancy is the ten-fold greater
proportion of silica in vadose than in deep waters; but this is
likely to have arisen from excess of CO, in deep waters which
would throw down silica in solution, or from the uncertainty in
determining what part of the solid material in the waters was
due to mechanical admixture, and hence might be neglected.
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In the deep waters chlorine and sulphuric acid are present
in about equal proportions, and carbonic acid is greatly in ex-
cess of both combined. In the vadose waters, while carbonic
acid is still in excess, sulphuric acid appears in relatively
greater, and chlorine in relatively smaller, proportion than in
the deep waters. In what manner they would combine with
the several bases in either case it is of course impossible to say
definitely.

The deductions which the writer draws from these considera-
tions are:

1. That inasmuch as the surface-waters must evidently have
derived the substances they contain in solution from the rocks
through which they have passed in seeping downward, it is fair
to assume that, in like manner, the deep waters have obtained
their constituents (in great part, at any rate) from surrounding
rocks, and not necessarily at very great distances from where
they now issue, since through higher temperature and greater
acid contents they would probably have been more active solv-
ents than the surface-waters.

2. On the other hand, the great excess of carbonic acid in
the deep waters, combined with the presence of fluorine, boric
acid, and chlorine in considerable amount, points to a source
where chemical decomposition is actively going on, which
might readily be supposed to be a body of still uncooled igne-
ous rocks, which surface-waters had reached, and from which
they were sent back towards the surface again along the present
lines of fissuring. Although the deep waters contain most of
the metals found in the vein-deposit of the Geyser mine, it is
not easy to conceive how the metallic sulphides of that deposit
could have been derived from waters of such chemical composi-
tion as these; and it seems more reasonable to assume that the
vein-minerals were deposited by earlier waters of somewhat dif-
ferent composition, carrying more barium and silica, and char-
acterized bysulphuretted hydrogen rather than by carbonic acid.

8. The conditions here indicated seem to negative the preva-
lent belief that a decrease of temperature and pressure is the
principal determining cause of the precipitation of vein-minerals
from ascending solutions. In the earlier deposits abundant
precipitation ceased before the marked decrease of temperature
and pressure that accompanies an approach to the actual rock-



SOME MINES OF ROSITA AND SILVER CLIFF, COLORADO. 155

surface was reached; and in the modern mine-openings, where
present ascending waters have been artificially cooled and re-
lieved from pressure, the abundant deposit has been, like that
of thermal springs at the surface, mainly of carbonate of lime
and oxide of iron, and contains only faint traces of the other
vein-materials that make up the bulk of the neighboring vein-
deposits.

4. It might be assumed that the surface-deposits of chloride
of silver and oxides of manganese and iron which are thinly
and irregularly disseminated through the rhyolite near the
actual surface, were precipitated from the carbonated waters
ata time when they reached the present surface, the oxides hav-
ing been originally carbonates, and the silver chloride having

-been deposited as such, and that these deposits are therefore
a later phase of ore-deposition than the vein-minerals. A cer-
tain color of probability is lent to this hypothesis by the fact
noted by Mr. Johnson, superintendent of the Geyser mine, that
there is evidence of an escape of warm air or gas through holes
at the surface, which in cold weather is visible as steam, along
a zone about 100 ft. wide, running east and west through the
Geyser shaft-house. Moreover, fluorite and barite are said to
have occurred, associated as gangue-minerals with chloride of
silver, in the Silver Bar (formerly Kate) mine.

On the other hand, all our evidence goes to show that the
chlorides and oxides pass into sulphides at short distances be-
low the surface,and that here, as in other deposits, the chloride
of silver is a secondary alteration by atmospheric agents of an
original sulphide. It appears more probable, therefore, that
all the metallic minerals of the plateau were formed under the

_same conditions and during the same general phase of ore-de-
position. That they are so irregularly disseminated is prob-
ably due to physical rather than to chemical causes. The
rhyolitic tuff which forms the main country-rock is so poorly
consolidated, and of so plastic a nature, that fracture-planes
are less continuous and less open in it than in harder and more
rigid rocks. Moreover, the natural planes of division, the bed- -
ding-planes, are horizontal rather than vertical. Hence there
have been no well-defined and continuous water-channels trav-
ersing the whole thickness of the mass, but the ascending solu-
tions, after leaving the vicinity of the bounding-walls of the
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harder Archean rocks, have been obliged to follow devious
courses along minute cracks and fissures that were not continu-
ous. Thus, comparatively small amounts of these solutions
have reached the upper lavas, and their load has been deposited
as thin films in the joints or minute cracks of the rocks. The
fact that, at the present time, the descending surface-waters
penetrate the mass to so moderate a depth is an argument in
favor of this view.

It is probable that the present vein-fissure will soon reach
and pass into the Archzan wall-rock, in which it may widen
out. It is very uncertain whether, in this case, the ore will
continue to be as rich as it has been; for a change in wall-rock
is generally accompanied by a change in the character of the
ore. These points will soon be settled, however, by actual-
development, as the workings of the Geyser mine follow the
present vein in depth.

GENERAL CONCLUSIONS.

Forms of the Ore-Bodies.—The preceding pages have been
mainly devoted to the description of the Geyser mine in the
immediate vicinity of Silver Clifft. Other important deposits
within this area, and in the surrounding region, have not been
mentioned, because, owing to the irregular and disconnected
manner in which they have been worked, it has been impossi-
ble to obtain any detailed information with regard to them.
With but few exceptions, these deposits belong to the type of
the Humboldt-Pocahontas vein ; that is, they are vein-deposits
on fault-planes in some of the many varieties of igneous rocks
that outerop in the region. They are, in general, rather nar-
row fissures, which do not bear evidence of having at any time
constituted large open spaces, but in which the ore-bearing so-
lutions have deposited their contents by first filling the inter-
stices between the sheets of sheared and banded country-rock
and afterwards partly replacing these sheets or bands by vein-
materials. The ore in these cases is generally confined to the
fault-fissure, and the deposits may be characterized as well-
defined vein-deposits or true fissure-veins.

The mines of the Silver Cliff plateau show a-different type
of deposit, but, in the opinion of the writer, the essential dif-
ferences lie rather in the form of the ore-channels than in the
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character of the ore-bearing solutions. From Mr. Cross’s de-
seription of the Democrat and Ben Eaton mines, in the cen-
tral rhyolitic area, these deposits seem to constitute an inter-
mediate stage between the two types. These mines occur on
the south point of Democratic ridge, known as Indian Castle.
This is a rounded eruptive channel of rhyolite, in which the
rock is massive, brecciated, or spherulitic, as the case may be.
There are indications that there have been several eruptions.
It has since been much altered, and the alteration-products
vary from hard quartzite-like material to softer material, re-
sulting from the kaolinization of inter-spherulitic glass. Tra-
chyte dikes run both north and south and east and west
through the mountain, and their decomposition-produet is
usually soft. The ore-bearing fissures run north and south,
with a steep eastern dip, through both rhyolite and trachyte.
The ore-solutions followed these fissures primarily, but found
the softened spherulitic glass and certain brecciated zones also
very good channels. The ore is now found in these seams or
fissures, but all soft kaolinized parts are likely to be impreg-
nated. The main ore-body was an oval chimney, of varying
size, in soft matter, which is connected with a fissure at tunnel-
level. From one part, on stoping upward, a soft yellow mud
flowed out, which was found to carry 40 oz. of silver and $14
in gold to the ton. For the most part, the solid masses of ore
are less than 1 in. thick.

It has already been suggested, in the case of the deposits on
the Silver Cliff plateau, that the fact that the surface-deposits
are not in the form of fissure-veins, as they are found at the
bottom of the Geyser shaft, is due to physical causes which have
not permitted the formation of long continuous water-channels
along fissures. In this case similar irregularities have been
produced by chemical causes; but it has been the physical
eftect—the production of channels of freer flow, through the
decomposition of the rock—that has led the ore-depositing cur-
rents to leave the regular fissures.

The deposits in the Archsean rocks on the borders of the erup-
tive region are likewise unusually irregular in form ;- and, in
most of the observed caseg, this irregularity may be ascribed
to a combination of chemical decomposition with dynamic frac-
turing of the rocks; that is, while the ore-channels have been
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primarily determined by the dynamic movements that produce
the ordinary rock-fractures, vein-fissures, and brecciated zones,
on which ore-bodies are generally deposited, their course has
been varied, or they have received unusual forms as the result
of the energetic dissolving or decomposing action of heated
solutions that traversed them during the closing phases of vol-
canic action in the region. This supposes a prolonged altera-
tion and decomposition of the rocks along the water-channels
before the actual deposition of metallic minerals. In some of
the observed cases, there are fairly well defined fissure-veins in
the Archean rocks; but more commonly, in this region, the
ore-deposition appéars to have taken place along a zone of de-
composed rock, which zone was undoubtedly determined in
the beginning by dynamic action. The ore-deposition along
such zones, as might be expected, has been more irregularly
spaced and less concentrated than would have been the case in
a fissure which had not been thus enlarged by chemical decom-
position. The Bull-Domingo ore-body is apparently an extreme
type of such a form.

Whether it be or be not admitted that the boulder-filled
channel of the Bull-Domingo represents the neck of an ancient
crater of explosion, the Bassick ore-body is unique in the evi-
dence it affords of a direct connection with volcanic agencies;
and in the determination of its form dynamic agencies have
apparently played a very subordinate part. :

Cripple Creek Deposits Compared.—It is interesting to contrast
the deposits of this region with those of the now famous Crip-
ple Creek district, which lies in a closely analogous geological
position, 40 miles to the northward, and which presents in its
geological structure so many points of resemblance. There, as
here, the main ore-deposition has taken place in and around a
central volcanic focus, where a series of comparatively recent
igneous rocks have broken through an older series of pre-Cam-
brian crystalline rocks. There; as here, the principal depo-
sition has taken place along a system of fracture-planes, tray-
ersing both the eruptives and the underlying crystalline
complex, and, while not strictly confined to the eruptives, it has
been, so far as present developments show, more abundant in
the former than in the latter.

In the Cripple Creek region there is one principal and pre-
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dominant system of mineralized fractures, running about north
and south. In this district a system running north and south
or a little west of north is apparently the more frequent, but
there are also abundant fractures running east and west, and
others quartering between the two. The geological history of
this region has been more complicated; there have been a
greater number of successive eruptions; and it is probably in
consequence of this fact that the fracture-systems are more varied
and complicated.

Mineralogically the contrastis greater. In Cripple Creek the
important metal is gold, deposited mainly in the form of tellu-
ride, and the characteristic earthy mineral associated with it is
fluorite. Here, gold as telluride occurs in certain parts of the
district, and fluorite is sparingly found; but the greater part of
the valuable minerals are silver-minerals, in their usual asso-
ciation with sulphides of lead, zine, and iron, and with barite
as the leading gangue-mineral. They differ from the ordinary
deposits of this class mainly in their greater average richness.

Source of the Metallic Minerals.—W hile it is possible, by care-
ful study of the geological and mineralogical conditions of a
series of ore-deposits, to find valid reasons why the ore-bearing
solutions deposited their load in certain forms and certain locali-
ties, and while reasonable deductions may be made as to the
probable direction from which these solutions came, the ques-
tion as to the source from which the solvents derived the mate-
rials which they have thus deposited in the form of qre-bodies is
one that trenches somewhat upon the domain of pure specula-
tion. Yet, even here, there are many facts of geological observa-
tion that have a distinct bearing, one way or the other, upon the
various speculative views that have been put forth by geologists.

The general views of the writer upon this question, as already
expressed in earlier publications, are : that the heavy metals
have probably been brought up from the interior of the earth
within the magmas of igneous rocks, and that by some process
of differentiation not yet completely understood, either previous
to or during the process of cooling and consolidation, they have
been concentrated within certain bodies or parts of bodies of
eruptive rocks; and, further, that ore-bodies, as found at the
present day, are the result. of a concentration (perhaps many
times repeated) of the materials thus brought up, which are in
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all probability very finely disseminated through the present
rock-masses or combined in minute amounts in the more com-
‘mon basic minerals. This seems a more rational hypothesis,
and one more in accordance with modern scientific practice,
than to content oneself with assuming simply that the ascending
waters came charged with metallic minerals from the bathy-
sphere, meaning thereby a region in the interior of the earth
which is richer in heavy metals than any part of the earth’s
crust that comes under our observation; for thissimple assump-
tion affords no explanation why metallic minerals are concen-
trated in one part of the earth’s crust and not in another, and it
supposes a free flow of waters at greater depths than in our
present state of knowledge of terrestrial physics it is considered
possible that channels which would admit of a flow of water
through them could remain open.

Furthermore, the writer’s hypothesis admits of a practical
test, which is impossible in the other case. If the vein-materials
are found to form a constituent part, even in minute traces, of
comparatively fresh and unaltered country-rocks in a given ore-
bearing region, and at such distances from any water-channels
as to render it improbable that these materials could have been
brought in through these channels, it is reasonable to assume
that these or similar rocks have been permeated by the waters
from which the known ore-deposits were precipitated, and that
from them they derived their contained vein-materials. For
this reason ,a series of careful tests of selected country-rock for
possible contents in the precious metals was carried on under
the direction of the writer at the laboratory of the U. S. Geo-
logical Survey in Denver. Since the office at Denver was
broken up, it has not been possible to continue these tests,
owing to want of proper facilities in the Washington laboratory.

Such tests of the rocks from this district as were completed
(unfortunately very few in number) are given below.

The five assays for silver were made upon 4 assay-tons of
each sample, and blank assays of a like amount of the lead-flux
were simultaneously made, the silver-content of the flux being
deducted from that found by the rock-assay.

In the case of the black granite from the Blue mountains,
another portion of the rock was pulverized and the constituent
minerals were separated by the Sonstadt solution. The bi-
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silicates in this case were found, as shown below, to contain
both silver and lead; but no silver was found in either quartz
or feldspar. The assays of Custer county country-rock for
silver, by L. G. Eakins, analyst, were :

Rock. | Locality. pi;lyr%;_
Ounce.
‘TrachytefiLs L s ol e N | €00 ft. southwest of Humboldt shaft.. 0.007
"Trachyte. s Lot s DS ...| Summit of Game ridge.......c.ceurveu ... None.
Rosita breccia......... ; ’ ‘ South of Game ridge None.
Rosita breccia........... ST \ South of Game ridge None.
Fairview diorite....ccccecuveieienennenne | Mount Fairview......ccceoeenniiienrennnnes ! 0.01
Tyndall andesite...cccuueeruerrvunneees Northeast spur of Mount Tyndall None.
Rhyolite...... .. | Top of Round mountain......... 0.402
Red granite..... ..., Near Haskell’s ranch.. .| 0.005
Blackl gramite 0. vttt fBlue mountaine: . il . 0.025
Bisilicates of black granite (0.045
per contlead ) s . N o ol B Lo T Lt oo . oo i { 0.04

|

It thus appears that five out of nine of the rocks tested con-
tain appreciable amounts of silver; and that in one of these
rocks both silver and lead were found to be present in combi-
nation with other bases in the bisilicates. It seems, therefore,
probable that not only the recent eruptives, but the older gran-
ites through which the ascending solutions must have passed,
contain enough of the precious metals, and, it may be assumed
also, of the other vein-materials, to furnish, in the long time
that is accorded to the accomplishment of most geological phe-
nomena, sufficient material for the formation of existing ore-
bodies. The analysis of the vadose waters in the Geyser mine
has demonstrated the capability possessed by even cold surface-
waters of taking up such materialsin their passage through the
rocks. The subterranean waters that were circulating here at
the time of the formation of the ore-deposits must have been
much more energetic solvents, being heated by contact with the
cooling masses of igneous rocks, and probably deriving a cer-
tain amount of active and energetic mineralizing-agents, such
as fluorine, chlorine, etec., from these igneous masses at the time
of contact. Hence it is fair to assume that the vein-materials
in this region were originally derived from both recent and
ancient eruptive rocks—a conclusion similar to that arrived at
by Mr. Penrose, from his more exhaustive study, for the ore-
deposits of Cripple Creek.

11
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No. 8.

The Genesis of Certain Auriferous Lodes.

BY JOHN R. DON, OTAGO, NEW ZEALAND.
(Chicago Meeting, February, 1897, Trans., xxvii., 564. Here reprinted in part only.}

* * % * * * * * * *

Cuaprer V.—TuE ExaMINATION OF VARIOUS CONSTITUENTS OF
CRYSTALLINE AND ERUPTIVE Rocks FOR GOLD AND SILVER.

In the South Island of New Zealand an unusually favorable
opportunity is offered for the analysis of the older crystalline
rocks, underlying the sedimentary rocks which form the
‘“country” of the gold-deposits. The Manipori formation of
this island, comprising the greater part of the mountainous
district west of lakes Manipori and Te Anau, in Otago, con-
sists of an enormous thickness (estimated by Professor Hutton !
at 160,000 ft.) of crystalline schists, gneiss, syenite, and syenitic
gneiss, with associated masses of granite; the whole forming
the most picturesque part of New Zealand. The famous
West Coast sounds occur in this formation. No paying
auriferous lodes have been discovered in it; and for this reason
an examination of the rocks is specially interesting here. Stelz-
ner, Posepny, and others, who have criticised the conclusions
of Sandberger, have laid great stress on the fact that all the
silicates analyzed by him were taken from the vicinity of ore-
bodies containing those heavy metals which he notes as oc-
curring in the silicates of the country-rock; their contention
being that these metals, supposed to occur as silicates in gneiss
and other crystalline rocks, were really contained as sulphides,
and were therefore impregnations from the neighboring ore-
bodies. The same objection, whatever be its weight, might be
urged with equal justice against Mr. Becker’s derivation of the
mercury and gold of the lodes of the Pacific Coast from the
granite underlying their country-rock. In the case of the

L Geology of Otago, by Hutton and Ulrich, p. 28.
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Manipori formation, just mentioned, such criticism could hardly
be made, as no auriferous lodes have been found within many
miles of the district from which samples were taken for the
present investigation.

In the South Island also, samples were taken from the gran-
ite abutting on the Carboniferous strata near Reefton, which
latter are the chief carriers of auriferous lodes in the western .
part of the island.

Other samples of granite were collected from various parts
of Westland and Nelson, as far north as the granite-quarries of
Cape Foulwind.

Selwyn has pointed out? that the auriferous Silurian rocks of
Victoria probably rest everywhere on granite; and this conclu-
sion has been supported by the later observations of Murray 3
and others. This underlying granite has not been reached in
any of the mines working in the stratified rocks about it; but
it is exposed at the surface in many parts of the colony, both
near to gold-bearing areas and distant from them. Numerous
samples of it were taken for this investigation.*

The study of the country-rock from Gympie and Charters
Towers, Queensland, gave a good opportunity for the analysis
of silicates from crystalline igneous rocks. In the case of
Charters Towers, the whole country-rock (locally termed gran-
ite) is quartz-diorite, with a little accessory mica; while at
Gympie a thick sheet of diorite-aphanite (local‘ly termed green-
stone), containing a large percentage of carbonate of lime, is
interbedded with the shales which bound the auriferous reefs,
these kindly shales occurring both above and below it. Messrs.
Alfred Lord and R. Steele, of Gympie, have furnished samples
of the ¢ greenstone.”

Sandberger’s results having been criticised on the ground
that all the rocks he analyzed contained sulphides, and Po-
sepny ® having urged the same objection to Becker’s conclusions

* Geology and Physical Geography of Victoria, by A. R. C. Selwyn and G. F. H.
Ulrich.

# Geology and Physical Geography of Victoria, by A. R. F. Murray (1887).

* In New South Wales, granite forms the country-rock of a number ef aurifer-
ous lodes; and it is much to be desired that some investigator on the spot would
take up this inquiry. The present paper contains no analyses of New South
Wales granite.

5 The Genesis of Ore-Deposits, Trans., xxiii., 282 (1893).
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in the case of the Comstock lode, this point was carefully
guarded. In every instance (even though an examination of a
hand-specimen showed no sulphides), an analysis of the rock
was first made, to determine whether sulphides were present;
and whenever such was the case, the sulphides were isolated
by panning, and separately assayed for gold and silver; but
- when sulphides were thus found, no separation of the other crystalline
constituents of the rock was made. '

It was deemed necessary to isolate and examine the follow-
ing minerals: (1) mica and (2) hornblende, because to these
Sandberger traces the silver and gold of many European lodes;
(3) the pyroxenes of the later eruptives, because Becker traces
the gold and silver of the Comstock to the augite of the dia-
base, and both Hutton and Park (already cited) are inclined to
refer the gold and silver of the Thames district, N. Z., to the
pyroxenes of the andesite;® and (4) magnetite, because of Pro-
fessor Hutton’s remark : 7

“I would suggest that, as part, at least, of the pyrites has been formed from
magnetite, the gold may have been originally in the magnetite, and have been
released during the formation of the pyrites. I do not think that this has been
the case, but it is a point worthy of investigation by the chemist. The pyrites is, no
doubt, a secondary mineral, formed in the rock after cobsolidation; and if it
should turn out to be generally auriferous, we must suppose either that the gold
came from below with the sulphur, or that its source is the titaniferous magnetite
which is one of the original constituents of the rocks.”’

Isolation of Minerals.

The crystalline rocks examined comprised: (1) those in
which certain minerals were distributed in large crystals or ar-
ranged in folia, so that clean samples could be picked out by
hand; and (2) those from which the various minerals had to
be separated by means of a liquid of high specific gravity.

The first class included many samples from the gneiss, syen-
ite, and granite of the Manipori formation, N. Z., from which
the separation of mica and hornblende was specially easy. In
various parts of this formation mica veins are abundant. It

¢ Professor Hutton says on this point (op. cit., p. 272): *‘If, therefore, we assume
that the pyroxenes of our volcanic rocks contain gold and silver, that the condi-
tions necessary for dissolving them rarely obtain, but that one of the exceptions
has been in the Hauraki [Thames] gold-fields, we have a hypothesis which will, I
think, explain most of the facts.”’

7 Op. cit., p. 271.
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was sometimes possible to pick in a few minutes 2 or 3 1b. of
clean mica in plates up to 2 or 3 in. square. The syenite and
gyenitic gneiss often contain bands of almost pure hornblende,
quite an inch thick, permitting a similarly easy isolation.
Finally, magnetite can, of course, be easily separated from any
rock in which it occurs.

The treatment of the second class, comprising many of the
rocks examined, may require some explanation.

The separation of minerals from rocks by means of heavy
solutions is extremely tedious, and it is therefore desirable to
reduce the quantity of the rock to be operated upon if this can
be done without material loss of the mineral to be isolated.
As all crystalline rocks contain a large percentage of material
below 3 in specific gravity, which can be effectively removed
by panning, each sample was concentrated first by panning to
get rid of quartz, feldspar, and other specifically light ma-
terials. This procedure would, of course, be inadmissible if the
object had been to determine accurately the gold and silver per
ton of the rock examined ; but the purpose in each case being
simply to get as large a quantity as possible of a given mineral,
and to get that sample approximately pure, this preliminary
crude concentration seemed to be unobjectionable.

As an illustration, the following record of the process, as ap-
plied in one instance (Sample 7, Table I. [Table XVIII. of
original paper]), is here given. With suitable modifications,
this method was followed in all similar cases:

Sample of Syenite.

1. The sample was roughly broken and examined with a good lens, but no sul-
phides were discovered. A chemical analysis of 10 g. of the sample also showed
that sulphides were absent.

2. A portion of 500 g., pulverized so as to pass a No. 30 sieve, was reduced by
careful panning to 217 g., of which 58 g. was removed by a weak magnet. The
portion thus removed proved, under the microscope, not to be pure magnetite, but
to contain a good proportion of hornblende and feldspar (chiefly orthoclase) grains,
probably drawn to the magnet by small adhering particles of magnetite.

3. The 159 g. not attracted by the magnet consisted chiefly of hornblende and
feldspar, with a little mica (biotite) and quartz. This powder was introduced into
an apparatus modeled on Thoulet's, but made much larger, to save time. The
heavy liquid used was Sonstadt’s : mercuric iodide, dissolved in excess of potassic
iodide, and having 3.175 sp. gr.

On exhausting the air from the apparatus, 77.5 g. of practically-pure horn-
blende fell to the bottom of the liguid. A dilution of this liquid to 2.95 sp. gr.
was followed by the precipitation of 35.5 g. more—also nearly-pure hornblende.
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The total of 113 g., reckoned as hornblende, was finely powdered and assayed with
pure litharge. No trace of gold or silver was obtained.

4. The 58 g. removed by the magnet was similarly powdered and assayed, with
the same result.

Sonstadt’s solution is cheap and easily prepared, but has the
great disadvantage of being extremely corrosive. Kven with
the greatest care, it was found almost impossible for the op-
erator to avoid burning his fingers. Ience, in a number of
instances Klein’s solution of boro-tungstate of cadmium was
employed. This has another advantage over Sonstadt’s solu-
tion, namely, that when a partial separation of hornblende from
augite is desired, the greater part of the hornblende can be
kept from sinking in the liquid by using the latter in the con-
centrated state.®

The results of the analysis of minerals separated from 47
samples of rock are given in Table I. On this table the fol-
lowing additional notes are presented :

1. Sample 17 represents a rock of peculiar occurrence, occu-
pying a narrow strip in an area of Tertiary trachyte at Porto-
bello, on the east coast of the Otago peninsula. Samples taken
short distances apart vary much in character; but, on the
whole, the rock may be classed as a diorite. Gold was said to
have been found in the rock, up to 0.5 oz. to the ton. If this
were the case, such an occurrence of gold would have been, so
far as the writer knows, unique.

Of the three samples chosen, one (No. 17) contained pyrite,
and this pyrite was—but the rock itself was not—auriferous.
The occurrence of auriferous pyrite in such an area (of recent
voleanic rocks) is most unusual, and Professor Ulrich, Director
of the Otago School of Mines,’ who has examined the locality
and studied rock-sections from it, thinks that this diorite rock
probably underlies the basic volcanics which form the rest of

8 It was found impossible to separate augite from hornblende completely by the
use of heavy liquids ; but since no gold or silver was found in either, this fact did
not affect the practical results of this investigation. The same remark applies
more or less to all the minerals thus isolated for analysis. The writer knows of
no method which will perfectly isolate considerable quantities of one mineral from
other minerals not widely removed in specific gravity. In Table L., therefore,
the terms ‘“ hornblende,’’ ““augite,”’ etec., simply designate the greatest part of the
mineral samples to which they are applied.

9 T desire at this point to express my grateful thanks to our respected chief,
Professor Ulrich, for much kind encouragement and practical assistance.
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TasLe L. (Table XVIIL of original paper).—Analyses of Various
Minerals Isolated from the Older Crystalline and Newer Erup-

tive Rocks of New Zealand, Victoria, and Queensland,

A. Rocks oF NEW ZEALAND.

ol Y e | . o 73 | .
g 2s | - F% S3% =S £ | 4
g‘ Locality. ;-bf_’é 23 ﬁgg i g g g
< =2 =2 ci=1 @ =
K \ == =2 =A% 2§' 2 5
| Gm. Gm.
1...| From the ‘“Staircase,” 200 Mica 200 . Picked None. old or
on the Sutherland | by band. silver.
Falls road, Milford |
sound, W. coast of |
Otago.
2. D0t R e 150 Mica. 150 Do. None. Do.
3...| Clinton gorge, N. W. of | 150 Mica., 150 | Do. None. |  Do.
Lake Te Anau, on | |
Milford sound road. ;
4...| Roaring creek, Arthur 100 Mica. 100 ‘ Do. Nomne. ! Do.
River valley, near | |
Milford sound. - |
5.... On the track between 100 Mica. 100 Do. None. Do.
Milford sound and \
Lake Ada, W. coast of ‘
Otag
B Duskv sound W. coast | cerens Hornblende. |...c..cecceenannee Do. See note | See note
of Otago. below. ‘ below.
oo DOLleetoaeen it benies | 500 | Hornblendes! 113 Sonstadt’s | None. | Nogold or
i solution. | silver.
8...| Milford sound, W. coast | 100 [ Hornblende. 100 Picked None. | Do.
of Otago. | by hand.
9...| Preservation inlet, W. 100 | Hornblende, 100 Do. None. Do.
coast of Otago. | i
10...; West Jacket Arm, W. 140 Hornblende.[ 140 i Do. None. | Do.
coast of Otago. | |
11...| George sound W.coast | 500 |..ceerennns [T PP B PSSP See note | See note
of Otago. [ below. | below.
12...| Do Hornblende. 200 Picked None. | Nogold or
by bhand. silver.
135 % Hornblende./.... Do. See note | See note
) below. below.
14... Skipper’s creek, central «... | Magnetite. 250 Magnet. None. | No giold or
tago. silver,
15... Shootover river, central | ......... Magnetite. 150 Magnet. None. 0.
tago.
16...| D g Magnetite. 180 Magnet. None. Do.
LTk ...| S8ee note | See note
| below. below.
18...| D Horn- Sonstadt’s | None. | Nogold or
blende, 57 | solution. silver.
Mica, 43
19...| Do.... 500 .| Biotite, 38 | Sonstadt’s | None. Do.
Horn- solution.
iy blende, 26
20...| Near Dunedin.......c..cee Magnetite. 60 Magnet. None. Do.
21... Water of Leith, near Hornblende, 16 Klein’s None. Do.
Dunedin 28t03 solution.
Augite 25
3t03.2
22...| Near Oamaru, Otago. Magnetite. 80 Magnet. None. Do.
23...| Cape Fo ulwmd Ww. Mica. 200 Picked None. Do.
coast of Nelson, by hand.
24...| Inangahua river, Reef- 500 Mica, 84 Klein’s None. Do.
ton. solution.
25...; Cape Foulwind quar- 500 Mica. 43 Sonstadt’s | None. Do.
ries,W coast of Nel- solution.
son, N. Z. "
268, Rangxtoto, Westland, Klein’s | See note | See note
N. solution. | below. below.
27...| Bed of Hokitika river, 500 Mica. 48 Do. None. | Nogold or
Westland, N. Z - . silver.
28... Bl(l)gh sound W coast | 500 Mica, 61 Do. None. Do.
tago.
29...| Moanataiari tunnel, | 1,000 |Pyroxenes of 73 Do. None. Do.
Thames district ;pégr. 2.9 to
30...| Do. eeeeness [ 1,000 |Hornblende 56 Do. None. Do.
and chlo-
- rite between
SPRSET. | 2.8
and 3.1.
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TaBLE L—A. Rocks of New Zealand.— Continued.

s | 2 79 |Zz<| 3§ £ Y
— = : E D | ﬁ Py L% < ;‘
g‘ Locality. =5 ‘ 23 K] oa = 2
S =8 | i 355 Sl = 3
475} =2 =2 23 28 c=r}' =1
Gm. | Gm
3l... Waitekauri creek|1,000 Hornblende 65 Klein’s None. | No goldor
Thames district. i and chlo- f solution. silver.
| rite between
| sp. gr. 2.8
| and 3.1.
32...| Moanataiari tunnel, (1,000 Pyroxen’sbe- 43 Do. None. Do.
Thames district. | tween sp. gr.
2.9and 3.2. |
33...| Fame and Fortune G. |1,000 | Do. | 84 Do. None. Do.
M. Co., Thames. ! |
34...] DOueeerrrvenns O cosesseest| MBOORY| Do. 27 Do. None. Do.

B. Rocks oF VICTORIA.

| |
35...| 900-ft. level Long Tun- | 1,000 | Hornblende.] 73 | Klein's None. | Nogoldor
nel G. M C | solution. silver.
36.... Thomson river, near 1,000 |...... ! See note | See note
{yalhalla, Gippsland, below. below.
iet
37../D Hornblende.| 38 Klein’s None. | Nogold or
solution. silver.
38...| Big hill, Bendigo, near | ......... (HOENDIEn e, s e ese st See note | See note
the Sllurmn boundary. below, below.
L B N D L B B e e o || (AL Mica. 53 Klein’s None. | No gold or
solution. silver.
40L..HT)0. oo oo s dtseseamset ueo e 500 Mica. 84 Do. None. Do.
41... From Gabo Island, S. E. | 1,000 [ Hornblende.| 96 Do. None. Do.
of Viet.,, used as a
building ‘Stonein Mel-
bourne.
42... Ballarat East, Victoria. | ......... Magnetite. 50 Magnet. None. Do.
43...| Sunbury, near Mel- | ......... Magnetite. 40 Magnet. None. Do.
bourne, Victoria. t

C. RoCKS OF QUEENSLAND,

| |

4., | The 1.070-ft. level, Bril- | 500 Sp.gr.2.75to] 21 Klein’s None. | Nogoldor

| liant and St. George 3 (biotite). solution. | silver.

| G. M. Co., Charters Sp.gr. 3t03.2 ‘

’ Towers, Queensland. ‘(hornblende)| 50 |
452es[ D0:eseersssoaseverconesencssoserace 500 Sp.gr.2.75to] 47 Klein’s None. Do.

| | 3 (biotite). solution.

| Sp.gr.3t03.2

|(hornblende)| 40
46... The 950-ft. level of the | 1,000 |...cciiineiiianne 80 | lbacwccoaontoods See note = See note
No. 5 North Pheenix below. below.
G. M. Co., Gympie.

ol | 100 ormciroetath foaionco 1,000 [.eeeeierancessanaseas 25 [ieeiiasneneennnee Do. ' Do.

1, 2. Goeiss, containing veins of mica, about 0.5 in. wide, mixed with quartz. Several pounds”
weight of mica were easily obtained.

3. Granite, with muscovite in large plates, easily picked out of sample.

4, 5. Gneiss; contained veins of muscovite, from which pieces 2 in. square were easily picked
out.

6. Syenitic gneiss, consisting of quartz, feldspar, and hornblende, with a little biotite, the
hornblende in a seam about 2 in. wide. Pyrrhotite and chalcopyrite, with minute specks
of native copper, associated with the hornblende; 500 g. of the rock gave 53 g. of sul-
phides, mostly pyrrhotite, which contained 0.0058 of silver.

7. Syenite.

8. Syenitic gneiss. A vein of hornblende about 2 in. wide occupled the greater part of the
sample analyzed.

9, 10. Syenite-porphyry, showing large patches and cr\'stals of hornblende.

11. Syenitic gneiss, consisting of quartz, feldspar, and biotite, with patches of hornblende.
Sample showed pyrrhotite and pyrite; 500 g. gave 18.56 g. of these minerals chiefly, but
no gold or silver was found.
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12. “Granite,” a rock containing pink feldspar, quartz, muscovite, and bands of hornblende.
13, “Granite,” a rock containing orthoclase, quartz, muscovite, and hornblende in veins;
1,000 g. gave 12.18 g. pyrrhotite and arsenopyrite, which yielded no gold or silver.

14. Chlorite-schist, containing numerous octahedral erystals of magnetite.

15. Hornblende-schist, containing numerous octahedral crystals of magnetite.

16. Heavy “black sand,” result of erosion of mica-schist.

17. “Diorite,” consisting of triclinic feldspar, hornblende, biotite, magnetite, and a little

quartz; 1,000 g. gave 4.934 g. of pyrite, containing 0.037 grain of gold and 0.0041 grain of
“silver.

18, 19. Diorite, like No. 17,

20. Phonolite.

21. Basalt, very much decomposed, with large, undecomposed crystals of augite and horn-

blende.

22, Hard, solid basalt, from a quarry.

23. Gneiss-granite, with large folia of mica, easily picked out of sample.

24, 25. Fine-grained granite.

26. Granite, with a pyritous vein ; 1,000 g. gave 28.92 g. of arsenopyrite and pyrrhotite, with a

little galena, and this yielded 0.0032 grain of gold and 0.0019 grain of silver. :

27. Granite.

28, Gneiss.

29, Nepheline-andesite, hard, very little decomposed.

30. Hard blue hornblende-andesite.

31, Hornblende-andesite, slightly altered.

Augite-andesite, with mueh chlorite.

34. Hard blue unaltered augite-andesite.

“Diorite” dike, near auriferous reef, Walhalla, Gippsland, Victoria.

* Diorite, associated with copper-lode. Showed chalecopyrite, of which there were ob-

tained from 1,000 g. of the rock 16.48 g. (with a small quantity of bournonite), yielding

0.407 grain of silver and no gold.

37. “ Diorite,” fike No. 36.

38. Syenitic granite (quartz, orthoclase, and muscovite, with large erystals of hornblende) ;
1,000 g. gave 16.03 g. of pyrite, yielding neither gold nor silver.

39. Syenitic granite, like No. 38.

40. Granite.

41. Syenite.

42. Very dense basalt, overlying auriferous slates.

43. Vesicular basalt.

44, 45. Quartz-mica dlorite (tonalite: the “granite ”’ of Charters Towers).

46. Diorite-aphanite, with much carbonate of lime (cale-aphanite) ; a very much altered rock ;
effervesces strongly with acid (the ‘“greenstone ” of the Gympie field) ; it contains pyrite
and sphalerite in small quantities ; 1,000 g. gave 8.42 g. of pyrite, yielding no gold or silver.

- Diorite-aphanite, like No. 46; 1,000 g. gave 42.7 g. of pyrite and galena, which yielded
0.0016 grain of gold and 0.0037 grain of silver.

3
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the peninsula. In that case, it would be allied rather to the
dikes of the Upper Silurian in Victoria than to the newer vol-
canic rocks of its immediate neighborhood.

A prepared thin section of this rock was microscopically
examined by a German mineralogist, who says of it:

““This rock is, without doubt, one of the older volcanic rocks. It consists of
feldspar, mica, and hornblende, with a little quartz and magnetite. Mica is to a
great extent absorbed, and magnetite has taken its place. The rock is difficult
to classify, but would be best described as an elzolite-syenitic rock.”

2. Samples 29 to 34 are from the Thames district. It was
found difficult to get samples of the Thames andesites in which
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the analysis of 5 g. would show no trace of sulphides—this’
being, as already explained, a requisite condition for the par-
ticular investigation in hand. A large number of samples had
to be rejected on this account; but in Nos. 29 to 34 no trace of
sulphides was found.

3. Nine samples in Table I.: namely, Nos. 6, 11, 13, 17,
26, 36, 38, 46, and 47—contained sulphides. The results of
further examination were as follows:

No. 6. Sample of 500 g. gave 58 g. of sulphides, mostly pyr-
rhotite and chalcopyrite, which contained 0.0053 grain of silver.

No. 11. Sample of 500 g. gave 18.56 g., chiefly pyrrhotite.
No gold or silver.

No. 13. Sample of 1,000 g. gave 12.18 g. of pyrrhotite and
arsenopyrite. No gold or silver.

No. 17. Sample of 1,000 g. gave 4.934 g. of pyrite, contain-
ing 0.037 grain of gold and 0.0041 grain of silver.

No. 26. Sample of 1,000 g. gave 28.92 g. of arsenopyrite
and pyrrhotite, with a little galena, containing 0.0082 grain of
gold and 0.0019 grain of silver.

No. 86. Sample of 1,000 g. gave 16.48 g. of chalcopyrite,
with a small quantity of bournonite, carrying 0.407 grain of
silver and no gold.

No. 88. Sample of 1,000 g. gave 16.03 g. of pyrite. No
gold or silver.

No. 46. Sample of 1,000 g. gave 8.42 g. of pyrite. No gold
or silver.

No. 47. Sample of 500 g. of pyrite and sphalerite, contain-
ing 0.0016 grain of gold and 0.0087 grain of silver.

Conelusions.—The results summarized in Table I. were
greatly surprising to the writer. In view of the usually tedi-
ous character of the operation of isolating the various con-
stituents of a rock, he would not have examined so large a
number of samples had he not expected, at each new analysis,
that he might succeed in discovering go]d in some mineral
other than a sulphide.

It is, perhaps, comparatively easy to conceive why, in a
stratified area, gold may occur only in connection with sul-
phides; but that in such a rock as gneiss, granite, syenite, or
diorite, it should form no part of the crystalline constituents,
but, on the contrary, should occur only in the sulphides found
in these rocks, seems more remarkable and significant.
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CuaprrErR VI.—THE VaAposE REcIoN.

Professor Posepny ' advances the sweeping proposition that
the formation of ore-deposits could have taken place by descen-
sion and lateral secretion in the vadose region of circulation
only, and must have been, in the deep region, the product of
ascending currents. This distinction is, perhaps, too sharply
drawn by him. It seems to the writer that the lateral-secre-
tion theory can scarcely be put out of court by assuming a
lateral secretion to be impossible below the ground-water level.
Yet the marked difference everywhere observed in the con-
tents of auriferous lodes above and below that level required
that the rocks of the two zones should be distinguished, and
separately analyzed in this investigation.

From an economic stand-point, this difterence is expressed by
the almost universal experience in the Australasian gold-fields,
that the average yield of gold is much smaller below the water-
level than near the surface. This statement, which will doubt-
less be controverted in some quarters, is based on the concur-
rent testimony of a large number of mine-managers and others,
having long experience in the aunriferous deposits of Australia
and New Zealand. The almost unanimous evidence is in
favor of the greater richness of vadose deposits. Several men
of great experience have even given the opinion that, for ounces
per ton above the ground-water level, only pennyweights per
ton have been found below it.

This important economic question is naturally discussed in
treatises on ore-deposits. Phillips,” for example, gives a num-
ber of reasons why the results in the vadose region may seem
to be, while they are not really, higher than those of deep levels.
Even after taking these considerations into account, however,
the evidence of greater richness in the vadose region in Aus-
tralia seems overwhelming.

In this connection, reference may be made to the exhaustive
work of R. Brough Smyth,” and to a very interesting little
work,” dealing with the yield of the auriferous deposits of Vie-

1 Trans., xxiii., 262 (1893).

1 4 Treatise on Ore-Deposits, pp. 60 to 62 (1884).

12 Gold-Fields of Victoria, pp. 233 to 281 (1889). ;

1 The Gold-Fields of Victoria in 1862, by a Special Reporter of the Argus, Mel-
bourne (1863).
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toria from 1851 to 1862. The reader of the latter book may
suspect the anonymous author of overstating the facts; but a
comparison of the average yields noted in it with those of mines
now working in the same reefs, with the aid of the latest gold-
saving appliances, can hardly fail to carry conviction, even to
those who, permitting ¢ the wish ” to be ¢ father to the thought,”
deny the impoverishment of auriferous lodes in depth.™

This greater richness of the vadose region might be explained
in either of two ways.

1. If the auriferous contents of the lodes are derived from
some deeper source, and have been deposited from warm as-
cending waters, the decrease of pressure on approaching what
was, at the time of the lode-formation, the surface, might
account for the precipitation of the precious metals in greater
quantities near that surface.

2. If the reefs and their auriferous contents are due to the
leaching action of solutions traversing the country-rock on each
side of the fissures, such leaching action would naturally be far
more intense near the surface, because the oxidizing action of
the surface-water would naturally be much greater in the vadose
region. .

Either of these hypotheses might account for the greater
richness of the vadose region. In the first case we might have
in the present deposits of that region an example of the re-
solution and precipitation of gold which had been previously
brought up from greater depths; while in the second case we
might expect to trace a leaching action similar to that occurring
in depth, only augmented by the effect of the oxidizing vadose
waters.

The question is naturally suggested, whether natural re-
agents capable of dissolving gold® are to be found in the vi-
cinity of auriferous lodes. And this inquiry suggests the
further questions: Does gold exist in solution in mine-waters
of either the vadose or the deep circulation? Does the gold
of the vadose circulation, in any particular mine, contain a

14+ The gold-field of Bendigo is often cited as an instance to the contrary, good
yields having been there obtained in some cases from great depths (2,000 to 2,800
ft.) ; but the reason for this is indicated in the remarks of E. J. Dunn, in his report
on the Bendigo Gold-Fields, pp. 6 and 9.

15 Gold is so easily precipitated from solution that an investigation as to possible
precipitating-agents is scarcely necessary.
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smaller percentage of silver than that of the deep circulation ?
Is any evidence of re-solution and re-precipitation to be obtained
by analyzing samples of country-rock from the vadose region,
corresponding in position with samples from the deep region
of the same district ?

Natural Solvents of Gold.

The chief solvents of gold at all likely to occur in the neigh-
borhood of lodes are bromine, iodine, ferric chloride, ferric sul-
phate, and chlorine.

Bromine and Iodine.—The action of iodine as a solvent for
gold in nature has been emphasized by some writers; !¢ but,
whatever may have taken place in the past, the present inves-
tigation seems to show that iodine is not at all abundant in au-
riferous rocks. The partial or complete analysis of 58 samples
of mine-water from both the vadose and the deep circulation
has detected no bromine, and only in one instance any trace of
a soluble iodide. If, however, bromides and iodides do exist
in the vadose region, the agents which liberate chlorine (con-
sidered below) would also liberate bromine and iodine.

Ferric Chloride and Ferric Sulphate.—Henry Wurtz 7 remarks
that as early as 1859 he called attention to the solubility of gold
in these salts; but he does not state the strength of the solvent
solutions employed. The same is true of many other assertions
of this reaction, encountered in technical literature.® It was
therefore deemed necessary in the present investigation to test
the solubility of gold in solutions of the above salts of various
strengths, not greatly exceeding, however, the degree of con-
centration actually found in the most highly mineralized waters
analyzed. Solutions of ferric chloride and ferric sulphate, con-
taining from 1 to 20 g. per liter, were prepared, and finely
divided (1) metallic gold and (2) auriferous sulphides were
treated in these solutions, being freely exposed to the air at
ordinary temperature for several months; but no gold was dis-

6 For example, T. A. Rickard, On the Origin of the Gold-Bearing Quartz of
the Bendigo Reefs, Trans., xxii., 309 (1893).

IT Gold Genesis, Scientific American Supplement, vol. xxxviii., No. 979, p. 15,644
{Oct. 6, 1894).

18 It is highly desirable that in all such statements of solubility, the precise
strength of the reagents should be given. Most of the accounts of the solution of
. gold, for instance, employ, at best, only the vague terms ** strong,’”” *“ dilute,’”’ etc.
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solved, even by the strongest solutions. As the highest strength
above named considerably exceeded that of the most highly
mineralized mine-waters analyzed, no experiments were made
with still stronger solutions of the ferric salts.

The negative result of these experiments is, of course, not
conclusive proof that gold may not have been dissolved by these
reagents in the vadose circulation in a longer time and under
other conditions than those supplied.

Chlorine.—Possibly many reactions in nature, not easily re-
produced in the laboratory, may liberate chlorine, even at ordi-
nary temperatures. We know, however, that it is produced by
the action of hydrochloric acid on the higher oxides of manga-
nese, or by the action of sulphuric acid on the same oxides in
the presence of chlorides. - '

The question whether agents for the re-solution of gold exist
in the vadose region is thus practically narrowed to a search, in
the waters and rocks of that region, for (1) free hydrochloric
acid; (2) free sulphuric acid; (3) the higher oxides of manga-
nese; and (4) ferric chloride and ferric sulphate.

It was desirable, at the outset, to determine the most dilute
solution of hydrochloric acid which will, in the presence of the
higher oxides of manganese, liberate sufficient chlorine to be
detected by ordinary tests. Experiment showed that 1 part of
hydrochloric acid of 1.16 sp. gr. in 2,500 of water would give
a distinct chlorine reaction, while 1 part of the same acid in
1,250 of water produced chlorine enough to dissolve an amount
of gold appreciable by delicate tests. As the proportion of
pure HCI to water is in the first case only about 1 to 8,000,
and in the second case 1 to 4,000, it is evident that extremely
dilute acid will, in the presence of manganese oxides, dissolve
gold.

Cause of Acidity in Mine- Waters.—The chief cause of acidity
in mine-waters (see examples below) is without doubt the oxi-
dation of pyrite, which yields ferric sulphate and sulphuric
acid. The latter, acting on the chlorides, which are always
present to greater or less extent in mine-waters, frees hydro-
chloric acid. The writer has never found a water containing
free acid in which there was not also a large percentage of fer-
ric salts. ,

The Occurrence of Oxides of Manganese in Mining-Districts.—
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In some mining-districts (notably in XKarangahake, in the
Thames gold-field) the oxides of manganese often form a great
part of the lode-filling. While this, however, is exceptional in
Australia and New Zealand, the presence of the higher oxides
of manganese in the ferric oxides of the vadose circulation is
surprisingly general. Twenty analyses of such material from
various localities showed in 17 cases manganese, representing
from 0.012 to 43.59 per cent. (reckoned as Mn,0,). To one
sample, containing.only 0.38 per cent. of Mn,O,, dilute hydro-
chloric acid and precipitated gold were added, and gold was
found to be dissolved.

If, therefore, the vadose mine-waters are found to contain
free hydrochloric acid, it is evident that agents for the re-solu-
tion of gold in that zone are not lacking.

The Acidity of Vadose Mine- Waters.—An acid reaction with
test-paper does not prove the presence of free acid. Every
water examined which contained an appreciable quantity of
ferric salts gave a distinct acid reaction, though in a number
of cases examination proved the absence of free acid.

Seventeen samples of vadose waters were examined for free
acid; care being taken to collect the water as it ran from the
rock or vein, before any considerable exposure to oxidizing
agencies other than the oxygen held in solution by the water
itself. '

In calculating the results from those samples which carried
much free acid, if both sulphates and chlorides were present,
and the amount of free acid exceeded the amount represented
by the chlorine radical in the water, the whole of the chlorine
radical was taken as combined with H to form free hydro-
chloric acid, and the remainder of the free acid found was
reckoned as sulphuric acid. The results are shown in Table II.
The amount of ferric chloride and sulphate can be approxi-
mately calculated from the proportion of iron present as ferric
salts. Even after complete oxidation by exposure to the air,
the total weight of ferric salts could never exceed 12 g. per
liter. For this reason, in the experiments previously described
(see p. 173), I did not use solutions of ferric salts containing
more than 20 g. per liter.

Table II. shows the considerable increase in acidity caused
by exposure to the air. It is noteworthy that all the samples
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marked *, when taken from the mine, precipitated gold from
solution, but that the same waters, after thorough oxidation,

di

issolved metallic gold when the higher oxides of manganese

were added to them.

TaBLE IL— Examination of Mine- Waters of the Vadose Region

for Free Acid and Ferric Salts.

Sample.
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Mica-schist. Neutral. | Nil Nil. Nil. Nil. 0.09 | 0.027 | 0.068
Mica-schist. Neutral. | Nil. Nil. Nil. Nil, 0.872 | 0.305 | 0.567
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. From the Whau mine, Thames, N. Z. Contained a large quantity of iron in solution.

Color, wine-red. Sp. gr., 1.021.
From Maria reef, Karangahake, Thames, N. Z. Deposited a large quantity of ferric hy-
droxide on standing.

. From Woodstock reef, Thames, N. Z. Behaved on standing like sample b.
. From the Alburnia mine, Thames, N. Z. In appearance like sample a. Sp. gr., 1.019.
. From the Grace Darling mine, Thames, N, Z." Nearly clear; slight deposit of ferric hy-

droxide on standing.

. From the Martha mine, Waihi, Thames, N. Z. Appearance and behavior on standing like

sample e.

. From the Crown mine, Karangahake, Thames, N. Z. Like samples ¢ and f.
. From the Tipperary mine, Macetown, Otago. Clear.
. From the Premier mine, Macetown, Otago. Clear.

From the Long Tunnel, Walhalla, Victoria. Clear.

. From the Bonanza mine, Nenthorn, Otago. Clear.
. From a quartz reef near Roxburgh, Otago. Reddish ; deposited a good quantity of ferric

hydroxide on standing.

. From the Bella reef, Waipori, Otago. Clear.

. From the Gabriel’s Gully reef, Lawrence, Otago. Clear.

. From the Game Hen reef, Hindon, Otago. Clear.

. From the reef on Sovereign hill, Ballarat, Victoria. Clear.
. From the reef on Big hill, Bendigo, Victoria. Clear.
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The results shown in Table IL. point to the following con-
clusions:

1. In districts like the Thames, N. Z., where the country-
rock is highly charged with sulphides, the vadose water may
often contain free hydrochloric acid suflicient (when the higher
oxides of manganese are present) to re-dissolve gold. Though
the Thames samples were incapable of holding ordinary salts
of gold in solution, they acted as solvents of gold when they
were thoroughly oxidized and manganese oxides were present.

2. The great majority of the mine-waters analyzed contained
no free acid which could liberate chlorine by acting on the
oxides of manganese that are abundant near quartz reefs.

3. The higher salts of iron are not present in any samples of
water analyzed by me, in sufficient quantity to dissolve gold at
ordinary temperatures. (Stronger solutions of these salts failed
to dissolve gold.) It may be added, that in every case in which
much iron was present, free acids were also found; so that in
-any solution of gold that might be effected, the more powerful
solvent, chlorine, might also be acting.

Notwithstanding these conclusions, I must point out that the
re-solution of gold has probably gone on, and is still going on,
in the vadose region, even where the vadose waters contain
neither free hydrochloric acid nor notable quantities of ferric
salts. The analyses of samples from the vadose regions of
‘Walhalla and Ballarat (see Tables III. and IV., and Figs. 1
-and 2 [Tables XX. and XXI. and Diagrams 8 and 9 of original
paper] ), the vadose waters of which contained no free acid and
were very poor in dissolved minerals, show that such re-solu-
tion has probably been considerable, though we find no agen-
-cies now existing which would account for it.

Does Gold Exist in Mine- Waters of Either or Both Circulations 2

Prof. A. Liversidge' has pointed out that the search for gold
in meteoric and mine-waters has not proved its presence in so-
lution. It has been detected, but it may have been in mechani-
cal suspension. So far as I know, Messrs. Norman Taylor and
‘Cosmo Newbery, of the Victorian Geological Survey, are the
-only persons who have experimentally investigated this subject

19 On the Origin of Gold Nuggets, Proceedings of the Royal Society of New South
Wales, vol. xxvii., p. 303 (1893).
12
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in these colonies. Mr. Newbery, who made the most experi-
ments, said before the Victorian Royal Commission on Gold-
Mining * that whenever he got gold, he got also angular frag-
ments of quartz, which could find its way wherever gold could
find its way, and both might have been conveyed mechanically.

The evidence for the existence of gold in mine-waters rests,
so far as I am aware, on the discovery of gold: (1) in boiler-
scale from boilers fed with mine-water; and (2) in wood taken
from old mine-workings, where it has been covered for some
time with mine-water—the latter being assumed to have car-
ried dissolved gold into the timber, to be precipitated by the
organic matter of the wood. But the finding of gold under
such circumstances does not prove that it was in solution in
mine-waters at deep levels. In the first case, the gold may
have been carried into the boiler in suspension, along with the
silt which all mine-waters contain. In the second case, even
though gold may have been dissolved in the water surrounding
the old timbers, it may have been brought into such solution
by the action of air in the mine-workings, oxidizing sulphides
of the rock to sulphates and setting free sulphuric acid, which,
in turn, acting on the chlorides always present in mine-waters,
would liberate hydrochloric acid. This acid, acting on oxides
of manganese, would free chlorine, which would dissolve gold.
This statement applies particularly to all mines the waters of
which contain considerable iron. Every sample of chalybeate
mine-water analyzed by me acted as a precipitant of gold when
taken fresh from the workings, but as a solvent of gold at ordi-
nary temperatures, in the presence of the oxides of manganese,
when it had been exposed to the air for a week or two.

Mr. Newbery, however, distinctly said, in his testimony
already cited, that he found angular quartz which had been
soaked up into the timber examined, and that the gold might
have been mechanically introduced in the same way.

With regard to the suspension of gold in mine-waters, the
following evidence, obtained by me last year, may be of interest.

In the Long Tunnel G. M. Co.’s mine at Walhalla, Gipps-
land, Victoria, one of the most productive mines in Australia, *!

2 Report of the Commission, p. 68 (1893).

21 Ramsay Thompson, the general manager, to whom I am indebted for much
kind assistance, informed me that up to December, 1894, this mine had produced
over 22 tons of gold, and had paid £1,200,000 in dividends.
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the water pumped from various depths, down to about 2,300
ft. below the surface, is run into two large settling-tanks, be-
fore using. At the time of my visit one of these tanks con-
tained a large quantity of fine silt, which had been suspended
in the mine-water. I analyzed three samples of about 2 1b.
each, first panning off the lighter part, and then assaying the
residue. The first sample gave 0.0063 grain of gold; the sec-
ond, no trace; and the third, 0.0175 grain.

These results show that assays of boiler-scale do not neces-
sarily prove that gold was dissolved in the water depositing it;
and, also, that in all analyses even of samples from the vadose
circulation, to test the presence of dissolved gold, care must be
taken to free the water beforehand from every trace of sus-
pended matter.

I have tested many old mine-timbers for gold. In every case
the outside wood was chipped oft to the depth of about 0.5 in.;
and, when cracks appeared in the timber, about 0.5 in. on each
side of the crack was also chipped off. These parts were
burned, and analyzed separately from the inner portions. The
results of several such analyses are shown in the table on p. 180.

Search for Gold in Mine- Waters.—It was soon found useless
to examine mine-waters which contained much iron, and in
which the ferrous salts had not been oxidized to ferric salts by
exposure to the atmosphere. The analyses were consequently
restricted, for the vadose region, to waters containing a very
small percentage of iron-salts, and chalybeate waters which
had been thoroughly oxidized (the latter being apparently ex-
ceptional, even in that region), and, for the deep circulation, to
waters containing so little iron that they do not act as precipi-
tants of gold. .

This chapter treats of mine-waters under the conditions of
temperature and pressure now encountered. What might be
effected by these waters under other conditions does not concern
us at this stage.

If gold be present in mine-waters at all, it is likely to be in
very minute proportions. Hence large quantities of water
must be operated upon. The method of evaporation for the
assay of the residue was too tedious, especially in view of the
limited time at my disposal in each locality. I therefore
availed myself of the well-known action of sulphides and or-
ganic matter in precipitating gold from solution.
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Analyses of Old Mine-Timbers.

1

Sample. Description and Locality. | Part Analyzed. | Gold Found.

1. | Prop from the Tipperary Gold Mining | Outside of the | None.
Co., Macetown, Otago, much decom- | prop. ‘

posed. The part analyzed had been |

under water for many years '

II. | Do. l Inside of prop. ’ None.
|
IIL

.| None.

terrace, near Skipper’s Point, Otago.
The part analyzed had been under’ ‘
water for probably 20 years.

IV. | Do. Inside of prop. | None.

V.| A prop from the Premier mine, Mace- | Outside of prop. | 0.0038 grain.
town, Otago. Water had been run-
ning over it for 2 years at least.

VI. | Rotten wood from the lower part of a | Outside of prop. | 0 0097 grain.
rejected prop from the Long Tunnel
Gold Mining Co., Walbhalla. From a
part of the mine where a richly auri-
ferous reef had been worked.

VIIL | Do. Inside of prop. | None.

VIIIL | Decayed portion of lath brought up from | No portion was | None.
the deep workings of the Northern sound; all
Star Gold Mining Co., Ballarat. Had | was burned
evidently been saturated with water and analyzed.
for many years.

IX. | Portion of sleeper used in a tramway, | Do. 0.0129 grain.
Northern Star Gold Mining Co., much
decayed. A large quantity of water
had been running over it for at least
a year.

A filter was constructed, consisting of a tinned-iron cylinder,
about 3 in. in diameter and 6 in. long, terminating below in a
funnel, inside of which was placed a filter of glass-wool, and
above this the reducing-agents (animal charcoal, artificial iron
and lead sulphides, roughly powdered). The upper part was
connected by a rubber tube with the tap supplying the water
to be tested.

The following preliminary test proved the efficiency of this
filter : A solution in 400 gal. of water (from the Dunedin water-
mains) of 28 1b. of common salt, 8 0z. of magnesium sulphate,
8 oz. of ferric chloride, and 0.1 grain of gold in the form of auric
chloride, was allowed to trickle slowly through the filter, the
operation taking about 48 hr. The mixture of sulphides and
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charcoal was then removed, roasted, and assayed, when 0.0926
grain of gold was recovered, showing that practically all the
gold had been precipitated.

In examining mine-waters, the water was first collected in
an iron tank, and powdered alum was added to it, completely
precipitating all suspended matter. After standing some hours,
it was tapped from 2 or 3 in.above the bottom of the tank, and
filtered as described.

Four samples were thus treated; but in no case was gold
found.

The first sample (about 500 gal.) was water from the high-
level tunnel of the Tipperary G. M. Co., which had percolated
down from the surface through the lode-fissure for from 200
to 500 ft.,and flowed in a large stream from the tunnel-mouth.
This practically represented the vadose circulation only.

The second sample (about 500 gal.) was from the pump-dis-
charge of the New Chum Railway Co., Bendigo, Victoria, and
represented the whole drainage of the mine from the surface to
a depth of 2,850 feet.

The third sample (about 700 gal.) was from the Long Tunnel
G. M. Co.’s mine, Walhalla, Victoria, near a very rich lode, and
represented the whole drainage between the adit (700 ft. below
the summit of the hill) and a level about 2,300 ft. below the
surface, or over 1,500 ft. below the adit.

The fourth sample (about 500 gal.), from a deep tunnel of
the Premier mine, Advance Peak, Otago, driven on a lode
which had proved richly auriferous in places, represented the
whole drainage from the surface to probably 2,000 ft. below it.

The negative results of these tests are the more surprising
to me, since other examinations, hereinafter described, afforded
strong evidence that solution and re-precipitation of gold have
taken place in the vadose region.

It is, of course, possible that gold may have existed in these
samples in some form from which it was not precipitated by
the reagents used. This is suggested, indeed, by my experi-
ence (see Chapter VIL) in attempting to precipitate gold from
sea-water. The question can only be decided by the evapora-
tion of samples (first freed from suspended matter) in larger
amount and number than mine, and the assay of the residues.
I venture to recommend such an inquiry to those who live in
the vicinity of rich mines and have time for the work.
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Does the Gold of the Vadose Region Contain Generally Less
Silver than That of the Deep Circulation in the Same District ?

Several investigations have seemed to prove that, on the aver-
age, the gold of the alluvial depositsin Australia and elsewhere
is appreciably finer in quality than the vein-gold. The matter
has been discussed chiefly in connection with the origin of
nuggets; # but, so far as I know, no comparison as to fineness
has been made between the vadose and the deep vein-gold.

The observed difference between placer- and vein-gold may
be held to show, either that the oxidized mineral-bearing waters
running in the ancient drift-deposits dissolved out part of the
silver with which the gold was alloyed, or else that these
waters dissolved both gold and silver, the gold being again
precipitated, alloyed with less silver than before. Similar rea-
soning might be applied to an observed difference between the
vadose and the deep zone, in the quality of vein-gold. I have
therefore made comparative assays of this character in a num-
ber of cases.

The fineness of the gold may vary considerably even in the
same level, and within a few feet. This is true even in such
districts as Bendigo, Ballarat, and Otago, where the percent-
age of silver is comparatively low, while in districts like the
Thames, N. Z., the variation observed is sometimes extraordi-
nary. On the whole, however, the average quality of the gold
won in districts of the former class varies little.

Five localities were chosen (chiefly by reason of facilities for
obtaining specimens from near the surface), namely, (1) the
Nenthorn gold-field, in mica-schist, in eastern Otago; (2) the
Tipperary and Premier mines, in mica-schist, Macetown, cen-
tral Otago; (8) the Dart river, in northern Gippsland, repre-
senting the Upper Silurian of Victoria; (4) the Bendigo field,”
representing the Lower Silurian; and (5) the Thames district
of the North Island, in altered Lower Tertiary andesite.

In a few instances the analyses were made of gold picked
out of the reef; but the majority were assays of vein-stone.

22 Professor Liversidge, in the paper already cited, gives a convenient summary
of the literature of this subject.

28 Surface-samples are hard to get in Bendigo. Nearly all the companies are
mining in the deep region, and have long ago exhausted the pay-quartz above.
I took many samples from outerops of reefs, but found in the majority little or no
gold. The results given below are those in which a prill of appreciable size was
obtained by assaying 1,000 grains of vein-stone.



THE GENESIS OF CERTAIN AURIFEROUS LODES. 183

The percentage of silver was in each case obtained by differ-
ence, and represents the loss per cent. of the prill after quarta-
tion. The results were as shown in the table on p. 184.

These analyses of 76 samples go, on the whole, to prove that
the average fineness of the gold in the vadose region is appre
ciably greater than in the deep circulation in the same district,
and also that the vadose gold is considerably more regular in
quality.

It seems to be indicated that considerable solvent action
must have been exercised by water percolating through the
rocks of the vadose region, as the denudation of the surface
has gradually lowered the water-level, converting the deep cir-
culation of former times into the vadose of to-day.

Analyses of Vadose Country-Rock, ete., at Different Distances from
Auriferous Lodes.

At the beginning of this chapter I have pointed out the im-
portance of separate rock-assays in the vadose region. It was
relatively difficult to obtain good samples (other than surface-
samples) of this class, because most of the mines are now deep,
and the former long cross-cuts run on upper levels into the
country-rock are abandoned and closed. The samples there-
fore comprise chiefly oxidized rock from pretty near the lodes,
and 10 to 100 ft. below the surface, and surface-samples taken
at all distances from the lodes. Particular interest attaches to
samples of (1) oxide of iron and manganese deposited along
bedding-planes or fractures; (2) solid rock as little altered as
possible by the action of percolating water; and (8) secondary*
sulphides, abundant in the vadose region of many mines.

The remarks covering the methods of concentration and as-
say pursued with samples from the deep levels, apply here also.

?* TIn calling these vadose sulphides ‘ secondary,’”” I mean that they have prob-
ably been formed through the oxidization of the sulphides of the deep circulation
by surface-water, followed by a reduction of the sulphates and re-precipitation of
the sulphides by orgnic matter. I do not mean to say positively that the sul-
phides of the deep zone are not, as many observers believe, also secondary in this
sense, that is, due to the reduéing action of carbonaceous matter upon soluble sul-
phates. This is Sandberger’s view (Untersuchung, etc., vol. i., p. 21). Yet so
far as my experience of the deep sulphides goes, it certainly favors the theory of
their formation by the action on the silicates of metals of hydrogen sulphide, dis-
solved in ascending water. '
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Relative Fineness of Vadose and Deep Vein-Gold.

- B. From Deeper Levels of Nenthorn Dis-
0 Is‘lilerln lgsté‘r%m’qheznmom Gt triet (the Bulk of the Gold was Held
1 AR by Pyrite).
Percentage | Percentage J Percentage Percentage
o of Gold, of Silver. e of Gold. of Silver.
B[ESS 91.85 7.15 1 89.86 10.14.
2 89.27 10.73 2% 91.43 8.57
3 90.43 9.67 3. 87.17 12.83
4 89.19 10.81 4.. 90.45 9.56
5 92.01 7.99 6o 89.07 10.93
6 89.38 10.62 6.. 92201 799
i, 91.46 8.54 | o 90.17 9.83
8 90.79 9.21 | 8.. o) 88.75 | 11.25
9 90.07 8.53 9.. | 91.03 \ 8.97
1052 92.00 8.00 10 9.70

90.30 |
|

Average fineness of 10 samples, 90.645 per 1‘ Average fineness of 10 samples, 90.024 per

cent. Range of fineness, 89.19 to 92.01= || cent. Range of fineness, §7.17 to 92.01 =
2.827 per cent. |1 4.84 per cent.
I
C. Surface-Samples from Tipperary Pre- | D From Deep Levels (1,000 to 1,500 Ft.
mier, and Sunrise Gold Mining Companies. Below Surface) in Tipperary and Premier
All near Macetown, Central Otago, N. Z. Mines, Macetown.
il
Percentage | Percentage | T ‘\ Percentage | Percentage
O of Gold, of Silver. ! Do | o Gold-. | of Stlver.
al5 96.12 1 3.88 ! s 95.39 4.61
2 43.37 | 6.63 25 94.48 5.52
3 94.19 5.81 8o 91.87 8.13
4 92,87 7.58 | 4 96.29 3.71
5, 95.00 5.00 Bes 93.06 6.94
6 94.58 5.42 G 94.31 5.69
7 93.23 6.77 Yoo 93.80 6.20
8 95.84 4.16 94.73 4.27
9 95.93 4,07 93.90 6.10
oo 94.89 5.11 | 94.10 5.90

Average fineness of 10 samples, 94.602 per || Average fineness of 10 samples, 94.293 per
cent. Range of fineness, 92.87 to 96.12 = cent. Range of fineness, 91.87 to 96.29 =
3.25 per cent. 4.42 per cent.

|| NoTE.—A sample taken from a bar of 194 oz.
r' from deep levels of Premier Gold Mining
|| Co. contained 94.45 per cent.

E. Surface-Specimens from Richly Aurif- || F. Unoxidized Specimens from the Same
erous Lode in the Vieinity of the Dart l Reef, Dart River, North Gippsland,
River, North Gippsland, Victoria. | Victoria.
i
|
T Percentage | Percentage o Percentage | Percentage
No. of Gold. of Silver. No. of Gold. of Silver.
i
S 91.87 8130 mat|ln 91.50 8.50
2% 94.96 5.04 2 90.43 9.57
8.5 93.08 6.92 35 87.69 12.31
48 92.00 8.00 4a, 96.28 3.72
5.. 92.63 7.37 OPe. 91.17 8.83
6.. 94.73 5.27 6 84.64 15.36
oo 93.45 6.55 A 88.93 11.07
8. 95.01 4.99 8. 95.03 4.97
923 94.91 5.09 07 .90.37 9.63
10 92.84 7.18 10 90.80 9.20

A.vemge fineness of 10 samples, 93.548 per || Average fineness of 10 samples, 90.984 per

cent. Range of fineness, 91.87 to 95.01 = cent. Range of fineness, 84.64 t0 96.25 =
4.14 per cent. 12.36 per cent.
aSample assayed consisted of arsenopyrite
and pyrite.

b Sample assayed composed chiefly of galena.
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Relative Fineness of Vadose and Deep Vein- Gold.— Continued.

Field, Victoria. 3,000 Ft.) of Bendigo Gold-Field.

G. Surface-Samples from Bendigo Gold- ] H. Samples from Deep Levels (1,200 to
1

& | Percentage | Percentage ‘ : Percentage | Percentage
No. of Goldt.g of Silver. ‘i No; of Gold. of Silver.
|
I |
A e 5.24 1 93.08 6.92
95.03 4.97 0o 95.04 4.96
94.05 { 5.95 3.. 94.00 6.00
(RO AN RO | 91.27 8.73
94.10 5.90 il 8. 91.30 5.70
95.00 5.00 | 6. 94.19 5.81
3. 93.96 6.04
8.. 92.95 7.05
OF. 92.37 7.63
10.... 94.70 5.30
2 |
Average fineness of 6 samples, 94.585 per cent. | Average fineness of 10 samples, 93.586 per
Range of fineness, 94.05 to 95.03 = 0.98 per cent. Range of fineness, 92.37 to 95.04 =
cent. 2.64 per cent.

I. Samples from Vadose Region of Various K. Samples from Deep Circulation of the

Parts of Thames Distriet, N. Island, N. Z. Thames District.
;
T Percentag Percentage T | Percentage Percentage
e of Gold. of Silver, &, of Gold. | of Silver.
1 63.72 36.28 LUt 63.7 56.24
2) 79.34 20.66 2. 71.14 28,86
3 52.90 47.10 g% 59.93 40.07
4 57.39 e 42.61 4. 53.01 46.99
b} 67.01 32.99 1l .. 64.25 85.75
6 59.98 40.02 | 6.. 43.17 56.83
@ 65.55 3445 || 7 66.98 33.02
8 73.07 36.93 51.30 48.70
9 60.08 39.92 69.04 30.96
10=22 51.19 48.81 ol 48.75 51.25

Average fineness of 10 samples, 60.023 per | Average fineness of 10 samples, 59.183 per
cent. Range of fineness, 51.19 to 79.84 = | cent. Range of fineness, 43.17 to 71.14 =
28.15 per cent. | 27.97 per cent.

I

[In the majority of cases the samples taken weighed 7 or 8 1b.; the samples
tested, 4.48 1b.; and the assays were made from concentrates of the latter, but some-
times 4.43 1lb. was the actual sample for assay ; in which case the total quantity
was pulverized to pass a No. 60 sieve, and divided into 12 parts of about 2,500
grains each, and to each part 3,000 grains of purified litharge, 2,000 grains of car-
bonate of soda, and 1,000 to 1,500 grains of borax were added for the assay, with
sufficient argol to reduce about 400 grains of lead. ]

But concentration of an oxidized rock is much more diffi-
cult, because oxidation destroys the heavy sulphides, and also
liberates very finely divided gold, which there is danger of
losing. Hence my results with vadose country-rock are not
quantitatively correct. To minimize the probable error, the
samples were not concentrated nearly as far as those from deep
levels had been.
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TasLE IIL.—Analyses of Country-Rock from the Vadose Region
of Walhalla Gold-Field, Gippsland, Victoria.

=) =] { =,
| 828, | 2 | R T
. O Ve | @, 2 i=a8
g 283 5 | 85| & |3 E.;
g E&~ e Weight of Concentrates Obtained. = 3 ©3%
s | HoBh = 8= < EReE-
w2563 el Em ] =]
Sags 2 & 1 5 |28
<7 = e
Feet. Pounds. | Grains. Grains. Grains.
@hoen 3 West. 4.48 1,904 Chiefly oxide of iron, showing a | Trace. Nil. Nil.
little mica.
10 West. ‘ 4.48 1,650 Trace.  Nil. Nil.
16 West. | 2.24 L B oot Soecienoe s sienn e e staneanastsi e g thaces I Nil. 0.027 27
100 West. 2.24 All assayed | Nil Nil. Nil,
240 West. 2.24 T G e Lot c oo e s soekreesh ansaetiitsceliecees | Nil. 0.0183 18.3
360 West. | 1,000 g. All assayed.....eeeee... contiesirs sresssesanse | Nil. Nil. Nil.
540 West. 4.48 1,280 Chiefly quartz, ferric oxide, with | Nil. 0.0027 1.85
a little mica.
h.....|1,200 West. 2.24 T o e e o D PO Nil. 0.0076 7.6
Uodrct 6 East. 2.24 1,356 Mostly ferric oxide, with a little | Nil. 0.029  29.
i magnetite.
J*..| 75 East. 2.24 All assayed | Trace. 0.0017 1.7
3ot 360 East. ) 2.24 1,748 Chlefly ferric oxide.... Nil. Nil. Nil.

a. Very hard, coarse-grained, solid sandstone, much stained with oxide of iron.

b. Fine-grained, hard, solid slate, very little altered in any respect.

¢. Oxide of iron from a cavity between sandstone and slate. The country much broken
near where sample was taken.

. Slate, fine-grained, very little altered. very soljd and hard.

. Broken sandstone, slate, and oxide of iron, from a small fault in the rock, exposed to the
surface.

f. White quartz, slightly iron-stained, from small reef-formation about 4 in. wide.

g. Hard, fairly coarse-grained sandstone, with seams of fergic oxide along the bedding-planes.

h

i.

Y

. Slate, sandstone, and ferric oxide from broken country, filling a slight fault.
t. Ferric oxide, coating slate and sandstone.
Jj. Hard, solid, fine grained slate, little altered.
k. Hard sandstone, much stained with ferric oxide.
In the case of samples marked * the whole of the sample left after concentration was assayed
after the concentrates had been examined.

Walhalla.—A good cross-section of the gold-bearing rocks of
‘Walhalla is extended along both sides of the Walhalla creek,
where the cliffs rise steeply from 300 to 600 ft. Analyses of
specimens are given in Table III.

Ballarat.—A deep cutting, about 0.25 mile long, running
east, across the strike of the rocks, from the summit of Sov-
ereign hill, in this district, presented a good cross-section of
the country-rock near the surface. Table IV. gives the result
of analyses.

Otago.—Examinations of country-rock from the deep region
in Otago were confined to one district, Macetown ; but quartz
reefs have been worked at various depths in different parts of
the province; and vadose samples were taken from three other
Otago districts besides Macetown, namely, Waipori, Nenthorn
and Saddle Hill. In every case the country-rock is either phyl-
lite or mica-schist. Table V. gives the analyses of 13 samples.
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TaBLE IV.—Analyses of Country-Rock from the Vadose Region of
the Ballarat Gold-Field, Victoria.

Il = | o
5 e, o i 3 £ )
s % <8 E | O 5 S oa
2 -1 3 ] <} N
'a a E @ A == B I oM
g 222 i ‘ Weight of Concentrates Obtained. 28, s 298
Hal g5 ] Ssm
@ E25 | 3 82 | 3 e
5.2 i & = 3
ag - 3] | ;1—‘
< |
Feet. Pounds. | Grains. | Grains.| Grains
a 8 East. 1.12 684 Nil 0.037 | 74
b 60 East. 2.2 ‘ 1,050 Nil 0.017 |17
( 140 East 4.48 1,812 Nil 0.0063 | 3.15
d. 186 East. 4.48 ' 1,485 Nil 0.0023 | 1.15
€....| 240 East 4.48 l 2,116 NiL | 0.6016 | 0.8
Jeeio| 360 East 2.24 1,642 Nil 0.0058 | 2.9
g 500 East. P51 I B0 i e sns e LR e W R T v A I Nil Nil. Nil

a. Oxide of iron, with a little quartz and loose sand, formed by the disintegration of sand-
stone.

b. Oxide of iron, from a joint separating two adjacent strata of sandstone.

¢. Soft sandstone, pure white.

d. White pipe-clay, with yellow streaks. A product of the decomposition of slate.

e. Soft, fine-grained pipe-clay, colored from red to purple by oxide of iron.

f. Oxide of iron, mixed with soft sandstone and clay from broken country.

g. Oxide of iron, forming clay parting between two beds of pipe-clay.

Otago.—Samples from Districts Remote from Auriferous Lodes.
—Vadose samples were also taken in Otago, far from any au-
riferous lodes. Previous assays having shown that the mate-
rials most likely to contain gold were the broken rock, iron
oxide, etc., filling fault-fissures, the samples were taken of such
materials only. If all the mica-schists of the Otago gold-field
contained gold, some of it would be carried by percolating
water into such crevices, and lodge there with the ferric oxide.
The analysis of samples at a long distance from any auriferous
reef is specially interesting, since, as will be seen in the last three
tables, deposits of ferric oxide in the vadose region, even at a
considerable distance from a reef, were nearly always auriferous.

A good section of the favorable rock (the middle division of
the foliated schists already mentioned), in which, however, for
several miles, no gold-bearing reef has yet been discovered, is
exposed by the «Skipper’s” road from Queenstown to Skip-
per’s creek. This road is cut around almost vertical cliffs for
several miles, on the north side of the Skipper’s range. Nine
_ samples of broken rock and ferric oxide from joints, cracks, and
faulted country in these cuttings were analyzed, with the results
shown in Table VI.

Lake Wakatipu.—Fourteen vadose samples of little-altered
Upper Devonian and Carboniferous rocks were taken from the
western shore of Lake Wakatipu. No gold was found in them.
The examination is reported later on, under the head of “ Gold
in Marine Sediments.”



188 THE GENESIS OF CERTAIN AURIFEROUS LODES.

TaBLE V.—Analyses of Rocks from the Vadose Region of Otago,

New Zealand.
2108 : %
<g | §¢ g 3 $ | &R
R G = o4 3 =3
= 9 |RE & J w5 CraE
Sz | 4@ Localit = Weight of | Sz | & 388
8| o3| % ¥ = Concentrates. | .8« ° |22
CRE AR % | 85 | z | Sum
28 | &3 5 g2 | 2 |3g
A" : ~ Ere. W EuE
= <K ’ = e
1
Feet. | Feet. | Pounds.| Grains. Grains.| Grains.
[ T B | 40 | From a tunnel driven 4.48 643 Mostly \ Nil. | 0.0016 c.8
i along the Bella reef, mica and !
Waipori, Otago. oxideof \
iron.
20 40 4.48 0.0107 5.35
3 50 4.48 0.065 32.55
60 30 4.48 Nil. Nil.
low level tunnel Tip-
perary G. M. Co., Mace-
~ town, Otago.
Ehoood 35 60 | From the same tunnel, P Ll esoccodonoocao Trace. | 0.0179 17.9
i but 25 ft. nearer the reef.
ool D 70 | From the same tunnel, 15 2:240 HIR1E0B0ME waweets | Trace. | 0.0086 8.6
ft. nearer the reef. |
geeeer 160 35 | From near the mouth of 1.12 L e e Nil. | 0.0018 3.6
the low-level tunnel,
| Premier G. M. Co., Mace-
| town, Otago. |
h....i 90 ‘ 8 | From the same tunnel, 2.24 (5 it o oo - | Trace. Nil. Nil.
| but nearer the reef and 2
. | at a greater depth.
fu..| 65 | 95 |From the same tunnel, 2.24 (RO ol *ootr s Nil. | 0.0013 2.6
! but15 ft. nearer the reef.
¢ Toooan 6 | 40 | From the Bonanza reef, 224 |1,738 Prinei-| 0.027 | 0.0016 11.6
Nenthorn, Otago, with- pally
in 6 ft. of a rich auri- mica and
ferous reef. ferrie
oxide.
(o 3 40 | From the same mine, at 21941 | ST ZR NN e Nil. | 0.0073 7.3
the same depth, but
nearer the reef. ke
l...| 600 20 Froma cliffwestofSaddle | 1.12 (726 Sy 0.008 | Nil. Nil.
Hill reef, near Dunedin.
Mowi| 200 20 | From the same locality, IR ME O Rer e Nil. | 0.0005 0.5
but nearer reef. i

a, b, ¢. Mica-schist, yellowish color, soft, very much decomposed.
d. Hard mica-schist, with quartz bands 0.5 in. wide, Specimen much stained with oxide of
iron.
. Ferric oxide from g slight fault in mica-schist, showing a little quartz in veins.
. Quartz and ferric oxide from broken country.
. Solid mica-schist, much stained by ferric oxide.
. Ferric oxide and broken mica-schist, from a small fault.
. Solid mica-schist, much discolored by ferric oxide..
J, k. Much decomposed, very soft mica-sehist, stained brown with ferric oxide.
I. Ferric oxide filling the space in joint-planes of phyllite, which forms the country-rock of
this reef.
m. Decomposed phyllite, much stained with ferric oxide.

e QN S

Ohinemuri District, Thames.—The samples collected for me
from the vadose region in the Ohinemuri district, in the south-
ern part of the Thames gold-field, differ somewhat from the °
oxidized samples of other gold-fields. All those analyzed are
highly-altered andesites; and, in many cases, even when most
oxidized, they contain much pyrite. This sometimes doubtless
represents the pyrite found in the propylites of the deep region
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TasLe VI.— Analyses of Samples from Skipper’s Road, near
Lake Wakatipu, Otago.

| 7
= o I a e l - s 5
“os =3 ‘ | 3 1) = a8
s\ B2 |&% Ve g5 | S |25
= &% O I on MO Weight of SR e e
g © 3 p®@ | Locallly. | o | Concentrates. =)oy © «°3
C] =18 o e 3= el Rl
% =g 22 | | 3 Sl S R
ZE ] = &~ R e
A <R | > | i ?‘E‘
| Feet. | |Pounds, Grains. Grains.| Grains.
e At least 20r8/| 50 l Allthese 2.24 \1127 Chiefly| Nil Nil. Nil.
miles. | samples were i ferric oxide
| taken from a and mica,
| deep cutting 1
| on the Skip-
pers’ road. | |
bt About 0.25 o 2.24 ) 1,416 With alittle | Nil. Nil. Nil.
mile from a. pyrite. ; | 1
Bocca At least 1 mile. 224 |1,723... Nil.  Nil. | Nil
d.../About 1,000 2.24 | 1,09 Wlth agood 1.384 Nil. Nil.
yd. from c. percentage |
of sulph'd’s.
o From near| 40 | .cccccevvceerenenaes 2.24 834 Showed no | Nil. Nil. Nil.
sample d. pyrite,
b About 3miles. | 20 | 224 | 1,568.... Nil. Nil
g....,From near 40 2,24 817 Nil. Nil
sample f.
h.....| Over 2 miles. | 10 | 181N 71650 Nil. | Nil Nil.
i*....| Near sample h'i 15 | 1.12 B8 Nil. Nii. Nil.

a. Ferric oxide from joint-planes.
b. Broken rock; quartz and mica, with much contorted mica-schist, filling a fissure 18 in.
wide.

¢. Broken rock ; quartz and mica.

d. Broken rock, but the sample contained a few large crystals of pyrite, somewhat decom-
posed to ferric oxide.

e. Broken rock, but showed no pyrite.

I Quartz and broken mica-schist and ferric oxide, from a fault-fissure or lode-formation,
about 1 ft. wide, in mica-schist.

g. Quartz and broken mieca-schist.

h. Ferric oxide, filling joint-planes in broken mica-schist.

7. Quartz-interlaminations, about 2 in. wide, in mica-schist, much stained with ferric oxide.

In the case of sample marked * the whole of the sample left after concentration was assayed

after the concentrates had been examined.

in this district; but, from the mode of its occurrence, I am in-
clined to think the greater part of it is due to the oxidation of
the older pyrite to ferrous and ferric sulphate, and the subse-
quent reduction of such sulphates by organic matter. I have
therefore called it ¢“secondary” pyrite. (The bullion associated
with it does not carry the abnormally high percentage of silver
which was noticed in the bullion from the sulphides of the
deep region—a fact which should repay further investigation,
and might throw important light upon the solution and re-pre-
cipitation of gold and silver by natural agents.) Table VIL
gives the results of the analyses of these samples.
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TasLe VIL—Analyses of Samples from the Vadose Region of the
Ohinemuri District, Thames, New Zealand.

| S 'g { 5
|z | 5. ‘ & | < s | 3 5
2 LS e g G 25 5 =
2IRE A2 5 weigntor | S | S5 | B | B
| iy ] £ e~
E =% | ug Localify. = Coucentrates. ; © = e ST
g | =23 | KB -3 =} | B3 T | T
w | 3.0 =8 =] 1 2 | O/ = =
=] 0 = = G R
& £ | 3 ‘ o ~ = el
| < = { |
Feet. | Feet. | ‘Pounds. Grai | ‘Grains.| Grains.| Grains. Grains.
| From a cliff on 448 1,634 0.0014 | 0.7 | 0.0018 .9

2

—
o
w
<

the tramway be- |
‘tween the Crown! !
i mine and Karan- ‘
| ‘gahake, Thames.

bisi. i 20 | 180 From a fault. 1.12 | All assayed. 0.009 18 | 0.0036 7.2
c..... 20 | 350 From a fault. 448 1,066 With a 0.0062 | 3.18 | 0.0054 280
‘ i good per- { |
centage! | |
[ 1 ‘ ! of pyrite. |
d...| 30 | 120 East of the Ma-| 4.48 873 With a Nil Nil. Nil. | Nil.
| ria reef, Karanga- good pro- |
hake, Thames. portion !
| of pyrite.|
e....| 80 3 Great Woodstock 1.12 'All assayed. 0.0095 | 19 | 0.0084 1 6.8

| 'tunnel, Karanga- |
| hake, Thames. | | |
| 10 60 ' Fromacliffonthe 224 Allassayed. 0.0013 1.3 | 0.0042 4.2
| Waitawheta river, |
near the Crown |

| mine, Thames. ‘
g..... 60 24 | Near the Grace 448 1,372............ 0.0063  3.15  0.0048 2.4
l Darling reef, Wai- | |
|
1

\tekauri, Thames, |

| A

h....| 60 30 | Foot-wall side of  4.48 846 With a| Nil Nil. Nil. | Nil
| Crown reef. . large pei- | :
| l centage of |
’ | sulphides. 3 i

(e 25 | 600 200 yd. off hang-' 224 617 Nearly 0.0098 | 9.3 0.0126 | 12.6
| ing-wall side of the i all pyrite. | |

Crown reef, 10 ft. !

' wheta river. } [
Jewrl 10 1660 | From a fault ex-) 1.12 [All assayed. 0.0071 | 14.2 0.0014 2.8
i \posed on the tram- i
} 1 way between the! |
‘ Crown mine an d
|
|

!abo ve the Waita-

Karangahake, | |

Thames.

Nearly white propylite ; showed a good percentage of pyrite.

Ferric oxide and higher oxides of manganese, with a little quartz.

Solid, bard andesite, oxidized to brown color on outside. Showed a good deal of pyrite.

Hard, greenish hypersthene-andesite. Showed a good deal of pyrite.

Ferric oxide and higher oxides of manganese, from a vein near the foot-wall of the Great
Woodstock reef.

. Andesite ; brown, much decomposed. No pyrite visible.

. Decomposed andesite and ferric oxide, from a fault.

. Grayish-white andesite, much oxidized on the outside, but showing pyrite freely when

broken.
t. Nearly white, very siliceous rhyolite. Showing pyrite freely.
. Ferric oxide and higher oxides of manganese.

SROHC 8

>a s o

<.

Remarks.—These examinations show a striking difference in
gold-contents between the vadose and the deep region of the
same district. TFigs. 1 and 2 show this difference graphically,
in curves plotted for the vadose samples and for samples from
the deep region (900-ft. and 1,422-ft. levels) of the Walhalla
Long Tunnel mine.
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In the deep region, as has been shown, gold was obtained
only when pyrite was present in the rock; and when such py-
rite occurred at a considerable distance from the reef, it was
seldom gold-bearing. In the vadose region, on the contrary,
the country-rock was found to be impregnated with gold to a
much greater distance from the reef, and to a much greater
degree.

It is, of course, possible that some of the gold found in the
vadose country-rock was carried into it mechanically by per-
colating surface-water, and its presence may therefore be no
proof of the solution and re-precipitation of gold. DBut in view
of the positions from which most of the samples were taken, I

think the results indicate that such solution and re-precipitation
“have gone on to a considerable extent in the vadose region—
the gold being in all probability derived from higher parts of
the lode, which have long since disappeared through surface-
detrition.

CuarrER VIL—THE ORIGIN OF GOLD IN STRATIFIED DEPOSITS.

The country-rocks of nearly all the chief Australian gold-
fields are more or less altered sedimentaries, originally depos-
ited in marine basins. Hence, writers on the origin of the gold
in the reefs have laid much stress on the presence of minute
quantities of gold and silver in sea-water. The argument is
briefly :

Gold exists in sea-water. Paleozoic marine sediments there-
fore contained gold, either mechanically entangled in them, or
precipitated with them by organic matter, which undoubtedly
existed in the ancient seas. These horizontal deposits being
subsequently tilted and fractured, their gold and silver were
re-dissolved by percolating waters and re-precipitated in the
lode-fissures where they are now found.

This has been the thesis of not a few ingenious speculations,
backed sometimes by chemical equations, but not by chemical
analyses.

In 1851, Malaguti and Durocher announced the discovery
of silver in sea-water, and made a quantitative estimation of it,
namely, 1 mg. in 100 L (or 0.155 grain per ton). But they did
not report any gold. ;
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In 1872, E. Sonstadt® discovered gold in sea-water from
Ramsey bay, on the coast of the Isle of Man. He did not de-
termine the quantity, but said it was certainly less than 1 grain
per ton. Strange to say, many writers who have used this dis-
covery as a basis for theoretical speculation have represented
Sonstadt as having found 1 grain per ton.?
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(From Diagram 8 of Original Paper, Comparison of Yield of Vadose Region of
Walhalla, Victoria, with Deep Circulation. See Tables IIL. and IV.)

So far as I am aware, no attempt has been made to verify
Sonstadt’s discovery, and to determine accurately the amount
of gold in sea-water, or to test his statement that this gold is

% On the Presence of Gold in Sea-Water, Chemical Neuws, vol. xxvi., No. 671,
p. 159 (Oct. 4, 1872).

% Thus James Park in his report on the Thames Gold-Field [New Zealand
Mining Report for 1893, Appendix] says (p. 65) : ‘‘Sonstadt was the first to show
that every ton of sea-water contains a grain of gold.”’ A later writer, noting,
perhaps, that Sonstadt found “less than a grain,” is very scrupulous, and fixes the
amount at 0.9 grain !
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not precipitated by ordinary reducing-agents, by reason of the -
presence in sea-water of iodate of calcium.”

Methods of Detecting Gold in Sea- Water.

Sonstadt’s Methods.—Sonstadt gave three methods for the de-
tection of gold in sea-water, two of which he recommended as
easily applicable. In the first of these, 150 to 200 cc. of sea-
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(From Diagram 9 of Original Paper, Comparison of Yield of Vadose Region.of
Walhalla, Victoria, with Deep Circulation. See Tables III. and IV.)

water is acidulated with hydrochloric acid, ferrous sulphate is
added, and the water is concentrated by boiling. The film of
ferric oxide found in the bottom of the dish is treated with

*T Since my experiments were made, I have learned from Mr. Rickard’s paper
On the Origin of the Gold-Bearing Quartz of the Bendigo Reefs (Trans., xxii.,
808) that Miinster has found gold in the sea-water of Christiania fiord, and has
estimated the amount. I find also that Prof. A. Liversidge has estimated that the
sea-water off the coast of N. S. Wales contains 0.5 grain of gold to the ton. (See
his paper, read before the N. S. W. Royal Society, Oct. 2, 1895, On the Amount
of Gold and Silver in Sea-Water.)

13
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chlorine-water, and the solution obtained is tested for gold with
tin chloride. In the second method, a small quantity of baric
chloride is added to the sea-water, and both gold and silver are
found to be precipitated.

The first method I tried upon water from the Pacific, at St.
Clair head, near Dunedin, and obtained with tin chloride a dis-
tinet coloration, doubtless due to gold.® But I found it im-
possible to obtain beads of gold by fusing with borax and pure
lead, as Sonstadt directs. (This is not surprising, since my
subsequent determinations would give, as the quantity of gold
in 200 cc. of this sea-water, less than 0.000012 grain.) The
necessity of boiling makes this method unsuitable for the treat-
ment of samples large enough to yield a weighable bead of gold.

I therefore tried the precipitation with baric chloride. Son-
stadt makes the remarkable assertion that in order to precipi-
tate the gold, the baric chloride does not need to be added in
sufficient quantity to precipitate as baric sulphate all the solu-
ble sulphates in the sea-water, but, on the contrary, that the
amount added to a liter of sea-water need not exceed that re-
quired to form about 1 grain of precipitate. Baric sulphate
being one of the least soluble of salts, this statement seems in-
explicable; nevertheless, I have been convinced, whatever be
the explanation, that Sonstadt’s method is as effective as if the
whole of the soluble sulphates were precipitated as baric sulphate.

He explains the precipitation by baric chloride by supposing
the gold to be present as an aurate. To test this question,
artificial sea-water was prepared, and the aurate of potassium
was added to it. Subsequent treatment with baric chloride
precipitated no gold. The experiment was repeated, with the
same result. _

It seems unlikely, therefore, that the gold exists in sea-water
as an aurate. I confess that I can form no conception of its
state of combination. The subject would repay a more thor-
ough investigation.

The Author’s Method.—Having been led, by evidence which
I will not here repeat, to doubt whether the precipitation with
baric chloride was complete, I tried a different one, which, if

% The experiment is more successful with the modification of the tin chloride
test prepared by T. K. Rose, Chemical News, vol. 1xvi., No. 1723, p. 271 (Dec. 2,
1892).
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successful at all, would certainly precipitate all the gold present.
All ordinary salts of gold are reduced to the metallic state by
moderate heating. Applying this principle first to an artificial
solution, I added to 112 1b. of artificial sea-water® ten times
as much calcic iodate as Sonstadt found, and a solution of
auric chloride in sodium chloride, containing 0.005 grain of
gold, so that the water would contain 0.1 grain of gold per ton.
This solution was allowed to stand in a dark place for a week,
that the gold might have time to form possible new combina-
tions. The whole was then evaporated ; the mixed salts (over
4 1b.) were heated dull red and lixiviated with water; the in-
soluble residue (123 grains) was fused with borax and pure
litharge, and 0.0043 grain of gold was obtained. The experi-
ment was repeated, the gold being added as an iodate, dis-
solved in excess of potassic iodate; and in this case 0.0052
grain of gold was recovered. (The slight excess may have
been due to a small particle of the cupel remaining in the but-
ton. It was not due to silver in the litharge.)

The method was then applied to actual sea-water; only the
sample was doubled in weight, to allow for the smaller propor-
tion of gold. The mixed salts (about 8 1b.) resulting from the
evaporation of 0.1 ton of sea-water were heated dull red and
lixiviated, and the residue (principally sand, with a little oxide
of iron) was fused and cupelled as before. The weight of pure
gold obtained from 0.1 ton of sea-water was, in the first ex-
periment 0.0065, and in the second 0.0071 grain. In both
cases, the prill contained absolutely no silver.

The following table summarizes the experiments above de-
scribed :

Determinations of Gold in Sea- Water.

Sea- Gold Ob- | Gold per
B{cthce Water. tained. Ton.
1. Sonstadt’s (baric chloride) : Pounds. | Grain. Grain.

a. All sulphates precipitated..................... 112 | 0.0038 | 0.076

22+ | 0.0074 | 0.074
b. Small proportion of sulphates precipitated{ 224 0.00‘73 0.078

D ; { 224 | 0.0061 | 0.061

2. Evaporation and reduction of gold in residue { 224 | 0.0065 | 0.065
by beatingl et e RN, Lot e s e 224 | 0.0071 | 0.071

*® Prepared according to the analysis by Roscoe and Schorlemmer.



196 THE GENESIS OF CERTAIN AURIFEROUS LODES.

I have said nothing concerning the silver in sea-water. Pre-
cipitation by baric chloride certainly saves some silver, but
only about one-fourth as much as was reported by Malaguti
and Durocher. Probably the precipitation is not complete.

The Precipitation of Gold in Marine Sediments.

Since gold exists in sea-water, it seems reasonable to believe
that it is precipitated at the present time by natural reducing-
agents. Those writers who trace the metallic contents of lodes
to metals dissolved in sea-water assume, indeed, that such a
precipitation is constantly going on; but experimental proof of
this assumption is lacking. I have attempted to investigate
the question in two ways:

1. By the examination of coast-sediments, now being depos-
ited under conditions favorable to the reduction of gold from
the sea-water.

2. By the introduction into sea-water of reducing-agents such
as naturally occur along the coasts at the present time, and a
subsequent examination for precipitated gold.

Examination of Coast-Sediments.—To secure trustworthy re-
sults, the whole of the drainage-basin to the erosion of which
the sediments are due should consist of non-auriferous rocks, so
that we may be sure that any gold detected did not come from
the land. Otago harbor, on the upper part of which Dunedin
is located, satisfies this requirement. The Leith and other
small streams entering the harbor flow wholly through basic
Tertiary volcanic rocks which contain no gold. At the same
time the shores are more or less covered with timber, so that
organic matter is abundant in the sediments of the streams.
The volcanic rocks contain much iron. Beds of hematite and
limonite abound along the shores. The conditions for the re-
duction of gold from sea-water are therefore very favorable.
Besides organic matter, there is sulphide of iron, produced by
the action of the sulphates in sea-wdter upon iron-salts, forming
sulphate of iron, reducible to sulphide by organic matter. (As
will be seen, some such action does in fact take place. In every
case the concentrates contained insoluble sulphides.)

Analyses were made of mud and silt from different parts of
Otago harbor, where the circumstances seemed most favorable.
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In each case, from 1 to 2 cwt. of the silt was carefully panned
off, till a residue of about 1,000 grains was left. This residue
consisted chiefly of magnetite, augite, and hornblende, derived
from the volcanic rocks of the coast. The percentage of sul-
phur (insoluble sulphides) in the concentrate was determined
upon a small portion, and the remainder was roasted (giving in
every case a strong reaction of sulphur dioxide).* The roasted
material was then assayed. The details of four assays are given
in the following table:

Examination of Marine Sediments.

‘ Concentrates. ST

j——————| InNon- | gola

Extracted. “égﬁ’c’gg_c Obtained.

' Total. | by Mag- | “rates
ne

Sample.

€.
| |

| Grains. Grains. | PerCent.
438 | 365 | 12.38 Nil.
1,678 916 | 7.03 Nil.
875 | 418 | 16.19 Nil.
586 307 4.61 Nil.

a. Over 1 cwt. of black mud, containing much organic matter, from Upper
Otago harbor, taken at low tide near Logan’s Point.

b. About 2 ewt. of black mud, containing much putrefying organic matter, from
the upper harbor, near the outlet of a main sewer.

¢. Over 1 ewt. of silt from Pelichet bay, where a small stream of highly-ferru-
ginous water runs into the bay from a bed of hematite.

d. About 1 ewt. of silt from the upper end of the harbor, near the outlet of a
main sewer from South Dunedin. It contained much decomposing organic
matter.

Eramination of Wood That Had Been Lying Under Sea-
Water for a Long Time.—Several samples of wood, which had
been buried many years under sea-water and mud in Otago
harbor and elsewhere on the New Zealand coast, were analyzed
for gold. In each -case from '10 to 80 lb. of the wood was
burned, and the ashes were fused with pure litharge.

The results are given in the following table :

3 When the magnetite was removed by means of a magnet, the remainder did
not show, under the microscope, recognizable crystals of pyrite ; but the presence
of pyrite was certainly proved by roasting, and by the sulphur-determination.
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Analyses of Wood for Gold.

1

Weight |

Sample. Description. Burned, | Results.
Pounds. |
a. Kauri plank, which had lain in Dunedin harbor at 12 Nil.
least 15 years. Other parts much decomposed. i
b. Pine plank from Catlin's estuary, east coast of Otago. 205N Nl
Part of a ship wrecked 20 years ago. |
! Remnant of manuka pile from Otago harbor. Under 12 Nil. o
water 20 years.
d. Do., the decayed part. 10 Nil.
et Part of a pile from the Vauxhall baths, Anderson’s 18 | Nil
bay, Otago ; in the water 30 years. !
f Driftwood imbedded in the mud at Madagascar beach, 16 | Nil
west coast of Otago. 1‘

Attempts to Precipitate Gold from Sea- Water.

These experiments were confined to such natural reducing-
agents as might naturally occur along the coast at the present
day, namely, sulphides of iron (chiefly formed by the reduction
of the sulphates of sea-water), and carbonaceous matter of
various kinds.

To make a suitable filter, an earthenware pipe 4 in. in diam-
eter and 1 ft. long was closed at the ends with strong cloth.
Next the cloth was placed a loose plug of asbestos, about
2 in. in thickness, wrapped in linen, and the middle part of the
pipe was filled with coarsely-broken earthenware, with which the
reducing-agent was mixed. The reducing-agents used were
animal charcoal, wood-charcoal, soot, and sulphides of iron,
copper, and lead—the latter being prepared by precipitating
sulphates of iron and copper and the nitrate of lead, in order
to make sure that they should contain no gold.

Pelichet bay is separated from the upper reaches of Otago
harbor by an embankment, in which an opening about 20 ft.
wide has been left. Through this passage the sea runs with
considerable force at most states of the tide. The apparatus
above described was fixed beneath the bridge which spans this
opening, so that both the ebbing and the flowing current might
pass through it. The filter was kept thus immersed for periods
varying from one to two months. The reducing-agents were
then taken out, roasted, and assayed.

The results are given in the following table:
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Fxperiments in Reducing Gold from Sea- Water.

Eégg:’ Reducing-Agent. Remarks, Fgg}gi.
a. Animal charcoal, in fine pow- l The greater part of the animal | Nil.
der. charcoal had been washed

through the filter.a The re-
i ] mainder was assayed.
| l
b. | Mixture of pounded charcoal | The smaller particles washed | Nil.
and soot. | away. Charcoal remained.
¢. | Animal charcoal in lumps. S N R et L Nil.
d. ‘ Sulphide of iron. ’ The sulphide was much oxi-| Nil.
) | dized ; the whole apparatus |
‘ being coated with ferric
oxide. &
e Sulphide of lead in lumps. | Very little altered. Nil
S Sulphide of copper in lumps. | Carbonate of copper found in | Nil.
the asbestos filter and other
parts of the apparatus.

g Mixture of animal charcoal, | Very little oxidation, even of | Nil
soot, sulphide of lead, sul- the artificial sulplude of
phlde of copper, and sul- iron, was noticed.

| phide of iron. |

a After the first two attempts the reducing-agents were put in, not as powder,
but in lumps from 0.25 to 0.5 in. in diameter, it having been found that the
strong current carried the finer stuff through the asbestos filter.

A very large quantity of sea-water must have passed through
the apparatus in each of the above cases, but there was no way
of estimating it with precision. In view of the negative results
of all the experiments, an attempt was made to precipitate gold
and silver from a measured quantity of sea-water. Ten thou-
sand grains of artificial sulphides of iron, copper, and lead, with
animal charcoal and wood-charcoal—all in fine powder—were
mixed in a barrel with 60 gal. of sea-water taken from the
Pacific ocean at Tomahawk Head, near Dunedin. The reduc-
ing-agents were stirred in the water for half an hour, and the
sediment was allowed to settle for some hours. The clear
water above was then decanted oft, and the barrel was again
filled. This operation was repeated 14 times in the same bar-
rel, or until over 4 tons of sea-water had been treated. The
sediment was then collected and roasted at a dull red heat, to
incinerate the charcoal and get rid of the sulphur. On assay-
ing the residue, no gold was obtained; but the result was a
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bead of pure silver weighing 0.0014 grain. I cannot say cer-
tainly whether this silver (which contained no gold) came from
the sea-water or from the litharge used. I do not think the
latter. If it came from the sea-water, however, it is note-
worthy that the amount from 4 tons represents only 0.00035
grain per ton, or one five-hundredth part of the gquantity found
in sea-water by Malaguti and Durocher in 1851.

All my experiments have thus signally failed to show any
precipitation of gold (and have practically failed as to silver)
from sea-water by natural reagents. So far as they go, they
lend no support to the theory that the deposition of gold and
silver by such reagents in marine sediments is now going on.

If such deposition had been the rule in former periods, and
if this be the origin of the gold in stratified formations, why
should only a comparatively small proportion of such formations
be traversed by auriferous veins? This point has not escaped
the attention of Posepny.”” It seems to me that important evi-
dence may be drawn from the examination of stratified rocks
known to be consolidated marine sediments, but the lodes in
which have not proved auriferous. Table VI. gives an exam-
ination of nine samples from Skipper’s road, east of Lake
Wakatipu, Otago, an area in which the rocks are known to
belong to the middle division of the foliated mica-schists (the
favorable country-rock for gold in Otago), but in which no au-
riferous reefs had hitherto been discovered. Only those parts
(e. g., fillings of veins and seams, ete.) particularly favorable to
the deposition of gold were examined, but no gold was found
in any of the samples.

A second series of examinations was made on samples from
the west shore of Lake Wakatipu, which is largely occupied
by rocks of the Maitai (Carboniferous) and the Te Anau (Upper
Devonian) series. These rocks (mostly sandstones and slates)
are undoubted marine sediments, but no gold has been found
in this area.

If the gold of the lodes in the foliated mica-schists east of
this lake was originally deposited from sea-water and has since
been collected by lateral segregation, it is difficult to under-
stand why gold should not have been deposited in the marine
sediments west of the lake also.

31 Genesis of Ore-Deposits, Trans., xxiii., 307 (1893).
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I therefore examined 16 samples of quartz, ferric oxide, etec.,
from the two series above named, where they are exposed north
and south of the Greenstone river. There were 4 samples of
fine-grained blue slate; 6 of ferric oxide from joints and fis-
sures; 4 of small quartz veins, none of which contained sul-
phides; 2 of slate containing large crystals of pyrite, amount-
ing in weight to 254 grains for the two samples.

No trace of gold or silver was found in any of these samples.

CuaprrEr VIII.—SuMMARY OF RESULTS.

[The recapitulation of the various results recorded in the
preceding chapters is here omitted, to save space.]

Bearing of these Results on the Origin of Auriferous Lodes.

When I began this work, seven years ago, I was strongly
inclined to believe that the lateral-secretion theory afforded
the most reasonable explanation of the origin of auriferous
deposits in these colonies; but, as the result of each series of
examinations appeared, I was forced to the following conclu-
sions: ' :
If any reliance can be placed on the examinations detailed
in the foregoing chapters, they seem to indicate that the gold
of many lodes of the chief mining-districts of New Zealand,
Victoria, and Queensland is due, not to lateral segregation from
the adjacent country-rock, but to solutions ascending from some
rock deeper than any now exposed at the surface in any part of
these colonies.

I am not concerned with the question whether this source is
the vague ¢barysphere,” with its somewhat apocryphal con-
tents of heavy metals. I have simply to note that a series of
laborious and careful examinations has failed to find it in the
rocks of the «lithosphere.”

‘What may be the value of these investigations in the study
of the general question of the origin of ore-deposits I leave the
reader to judge, being myself content to quote the opinion of
Professor Stelzner, of Freiberg, no mean investigator of that
larger question, that

¢‘ Each increase of our positive knowledge of the nature and mode of origin of
ore-deposits, each explanation of any question connected with such deposits or

with their associated country-rocks, is a distinct gain, not only to science, but also
to mining practice.”’ 32

32 Concluding sentence of Die Lateralsecretionstheorie (1889).
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DiscussioN.

(Trans., xxvii., 993.)

Josern LE CoxtE, Berkeley, Cal.: I have read with some
care and with extreme interest the work of Dr. Don, and have
no hesitancy in expressing my high estimate of its value. We
have here an example of laborious work undertaken in the true
scientific spirit and by right methods. Loose statements and
rash conjectures are here brought to the test of chemical an-
alyses. By such work only may we hope to reach reliable con-
clusions and finally to solve our complex problems presented
by the concurrence of ore-deposits.

Such work as this is not only scientific but is in the highest
degree practical; for while a crude and imperfect science, by
interfering with the results of approved empirical methods,
may be positively hurtful, a more perfect science must eventu-
ally become the only sure guide to practice. Such a more per-
fect science can only be reached by such work as Dr. Don’s.

I am sure every member of the Institute will unite with me
in the hope that Dr. Don will continue his work, and that his
example will incite others to similar work.

S. F. Emmons, Washington, D. C.: I desire to bear my hum-
ble testimony to the great value of Dr. Don’s paper to the sci-
ence of ore-deposits, the thoroughness and accuracy of his
work, and the immense amount of care-taking and tedious
labor which it represents. The only regret with regard to it
is that it could not have been published in full. No more
important paper in its line has ever appeared in the 7ransac-
tions. Indeed, this is a line in which far too little has been
done anywhere. Geologists are not often sufliciently trained
chemists to carry on such work, if they had the time; and for
mining-geologists in our country the press of work in other
directions is so great that they could not give the necessary
time involved in this class of work, if they were so inclined.
The chemist, on the other hand, is rarely enough of a geolo-
gist, or so placed, as to get sufficient field-experience to keep
thoroughly in touch with the processes of nature as shown in
mine-workings. By an organization like the U. S. Geological
Survey, where the chemist and the geologist might work in
harmony for a common purpose, it would seem that investiga-



THE GENESIS OF CERTAIN AURIFEROUS LODES. 203

tions into terrestrial chemistry might best be carried on; and
15 years ago, in connection with Mr. Hillebrand, one of the
most thorough inorganic chemists of the day, I had planned
such a line of experimental work, which I hoped might be con-
tinued as part of the regular chemical work of the Survey.
But the powers that were willed it otherwise. My colleague,
Mr. Becker, has made some important researches in this line,
especially with regard to the natural solvents of gold, which
do not appear to have come under Mr. Don’s notice. Such
work is necessarily very slow, and Mr. Don’s paper, as he tells
us, covers the results of seven years’ labor.

I do not propose to discuss Mr. Don’s paper from a chemical
point of view, but only to consider the deductions that may be
made from it from the geological side; and I do this with some
hesitation, because, not being able to read his statements in
detail, I may not infer correctly what his actual conclusions
were. I must say, however, that he seems to be most broad-
minded in this respect, and his work presents a pleasing con-
trast to parts of the great paper of the lamented Posepny,
where the effects of the latter’s recent contest with Sandberger
seemed to make him look at Nature through ascensionistically
colored glasses.

Dr. Don’s first and most important conclusion from his tests
is that gold does not occur in the rocks of the regions investi-
gated by him as an original constituent of the bisilicates, and
that where it is found in these rocks it is associated with sul-
phides, mainly of iron. His inference seems to be that it can-
not be original in the rock, because pyrite is necessarily a sec-
ondary constituent, that is, one introduced after the rock
consolidated. Now, my work for the past ten years has been
bringing me more and more to doubt the adequacy of the
bisilicates of eruptive rocks as a source of the metals for our
ore-deposits, and, especially in the case of gold, to look to the
pyrite, if not as a source, as the visible accompaniment. Where
there is no pyrite in the neighboring eruptive rocks, I have
not found that the veins are usually rich. But I have not,
therefore, abandoned my belief that eruptive rocks, similar to
those we see at the surface, are the source of supply from which
the great majority of our ore-deposits have been concentrated.
Pyrite is not necessarily a secondary constituent in such rocks,
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as seems to be tacitly assumed by many. On the contrary,
most petrographers admit the existence of primary pyrite,
though they do not generally appreciate its importance in the
study of ore-deposits. Lindgren has lately discussed primary
pyrites as a product of magmatic consolidation in the gold-
bearing rocks® of California. I cannot even feel absolutely
sure, in spite of the apparent conclusiveness of Mr. Don’s in-
vestigations for his regions, that the bisilicates of our Rocky
Mountain eruptives may not contain some of the metals, but
must wait until similarly exhaustive tests have been carried on
here. Lead and cobalt have been found by Mr. Hillebrand in
the bisilicates of some of the eruptive rocks of the Ten-Mile
district, and lead and silver similarly by Mr. Eakins in the bi-
silicates of granite at Silver Cliff, Colo.

It seems important to note that the lateral-secretion theory
which Mr. Don’s tests seem to disprove is not the one that has
been generally advocated in the United States; for I fancy few
American geologists believe in the narrower view advocated by
Sandberger, that the metals are derived necessarily from the
immediately adjacent country- or wall-rock. Dr. Don says that
he believes the gold of New Zealand is derived from rocks
deeper than any now exposed at the surface there, but adds
that he “is not concerned with the question whether this
source is the vague barysphere, with its somewhat apocryphal
contents of heavy metals.” While, therefore, no longer a be-
liever in Sandberger, he is apparently not willing to subscribe
to the extreme views of Posepny. It has been the fashion for
some time to decry Sandberger; but I think his work has been
of the utmost value to the study of ore-deposits, even if his
ultimate conclusions are not admitted ; for he aroused us from
the unthinking belief that the metals necessarily came from
unknown depths, which it was fruitless to speculate about or to
try to investigate. He started in movement the pendulum of
thought, which had so long been stationary at that point; for
a while it swung on his side, then back again to the ascen-
sionist side. Now, with some geologists, it has taken a very
strong impetus in the direction of the long-ago abandoned sub-
limation theory, or something very like it. The Swedish geolo-

3 Gold Quartz Veins of Nevada City and Grass Valley, by W. Lindgren,
Seventeenth Annual Report, U. S. Geological Survey, Part II., p. 94 (1895-96).
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gists represented by Vogt, a disciple of the great petrographer
Brogger, consider certain workable masses of iron and other
ores as segregations from the still molten mass, or direct prod-
ucts of magmatic differentiation. Other minerals occurring
in pegmatite veins, and some metallic oxides, like tin, for in-
stance, they consider to have been deposited in the last stages
of consolidation of a molten magma by a mixed process, which
they call pneumatolysis, and which brings in the agency of
water expelled during cooling from the igneous magma. This
comes back to the old French theory of aqueo-igneous fusion
in the presence of certain substances, such as fluorine, boron,
chlorine, etc., which were called agents minéralisateurs ; but it
is less purely theoretical, in that it is founded on certain facts
of observation in nature.

Vogt is at present preparing a new book on ore-deposits, in
which he will doubtless extend very widely the scope of his
pueumatolytic processes. But the applicability of either the
French or the Swedish theory must be limited by a very siniple
geological condition, which is—whether the fissures in which
ore-deposition has taken place could have been formed during
the final consolidation of the eruptive magma. In most of the
important ore-deposits which I have had opportunities of study-
ing, the fissures or fractures which have served as ore-channels
were the result of earth-movements that took place long after
the entire consolidation of the eruptive magmas. In’ some
cases, even, there is evidence of several such movements before
the ore-deposition. My belief, as I have had occasion to state
already, is that, by reason of some process which, for want of a
better name, we may call magmatic differentiation, certain por-
tions of an eruptive mass are richer in metals than the average;
and that from such portions circulating solutions have ab-
stracted these diffused metals and deposited them in a more
concentrated form in favorable situations in rocks in the vicin-
ity. The original bringing up of the metals from the bathy-
sphere was, however, accomplished by the eruptive magma be-
fore consolidation. Present ore-deposits are in this sense the
result of a secondary concentration at only moderate depths.

Dr. Don’s investigation of the processes going on, or that may
go on, in the vadose region affords interesting and useful data.
He first assumes that deposits are generally richer in the pre-
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cious metals above than below the water-line—a perfectly justi-
fiable assumption, in my opinion—and then presents alterna-
tive explanations, one based on the ascension, the other on the
lateral-secretion, theory; but he does not mention the most
obvious explanation of this fact, namely,' that the baser metals,
which are usually in far greater amount than the precious
metals, form by oxidation more readily soluble compounds, <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>