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PREFACE.

The following pages presuppose for their comprehension soms
acquaintance with geology and mineralogy. The materials for
them have been collected and arranged in connection with lectures
on economic geology, first at Cornell University and later at the
School of Mines, Columbia College. To the descriptions of others
the author has endeavored to add, as far as possible, observations
made by himself in travel during the last ten years. The purpose
-of the book is twofold, and this fact has been conscientiously kept
in view. It is, on the one hand, intended to supply a condensed
account of the metalliferous resources of the country, which will
be readable and serviceable as a text-book and work of reference.
For this reason every effort has been put forth to make the bibliog-
raphy complete, so that, in cases where fuller accounts of a region
are desired, the original sources may be made available in any
good library. But, on the other hand, it has also been the
hope and ambition of the author to treat the subjectin such a way .
as to stimulate investigation and study of these interesting phe-
nomena. If, by giving an extended view over the field, and by
making clear what our best workers have done in late years toward
explaining the puzzling yet vastly important questions of origin
and formation, some encouragement may be afforded those in a
position to observe and ponder, the second aim will be fulfilled.
In carrying out this purpose, the best work of recent investigators
on the origin and changes of rocks, especially as brought out by
microscopic study, has been kept constantly in mind, and likewise
in the artificial production of the ore and gangue minerals. So
much unsound and foolish theorizing has been uttered and believed
about ores, that too much care cannot be exercised in basing ex-
planations on reasonable and right foundations.

Acknowledgments are due to many friends for encouragement,
suggestion, and criticism. To Prof. Henry S. Williams, now of
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Yale, but late of Cornell, whose interest made the book possible,
these are especially to be made. On particular regions much ad-
vice has been obtained from Dr. W. P. Jenney, for which the
author is grateful. In the same way Prof. H. A. Wheeler of St.
Louis, Prof. R. A.F. Penrose of Chicago, and several other friends
have contributed. Dr. R. W. Raymond suggested the method of
enumerating the paragraphs. It has the advantages of being elas-
ticand of showing at once in what part of the book any paragraph
is situated.

The geologists of the United States Geological Survey, who
have been engaged in the study of our great mining regions, es-
‘pecially in the West, have laid the whole scientific world under
a debt of gratitude, and in this country have probably been the
most potent influences toward right geological conceptions regard-
ing ores.  Of authors abroad, Von Groddeck has been a means of
inspiration to all readers of German who have interested them-
selves in this branch of geology. The writer cannot well fmbear
acknowledging their influence.

Should errors be noted by any reader, the writer will be very
appreciative of the kindness if his attention is called to them.

J. F. Kemp.
CoLuMBIA COLLEGE,
_IN THE CitY oF NEwW YORK.



PREFACE TO THE SECOND EDITION.

In the second edition many pages have been rewritten and ex-
panded. The endeavor has been also made to introduce into the
body of the work the new materials that have become available in
the last year. This is especially true of iron ores, of the geology
of the Sierras, and of nickel and cobalt. In all some fifty pages
of new matter have been added, and fifteen cuts. Acknowledg-
ments are herewith made to Professors W. H. Pettee of Ann
Arbor, H. S. Munroe of New York, and C. H. Smyth, Jr., of
Hamilton College, and to Mr. H. L. Smyth of Cambridge, and Mr.
W. C. Knight of Laramie, for suggestions, as requested in the

preface to the first edition.
J. F. K.
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CHAPTER L

GENERAL GEOLOGICAL FACTS AND PRINCIPLES.

1.01.01.* In the advance of geological science the standpoints
from which the strata forming the earth’s crust are regarded necee-
sarily change, and new points of view are established. In the last
few years two have become especially prominent, and there are
now two sharply contrasted positions from which to obtain a con-
ception of the structure and development of the globe. The first
is the physical, the second the biological. We may, for example,
consider the surface of the earth as formed by rocks, differing in
one part and another, and these different rocks or groups of rocks
are known by different names. The names have no special refer-
ence to the animal remains found in them, but merely indicate that
series of related strata form the surface in particular regions. On
the other hand, the rocks are also regarded as having been formed
in historical sequence, and as containing the remains of organisms
characteristic of the period of their formation. They illustrate the
development of animal and vegetable life, and in this way afford
materials for historical-biological study. In the original classifica-
tion the biological and historical considerations are all-important.
But when once the rocks are placed in their true position in the
scale, and are named, these considerations, for many purposes, no
longer concern us. The formations are regarded simply as mem-
bers in the physical constitution of the outer crust. The Interna-
tional Geological Congress held in Berlin in 1885 expressed these
different points of view in two parallel and equivalent series of
geological terms, which are tabulated on p. 4, They are now very

* The numbers at the beginning of the paragraphs are so arranged
that the first figure denotes the part of the book, the next two figures
the chapter, and the last two the paragraph. Thus 1.06.21 means Part
I., Chapter VI., Paragraph 21 under Chapter VI
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generally adopted. For clearness in illustration, the equivalent
terms employed by Dana are appended.

Biological Terms. Physical Terms. Dana's Terms. TQustrations.

Era. Group. Time. Paleozoic.
Period. System. Age. . Devonian.
Epoch. Series. Period. Hamilton.
Age. Stage. Epoch, Marcellus.

The United States Geological Survey divides as follows: Era
and System, Period and Group, Epoch and Formation. In consider-
ing the ore deposits of the country, we employ only the physical
terms. We understand, of course, the chronological position
of the systems in the historical sequence, but it is of small moment
in this connection what may be the forms of life inclosed in them.
The purely physical character of the rocks—whether crystalline or
fragmental ; whether limestone, sandstone, granite, or schists;
whether folded, faulted, or undisturbed—are the features on which
we lay especial stress. In all the periods the same sedimentary
rocks are repeated, and in the hand specimen it is often impossible
to distinguish those of different .ages from one another. The
classification, briefly summarized, is as follows :

1.01.02. ARCHEAN Group.—I. Laurentian System. II. Hu-
ronian System. Additional subdivisions have been introduced by
Canadian and Minnesota geologists (Animikie, Montalban, etc.),
and there is a tendency to group all the latter clastic members, es-
pecially in the region of the Great Lakes, under the name Algon-
kian. (See discussion under Example 9.)

Paveozoic Grour.—III. Keweenawan System. (This may be-
long with the Archean.) IV. Cambrian System: (a) Georgian
Stage ; (8) Acadian Stage ; (c) Potsdam Stage. V. Lower Silurian
System. (A) Canadian Series: (@) Calciferous Stage ; (b) Chazy
Stage. (This will probably experience revision.) (B) Trenton
Series: (@) Trenton Stage; (&) Utica Stage; (c¢) Cincinnati or
Hudson River Stage. VI. Upper Silurian System. (4) Niagara
Series : (@) Medina Stage ; (5) Clinton Stage; (c) Niagara Stage.
(B) Salina Series. (') Lower Helderberg Series. (D) Oriskany
Series. (The Oriskany may be made the base of the Devonian.)
VII. Devonian System. (A4) Corniferous Series : (a) Cauda-Galli
Stage ; (&) Schoharie Stage ; (¢) Corniferous Stage. (B) Hamilton
Series : (@) Marcellus Stage; (b) Hamilton Stage; (c) Genesee



GENERAL GEOLOGICAL FACTS AND PRINCIPLES. 5

Stage. (C) Chemung Series: (a) Portage Stage; (») Chemung
Stage. (D) Catskill Series. VIIL. Carboniferous System. (.A4)
Subcarboniferous or Mississippian Series. (B) Carboniferous
Series. (C) Permian Series.

Mgesozoic Grour.—IX. Triassic System. X. Jurassic System.
IX. and X. are not sharply divided in the United States, and we
often speak of Jura-Trias. A stratum of gravel and sand, along
the Atlantic coast, that contains Jurassic fossils has been called
the Potomac formation by McGee. XI. Cretaceous System. Sub-
divisions differ in different parts of the country. Atlantic Border:
(@) Raritan Stage ; (b) New Jersey Greensand Stage. Gulf States :
(@) Tuscaloosa Stage; (b) Eutaw Stage; (c) Rotten Limestone
Stage; (d) Ripley Stage. Rocky Mountains: (@) Comanche
Stage ; (0) Dakota Stage ; (¢) Benton Stage ; (d) Niobrara Stage ;
(¢) Pierre Stage ; (1) Fox Hills Stage ; (¢) Laramie Stage. Stages
(c), (), (¢), and (f') are sometimes collectively called the Colorado
Stage. Pacific coast: (a) Shasta Stage; (8) Chico Stage; (c)
Tejon Stage. The Tejon is now regarded as Eocene.

Cevozoic Grour.—XII. Tertiary System. (A4) Eocene or
Alabama Series : Gulf States, (a) Claiborne Stage; (b) Jackson
Stage ; (c) Vicksburg Stage. Western States, (a) Puerco Stage;
(6) Wasatch Stage; (c) Wind River Stage ; (d) Bridger Stage;
(¢) Uintah Stage. (B) Miocene or Yorktown Series, including
perhaps the Sumter of the Atlantic Border. On the Pacific Slope
it has the following : (@) White River Stage ; () John Day Stage ;
(¢) Loup Fork Stage. (C) Pliocene Series. (Of doubtful Ameri-
can determination.) XIII. Quaternary System. (A) Glacial
Scries.  (B) Champlain Series. (C) Terrace Series. (D) Recent
Series. Pleistocene is sometimes employed as a name for the early
Quaternary, especially south of the Glacial Drift. In accord with
the practice of the U. S. Geological Survey, the Tertiary is now
generally divided into the Eocene and the Neocene (including
Miocene and Pliocene) series.

Other terms are also often used, especially when we do not wish
to speak too definitely. “Formation” is a word loosely employed
for any of the above divisions. ¢ Terrane” is used much in the
same way, but is rather more restricted to the lesser divisions. A
stratum is one of the larger sheet-like masses of sedimentary rock
of the same kind; a bed is a thinner subdivision of a stratum.
¢ Horizon” serves to indicate a particular position in the geologi-
cal column ; thus, speaking of the Marcellus Stage, we say that
shales of this horizon occur in central New York.
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1.01.03. The rock species themselves are classified into three

- great groups—the Igneous, the Sedimentary, and the Metamor-

phic.

The Igneous (synonymous terms, in whole or in part: mas-
sive, eruptive, voleanic, plutonic) include all those which have so-
lidified from a state of fusion. They are marked by three types
of structure—the holo-crystalline, the porphyritic, and the glassy,
depending on the circimstances under which ‘they “have cooled.
Under the first type of structure come the granites, syenites, dio-
rites, gabbros, diabases, and peridotites; under the second, quartz-
porphyries, rhyolites, porphyries, trachytes, porphyrites, andesites,
and basalt; under the third, pitchstone, obsidian, and other glasses.

The Sedimentary rocks are those which have been deposited in
water. They consist chiefly of the fragments of pre-existing rocks
and the remains of organisms. They include gravel, conglom-
erate, breccia, sandstone,—both argillaceous and calcareous,— shales,
clay, limestone, and coal. In volcanic districts, and especially
where the eruptions have been submarine, extensive deposits of
voleanic lapilli and fine ¢jectments have been formed, called tuffs.
With the sedimentary rocks we place a few that have originated
by the evaporation of solutions, such as rock salt, gypsum, etc.

The Metamorphic rocks are usually altered and crystallized
members of the sedimentary series, but igneous rocks are known to
be subject to like change, especially when in the form of tuffs.
They are all more or less crystalline, more or less distinctly bedded
or laminated, of ancient geological age or in disturbed districts.
They include gneiss, crystalline schists, quartzite, slate, marble, and
serpentine,

After a brief topographical survey, we shall employ the above
terms to summarize the geological structure of the United States,
The several purely artificial territorial divisions are made simply
for convenience. Nothing but intelligent travel will perfectly ac-
quaint one with the topographical and geological structure of the
country, and in this connection Macfarlane’s “ Geological Railway
Guide” and a geological map are indispensable.

1.01.04. On the east we note the great chain of the Appalachi-
ans, with a more or less strongly marked plain between it and the
sea. This is especially developed in the south, and is now generally
called the Coastal Plain. It is of late geological age and contains
the pine barrens and seacoast swamps. The Appalachians them-
selves consist of many ridges, running on the north into the White
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Mountains, the Green Mountains, and the Adirondacks. ~Farther
south the Highlands of New York and New Jersey, the South
Mountain of Pennsylvania, the Alleghanies, the Blue Ridge, and
the other southern ranges make up the great eastern continen-
tal mountain system. In western New York and Ohio we find a
rolling, hilly country; in Kentucky and Tennessee, elevated table-
land, with deeply worn river valleys. Indiana, Illinois, Jowa, and
Missouri contain prairie and rolling country, more broken in southern
Missouri by the Ozark uplift. In Michigan, Wisconsin, and Minne-
sota the surface is rolling and hilly with numerous lakes. In Ar-
kansas, Louisiana, and Mississippi there are bottom lands along the
Mississippi and Gulf, with low hills back in the interior. Across
Arkansas and Indian Territory runs the east and west Ouachita
uplift. West of these States comes the great billowy prairie region,
and then the chain of the Rocky Mountains, consisting of high,
dome-shaped peaks and ridges, with extended elevated valleys
(the parks) between the ranges. Some distance east of the main
chain are the Black Hills, made up of later concentric formations
around a central, older nucleus, and also the extinct volcanic dis-
trict of the Yellowstone National Park. In western Colorado, Utah,
and New Mexico, between the Rocky Mountains and the Wasatch,
is the Colorado plateau, an elevated tableland. This isterminated by
the north and south Wasatch range and is traversed east and west
by the Uintah range. West of thislies the region called the Great
Basin, characterized by alkaline deserts, and subordinate north
and south ranges of mountains. Next comes the chain of the Sier-
ra Nevada, and lying between it and the Coast range is the great
north and south valley of California. This rises in the compara-
tively low Coast range, which slopes down to the Pacific Ocean.
To the north, these mountains extend into eastern Oregon and
‘Washington, with forests and fertile river valleys. These topograph-
ical features are important in connection with what follows, for the
reason that the ore deposits especially favor mountainous regions.
Mountains themselves are due to geological disturbances—upheav-
al, folding, faulting, etc.—and are often accompanied by great ig-
neous outbreaks. They therefore form the topographical surround-
ings most favorable to the development of cavities, waterways,
and those subterranean, mineral-bearing circulations which would
fill the cavities or replace the rock with useful minerals.

1.01.05. GEoLoGICAL OutLINE. 1. New England, New York,
New Jersey, and Eastern Pennsylvania District.—In New Eng-
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land and northern New York the Archean is especially devel-
oped, forming the White Mountains, the Adirondacks, and the
Highlands of New York and New Jersey. These all consist of
granite and other igneous rock, of gneiss, and of crystalline schists.
There are also great areas of metamorphic rocks whose true age
may be later. The Green Mountains are formed of such, and were
elevated at the close of the Lower Silurian. In New England there
are small, scattered exposures of the undoubted Paleozoic (Devo-
nian, Carboniferous). In eastern New York, and to some extentin
New Jersey and eastern Pennsylvania, the entire Paleozoic, except
the Carboniferous, is strongly developed. Up and down the coast
there are narrow north and south estuary deposits of red Jura-Tri-
as sandstone, which are pierced by diabase eruptions. The Creta-
ceous clays are strong, and Tertiary strata occur at Martha’s Vine-
yard, in Massachusetts, while over 2ll as far south as Trenton is
found the glacial drift. Between the Archean ridges of the High-
lands and the first foldings of the Paleozoic on the west is found
the so-called Great Valley, which also runs to the south and is a
very important topographic and geologic feature. It follows the
outcrop of the Siluro-Cambrian limestones, to whose erosion it is due.

II. Eastern-Middle and Southeastern Céast District.—The
low plains of the coast are formed by Quaternary, Tertiary, and
Cretaceous, consisting of gravel, sand, shell beds, and clay. In-
land there are exposures of Jura-Trias, as in the north. The Ar-
chzan crystalline rocks are also seen at numerous points not far
from the ocean. Florida is largely made up of limestones, with a
mantle of calcareous sand.

III. Alleghany Region and the Central Plateau.—The Ap-
palachian mountain system, from New York to Alabama, con-
sists principally of folded Paleozoic (largely Carboniferous), with
Archean ridges on its eastern flank. There is an enormous devel-
opment of folds, with northeast and southwest axes. On the west
they are succeeded by the plateau region of Kentucky and Tennes-
see, chiefly Paleozoic. Along central latitudes the Archean does
not again appear east of the Mississippi.

IV. Region of the Great Lakes.—In Michigan, Wisconsin, and
Minnesota the Archean rocks are extensively developed, both
Laurentian and Huronian. Around Lake Superior are found the
igneous and sedimentary rocks of the Keweenawan, followed by
the lower Paleozoic. Lake Michigan and Lake Huron are sur-
rounded by Silurian, Devcnian, and Carboniferous; Lake Erie, by



GENERAL GEOLOGICAL FACTS AND PRINCIPLES. 9

Devonian ; Lake Ontario, by Silurian. Running south through
Ohio, we find an important fold known as the Cincinnati uplift,
with a north and south axis. It was elevated at the close of the
Lower Silurian. In the lower peninsula of Michigan and in eastern
Ohio and western Pennsylvania the Carboniferous is extensively
developed.

V. Mississippi Valley.—The head waters of the Mississippi
are in the Archean. It then passes over Cambrian and Silurian
strata in Minnesota, Wisconsin, northern Iowa, and Illinois, which
in these States lie on the flanks of the Archean ‘ Wisconsin
Island ” of central Wisconsin, These are succeeded by subordi-
nate Devonian, and in southern Iowa, Illinois, and Missouri by Car-
boniferous. In southern Missouri the Lower Silurian forms the
west bank. Thence to the Gulf the river flows on estuary deposits
of Quaternary age, with Tertiary and Cretaceous farther inland.

VI. Gulf Region.—The Gulf States along the water front are
formed by the Quaternary. This is soon succeeded inland by very
extensive Tertiary beds, which are the principal formation repre-
sented.

VII. Prairie Region.—West of the Paleozoic rocks of the
States bordering on the Mississippi is found a great strip of Creta-
ceous running from the Gulf of Mexico to and across British
America, and bounded on the west by the foothills of the Rocky
Mountains. A few Tertiary lake deposits are found in it. Quite
extensive Triassic rocks are developed on the south. The surface
is a gradually rising plateau to the Rocky Mountains.

VIII. Region of the Rocky Mountains, the Black Hills, and
the Yellowstone National Park.—The Rocky Mountains rise from
the prairies in long north and south ranges, consisting of Archean
axes with the Paleozoic in relatively small amount, but with abun-
dant Mesozoic on the east and west flanks. In the parks are found
lake deposits of Tertiary age. There are also great bodies of igne-
ous rocks, which attended the various upheavals. The principal
upheavals began at the close of the Cretaceonus. The outlying
Black Hills consist of an elliptical Archean core, with concentric
Paleozoic and Mesozoic strata laid up around it. The National
Park consists chiefly of igneous (volcanic) rocks in enormous.
development. .

IX. Colorado Plateau.—The Rocky Mountains shade out on
the west into a great elevated plateau, extending to central Utah,
where it is cut off by the north and south chain of the Wasatch.
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The Uintah Mountains are an east and west chain in its northern
portion. The rocks on the north-are chiefly Tertiary, with Meso-
zoic and Paleozoic in the mountains. To the south are found
Cretaceous and Triassic strata, with igneous rocks of great extent.
The principal upheaval of the Wasatch began at the close of the
‘Carboniferous and seems still to be in progress.

X. Region of the Great Basin.—Between the Wasatch and
the Sierra Nevada ranges is found the Great Basin region, once
lake bottoms, now very largely alkaline plains of Quaternary age.
The surface is diversified by subordinate north and south ranges,
formed by great outflows of eruptive rocks, and by tilted Paleozoic.
‘The ranges are extensively broken and the stratified rocks often
lie in confused and irregular positions. There is no drainage to
‘the ocean.

XI. Region of the Pacific Slope.—The depression of the Great
Basin is succeeded by the heights of the Sierra Nevada. On the
‘west the Sierras slope down into the Central Valley of California.
‘The flanks are largely metamorphosed Jurassic and Cretaceous
rocks with great developments of igneous outflows. The surface
rises again in the Coast ranges, which slope away farther west to
the ocean. Inaddition to the Jurassic and Cretaceous, the Tertiary
and Quaternary are also developed, and in the Coast ranges are
many outflows of igneous rock. The principal upheaval of the
Sierra Nevada began at the close of the Jurassic, that of the Coast
range at the close of the Miocene Tertiary.

XII. Region of the Northwest.—W ashington and Oregon,
along the coast, are formed by Cretaceous and Tertiary strata,
similar to California. But inland, immense outpourings of igneous
rocks cover the greater portion of both States and extend into
Idaho. On the north the Carboniferous is extensive, running east-
ward into Montana. Quaternary and Tertiary lake deposits are
also not lacking.

1.01.06. On the Forins Assumed by Rock Masses.—All sedimen-
tary rocks have been originally deposited in beds, approximately
horizontal. They are not of necessity absolutely horizontal, be-
cause they may have been formed on a sloping bottom or in a delta,
in both of which cases an apparent dip ensues. We find them
now, however, in almost all cases changed from a horizontal posi-
tion by movements caused primarily by the compressive strain in
the earth’s crust. Beds thus assume folds known as monoclines.
anticlines, and synclines.
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A monocline is a terrace-like dropping of a bed without changing
the direction of the dip. There is usually a zone, more or less
shattered, along the folded portion, and such a zone may become
a storage receptacle. Monoclines of a gentle character in Ohio,
which have been detected by Orton in studies of natural gas, have
been called “arrested anticlines.” An anticline is a convex fold
with opposing dips on its sides, while a syncline is a concave fold
with the dips on its sides coming together. We speak of the axis
of a fold, and this marks the general direction of the crest or
trough. The axis is seldom straight for any great distance. Folds
are often broken and faulted across the strike of their axes, and
this causes what is called a “pitch” of the axes and makes the
-original dips run diagonally down on the final one. Folds are the
primary cause of the phenomena of dip and strike. Horizontal
beds have neither. A dome-like elevation of beds, with dips radi-
ating in every direction from its summit, is called a quaquaversal,
but it is a rare thing. An anticline or syncline with equal dips on
opposite sides of its axes is called a normal fold. If the dip is
steeper on one side than onthe other, it is an overthrown fold ; if
the sides are crushed together, it is a collapsed or sigmoid fold.

Igneous rocks are in the form of sheets (the term “bed” should
be restricted to sedimentary rocks), knobs or bosses, necks, lacco-
lites, and dikes. A sheet is the form naturally assumed by surface
flows, and by an igneous mass which has been intruded between
‘beds. It has relatively great length and breadth as compared with
its thickness, and coincides with its walls in dip and strike. A
knob, or boss, is an irregular mass, of approximately equal length
and breadth, which may be related in any way to the position of
its walls. Such masses are often left projecting by erosion. A
neck is the filled conduit of a volcano, which sometimes remains
after the overlying material has been denuded. A laccolite is a
lenticular sheet which has spread between beds radially from
its conduit, and thus has never reached the surface, unless re-
vealed by subsequent erosion. A dike is a relatively long and
narrow body of igneous rock which has been intruded in a fissure.
It is analogous to a vein, but the term * vein” ought not to be ap-
plied to an undoubtedly igneous rock. Some granitic mixtures,
however, of quartz, feldspar, and mica, leave us yet in uncertainty
as to whether they are dikes or veins. (Sece Example 51.) From
the above it will be seen at once that bosses, knobs, and necks may
be practically indistinguishable.



CHAPTER II.
ON THE FORMATION OF CAVITIES IN ROCKS.

1.02.01. By Local Contraction.—In the contraction caused
by cooling, drying, or hardening, both igneous and sedimentary
rocks break into more or less regular masses along division planes,
called joints, or diaclases. Numerous cracks and small cavities are
thus formed. DBasaltic columns, or the prismatic masses, formed
by the separation, in cooling and consolidating, of the heavier basic
rocks, along planes normal to the cooling surface, are good illustra-
tions of the first. Larger manifestations of them often become
filled with zeolites, calcite, and other secondary minerals. Granitic

>

B

F1a. 1.—1llustration of rifting in granite at Cape Ann, Mass.
After R. 8. Tarr.

rocks and porphyries break up less regularly from the same cause,
but still exhibit prismoids and polygonal blocks and benches. (J.
P. Iddings’ paper on “The Columnar Structure in the Igneous
Rocks on Orange Mountain, N. J.,” Amer. Jour. Sci., III., xxxi.
320, is an excellent discussion.) Large cracks have been referred
to this cause, which have afterward formed important receptacles
for ores. (See Example 11a.) Very small microscopic cracks may
occasion lines of weakness and brecciation which are not readily
apparent. They afford a cleavage, called rifting, but are not well
understood. (See R. 8. Tarr, “On Rifting in Cape Ann Granites,”
Amer. Jour. Sci., April, 1891.) Joints are generally prominent in
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sedimentary rocks, and probably afford many of the regular planes
of separation which are often seen crossing one or several beds.
They are chiefly due to drying and consolidation. Both the joints
formed by cooling and those formed by drying may be afterward
modified or increased by rock movements, so that it may be a
matter of difficulty to decide between the two forms of origin.
The undulatory tremors of an earthquake have been cited, with
great reason, by W, O. Crosby as a prolific cause of joints.*

1.02.02. Cavities Formed by More Extensive Movements in
the Earth’s Crust.—The strains induced by the compression in the
outer portion of the earth are by far the most important causes of
fractures. The compression develops a tangential stress which is
resisted by the archlike disposition of the crust. (By the term
“crust” is simply meant the outer portion of the globe without
reference to the character of the interior.) Where there is insuf-
ficient support, gravity causes a sagging of the material into syn-
clinals, which leave salient anticlinals between them. Where the
tangential strain is also greater than the ability of the rocks to
resist, they are upset and crumpled into folds from the thrust.
Both kinds of folds are fruitful causes of fissures, cracks, and
general shattering, and every slip from yielding sends its oscilla-
tions abroad, which cause breaks along all lines of weakness. The
simplest result, either from sagging or from thrust, is a fissure, on
one of whose sides the wall has dropped, or on the other of which
it has risen, or both, as will be more fully described under “Faults.”
If the rocks are firm and quite thickly bedded, as is the case with
limestones and quartzites, the separation is cleanly cut; but if
they are softer and more yielding, they are sheared downward on
the stationary or lifting side, and upward on the one which rela-
tively sinks. Such fissures may pass into folds along their strike,
as at Leadville, Colo.

*In addition to the usual text-books the following references may be
consulted : W. O, Crosby, ¢ On the Origin of Jointed Structures,” Boston
Soc. Nat. Hist., XXII., October, 1882, p. 72; Amer. Jour. Sci., IIL., xxv.
4:6; G. K. Gilbert, *“ On the Origin of Jointed Structures,” Amer. Jour, Sci.,
IIL., xxiv. 50, and xxvii. 47; J. H. Kinahan, Valleys, and their Relations
to Fissures, Fractures, and Faults, London, Triibner & Co. See also a
short letter in the Amer. Jour. Sci., III., xxiv., p. 68, on the ‘¢ Origin of
Jointed Structures;” J. Leconte, ¢‘Origin of Jointed Structure in Undis-
turbed Clay and Marl Deposits,” Amer. Jour. Sci., IIL, xxiii. 233; W. J..
McGee, ‘“On Jointed Structure,” Amer. Jour. Sci., IIL., xxv. 152, 476.
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1.02.03. A phenomenon which is especially well recognized in
metamorphic regions, and which is analogous to those last cited,
is furnished by the so-called “shear zones.” A faulting move-
ment, or a crush, may be made apparent by changes in mineralogi-
cal composition and structure. Massive diabases, for instance,,
pass into hornblende-schists or amphibolites for limited stretches..
Garnets and other characteristically metamorphic minerals ap-
pear, and pyroxenes alter to amphiboles. Strains are manifested in
the optical behavior of the minerals in thin sections of specimens.
taken from such localities. These crushed strips, or shear zones,
may be.formed with very slight displacement, but they afford
favorable surroundings for the formation of ore bodies. This con-
ception of the original condition of a line of ore deposition is a
growing favorite with recent writers, and combined with the idea.
of replacement is often applicable. (See Example 17, Butte,
Mont.) Fahlbands, which are very puzzling problems, may have
originated as shear zones.

1.02.04. A more extended effect is produced by the mono-
cline, which has a double line of shattered rock marking both the-
crest and the foot of its terrace. Anticlines and synclines occasion
the greatest disturbances. Comparatively brittle materials like
rocks cannot endure bending without suffering extended fractures.
‘When scrained beyond their limit of resistance, along the crest of
an anticline and in the trough of a syncline, cracks and fractures
are formed which radiate from the axis of each fold. As these
open upward and outward in anticlines, they become the easiest
points of attack for erosion, so that it is a very common thing to find
a stream flowing in a gorge, which marks the crest of an anticline,
while synclinal basins are frequently left to form the summits of
ridges, as isso markedly the case in the semi-bituminous coal basins
of Pennsylvania. It is quite probable, however, that the anticline
‘may have been leveled off at this fissured crest because it was up-
heaved under water and became exposed at its vulnerable summit
to wave action.

Ore deposits may collect in these fissured strips, of which the
lead and zinc mines of the upper Mississippi Valley (Example 24)
are illustrations. Such fissures are peculiar in that they exhibit no
displacement. The accompanying figure is from a photograph of
a gaping crack in the Aubrey (Upper Carboniferous) limestone,
twenty-five miles north of Cafion Diablo station, Ariz., on the At-
lantic and Pacific Railroad. It was caused by a low anticlinal
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roll, and contained water about one hundred feet below the top.
Its reproduction of the conditions of a vein, with horse, pinches
and swells, devious course, and all, is striking. The photograph
was made by Mr. G. K. Gilbert, of the United States Geological
Survey, and to his courtesy its use is due.

F1G. 2.—Open fissure in the Aubrey limestone (Upper Carboniferous), 25
miles north of Cafion Diablo station, Ariz., on the A. & P. R. R.
Photographed by G. K. Gilbert, 1592,

While it is true that in many regions the folds and fractures
have resulted in this simple way, and exhibit the unmistakable
course through which they have passed, yet geological structure
is by no means always so clear. Extended disturbances, great
faults and displacements, combined with folds and the intrusion of
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igneous rocks, have often so broken up a district that it is a matter
of much difficulty to trace out the course through which it has
passed. Subsequent erosion, or the superposition of heavy beds of
gravel or forest growths, etc., may so obstruct observation even of
the facts as to add to the obscurity. The expense of making and the
consequent scarcity of accurate contour maps to assist in such
work are other obstacles. The profound dynamic effects wrought
by mountain-making processes, although in individual cases pro-
ducing only the simpler phenomena already cited, yet in general
are much more extensive, and must be considered in the study of
many large districts. When folds are the result of compression or
thrust, the dynamic effects are more marked than in those formed
by sagging. Faults are larger and more abundant. When sedi-
mentary beds have been laid down along an older axis of granite
or some equally resistant rock and the thrust crowds the beds
against this axis, the conditions are eminently favorable to great
fracturing and disturbance. The flanks of the Rocky Mountains
furnish such examples.

1.02.05. There are also great lines of weakness in the outer
portion of the earth, which seem to have been the scene of fault-
ing movements from a very early period. Thus on the western
front of the Wasatch Mountains, in Utah, is a great line of weak-
ness, that was first faulted, as nearly as we can discover, in
Archean times, and has suffered disturbances even down to the
present. A few instances of actual movements within recent
years have been recorded. In 1889 a sudden small fold and fissure
developed under a paper mill near Appleton, Wis., and heaved the
building four and a half inches. (See F. Cramer, “Recent Rock
Flexure,” Amer. Jour. Sci., III., xxxix. 220.) This occurred in
what was regarded a settled region and one not liable to disturb-
ance.

1.02.06. Wherever igneous rocks form relatively large por-
tions of the globe they necessarily share extensively in terrestrial
disturbances. Not being often in sufficiently thin sheets, they
rarely furnish the phenomena of dip and strike. Folds are largely
wanting. They are replaced by faults and shattering. The fis-
sures thus formed are at times of great size and indicate impor-
tant movements. The Comstock Lode fissure is four miles long
and in the central part exhibits a vertical displacement of three
thousand feet. (See2.11.19.) Such fissures seldom occur alone, but
minor ones are found on each side and parallel with the main one.
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1.02.07. The intrusion of igneous dikes may start earthquake
vibrations which fracture the firm rock masses. Fissures caused
in this way radiate from the center of disturbance or else appear
in concentric rings. The violent shakings which so often attend
great volcanic eruptions, and the sinking of the surface from the
removal of underlying molten material, all tend to form cracks

Fi1a. 8.—Normal fault at Leadville, Colo. After A. A. Blow.

and cavities. They are possible causes which may well be borne
in mind in the study of an igneous district.

1.02.08. Faults,—When fractures have been formed by any of
the means referred to above, and the opposite walls slip past each
other, 8o as not to correspond exactly at all horizons, they are
called “faults,” a term whichindicates thislack of correspondence.

The separationis chiefly due to the relativeslipping down or sink-
ing of oneside. The distance through which this has taken place
is called the amount of displacement, or throw. Faults are most
commonly inclined to the horizon, so that there is both a vertical
and a horizontal displacement. 'What would be the dip of an in-
clined stratum is in a fault now generally known as the “hade,”
although the word formerly had a different meaning. Experience
has shown that where beds or veins encounter faults and opera-
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tions are brought to a standstill, the continuation is usually found
as follows, according to Schmidt’s law. If the fault dips or hades
away from the workings, the continuation is down the hade ; if it
dips toward the workings, it should be followed upward. Such a
fault is called a normal fault, and is illustrated in the figure
on p. 17, after A. A. Blow. This is a natural result of the draw-
ing apart of the two sides. The least supported mass would slip
down on the one which has the larger base. Less commonly the
opposite movement results. Thus when the fault is due to com-
pression, the beds pass each other in the reverse direction, and
what is called a reversed fault results. The accompanying cut il-
lustrates a very extended one in the southern Agppalachians.
While we would naturally think of a reversed fault as resulting

Cohutta Conglomecvate

Ocoee State
Xnox Dolomite

Connasauga Shales

SECTION 2

Fig. 4.—Reversed fault at Holly Creek, near Dalton, Ga. After C, W.
Hayes, Bull. G. 8. A., Vol. 11,, Pl 3, p. 152,

from a compressive strain, in that in this case the lower wedged-
shaped portion would be forced under the upper one, yet normal
faults can likewise, in instances, be explained by compression. If
we consider the fault to be caused by the vertical thrust or com-
ponent, that would always be present in the compression of a
completely supported arch, this would tend to heave upward the
portion next the fissure, that had the larger base. Along an in-
clined fracture such portion is manifestly the under one. It is also
important to note whether the fault plane, both in normal and in
reversed faults, cuts inclined beds in the direction of the dip or
across it. (Sce Margerie and leim, Dislokation der Erdrinde,
Zurich, 1888.)

1.02.09. The movement of the walls on each other produces
grooves and polished surfaces called slickensides, or slips. They
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are usually covered with a layer of serpentine or talec or some
such secondary product. The strain caused by the movement may
in rare instances leave the slips in such a state of tension that
when, from any cause such as excavation, the pressure is relieved,
they will scale off with a small explosion. (See A. Strahan, “On
Explosive Slickensides,” Geological Magazine, iv. 401, 522.) Ob-
servations on the directions of slips may, in cases of doubt, throw
some additional light on the direction of the movement which
caused the fault. DBut the best guide in stratified rocks is a knowl-
-edge of the succession of the beds as revealed by drill cores or ex-
cavations. Attempts have been made to deduce mathematical
formulas for the calculation of the amount of downthrow or up-
throw, and when sufficient data are available, as is often the case
in coal seams, this may be done. The methods depend on the
projection of the planes in a drawing, on the principles of analytical
geometry, and on the calculation of the displacements by means of
spherical trigonometry. (See G. Koehler, Die Stirungen der Ginge,
Flitze und Lager, Leipzig, 1886 ; William Engelmann. A transla-
tion by W. B. Phillips, entitled, “Irregularities of Lodes, Veins,
and Beds,” appeared in the Engineering and Mining Journal, June
25, 1887, p. 454, and July 2, 1887, p. 4. A very excellent paper,
having a quite complete bibliography, is F. T. Freeland’s ¢“Fault
Rules,” M. E., June, 1892.) Prof. Hans Hoefer has called attention
to the fact that in faulting there is frequently a greater displace-
ment in one portion of the fissure than in a neighboring part, and
even a difference of hade. This causes a twisting or circular move-
ment of one wall on the other, and needs to be allowed for in some
calculations. (Oestereich. Zeitschrift fiir Berg- und Huettenwesen,
Vol. XXIX. An abstractin English is given by R. W. Raymond,
M. E., February, 1882.) In the Engineering and Mining Journal
for April and May, 1892, a quite extended discussion of faults by
several prominent American mining engineers and geologists is
given, apropos of the question raised by Mr. J. A. Church as to
whether fissure veins are more regular on the dip or on the strike.
In a relatively uniform massive rock the regularity should be
greater on the dip, but in inclined and diversified stratified rocks
" too many variables enter to warrant any sweeping assertions. In
soft rocks like shales the fissure may become so split into small
stringers as to be valueless. Again, in very firm rock, where there
is little drawing apart, the fissure may be very tight. In the veins
of Newman Hill, near Rico, Colo. (see 2.09.10), the fissure is so
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narrow above a certain stratum as practically to fail. Quartzite
is a favorable rock for such effect. Despite all rules, faults are
often causes of great uncertainty, annoyance, and expensive ex-
ploration.

1.02.10. If a number of faults succeed one another in a short
distance they are called “step faults,” An older and completed
vein may also be faulted by one formed and filled later. In such
a case the continuous one is the younger. The figure below
will illustrate each case. At the intersection of the two, the later
vein is often richer than in other parts.

1.02.11. If a faulted series of rocks is afterward tilted and
eroded, so as to expose a horizontal section across the strike of the
faulting plane, an apparent horizontal fault may result ; or if the
erosion succeeds normal faulting and lays bare two unconformable
beds each side of the fissure, a lack of correspondence in plan as

F1a. 5.—Illustration of one vein faulting another at Newman Hill, near
Rico, Colo. After J. B. Farish, Proc. Colo. Sci. Soc., April 4, 1892.

well as in section may be seen. Faulting fractures are seldom
straight ; on the contrary, they bend and corrugate. When the
walls slip past each other, they often stop with projection opposite
projection, and depression opposite depression. These irregularities
cause pinches and swells in the resulting cavity, and constitute one
of the commonest phenomena of veins. Fissures also gradually
pinch out at their extremities, or break up into various ramifica-
tions that finally entirely cease. They also pass into folds, as
stated above. . '

1.02.12. Secondary Modifications of Cavities.—Fractures and
cavities of all sorts speedily become lines of subterranean drainage.
The dissolving power of water, and to a much smaller degree its
eroding power, serve to modify the walls very greatly. An en-
largement may result, and what was perhaps a small joint or fis-
sure may become a waterway of cousiderable size. This is
especially true in limestones, in which great caverns (like the
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Mammoth Cave and Luray’s Cave) are excavated. Caves are,
however, almost always due to surface waters, and do not extend
below the permanent water level unless they have been depressed
after their formation. (See J. S. Curtis, Monograph VII, U. S.
Geol. Survey, Chap. VIIL.)

The solvent action of water is vastly augmented by the car-
bonic acid which it gathers from the atmosphere, and this is the
chief cause of the excavations wrought by it in limestones. Pure
cold water has comparatively small dissolving and almost no ero-
sive power. It has also been advocated that various acids which
result from the decay of vegetable matter aid in such results. (A.
A. Julien, Amer. Asso. Adv. Sci., 1879, p. 311.) This may be true,
but in general carbonic acid is the chief agent. Iron in minerals
falls an easy prey, as well as calcium, and is dissolved out in large
amount. (See Example 1.) When charged with alkaline carbon-
ates, water has the power to attack other less soluble minerals, such
as quartz and the silicates, and by such action the walls of a
cavity in the crystalline rocks may be much affected.

1.02.13. 'Waters percolating to great depths in the earth, or
circulating in regions of igneous disturbances, become highly
heated, and this too at great pressure. Under such circumstances
the solvent action is very strongly increased, and all the elements
present in the rock-making minerals are taken into solution.
Alkaline carbonates are formed in quantity ; silica is easily dis-
solved ; alkaline sulphides result in less amount; and even the
heaviest and least tractable metals enter into solution, either in the
heated waters themselves, or in the alkaline liquors formed by them,
The action on the walls of cavities and courses of drainage is thus
profound, and accounts for the frequent decomposed character of
the walls and the general lack of sharpness in their definition.
The vast amount of siliceous material, etc., deposited by hot springs
and geysers is additional evidence of its importance.

Magnesia is one of the alkaline earths readily taken into solu-
tion by carbonated waters, and when such waters again meet lime-
stone the effect is often very great, and constitutes one of the
most important methods of the formation of cavities. Solutions of
magnesium carbonate, on meeting calcium carbonate, effect a par-
tial exchange of the former for the latter. This leaves the rock a
double carbonate of calcium and magnesium, which is the composi-
tion of the mineral and rock dolomite. The process is therefore
called dolomitization. (See Example 25.) It may bring about a
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general shrinkage of eleven or twelve per cent. In any extended
thickness of strata this would cause vast shattering and porosity.
As an illustration of its results, the following analyses of normal,
unchanged Trenton limestone of Ohio, and of well drillings from
the porous, gas-bearing, dolomitized portions of the same, are
given. They are taken from a paper by Edward Orton. (Amer.
Manuf. and Iron World, Pittsburg, Dec. 2, 1887.)

CaCO,. MgCO,. Fe,0,.A1,0,. SiO,.

Unchanged Trenton limestone...79.30 0.92 7.00 12.00
¢ ¢ ¢ ...82.36 1.67 0.58 12.34

Dolomitized ¢ “ ...58.50 43.50 1.2 1.70
“ “ “ ...51.78  86.80

1.02.14. Late studies in ore deposits by Posepny, Curtis, and
Emmons indicate also that solutions of metallic ores may effect an
interchange of their contents with the carbonate of calcium or
magnesium, in limestones and dolomites, leaving an ore body in
place of the rocks. This change is effected molecule by molecule,
and is spoken of as a metasomatic interchange or replacement.
(See Example 30.) By ¢ metasomatic” is meant an interchange
of substance without, as in pseudomorphs, an imitation of form.
Alteration of the metallic ores may follow and occasion cavities
from shrinkage. (See Example 36, and Curtis, on Eureka, Nev.,
Monograph VII., U. 8. Geol. Survey, Chap. VIIL)



CHAPTER IIL

THE MINERALS IMPORTANT AS ORES ; THE GANGUE MINERALS,
AND THE SOURCES WHENCE BOTH ARE DERIVED.

1.03.01. The minerals which form the sources of the metals
are almost without exception included in the following compounds:
the sulphides, the related compounds of arsenic and antimony, ox-
ides and oxidized compounds such as hydrous oxides, carbonates,
sulphates, phosphates, and silicates, and one or two compounds of
chlorine. A few metals occur in the native state. All the other
mineral compounds such as a chromate or two, a bromide or iodide,
etc., are rarities. It may be said that nine tenths of the produc-
tive ores are sulphides, oxides, hydroxides, carbonates, and na-
tive metals. The ores of each metal are subsequently outlined
before its particular deposits are described.

1.03.02. The most common gangue mineral is quartz, while in
less amount are found calcite, siderite, barite, fluorite, and in
places feldspar, pyroxene, hornblende, rhodonite, etc. The silicates
are chiefly present where the gangue is a rock and the ore is dis-
seminated through it. All the common rocks serve in this capaci-
ty in one place or another.

1.03.03. Source of the Metals.—The metallic contents of the
minerals which constitute ores must logically be referred to a
source, either in the igneous rocks or in the ocean. If the nebular
hypothesis expresses the truth,—and it is the best formulation that
we have,—all rocks, igneous, sedimentary, and metamorphic, must
be traced back to the original nebula. This, in cooling, afforded a
fused magma, which chilled and assumed a structure analogous to
the igneous rocks with which we are familiar. Igneous rocks must
thus necessarily be considered to have furnished by their erosion
and degradation the materials of the sedimentary rocks; while
igneous and sedimentary have alike afforded the substances whose
alterations have produced the metamorphic rocks. It may also
be true that eruptive rocks, especially when basic, have been
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formed, by the oxidation and combination with silica, of inner
metallic portions of the earth, for such is one of our most reason-
able explanations of volcanic phenomena, suggested alike by the
composition of basalts, by the high average specific gravity of the
globe, and by analogy with meteorites.

1.03.04. As opposed to this conception, there are those who
would derive the metallic elements of ores from the ocean, in
which they have been dissolved from its earliest condensation.
Thus it is said that substantially all the metals are in solution in
sea water. From the sea they are separated by organic creatures,
it may be, through sulphurous precipitation, attendant on the de-
cay of their dead bodies. The accumulations of the remains
of organisms bring the metals into the sedimentary strata. Once
thus entombed, circulation may concentrate them in cavities.
When present in igneous rocks, the latter are regarded as derived
from fused sediments. If the metallic contents of sedimentary

" rocks do not come from the ocean in this way, the igneous rocks
as outlined above are the only possible source. No special men-
tion is here made of the metamorphic rocks, because in their origi-
nal state they are referable to one or the other of the two remain-
ing classes. But it is not justifiable, in the absence of special
proof, to consider them altered sediments, any more than altered
igneous rocks, and it is doubtless true that the too generally and
easily admitted sedimentary origin for our gnejsses and schists has
materially hindered the advance of our knowledge of them in the
last forty years.

1.03.05. Microscopic study of the igneous rocks has shown
that, with few exceptions, the rock-making minerals separate from
a fused magma on cooling and crystallizing,in a quite definite
order.! Thus the first to form are certain oxides, magnetite, spec-
ular hematite, ilmenite, rarely chromite and picotite, a few sili-
cates, unimportant in this connection (zircon, titanite), and the
sulphides pyrite and pyrrhotite. Next after these metallic oxides,
ete., the heavy, dark-colored, basic silicates, olivine, biotite, au-
gite, and hornblende, are formed. All these minerals are character-
ized by high percentages of iron, magnesium, calcium, and alumi-
num. They are very generally provided with inclusions of the
first set. Following the bisilicates in the order of crystallization,

1 H. Rosenbusch, ¢ Ueber das Wesen der Kornigen und Porphyrischen
Structur bei Massengesteine,” Neues Jahrbuch, 1882, ii., I.
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come the feldspars, and after these, when some residual silica re-
mains uncombined, it separates as quartz.

1.03.06. If we regard the igneous rocks as the source, the
metallic elements are thus to be ascribed to the first and second
series of crystallizations, while the elements of the gangue minerals
are derived from the last three. It is a doubtful point whether
the less common metals, such as copper, silver, and nickel, enter
into the composition of the dark silicates as bases, replacing the iron,
alumina, lime, etc., or whether they are present in them purely
as inclusions of the first series. F. Sandberger! argues in
support of the first view, but his critics, notably A. W. Stelzner,
cast doubt upon his conclusions on the ground that his chemical
methods were indecisive. The case is briefly this : Sandberger, as
an advocate of views which will be subsequently outlined, sep-
arated the dark silicates of a great many rocks. By operating on
quantities of thirty grams he proved the presence in them of lead,
copper, tin, antimony, arsenie, nickel, cobalt, bismuth, and silver,
and considered these metalsto act as bases. The weak point of the
demonstration consists in dissolving out from the powdered silicate
any possible inclusions. There seems to be no available solvent
which will take the inclusions and be without effect on the silicates.
This is the point attacked by the critics, and apparently with
reason. It is, however, important to have shown the presence of
these metals, even though their exact relations be thus doubtful,
Quite recently in a series of “Notes on Chilean Ore Deposns”
(Tschermaks Min. und Petrog. Mitth. XIL, p. 195) Dr. Moricke
mentions native gold in pearlstone (obs1d1an) from Guanaco, in
skeleton crystals in the glass, as inclusions in perfectly fresh
plagioclase and sanidine crystals, and in spherulites. The existence
of silver in quartz-porphyry has been demonstrated in this country
by J. S. Curtis, at Eureka, Nev.;? both the precious metals have
been shown by G. F. Becker to be in the diabase near the Com-

1 The principal paper of Professor Sandberger is his ¢ Untersuchungen
tber Erzgioge,” 1882, abstracted in the Engineering and Mining-Journal,
March 15, 22, and 29, 1884; but a long series of others might be cited ia
which the investigations, notably at Pribram, Bohemia, are interpreted
asindicated above A. W, Stelzner, B. and H. Zeit., xxxix., No.8. Zeitsch.
d.d. g. Gesell., xxxi. 644. ¢ Die Lateral-secretions-Theorie, etc.” Reprint
Freiberg, 1889,

2 Monograph VII., U. S. Geol. Survey.
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stock Lode ;! and, by the same investigator, antimony, arsenic,
lead, copper, gold, and silver were proved to be contained in the
granite near Steamboat Springs, Nev.? 8. F. Emmons has also
shown that the porphyries at Leadville contain appreciable, though
small, amounts of silver.® Of forty-two specimens tested, thirty-
two afforded it ; of seventeen tested for lead, fourteen yielded re-
sults. Undoubtedly the multiplication of tests will show similar
metallic contents in other regions. Thus the augite of the eastern
Triassic diabase will probably yield copper, for this metal is abun-
dant in connection with the outflows.

1.08.07. That the metals are so generally combined with sul-
phur in ore deposits seems to be due to the extended distribution
of this element, and to its being a vigorous precipitating agent of
nearly all the metals at the temperatures and pressures near the
surface. Sulphur is widespread as pyrite, an original mineral in
many igneous rocks, and one much subject to alteration ; while
sulphuretted hydrogen is common in waters from sedimentary
rocks, and is a very general result of organic decomposition. Nat-
ural gas and petroleum from limestone receptacles almost always
contain it. (See, in this connection, J. F. Kemp, “The Precipita-
tion of Metallic Sulphides by Natural Gas,” Engineering and
Mining Journal, Dec. 13, 1890.) Many sulphides, too, are soluble
under the pressures and temperatures prevailing at great depths,
but are deposited spontaneously at the pressures and temperatures
prevailing at or near the surface.

1.03.08. Where veins occur in igneous rocks the bases for
gangue minerals have been obtained from the rock-making silicates.
Calcium is afforded by nearly all the important ones; silicon is
everywhere present ; barium has been proved in many feldspars,
in small amount ;* and magnesia is present in many pyroxenes and
amphiboles. Of the sedimentary rocks, limestone of course affords.
unlimited calcium, and recently Sandberger reports that he has
identified microscopic crystals of barite in the insoluble residues of
one. (Sitzungsberichte d. Math. phys. Classed. k. bayer, Akad. d.
Wiss., 1891, xxi. 291.) This is of interest, as barite is such a com-
mon gangue in limestone.

1.03.09. It may be remarked that the natural formation of both

1 Monograph IIL., U. 8. Geol. Survey.

2 Monograph XIII., U. 8. Geol. Survey.

3 Monograph X11., U. 8. Geol. Survey.

+ W. F. Hillebrand, “* The Widespread Occurrence of Barium and Stron-
tium in Silicate Rocks,” Jour. Amer, Chem. Soc., Feb., 1894, p. 81.
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ore and gangue minerals has doubtless proceeded in nature with
great slowness, and from very dilute solutions, Both classes ex-
hibit a tendency to concentrate in cavities, even from a widely
dispersed condition through great masses of comparatively barren
rock. The formation may have proceeded when the walls were
far below their present position with regard to the surface, so that
to those inclined a wide latitude for speculation on origin is
afforded. It is also possible that in the earlier history of the globe
circulations were more active than they are now—a line of argu-
ment on which a conservative writer would hesitate to enlarge.



CHAPTER IV.
ON THE FILLING OF MINERAL VEINS.

1.64.01. Bearing in mind what precedes, the preliminaries for
the discussion of mineral veins are set in order. We have traced
the formation of cavities by the shrinkage of rock masses in cool-
ing ov drying, by the movements and disturbances of the earth’s
crust (which are far the commonest and most important causes),
and by dolomitization. The enlargement of such cavities by sub-
terranean circulations followed, and the general effect of waters,
cold and heated. The sources of the elements of the useful min-
erals were pointed out so far as known. AM these general and in-
disputable truths assist in the drawing of right conclusions. It
should be emphasized, as will appear later, that mineral veins or
cavity fillings do not embrace all metalliferous deposits. On the
contrary, the deposits which either form beds by themselves, or
which are disseminated through beds of barren rock and are of the
same age with them, do not enter into the discussion. They are
characterized by being younger than their foot walls and older
than the hanging. Their geological structure is far simpler, and,
as will appear in the discussion of particular examples, the work-
ing out of their origin does not so often carry the investigator into
the realms of speculation and hypothesis. And yet it is not to be
inferred from the prominence here given to the discussion of veins
that bedded deposits yield to them, in any degree, in importance.
Iron ores, for instance, are often in beds.

1.04.02. Methods of Filling.—Methods of filling were summed
up a very long time ago by Von Herder and Von Cotta,! as fol-
lows: 1. Contemporaneous formation. 2. Lateral secretion. 3.
Descension. 4. Ascension by (a) infilfration, or (b) sublimation
with steam, or (¢) by sublimation as gas, or (d) by igneous injec-
tion. Ip these should be added the more recent theory of (5) re-

1 Erzlagerstdtten, 2d ed., 1859, Vol. L., p. 172,
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placement, which, however, is rather a method of precipitation
than of derivation. No one longer believes in contemporaneous for-
mation, and descension has an extremely limited, if, indeed, any
application. Ascension by sublimation as gas or with steam, or by
igneous injection, has few, if any, supporters. The discussion is
practically reduced to lateral secretion and to ascension by infiltra-
tion. ‘ .
1.04.03. Lateral Secretion.—By lateral secretion is understood
the derivation of the contents of a vein from the wall rock. The
wall rock may vary in charagter along the strike and in depth.
Three interpretations may be made, two of which approach a com-
mon middle ground with ascension by infiltration. It may first be
supposed that the vein has been filled by the waters near the surface
which are known to be soaking through afl bodies of rock, even
where no marked waterway exists, and which seep from the walls of
any opening that may be afforded. Beingat or within comparatively
short distances of the surface, the waters are not especially heated.
As they emerge to.the oxidizing and evaporating influence of the
air in the cavity, their burden of minerals is deposited as layers on
the walls. The second interpretation supposes the walls to be
placed during the time of the filling at considerable depth below
the surface, so that the percolating waters are brought within the
regions of elevated temperature and pressure. Essentially the
same action takes place as in the first case. The third interpreta-
tion increases the extent of the rock leached. Thus if a mass of
granite incloses a vein and extends to vast.depths, we may suppose
the waters to come from considerable distances, and to derive their
dissolved minerals from a great amount of rock of the same kind
as the walls. Portions of this may even be in the regions of high
temperature, while the place of precipitation is nearer the surface.
These last two interpretations have much in common . with the
theory of ascension by infiltration, and on this common middle
ground lateral-secretionists and infiltration-ascensionists may be in
harmony.

1.04.04. _Ascension by Infiltration.—The theory of infiltration
by ascension in solution from below considers that ore-bearing
solutions come from the heated zones of the earth, and that
they rise through cavities, and at diminished temperatures and
pressures deposit their burdens. No restriction is placed on the
gsource from which the mineral matter has been derived. Indeed,
beyond that it is “below,” and yet within the limits reached by
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waters, all of which have descended from the surface, and that the
metals have been gathered up from a disseminated condition in rocks,
—igneous, sedimentary, and metamorphic,—no more definite state-
ment is possible. This theory is of necessity largely speculative,
because the materials for its verification are beyond actual inves-
tigation.

'1.04.05. Lateral Secretion.—In favor of lateral secretion the
following arguments may be sdvanced. I. According to Sandberg-
er, actual experience with the conduits, either natural or artificial,
of mineral springs, shows that a deposit seldom, if ever, gathers in
a moving current. It is only when solutions come to rest on the
surface and are exposed to oxidation and evaporation that precipita-
tion ensues. Deposits in veins have therefore formed in standing
waters, whose slight overflow or evaporation has been best compen-
sated by the equally slight and gradual inflow from the walls. If in
hot springs there is a strong and continuous flow from below and
discharge from above, the mineral matter will reach the surface.
(Sandberger, Untersuchungen iber Erzginge, Heft 1.) Hence the
deposit will be more likely to gather by the slow infiltrations from’
the wall rock, which stand in cavities like a well. We have,
however, some striking instances of deposits in artificial con-
duits.

Prof. H. S. Munroe has called the writer’s attention to a case
recently met by him. The fourteen-inch column pipe of a pump
at the Indian Ridge Colliery, Shenandoah, Penn., which was rais-
ing ferruginous waters, became reduced in diameter to five inches
within two years by the deposit of limonite. The same amount
of water was forced through thg five-inch as through the fourteen-
inch. By figuring out the strk(e and cylinder contents, it was
found that in the clear pipe the water moved 162 feet per minute,
and in the contracted pipe 1268 feet. And yet the deposit gath-
ered. The conditions necessitated the continuous action of the
pump, and it was not idle over two hours in each two months
of that period. The boiler feed-pipes of steamers plying on the
Great Lakes also become coated with salts of lime. Years ago a
disastrous boiler explosion cccurred from the virtual stoppage of
the feed by this precipitation.

1.04.06. II. If a vein were opened up, in mining, which ran
through two different kinds of rock, and if in the one rock one
kind of ore and gangue minerals were found, and in the other a
different set, the wall rock would clearly have some influence.
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Thus in a mine at Schapbach, in the Black Forest, investigated by
Sandberger, a vein ran through granite and gneiss. The mica of
the granite contained arsenic, copper, cobalt, bismuth, and silver,
but no lead. The principal ore in this portion was gray copper.
The mica of the gneiss contained lead, copper, cobalt, and bismuth,
and the vein held galena, chalcopyrite, and a rare mineral, schap-
bachite, containing bismuth and silver, but probably a mixture of
several sulphides. No two ores were common to both parts of the
vein. Another well-established foreign illustration is at Klausen,
in the Austrian Tyrol. Lead, silver, and zinc occurred in the
veins where they cut diorite and slates, but copper where mica
schist and felsite formed the walls. In America there are a num-
ber of similar cases. At the famous Silver Islet Mine! on Lake
Superior the vein runs through unaltered flags and shales, and
then crosses and fanlts a large diorite dike. Where the diorite
forms the walls, the vein carries native silver and sulphides of
lead, nickel, zinc, etc., but where the flags form the walls, the
vein contains only barren calcite. Along the edges of the estnary
Triassic sandstones of the Atlantic border, where they adjoin
Avrchean gneiss, a number of veins are found affording lead min-
erals, while in the sandstones near the well-known diabase sheets
and dikes are others carrying copper ores. It was early remarked
by J. D. Whitney that the lead was usually associated with the
gneiss, the copper with the diabase.

1.04.07. From instances like these it is inferred that the ores
were derived each from its own walls, and by just such a leaching
action by cold surface waters as is outlined above. As opposed
to this, it has usually been claimed that each particular wall ex-
erted a peculiar selective and precipitating action on the metals
found adjacent to it and none on the others ; so that if a solution
arose carrying both sets, each came down in its particular sur-
roundings, while the others escaped. Dr. W. P. Jenney has called
the writer’s attention to such a case. The Head Centre mine, in

1 'W. M. Courtis, ¢ Oa Silver Islet,” Engineering and Mining Journal,
Dec. 21,1878, M. E., V. 474.

E. D. Ingall, Geol. Survey of Canada, 1887-88, p. 27, H.

F. A. Lowe, ‘ The Silver Islet Mine,” etc., Engineering and Mining
Journal, Dec. 16, 1882, p. 821.

T. MacFarlane, ¢Silver Islet,” M. E., VIII 226. Canadian Naturalist,
IV.37.

McDermott, Engineering and Mining Journal, January, 1877.
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the Tombstone district, Arizona, is on a vein which pierces slates,
and in one place forty feet of limestone. In the slates it carried
- high-grade silver ores, with no lead, but in the limestone, lead-sil-
ver ores. A rock like limestone might well exercise a precipita-
ting action, which, however, we cannot attribute to rocks composed
of the more inert silicates. Again, it has been said that the solu-
tions coming from below have varied in different portions of the
vein or at different periods. An earlier opening would thus be
filled with one ore, a later opening with another. This is hy-
pothetical, but has been advanced for Klausen by Posepny. (Ar-
chiv f. Praktische Geologie, p. 482.) A further general objection
to the first interpretation of lateral secretion is the weak dissolv-
ing power of cold surface waters, and this is a very serious one.

1.04.08. As opposed to the second interpretation, it may be
advanced that precipitation in a cavity at a great depth would be.
retarded by the heat and the pressure, to just that extent to which
solution in the neighboring walls would be aided. The tempera-
ture and pressure being practically the same, the tendency to re-
main in solution would be great until the minerals had reached the
upper regions and filled the cavity by ascension. Under such cir-
cumstancdd ores would only be deposited below, by some such ac-
tion as replacement. To the third interpretation no theoretical ob-
jections can be made. :

1.04.09. Infiltration by Ascension.—On the side of infiltration
by ascension, if two veins or sets of veins were found in the same
wall rock, but with different kinds of ores and minerals, the con-
clusion would be irrefutable that the respective solutions which
formed them had come from two different sources below. Thus at
Butte, Mont., there is a great development of a dark, basic granite.
It contains two series of veins, of which the southern produces copper
sulphides in a siliceous gangue, the northern sulphides of silver,
lead, zinc, and iron, also in a siliceous gangue, but abundantly associ-
ated with manganese minerals, especially rhodonite. No manganese
occurs in the copper belt, nor is any copper found in the silver belt.
Such results could originate only in different, deep-seated sources.
Again, at Steamboat Springs, Nev., and Sulphur Bank, Cal., the hot
gprings are still in action and are bringing their burdens of gangue
and ore to the surface. The former has afforded a long series of
metals, the latter chiefly cinnabar. G. F. Becker! has shown that.
the cinnabar probably comes up in solution with alkaline sulphides.

1 G. F. Becker, ‘ Natural Solutions of Cinnabar, Gold, and Associated.
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1.04.10. Replacement.—The conception of replacement is one
that has been applied of late years by some of the most reliable
observers. About 1873 it appears to have been first extensively
developed by Franz Posepny, an Austrian geologist, in relation to
certain lead-silver deposits at Raibl, in the Province of Kaernthen.
About the same time it was suggested by Pumpelly, then State
Geologist of Missouri, to Adolf Schmidt, who was engaged in
studying the iron deposits of Pilot Knob and Iron Mountain (see
Examples 11and 11a), and by Schmidt it was considered applicable
to them. (“Iron Ores and Coal Fields,” Missouri Geol. Survey,
1873.) Some ten years later J. S. Curtis based his explanation of
the formation of the Eureka (Nev.) lead-silver-deposits on the
sameidea, and according to Emmons (1888) it holds good for Lead-
ville. R. D. Irving, who credited Pumpelly with bringing it to his
attention, published in 1886 an explanation of the hematite beds of
the Penokee-Gogebic range (Example 9¢), in which the idea is ap-
plied, and Van Hise has since elaborated it. In the process of re-
placement no great cavity is supposed to exist previously. There
is little, in fact, but a circulation or percolation of ore-bearing solu-
tions which exchange their metallic contents, molecule by molecule,
for the substance of the rock mass. We would not expect the ore
body to be as sharply defined against the walls as when it filled a
fissure, but rather to fade into barren material. Thus rock may
be impregnated but not entirely replaced, and, while apparently
unchanged, yet carry valuable amounts of ore. Some of the ores
of Aspen, Colo. (Example 80d), are at timesonly to be distinguished
by assay from the barren limestones. Yet decomposition may
bririg out the limits of each.

1.04.11. The chemistry of the replacement process is none too
well understood, but it presents fewer difficulties when applied to a
soluble rock, like limestone or dolomite, than when rocks composed
of silicates and quartz have given away to ores. Acid solutions
would readily yield to calcium carbonate; but if the metals are pres-
ent as sulphates, some reducing agent, such as organic matter, is
necessary in order to change the metallic sulphate to sulphide.?
Or else, if the metallic sulphides come up in solution with alkaline
sulphides, some third agent is needed to remove the calcium car-

Sulphides,” Amer. Jour. Sci., II1., xxxiii. 199; Eighth Ann. Rep. Direc-

tor U. 8. Geol. Survey; Monograph XIII., U. S. Geol. Survey, p. 965.
1Compare 8. F. Emmons, ¢ On the Replacement of Leadville Limestones

and Dolomites by Sulphides,” Monograph XII., U. S. Geol. Survey, p. 563.
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bonate, pari passu, just before the metallic sulphide is precipitated.
It must be confessed that for enormous bodies of ore, like those of
Leadville, the small amount of organic matter present seems hard-
ly equal to the task assigned it, and the delicate balance of thelat-
ter case—causing deposition to tread so closely on the heels of rock
removal, in order to avoid assuming an extended cavity—makes it
appear that the entire chemistry of the process is perhaps hardly
understood.

1.04.12. 'When silicate rocks are replaced, leaving a siliceous
gangue, the process may have been somewhat as suggested by R.
C. Hills for the mines of the Summit district, Rio Grande County,
Colorado. (See Proc. Colo. Sci. Soc., Vol. I.,p. 20.) Alkaline solu-
tions remove silica and have slight action on silicates, but solutions
acid with sulphuric acid attack silicates, such as feldspar and bio-
tite, remove the alumina or change it to kaolin, and cause the sep-
aration of free silica. In the alteration products abundant opportu-
nity would be afforded for the precipitation of sulphides, which
would in part at least replace the rock. Along a crack or line of
drainage definite walls would thus easily fade out. Such phenome-
na are afforded by innumerable ore deposits (see R. W. Raymond,
discussion of S. F. Emmons’ “Notes on the Geology of Butte,
Mont.,” M. E., July, 1877), and often come under the notice of
every one familiar with mining. Yet we cannot but hope that
in the future our knowledge of the chemical reactions involved
will be increased.

It may again be stated that the formation of ore deposits has
proceeded with great slowness, and the solutions bringing the met- .
als have been, beyond question, very dilute. The extremely small
amounts of the metals that have been detected in relatively large
amounts of igneous rocks, even by the most refined analytical meth-
ods, have necessarily made the progress of solution a protracted
one. Curtis records some careful observations on the growth of
aragonite at Eureka, Nev., where he found that in three weeks,
solong as wet by a drop of water, the crystals increased in one case
as a maximnin, five eighths of an inch, and in another three eighths.
But this was where the whole inclosing mass of rock consisted of the
compound deposited.



CHAPTER V.
ON CERTAIN STRUCTURAL FEATURES OF MINERAL VEINS.

1.05.01. Banded Structure.—Mineral veins sometimes exhibit
a banded structure, by which is understood the arrangement of
the ore and gangue in parallel layers that correspond on opposite

walls. They are most conspicuous where the walls are well de-
~ fined. The solutions which have brought the minerals have varied
from time to time, and the precipitated coatings correspond to
these variations. They alternate from gangue to ore, it may be,
several times repeated. The ore may be in small scattered masses
preserving a distinct lineal arrangement in the midst of the barren
quartz, calcite, barite, fluorite, siderite, ete., or itself be so abun-
dant as to afford a continuous parallel streak. The commonest
ores 80 observed are pyrite, chalcopyrite, galena, blende, and the
various sulphides of silver. The veins of the Reese River district,
in Nevada, furnish good illustrations of alternating ruby silver
ores and quartz. Those of Gilpin County, Colorado (Example
17a), afford alternations of pyrite, chalcopyrite, and gangue. (See
figures in Endlich’s report, Hayden’s Survey, 1873, p. 280.) The
Bassick Mine, in Colorado, has pebbles remarkably coated. The
figure on p. 36 shows a vein at Newman IHill, near Rico, Colo.

Banded veins, however, except of a rude character, are not com-
mon in this country. They have received much more attention in
Germany, where, especially near Freiberg, they show remarkable
perfecticn. The famous Drei Prinzen Spat Vein, figured by Von
‘Weissenbach and copied in many books, has ten corresponding al-
ternations of six different minerals on each wall.

1.05.02. A line of cavities, or vuggs, is often seen at the cen-
tral portion of a vein, into which crystals of the last formed miner-
als emerge, forming a comb (see p. 36). These may project into
each other and interlock,—especially if quartz,—forming a comb
incomb. The same may occur between side layers. These cavities
are a most prolific source of finely crystallized minerals. If, after the



36 KEMP'S ORE DEPOSITS.

fissure—perhaps at the time small—has become once filled, subse-
quent movements take place, they may strip the vein from one wall
and cause a new series of minerals to be deposited, with the previously
formed vein on one side and the wall rock on the other. This oc-
casions unsymunetrical fillings. Butit may also happen that, with
otherwise symmetrical fillings, one layer may be lacking on one
side or the other. Where portionsof the wall rock have been torn
off by the vein matter in these secondary movements, they may be
buried in the later deposited vein filling, and form great masses of
barren rock called horses. The vein then forks around them. If
the ore and the gangue have partly replaced the wall in deposition,

F16. 6.—Banded vein at Newman Hill, near Rico, Colo. After J. B. Far-
ish, Proc. Colo. Sci. Soc., April 4, 1892; Engineering and Mining
Journal, Aug, 20, 1892,

unchanged masses of wall may also become inclosed and afford
horses of a different origin. An originally forked fissure gives an
analogous result.

It is a curious fact that veins are often most productive just at
the split. If the masses are small, or if the vein fills a shattered
strip and not a clean fissure, or if it occupies an old voleanic con-
duit, deposition and replacement may surround unchanged cores of
wall rock with concentric layers of ores and minerals. Thus the
Bassick, at Rosita, Colo., referred to above, consists of rounded
cores of andesite, inclosed in five concentric layers of metallic sul-
phides. The Bull Domingo, in the same region, exhibits shells of
galena and quartz mantling nodules of gneiss. Such coresstrongly
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resemble rounded, water-worn boulders, a similarity which has
suggested some rather improbable hypotheses of deposition.

1.05.03. Clay Selvage.—An extremely common feature is a
band of clay, most often between the vein matter and the wall.
This is called a selvage, gouge, flucan, clay seam, or parting. It
may come in also between layers of different minerals, and even
rests as a mantle on the crystals which line cavities. It is at times
the less soluble portion left by the decay and removal in solution
of wall rock (residual clay), at times the comminuted material re-
sulting from the friction of moving walls (attrition clay), and
again it may be taken up by currents and redeposited from bodies
of the first two sorts. Such layers of clay, being wellnigh imper-
vious to water, may have exercised an important influence in di-
recting the subterranean circulations. (See Becker on the Com-
stock Lode, 2.11.19.)

1.05.04. Pinches, Swells, and Lateral Enrichments. — The
swells and pinches of veins have been referred to above and ex.
plained. Aside from these thicker portions of the ore, it is often
seen that the richer or even the workable bodies follow certain
more or less regular directions, forming so-called “chutes.” They
probably correspond to the courses taken and followed by the
richer solutions. J. E. Clayton observed that they follow the di-
rections of the slips, or strize, of the walls rather more often than
not, and in the west this disposition or tendency is called Clayton’s
law. Chute is sometimes spelled “shoot” or “shute.” Chimney
and ore-course are synonyms of chute. Bonanza is used, especially
on the Comstock Lode, to indicate a localized, rich body of ore.

Lateral enrichments are caused by the spreading of the ore-
bearing currents sidewise from the vein, and often along particu-
lar beds of rock, which they may replace more or less with ore.
Beds of limestone—it may be quite thin, when in a series com-
posed of shales or sandstones—are favorita precipitants, and from
such lateral enlargement the best returns may be obtained. The
valuable ore bodies of Newman Hill, near Rico, Colo., whose inter-
esting description by J. B. Farish has already been several times
cited, are found as lateral enrichments along a bed of limestone less
than three feet thick and embedded in shales. Above the lime-
stone the veins practically cease. Lateral enrichments may closely
resemble bedded deposits if the supply fissures are relatively small.
This interpretation is placed by W. P. Jenney on the disseminated
lead ores of southeastern Missouri (2.15.09), and he has suggested
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the expressive term “melon vein,” thus compaung them with a
vine and its melons.

1.05.05. Changes in Character of Vein Filling.—In discuss-
ing the influence of wall rock the changes that occur in veins
were briefly mentioned. But even where the walls remain uniform
there is always variation in contents, and of course in value, {from
point to point. Ore, gangue, horses, and walls alternate both
longitudinally and in depth, and such changes must be allowed for
and averaged by keeping exploration well in advance of excava-
tion. Even a series of parallel veins may all prove fickle. In
illustration of the above the Marshall tunnel of Georgetown, Colo.,
may be cited. It cut twelve veins below their actual workings,
and every one was barren at the tunnel though productive above.
(J. J. Stevenson, Wheeler’s Survey, Geology, Vol. IIL, p. 351.)

1.05.08. Secondary Alteration of the Minerals in Veins.—It
has already been stated that the chief ore minerals in vein fill-
ings are sulphides. Where these lie above the line of permanent
subterranean water they are exposed to the oxidizing and hydrat-
ing action of atmospheric waters, which, falling on the surface,
percolate downward. The ores are thus subjected to alternating
soakings and dryings which encourage alteration. The sulphides
change to sulphates, carbonates, oxides, or hydrous forms of the
same, and the metallic contents are in part removed in the acid
waters which are also formed. Pyrite, which is the most wide-
spread of the sulphides, becomes limonite, staining everything with
its characteristic color. Galena becomes cerussite or anglesite.
Blende affords calamine and smithsonite. Copper ores, of which
the usual one is chalcopyrite, change to malachite, azurite, chryso-
colla, cuprite, and melaconite, and to the sulphide chalcocite. The
silver sulphides afford cerargyrite. The rarer metals alter to cor-
responding compounds of less frequency. These upper portions
are also more cellular and porous, being at times even earthy. The
rusty color from the presence of limonite often marks the outcrop
and is of great aid to the prospector. It has been called the iron
hat, or gossan. This feature has important economic bearings.
The character of ores may entirely change at a definite point in
depth, and the later products, if not lower in grade, as is often the
case, may demand different, perhaps more difficult, modes of treat-
ment. Oxidized ores are the easiest to smelt, and the benefit of
careful exploration before indulging in too confident expectations
may be emphasized. As examples, the Ducktown copper deposits
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(see Example 16), the Leadville silver mines (Example 30), the
southwest Virginia zinc deposits at Bonsacks (Example 26), the
copper and silver veins at Butte, Mont. (Example 17), and others
in Llano County, Texas (Example 176), may be cited. At Duck-
town a considerable thickness of chalcocite, melaconite, and carbon-
ates accumulated just at the water line and abruptly changed to
low-grade, unworkable pyrite and chalcopyrite below it. At Bon-
sacks, near Roanoke, Va , very rich, easily treated earthy limon-
ite and smithsonite (30-40 % zinc) passed into a refractory, low-
grade (15-20 g zinc), intimate mixture of blende and pyrite.
Excavations in dry districts may not reach the water line for great

Fia. 7.—ILllustration of the oxidized zone, or gossan, the zone of enrich-
ment, and the unchanged sulphides, at Ducktown, Tenn. After
A, F., Wendt, School of Mines Quarterly, Vol VII., 1886,

depths. Thus at Eureka, Nev.,, in the rainless region of the Great
Basin, the oxidized ores continue to 900 feet.

It is worthy of remark in this connection that possibly some
deposits of oxidized ores may have been formed originally as such.
Wendt has argued this for the copper mines of the Bisbee dis-
trict, Arizona. (See Example 20b.) If oxidized ores are now
found below the water line, it may indicate a depression of the
rocks from a previous higher position. R. C.Hills has brought out
a very interesting instance of the concentration of gold and silver
in the lower part of the oxidized zone, or at least at a considerable
depth below the outcrop. The upper portion of the vein, in this
case with a quartz gangue, was impoverished. The gold is thought
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to have been carried down in solution with ferrous and ferric sul-
phates, which were decomposed by feldspar, while the precious
metal was thrown down. The ore bodies lie in the Summit district,
Rio Grande County, Colorado. (R. C. Hills, Proc. Colo. Sci. Soc.,
Vol. I, p. 32 ; S. F. Emmons, quoting Hills, Engineering and Min-
ing Journal, June 9, 1883.)

1.05.07. The waters of mines which have opened up and ex-
posed sulphides to oxidation are often charged with sulphuric acid
and even metallic salts. This is especially true of mines in copper
sulphides, and the pumps are much corroded. In instances con-
siderable metallic copper has been recovered by passing the mine
drainage over scrap-iron, as at Ducktown, Tenn., and as has been
lately introduced experimentally at Butte, Mont. Mine timbers
have been preserved very long periods by the deposition of copper
on them, from their reducing action on the solutions. Pumps and
timbers placed by the Romans in the Rio Tinto mines, in Spain,
are still in good preservation. Even gold has been detected in
Australian mine waters. (See School of Mines Quarterly, Vol.
XI., p. 364, for review of literature bearing on this subject.)

1.05.08. Electrical Activity.—A theoretical agent for the pre-
cipitation of ores in veins, which was a great favorite among the
writers fifty or sixty years ago, was electrical action, and careful
experiments were made in England and Germany to detect it. By
connecting the opposite ends of a vein with a wire, in which was a
galvanometer, the attempt was made again and again to establish
the existence of galvanic action. At times the results gave some
grounds for belief ; but at others they were contradictory or un-
certain, so that no very definite or reliable conclusions were
established. Other experiments were made in Germany about
1844, by Reich, while lately quite elaborate investigations have
been carried out by Dr. Carl Barus on the Comstock Lode, and at
Eureka, Nev. Great difficulties are met in preserving the neces-
sary insulation throughout the wet and devious underground work-
ings, and amid such surroundings in detecting the currents, which
would be necessarily small. With Barus the thesis was not alone
to establish a galvanic action, such as might be a precipitating
agency, but also to observe what effect, if any, was exerted by the
intervention of an ore body on the normal terrestrial currents.
Had this latter been proved of sufficient amount, the existence of
such bodies might be indicated by plotting electrical observations.
While in some respects of interest, the results of Dr. Barus are not
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very decisive, and this line of investigation is hardly to be con-
sidered a promising one. The importance attached to it in former
years may be illustrated by these words of De la Beche, one of
the ablest of English writers, in 1839. Speaking of veins in general,
after discussing those of Cornwall in particular, he says : « Mineral
veins result from the filling of fissures iz recks by chemical deposits,
from substances in solution in the fissures, such deposits being
greatly due to electro-chemical agency.”

NoTEe.—The superficial alteration of ore deposits Las lately been discussed
by R. A. F. Penrose, Jr., at length, and the changes which take place in various
ores traced out under the head of each. (Journal of Geology, April-May,

1894, p. 288.)
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CHAPTER VI

THE CLASSIFICATION OF ORE DEPOSITS, A REVIEW AND A
SCHEME BASED ON ORIGIN.

1.06.01. In the classification of ore deposits the same syste-
matic arrangement is not to be expected as in the grouping of plants,
animals, or minerals. Ore deposits have not the underlying aftin-
ities and relationships of living organisms or of definite chemical
compounds. The series of objects is too diverse, and, in the na-
ture of the case, the standards of appeal must be different. The
subject is, however, one of great practical importance as well as
of great scientific interest. A vocabulary of intelligible terms is
indispensable for description and comparison, and, under our min-
ing laws, -often for valid titles, while as a vehicle for the spread of
knowledge and reasonable conceptions regarding these phenomena,
its importance cannot be overestimated.

1.06.02. All schemes of classification rest on these principles :
form, origin,—or the genetic principle (including method, relative
time of origin as contrasted with the walls, etc.),—state of aggre-
gation, and mineral contents. Of these, the principle of form is
usually esteemed the weightiest, and is given the greatest promi-
nence, partly because it has been thought to be the one most close-
ly affecting exploitation, and partly because it involves less that is
or has been, up to very recent times, more or less hypothetical.
Yet form is largely fortuitous, and it has, of course, no law, while,
with sufficient knowledge, the genetic principle is the one giving a.
far more thoroughly scientific basis. Every one, in opening up or
searching for an ore body, must be influenced by some hypothesis,
either of shape or of origin. Itis the conviction of the writer
that, with all our deficiencies of knowledge, the genetic principle
is also the best guide, even in practical development.

1.08.03. Very early in the development of mining literature
the distinction was made between those ore bodies which are
parallel to the stratification and those which break unconformably



CLASSIFICATION OF ORE DEPOSITS. 43

across it. This took place long before the epoch-making time of
Werner, and even before the conception of the relative ages of
strata had been at all generally grasped. Thus among the Ger-
mans we find the terms “Lager ” and “Flétze ”! on the one side,
being set off in contrast to “ Gang” (vein) on the cther. Werner,
writing in 1791, quotes Von Oppel’s distinctions between Flotze
(strata, beds) and Ginge (veins), which were published in 1749 ;
but without doubt, as mining terms, they go much further back.
Beyond this simple indication of the views of the older writers, no
attempt will be made here to quote authorities earlier than 1850.
This is justifiable because the important works, like De la Beche’s
Geology of Cornwall and Devon, and Henwood’s Metalliferous
Deposits of Cornwall and Devon, are rather discussions of veins
than systematic attempts at classification.

In the following pages the principal schemes of classification
are grouped according to certain relationships and similarities
that run through them. It would be interesting to arrange them
in chronological order, but points of likeness and unlikeness would
not he thus brought out, nor can the influence of one writer on
another be so clearly manifested. The underlying object, aside
from showing in a bird’s-eye view what has been done, is to lead
up to an attempt at a purely genetic classification from which

1 Lager and Flstze are difficult to render into English while retaining
their native shades of meaning. The later writers in Germany (Serlo,
Gitzschmann, Von Groddeck, Kohler) define them as being interbedded
bodies, each later than the foot wall in formation, and older than the
hanging ; and that Lager are much more limited in horizontal extent than
Flstze. R. Wabner shows, however, in the Berg. u. Huet. Zeitung, Jan.
2, 1891, p. 1, that writers in the earlier part of the century did not entirely
restrict the term Lager as regards age relative to the foot and hanging,
but applied it to ore bodies, which follow the general bedding, although
they may have been introduced much later than the formation of the
walls. Thus the frequent occurrence of lead ores in limestone along cer-
tain beds (southeast Missouri, for example) would be galled Lager. We
would apply the terms impregnation, or dissemination, or bed-vein, to
such, Flstz we would call stratum, and Lager, as defined by the later
authors, ‘“bed ” or ‘‘seam.” Werner, for instance, in his classification
of the rock formations of the globe, made : I. Urgebirge (Primitive, Pri-
mary, etc., having no fossils). II. Secondary, subdivided into A. Ueber-
ganggebirge (Transition, more or less metamorphosed sediments, but fos-
siliferous). B. Flotzgebirge (Unaltered strata). From this the meaning
of Flstz can be grasped. By contrast, a magnetite lensq is a good illus-
tration of Lager.

’



44 KEMP'S ORE DEPOSITS.

mere form is eliminated to the last degree, and well-recognized
geological phenomena are brought to the foreground. It has in-
deed been said with force that the origin of ore deposits is a sub-
ject which is very largely a matter of hypothesis, and that it in-
volves profound subterranean causes, of which we know but little.
Still, it is held that an acquaintance with what has been accom-
plished in recent years by our best workers, and a rigid adherence
to well-recognized principles in geology and mineralogy, especially
as developed in rock study (i.e., in that department of geology
that of late years we have grown to call petrography), will estab-
lish much that cannot be questioned, and will aid in differentiating
the cases which are still objects of reasonable doubt. It is, how-
ever, true that among the subjects on which human imagination,
often superstitious, has run to wild extremes, and on which cranky
dreamers have exercised their wits, the origin of ore deposits
stands out in particularly strong relief.

1.06.04. A. Schemes Involving only the Classification of
Veins.

(1)

G. A. von Weissenbach ! (Gangstudien, 1850, p. 12).

(a) Sedimentirginge (Sedimentary Veins).

(5) Kontritionsginge (Attrition Veins).

(c) Stalactitische oder Infiltrationsgiinge (Stalactitic or In-
filtration Veins).’

(d) Plutonische oder Gebirgsmassenginge (Masses, dikes,
knobs, bosses, etc., not necessarily with ores).

(¢) Ausscheidungsgiinge (Segregated Veins).

(f) Erzgiinge (True or Fissure Veins).

(2)

B. von Cotta, in comments on Von Weissenbach’s Scheme.
Gangstudien, 1850, p. 79. According to the vein
filling.

1. Gesteinsginge (Dikes).

(a) Not crystalline (Sandstone).

(8) Crystalline (Granite).
2. Mineralginge (Veins).

(») Of one non-metallic mineral.

(8) Of several non-metallic minerals.
3. Erzgiinge. Ore veins.

1 See also Whitney’s Metallic Wealth of the U. S., 1854, p. 44.
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(3)
B. von Cotta, idem, p. 80. According to Shape and Position.
1. Wahre, einfache Spaltenginge (Fissures).
(@) Querdurchsetzende, Cross fissures,
(b) Lagerginge, Bed veins.
(¢) Kliifte (Cracks), Adern (Veinlets).
II. Gangziige (Linked Veins).!
III. Netzginge (Reticulated Veins).
IV. Contaktginge (Contact Veins).
V. Lenticularginge (Lenses).
VI. Stockformige Giinge (Stocks, Masses).

4)
B. von Cotta, idem, p. 80. According to the texture of the.
vein filling.
I. Dichte Ginge (Compact Veins).
II. Krystallinische Génge.
III. Krystallinisch, kornige (granular) Génge.
IV. Krystallinisch, massige (massive) Ginge.
V. Giénge mit Lagentextur (Banded veins).
(a) Ohne Symmetrie der Lagen (unsymmetrical).
(b) Mit Symmetrie der Lagen (symmetrical).
V1. Ginge mit Breccien oder Conglomerattextur.

(4)
J. Leconte, Amer. Jour. Sci., July, 1883, p. 17.
1. Fissure Veins.
2. Incipient Fissures, or Irregular Veins.
3. Brecciated Veins.
4. Substitution Veins.
5. Contact Veins.
Irregular Ore Deposits.

1.08.05. In Von Weissenbach’s table the sedimentary veins
are much the same as the “sandstone dikes” which J. 8. Diller
has recently described. (Bull. Geol. Soc. Amer., 1. 411.) They
and the stalactitic veins have small practical value, although of
great scientific interest. Under (d), the stockworks with tin ores

*

1 Gangziige is happily translated ‘linked veins,” by Mr. Gf F. Becker
(Quicksilver Deposits, p. 410). Any attempt to render the original by
preserving the figure of a flock of birds or of a school of fish, etc., is, as.
Mr. Becker remarks, infelicitous, if not impossible,
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are the principal illustration of economic prominence. The attri-
tion veins are an important class, and increasing study has wid-
ened the application of this or synonymous terms. Segregated
veins and true veins are well-known forms. In the comments of
Von Cotta, which follow Von Weissenbach’s paper, veins are
grouped from every possible standpoint, Von Weissenbach’s
scheme being taken as the one based on origin. Nos. 2 and 4 bave
small claims to attention. No. 8 foreshadows the drift of many
subsequent writers. The meanings of the terms are self-evident,
except perhaps Gangzige (linked veins). This refers to a group of
parallel and more or less overlapping veins, deposited along a
series of openings, evidently of common origin. It is a convenient
term.

The terms used by Leconte may be passed without comment
as being self-evident in their meaning, except (4) and (6). The
scheme was devised, as a perusal of the citation will show, after
the author had set forth some original views of the causcs which
lead to the precipitation of ores, and had forcibly stated others very
generally accepted. In the explanatory text some quite curious as-
sociations are found, which are cited by way of illustration. Thus
under group (4), stalactites, caves, gash veins, and the Leadville ore
bodies are considered examples, and under group (6) the grouping
together of beds, igneous masses, and all other forms of so-called
irregular deposit is decidedly open to criticism. This is the more
emphatic because the concluding sentences of the paper (of whose
general value and excellence there can be no question) give the im-
pression that the author felt he had cleared up all the points in the
origin of ore bodies which would be of interest or importance to a
purely scientific investigator as contrasted with a practical miner.

1.06.06. B. General Schemes Based on Form.

(6)
Von Cotta and Prime. Ore Deposits, New York, 1870.
I. Regular Deposits.

A. Beds.

B. Veins.
(@) True (Fissure) Veins.
(b) Bedded Veins.
(c) Contact Veins.
(d) Lenticular Veins,

IL. Irregular Deposits.
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C. Segregations.
(@) Recumbent.
(d) Vertical.
D. Impregnations (Disseminations),

™
Lottner-Serlo, Leitfaden zur Bergbaukunde, 1869,
1. Eingelagerte Lagerstitten (Inclosed Deposits).
A. Plattenformige (Tabular).
(@) Ginge (Veins).
(d) Flotze und Lager (Strata, beds, seams).
B. Massige Lagerstitten (Massive Deposits).

a) Stocke
gb) Stockwerke }Masﬂes-

C. Andere unregelmiissige Lagerstitten (other irregu-
lar deposits).
(a) Nester (Pockets).
(5) Putzen.
(¢) Nieren (Kidneys).
II. Aufgelagerte Lagerstitten (Superficial Deposits).
D. Triimmerlagerstiitten (Placers).
E. Oberflichliche Lager (Surface beds).

: (8)
Koehler, Lehrbuch der Bergbaukunde, 1887.
I. Plattenformige Lagerstitten (Tabular Deposits).
(@) Giinge (Veins). ’
(b) Flotze und Lager (Strata, beds, seams).
II. Lagerstiitten von unregelmiissige Form (Deposits of
irregular Form).
(a) Stocke und Stockwerke (Masses).
(b) Butzen, Nester, und Nieren (Pockets, concre-
tions, etc.).

(9)
Callon, Lectures on Mining, 1866 (Foster and Galloway’s
translation).
I. Veins.
II. Beds.

IIT. Masses (.e., not relatively long, broad, and thin).

1.06.07. The scheme of Von Cotta and Prime carries out the
principle of form to its logical and somewhat trivial conclusion.
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Thus under irregular deposits it is a matter of extremely small
classificatory moment whether an ore body is recumbent or vertical.
Otherwise the scheme is excellent, and its influence can be traced
through most of those that are of later date. The original draft.
came out in the German in 1859. All the others are from treatises-
on mining, in which this subject plays a minor réle, and indicates:
the tendency, referred to above, of mining engineers, when writing-
theoretically, to imagine certain fairly definite forms, which are to
be exploited. As previously remarked, however, considering the
uncertainty of ore bodies and their variability in shape, it is here
argued that the genetic principle might better take precedence.
Several of the German terms are difficult to render into English
mining idioms, as for example, Stock, Butzen (Putzen), Nester, and
Nieren.

1.06.08. C. Schemes, Partly Based on Form, Partly on Origin.

(10)
J..D. Whitney, Metallic Wealth, 1854.
1. Superficial.
II. Stratified.

(«) Constituting the mass of a bed or stratified
deposit.

(6) Disseminated through sedimentary beds.

(¢) Originally deposited from aqueous solution,
but since metamorphosed.

TII. Unstratified.

A. Irregular.
(@) Masses of eruptive origin.
. (b) Disseminated in eruptive rocks.
(¢) Stockwork deposits.

" (d) Contact deposits.

(¢) Fahlbands.

B. Regular. .
(/) Segregated veins.
(9) Gash veins.
(#) True or fissure ‘veins.

(11)
J. 8. Newberry, School of Mines Quarterly, March, 1880,
May, 1884
1. Superficial.
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II. Stratified.
(a) Forming entire strata.
() Disseminated through strata.
(¢) Segregated from strata.

III. Unstratified.
(@) Eruptive masses.
(6) Disseminated through eruptive rock.
(¢) Contact deposits.
(d) Stockworks.
(¢) Fahlbands.
(f) Chambers.
(9) Mineral veins.
1. Gash veins.
2. Segregated veins.
3. Bedded veins.
4. Fissure veins.

(12)
J. A. Phillips, Ore Deposits, 1884.
I. Superficial.
(«¢) By mechanical action of water.
(6) By chemical action.
IL. Stratified.

(@) Deposits constituting the bulk of metalliferous
beds formed by precipitation from aqueous
solution.

() Beds originally deposited from solution but sub-
sequently altered by metamorphism.

(¢) Ores disseminated through sedimentary beds, in
which they have been chemically deposited.

II1. Unstratitied.

(@) True veins.

(b) Segregated veins.

(¢) Gash veins,

(d) Impregnations.

(¢) Stockworks.

(/) Fahlbands.

(9) Contact deposits.

(#) Chambers or pockets.

1,06.09. Itis at once apparent that Whitney’s scheme contains
the essentials of the others, which are merely slight modifications.
Newberry introduces impregnations, chambers, and bedded veins.
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The first named is a useful term, although it is not always easy to
distinguish impregnations from others earlier given. Thus, they
may be very like the division, disseminated through strata, or dis-
seminated through eruptive rock, or, if in metamorphic rock, fahl-
bands. The word is also used to indicate places along a vein
where the ore has spread into the walls. The term “chambers,”
or “caves,” has found application in the West, and is a useful ad-
dition. Bedded veins appear also in Von Cotta above (No. 6).
Phillips seeks to explain the methods of origin in his use of Whit-
ney’s scheme and clearly feels the importance of emphasizing the
genetic principle more strongly. Much of it is implied in the
simpler phraseology, however, and the extended sentences lack the
incisiveness of the earlier schemes. The arrangement as set forth
by Whitney is worthy of high praise, and the scheme is one of
the many valuable things in a book that has played a large part in
the economic history of the United States.
1.06.10. D. Schemes Largely Based on Origin,

(13)
J. Grimm, Lagerstdtten, 1869.

I. Gemengtheile oder grossere Einschliisse in den
Gebirgsgesteinen. Einsprengung, Imprignation.
(Essential component minerals and inclusions in
country rock. Impregnations.)

(@) Urspriingliche Einsprengung. (Original with
the inclosing rock.)

(b) Von anderen Lagerstitten weggefiihrte Bruch-
theile, ete. (Fragments brought from a dis-
tance. Placers, ore-bearing boulders. Brec-
cias.)

II. Untergeordnete Gebirgsglieder oder besondere Lager-
stiitten. (Subordinate terranes or special forms
of Deposits.)

(@) Plattenférmige Massen. (Tabular masses.)

1. Lager oder Flotze. Bodensatzbildung.
(Beds, strata.)

2. Giinge, Kliifte, Gangtriimmer, etc. (Veins
of varying sizes.)

3. Plattenformige Erz-ausscheidungen und
Anhiiufungen. (Segregated veins.)

(d) Stockeund regellos gestaltete Massen. (Stocks

and irregular masses.)
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1. Lagerstocke Linsenstocke, Linsen. (Len-
ticular deposits, etc.)

2. Stocke, Butzen, Nester, etc. (Masses,
pockets, etc.)

3. Stockwerke. (Stockworks.)

(14)
A, von Groddeck, Lekre von den Lagerstitten, ete., 1879, p. 84.
L Urspriingliche Lagerstitten (Primary deposits).
A. Gleichzeitig mit dem Nebengestein gebildet.
(Formed at the same time with the walls.)
1. Geschichtete. (Stratified.)
(@) Derbe Erzflotze. (Entire beds in fossiliferous
strata.)
(5) Ausscheidungsflotze. (Disseminated in beds.)
(¢) Erzlager. (Lenticular beds, mostly in schists.)
2. Massige. (Massive; the word is nearly
synonymous with igneous.)
B. Spiter wie das Nebengestein gebildet. (Formed
later than the walls.)
3. Hohlriumsfiilllungen. (Cavity fillings.)
(a) Spaltenfiillungen oder Giinge. (Fissure fillings
or veins.)
(1) In massigen Gesteinen. (In igneous rocks.)
(2) In geschichteten Gesteinen. (In strati-
fied rocks.)
(6) Hohlenfiillungen, (Chambers.)
4. Metamorphische Lagerstitten. (Altera-
tions, replacements, etc.)
IL. Triimmer-lagerstitten. (Secondary or detrital deposits.)

(19)
‘R. Pumpelly, Johnsorn’s Encyclopedia, 1886, VI. 22.
I. Disseminated concentra- )
tion.
(¢) Impregnations,
Fahlbands.
II. Aggregated Concentration. |
(@) Lenticular aggrega-
tions and beds.
(8) Irregular masses.
(¢) Reticulated veins.
(d) Contact deposits.

Forms due to the text-
ure of the inclosing
rock, or to its mineral
constitution, or to both
causes.
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IV. Gash veins. existing open cavities
V. Fissure veins. or fissures.
V1. Surface deposits.

(@) Residuary deposits.

(b) Stream deposits.

(¢) Lake or bog deposits.

III. Cave deposits. } Forms chiefly due to pre-

1.06.11. These three are all excellent, and give some interest-
ing variations in the several points of view from which each writer
regarded his subject. There are instances in the two German
schemes where it is difficult to render the original into a corre-
sponding English term and recourse has been had to the explana-
tory text. Grimm especially writes an obscure style. He divides
accordingly as the ore forms an essential and integral part of the
walls or a distinct body. Von Groddeck has in view the relative
time of formation as contrasted with the walls, Grimm afterward
emphasizes geometrical shape, but this Von Groddeck practically
does away with, and continues more consistently genetic. His
scheme might perhaps come more appropriately in the next section.

Pumpelly’s conception varies considerably from the others. He
writes, as his full paper states, in the belief that the metals have
all been derived primarily from the ocean, whence they have
passed into sedimentary, and, by fusion of sediments, into igne-
ous rocks. The group of residuary surface deposits, carrying out
as it does a favorite idea of Professor Pumpelly, as set forth in
his papers on the secular decay of rocks, is an important distinction.

1.06.12. E. Schemes Entirely Based on Origin.

(16)
H. S. Munroe. Used in the Lectures on Mining in the School
of Mines, Columbia College.
: L Of surface origin, beds.
(@) Mechanical (action of moving water).
1. Placers and beach deposits.
(6) Chemical (deposited in still water).
1. By evaporation (salt, gypsum, ete.).
2. By precipitation (bog ores).
3. Residual deposits from solution of lime-
) stone, etc. (hematites).
(¢) Organic.
1. Vegetable (coal, etc.).
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2. Animal (limestone, etc.). R
(d) Complex (cannel coal, bog ores, etc.).
II. Of subterranean origin.
(a) Filling fissures and cavities formed mechani-
cally.
1. Fissure veins, lodes.
2. Cave deposits—lead, silver, iron ores.
8. Gash veins. The cavities of 2 and 3 are
enlarged by solution of limestone.
(0) Filling interstitial spaces and replacing the walls.
1. Impregnated beds.
2. Fahlbands.
3. Stockworks.
4. Bonanzas.
5. Masses.

1.06.13. This scheme covers all forms of mineral deposits,
whether metalliferous or not, while most of those previously given,
as well as the one that follows, concern only metalliferous bod-
ies. The scheme is consistently genetic and was elaborated be-
cause such a one filled its place in lectures on mining better than
one based on form. The general principle on which the main sub-
division is made differs materially from any hitherto given. De-
posits formed on the surface are kept distinet from those originat-
ing below, even though the first class may afterward be buried.

(17)

1.06.14. J.F.Kemp, 1892. Revised from the School of Mines
Quarterly, November, 1892.

I. Of Igneous Origin. Excessively basic developments
of fused and cooling magmas. Peridotite, forming
iron ore at Cumberland Hill, R. I.! Magnetite, Jacu-
piranga, Brazil® Titaniferous magnetite in Min-
nesota gabbros®; in Adirondack gabbros*; in Swe-
dish and Norwegian gabbros. Nickeliferous pyrrho-
tite in gabbros and diorites derived from them.®

1 M. E. Wadsworth, Bull. Mus. Comp. Zoil., 1880, VII.

2 0. A. Derby, Amer. Jour. Sci., April, 1891.

3 N. H. Winchell, Tentk Ann. Rep. Minn. Geol. Survey, pp. 80-88.
Buill. VI of same Survey, p. 135.

¢ J. F. Kemp, Bull. Geol. Boc. Amer., V. 222, 1894. .

8 J, H. L. Vogt, Geol. Foren. i. Stockholm- Forhand, XIII, 476, May, 1891,
English abstract and review by J. J. H. Teall. Geol. Mag., February, 1892.
See also Zeitschy. fiir Praktische Geologie, 1. 4, 125, 257 ; II. 41, 134, and 173.
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II. Deposited from Solution.

1. Surface precipitations, often forming beds,
and caused by—

(2) Oxidation. Bog ores. Ferruginous oélites, as
in some Clinton ores.! ’ -

(b) Sulphurous exhalations from decaying organic
matter ete. (Pyrite.)

(¢) Reduction, chiefly by carbonaceous, organic
matter. (Pyrite from ferrous sulphate.)

(d) Evaporation, cooling, loss of pressure, etc.
(Hot spring deposits, as at Steamboat
Springs, Nev.?)

(¢) Secretions of living organisms. (Iron ores by
alge.?)

Note.—The first four canses of precipitation operate in subter-

ranean cavities, although not again specially referred to.

2. Disseminations (impregnations) in par-
ticular beds or sheets, because of—

(a) Selective porosity. (Silver Cliff, Colo., silver
ore in porous rhyolite* Amygdaloidal fill-
ings, as in copper-bearing amygdaloids,
Keweenaw Point, Santa Rita, N. M.* Im-
pregnations of porous sandstone, as at Silver
Reef, Utah.?)

() Selective precipitation by limestone. (Lateral
enlargements at Newman Hill, near Rico,
Colo.")

3. Filling joints, caused by cooling or drying.
(Mississippi Valley gash veins in part.)

4. Occupying chambers (caves) in limestone.
(Cave Mine, Utah.?)

1 C. H. Smyth, Jr., Amer. Jour. Sci., June, 1892, p. 487.
2 (. F. Becker, Monograph XIII., U. S. Geol. Survey, pp. 831, 468;

Laur, Ann. des Mines, 1863, p. 421; J. Leconte, Amer. Jour. Sci., June,
1888, p. 424, July, p. 1; W. H. Weed, idem, August, 1891, p. 166.

8 Sjogrun, Berg.- und Hitt. Zeit., 1865, p. 116.

¢ Clark, Engineering and Mining Journal, Nov. 2, 1878, p. 814,

8 A. F. Wendt, Trans. Amer. Instit. Min. Eng., XV. 27.

¢ C. M. Rolker, idem, 1X. 21.

7 J. B. Farish, Proc Colo. Sci. Soc., April 4, 1892.

8 J. 8. Newberry, School of Mines Quarterly, March, 1880. See al<o

J. P. Kimball, on Santa Eulalia, C.nhualiua, Amer. Jour. Sci., II., xlix 161.
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5. Occupying collapsed (brecciated) beds,
caused by solution and removal of sup-
port, or from dolomitization of limestone.
(Southwest Missouri zinc deposits.?)

6. Occupying cracks at Monoclinal bends,
Anticlinal summits, Synclinal troughs,
often with replacement of walls. (Gash
veinsin part ; galena deposits at Mine
la Motte, Missouri ; zincblende deposits
in the Saucon Valiey, Pennsylvania.®)

. Occupying Shear-zones, or dynamically
crushed strips along faults, whose dis-
placement may be slight, closely re-
lated to No. 8. (Butte, Mont.*)

8. Trueveins filling an extended fissure, often
with lateral enlargements. See also un-
der 5.

. Occupying Volcanic necks, in agglom-
erates. (Bassick and Bull Domingo
Mines, near Rosita, Colo.?)

10. Contact deposits. Igneous rocks almost al-
ways form one wall. Fumaroles. (Mar-
quette hematites, Michigan.® Greisen.)

11. Segregations formed in the alteration of
igneous rock. (Chromite in serpentine.)

III. Deposited from Suspension. Residual Deposits.

1. Metalliferous Sands and Gravels, whether
now on the surface (placers, magnetite
beach-sands), or subsequently buried.

- (Deep gravels, magnetite lenses ?)

2. Residual Concentrations, left by the
weathering of the matrix. (Iron Moun-
tain, Mo., hematite in part.”)

1 F. L. Clerc, Lead and Zinc Ores in Soulhwest Missouri Mines,

Carthage, Mo., 1887; A. Schmidt, Missour: Geol. Survey, 1874, p. 384.

2 T. C. Chamberlin, Wis. Geol. Survey, IV., 1882, 367.
8 F. L. Clerc, Mineral Resources, 1882, p. 361; H. 8. Drinker, Trans.

Amer. Inst. Min. Eng., 1. 367.

4 8. F. Emmons, Trans. Amer. Inst. Min. Eng., XVI. 49; W. P. Blake,

idem, XVI. 65.

5 C. W, Cross, Proc. Colo. Sci. Soc., 1890, p. 269.

¢ C. R. Van Hise, Amer. Jour. Sct , February, 1892, p. 116.
7 R. Pumpelly, Bull. Geol. Soc. Amer., IL., p. 220.

-~
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1.06.15. It is believed that under the above heads are included
all the forms of ore bodies which constitute well-recognized apd
fairly well understood geological phenomena. To these catego-
ries year by year we are enabled, by the results of extended and
careful investigation, to refer many that have been obscure. A
number of familiar termns for ore bodies in mining literature fail
to appear, but are mentioned in the classifications quoted from
others. Many of these refer only to form, and geologically con-
gidered are only convenient admissions of ignorance as to origin.
Some other ore bodies whose methods of origin are involved in the
processes of regional metamorphism are placed by themselves
farther on. The explanations of them are as yet hypothetical. A
-few comments on the scheme may now be added, although in the
main it explains itself.

1.06.16. 1. DMuch attention has been given of late years to
processes of rock formation from igneous magmas. Of these the
‘excessively basic are the only ones primarily concerned with ores.
It is well known that in the series of igneous rocks we have suc-
cessively those with less and less silica. It is quite conceivable
that local developments might bring about such a decrease of the
silica and such an increase of one of the commonest of the bases,
iron oxide, that the limits of an ore might be reached. Such bod-
ies are almost always highly titaniferous, so much so that in this
country they are not available. Not a little attention was direct-
ed in earlier years to the Cumberland Hill outerop in Rhode
Island, but it was found to be too high in this element to be suited
to furnace practice. No analyses are at hand of the Brazilian ex-
ample, but a considerable percentage of titanium might be ex-
pected. The presence of these ores in Canada, the Adirondacks,
and Minnesota is very familiar. It is possible, as indicated by
Vogt, that when magnetite crystals had formed in the still fused
magma, they became aggregated by magnetic currents in the
earth., And it is also conceivable that these early and heavy
crystallizations may have settled to the lower portions of the mag-
ma and have become concentrated. Much that is more or less
speculative isinvolved in these explanations.

The increasing importance of nickel has directed especial at-
tention to its deposits and their geological relations. Except in
New Caledonia, the metal is chiefly obtained from bodies of
nickeliferous pyrrhotite which are associated with rocks of the
diorite and gabbro families and are found on the outer rims of in-
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trusions. Many such are known in Norway, in the Sudbury dis-
trict of Canada, and in other places of which the famous but now
abandoned Gap Mine in Lancaster Co., Penn., is an excellent ex-
ample. An explanation of these relations has been sought in what
is known as Soret’s principle.! It was proved by experiments in
1879 by Soret, a French chemiet, that if differences of temperature
are induced in a solution of comrmon salt or other substance in
water, the dissolved material will become relatively concentrated in
‘those portions in which the temperature is lowest. It has also
been shown that this would follow from the laws of osmosis, and
that the relative degrees of concentration would be to one another
inversely as the absolute temperatures (i. e. temperature Centigrade
plus 273). The lower the temperature, therefore, the more dis-
solved material would collect in such chilled portion. If now, we
consider a fused rock-magma as a complex solution of several
silicates, oxides, sulphides and one or two rarer compounds, some
in others, and if we regard as the least soluble those that crystallize
first in the process of cooling, we are led by Soret’s principle to in-
fer that these would tend to become concentrated in the portions
first cooled, and that in such portions they would be especially
abundant after consolidation. The portions of an igneous intrusion
‘that are first cooled are obviously those next the wall rock. The
minerals which crystallize first are, as set forth earlier under 1.03.03,
magnetite, ilmenite, apatite, pyrite, pyrrhotite and several minor
ones,

In the case of nickeliferous pyrrhotite the ore bodies are
especially rich along or near the contacts of gabbroitic and dioritic
intrusions, with their walls, and the paper of J. H. L. Vogt,
cited on page 53, has served to bring out some extremely inter-
esting facts. The "geological relations are more fully set forth
later on under nickel and in connection with several American
occurrences, but it may be here added that away from the outer
wall the ore bodies fade (at least at tne Gap Mine, Penn.), into
barren gabbro, by a fairly gradual transition. In these respects
they conform quite closely to conditions which would result from a

1 The bearing of this explanation of magmatic differentiations in igneous
rocks upon these nickeliferous deposits has been especially set forth by J. H.
L. Vogt of Kristiania, Norway, in the Zestschrift fiir Praktische Geologie, I. 125,
1893, under the title Sulphidische Ausscheidungen von Nickel-sulphid-erzen.
Other related papers appear in the same, 1. 4 and 257; II. 41, 134 and 173.
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development according to Soret’s principle. We also find in such
ore bodies much the same association of minerals, wherever they
are mined. Pyrrhotite is in greatest amount and contains the
nickel and cobalt, replacing a portion of its iron; as the rarer
mineral pentlandite,’ or as secondary coatings of millerite in cracks.
Chalcopyrite is invariably present, often in important quantity.
Vogt has sought to trace out some constancy in the relative
amounts of these several metals, but the attempt is not specially
successful. He also cites in connection with a discussion of their
early formation and combination with sulphur in the fused magma
the laws which we know apply in the metallurgical processes in-
volving slags and mattes.?

The writings of Lagorio, Iddings, Rosenbusch and others re-
garding the development of rocks from igneous magmas have
emphasized the fact that the laws of solution do not fail to apply,
because materials are raised to very elevated temperatures and that
they hold good for liquid, molten rock-magmas as well as for
heated water or any other solvent. But we find that it is difficult
to decide where solution ends and composite fusion begins; and in
a heated complex aggregate to determine which is solvent and
which dissolved mineral. It is also difficult to be certain that in
so viscous a mass as a fused rock there would be sufficient free-
- dom in the movement of molecules or ‘‘ions”? to enable them to
respond to Soret’s principle. But it must be admitted that the

1 8. L. Penfield, ‘Pentlandite from Sudbury, Ont., etc.” Amer. Jour. Sci.,
June, 1893, 493. Pentlandite is a sulphide of iron and nickel, isometric, non-
magnetic, and with a somewhat varying percentage of nickel, which reached at
Sudbury 34.23. The general formula from Penfield’s analysis is (Ni Fe) §.

2 As is well known the common metals can be ranged in the following order
(““ Fournet’s Series”) according to their decreasing affinity for sulphur, Cu,
Ni, Co, Fe, 8n, Zn, Pb, Ag, Sb, As, see Vogt, 1. c. p. 262. In their bearings
on geological phenomena these metallurgical laws were discussed many years
ago by v. Leonhard in Hiittenerzeugnisse und andere auf Kiinstlichem Wege
gebildete Mineralien als Stiitzpunkte geologisher Hypothesen, Stuttgart, 1858.

3 The term “ion” as employed in modern chemistry is more easily il-
Justrated than defined. Thus if in a bath used for electroplating we hang at
one pole an ingot of metal and turn on the current, we cause the metal to pass
tothe other pole. The condition of the atoms during transit and while prevented
by the electrical force from forming compounds with other elements or stable
combinations among themselves is indicated by speaking of them as constitut-
ing ‘“iomns.”
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form and relations of these ore bodies are what would be developed,
did Soret’s principle act effectively and have free play.

As opposed to the igneous view others have regarded them as
contact deposits, brought about by solutions circulating along the
outer portions of the intrusions and replacing or impregnating the
gabbro, more or less, with ore. The conception is a time-honored
one; it involves nothing unreasonable and has the support of some
of our ablest investigators, as Emmons?* and Posepny.?

1.06.17. Under II. 1, the precipitating agencies are men-
tioned, which are the chief causes in the chemical reactions of de-
position, and these run through all the subterranean cavities as
well. The general application is esteemed self-evident. The
large part played by organic matter, both when living and when
dead and decaying, is notable. Its office even in precipitating the
gangue minerals in surface reactions we are just beginning to
appreciate. Siliceous sinters have been shown by W. H. Weed to
be formed around the hot springs of the Yellowstone Park through
the agency of alge, and A. Rothpletz has recently proved that the
calcareous oblites around the Great Salt Lake are referable to mi-
nute organisms. Many accumulations of iron ores have, with reason,
been attributed to the same agency; but for this metal ordinary
and common chemical reactions are oftenest applicable. 'When or-
ganic matter decays, sulphurous gases are one of the commonest
products, and likewise one of the most vigorous of precipitants.
Thus under Example 24, Paragraph 2.06.03, when speaking of the
‘Wisconsin zine and lead mines, it will be seen that such an agency
from accaying seaweeds has been cited by both Whitney and
Guamberlin.  When the products of such decomposition become
imprisoned in the rocks as oils and gases, their action is unmistak-
ably important and is especially available in limestones. Organic
matter is a powerful reducing agent as well, and in this way is ca-
pable of bringing down metallic compounds. The silver-bearing
sandstones of southern Utah are cases in point, as they afford plant
impressions now coated with argentite. The purely physical agen-
cies cited under () have also an important réle.

1.06.18. Under 2 (@) the uprising solutions may be diverted by
porous strata so as to soak through them and become subject to

1 §. F. Emmons, ‘‘ Geological Distribution of the Useful Metals in the
United States,” Trans. Amer. Inst. Min. Eng., Chicago, 1893. Reprint pp.
18-19.

2 F. Posepny, ‘‘The Genesis of Ore Deposits,” Idem. Reprint p. 194.
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precipitating agents of one kind or another. They furnish the
simplest kind of cavities, and starting with these the scheme is de-
veloped in a crescendo to the most complicated. The purely chem-
ical action of limestone beds, however, seems at times to come into
play and to cause precipitation along them. Of all rocks they are
the most active chemical reagent. It may be questioned with rea-
son as to whether caves or caverns (4), properly so called, have ever
formed a resting-place for ores. Somany which have been cited as
such may with greater reason be referred to shrunken replacements
that a doubt hangs over their character.

1.06.19. Under (5) brecciated beds whose fragments are coat-
ed and whose interstices are filled with ore are, with great reason,
referred to the collapse from the removal of a supporting layer. In
addition to the illustration cited, the red hematite deposits of Dade
and Crawford counties, Missouri, have been thought to have had a
similar origin. Such phenomena are only to be expected in regions
that have long been land. Cracks at the bends of folds may, in
cases, have occasioned impregnations and disseminations, even when
their character is obscured. The cracks need be but small and nu-
merous to have accasioned far-reaching results. If a fault fissure,
as a possible conduit of supply, crosses the axis of the fold, the
necessary conditions are afforded for extended horizontal enrich-
ment. Recent explorations with the diamond drill at Mine la Motte
seem to corroborate such an hypothesis. Should the anticline
or roll afterward sink toward the horizontal, a very puzzling de-
posit might originate. Shear zones have been already discussed at
length (1.02.03), as have true veins and volcanic necks (see also
2.09.20). As regards contact deposits, the igneous rock, which
usually forms one wall, may serve two different purposes. It may
act merely as an impervious barrier which directs solutions along its
course, or serves to hold them, either because it is itself bent into
a basin-like fold, or because it forms a trough with a dense bed
dipping in an opposite direction. Such relations occur in the Mar-
quette and Gogebic ranges of the Lake Superior iron region. It is
not apparent that in these cases the igneous rock has in any degree
stimulated circulations. Inthe more characteristic “contact depos-
its” the igneous rock has apparently been a strong stimulator of
ore-bearing circulations, and often the source of the metals them-
selves. This form of deposit becomes, then, an attendant phenom-
enon, or even a variety, of contact metamorphism. Under 11
chromite is the chief illustration. The mineral is practically limit-
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ed to serpentinous rocks, and is distributed through them in irreg-
ular masses. It appears to be an auxiliary product of alteration.

1.06.20. III. The débris that results from the weathering of

rock masses under the action of frost, wind, rain, heat, and cold is
washed along by the drainage system of a district, and the well-
known sorting action transpires, which is so important in connec-
“ion with the formation of the sedimentary rocks. Minerals of
great specific gravity tend to concentrate by themselves, while
lighter materials are washed farther from the starting point, and
settle only in still water. Stream bottoms supply the most favor-
able situations, and in their bars are found accumulations of the
heavier minerals which are in the surrounding rocks. The com-
monest of these are magnetite, garnet, ilmenite, wolframite, zircon,
topaz, spinel, etc., and with these, in some regions, native gold,
platinum, iridosmine, etc.; in other places cassiterite, or stream tin,
as described under tin. Even an extremely rare mineral such as
monazite may make a sandbar of considerable size. (See O. A.
Derby, Amer. Jour. Sci., III. xxxvii., p. 109.) The action of surf
or smaller shore waves is also a faverable agent. The throw of the
breaker tends to cast the heavier material on the beach, where its
greater specific gravity may hold it stationary. The heavier min-
erals may be sorted out of a great amount of beach sand. Mag-
netite sands, which have accumulated in this way, are of quite
wide distribution, and at present are of some though not great
importance. (Example 15.) With the magnetite are found grains
of garnet, hornblende, augite, etc., and often ilmenite. Gold is
concentrated in the same way along the Pacific by the wash of
surf against gravel cliffs. In abandoned beaches of Lake Bonne-
ville, near Fish Springs, Tooele County, Utah, placers of rolled
boulders of argentiferous galena have been worked.

A superficial deposit of somewhat different origin is the bed of
hematite fragments that mantles the flanks of Iron Mountain, Mis-
souri, and runs underneath the Cambro-Silurian sandstones and
limestones. This seems to have been formed by the subaérial decay
of the inclosing porphyry. The heavier specular ore has thus been
concentrated by its greater specific gravity and resistant powers.
(See R. Pumpelly, “The Secular Disintegration of Rocks,” Proc.
Geol. Soc. Amer., Vol. IL.,, December, 1890.)

1.06.21. There remain a few of great importance, but whose
geological history is less clearly understood. They are nearly all
involved in processes of regional metamorphism, and therefore in
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some of the most difficult problems of the science. Lenticular beds
or veins of magnetite and pyrite that are interbedded with schists,
slates, or gneisses are the principal group. Such magnetite bodies
have been regarded as intruded dikes, as original bodies of bog ore
in sediments which have later become metamorphosed, and as
concentrated delta, river, or beach magnetite sands. It is possible
that in instances they may be replaced bodies of limestone, after-
ward metamorphosed. The lenticular shape and the frequent over-
lapping arrangement of the feathering edges in the foot wall are
striking phenomena.

The overlap was referred by H. S. Munroe in the School of
Mines Quarterly, Vol. III., p. 34, to stream action during mechanical
deposition, and a figure of some hematite lenses in the Marquette
region was given in illustration. The arrangement in instances
also suggests the shearing and buckling processes of dynamic meta-
morphism and disturbance. The individual lenses, now in linear
series, were thus all one original bed. The crumpling of the

schistose rocks has pinched them by small buckling folds and
shoved the ends slightly past each other in the process so familiar
in the production of reversed faults from monoclines. Sheared
granitic veins on a small scale are a not uncommon thing in areas of
schistose rocks, such as Manhattan Island, in the city limits of
New York, and suggest strongly this explanation. Should the
compression not go so far as to bring rupture of the bed, but only
a thickening by the formation of a sigmoid fold, it would occasion
an enlarged cross section, as has been suggested by B. T. Putnam
(Zenth Census, Vol. XV. 110) for the great magnetite ore body
at Mine 21, Mineville, in the Lake Champlain region.

. 1.06.22. Quartz veins, often auriferous and of a lenticular
character, furnish another puzzling ore body. They are commonly
called segregated veins, and lie interbedded in slates or schistose
rocks. If in a pre-existing cavity, it must have been formed,
either by thé opening of beds under compression, or by displace-
ment along the bedding, so that depressions came opposite each
other. Replaced lenses of limestone which had been squeezed into
this shape from an original, connected bed should also be instanced
as a possibility. The name “segregated” would imply a filling
by lateral secretion, but it is by no means impossible that solutions
have come from below. The veins are another attendant feature
on regional metamorphism, and as such deserve more investiga-
tion.
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1.06.23. The veins that contain cassiterite in many parts of
the world, and that yet have the mineralogical composition of
granite, are another product of metamorphic action, both contact
and regional. The gangue minerals, feldspar, quartz, and mica,
are quite characteristic of acid, igneous rocks, but the coarseness
of the crystallization in the comparatively narrow veins bars out a
true igneous form of origin. All our artificial methods of repro-
ducing these minerals lead us to infer that the veins were filled at
a high temperature and pressure, therefore at considerable depths,
and through the aid of steam. Cassiterite has also been detected
in a few rare cases, under such circumstances that it seemed to be
an original mineral in igneous granite. It is probable, therefore,
that it may be an original and early crystallization from an igne-
ous magma, much as is magnetite. More observed cases would be
welcome as evidence.

1.06.24. The great iron ore bodies of Vermilion Lake have
been referred by N. H. and H. V. Winchell, in the American
Geologist, November, 1889, p. 291, to a precipitation from oceanioc
waters in the vicinity of submarine volcanic eruptions from whose
ejectamenta they derived their iron and silica. The hypothesis is
regarded as suflicient to account as well for the siliceous deposits
associated with the ore. In the words of the authors: “Chemical
Pprecipitation in hot oceanic waters, united with simultaneous sedi-
mentary distribution, might produce the Keewatin ores in a man-
ner consistent not only with the physical conditions that prevailed
at the time of their formation, and with the structural peculiari-
ties which they exhibit, but also in accordance with the known
reactions of heated alkaline waters, and with the chemical char-
acter which the ores are known to possess.” This hypothesis in-
troduces new conditions and relations which are necessarily some-
what speculative ; and while it has claims to attention, it may
best be tested by the general consideration of the geological pub-
lic before being placed with the more simple and certain reactions
grouped in the scheme.

1.06.25. Fahlbands should be mentioned here. The term re-
fers to belts of schists, which are impregnated with sulphides, but
not in sufficient amount in the locality where the name was first
applied (Kongsberg, Norway) to be available for ores. The de-
composition of the sulphides gave the schists a rusty or rotten ap-
pearance that suggested the name. Whether the ores are an
introduction into the schist, subsequent to metamorphism, or a
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deposit in and with the original sediment, is a doubtful point. The
practical importance of these fahlbands lies in the enriching in-
fluence that they exert on the small fissure veins that cross them.

1.06.26. In the report of the State Geologist of Michigan for
1891-92 (issued January, 1893) pp. 144, 145, Dr. M. E. Wadsworth
has published a ¢ Preliminary Classification of Metalliferous or
Ore Deposits.” The main outline is as follows :

L Eruptive Deposits (a) Non-Fragmental.
(5) Fragmental.

II. Mechanical Deposits (@) Unconsolidated.
(8) Consolidated.

III. Chemical Deposits (a) Sublimations.

(6) Water Deposits.
(¢) Impregnations or Replacements.
(d) Segregations or Cavity Deposits.

Each of the above except IIL. (d) is then subdivided so that
the table becomes practically a classification of rocks. Indeed, a
moment’s consideration will show that the scheme in its main divis-
ions is closely modeled after the prevailing classification of rocks.
II1. (d) Segregations or Cavity Deposits contains the following :
1. Pockets. ' 2. Chambers. 3. Contact Deposits. 4. Veins, in-
cluding Gash Veins, Segregated Veins, Reticulated Veins or Stock-
work, Contact Veins, Fissure or Fault Veins.

The author states in some appended comments that the table
is not limited to those deposits now practically worked (which we
ordinarily understand the expression ore deposits to mean), but is
intended to include all that have been or may be of value. Butin
this respect there is good ground for preferring to make our clas-
sifications in ore deposits, as in mineralogy, zodlogy, etc., embrace
only the authenticated varieties, expecting additions to be incor-
porated as discovered and suitably described.

The same general grouping as this scheme employs is adopted
by R. S. Tarr, in the Economic Geology of the United States, 1894.

1.06.27. For the meeting of the American Institute of Mining
Engineers, held in connection with the various congresses at the
World’s Fair in Chicago, July, 1893, Professor Franz Posepny of
Vienna contributed a grand essay on the ¢ Origin of Ore Deposits.”
The materials for it were specially assembled by Prof. Posepny
while giving a course of lectures at the Przibram Mining Academy
in the ten years following 1879. The paper is a theoretical
discussion of the origin of ores, with illustrations selected
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from all parts of the world, but especially from Europe and
America. It forms one of the most important contributions
to the literature that has yet been made. Posepny distinguishes
at the outset between rocks and mineral deposits; ¢. e., between
original materials, such as wall rock, and secondary intro-
ductions, such as veins, etc. The former he calls ¢“idiogenites,”
the latter ‘xenogenites,” basing the names on the familiar
Greek terms that run through all our literature. The latter
are especially characterized by ¢¢crustification,” by which term
is indicated what has been called ‘‘banded structure,” on p.
385. The subject of cavities is then taken up, and, while minute
pores are stated to be in all rocks, a distinction is made between
the larger openings, which originate in a rock mass as a part of
its own structure, such as contraction joints in igneous rocks,
amygdaloids, and the like, and those induced by outside causes,
such as fault fissures.

The circulation of water through these is next treated : first,
surface waters or ‘“vadose” circulations, which descend; second,
ascending waters from great depths, such as springs in deep mines,
hot springs, etc. The common salts in solution in these latter are
tabulated, being of course mostly alkaline carbonates, sulphates,
chlorides, etc. The “exotic” metallic admixtures which would
bear on the origin of ores are next discussed, so far as possible
with analyses of actual cases. The alterations produced by miner-
al springs in rocks and the structural relations of the deposits of
mineral springs, especially as expressed by ¢ crustification,” are
then described. This preliminary material clears the way for the
general discussion of the origin of ore bodies. The argument run-
ning all through the paper is that ore bodies, even when apparently
interbedded with sedimentary rocks, are of secondary introduction
and, in general for veins, are from deep-seated sources. Precipita-
tion from descending solutions and filling by lateral secretion are
strongly controverted.

The discussion of origin follows in its arrangement the follow-
ing classification of ore deposits :

1. Filling of spaces of discission (fissures).

II. Filling of spaces of dissolution in soluble rocks.

III. Metémorphic deposits in soluble rocks; in simple sedi-
ments ; in crystalline and eruptive rocks.

IV. Hysteromorphic (Z.e., later or last formed) deposits.
Secondary deposits due to surface action (i.e., placers, etc.).
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The treatment, both in the introductory pages and in the later
diseussions, is often strikingly similar to that of this book, and the
underlying argument is much the same. The standpoint in both
essays is essentially a genetic one, and the main difference lies in
the fact that the one is an exposition of an individual’s views,
fortified by examples from all parts of the world; the other
endeavors to be a judicial statement with a complete description of
the ore bodies of the United States alone.

1.06.28. An extended treatise on the useful minerals, earthy as
well as metallic, by MM. E. Fuchs and L. De Launay, has recently
appeared (Traité des Gites Minéraux et Métalliferes, Paris, 1893).
The boek is based on the lectures on economic geology delivered
in the Ecole Supérieure des Mines, at Paris, in the last fifteen
years by the two authors. (Professor Fuchs died in 1889, and was
succeeded by Professor De Launay.) A vast amount of valuable
information is brought together and discussed from various points
of view, useful applications and methods of treatment being set
forth as well as geological occurrence. The work is encyclopedic
in scope and affords a reader descriptions of mineral resources and
references to their literature in every quarter of the world.
So far, however, as the United States are concerned the authors
have suffered from the unavoidable limitations of those not native
and conversant in a discriminating way with our literature. Nev-
ertheless they have endeavored to give a large share of their space
to this country, and where prominent monographs have appeared
they have been read with care, but in many cases, if not in most,
the descriptions consulted by them bhave been from older German
or other foreign sources, and the results are often antiquated and
confused. It is to be hoped that a later edition will correct most
of these.

1.06.29. The classification of ore deposits as well as other
useful minerals on a genetic principle has evidently been in many
minds in the last few years. Mr. Frederick Danvers Power,' of
Melbourne, Victoria, reviewed the subject in 1892, and after giving
the schemes of others and summing up the various characteristics
of veins, has formulated a classification whose main divisions are
ag follows: I. Contemporaneous; Indigenous. II. Metasomatic
or Chemical Alteration of the Original Constituents. III. Subse-

1 ¢The Classification of Valuable Mineral Deposits,’’ Trans. of the
Australasian Institute of Mining Engineers, 1892.
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quently Introduced ; Exotic. Each of these has then a number of
subdivisions too numerous to be repeated here. Prof. William O.
Crosby,! of Boston has recently discussed the same subject in a
very suggestive way. The main headings are: A. Deposits of
Igneous Origin (Igneous rocks); B. Deposits of Aqueo-Igneous
Origin ; C. Deposits of Aqueous Origin. The first and last are
then subdivided at considerable length, but the second is chiefly
limited to the pegmatite (granitic) veins which attend many plu-
tonic intrusions. Lack of space prevents the full reproduction of
both these schemes, but sufficient has been mentioned, it is hoped,
to indicate the line of attack and to place a reader desiring to look
the subject up in touch with the originals.

1.06.30. The phraseology of the above schemes will be employed
in the subsequent descriptions. In addition, much emphasis will be
placed on the character of the rocks containing the deposits,
whether unaltered sedimentary, igneous, or metamorphic, and
whether in the first and last cases igneous rocks are near, for these
considerations enter most largely into questions of origin. The
ore deposits are illustrated by examples, somewhat as has been
done by the best of modern writers abroad, Vort Groddeck. The
word “example ” is preferred to “type,” which was employed by
Von Groddeck, because it implies less of an individual character.
‘Wemay cite deposits under different metals thus which all might
belong to one type. Under each metal will be given, first, a list
of general treatises and papers. These will be marked “Hist.”
when especially valuable as history, and “Rec.” when recom-

- mended for ordinary examination. If not marked by either, they
are more adapted for special investigations.

1 ¢‘ A Classification of Economic Geological Deposits based on Origin
and Original Structure,”’ Amer. Geologist, April, 1894, p. 249. The paper
also appears in the ZTechnological Quarterly.
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Table of the Iron Ores, Limonite, Siderile, Hematite, Magnetite, Pyrite.

Fe. |H,0.| CO,.| 8.

Limonite (brown hematite, bog ore), 2Fe, O,
322 10 2 59.89 | 14.4

. Slderlte (Spathlc ore, clay ironstone, black-
band), FECOy . .ovuvirnininreniarienennanns 48.27 87.92
Hematite (rpd and s gecular), Fe,O, ceesesess |70.0
Magnetite, FeO.Fe 0, or Fe,O,.c.cvv0eeen. .. [T2.4
Pyrite, FeSg ..o vviiiieiniiieananes cevee. |46.7 53.8

2.01.01. No one of the iron ores ever occurs pure in large
“amounts. Only a few approach this condition. The Lovers’ Pit
opening, Mineville, N. Y., yielded 40,000 tons of magnetite that
averaged 68.6% Fe., with carloads at 724. 'The micaceous specular
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of the Republic Mine, Mich., was shipped an entire season at 69%.
The mines, near Tower, Minn., have cleared cargoes at 68 to
68.4%. In general the ores run much less. The richest are the
mines of the Lake Champlain district have produced the former,
and Lake Superior mines the latter, at 63 to 65%, or even more.
The separated ores in the Lake Champlain district run about 65g.
The unseparated ores have much less, and indeed all percentages from
50 to 65. Thus the lump ore (shipped as mined) from Chateaungay,
N.Y., has about 504. The Cornwall (Penn.) magnetite holds even
less. The Clinton red hematites from New York afford about 44% in
the furnace, as the result of long experience. The limonites, as usu-
ally mined, produce from 40 to 504. The crude spathic ores are the
lowest of all, and in the variety black-band may even be about 30%.
They are easily calcined, however, and on losing their carbonic
acid, moisture, and bituminous matter the percentage of iron rises.
a third or more. A. H. Chester found in 1875, as the result of an
endeavor to determine the average yield of certain standard ores in
the furnace, Lake Superior specular, 62.5% ; Lake Superior limonite,
49.5% (much too low to be salable to-day); Rossie (N. Y.) red
hematite, 54.5%; Wayne County (N.Y.) Clinton ore, 40%.

2.01.02. The common impurities in iron ores are the common
elements or oxides that enter most largely into rocks, and those
which make up the walls of the deposit are usually the ones that
appear most abundantly in the ore. Silica (Si0,), alumina (Al,0Qy),
lime (Ca0), magnesia (MgO), titaniui oxide (TiO,), carbonic acid
(CO,), and water (H;O) appear in large amounts and determine to
a great extent the character, fluxing properties, etc., of the ore.
With these, and of more far-reaching influence, are smaller amounts
of sulphur and phosphorus. The last two and titanium chiefly de-
termine the character of the iron which is yielded in the furnace
and are the first foreign ingredients sought. The sulphur is present
in pyrite, the phosphorus in apatite. As is well known, 0.1g of
phosphorus is set as the extreme limit for Bessemer pig irons, and "
as ores for these command the best market, they are eagerly
sought. To obtain the allowable limit of phosphorus in the ore, its
percentage in iron is divided by 1000. Thus a 65.3% ore should
not have over 0.065% phosphorus to be ranked as Bessemer. If at
the same time, with sufficiently low phosphorus, the gangue is
highly siliceous, a composition desirable for Bessemer practice,
ores have been of value, although of comparatively low grade and
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remotely sitnated. For Lake Superior ores the buyers insist to-day
-on a still lower Bessemer limit, and do not call any ore over 0.05%
phosphorus a strict Bessemer ore. The ore is required to be low
enough to carry the phosphorus in both fuel and flux, and still
yield & pig iron of not over 0.14 P. On the other hand a moderate
amount of phosphorusisnot only no drawback for ordinary foundry
irons, and such as are subjected to tool treatment, but is a prime
necessity. Excessive amountsare desired only for weak but very
fluid irons. Considerations like these, which are rather metallur-
gical than geological, largely determine the availability of a deposit,
and to some extent the present locations of the mining districts.

2.01.03. Iron itself is one of the most abundant and widely
disseminated elements entering into the composition of the earth.
Several writers have attempted to deduce the general composition
-of the outer portions of the globe,! but the most reliable computa-
tion is that of F. W. Clarke in Bulletin 78 of the U. S. Geol.
Surv., pp. 34-43. The crust to a depth of ten miles below sea-
level is the subject of the estimate, and the air and ocean are in-
ccluded. The composition of the solid crust is reached by averaging
-analyses of igneous and crystalline rocks, 880 in all; 321 from the
United States, 75 from KEurope, and 486 from all quarters.
Igneous rocks, being the ultimate source of the others, furnish a
good average. The final result is the following, in which amounts
less than 0.01% are omitted. The total is 100.

O..coivnnnn 49.98 Na.......... 2.28 Poo.ooo..i 0.09
) S 25.30 Koo, 2.23 Mn........ 0.07
Al ........ 7.26 H.......... 0.94 S TN 0.04
Fe......... 5.08 Ti.......... 0.30 Ba......... 0.03
Ca..ooenntt 3.51 C..oovvvinn 0.21 No........ 0.02
Mg........ 2.50 CL Br........ 0.15 Cr..... ...0.01

From this it is seen that iron is much the most abundant of the
useful metals, and that its common impurities, titanium, phos-
phorus and sulphur are all present in appreciable amonnts.

2.01.04. A general comparison of tabulated analyses of igneous
rocks (Roth’s Gesteinsanalysen and Allg. Geol.) shows that granites
contain 0.0-7% iron oxides, porphyries 0.0-14%, rhyolites 0.0-8%,
diorites and diabases 4-16%, andesites 3-15%, basalts 12-20%.

1 Compare Alex. Winchell, Geolvugical Studies, pp. 19-20—and Prestwich’s
Geology, 1. p. 10—both of which were quoted in the first edition of this work.
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Limestones invariably have at least small amounts, and at times
very considerable percentages. Sandstones are often low, but not
seldom are stained through and through. The metamorphic rocks
offer close analogies to the igneous. In general distribution and in
quantity, iron leads the list of the distinctively metallic elements.
Its peculiar property of possessing two oxides, of different chemical
quantivalence, assists greatly in the formation of ores and the
general circulation of the metal. This is set forth under the
following examples.

LIMONITE.

2.01.05. Example 1. Bog Ore.—Beds of limonite, superficially
formed in marshes, swamps, and pools of standing water. The
general circulation of water through the rocks enables it very
frequently to take up iron in solution. Ferruginous minerals are
among the first and easiest that fall a prey to alteration. Car-
bonic acid in the water aids in dissolving the iron, which thus, in
waters containing an excess of CO,, passes into solution as the
protocarbonate FeCO,. Organic acids may also play a part. The
alteration of pyrite affords sulphuric acid and ferrous sulphate,
and the latter enters readily into solution. On meeting calcium
carbonate, both ferric and ferrous sulphate are decomposed, yield-
ing in the first case calcium sulphate, ferric hydrate, and carbonic
acid; in the second, if air is absent, ferrous carbonate and calcium
sulphate, but on the admission of air ferric hydrate soon forms.
(See F. P. Dunnington, Amer. Jour. Sci., iii.,, XXXVI. 176. Ex-
periments 10 and 11.) ,

2.01.06. Bodies of limonite that become exposed to a reduc-
ing action from the favorable presence of decaying organic mat-
ter likewise furnish the protocarbonate. In general it may be
stated that free oxygen must be absent or only in small quantity
where solution takes place. Sooner or later the ferruginous (or
chalybeate) waters come to rest, especially in swamps. The proto-
salt is exposed to the evaporation of the excess of CO,, that held
it in solution, and also to the action of oxygen. Two molecules
of carbonate, together with one atom of oxygen and some water,
break up into CO, and Fe,04 x I1,0. The latter forms as a scum
and then sinks to the bottom and accumulates in cellular masses.
The sesquioxide is insoluble, and as against ordinary waters free
from reducing agents it remains intact. Deposits of mud and
peat forming above may cover the beds with a protecting layer.
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Hardly a bog exists which does not show, when cut in cross sec~
tion, the bog ore beneath. Frequent associates of the ore are
diatomaceous earth and shell marl, formed by the remains of or-
ganisms which once inhabited the waters. At times excellent im-
pressions of leaves and shells are preserved in the ore. Such ore
bodies are not often practically available on account of the low
percentage in iron, due to the abundance of sand and silt washed
in, and to the frequent large amounts of sulphur and phosphorus
which they contain. The sulphur is present in pyrite and the
phosphorus in vivianite, sometimes in sufficient quantity to be
visible (Mullica Hill, N. J., var. Mullicite). In certain parts of
the country bog deposits have been and others may yet be utilized.

2.01.07. In eastern North Carolina bog-ore beds are frequent
and are found lying just below the grass roots. Scattered nodules.
occur in the overlying soil, which are succeeded by a bed three
feet. or less in thickness, resting on sand.!

In Hall’s Valley and Handcart Gulch, Park County, Colorado, in-
teresting and extensive deposits of limonite are in active process of”
formation. The iron comes from neighboring great beds of pyrite.?

Bog ore of good quality has recently been reported from the
vicinity of Great Falls, Mont.®

At Port Townsend Bay, in the vicinity of Puget Sound, and at.
the Patton mines, near Portland, Ore., the ores are of such quality-
as to be available.*

Attention has been lately directed to the great deposits of bog
ore in the Three Rivers district of the province of Quebec in
Canada. Three Rivers is on the St. Lawrence about midway be-

- tween Montreal and Quebec but the district which furnishes the
bog ores extends from northeast of Quebec to a point west of
Ottawa, an area stated by Griffin to be 400 miles long by 40-60-
broad. The drainage of the old Archean heights of the Lauren-
tides, the range that suggested the name Laurentian, crosses the-
belt and being more or less laden with ferruginous solutions it de-
posits the ore in swamps, streams and lakes, wherever the water is:

1'W. C. Kerr, GQeology of North Carolina, 1875, p. 218. B. Willis,.
Tenth Census, Vol. XV., p. 302. H. B. C. Nitze, Bull. I, N. C. Geol.
Survey, 1893.

* R. Chauvenet, ‘‘The Iron Resources of Colorado,”’ M. E., June,.
1889. ‘‘Notes on Iron Prospects in Northern Colorado,’’ Ann. Rep. Colo..
8School of Mines, 1886.

8 Mineral Resources, U. 8. Geol. Survey, 1888, p. 34..

4+ B. T. Putnam, Zenth Census, Vol. XV., p. 496.
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for a time stationary or choked with vegetation. The ore beds
furnish ideal illustrations of bog ore deposits in all their forms.
Beginning as a light film the ore gradually accumulates on the
bottom, where it hardens into thick crusts. These are exposed in
the dry season in the shallower reaches and become dried to very
hard cakes. The succeeding wet season buries them again under
more ore, or sand and ore, until the thickness attained is very con-
siderable. The ore precipitates also in running water and has been
obtained from ravines in goodly amount. Even in the pipes used
at the furnace at Radnor Forges for conveying the necessary water
supply from the neighboring Riviere au Lard the limonite de-
posits. The river flows from the swamp called Grand PIé, in" the
midst of which is a shallow lake called Lac-a-la-Tortue. Ore is
dug in the swamp and dredged in the lake. The supply is renewed
after being removed. The deposits present many analogies with
those of the Swedish lakes, later mentioned, but they supply caked
ore rather than the odlitic form of the latter. The iron industry
began in the region in 1730 and has continued more or less inter-
mittently to date.! The iron furnished has especial excellence for
car-wheels and chilled castings. The lake ores seem to run some-
what richer than those of the bogs. The latter contain about 42.5
Fe, the former 49. Both havea little over 0.3 P and less than 0.1 C.
T'hese ore bodies are of great scientific interest for they illustrate
(as has been recognized for many years) the formation of bodies of
other kinds of iron ores when in sedimentary series and even when
metamorphosed. -
— 2.01.08. A somewhat different variety of Type 1is formed when
the ferruginous waters come to rest in the superficial hollows of
the rock which has furnished the iron. Depressions in the serpen-
tines of Staten Island, N. Y., carry such deposits, and the-iron is
referred by N. L. Britton to the leaching of the underlying rock.
The ore contains a notable percentage of chromium, which is
known to occur in the serpentine. The mines have been in former
years quite large producers. Similar limonites occur at Rye, N. Y.2

1 See especially, P. H. Griffin, ‘‘The Manufacture of Charcoal-iron
from the Bog and Lake-ores of the Three Rivers District,”” Trans. Amer.
Inst. Min. Eng., Feb., 1893. Also J. H. Bartlett, Idem, 1885.

2 N. L. Britton, School of Mines Quarterly, May, 1881. Compare
also Amer. Jour. Sect., iii., XX. 82, and XXII. 488.
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At the Prosser mines, near Portland, Ore., deposits of limonite
are found in the superficial hollows of a Tertiary basalt of the
Cascade range. The ore contains roots and trunks of trees, and is
covered by a later flow of basalt. Similar bodies of limonite re-

sulting from basalt are known in the German province of Hesse
and in Ireland.

2.01.09. "T'he limonite sand, or oolite, that forms in the Swedish
lakes about ten meters from the banks and in water up to ten
meters in depth is another variety of this type. A layer half a
meter and less in thickness accumulates every fifteen to thirty
years and is pariodically dredged out. The ore precipitates first
as a slime that breaks up afterward into small concretions. It
has been thought that the formation of these and similar bodies of
limonite has been aided by small alge and other plants or micro-
scopic organisms. 2

2.01.10. Example 2. Bodies of limonite in cavities of fer-
ruginous rocks, on the outcrop, or below the surface, which have
resulted either from the alteration of the rock ¢n situ or from its
partial replacement by limonite. Residual clay, quartz, and other
remains of alteration usually occur with the ore. Ferruginous
limestones are the commonest sources of such deposits, but other
rocks may afford them. The deposits are not limited to any one
geological series, but in different parts of the country occur when-
ever the conditions have been favorable. Some of thé ore may
have been brought in by subterranean circulations which have
leached the neighboring rocks. Considerable limonite has also re-
sulted from the weathering of clay-ironstone nodules and black-
band beds in the Carboniferous system (to be mentioned later), and
not infrequently from the alteration of nodular masses of pyrites.

1B. T. Putnam, Tenth Census, Vol. XV., p. 16, on the Oregon ore.
Tasche, Berg.- und Hitt. Zeit., 1886, p. 209; also Wiirtemberger, Neues
Jahrb. 1867, p. 685, on the Hessian ores. Tate and Holden, ‘‘On the Iron
Ore Associated with the Basalt of Northeastern Ireland,’’ Quar. Jour.
Geol. Soc., XXVI. 151.

2 F. M. Stapff, Zeitschr. d. d. geolog. Gesellsh., 1866, Vol. XVIIL., p. 8,
on the geology of the ores. ' Sjogrun, Berg.- und Huett. Zeit., 1865, p. 116,
on the agency of algee. On the general formation of bog ores the fol-
lowing papers are of interest: G. J. Brush and C. S. Rodman, ‘‘Ob-
servation on the Native Hydrates of Iron,’’ Amer. Jour. Sei., ii., XLIV.,
219; J. S. Newberry, School of Mines Quarterly, November, 1880 ; J. Roth,
Chem. und Phys. Geologie, 1., pp. 58, 97, 221 ; F. Senft, Humus, Marsch,
Torf- und Limonit-bildungen.
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The limonite is in cellular lumps, in pipes, pots, and various imita-
tive forms which often have a beautiful luster. The hollow masses
have in general resulted form the filling of reticulated cracks in
shattered rock. The ore thus deposits around the cores of country
rock, which afterward are removed, leaving a hollow shell or geode.
(See Tenth Census, Vol. XV., pp. 275, 369, 370.)

2.01.11. Reserving the Siluro-Cambrian limonites for a subtype
the ore bodies are described in order from east to west, taking up
first the Alleghany region, then the Mississippi Valley, and lastly

Fia. 8.—Section of the Hurst limonite bank, Wythe County, Virginia,
tllustrating the replacement of shattered limestone with limonite
and the formation of geodes of ore. After E, R, Benton,

Tenth Census, Vol. XV., p. 275.

the Rocky Mountains. The limonites of New England and New
York belong in the subsequent subtype, as do those of eastern
Pennsylvania and the more important ones in Virginia, Tennessee,
Georgia, and Alabama. In central and western Pennsylvania,
however, not a small amount is obtained from the higher lying
terranes. The Hudson River slates furnish small amounts in
Franklin County, which are thought by McCreath to have resulted
from the alteration of nodules of pyrites. (Second Penn. Geol. Sur-
vey, M3, p. x.) The Medina sandstones contain highly ferrugi-
nous portions in Huntingdon County. (McCreath, Second Pen.
Geol. Survey, MM, p. 198.) The Lower Helderberg and Oriskany
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are locally quite productive in Blair County, affording several great
banks of ore. (Report MM, 196, M3, p. 33.) The Oriskany is of
greater importance in Virginia than in Pennsylvania. East of
these last mentioned exposures, and in southern Carbon County, is
a bed of paint ore between the Oriskany and the Marcellus. (C.
E. Hesse, “ The Paint-Ore Mines at Lehigh Gap,” M. E,, New York
meeting, 1890.) The Marcellus is the most productive of the Devo-
nian stages. It affords considerable ore in Perry County (Report
MM, p. 193 ; M3, p. 29), Juniata County, Mifflin County, Hunting-
don County (Report M, p. 66; MM, p. 194 ; M3, p. 140), Fulton
County (Report M3, p. 42), and Franklin County (Report MS3,
p- 1). All these are in southern Pennsylvania. Lesley states
(Iron Manufacturers Guide, p. 650) that the ore is weathered car-
bonate. Asshown under Example 4, beds of carbonate ore occur in
Ulster County, New York, in the Marcellus. (Additional details
on the above Pennsylvania deposits will be found in the geological
reports on the particular counties.)

2.01.12. Asalready remarked, the greater part of the limonites
in Virginia belong under the Silaro-Cambrian division and are there
described, but in the James River basin, on Purgatory and May’s
Mountains, there are deposits in sandstones of the Clinton. (J. L.
Campbell, The Virginias, July, 1880.) Other limonite beds occur
in the Oriskany on Brushy Mountain (Longdale mines), on Rich
Patch Mountain (Low Moor mines, called by Lyman, Marcellus), on
Warm Spring Mountain, and on Peter Mountain. In the Shenan-
doah Valley, on Massanutton Mountain, the limonite is referred by
Prime to the Clinton stage. (7Z%e Virginias, March, 1880, p. 35.)
On North Mountain it lies in the Oriskany, according to Camp-
bell (The Virginias, January, 1880, p. 6), and on the Great
North Mountain in the Upper Silurian. Considerable oxide of
zine collects in the tunnel heads of the furnaces running on Low
Moor ores, indicating the presence of this metal in the limonite.!

The Oriskany ores (including those referred by Lyman to the
Marcellus) were formerly the chief sources of Virginia iron, and at
Longdale and Low Moor afforded very large amounts, but lately

1 B. S. Lyman, ‘‘Geology of the Low Moor, Va., Iron Ores,’’ Trans.
Amer. Inst. Min. Eng., Feb., 1886. E. C. Means, ‘‘Flue Dust at Low
Moor, Va.,”’ Trans. Amer. Inst. Min. Eng , 1888. E. C. Pechin, *‘ Vir-
ginia Oriskany Iron Ores,’’ Engineering and Mining Journal, Aug. 13,
1892, p. 150. “‘Iron Ores of Virginia,’’ etc., Trans Amer. Inst. Min.
Eng., XIX. 1016, 1890.
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the Siluro-Cambrian have taken precedence. The Oriskany ores
yielded from 40 to 43% Fe in the furnace (Pechin), and were non-
Bessemer. They had an excellent reputation for foundry and mill-
work. Another prominent source of brown hematite ores in
Virginia has been of recent years the weathered and oxidized upper
portions of the great pyrites deposits in Floyd, Grayson and Carroll
Counties, in the southwestern part of the State. This belt extends
over 20 miles and is known as the ¢ Great Gossan Lead.”
Although uniformly pyrites or pyrrhotite below the water line, it
is sufticiently oxidized above to yield an ore of about 40 to 41% Fe,
with the sulphur not much over one per cent. The greatest depth
is attained where the belt crosses the hills. The ores supply
a useful mixture for the neighboring Siluro-Cambrian brown
hematites.?

Fi. 9.—@eological Section of the Low Moor, Va., Iron-ore Bed. After
B. 8. Lyman, Trans. Amer. Inst. Min. Eng., Feb., 1886.
A—Marcellus Shale ; B—Oriskany Sandstone ; C—Lower
Helderberg Limestone; D—Clinton Shales.

The iron ores in Kentucky are found in three widely separated
districts, one near Greenup, in the northeastern cerner of the State,
known as the Hanging Rock region; the second near the central
part along the Red and Kentucky Rivers, known as the Kentucky
and Red River region; and the third in the southwestern part near
Lyon and Trigg Counties, known as the Cumberland River region.
Aithough the first two contain much limonite, it has altered frocm
nodules of carbonate, and the ores are therefore described under
Example 5. One locality near Owingsville, in the second region,
has limonites altered from the Clinton hematite. (See Example
6.) The Cumberland region affords limonites in the Subcarbonif-
erous. They are in rounded masses, either solid or hollow, and
are distributed through a red clay along with angular fragments

1E. C. Moxham, ‘‘The Great Gossan Lead of Virginia,’’ T7ans.
Amer. Inst. Min. Eng , XXI. 133, 1892,
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of chert. The limonite pots are themselves filled with clay or
water. !

2.01.13. In Tennessee the limonites of the eastern portion come
mostly under Example 2a. In the west they are a southern ex-
tension of the pot-ore deposits of Kentucky, and show the same as-
sociated chert and clay. Safford has called the rocks containing
them the Siliceous Group. The west Tennessee district projects
into Alabama to a small extent.?

2.01.14. The principal limonite deposits of Alabama come under
Example 2a, as do those of western North Carolina and Georgia.
Some limonite is produced in Ohio. but it is all weathered carbon-
ate and is mentioned under Example 5. Hydrated ores are abundant
in the Lake Superior region, but are mentioned in connection with
hematite. (See also 2.01.22.) Deposits of brown hematite are
worked in a small way in the southeastern part of Missouri, where
they rest upon Cambrian strata and have a marked stalactitic char-
acter. (P. N. Moore, Geol. Survey of Missouri, Report for 1874;
F. L. Nason, Mo. Geol. Survey, 1892, II., p. 158.) Limonites re-
ferred to the Cretaceous by N. H. Winchell occur in western
Minnesota. (Bull. V1., Minn. Geol. Survey, p. 151.)

2.01.15. The Annual Report of the Geological Survey of Arkan-
sas, Vol. 1., consists of a report by R. A. F. Penroseon the ‘“Iron
Deposits of Arkansas.” It at once appears that there islittle pros-
pect of Arkansas producing any notable amountsof iron ore. Such
deposits as have been found are practically all limonite (brown
hematite) and are generally very low in iron. The ores occur in
five districts, viz: Northeastern Arkansas, northwestern Arkansas,
the valley of the Arkansas River, the Ouachita Mountains, and
gsouthern Arkansas. They are generally associated with sandstones
or cherty limestones. The first named district makes the best
showing. In it the ores are in Lower Silurian (Calciferous or
Lower) sandstones, cherts and limestones. In the second district
they are in Lower Silurian cherts, and Lower Carboniferous sand-
stones. In the third they occur with Carboniferous and Lower
Carboniferous strata, but are also in the form of recent spring de-
posits. In the Ounachita Mountains they are with Lower Silurian

1'W. B. Caldwell, ‘‘Report on the Limonite Ores of Trigg, Lyon, and
Caldwell Counties,’’ Kentucky Geol. Survey, New Series, Vol. V., p. 251.

2 W. M. Chauvenet, Tenth Census, Vol. XV., p. 357; T. H. Safford,
Geology of Tennessee, p. 350.
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shales and novaculites. In this district the magnetite or natural
lodestone of Magnet Cove occurs, but it is only an interesting
mineral and of no practical importance. The last district has the
ores in sands and clays of the Eocene. Its continuation in Texas
and Louisiana is referred to below.

In eastern Texas, along the latitude of the northern bound-
ary of Louisiana, extended beds of limonite are found cap-
ping the mesas or near their tops, and associated with glauconitic
sands of Tertiary age. They are described by Penrose (First
Ann. Rep. Texas Geol. Survey, p. 66; also G. 8. 4., III. 44) as
(1) Brown laminated ores, (2) Nodular or geode ores, (3) Conglom-
erate ores. The first form extended beds whose firmness has
prevented the erosion of the hills, and which are thought to have
originated by the weathering of the pyrites in the greensands and
from the iron of the glauconite itself. The second group occur
just north of the last, and have probably resulted from the altera-
tion of clay ironstone nodules (Cf. Example 5), while the third has
formed in the streams by the erosion of the first two and from the
smaller ore-streaks and segregations. Limonite also occurs in
northwestern Louisiana. (Mineral Resources, 1887, p. 51.) Mr.
Lawrence C. Johnson has also written of these ores (Fiftieth Con-
gress, First Session, Exec. Doc. No. 195), but the most complete
account has been given by W. Kennedy (‘“Iron Ores of East
Texas,” Trans. Amer. Inst. Min. FEng., Feb., 1894). M.
Kennedy speaks of the available ores as the ¢ Laminated Ores”
and the ¢‘Nodular Ores,” both belonging, in serious amount,
to the greensand beds of the upper Eocene. An abundant
series of analyses are given which show the ores to be in general
rather rich for limonites, and not high in sulphur or phosphorus.
According to the grade of ore now demanded and obtained on Lake
Superior, they are seldom Bessemer ores, but ought to yield excel-
lent foundry irons. While the quantity is large, the situation pre-
cludes the use of any fuel but charcoal, and the remoteness of
markets will mostly restrict the output to the comparatively
limited local demand. The ore can be won by shallow stripping
or from exposed beds, up to two feet or so in thickness. The
geological relations of these ores are interesting and important in
that they are derived from greensands, which consist so largely of
glauconite, the double silicate of iron and potassium, and which are
comparatively deep-sea deposits. The formation of glauconite by
precipitation from sea-water, and as a filling of the small chambers
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in minute shells and organisms indicates! a marine method for the
concentration of iron oxide. It is significant that J. E. Spurr
has lately advocated a similar source for the ores of the Mesabi
range, Minn. (See Example 9¢.) Limonite is known in a num-
ber of localities of Colorado. The chief productive mines lie in
Saguache County, near Hot Springs, They furnish a most excel-
lent ore from cavities in limestones, which are generally, but with
no great certainty, considered T.ower Silurian. R. Chauvenet
states that the ores yield about 43% Fe in the furnace.?

A great body of limonite nodules, bedded in red, residual clay,
has been reported from the Clinton series of Allamakee County,
Iowa. (E. Orr, Amer. Geologist, Vol. 1., p. 129.)

Much limonite occurs at Leadville in connection with the lead-
silver ores, and is used as a flux by the lead smelters. Some grades
low in silver and rich in manganese have even been used for spiegel
at Pueblo. For the geological relations, see Example 30.

2.01.16. Limonites in supposed Carboniferous limestone occur
in the East Tintec mining district in Utah, and seem to be as-
sociated with a decomposed eruptive rock, somewhat as at Lead-
ville. Thelimoniteis chiefly used as a flux by lead-silver smelters.?

2.01.17. Example 2a. Siluro- Cambrian Limonites.—Beds of
limonite in so-called hydromica (talcose, damourite), slates and
schists, often also with limestones of the Cambrian and Lower
Silurian systems of the Appalachians. The great extent, the geo-
logical relations, and the importance of these deposits warrant their
grouping in a subtype by themselves. They extend along the Ap-
palachians from Vermont to Alabama, and are in the “Great
Valley,” as it was early termed, which marks the trough between
the Archean on the east and the first corrugations of the Paleozoic
rocks, often metamorphosed, on the west. 'The masses of limonite
are buried in ochreous clay, and the whole often preserves the gen-
eral structure of the schistose rocks which they have replaced. The

1 On the formation of greensands, see W. B. Clark, Journal of Ge-
ology, II., 161, 1894.

2 R. Chauvenet, ‘‘Preliminary Notes on the Iron Resources of Col-
orado,’’ Ann. Rep. Colo. State School of Mines, 1885, p. 21; ‘“‘Iron Re-
sources of Colorado,’’ M. E.,1889. F. M. Endlich, Hayden’s Reports, 1873,
p. 333. B. T. Putnam, Tenth Census, Vol. XV., p. 482. C. M. Rolker,
‘‘Notes on Certain Iron Ore Deposits in Colorado,”’ M. E., XIV., 266. Rec.

3 B. T. Putnam, Tenth Census, Vol. XV., p. 490.
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original stringers of quartz remain following the original folds.
Dolomitic limestone often forms one of the walls, and still less
often (but especially in New England) masses of siderice are found
inclosed. Manganese is at times present, and in Vermont is of some
importance of itself.

2.01.18. The deposits begin in Vermont, where in the vicinity
of Brandon they have long been ground for paint. A curious pocket
of lignite occurs with them and affords Tertiary fossils. This
prompted President Edward Hitchcock, about 1850, to refer all the
limonites to the Tertiary, making an instructive example of the oc-
casional hasty generalizations of the early days. Lignite has also
been found at Mont Alto, Penn. In northeastern Massachusetts,
atRichmond and West Stockbridge ; and just across the State line,
in Columbia and Dutchess counties, New York, and at Salisbury,
Conn., the mines are large, and were among the first worked in the

A
s’f"d and Gravel .En in:.H”

!
o

8late

Probably Limestone Slate Limestone
(Micaceous)

F16.10.—Geologica' 8-ction of the Amenia Mine, Dutchess County, New
York, illustrating a Siluro-Cambrian limonite deposit. After
B. T. Putnam, Tenth Census, Vol, XV,, p. 188.

United States. The limonite forms geodes, or “pots,” pipes,
stalactitic masses, cellular aggregates, and smaller lumps from
which the barren clays and ochers are removed by washing. The
ore is but a fraction of the material mined and occurs in irregular
streaks through the clays, etc. Itis mostly obtained by stripping
and open cuts, and only rarely by underground mining, which
would present difficulties with such poor material for walls.!

1 J. D. Dana, ¢ Occurrence and Origin of the New York and New Eng-
land Limonites,” Amer. Jour. Sci., iii., XIV, 132, and XXVIII. 398. Rec.
E. Hitchcock, ¢‘Description of a Brown Coal  Deposit at Brandon, Vt.,
with an Attempt to determine the Geological Age of the Principal Ore
Beds of the United States,” Amer. Jour. Sci., ii.,, XV. 95; Hist. Geol.
Survey of Vermont, 1. 233. See also Lesley, below., A.L, Holley, ‘‘ Notes
on the Salisbury (Conn.) Iron Mines and Works,” M, E., VI. 220. J. P.
Lesley, ¢ Mont Alto (Penn.) Lignites,” Proc. Amer. Acad. Sci., 1864, 463-
482; Amer. Jour. Sci., ii., XL. 119. L. Lesquereux, ‘‘On the Fos-il Fruits
found in Connection with the Lignite at Brandon, Vt.,” Amer. Jour. Sci.,
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A gap occurs in the succession of the deposits across southerrn
New York and New Jersey, although a few minor ones are known
in the western part of the latter State, in the magnesian limestone
of the valleys between the hills of gneiss.!

2.01.19. In Lehigh County and to the southwest through York.

" County, in eastern Penusylvania, the limonites are again developed
in great amount, and run southwesterly, with few gaps, to Alabama.
It is in this portion that the “Great Valley ” (called also the
Cumberland Valley, or Valley of Virginia) is especially marked.
Wherever the great limestone formation, No. II. of Rogers, is
developed the ores are found. This corresponds to the Calciferous,
Chazy, and Trenton of New York. Limonites also occur still
lower in the Cambrian at about the horizon of the Potsdam sand-
stone or in the overlying slates. According to McCreath, they are
distinguishable in Pennsylvania as ores at the top, ores in the
middle, and ores at the bottom of the great limestone No. II.
Those at the top form the belt along the central part of the valley
where the Trenton limestone underlies the Utica or Hudson River
slates. Those in the middle are connected with various horizons
of ferruginous limestones in the Chazy and Calciferous. Those at
the bottom along the north or west part of the South Mountain-
Blue Ridge range are geologically connected with the Potsdam
sandstone, or the slates which intervene between it and the base of
the Calciferous. (Second Penn. Survey, Rep. MM, p. 199.) Cobalt
has been detected on those of Chester Ridge by Boye, hut it is a.
rare and unique discovery.?

ii., XXXII. 855. H. Carvill Lewis, ¢ The Iron Ores of the Brandon Pe-
riod,” Amer. A. A. Sci., XXIX. 427, 1880. J. F. Lewis, ‘“The Hematite
(Brown) Ore Mines, etc., East of the Hudson River,” M. E., V. 216. J. G.
Percival, Rep. on the Geol. of Conn., p. 182; also, Amer. Jour. Sct., ii.,
I1.268. R. A. F. Penrose, ‘“ Report on Manganese Ores,” Geol. Survey
Ark., 1890, Vol. I. (Contains many valuable descriptions of Vermont
limonites.) B. T. Putoam, Tenth Census, Vol. XV. C. N. Shepard, ‘¢ No-
tice, etc., of the Iron Works of Salisbury, Conn.,” Amer. Jour. Sci., i.,
XIX. 811. J.C.Smock, Bull. VII. New York State Museum, pp. 12, 52.
N. H. and H. V. Winchell, ‘* Taconic Ores of Minnesota and Western New
England,” Amer. Geol., VI. 263. 1890.

1 B. T. Putnam, Tenth Census, Vol. XX., p.176. See also Geol. Sur-
vey New Jersey, 1880.

* Dr. Boye, *“Oxyd of Cobalt with the Brown Hematite of Chester
R dge. Penn., Amer. Phil. Soc., January, 1846. P. Fraser, Second Geol.
Survey Penn., Reps. C and CC; *Origin of the Lower Silurian Limonites
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2.01.20. The Siluro-Cambrian limonites run across Maryland in
Carroll and Frederick counties, and are mined to small extent.
(E. R. Benton, Tenth Census, Vol. XV., p. 254.)

These limonites are again strongly developed in the Shenandoah
Valley along the western base of the Blue Ridge, and in south-
western Virginia in the Cripple Creck and New River belt. The
ores occur in connection with calcareous shales, calcareous sand-
stones, and impure limestones, but have not justified the expecta-
tions formed of them. In Carroll County, Virginia, the gossan of
the great deposit of pyrite is dug for iron ore. The walls, however,
are older than the Cambrian.?

2.01.21. The limonites of eastern Tennessee are the southern
prolongation of the area of southwest Virginia. They lie between
the Archean of the Unaka range on the east, and the Upper Silurian
strata in the foot of the Cumberland tableland on the west. The
ores outcrop in the longitudinal valleys or ¢ coves.” The bottoms
of these valleys, according to Safford (p. 449), are formed by the
shales, slates, and magnesian limestones of the Knox group, and in

of York and Adams Counties,” Proc. Amer. Phil. Soc., March, 1875. J. W,
Harden, *‘ The Brown Hematite Ore Deposits of South Mountain between
Carlisle, Waynesborough, and the Southeast Edge of the Cumberland Val-
ley,” M. E., 1. 136. J. P. Lesley, Summary, Final Report, Vol. I., 1892,
pp. 205, 341. Rec. A. S. McCreath, Second Geol. Survey Penn., Vol.
MM, 199. F. Prime, Second Geol. Survey Penn., Reps. D and DD; ¢“On
the Occurrence of the Brown Hematite Deposits of the Great Valley,”
M. F., I11. 410; Amer. Jour. Sci., ii., IX. 433 ; also, XI. 62, and XV. 261.
Rec. B. T. Putnam, Tenth Census, Vol. XV., p. 181.

1 E. R. Benton, Tenth Census, Vol. XV,, p. 261. J. L. Campbell,
“Report on the Mineral Prospects of the St. Mary Iron Property,” etc.,
The Virginias, February, 1883, p. 19. See also The Virginias, January,
1880, p. 4; March, p. 43. F. P. Dewey, ‘‘ The Rich Hill Iron Ores,” M. E.,
X. 77. W. M. Fontaine, ‘‘Notes on the Mineral Deposits of Certain Lo-
calities in the Western Part of the Blue Ridge,” The Virginias, March,
1883, p. 44; April, p. 55; May, p. 73; June, p. 92. B.S. Lyman, ¢“On the
Lower Silurian Brown Hematite Beds of America,” 4. 4. A. S., XVII.
114. A. S. McCreath, ¢ The Iron Ores of the Valley of Virginia,” M. E.,
XII. 108; Engineering and Mining Journal, June, 1883, p. 834, E. C. Mox-
ham, ¢ The Great Gossan Lead of Virginia,” M. E., February, 1892. E.C.
Pechin, ““The I on Ores at Buena Vista, Rockbridge County, Virginia,”
Engincering and Mining Journal, Aug. 3, 1889, p. 92; ‘‘Mining of Potsdam
Biown Ores in Virginia,” Engineering and Mining Journal, Sept. 19, 1891,
p- 837; *“Iron Ores of Virginia and Their Developments,” M. E., XIX. 101;
“Ore Supply for Virginia Furnaces,” Engineering and Mining Journal,
Vol. LI., 1891, pp. 322, 349. Rec.
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the residual clay left by their alteration the ore is found. The gos-
san of the neighboring veins of copper pyrites, best known at Duck-
town (see Example 16), were originally exploited for iron.!

The Tennessee limonite extends across northwestern Georgia,
and still farther east the Huronian limestones of North Carolina
also enter the State. But as even these Huronian schists and as-
sociated marbles have been considered by F. P. Bradley to be
metamorphosed Silurian (Cambrian), the ores may also belong un-
der Example 2a. The well-determined Siluro-Cambrian rocks
form but a narrow belt of no great importance in North Carolina.?

The limonites are again strongly developed in Alabama and
furnish a goodly proportion of the ore used in the State. They
form a belt lying east of the Clinton ores (Example 6), later de-
scribed. As in Tennessee, they are associated with strata of the
Knox group.®

2.01.22. Extensive deposits of hydrated ores also occur in all
the Lake Superior iron ranges. They are often yellow and
ochreous, but they are not true limonites as their percentage in
iron often reaches 624. They are partially hydrated hematites.

2.01.23. Origin of the Siluro- Cambrian Limonites.—Dr. Jack-
son of the First Pennsylvania Survey argued in 1839+ that they
originated in situ ; that is, by the alteration of the rocks in and
with which they occur. Percival, in his report on the Geology of
Connecticut, in 1842 (p. 132) attributed them to the alteration of
pyrite in the neighboring mica-slate. Prime, in Pennsylvania,
in 1875 and 1878 (Reports D and DD), considers that the iron has
been obtained by the leaching of the neighboring dolomites and
slates, it being in them either as silicate, carbonate, or sulphide ;
that the ore has reached its position associated with the slates, be-
cause, being impervious, they retained the ferruginous solutions;
and that the potash abundantly present in the slates probably as-
sisted in precipitating it.® Frazer, in 1876, in studying the beds of

1 J. M. Safford, Geol. of Tenn , p. 448, 1869. B. Willis, Tenth Census,
Vol. XV., p. 331.

¢ F. P. Bradley, “The Age of the Cherokee County Rocks, North
Carolina,” Amer. Jour. Sei., iii., IX. 279 and 820; B. Willis, Tenth Cen-
sus, Vol. XV., p. 867. H. B. C. Nitze, Bull. L., V. C. Geol. Survey, 1893.

3 W. M. Chauvenet, Tenth Census, Vol. XV., p.883. For other ref-
erences to Alabama iron ore deposits, see under Example 6.

4 Ann. Rep. First Penn. Survey, 1839,

s M. E., II. 410.

¢ Second Penn. Survey, Rep. C, p. 186.



94 EEMP’S ORE DEPOSITS.

York and Adams counties, Pennsylvania, found the hydromica
slates filled with the casts of pyrite crystals, and held these to
have been the sources of the iron, by affording ferrous sulphate
and sulphuric acid. The latter reacted on the alkali of the slates,
producing sodium sulphate. This, meeting calcium carbonate, af-
forded calcium sulphate and sodium carbonate, which later precipi-
tated the iron. Calcium carbonate alone is, however, abundantly
able to precipitate iron carbonate and oxide from both ferrous and
ferric sulphate solutions (even when natural) without the intro-
duction of the alkali, although this might account for the alteration
of the slates.!

2.01.24. J. D. Dana has written at length on the New England
and New York deposits, and finds them always at or near the junc-
tion of a stratum of limestone, proved in many cases to be ferrif-
erous, and sometimes entirely siderite, and one of hydromica
slate or mica schist. In several mines bodies of unchanged spathic
ore are embedded in the limonite. Hence Professor Dana explains
the limonite as derived by the weathering of a highly ferruginous
limestone, from which the limonite has been left behind by the
removal of the more soluble elements, so as practically to replace
the limestone in connection with other less soluble matter. The
limonite has also at times replaced the schists, probably deriving
its substance in part from iron-bearing minerals in them, and
changing these rocks to the ochers and clays now found with the
ores. These views are undoubtedly very near the truth for the
region studied. (Cf. also Example 4.) Weathering limestones do
furnish residual clay, ocher, etc., as is shown by the deposits of
western Kentucky and Tennessee under Example 2.

2.0.25. Another hypothesis early formulated and advocated
by many is that the limonites have been derived by the surface
drainage of the old Appalachian highlands and then precipitated in
still water where they are now found. A precipitation around the
shores of a ferruginous sea has also been urged on the analogy of
certain explanations of the Clinton ore. (Example 6.) Their sup-
posed Tertiary age has already been remarked. All these views are
essentially hypothetical.®

1 See F. P. Dunnington, “On the Formation of Deposits of Manga-
nese,” Amer. Jour. Sei., iii.,, XXXVI., p. 175. (Experiments 10 and 11.)

3 See H. D. Rogers, Trans. Asso. Amer. Geol. and Nat., 1842, p. 845;
E. Hitchcock, Geol. Vt., Vol. 1., p. 283; J. P. Lesley, Iron Man., p. 501 ;
Rep. A, Second Penn. Survey, p.83; J. 8. Newberry, International Re-
view, November and December, 1874,
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ANALYSES OF LIMONITES.

2.01.26. All published analyses, except when forming a suffi-
ciently large and continuous series from the output of any one mine,
are to be taken with caution. Ores necessarily vary much, and a
single analysis or a selected set may give a very wrong impression.
The percentage in iron is different for different parts of the same
ore body. The few that follow have been selected to show the
range and the average. The highest are exceptionally good, the
lowest less than the average, and the medium values indicate ap-
proximately the general run. Limonites afford from 40 to 50% Fe
as actually exploited, but it is not difficult to find individual analy-
ges that run higher. They are not, generally speaking, Bessemer
ores.

' Analyses of Limonites.

Fe. | P. | . ! sio, |1,0,| B,0.
|
Berkshire County, Mass.......... 47.52]0.187
Connecticut..........cooovueennn. 60.48 : 0.353
Dutchess County, New York.....|46.450.370 14.10 3.053
Staten ISIand. . ......o.neueernn. 39.72 (0105 10.89114.19 |8.50 | 12.41
Pennsylvania..........co0uee.n.. 56.3 |0.125 | 0.02 | 5.165 l
Virginia (Low Moor)............. 43.34 1 0.636 |
Tennessee (Lagrange Furnace)....| 50.91 | 0.237 |
Alabama.....c..cvv veiiiiaaninnn. 50.89 |0.225 | |
Colorado.......ecuevvnnn ceeraneans 58.8710.034 ,0.20 | 7.90 '0.70 |
Colorado, average .....coeveveen.. 43.00 0.030| 20. | 18.
Prosser mine, Oregon............ 44.71(0.666 !
Pure mineral.... .....c..........]59.02 | 114.4
{ |

SIDERITE, OR SPATHIC ORE.

2.01.27. Siderite is the protocarbonate of iron. As a mineral
it often contains more or less calcium, magnesium, and manganese.
When of concretionary structure, embedded in shales and contain-
ing much clay, the ore is called clay ironstone. When the concre-
tions enlarge and coalesce, so as to form beds of limited extent,
generally containing much bituminous matter, they are called
black-band, and are chiefly developed in connection with coal
geams.

2.01.28. Example 3. Clay Ironstone.—The name is applied to
isolated masses of concretionary origin (kidneys, balls, etc.) which
may at time coalesce to form beds of considerable extent. They
are usually distributed through shales, and on the weathering of
the matrix are exposed and concentrated. They are especially
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characteristic of Carboniferous strata and differ from black-band:
only in the absence of bituminous matter and in the consequent
drab color. They weather to limonite, generally in concentric shells
with a core of unchanged carbonate within. Fossil leaves or shells.
often furnish the nucleus for the original concretion, and are thus,
as at Mazon Creek, Ill,, beautifully preserved. When in beds the
ore is sometimes called flagstone ore; when broken into rectangular
masses by joints, it is called block ore.

2.01.29. Example 3a. Black-band.—The name is applied to-
beds consisting chiefly of carbonate of iron with more or less earthy
and bituminous matter. They are of varying thickness, though
rarely more than six feet, and are almost invariably associated
with coal seams. They are thus especially found in the Carbonif-
erous system, and to a far less degree in the eastern Jura-Trias.
They are also recorded with the Cretaceous coals of the West. It
is not possible to separate the two varieties in discussing their dis-
tribution. The various productive areas are taken up geograph-
ically, beginning with the Appalachian region.

2.01.830. The carbonate ores are of great importance in the
Carboniferous of western Pennsylvania and in the adjacent parts of
Ohio, West Virginia, and Kentucky. In these States the system is
subdivided in connection with the coal, from above downward, as
follows : I. The Upper Barren Measures, Permo-Carboniferous, or
Dunkard’s Creek Series ; II. The Upper Productive Coal Meas-
ures, or Monongahela River Series ; III. The Lower Barren Meas-
ures, or Elk River Series; IV. The Lower Productive Coal
Measures, or Alleghany River Series; V. The Great or Pottsville
Conglomerate. In the Upper Barren Measures of Pennsylvania,
according to McCreath, there is hardly a stratum of shale or sand-
stone without clay ironstone nodules, but no continuous beds are
known.! The deposits are not of great actual importance, and are
worthy of only passing mention. In the Upper Productive Coal
Measures some ore occurs associated with the Waynesburg Coal
seam, and again, just under the Pittsburg seam, there is consider-
able known as the Pittsburg Iron Ore Group. This latter ore be-
comes of great importance in Fayette County and extends through
several beds! The Lower Barren Measures in Pennsylvania also
contain carbonate ore in a number of localities. The most per-

1 Second Penn. Survey, Rep. K, p. 886 ; MM, p. 159.
3 Rep. MM, p. 162; KK, p. 111; L, p. 98,
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sistent i8 the Johnstown ore bed, near the base of the series. There
are two additional beds just over the Mahoning sandstone.

The Lower Coal Measures are the chief ore producers in all the
States. They furnish balls of clay ironstone in very many localities
in western Pennsylvania, which will be found recorded with many
additional references in Report MM, p. 174, Penn. Geol. Survey.
The nodules are scattered through clay and shales. The so-called
Ferriferous Limestone, which lies a few feet below the Lower Kit-
taning Coal Seam, affords in its upper portion varying thicknesses
of carbonate ore, known as “buhrstone ore,” which is altered in
large part to limonite. Some little carbonate ore was found in
the early days in the anthracite measures of eastern Pennsylvania.
Several beds of the same occur in the Great Conglomerate and
its underlying (Mauch Chunk) shales. They are chiefly developed
in southwestern Pennsylvania (Report KK), and may form either
entire beds or disseminated nodules. The limonites of the Mar-
cellus stage that pass into carbonate in depth in Perry and the
neighboring counties have already been mentioned under Example
2. In West Virginia both Upper and Lower Measures afford the
ore. From the latter black-band is extensively mined on Davis
Creek, near Charleston.!

2.01.31. In Ohio a number of nodular deposits are known, but
practically no ore is produced above the Mahoning sandstone of
the Lower Coal Measures. Below this sandstone the ores are ex-
tensively developed. They extend up and down the eastern part
of the State and are both black-band and clay ironstone. Orton
identifies twelve different and well-marked horizons distributed
through the Lower Measures. He distinguishes the stratified ores
mostly black-band, and the concretionary ores, including kidney
ores, block ores, and limestone ores.?

2.01.32. The general distribution of the iron ores of Kentucky
has already been outlined under Example 2. The Hanging Rock
region is a southern prolongation of the Ohio district of the same
geological horizon. P. N. Moore has classified the local ores as
limestone ores which are associated with limestone, block ores, and
kidney ores. The last two names refer to the fracture or shape of

1 M. F. Maury and W. M. Fontaine, Resources of West Virginia, 1876,
p. 247.

* Geol. of Ohio, V., p. 878, and supplemental report on the Hanging
Rock region in Vol. ITI,
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the masses. They occur associated with the usual clay and shale.
Farther west, between the Kentucky and Red rivers, are the
.other deposits, the principal one of which comes low in the series,
just over the Subcarboniferous limestone.!

2.01.33. Small quantities of black-band have been found in the
.Deep River coal beds, in North Carolma, associated with the Tri-
assic coals.?

A large bed, or series of beds, has recently been reported from
Enterprise, Miss., in strata of the Claiborne stage. They run from
ten to eighteen feet in thickness and extend for miles.® Scattered
nodules have been noted at Gay Head, Martha’s Vineyard.* Car-
bonate ores are as yet of no importance in the coal measures of the
Mississippi Valley. They have been found associated with the
Cretaceous coals of Wyoming and Colorado,—and indeed the first
pig iron of the latter State was made from them in Boulder
County,—but they are not an important source of ore.® An ex-
tended bed of very excellent carbonate has recently been discov-
ered with coal near Great Falls, in the Sand Coulée region of
Montana. Being near coal, limestone, and other iron ores, it prom-
ises to be of considerable importance.®

2.01.34. Example 4. Burden Mines, near Hudson, N. Y.
Elongated lenticular beds of clay ironstone, passing into sub-
crystalline siderite, inclosed conformably between underlying slates,
“and overlying calcareous sandstone, of the Hudson River stage.
The ore occurs in four “basins,” which outcrop along the western
slope of a series of moderate hills, just east of the Hudson Riv-
er. The hills have been shown by Kimball to be the eastern
halves of anticlinal folds now reduced by erosion to easterly dip-
ping monoclines. The western half of the ore bodies has been
eroded away, leaving an outcrop forty-four feet thick as a maxi-
mum, which pinches out along the strike and dip. The basins ex-

1 P. N. Moore, ‘“On the Hanging Rock District in Kentucky,” Ken-
tucky Geol. Survey, Vol. 1., Part 3.

* B. Willis, Tenth Census, Vol. XV., p. 306 ; W. C. Kerr, Geology of
North Carolina, 1875, p. 225.

3 A. F. Brainard, ¢ Spathic Ore at Enterprise, Miss.,” M. E., XIV. 146.

¢ W. P. Blake, ‘‘Notes on the Occurrence of Siderite at Gay Head,
Mass.,” M. E., IV. 112,

5 R. Chauvenet, ‘Notes on the Iron Resources of Colorade,” Ann.
Rep. Colo. School of Mines, 1885, 1886 ; Trans. Amer. Inst. Mm. Eng.,
Colorado meeting, 1889.

¢ O. C..Mortson, Mineral Resources U. S., 1888, p. 84.°
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tend from southwest to northeast, parallel to the trend of the hills.
The beds are more or less faulted. The southern part of the second
basin affords Bessemer ores, but the others are too high in phos-
phorus. At this point the principal mining has been done. Ac-

cording to Olmstead, some varieties are richer in phosphorus than
others, but they ‘are so intimately mixed as not to be practicably

separated. Up to 1889 the mines had produced 450,000 tons of
roasted Bessemer ores.
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2.01.35. In their geological relations the ores are of the greatest
interest, as they occur on the western limit of the metamorphic belt,
which forms the basis of the Taconic controversy, yet in strata
which have been identified by fossils. Beds of limonite hitherto
regarded as Siluro-Cambrian occur to the east ; and should further
study, on the lines developed chiefly by J. D. Dana, W. B. Dwight,
and C. D. Walcott, clear up their stratigraphical relations, the
work done in developing the structure of the siderite basins, as
pointed out by Kimball, may be of great aid in explaining them.
Very similar bodies of siderite occur with these limonites. (Ex-
ample 2a.) The Burden ores are relatively high in magnesia, and
this leads Kimball to suggest their original deposition from the
oft-shore drainage of the basic rocks of the Archean highlands.
Further, it may be added that the ores in their lenticular
shape are highly suggestive of a possible origin for magnetite de-
posits, and they are again referred to under “Magnetite.” Other
deposits of siderite in the shales of the Marcellus stage are known
and were formerly worked at Wawarsing, Ulster County, across
the Hudson River.!

2.01.36. Example 5. Roxbury, Conn. A fissure vein in gneiss,
six to eight feet wide, of crystalline siderite, with which are as-
sociated quartz and a variety of metallic sulphides, galena, chal-
copyrite, zincblende, etc. Although productive in former years, it
is no longer worked, and is of scientific more than economic inter-
est, being a unique deposit. It has furnished many fine cabinet
'specimens. 2

2.01.37. The spathic ores are the lowest in iron of all, and in
the raw state are often, if not always, far below the limit of profita-
ble treatment. Calcination, however, drives off the carbonic acid
and moisture and brings the percentage of iron up to a merchant-
able grade. The later development of the iron industry in this
country has been unfavorable to spathic ores, and year by year
their amount has decreased until now it is nearly obliterated, being
about one per cent. of the total.

1 J, P. Kimball, ‘¢ Siderite Basins of the Hudson River Epoch,” Amer.
Jour. Sci., I11., x1. 155. I. Olmstead, ¢ Distribution of Phosphorus in the
Hudson River Carbonate,” M. E., 1889. R. W. Raymond, ‘‘The Spathic
Ores of the Hudson River,” M. E., IV. 809. J. C.Smock, Bulletin of New
York State Museum on Iron Ores, p. 62.

2 J. P. Lesley, Iron Manufacturers’ Guide, p. 649. C. U. Shepherd,
“ Report on the Geology of Connecticut,” 1837, p. 80, Amer. Jour. Sci., I.,
xix. 811,
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2.01.36. The subjects of limonite and siderite cannot well be
passed without further reference to their genetic relations as con-
nected with limestone. The processes involved concern not alone
these ores, but also the more metamorphic forms—hematite and
magnetite—into which they may pass by reason of subsequent
changes. It was stated earlier (2.01.05) that calcium carbonate
precipitated from ferric salts, ferric hydrate, and from ferrous salts,
ferrous carbonate, which in the presence of oxygen quickly changed
to ferric hydrate. J. P. Kimball 1 has recently added a note on
the chemistry of the process which modifies it somewhat. He
brings out the fact that it is the Aydrous carbonate of iron which
is precipitated from ferruginous salts by the various alkaline car-
bonates, and that, being an unstable salt, it quickly oxidizes to a
hydrous oxide. From this the argument is made that bodies of
siderite, or anhydrous ferrous carbonate, could not have originated
by direct precipitation, but must have done so by pseudomorphous
replacement of limestone. Dr. Kimball then follows out the pos-
sible metamorphism or changes of these bodies to other forms of
iron ore, citing, however, among many that are unexceptionable,
some instances a8 possible examples for which the field relations give
but slight justification. The specular ores with the porphyries of
Missouri are of this latter character, and the work of C. H.
Smyth, Jr., later cited, on the oolitic Clinton hematites gives strong
ground for thinking them accumulations in shallow waters as con-
centric layers upon original nuclei of quartz.

2.01.39. While the importance of limestone as a cause
of the formation of bodies of iron ore cannot be too highly
emphasized, and it is quite possible that some puzzling ones, such
as many magnetite beds, have originated in this way and that the
limestone has so entirely disappeared as to give slight clue to its
original presence; yet it must not be overlooked that siderite
often does form in nature quite independently of calcite, and that
conditions must be often such as to make this possible. If vuggs
with free crystals, or if cleavage masses with the proper angle occur
_in a deposit, we must admit that the siderite is produced under
circnmstances not different from those which prevailed during the
formation of the walls or of the massive mineral. Repeated ex-
perience indicates that these are not extraordinary.

1J. P. Kimball, ¢ Genesis of Iron Ores by Isomorphous and Pseu-
domorphous Replacement of Limestone,’’ Amer. Jour. Sci., Sept., 1891,
p. 231, and conclusion in the Amer. Geol., Dec., 1891.



- CHAPTER 1II.

THE IRON SERIES CONTINUED.—HEMATITE, RED AND
v SPECULAR. :

2.02.01. The sesquioxide of iron, F;0, is always of a red
color when in powder. If it is of earthy texture, this color shows
in the mass, and the ore is called red hematite; if the ore is
crystallized, the red color is not apparent, and the brilliant luster of
the mineral gives it the name specular hematite. The red hematites.
are first treated.

2.02.02. Example 8. Clinton Ore.—Wherever the Clinton
stage of the Upper Silurian outcrops, it almost invariably contains
one or more beds of red hematite, interstratified with the shales
and limestones. These ores are of extraordinary persistence, as
they outcrop in Wisconsin, Ohio, and Kentucky in the interior, and
then beginning in New York, south of Lake Ontario, they run
easterly across the State. Again in Pennsylvania they follow the
waves of the Appalachian folds, and extend south into West
Virginia and Virginia in great strength. They are found in east-
ern Tennessee and northwestern Georgia, and finally in Alabama are
of exceptional size and importance. The structure of the ore varies
somewhat. At times it is a replacement of fossils, such as crinoid
stems, molluscan remains, etc. (fossil ore); again as small oélitic
concretions, like flaxseed (flaxseed ore, oélitic ore, lenticular ore) ;
while elsewhere it is known as dyestone ore. The ore in many
places is really a highly ferruginous limestone, and below the
water level in the unaltered portion it often passes into limestone,
while along the outcrop it is quite rich.

2.02.03. In Dodge County, southeastern Wisconsin, the ore is
14 to 26 feet thick and consists of an aggregate of small len-
ticular grains! In Ohio it outcrops in Clinton, Highland, and

t T. C. Chamberlin, Geol. Survey Wis., Vol. L, p. 179. R.D. Irving,
¢¢ Mineral Resources of Wisconsin,” M, E., VIIL. 478; Geol. Survey Wis.,
Vol. 1., p. 625,
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Adams counties, in the southwestern portion of the State along the
flanks of the Cincinnati Arch, but it is thin and poor in iron, al-
though rich in fossils.! A small area of the Clinton has furnished
considerable ore in Bath County, Kentucky, where it is altered to
limonite.?

2.02.04. Coming eastward, the limestones and the shales of the
Clinton outcrop in the Niagara River gorge in New York, but show
no ore. This appears first in quantity in Wayne County, a hundred
miles east and just south of Lake Ontario. One bed reaches 20 to
22 inches. Farther east ave the Sterling mines, in Cayuga County ;
and again near Utica, in the town of Clinton, which first gave the
ore its name, it is of great economic importance. There are two
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F1a. 18,—Clinton Ore, Ontario, Wayne County, New York. After
C. H. Smyth, Jr.

workable beds, the upper of which, with a thickness of about two
feet, is the only one now exploited. Beneath this are 12 or 15
inches of shale, and then the second bed of 8 inches of ore.® Some
25 feet over the upper bed is still a third, which is too low grade
for mining. It is four to six feet thick, and is locally called red
flux. It consists of pebbles and irregular fragments of fossils,
which are coated with hematite and cemented with calcite.
2.02.05. The rocks of the Clinton thicken greatly in Pennsyl-
vania and run southwestward through the central part of the State.

1 J. 8. Newberry, Geol. of Ohio, Vol. IIL, p. 7. E. Orton, Geol. of
Ohio, Vol. V., p. 371,

3 N. 8. Shaler, Geol. of Ky., Vol. III., 168,

8 A, H. Chester, “ The Iron Region of Central New York;"” address
before the Utica Merchants and Manufacturers’ Association, Utica, 1881.
J. C. Smock, Bull. of N. Y. State Museum. C. H. Smyth, Jr., *“On the
Clinton Iron Ore,” Amer. Jour. Sci., June, 1892, p. 487.
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Six different ore beds have been recognized, of which the lower are
probably equivalent to the southern dyestone ores.!

The ores are of chief importance in the Juniata district. The
belt extends southwestward across Maryland and eastern West
Virginia, where the beds are quite thick, although as yet not much
developed, and appears in the extreme southwest corner of Virginia.
Thence it runs across eastern Tennessee, and is of very great im-
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Fi16. 14.—Clinton Ore, Clinton, New York. After C. H. Smyth, Jr.

portance. The lines of outcrop are known as “dyestone ranges.”
They lie west of the Siluro-Cambrian limestones (Example 2a) and
in the edges of the Cumberland tableland. Four or five are
known, of which the largest extends across the State. This ore is

1 J, H. Dewees, ‘“Fossil Ores of the Juniata Valley,” Penn. Geol.
Survey, Rep. F. E. d’Invilliers, Ibid., Rep. F8 (Union, Snyder, Mifflin,
and Juniata cdunties). A. S. McCreath, Ibid., Rep. MM, p.231. J. J.
Stevenson, Ibid., Reps. MM and T2 (Bedford and Fulton counties). I.C.
‘White, Ibid., Reps. MM and T3 (Huntington County). H. H. Stoek, ¢ Ores
at Danville, Montour County,” M. E., October, 1891.
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more fossiliferous toward the south and more odlitic toward the
north. It is very productive in the Chattanooga region.!

2.02.06. The Clinton just appears in northwestern Georgia, and
continues thence into Alabama,where it is again of great importance,

~~
‘ TR
FiG. 15.—Clinton Ore, Eureka Mine, Oxmoor, Ala. After C. H. Smyth, Jr.

and, with the less productive Siluro-Cambrian limonites, furnishes
practically all the ore of the State. The outcrop can be traced
almost continuously for 130 miles. The ore is rich in fossils and
occurs in several beds, which, although averaging much less, may

F1G. 16.—Cross-section of the Sloss Mine, Red Mountain, Ala.

aggregate, as at the Eureka furnace, as much as 34 to 37 feet. The
chief mines are in Red Mountain, a northeast and southwest ridge,
east and south of Birmingham. Folds and faults have brought the
beds into close proximity with the coal and limestone of the
region, and thus into a position very favorable for economic
working.?

1 Killebrew and Safford, Resources of Tennessee. E. C. Pechin, ¢ The
Iron Ores of Virginia,” etc., M. E., XIX. 1016. J. B. Porter, *‘ Iron Ores,
Coal, ete., in Alabama, Georgia, and Tennessee,” M, E., XV, 170. J. M.
Safford, Genl. of Tenn. P. N. Moore, Virginias, May, 1880, p. 78.

2 A. F. Brainerd, ‘‘On the Iron Ores, Fuels, etc., of Birmingham,



F16. 17.--Map of the Vicinity of Birmingham, Ala. From the Transac-
tions of the American Institute of Mining Engineers, Vol. XIX.,
Plate IV.
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The accompanying map, Fig. 17, illustrates the geography and
economic geology of the Birmingham district. In explanation it
may be said, that the three coal fields, the Warrior,-the Cahaba*
and the Coosa, make three elevated basins formed in part by
synclinal foldings and in part by faulting. The intervening strips
are relatively depressed ana constitute the so-called valleys, each of
which has its own name. Thus there is a long valley in which
Birmingham is situated and  which forks at the northeast corner of
the map. The central portion of it consists of Cambrian and
Lower Silurian rocks, which yield brown hematite ores, asindieated
on the map. They, however; are a minor feature and do not form
over 10 per cent. of the total furnace supply. On each side of the
valley there is a ridge called Red Mountain, mostly formed by
Clinton strata, with T'renton limestone beneath and black Devonian
shale above. The Clinton reaches a thickness of 150 feet, but is
quite variable in character. It may contain as many as five or
more beds of ore of differing thickness and somewhat contrasted
composition and structure. The best of these are worked. The
Clinton beds in Red Mountain dip on each side away from the
centre of the 'valley,, and really are the remains of an anticline
eroded at its crest. The anticline is of the usual Appalachian type
with steeper dips on one flank (in this case the northwestern) than
on the other, and the crest is nearer the northwest side than the
northeast. The dip at one important mine is shown in Fig. 15.
The most productive points are east and south of Birming-
ham, and along this line the largest mines are situated. The ore:
is chiefly won by open cuts, and is laid bare by stripping off the
hanging. Curiously enough, for an ore in the midst of limestone
and limey shales, it is prevailingly silicious, so that non-silicious or
calcareous varieties are much sought for mixtures. The red hema-
tites are also exposed in Murphrees Valley and are developed in
some large and productive openings. While on the west this valley
has the normal anticlinal flank, it is faulted along the east so that
the Clinton measures he against the Cambrian shales and are over-
thrown to a steep northwesterly dip.

Ala.,’’ M. E.,, XVIL 151, *‘‘The Sloss Iron Ore Mines,’’ Engineering
and Mining Journal, Oct. 1, 1892, p. 818. T. S. Hunt, ‘‘Coal and Iron
in Alabama,’’ M. E., XI. 236. J. B. Porter, ‘‘Iron Ores, Coal, etc., in
Alabama, Georgia, and Tennessee,’”’ M. E.,, XV. 170. E. A. Smith,
Alabama Geol. Survey, 1876 ; also A. 4. A. 8., XXVII, 246.

1 A detailed description of the Cahaba field, with a large geological



108 THE IRON SERIES, CONTINUED.

2.02.07. Red hematite, supposed to be of the Clinton stage, oc-
curs in Nova Scotia in very considerable amount, in Pictou and
Antigonish counties.!

2.02.08. In general the Clinton ore is characterized by a high
percentage of phosphorus, and is seldom, if ever, available for Bes-
semer pig. It is chiefly employed for ordinary foundry irons. The
percentage in iron varies much. Experience at Clinton, N. Y.,
shows that it averages about 442 Fe in the furnace. These hema-
tites have undoubtedly originated in some cases by the weathering
of ferruginous limestones above the water level. I. C. Russell has
shown that the unaltered limestones at the bottom of a mine in
Atalla, Ala., 250 feet from the surface, contained but 7.75% Fe,
while the outcrop afforded 57.52%. J. B. Porter has recorded the
gradual increase of lime also in another Alabama mine, from a
trace at the outcrop to 30.55% at 135 feet. Other writers have ex-
plained these beds as due to the bringing of iron in solution into
the sea of the Clinton age and to its deposition as small nodules,
ete., or as ferruginous mud. (Roger, Lesley, Newberry.) In this
way an oflitic mass has originated, as in the modern Swedish
lakes (Newberry). (See Example 1.) N. 8. Shaler has argued, on
the basis of the Kentucky beds, that the iron has been derived from
the overlying shales, and descending in solution has been precipi-
tated by the lower lying limestones. As the shales are themselves
calcareous, this seems improbable. A. F. Foerste has shown that
the ore is very often deposited either in the interstices of frag-
ments of bryozoans or as replacing their substance. The rounded,
water-worn character of the original fragments is regarded as oc-
casioning the apparent concretionary character. Admirable work
upon the origin of the ore has also been done by C. H. Smyth,
Jr. He finds that the small odlites, or concretions, as they occur
at Clinton, N. Y., and many other localities, have a water-worn
grain of quartz as a nucleus. The character of the grain is such
that it has evidently been derived from granitoid or schistose
rocks. The hematite comes off at times in concentric layers, when

map of it and the Birmingham valley was issued in 1890 by the Ala.
Geol. Survey, entitled ‘‘ Report on the Cahaha Coal-Field by Joseph
Squire.”” A. M. Gibson, ‘‘ Report on the Geological Structure of Mur-
phrees Valley,’’ Ala. Geol. Survey, 1893.

1 Sir J. W. Dawson, Acadian Geology, p. 591. Fletcher, Can. Geol.
Survey, 1886.
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tapped gently. It may also be dissolved away:so as to leave a
siliceous cast or skeleton of the spherule. Dr.Smyth thus makes a
strong argument that the ores in such cases are concretionary, and
that they were formed in shallow waters around the nuclei of sand.
But he also admits, as others quoted above have indicated, that the
replacement of bryozoa and the weathering of ferruginous lime-
stone have in many localities played their part. The iron ore is in
the latter case a residual product, but now the mine waters are de-
positing calcium carbonate rather than removing it.!

2.02.09. Glenmore Estate, Greenbrier County, West Virginia. A
bed of red hematite in Oriskany sandstones. Limonites are abundant
in the Oriskany of Virginia, and the hematite may have been de-
rived from such ? or vice versa.

2.02.10. Mansfield Ores, Tioga County, Pennsylvania. Three
beds of ore are found in the strata of the Chemung stage of Tioga
County, Pennsylvania. They are known as the (1) Upper or Spi-
rifer Bed, (2) the Middle or Fish Bed, and (3) the Lower Ore Bed.
No. 1 is full of shells and is about 200 feet below the Catskill red

. sandstones, and at Mansfield is two to three feet thick. No. 2 is
odlitic, resembles the Clinton ore, and affords fish remains. It lies
about 200 feet below No. 1 and varies up to six or seven feet thick.
No. 3 is 100 to 200 feet lower, and contains small quartz pebbles.’
The ore is not rich, and but little has been mined. It is a brown-
ish red hematite.*

2.02.11. Beds of red hematite are reported by Schmidt in the
Lower Carboniferous of western central Missouri.?

1 A, F. Foerste, ‘“Clinton Group Fossils, with Special Reference to
Collections from Indiana, Tennessee, and Georgia,” Amer. Jour. Sci., iii.,
XL. 252. (Abstract;original not cited.) ¢‘Clinton Oo¢litic Iron Ores,” Amer.
Jour. Sei., iii., XLI. 28. Rec. ¢ Noteson ClintonGroup Fossils, with Spe-
cial Reference to Collections from Maryland, Tennessee,and Georgia,” Proc.
Bost. Soc. Nat. Hist.,, XXIV. 263. J. P. Lesley, Iron Manufacturers’
Guide,p.611, J.S.Newberry, “Genesis of the Ores of Iron,” School of Mines
Quarterly, November, 1880, p. 18. Rec. H. D. Rogers, Geol. of Penn.,
Vol. II., p. 127. N. 8. Shaler, Geol. of Ky., Vol.IIL, p. 163. C.H. Smyth,
Jr., ¢“On the Clinton Iron Ore,” Amer. Jour. Sci., June, 1892, p. 487. Rec.

® 'W. N. Page, ‘“The Glenmore Iron Estate, Greenbrier County, West
Virginia,” M. E., XVII. 115.

3 A. S. McCreath, Rep. MM, Second Penn. Survey, p. 231.

4 J. P. Lesley, Geol. of Penn., 1888, Vol. L, p. 811. A. Sherwood, Rep.
G, Second Penn. Survey, pp. 88, 87, 41, 42, 67. A. S. McCreath, Rep. MM,
Second Penn. Survey, p. 261.

5 A. Schmidt, “Iron Ores and Coal Fields,” Missouri Geol. Survey,
1872, p. 169. F. L. Nason. °‘‘ Iron Ores of Missouri,’’ Idem, pp. 70-83.
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2.02.12. Example 7. Crawford County, Missouri. Bodies of
finely crystalline specular hematite, associated with chert, sand-
stone fragments, residual clays and some pyrite, in conical or
rudely cylindrical depressions in the Cambrian (Ozark) Series. A
broad area of upheaval runs across central Missouri from the east,
near St. Louis, to the southwestern part of the State. In the eastern
and central portions it is chiefly composed of Cambrian and Silurian
strata, but to the southwest Lower Carboniferous come in (see
2.06.06). The hematites here considered belong in the Cambrian.
In the region of the mines there is a heavy sandstone stratum,
earlier called the ¢“Second Sandstone,” but in the later reports de-
scribed as the Roubidoux. It is underlaid by a heavy limestone
stratum locally called the Gasconade. The Ozark uplift was
formed at the close of the Lower Carboniferous and has remained
exposed to atmospheric agencies ever since. Their effects are

F16. 18.—View in Cherry Valley Mine, showing sandstone with under-
lying cherty clay. The sandstone dips southeast inward
toward the ore. After F. L. Nason, Rept. on
Iron Ores of Missouri, p. 125. Plate VI.

ghown in the great mantles of residual clay, which are widely dis-
tributed, and in the phenomena of the hematite deposits. Dr. A.
Schmidt of the Missour: Survey of 1872 (Report on” ““Iron Ores,”
p. 66) thought that these had replaced pre-existing rock, or had
been deposited in hollows in the then existing surface. Pumpelly,
‘however, in 1885 (Zenth Census, Vol. XV., p. 12) advanced a more
probable -hypothesis, which is strongly supported by F. L. Nason.
The region is and has long been one of sink-holes caused by sub-



THE IRON SERIES, CONTINUED. 111

terranean drainage through the Gasconade limestone and the cav-
ing in, at times, of the overlying sandstone. Cavities were thus
afforded in which ferruginous waters might stand and precipitate
their dissolved burden of ore. Nason shows that several of the larg-
est mines are along lines of old drainage valleys. The edges or
walls of the pits are formed by the sandstone which dips inward,
a8 shown in the accompanying figures. Just how much overlying

F16. 19.—8ection of the northern end of the Cherry Valley Mine. 1, Clay
detritus; 2, Sandstone; 3, Cherty and slaty clay; 4, Ore; 5,
Blocks of sandstone. After F. L. Nason, Re-
port on Iron Ores of Missourt, p. 131.

Fi6. 20.—Cross section of the Cherry Valley Mine. 1, Sandstone; 2, Clay
and chert; 3, Sandstone dipping inward; 4, Magnesian
limestone. After F. L. Nason, Report on the

Iron Ores of Missourt, p. 134. )

rock has washed away does not appear with all desirable certainty,
but the presence of large amounts of chert mixed with the ore in-
-dicates that the cap must have been to a great extent limestone
with interbedded layers of this rock. As Nason states (*‘Iron
Ores of Missouri,” p. 138) the limestone that fell into the cavities
has been replaced with ore. It is very probable that the former
was an important precipitating agent to the latter. A fossil crinoid
was found at Cherry Valley, replaced by hematite, giving evidence
that even Lower Carboniferous strata had been present. The
leaching of these old, overlying beds and the superficial drainage-
seem to indicate the method of derivation of the ore.

The most produc"t.iv"e counties are Crawford, Phelps and Dent,
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but smaller deposits occur in several others. The largest mines
are the Cherry Valley, with a total product of over half a million
tons, the Simmons Mountain, which has yielded about half as
much and the Meramee with three hundred and seventy-five thou-
sand.

The total product of all the mines is computed by Nason at
about two and one-quarter millions of tons. A sample from a
stockpile made up at St. Louis furnaces from several mines,
yielded Fe 56.43, P. 0.065 (Nason, l.c. p. 157) but many are much
lower in iron. In former years 100,000 to 200,000 tons were an-
nually produced; recently, however, much less. Some anomalous.
features are presented by these ores in that they are specular
hematite in a practically unmetamorphosed sandstone, whereas
some less crystalline form would naturally be expected. Nason be-
lieves that they were originally sulphides and that the heat
generated by the decomposition of this mineral has affected the
change to specular.’

2.02.13. Example 8. Jefferson County, New York. Large
but irregular bodies of red hematite associated with crystalline
limestone, serpentine, and pyritous gneiss and overlain by Pots-
dam sandstone. The crystalline limestone is certainly pre-Cam-
brian, and would be called Algonkian in the later use of this term,
and later Laurentian in the earlier nomenclature.? In a forthcom-
ing report to James Hall, State Geologist, C. H. Smyth, Jr., has
named the limestone series the Oswegatchie. The ore bodies
occur along a northeast belt, from Philadelphia, Jefferson County,
to Gouverneur, St. Lawrence County. They range up to 30 or 40
feet in thickness and consists of red, earthy hematite in porous or
cellular masses, with some specular. Many interesting minerals,
including siderite, millerite, chalcodite, quartz, etc., are found in
cavities. The alignment of the mines along a marked belt has
given some ground for thinking them interbedded deposits, and
their association with Potsdam sandstone has created the impres-

1 W. M. Chauvenet, 7Tenth Census, Vol. XV., 1885, p. 403. F. L.
Nason, ‘‘Report on Iron Ores,’’ pp. 119-156, 218-231. Missour:i Geol.
Survey, 1892. Rec. R. Pumpelly ‘‘On Origin,’’ Tenth Census, Vol.
XVL, p. 12. Rec. A. Schmidt, ‘‘Iron Ores and Coal Fields,’’ Missouri
Geol. Survey, 1872, p. 124.

2 C. H. Smyth, Jr., ‘‘Geological Reconnaissance in the Vicinity of
Gouverneur, N. Y.,”” Trans. N. Y. Acad. Sci., XII. 97, 1893.
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gion that they are of Cambrian (or, as it was then called, Lower
Silurian) age.! J. P. Kimball has stated that they are replace-
ments of Calciferous limestone.? E. Emmons in the ¢ Report on
the Second District in the early New York Survey,” regarded the
associated crystalline limestone as an intruded igneous mass, and
the same method of origin was applied to the ores and accompany-
ing serpentine. The latter was called Rensselaerite by Emmons.
Brooks gave the following section, taken at the Caledonia Mine:
1. Potsdam sandstone, 40 feet. 2. Hematites, 40 feet. 3. Soft,
schistose, slaty, green, magnesian rock with pyrite and graphite,
90 feet plus. 4. Granular, crystalline limestone, with phlogopite
and graphite. 5. Sandstone (like 1), 15 feet. 6. Crystalline lime-
stone with beds and veins of granite. C. H. Smyth, Jr., has re-
corded the stratigraphical observations, cited earlier, and has form-
ulated the following explanation of origin. The lineal arrange-
ment of the ore-bodies is referred to their association with a great
stratum of pyritous gneiss belonging to the Oswegatchie Series.
This weathers deeply and becomes light and porous (constituting
thus a ¢ fahlband.”) It contains considerable disseminated
magnetite. The so-called serpentine or rensselaerite only occursin
association with ore and itself v.cies in character, so that one is
justified in regarding it as an altered form of several different
kinds of rocks. Smyth infers that the decay of the ferruginous
minerals, but especially of pyrite in the pyritous gneiss, has fur-
nished the iron-bearing sdlutions, which following down the dip
have replaced the crystalline limestone where the presence of in-
tended granites or the flattening of the dip checked the circula-
tions. The action of the acidulated ferruginous waters has altered
the granites and gneisses in the limestone series to the so-called
serpentine.?

These views are fortified by microscopic study of the rocks,

1 See T. B. Brooks, Amer. Jour. Sci. iii., IV. 22.

2 J. P. Kimball, Amer. Geologist, Dec., 1891, p. 368.

3 T. B. Brooks ‘‘On Certain Lower Silurian Rocks in St. Lawrence
Co., New York,”’ Amer. Jour. Sci., iii., IV.,p. 22. Rec. G. S.
Colby, Jour. U. S. Assoc. Charcoal Iron Workers, XI., p. 263. E. Emmons,
N. Y. Geol. Survey, Second District, p. 98. T.S. Hunt, ‘‘Mineralogy of
the Laurentian Limestones of North America,’’ 21st Ann. Rep. Regents
N. Y. State Univ., 1871, p. 88. J. C. Smock, Bull. N. Y. State Mus.,
No. 7, 1889, p. 4. Rec. C. H. Smyth, Jr., ‘‘Forthcoming Report of
James Hall,’’ State Geologist, submitted March, 1894. Rec.
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and though advanced only as an hypothesis are worthy of great
confidence.

The mines have afforded in the past a moderately rich (50 to 55%
Fe), non-Bessemer ore. The best known and largest producers are
the Old Sterling, the Caledonia and Kearney properties, but they
are not now operated and are not likely to be reopened in the im-

mediate future.
2.02.14. kixample 9. Lake Superior Hematites. Bodies of

hematite, both red and specular, soft and hard, in metamorphie
rocks. They vary widely in shape, although at times quite per-
fectly lenticular. They are usually associated with jasper and
chert, and have for a footwall a relatively impervious rock of some
sort. Magnetite is at times present. Although of varying physical
structure and associations, all the Lake Superior hematites are here
grouped under one general example, in order to avoid unnecessary
subdivisons, and to emphasize their related characters. There are
five principal ore-producing belts or districts, which are also called
in instances “ranges,” as they follow ranges of low hills. They
are, in the order of their chronological exploitation, the Marquette,
just south of Lake Superior, in Michigan ; the Menominee, on the
southern border of the Upper Peninsula and partly in Wisconsin
the Gogebic or Penokee-Gogebic, on the northwestern border be-
tween Michigan and Wisconsin ; the Vermilion Lake, in Minnesota,
northwest of Lake Superior ; and the Mesabi (Mesaba), in the same
general region as the last.

2.02.15. The geology of these districts has been a subject of
much controversy, not alone in the relations of the separate areas,
but in the subdivisions of a single one. The ever-present difficulty
of classifying and correlating metamorphic rocks has here been
very great. Moreover, there are other separate districts, of re-
lated geological structure, which ought also to be brought into
harmony, and only at a very recent date has this been even par-
tially attained.

2.02.16. The ores and their inclosing rocks have usually been
called Huronian, as this is the name formerly applied to the

1T, B. Brooks, ‘On Certain Lower Silurian Rocks in St. Lawrence
County, New York,” Amer. Jour. Sei., iii. IV., p. 22. G. S. Colby, Jour.
U. S. Asso. Charcoal Iron Workers, Vol. XI., p. 263. E. Emmons, N. Y~
Geol. Survey, Second District, p. 93. T. S. Hunt, ‘“Mineralogy of the
Laorentian Limestones of North America,” 21st Ann. Report Regents of
N.Y. State Univ., 1871, p. 88. J. C.Smock, Bulletin of N.Y. State Museum.
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schistose and metamorphic rocks overlying what was conceived to
be the basal, gneissic Laurentian. The later and more careful work
has essentially modified such grouping. The reorganization has
been chiefly brought about by R. D. Irving, C. R. Van Hise,
Alexander Winchell, M. E. Wadsworth, and the Canadian geolo-
gists, especially A. C. Lawson, who has worked in the Rainy Lake
region. The definite introduction of Huronian in the classification
is especially due to Logan (185%). Previously Foster and Whitney
had merely called all the metamorphic rocks concerned with the
iron ores in the Lake Superior regions “Azoic.” T. B. Brooks in
the Marquette district distinguished twenty members (1873), but,
as Major Brooks frankly states, the classification was chiefly in-
tended to aid explorations for ores. Rominger made the classi-
fication much simpler (1884), and many others have since written
on the subject.!

2.02.17. As now viewed, the Laurentian is regarded as con-
sisting of granites and gneisses and a higher series of gneisses and
schists. They are grouped under the name of “ Fundamental Com-
plex” by Irving and Van Hise (Cascade Formation of WWads-
worth, 1892), but the upper series is called Coutchiching in the
Rainy Lake Region by Lawson. The unconformity is an eruptive
-one. Above these, after an unconformity not always clearly
marked, comes the succession of schistose rocks, which are grouped
together under the name Algonkian. They consist of a lower
series, called by various names in the different regions, but which
inthe Marquette, Menominee, and Vermilion Lake districts contains
some of the most important mines. It is variously denominated
Lower Huronian, Lower Marquette, Keewatin, Lower Vermilion,
and Menominee proper in the different exposures, and probably
the great cherty limestone of the Penokee-Gogebic series is its
local equivalent, In the Marquette district Wadsworth has re-
cently divided it still further into the Republic and Mesnard forma-
tions. The upper part follows an unconformity and is called in the
different regions Upper Huronian, Animikie, Upper Vermilion, Up-
per Marquette, Western Menominee, and Penokee-Gogebic proper.

1 See M. E. Wadsworth, Notes on the Geology of the Iron and Copper
Districts, 1880; N. H. Winchell, ¢ A Last Word with the Huronian,”
Geol. Soc. Amer., Vol. IL, p. 85; C. R. Van Hise, ‘“An Attempt to Har-
monize some apparently conflicting Views of Lake Superior Strati-
graphy.” Amer. Jour. Sci., ii., XLI. 117 ; and Tenth Ann. Rep. Director
U. 8. Geol. Survey. The papers give many references.
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For the Marquette region this has also been fuither divided by
Wadsworth into two, the Holyoke and the Negaunee formations.
It is much less metamorphosed than the lower member, and in the
Marquette district contains some ore. In the Menominee region
of Wisconsin it affords the deposits there wrought and carries the
ore in the Gogebic range. Still higher, after another unconformity
follows the Keweenawan (Keweenian) or Nipigon. This closes
the Algonkian. Still above is the Potsdam sandstone.

2.02.18. Example 9a. Marquette District. The Marquette
district was earliest known and has been most thoroughly studied ;
Jbut owing to the confused geological structure, there has been, as
already remarked, much discordance of interpretation. In the Mar-
quette district the Huronian Algonkian rocks form a broad syn-
clinal trough with many subordinate folds and several tongues or
projections running out from the main body. They rest on and are
bounded by Laurentian gneiss. They consist of green schists,
quartzites, banded jaspers, slates, ore bodies, and dikes altered to-
“goapstone” or “soaprock.” Brooks divided them into twenty
members, of which Beds VI, X,, XIII,, and a horizon below V.
afford the ore. Bed XIIIL contains the magnetite, which increases.
in amount toward the western portion of the field. - Rominger in
Vol. IV. of the Michigan Survey, 1884, reduced the number to-
seven. Irving and Van Hise have contributed much in late years.
toward a solution of the geology. Irving regarded the series as
separable into a lower division of greenstone schists and more
acidic rocks, both of which are dynamically metamorphosed erup-
tive rocks, and an unconformable, overlying, iron-bearing division
of sedimentary origin. (See papers cited below.) Van Hise, how-
ever, in his latest paper places a break above the most important:
ore bodies.

2.02.19. The ores were classed by Brooks under five heads—(a)
Red specular, (5) Magnetic, (¢) Mixed, (d) Soft Hematites, ana (e)
Flag ores; and the grouping illustrates very well their physical
characters. The opening of other ranges and the unprecedented
supplies of rich ores have raised the merchantable grade to a point
far beyond what it was when Brooks wrote. Class (¢), including
the banded jaspery varieties, would not at present be salable, nor:
would class (¢) which included very ferruginous forms of certain
schists. As stated earlier the ores must now contain at least 60%.
metallic iron, and the best grades are guaranteed 64%or over. The
principal varieties to-day are hard ores and soft or.s. The former
are mostly specular and require blasting and are shipped as com-—



F16. 17.—Open cut in the Republic mine, Marquette range, showing a
horse cf jasper. From a photegreh by H. A. Wheelcr,
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paratively large lumps. The latter may be blue, red or brown and
occur as small fragments and dirt. When hydrated more or less
they resemble limonites, but they contain more iron than does
limonite.

2.02.20. The ore bodies have been in earlier years generally
regarded as true beds of greater or less extent and often of great
irregularity. They approximate a lenticular shape in the simplest
development, as is better shown in the other less disturbed districts.
In the Marquette region this is at times obscured by the excessive
disturbances. They often follow the foldings of the walls, partic-
ularly in synclinal troughs. Later developments have brought
out the fact that the ore bodies are associated with some underly-
ing rock that is relatively impervious. The favorite one is the so-
called soaprock, an altered igneous intrusion that is chiefly in
dikes. Beds of jasper seem to play the same réle. Van Hise, in
his paper of February, 1892, notes four varieties—(1) Deposits on
the contact of a quartzite conglomerate (the base of the Upper
Marquette) and the ore-bearing formation; (2) deposits resting
upon soaprock, which grades into massive diorite; (3) deposits
resting upon dikes of soaprock, which follow along or cut across
the ore-bearing formations ; (4) deposits interbedded in the jasper
or chert. In Figure 18 a generalized section taken from Van Hise
exhibits these different varieties. The soft ores lie in synclinal
basins just below the conglomerate, which, quartzitic in its upper
portion, forms the base of the Upper Marquette. The hard specu-
lar ores constitute lenses in the conglomerate and are due to the
mechanical concentration of ore grains which were supplied by the
erosion of the soft ores. South of the Marquette region and be-
tween it and the Menominee is found the Felch Mountain area. It
is a narrow synclinal, now cut off by erosion from the main exposures.

2.02.21. The origin of these ore bodies has been a subject of
much controversy. Detailed descriptions of the various hypoth-
eses will be found in Wadsworth’s monograph.! Only the im-
portant attempts at explanation are instanced here. The early
survey of Foster and Whitney (1851) attributed an eruptive origir;,
and the same difficult thesis has since been attempted by Wads-
worth (1880), who bases his argument chiefly on the analogy of
the banded jaspers to laminated felsites, and to the fact that they
and the ore curve around masses of inclosing schist or break across

1 M. E. Wadsworth, ‘‘ Notes on the Iron and Copper Districts of Lake
Superior,” Bull. Mus. Comp. Zoél., Vol. VII., No. 1, July, 1880.
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them, like intruded dikes. Wadsworth mentions Dr. Selwyn of
the Canadian Survey, and the late C. E. Wright, as supporters of
this view. 'While it may not as yet be possible to demonstrate
beyond question the true origin, it is quite inconceivable that

F1a. 18.—Cross sections to illustrate the occurrence and associations of
iron ore in the Marquette district, Michigan. After C.R. Vun Hise,
Amer, Jour. Sci., February, 1892; Engineering and Mining
Journal, July 9, 1892,

a nearly pure siliceous rock and an equally pure basic oxide should
be side by side and intimately associated asintrusive masses. They
would combine. Quite large masses of iron oxide may and do oc-
cur as segregations of basic magmas ; not, however, in any amount
in acidic. All other geologists who have given the matter atten-
tion concur in some form of sedimentary origin, or in origin by re-
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placement. The beds thus formed may have been afterward
metamorphosed. Credner, Brooks, Wright in his published work,
and at first Irving, described them as having formed as beds of

limonite. These were conceived to have been metamorphosed in

the general metamorphism of the region. Brooks thought it pos-
sible that the hematites were altered magnetites, an idea confirmed
by the presence of martite, but he considered all to have been
limonite originally. Irving’s views are set forth under Example 9c.
Van Hise’s latest work traces much the same relations as in the
less disturbed Gogebic district. He emphasizes the almost in-
variable occurrence of the ore along the contact of chert and in-
trusive dikes, which are now altered to so-called soapstone. This
relation is shown in Fig. 18. The ores are thought to have re-
placed these walls, synclinal troughs having been favorite points
of deposition. E. Reyer considered that the iron had been leached
from the neighboring, basic eruptive rocks (green schists), and had
been precipitated as hydrate. The eruptives are, in this view,
regarded as submarine, and the similar association of basic erup-
tives with the iron ores of Elba is commented on. _

2.02.22. It was in the forties that the importance and extent of
the ore bodies were first vaguely suspected. The trouble that they
made with the compasses of the early land surveyors indicated
their existence. Important mining began in 1854, Somewhat
over 100,000 tons were produced in 1860, over 800,000 in 1870,
nearly 1,500,000 in 1880. In 1877 the Menominee region was
opened, and in 1885 the Penokee-Gogebic and Vermilion districts
began to ship. The total shipments from the Lake Superior region
in 1890 were 8,982,531 tons. The total production to 1891 of the
Marquette district was 32,700,000 tons. A quite complete citation
of the literature is to be found in Wadsworth’s monograph, already
referred to, and in Irving’s “ Copper-bearing Rocks of Lake
Superior,” Monograph No. V., U. 8. Geol. Survey. Sece also under
Examples 95, 9¢, and 9d. Only the most important or most recent
papers are mentioned here.

1 J. Birkinbine, ‘¢ Resources of the Lake Superior District,” M. E,
July, 1887. T. B. Brooks, Geol. Survey of Michigan, Vol. 1., 1873; Geol.
Survey of Wisconsin, Vol. III., p. 450. H. Credner, ‘‘ Die vorsilurischen
Gebilde der oberen Halbinsel von Micligan in Nord Amerika,” Zeitsch. d.
d. Geol. Ges., 1869, XXI. 516; also Berg.- und Huett. Zeit., 1871, p. 369.
Foster and Whitney, Geol. of the Lake Superior District, Vol. 1., ¢“Iron
Lands,” 1851. R. D. Irving, ¢ Onthe Origin of the Ferruginous Schists and
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2.02.23. Example 95. Menominee District. The Menominee
River, which gives the district its name, forms the southeasterly
boundary between the Upper Peninsula of Michigan and Wiscon-
sin. The mines are situated about forty miles south of the Mar-
quette group, and the same distance west of Lake Michigan. The
larger number are in Michigan, but the productive belt extends
also into Wisconsin. They lie along the south side of an east and
west range of hills, which rise from 200 to 300 feet above the
surrounding swampy land. The geological section immediately
associated with the ore involves the following, all of which corre-
sponds to the Lower Marquette as outlined in the introduction. The
cherty limestone is local. (1) Norway limestone (named from the
Norway mine), a belt of siliceous limestone, 1200 feet thick; (2)
Quinnesec ore group, consisting of limestone, siliceous or jaspery
slates, black and flesh-colored, hydromica schists and slates and ore
beds, 1000 feet ; (3) Lake Hanbury slate group, slates and schists
with quartzose bands. Unconformably on these lies the hori-
zontal Potsdam sandstone. The ore occurs along two or three

Tron Ores of the Lake Superior Region,” Amer. Jour. Sci., iii., XX XII. 263;
“Preliminary Paper on an Investigation of the Archzan of the North-
western States,” Fifth Ann. Rep. Director U. 8. Geol. Survey, p. 131;
Seventh Ann. Rep., p. 431 ; also, Administrative Reports, in subsequent
volumes. J.P.Kimball, ¢ The Iron Oreof the Marquette District,” Amer.
Jour. Sei., ii., XXXIX. 290. H.S.Munroe, Schocl of Mines Quarterly, III.,
p. 43.  E. Reyer, ‘“Geologie der Amerikanischen Eisenerzlagerstitten
(insbesondere Michigan),” Oest. Zeit. f. Berg.- u. Hiitt., Vol. XXXV., pp.
120, 131, 1887. C. Rominger, Geol. Survey of Michigan, Vol. IV., 1884.
C. R. Van Hise, ‘“ An Attempt to Harmonize Some Apparently Conflicting
Views of Lake Superior Stratigraphy,” Amer. Jour. Sei., iii., XLI., p. 117,
February, 1891; Tenth ann. Rep. Director U. S. Geol. Survey ; *“ The Iron
Ores of the Marquette Dis'rict of Michigan,” Amer. Jour. Sci., February,
1892, p. 115, M. E, Wadsworth, “Notes on the Iron and Copper Districts
of Lake Superior,” Bull. Mus. Comp. Zodl., VII. 1,1880; ‘On tke Origin
of the Iron Ores of the Marquette District, Lake Superior,” Proc. Bost.
Soc. Nat. Hist., Vol. XX., p. 470; Engincering and Mining Journal, Oct,
29, 1881, p. 286 ; Ann. Rep. Mich. State Geologist, 1891-92. ¢ The Geology
»f the Lake Superior Region,” in a pamphlet issued by the Duluth, Scuth
thore and Atlantic R. R., 1892. Dr. Wadsworth announces a new subdi-
vsion of Furmations in this and in Amer. Jour. Sci., Jwnuary, 1898, p. 73.
BWedcing. Zeitsch. f. Berg.-, Hiilt -, und Salinenwesen in Preus. Staat.,
XIV., p. 839. C. E. Wright and C. D. Lawton, Reps. of the Commzs-
siovrs of Mineral Statistics of Michigan, 1880, and annually to date.
G. § Williams,  Greenstone Schist Areas ¢f the Menominee and Mar-
quety Regions of Michigan,” introduction by R. D. Irving, Bull. 62,U. 8.
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planes of deposition in (2) and not far from the contact with (1),
while minor bodies have been found in the Potsdam, which seem
to have resulted by the erosion of the older lenses in the Potsdam
times. (See paper by J. Fulton, cited below.) Especially instruc-
tive exposures of green schists are found which have furnished
some of the best evidence that they are metamorphosed, igneous, in-
trusive rocks. The ores are generally soft, blue, earthy hematites,
which give a red powder and consist of very finely divided parti-
cles of specular. The brown hematites are of very limited occur-
rence, being known only in the Emmet mine. The lenticular shape-
of the ore bodies is better shown than in the Marquette district, and
even the large masses clearly exhibit this cross section. They strike
about N. 75° W., and dip 70° to 80° N. They also pitch to the

F1a. 13..—Plan of Ludington ore body, Menominee district, Michigan.
After . Larsson, M, E., July, 1887.

west; i.e.,, run down diagonally on the dip. (Cf. New Jersey Mag-
netite, Example 13d). There were produced up to 1891 a grand
total of 12,800,000 tons since mining began.!

2.02.24. Example 9¢c. Penokee-Gogebic District. This lxes in
an east and west range of hills, which crosses the westerly boun-
dary of the Upper Peninsula and Wisconsin, and is from ten to
twenty miles south of Lake Superior, and eighty to one hundred

1 T. B. Brooks, Geol. Survey of Wisconsin, Vol. IIL., 430-663. D. E
Brown, ‘Distribution of Phosphorus in the Ludington Mine,” M. I,
XVI. 525. J. Fulton, ‘“Mode of Deposition of the Iron Ores of the le-
nominee Range, Michigan,” M. E., XVI. 525. Per. Larsson, ‘‘he
Chapin Mine,” M, E., XVI. 119, C. E. Wright, Geol. Survcy cf Wigon-
8in, IIL. 666, 734. G. H. Williams, ¢ Grecnstone-Schist Areas of theMe-
nominee and Marquctte Regions of Michigan, with an Introduction »y R.
D. Irving,” Bull. 62, U. S. Geol. Survey.
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miles west of the Marquette mines. The rocks are less metamor-
phosed than in the previous two districts. The strata run east and
west with a northerly dip of 60° to 80° and with no subordinate
folds. They consist of cherty limestone at the base, followed by
quartz, slates, quartzite, iron ore, and ferruginous cherts, and final-
ly slate and schists. The strata are traversed by dikes. The ore
is a soft, red, somewhat hydrated hematite, with more or less man-
ganese, which is often considerable and is most abundant in the
southern mines. Hard specular is rare. Irving first showed that these
ore bodies had originated from the replacement of dolomitic or

F1G. 24.—Cross section of the Colby mine, Penokee- Gogebic district, Miche
igan, to illustrate occurrence and origin of the ore. After C. R,
Van Hise, Amer. Jour. Sct., January, 1891, .

calcitic beds with iron oxide. Since then Van Hise has proved
them to be in the troughs formed by the intersection of northerly
dipping compact quartzites and southerly dipping trap dikes. He
has traced the iron to a source in the layers of cherty carbonates,
parallel with the quartzites and above them. From this it has
been leached out by the percolating water and has been deposited
in the apices of the troughs, where it has replaced the original car-
bonate rocks. Somewhat the same process is outlined for the Mar-
quette ores in his latest paper. Up to 1891, there were produced
agrand total of 8,300,000 tons of ore.!

1 R.D. Irving, Geol. Survey of Wisconsin, I11., pp. 100-167, 1880. ¢ Or-
igin of the Ferruginous Schists azd Iron Ores of the Lake Superior Re-



TI/1E IRON SERIES, CONTINUZD. 125

2.02.25. Example 9d. Vermilion Lake, Minnesota. Beds of
hard specular with but little soft, intimately associated with jas-
per (or jaspilyte, as locally called), and both contained in green
schists. The district is situated in the northeastern corner of
Minnesota, and northwest of Lake Superior. Two Harbors, the
shipping point, is twenty-six miles east of Duluth, and Tower,
the chief mining town, is sixty-seven miles from the docks. Leav-
ing the lake, the railroad first crosses the north flank of the Lake-
Superior synclinal, consisting of southerly dipping igneous rocks
belonging to the Keweenawan. Underlying these are a series of
gabbros and augite-syenites that contain titaniferous magnetite
and may be a parallel to the Adirondack norites. Next follow the
black slates of the Animikie, and then a bed of quartzite called the
Pewabic quartzite. N. H. Winchell applies to these collectively
the name Taconic, a term which the best work in the East rejects.
in its home. They form the Mesabi range of hills. Sedimentary,
gneissic, and eruptive exposures, referred to the Laurentian, suc-
ceed in the north. Next come the Vermilion mica and hornblende
schists, and after these the Keewatin sericitic schists, jaspilyte,
etc., containing the ore bodies at Tower. The Laurentian rocks
appear again on the north, and beyond to the northwest is the
Rainy Lake region, studied by A. C. Lawson. All the formations
referred to above run in belts, having a general direction north and
east. The ore bodies which are important as yet are all in the
Keewatin. They vary in size from small bodies up to masses,
which extend as much as a mile on the strike. They approximate
the lenticular shape so characteristic of crystalline iron ore de-
posits, The jasper, or jaspilyte, is everywhere associated, often
very intimately, in parallel bands with the ore, while the contain-
ing rock is a green schist which is regarded as an altered igneous
rock or tuff. The principal mines are located at Tower, on Ver-
milion Lake, and at Ely, which is twenty-three miles farther north-
east. N. H. and H. V. Winchell, in the Bulletin referred to be-

gion,” Amer. Jour. Sci., iii., XXXII. 263, 265 ; see also under Van Hise,
C. D. Lawton, ‘“ Gozebic Iron Mines,” Engineering and Mining Journal,
Jan, 15, 1887, p. 42. C. R. Van Hise, ‘“On the Origin of the Mica-
Schists and Black Mica Slates of the Penokee-Gogrbic Iron bearing Se-
ries,” Amer. Jour. Sci., iii.,, XXXI. 453459. ¢‘The Iron Ores of the
Penokee-Gogebic Series in Michigan and Wisconsin,” Amer. Jour. Sci.,
ili.,, XXXVIL 82. C. E. Wright, Geol. Survey of Wisconsin, III., pp. 239-
301. .



F16. 25.—Open-cut at Minnesota Iron Company’s Mine, Soudan, near
Tower, in south view looking west.

Photograph by J. F. Kemp, 1894,
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low, draw a parallel between the more crystalline rocke and the
Vermilion schists on the one hand, and the more sericitic and
hydrated rocks of the Keewatin on the other. The latter consist
chiefly of a chloritic mineral, a sericitic mineral, a feldspathic min-
eral, mostly plagioclase, and of hematite. The former exhibit a
hornblendic mineral, a micaceous mineral, a feldspathic mineral,
mostly orthoclase, and magnetite. A passage of one series of
rocks into the other is not at all an inconceivable metamorphio
process. But the whole region needs careful and detailed strati-
graphical work and views now published will probably be more or
less revised. The parallelism with the better known ranges on the
south shore of Lake Superior is in many respects striking. About
half the ores from Tower (hard specular) and all the ore from Ely
(Chandler mine, soft ore) are Bessemer. Nearly 400,000 tons of all
kinds were shipped in 1887 and 891,910 in 1890, making a grand
total of 3,200,000.

2.02.26. N. H. and H. V. Winchell have argued that these
ores originated as marine chemical precipitates. The great extent of
igneous rocks associated with them leads to the suggestion that the
inclosing rocks have been formed by submarine volcanoes, whose
lapilli, etec., have largely contributed their materials. Deposits of
iron and silica are thought to have formed from the heated over-
lying waters. Somewhat similar views of the extensive ore bodies
of Elba are held abroad.!

The general geological relations are also discussed in many of
the papers cited under the other districts, especially those of Irving
and Van Hise. '

2.02.27. Example 9¢. Mesabi Range. Of much more recent
development than the other districts is the Mesabi range of
Minnesota. The mines began to make important shipments of
ore in 1893. The indications are that the deposits are not less
extensive than in any other of the Lake Superior localities, if in-

1 A. H. Chester, Eleventh Ann. Rep. Minn. Geol. Survey, 155, 167.
T. B. Comstock, ¢ Vermilion Lake District in British America,” M. E.,
July, 1887. H. V. Winchell, ‘ The Diabasic Schists containing the Jaspilyte
Beds of Northeastern Minnesota,” Amer. Geol., I1. 18, N. H. and H. V,
Winchell, ‘“On a Possible Chemical Origin of the Iron Oresof the Keewatin
in Minnesota,” Amer. Geol., IV. 291, 889; “The Taconic Iron Ores of
Minnesota and of Western New England,” dmer. Geol., VI. 263; *“The
Iron Ores of Minnesota,” Bull. VI., Minn. Geol. Survey. Rec. Ann. Re-
ports of the Minn. Geol. Survey.
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deed they are not even larger and of a form to be more easily
mined. The present developments are situated southwest of Ver-
milion Lake, and nearer Duluth and Lake Superior. The ore lies
under the black slates called Animikie in the section given in
Paragraph 2.02.25, and over the quartzite, there called the Pewa-
bic; but they are situated twenty miles or so west of the line of
that section. The ore bodies are all south of the granite ridge
called the Giants’ range. Upon the southern slopes of this range
lie the green schists of the Keewatin, which are unconformably
overlain by the Pewabic quartzite. On this rests the ore-bearing

—
L
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F16. 26.—Generul cross section of ore body at Biwabik, Mesabt Range,
Minn. After H. V. Winchell, 20th Ann. Rep. Minn. State Geologist.

rock, which is a jaspery chert, called taconyte by H. V. Win-
chell. Over thix, in order, come greenish siliceous slates and
cherts, black slates (referred to the Animikie), and great masses of
gabbro. On the flanks of the Giants’ range the dip is steep, but
it flattens out nearly to horizontality away from the granite. All
the formations above the Keewatin are called Taconic by the Win-
chells.

2.02.28. The ore bodies lie on the southerly slopes of low hills,
and are found immediately below the mantle of glacial drift, which
varies up to 100 feet in thickness. Ore indications have long been
known on the range, and various reports have been made in previ-
ous years, although always unfavorably. The indications then

—r
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available showed only siliceous limonites of low grade. Deep test
pits, which penetrated these caps and the drift, have, however,
rewarded persistent prospecting. The ores are blue and brown and
of soft, earthy texture, with occasional hard streaks. They lie
from 10 to as much as 180 feet below the surface as now mined,
and where the stripping is sufficiently thin, it is removed with steam
shovels, and then after being shaken up with black powder the ore
is excavated in thesame way. The ore bodies are lenses, which at
times, as at the Mesaba Mountain or Oliver Mine in Virginia, ap-
pear to form a basin. In the central part of this mine, a drill
hole has shown 335 feet of ore, but the general run isless. The
ore bodies have usually a southeasterly trend and are longer than
wide. The blue ores are richest in iron and purest as regards
phosphorus, and they are the ores specially desired. Ores for
foundry iron also occur in large amount, but are at present less
sought for. The rock most intimately associated with them is the
chert, called taconyte. The underlying quartzite is occasionally
shown in the mines as well as the overlying slates, but the whole
region is so completely buried in drift that outeropping rock is
a rare thing.

The ores are thought by H. V. Winchell to have originated by
replacement of the taconyte. The rock contains calcareous streaks
which have perhaps aided in furnishing the carbonic acid which, it
is thought, has dissolved the silica of the taconyte in the replacement
process. Recently, valuable observations on the geology of the ores
have been accumulated by J. E. Spurr, while in the field for the
Minnesota Geological Survey, in whose Bulletin X. the detailed re-
port has appeared. A preliminary paper in the American Geologist
for May, 1894, gives an abstract of the results. Asin the Penokee-
Gogebic and Marquette district, the western end of the Mesaba
range is least disturbed and metamorphosed. The stratigraphy is
the same as is already outlined in preceding paragraphs, but the
quartzite is simply called by Spurr, Animikie, and not Pewabic.
The iron-bearing series is stated to be from 500 to 1000 feet thick,
with an average of 800 feet. 'T'he unaltered rock is described as con-
sisting of ““ eryptocrystalline, chalcedonic or finely phenocrystalline
silica” thickly ¢“strewn with rounded or subangular bodies made
up chiefly of a green mineral,” regarded as glauconite, the hydrated
silicate of protoxide of iron and potash. Analyses of the rock cor-
roborate this determination, because they indicate a constant but
small percentage of potash. Layers of the rock, rich in calcite
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(probably magnesian) also occur. Spurr is thus led to regard the
rock as an-altered greensand, to which view similar conclusions re-
garding the much more recent and unmetamorphosed ores of Texas
and Louisiana (see 2.01.15) give support. The chemistry of the
deposition is considered by Spurr to be the following. Atmos-
pheric waters, with dissolved carbonic acid, and some alkaline
salts have filtered into the cracks and become charged with
ferrous carbonate where the conditions prevented oxidation. The
greater solubility of the ferrous salt led to its solution before the
alkali attacked the silica.

Later, reaching more open and fissured portions, the ferrous salt
was oxidized and deposited while the silica was attacked and re-
moved by the alkali. In time, thus the iron oxide was concen-
trated along fissured strips, near faults, and the like, whereas the
silica was removed. It is recognized as well that the ferrous salt
was precipitated as carbonate, amid deoxidizing conditions. The
change from silicate or carbonate to hydrous oxide of iron led to
shrinkage and shattering, and the passage from hydrous oxide to
carbonate, where such occurred, to expansion and shattering. It
follows from the explanation that the regions of rich ore bodies
would be those of notable geological disturbances, so that faults
are presumed near Virginia, Biwabik and elsewhere.1

2.02.29. Example 10. James River, Virginia. Specular hema-
tite in narrow beds (lenses), interstratified with quartzites and slates
of metamorphic character and Archean age. 'They run four to six
feet, or less, in thickness, with prevailingly vertical dip, but they
also pitch diagonally down on the dip like the lenses of magnetite,
later described. They furnish a very excellent grade of ore. The
ore bodies are found along both sides of the James River, a few
miles above Liynchburg. Some magnetite also occurs in the region,
and some limonite. More or less clay accompanies the ore.?

2.02.30. Similar lenses of specular ore and magnetite are found

1 H. V. Winchell, Twentieth Ann. Rep. Minn. State Geologist, p. 112,
1892 ; reprinted M. E., 1892. Rec. The New York Times of Dec. 14,
1892, has a quite extended account. H. V. Winchell and J. T. Jones,
"““The Biwabik Mine,’’ M. E., February, 1893.

2 E. B. Benton, Tenth Census, Vol. XI., p. 363 (on Virginia). J. L.
Campbell, Geology and Resources of the James River Valley, p. 49, New
York, 1882. B. Willis, Tenth Census, Vol. XV., p. 301. The Virginias,
a monthly formerly published by Jed. Hotchkiss, at Staunton, contains
much information on Virginia in general.
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Fi6. 28.—Cross section of Pilot Knob, Mo.

ing by W. B. Potter,in Nason’s Report on the Iron Ores
of Missouri, p. 85, Mo. Geol. Survey, Vol. II., 1892.

in central North Carolina, in schistose
rocks, which have been referred to the
Huronian.

2.02.31. Lenses of specular hem-
atite of very excellent quality are found
also in metamorphic rocks, north of Fort.
Laramie, Wyoming, which may prove
productive in time. But little is as yet
known about them.

2.02.32. Example11. Pilot Knob,

‘Mo. Two beds of hard specular hem-

atite separated by a thin seam of so-
called slate (probably volcanic tuff), and
interstratified with breccias and sheets
of porphyry. Along the eastern limit
of the Ozark uplift of Missouri and
Arkansas a series of knobs of granite
and porphyritic rocks project through
the Cambrian limestones and sand-
stones. They are older than the lime-
stones, and clearly were not intruded
through them. The limestones and
sandstones lie up against the porphyry
and in the valleys between. The un-
derlying porphyry has been found in
the valley near Pilot Knob, after pene-
trating four hundred feet of sediment-
ary rocks. The porphyry and ores
have often been called Huronian, but.
in view of the recent reorganization of
the Huronian (see Example 9), this is
not done, nor ever has been, on any ac-
curate grounds. Pilot Knob is formed
by one of these eruptive knobs. It con-
sists of sheets of porphyries that are
capped by porphyry breccia, the two
ore beds, and the intervening tuff. The
beds strike and dip 13° 8. 8. W. The
hill is over 600 feet high. The lower
bed has furnished most of the ore, run-
ning from 25 to 40 feet thick, and af-
fording a dense bluish, specular hema-
tite of from 50 to 60% Fe, siliceous, and
very low in phosphorus. The upper bed
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is irregular and of lower grade and runs from 6 to 10 feet thick.
The Pilot Knob mines in this solid ore are now substantially
exhausted.

Recent drill holes on the northerly slope and below the out-
cropping face of ore have shown that under the Cambrian strata of

F16. 29.— View of open cut at Pilot Knob, Mo., showing the bedded char-
acter of the iron ore. From a photograph by J. F. Kemp, 1888.

the valley there is a great bed of ore boulders or breccia in clay,
much as is the case at Iron Mountain, later described. Analyses
of cores were not, however, sufficiently encouraging for develop-
ment during the present low prices for iron. Doubtless the bed
will afford important reserves.

2.02.33. Near Pilot Knob are two other hills of porphyry,
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From a photograph by H. A. Wheeler.

F1G6. 30.—View of Iron Mountain, Mo., from the east.

* Shepherd Mountain and

Cedar Mountain, -whose
ores are structurally more
related to Example 1la.
The first -contains three
veins, the Champion, the
North, and the South. They |

. are long and narrow (4 to

10 feet), strike north 60°
to 70° east, and dip 70°
north. The Champion vein
contained a little streak of
natural lodestone, but the
ore is mostly specular.

The North vein shows
a good breast of ore five
feet wide, but too full of
pyrite to be available. Ce-
dar Mountain has a vein of
specular ore. Neither hill
has been an important pro-
ducer. Minor veins have
been found on neighboring
porphyry hills (Buford, Ho-
gan,and Lewis mountains),
some of which contain
much manganese.

2.02.34. Example 11a.
Iron Mountain, Missouri.
Veins of hard, specular
hematite irregularly seam-
ing a knob of porphyry.
Iron Mountain is five or
six miles north of Pilot
Knob, and is a low hill with
a westerly spur called Lit-
tle Mountain, and has also
a northerly spur. It con-
sists of feldspar porphyries,
more or less altered. These
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are seamed with one large, and on the
west somewhat dome-shaped, parent
mass of ore, and innumerable minor
veins that radiate into the surronnding
rock. Upon the flanks of the porphyry
hill rests a mantling succession of sedi-
mentary rocks, that dip away on all
sides. The lowest member is a con-
glomerate of ore fragments, weathered
porphyry, and residual clay left by its
alteration. Itisregarded by Pumpelly
as formed by pre-Silurian surface dis-
integration and mnot by shore action,
inasmuch as sand doces not fill the in-
terstices, while white porphyry clay
does. It is, however, overlain by a thin
bed of coarse, friable sandstone, which
marks the advance of the sea, and whose
formation preceded the limestones.
This conglomerate is now the principal
source of the ore. It is mined under-
ground, hoisted and washed by hy-
draulic methods, like those employed
in the auriferous gravels of California,
and then jigged. The apatite haslargely
weathered out of it. The rock of the
mountain itself, in the cuts of the mines,
is largely kaolinized, and exhibits every-
where the effects of extreme alteration.
The smaller veins that penetrate the
porphyry show at times casts or much
altered cores of apatite crystals.
2.02.35. The porphyries of Pilot
Knob and Iron Mountain, in thin scc-
tion, are seen to belong to quartz-por-
phyries, feldspar-porphyries, and por-
phyrites. Both orthoclase and plagio-
clase are present in them, and many
interesting forms of structure. One
significant fact is that they are’every-
where filled with dusty particles of iron
oxide, probably magnetite. Our knowl-
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edge of the chemical composition of the porphyries is, however, as
yet very imperfect. An eruptive origin was originally assigned to
these ores by J. D. Whitney (Metallic Wealth of the United States,
p- 479, 1854), just as to the Lake Superior hematites. The later
investigations of Adolph Schmidt for the Missouri Survey in 1871
arrived at a different conclusion. Dr. Schmidt considered them,
whether occurring in an apparent bed, as at Pilot Knob, or in
various more or less irregular veins, as at Iron Mountain, to have
been formed either by a replacement of the porphyries with iron
oxide deposited from solution, or by a filling in the same way of
fissures, probably formed by the contraction of the porphyry in
cooling. In the valuable report on iron ores by F. L. Nason in
the Miesouri Geological Survey a sedimentary origin is advo-
cated for the Pilot Knob beds. They are conceived to have been
deposited in a body of water in a hollow, between formerly exist-
ing porphyry hills, which rose above. In the course of weathering,
the hills became the valleys and the early sedimentary beds the hill-
top. Itis, however, somewhat difficult to understand how the more
or less incoherent sediments withstood degradation better than the
hard, firm porphyry hills. Some such origin as sedimentation or re-
placement is, however, the only reasonableone. It isnotimprobable
that the Pilot Knob ores originated in the saturation and more or less
completereplacement of tufaceouslayers with inflltratingiron oxide.
An extended table of analyses of Iron Mountain ores will be
found in Mineral Resources of the United States, 1889-90, p. 47.!

ANALYSES OF HEMATITES, RED AND SPECULAR.

(The same discrimination must be employed in looking over these
analyses that was emphasized under limonite.)

Fe. P. S. |8.0,.|A1,0,| H,O.

Clinton, N. Y. (fossil ore)........ 44.10{0.650 | 0.23 | 12.68 | 5.45 | 2.77
‘Wisconsin (fossilore)........... 51.75 | 1.392
Pennsylvania (Mifflin ore)....... 44.4 |0.115 | 0.028
Tennessee (Meigs County)....... 51.68 | 0.345
Birmingham, Ala...... S 56.4 |0.34 16.8 | 0.5
Antwerp, N. Yoiooiieinanninnnn, 46.32 | 0.883
Missouri (Crawford County)..... 59.41 | 0.085
Marquette dist., Mich. (specular).| 68.4 | 0.53 207

o “ ¢ ¢ 64.83 | 0.067 360 | 2.03
Menominee district, Michigan.. | 60.47 | .009 3.38
Iron Mountain, Mo.............. 65.5 |0.040|0.010| 5.75
Pilot Knob, Mo......... ceeenes.| 09.15 | 0.015 18.27| 2.19
James River (Maud vein)....... 49.89 | 0.139
Elba ...... ceeens Ceeerieeieenans 61.81|0.02 |0.17 | 5.97| 8.47
Pure mineral........cooeiuenen. 70.0

1 G. C. Broadhead, * The Geological History of the Ozark Uplift,”
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These analyses are mostly taken from State reports and from
Mineral Resources of the United States. They are intended to
illustrate the general run of compositions, but for Birmingham and
Marquette are high. Analyses vary widely.

Amer, Geol., III. 6. J. R. Gage, *“On the Occurrence of Iron Ores in Mis-
souri,” Trans. St. Louis Acad. Sci., 1873, Vol. IIL., p. 181. E. Harrison,
“Age of the Porphyry Hills,” Ibid., Vol. IL., p. 504. E. Haworth, ¢ A Con-
tribution to the Archaean Geology of Missouri,” Amer. Geol., 1. 280-363 ;
“Age and Origin of the Crystalline Rocks ot Missouri,” Bull. V., Mo. Geol.
Survey, 1891. A. V. Leonhard, ‘Notes on the Mineralogy of Missouri,”
Trans. St. Louis Acad. Sci., Vol. IV., p. 440. F. L. Nason, ‘“Report on
the Iron Ores of Missouri,” Mo. Geol. Survey, II. Rec. R. Pumpelly,
“Geology of Pilot Knob and Vicinity,” Mo. Geol, Survey, 1872, p. 5; see
also remarks on Iron Mountain, Bull. Geol. Soc. Amer., Vol. IL., p. 220,
Rec. W.B. Potter, “The Iron Ore Regions of Missouri,” Journal U. S.
4sso, Charcoal Iron Workers, Vol. VL, p. 28. Rec. F. A.Sampson, “A
Bibliography of the Geology of Missouri,” Bull. I1., Mo. Geol. Survey, 1890,
(This is & valuable book of reference.) F. Shepherd, Ann. Rep. Mo. Geol.
Survey, 1853-54. Hist. A. Schmidt, ¢ Iron Ores of Missouri,” Mo. Geol.
Survey, 1872, p. 45, and especially p. 94. Rec. J. D. Whitney, Metallic
Wealth of the U. 8., p. 479



CHAPTER IIL
MAGNETITE AND PYRITE.

2.03.01. Example 12. Magnetite Beds. .Beds of magnetite,
often of lenticular shape, interstratified with Archean gneisses and
crystalline limestones. They are extensively developed in the
Adirondacks, in the New York and New Jersey Highlands, and in
western North Carolina, The presence of magnetite in' Michigan
(Example 9a), in Minnesota (Example 6b), on Shepherd Mountain
in Missouri (Example 11), and in Virginia (Example 12) bhas
already been referred to. Other magnetite bodies are known in
Colorado, Utah, California, and Wyoming, and will be mentioned
subsequently. Titanium is often present in such amounts as to
render the ore of no value. The same is true of pyrite and pyrrho-
tite. Apatite is always found, although it may be in very small
quantity. Chlorite, hornblende, augite, epidote, quartz, feldspar,
and a little calcite are the common associated minerals. In New
Jersey the beds occur in several parallel ranges or belts.

2.03.02. Example 12a. Adirondack Region. The magnetite
deposits occur in the foothills of the Adirondacks on all sides,
and to a less extent in the mountains themselves. The mountains
are very largely knobs of a rock, which is chiefly labradorite, with
some hypersthene and other bisilicates, and is variously called lab-
rador-rock, norite, hypersthene-rock, anorthosite, etc. Whether
this is igneous or a series of metamorphosed sediments, itis not yet
generally admitted, as the geology of the region largely remains to
be worked out. It certainly exhibits both metamorphic and igne-
ous facies and is undoubtedly a more or less metamorphosed igne-
ous rock. Associated with it, especially in the foothills, are gneiss
and crystalline limestones, in the former of which occur the mag-
netite deposits now wrought, but field work in the summer of
1892 has convinced the writer that there are large bodies of magne-
tite in true igneous gabbros in the town of Westport, if not else-
where. At Lyon Mountain, on the north, the Chateaugay ore body
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‘is really a-bed of gneiss very rich in magnetite, rich enough in
places to afford a merchantable ore. The greater part of it, how-
ever, requires concentration. It is known for several miles on the
outcrop.  On either side the ore shades out into the walls of bar-
ren rock. The Little River mines on the west side, in St. Law-

Fia. 82,—View of open cut and underground work in Mine 21, Mineville,
near Port Henry, N. Y. Photographed by J. F. Kemp, 1892.

rence County, appear to be a similar but larger bed or group of
beds of lean ore, said to be frcm 800 to 1500 feet wide and two
miles long. . The Barton Hill mines, near Mineville, are openings on
a single connected zone and extend. together with Fisher Hill, over
a mile on the strike. '

2.03.03. Besides these extended beds there are otner deposits
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exhibiting more perfectly the peculiar lenticular shape characteris-
tic of magnetite, and to this class are to be referred the greater
number of smaller bodies (Hammondville). They pinch and swell,
roll and fold and feather out, and often come off sharply from the
walls. They frequently follow and overlap one another like shin-
gles, the second one succeeding the first in the footwall. They are
not infrequently cut by trap dikes and are thrown by these and by
normal faults. _At Hammondville small gulches seem to cut off
the ore, and are probably due to faults. Other deposits are of
enormous size, as at Mineville (200 to 300 feet clear ore between
the walls), and their relations are less clear. They may be large
lenses doubled over in a sigmoid fold. The Champlain magnetite is
quite notably granular as contrasted with New Jersey, which tends
rather more to break in prisms.

2.03.04. C. E. Hall has divided the metamorphic rocks of the
Adirondacks into the (@) Lower Laurentian Magnetite Iron Ore
series, containing the most important ore beds. (d) The Lauren-
tian Sulphur Ore Series. (¢) The Limestones and the Labrador or
Upper Laurentian, with Titaniferous Iron Ores. (¢) is thought to
be certainly later than (a), but the relations of (8) are uncertain.
T. S. Hunt also states that the titaniferous ores are associated with
the Labradorite series or Norian, which he places as of later age
than the gneisses with the good ore.

Commercially the ores are divided into (1) ores high in phos-
phorus but low in sulphur; (2) ores low in both phosphorus and
sulphur; (3) pyritous ores; (4) titaniferous ores (Zenth Census,
Vol. XV.). Under class (4) come numerous beds which are worth-
less, but which if the titanium could be neutralized would be very
valuable (Lake Henderson; see 2.03.11). Mineville is by far
the most productive region. It ships 400,000 to 500,000 tons yearly.
Chateaugay and Hammondville are next. The Arnold mines pro-
duce some, while the Palmer Hill mines with the decline of the
bloomaries have gradually ceased. The mines on the west side of
the mountains are less important. They afford, so far as developed,
a low grade of ore, that, however, with the improvements in mag-
netic concentration, seems to promise well. The largest openings
are at Jayville and Little River.

There are numerous magnetite deposits in Canada of analogous
geological relations, but they are often highly titaniferous.!

1 L. C. Beck, Mineralogy of New York, Part 1., pp. 1-38. J. Birkin-
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2.03.05. Example 125. New York and New Jersey Highlands,
and the South Mountain of Pennsylvania. Beds of lenticular shape
in Archean gneiss and crystalline limestone. From Putnam County,
New York, a ridge of Archean rocks runs southwest across the
Hudson River, traversing Orange County, New York, and northern
New Jersey, and running out in Pennsylvania. Lenses of magne-
tite occur throughout its entire extent. They are not as large as
in the Adirondacks, but are more regularly distributed. East of
the Hudson, in Putnam County, the Tilly Foster mine is the most
important, and the descriptions and figures of it are the best illus-
trations of the shape of lenses published. West of the Hudson, in
Orange County, the Forest of Dean mine affords considerable ore
yearly. Itis cut by an interesting trap dike. As the results of
study of the Archean of this region, N. L. Britton has divided it
into a Lower Massive group, a Middle Iron Bearing, and an Upper
Schistose. (Geol. of N. J.,, 1886, p. 77.) F. L. Nason has also
sought to classify it on the basis of rock types, of which he makes
four, named, from their typical occurrences, Mount Hope type,
Oxford type, Franklin type, and Montville type. They are ar-

bine, ¢ Crys alline Magnetitein the Port Henry (N. Y.) Mines,” M. E., Feb--
ruary, 1890. Rec. H. Credner, Zeitsch. d. d. g. Gesell., 1869, XXI., p. 516;
B. und H. Zeit., 1871, 869. J. D. Dana, ‘‘On the Theories of Origin,”
Amer. Jour. Sci., iii., XXII, 152, 402. E. Emmouns, Geology of New York,
Second District, pp. 87, 98, 231, 255, 291, 809, 850. Hist. C. E. Hall,
‘“Laurentian Magnetite Ore Deposits of Northern New York,” 82d Ann.
Rep. State Museum, 1884, p.133. Rec. J. F.Kemp, ‘Notes on the Miner-
als Occurring near Port Henry, N. Y.,” Amer. Jour. Sci., iii., XI. 62, and
Zeitsch. f. Kryst., X1X. 183. G. W, Maynard, ¢ The Iron Ores of Lake
Champlain,” Brit. Iron and Steel Inst., Vol. I, 1874. 'W. C. Redfield,
“Some Account of Two Visits to the Mountains of Essex County, N. Y.,
in 1836-37,” Amer. Jour. Sci., i., XXXIIIL. 301. Hist. B. Silliman, ¢ Re-
marks on the Magnetites of Clifton, St. Lawrence County, N. Y.,” M, E.,
1.864. J. C. Smock, ¢ Iron Mines of New York,” Bull. VIIL., N. Y. State
Museum. Rec. J. Stewart, ¢ Laurentian Low Grade Phosphate Ores,”
M. E., February, 1892. Weddiag, Zeitschr. f. B., H., und S. im. p. St.,
XXIV. 330, 1876. See also the general works on Iron Ores cited at begin-
ning of Part II. On Canadian magnetites the following papers may be-
mentioned. F. P. Dewey, ‘‘ Some Canadian Iron Ores,” M. E., XII. 192,
B. J. Harrington, ¢ On the Iron Ores of Canada,” Can. Geol. Survey, 1873
74. T. S. Hunt, Can. Geol. Survey, 1866-69, pp. 261, 262. T. D. Ledyard,
“Some Ontario Magnetites,” M. E., XIX. 28, and July, 1891. W. H. Mer-
ritt, ¢‘ Occurrence of Magnetite Ore Deposits in Victoria County, Ontario,”™
A. A. A, 8., XXXI. 413, 1882,
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ranged in their order of probable age. They correspond in some
respects to Britton’s grouping, but differ materially in others.
(Geol. of -N. J, 1889, p. 30.) Four courses, or mine-belts, have
been recognized in New Jersey,—the Ramapo, the Passaic, the Mus-
conetcong, and the Pequest,—in order from east to west. The
lenses strike northeast with the gneisses, and usually have, like
them, high dips. In addition they have also a so-called “pitch”

F1c. 33a. Fia. 33b.

FiGs. 33a and 33b.—Model of the Tilly Foster ore body. 83a, Top view,
showing faulted shoulder. After F. 8. Ruttmann, Trans. Amer.
Inst. Min. Eng., XV. 79. 33b, View of bottom of same.
Photographed by J. F. Kemp from the model now
at the School of Mines, Columbia College.

along the strike, so that they run diagonally down the dip. They
have been observed to pitch northeast with an easterly dip and
southwest with a westerly. Either by the overlapping of lenses
or by an approximation to an elongated bed, they sometimes, as at
Hibernia, extend a mile or more in unbroken series. Again, they
may be almost circular in cross section (IHurd mine). At Frank-
lin Furnace one is found in erystalline limestone.!

1 E. 8. Breidenbaugh, ‘“On the Minerals Found at the Tilly Foster
Mine, New York,” dmer. Jour. Sci., iii., VI. 207. J. F. Kemp, *‘ Diorite
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2.03.06. South Mountain, Penn. Small lenses of magnetite oc-
cur in Berks, Bucks, and Lehigh counties of southeastern Pennsyl-
vania, in the metamorphic rocks of the South Mountain belt. They
are very like those to the north in New Jersey, but are lower in
both iron and phosphorus. Their product is about 100,000 tons
yearly. The Cornwall magnetite is described under Example 13,
for its geological structure is entirely different from the lenses.!

2.03.07. Example 12¢. Western North Carolina and Virginia.
Beds of magnetite, of the characters already described, in Archean
gneisses and schists. The ore body at Cranberry, N. C., is the lar-
gest and best known. It occurs in Mitchell County, and haslately
been connected by rail with the lines in east Tennessee. Accord-
ing to Kerr, the principal outcrop is 1500 feet long and 200 to 800
feet broad ; but, of course, all of this is not ore. The mines can
afford very large quantities of excellent Bessemer grade. Pyrox-
ene and epidote are associated with the ore. Ierr has referred the
magnetite to the Upper Laurentian. In the southern central por-
tions of North Carolina other magnetites occur in the mica and tal-
cose schists, which have been referred to the Huronian. (See H. B.
C. Nitze, Bull. I. V. C. Geol. Survey, for detached report.) (Ex-
ample 10.) Magnetite has also been lately reported from Franklin
and Henry Counties, Virginia, and Stokes County, North Caro-
lina. Some doubt, however, is cast on its amount and quality.?

Dike at the Forest of Dean Mine,” Amer. Jour. Sci., iii.,, XXXV. 831,
F. H. McDowell, *‘ The Reopening of the Tilly Foster Mine,” M. E., XVII,
7158 ; Engineering and Mining Journal, Sept. 7, 1889, 206. F.S. Ruttman,
‘“Notes on the Geology of the Tilly Foster Ore Body, Putnam County,
New York,” M. E.,, XV.79. Rec. J. C. Smock, Bull. VII., N. Y. State
Museum. Rec. A.F Wendt, * The Iron Mines of Putnam County,” M. E.,
XIII. 478. *‘Iron Mines of New Jersey,"” School of Mines Quarterly,iv.,
III. N. L. Britton, Ann. Rep. N. J. Survey, 1886, p. 77. Rec. G. H.
Cook and J. C. Smock, Geol. of N. J., 1868. Rec. (See also subsequent
annual reports, especially 1873, p. 12.) F. L. Nason, Ann. Rep. N, J.
Survey, 1889. Rec. J. W. Pullmann, ¢ The Production of the Hibernia
Mine, New Jersey,” M, E., XIV. 904. J. C. Smock, ¢ The Magnetite Iron
Ores of New Jersey,” M. E., II. 314; “* A Review of the Iron Mining In-
dustry of New Jersey,” M. E., June, 1891. Rec.

1 E. D'Invilliers, Rep. D3, Penn. Survey, Vol. IL. (South Mountain
Belt of Berks County). Rec. F. Piime, Rep. D3, Vol. I. Penn. Survey
{Lehigh County). B. T. Putnam, Tenth Census, Vol. XV., p. 179.

2 'W. C. Kerr, Geol. of N. C., 1875, 264. H. B. C. Nitze, ‘** On Some of
the Magnetites of Southwestern Virginia, etc., and Discussion of Same,
by E. C. Pechin,” M. E., June, 1891. B. Willis, Tenth Census, Vol. XV,
p. 325. E. & M. Journal, Jan. 7, 1888. Kerr & Hanna, “Ores of North
Carolina, ’’ 1893.
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2,03.08. Example 12d. Colorado Magnetites. Beds of mag-
netite of a lenticular character in rocks described as syenite (Chaf-
fee County) and diorite (Fremont County). With these a number of
others are mentioned which vary from the example, but of which
more information is needed before they can be well classified. The:
last are mere prospects. The mines in Chaffee County have been the:
only actual producers. There are three principal claims—the Cal-
umet, Hecla, and Smithfield. They extend continuously over 4000:
feet. The wall rock is called syenite. Chauvenet describes them.
as having resulted from the oxidation of pyrites, and as being in
rocks of Silurian age. They average 574 Fe, with only 0.009 P,
but are comparatively high in S, reaching 0.1 to 2.05. These mines.
and those at the Hot Springs, mentioned under Example 2, have
furnished the Pueblo furnaces with most of their stock. The de-
posit in Fremont County is at Iron Mountain, but is too titanifer-
. ous to be valuable. It is a lenticular mass in so-called diorite. A
large ore body has been reported from Costillo County, in limestone-
(Census Report) or syenite (Rolker). In Gunnison County, at the
Iron King and Cumberland mines, excellent ore occurs in quartz-
ites and limestones, called Silurian. At Ashcroft, near Aspen,
high up on the northern side of the Elk Mountains, is a great bed
or vein of magnetite, in limestones of Carboniferous age, with
abundant eruptive rocks near. It is thought by Devereux to be al-
tered pyrite. Still, pyrite is a common thing with magnetite else-
where. There are other smaller deposits in Boulder County and
elsewhere in the State.!

2.03.09. In Wyoming an immense mass of titaniferous magne-
tite is known near Chugwater Creek. It is described by Hague as
resembling a great dike in granite? Gabbro is in the neighborhood.

2.03.10. Example 12¢. California Magnetite. Beds of mag-
netite of lenticular shape in metamorphic slates and limestones on
the western slope of the Sierra Nevada. Others of different char-
acter are also known. In Sierra and Placer counties lenses of
excellent ore are found, accompanying an extended stratum of lime-

1 R. Chauvenet, ‘‘ Papers on Iron Prospects of Colorado,” Ann. Reps.
Colo. State School of Mines, 1885 and 1887; also M. E., Denver meeting,
1889. Rec. W. B. Devereux, ‘ Notes on Iron Prospectsin Pitkin County,
Colorado,” M. E., XIIL 608. B. T. Putnam, Tenth Census, Vol. XV., p.
472. Rec. C. M. Rolker, ‘Notes on Iron Ore Deposits in Colorado,””
M. E., XIV, 266, Rec.

3 «Jron Mountain, Wyoming,” 40th Parallel Survey, Vol. 1L, p. 14,
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stone in chlorite slate. A great ore body of magnetite described
as a vein has lately been reported from San Bernardino County.
It is said to be from 30 to 150 feet thick, and to lie between dolo-
mitic limestone and syenite.! A great bed of a kind not specified
is reported from San Diego County.?

2.03.11. Example 13. Masses of titaniferous magnetite in
igneous rocks which are most often gabbros or related types.
General comments were made upon these in 1.06.14 and 1.06.16.
In many cases such ore bodies seem undoubtedly to be excessively
basic segregations of fused and cooling magmas. Whether the
tendency of these early crystallizations to concentrate is due to
Soret’s principle, to magnetic currentsor attractions, or to the high
specific gravity of the mineral which might cause it to sink in the
magma is perhaps not always clear, for all these explanations have
been suggested. The masses are not yet of practical value in North
America, and hence are not, strictly speaking, ores, but no one fa-
miliar with their size and amount can resist the conviction that
they will ultimately be utilized. The commonest rocks form-
ing the walls are gabbros, norites, diorites or peridotites, all
of which are close relatives. Later metamorphism, such as moun-
tain-making processes and the like, sometimes give the wall-rock a
gneissic structure and stretch out the ore into apparent beds. In
the great series of labradorite rocks, which is so extensive in
Canada and the Adirondacks, and which was called by T. S. Hunt
the Norian, these ores are very abundant. What are doubtless the
largest masses of them in this region occur at the headwaters of
the Hudson River near Lake Sanford and Lake Henderson. Prof.
E. Emmons, of the New York Geological Survey in 1835-40, de-
scribed them at length in his report on the Second District. For
some 15 or 20 years a small charcoal furnace treated them to ad-
vantage but was blown out before the war. A recent survey by
Uno Sebenius has indicated even more ore than was known to
Emmons, although he recorded a mass 500 feet wide and 1600

1 Ann. Rep. State Mineralogist, 1889, p 285.

3 Ibid., 1889, p. 1564. J. R. Browne, ¢ Mineral Resources West of the
Rocky Mountains,” 1868. C. King and J. D. Hague, ‘‘Mineral Resources
West of the Rocky Mountains,” 1874, p. 4. H. G. Hanks and W. Irelan,
Ann. Reps. State Mineralogist, California. (Very little oniron.) F. von
Richthofen, private reports quoted in Tenth Census, Vol. XV., p. 495.
J. D. Whitney, Geol. Survey Cal., Vol. L.
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feet long. Smaller bodies are frequent elsewhere in the Adiron-
dacks! (as at the Split Rock Mine, Westport, the Crag Harbor,
Port Henry, the Humbug Vein, Mineville). The TiO, ranges up
to about 154 and with it is much Al,O,, but on the other hand
very little sulphur or phosphorus. . Whether the TiO, is present
in mechanically mixed non-magnetic ilmenite (menaccanite) or in
an actually titaniferous magnetite is not always clear. This ques-
tion has its practical bearings, for hopes have been entertained that
magne