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TRANSLATOR'’S PREFACE.

In presenting an English edition of Professor Beck’s ‘Lehre von den
Erzlagerstatten,” for which he has generously given his consent, a few
words of explanation are necessary. I was originally asked by the publishers
to practically rewrite the book from an American standpoint, giving greater
prominence to American ore deposits. This was abandoned because it in-
volved serious abridgement of the descriptions of important foreign locali-
ties, descriptions which make the work especially valuable to American en-
gineers and geologists. I have, however, in most instances, consulted the
original authorities, and written many new descriptions of American ore de-
posits, especially where, by reason of personal study or of recent detailed
scientific investigation made since Professor Beck’s book was issued, such
a course seemed advisable. For such additions and changes I alone am re-
sponsible.

A slight abridgment of the historical matter will also be noted. In the
rendering of technical terms the word ‘formation’ has been used only ex-
ceptionally, as it is not in accordance with current American usage in treat-
ing on ore deposits on account of its use in general geology. Fliche,
Stehende, etc., have been dropped in the translation. Lode and vein have
been discriminated, as done by Emmons.  The arrangement has not
been altered, although it is recognized that it is not so convenient for refer-
ence as it would be to group the descriptions under the name of the predom-
inant metal. The table of contents and index will, however, fully answer
the requirements of those who only seek special information about a particu-
lar metal.

I am under deep obligation to Mr. Robert Stein, of the Bureau of Statis-
tics, for his help in the translation, and to Mr. S. F. Emmons for his eriti-
cism and revision of a number of descriptions. The prefaces are given in
the original German, that the charm and spirit of Professor Beck’s text
may be retained.

WaLTER HARVEY WEED.
Washington, D. C., July 26, 1905.



AUS DEM VORWORT ZUR ERSTEN AUFLAGE

Als die Vortrige iiber Lagerstittenlehre an der Koniglichen Berg-
akademie zu Freiberg mir iibertragen worden waren, wurde ich gar bald
irne, wie sehr Lehrer sowohl wie Schiiler dieser Wissenschaft ein dem
heutigen Stande derselben entsprechendes Lehrbuch in deutscher Sprache
vermissen. Hieraus entsprang der Plan, selbst jene Liicke auszufiillen,
und alle Studien und Reisen, alle Niederschriften, Ausziige und Er-
kundigungen wurden fortan mit diesem Ziele vor Augen ausgefohrt. Zug-
leich bot die umfassende, von A. W. Stelzner so griindlich durchgearbeitete
und nach seinem Tode stark vermehrte und von neuem durchgesehene Lager-
rtittensammlung der Bergakademie eine vortreffliche Grundlage, auf der
allmihlich das Werk aufgebaut werden konnte.

Durch viele Reisen und Grubenbefahrungen versuchte der Verfasser von
allen zu beschreibenden Lagerstittentypen eigene Anschauung zu gewinnen.
Ddnkbar war er sich hierbei der steten Anregung und Forderung bewusst,
die der Wohnsitz und die amtliche Thitigkeit in der alten Bergstadt, der
ununterbrochene Verkehr mit befreundeten Collegen aus den wissenschaft-
lichen Nachbargebieten und die vielen Beriihrungen mit erfahrenen Ménnern
der Praxis gewdhren mussten. Auch die engen Verbindungen mit auslan-
dischen Bergrevieren durch alte Freiberger Bergingenieure, die kommen
und gehen und selten mit leeren Hinden kommen, waren einer solchen
Arbeit hochst forderlich. Ebenso dankbar wurde die Schulung im praktis-
chen geologischen Arbeiten empfunden, die der Verfasser als die Frucht
ciner zwolfjahrigen Dienstzeit an der Kgl. sichsischen geologischen Lande-
sanstalt unter dem von ihm hoch verehrten Herrn Geheimen Bergrath Prof.
Dr. H. Credner in das neue Amt mitbringen durfte.
~ Seit B. v. Cotta’s Lagerstittenlehre erschien, ist der zu bewilti-
gende Stoff ganz riesenhaft angeschwollen. Man denke nur allein an
die seither zugewachsene, damals nur erst in ihren Anfingen vorhandene,
jetzt so iiberaus grossartige und werthvolle amerikanische Litteratur auf
diesem Gebiete. Eine Unzahl von, Veroffentlichungen musste eingesehen
und verarbeitet, ihr Inhalt mit den Belegstiicken der Sammlung verglichen
werden. Wer den Umfang der Lagerstittenlitteratur nur einigermassen
kennt, wird es entschuldigen und erkléirlich finden, wenn dies und jenes
trotz allen guten Willens vergessen werden konnte. Fiir alle freundlichen
Belehrungen, die kiinftige Verbesserungen ermdglichen, besonders auch fiir
Uebersendung von Publicationen werde ich stets dankbar sein. Eine Liick-
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AUS DEM VORWORT ZUR ERSTEN AUFLAGE. v

enhaftigkeit wird man namentlich bei den statistischen Notizen finden, die
in diesem Werke den Zweck haben, eine Vorstellung von der Grisse der
Erzlagerstitten und daneben auch von deren Skonomischer Bedeutung zu
erleichtern. ’

Zu grossem Danke verpflichtet bin ich Allen, die mich durch Beant-
wortung von Fragen, durch Sendungen von Litteratur und Belegstiicken,
durch Ueberlassung von Notizen und Skizzen in so uneigenniitziger Weise
unterstiitzt haben, ganz besonders auch meinem Collegen, Herrn Professor
Uhlich, der mir den Abschnitt iiber dje markscheiderische Ausrichtung von
Verwerfungen lieferte, Herrn Bergingenieur H. Oehmichen, der mir bie der
Ausarbeitung des Abschnittes iiber die Siebenbiirgischen und Banater Lager-
stitten behiilflich war, und Herrn Privatdocent Bauinspector Hoyer in Han-
nover fiir eine Ausarbeitung iiber die Eisenerze der Gegend von Ilsede und
Salzgitter. Dem Herrn Verleger endlich verdanke ich das opferwilligste
Entgegenkommen bei der Ausstattung des Buches.

So wiinsche ich denn dieser Arbeit eine nachsichtige Beurtheilung und
gebe gie hinaus mit einem hoffnungsreichen

Gliickauf !

Freiberg, im Juni 1900.

. DR. RICHARD BECK.



VORWORT ZUR ZWEITEN AUFLAGE.

Dass es schon nach drei Jahren moglich und nothwendig war, eine zweite
Auflage dieses Werkes hinaus zu senden, die zugleich mit einer franzosischen
Uebersetzung (im Verlag von Béranger, Paris) erscheint, hat den Verfasser
mit Freude erfiillt. Er war sich aber auch der grossen Verantwortlichkeit
bewusst, die ihm hierbei auferlegt war, und ist ernstlich bestrebt gewesen,
den Inhalt eines Buches, das vielfach als Lehrbuch dient, einer kritischen
Nachpriifung zu unterwerfen. Auch bemiihte er sich moglichst alle seit der
ersten Auflage erschienenen wichtigeren Veriffentlichungen auf dem weiten
Gebiete der Erzlagerstittenforschung zu beriicksichtigen.

Die Anordnung des Stoffes musste mehrfach in Folge besserer Erkennt-
niss der genetischen Vorgiinge abgeindert werden. Auch stilistisch wurde
an vielen Stellen nachgefeilt. Mehrere Abbildungen wurden verbessert oder
durch andere ersetzt. Eine grosse Zahl neuer Beispiele in zum Theil
ausfiihrlicherer Schilderung kamen hinzu.

Inzwischen vermochte der Verfasser seine Reisen zu eigenen Studien fort-
zusetzen und in dem Werke zu verwerthen. Er sah die wichtigsten Erzre-
viere auf Elba und in Toskana und schloss die monographische Bearbeitung
mehrerer sichsischer Lagerstitten ab. Endlich konnte er viele seither
eingegangene, reiche und interessante Zusendungen von Belegstiicken aus
auswiirtigen Grubendistricten, die er grossten Theils alten Freibergern ver-
dankt, in der zweiten Auflage beriicksichtigen.

Die Litteratur ist seit 1900 wieder gewaltig angeschwollen. Mit grosser
Freude gedenkt hierbei der Verfasser auch einer Anzahl von Verdffentli-
chungen seiner ehemaligen Schiiler. Die Publicationen, die ihm in dankens-
werther Weise von Seiten der Fachgenossen zugingen, waren so zahlreich
und vielfach so inhaltsreich, dass die Zeit kaum hinreichte, um dies weit-
schichtige Material zu bewiltigen.

Um den Umfang des Buches trotz der starken Erweiterung seines In-
haltes nicht zu vergriossern, musste theilweise kleiner Druck in Anwendung
kommen.

Aufrichtigen Dank stattet der Verfasser allen denen ab, die ihn durch
erginzende Mittheilungen und durch Angabe einer Anzahl von Irrthiimern
innerhalb der ersten Auflage zu unterstiitzen die Giite hatten.

Freiberg, im Mai 1903.

DR. RICHARD BECK.
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INTRODUCTION. *

DEFINITION OF AN ORE AND OF AN ORE DEPOSIT.

In a mineralogical sense an ore is a metalliferous mineral or a mixturs'
of such minerals. Practically, however, this definition of an ore must be
qualified by the statement that only those minerals and mixtures of minerals
are ores from which metals or metallic compounds may be produced on a
commercial scale and at a profit.

Two examples of equal mineralogic or petrographic value may differ
materially: a basalt carrying enough magnetite to influence the mag-
netic needle, but yet containing less than 10 per cent of iron, is far
from being an iron ore. On the contrary, a vein with a silver content of
only 0.5 per cent is an ore deposit, since with this content it is commer-
cially valuable. In the case of a gold deposit the amount sufficient to dis-
tinguish a gold ore from barren rock may be even less, for in California
and Dakota gold ores with only from 4 to 6 grains per ton' of gold are
exploited. Hence it is the economic point of view that must always be
borne in mind, the profit of working being subject to variation in the
course of time. While nickel and cobalt were formerly nicknames for
materials which were thrown upon mine dumps as useless, and were con-
sidered as a mere nuisance in silver mining, today the compounds of these
metals and the associated minerals are in great demand as ores.

To a certain degree a mineralized material may be an ore in one locality
and yet not be an ore in another place, the cost of reduction depending on
the proximity to lines of traffic and cheap freights.

The science of ore deposits is, in other words, the study and considera-
tion of the deposition, distribution and origin of rock hodies containing
ores in such quantities that they may be extracted profitably by mining op-
crations.

The science of ore deposits is a branch of geology which can only be under-
stood and practiced by those who have some knowledge of that science, par-
ticularly of petrography, and of course, also, a knowledge of mineralogy and
chemistry.

The ton as used in this work is the metric ton of 2,205 b,



) THE NATURE QW ORE DEPOSITS.

TBE MosT IMPORTANT ,’Ijkfg.:&cr'rsns OoN Ore DErosiTs, AND THE List oF
JourNaALs IN WHR ORE DEPosITS ARE DESCRIBED OR DISCUSSED.

Bernhard von Cufta® ‘Die Lehre von den Erzlagerstatten.’ Two parts: First
part, second «gditiong® second part exhausted. Frei '::F, 1859-1861. (Translated
into English by.F. Prime, New York, 1870.) Antiquated in many respects.
Albreghfs.von*Groddeck. ‘Die Lehre von den Lagerstatten der Erze.’ Leipzig,
1879. .{TrdnHated into French by M. Kiiss.) Out of print and in many respects

antiqu; Ad
‘.[3. Fuchs and L. De Launay. ‘Traité des Gites Minéraux et Métalliféres.’ Vol-
~nde T and II. Paris, 1893. Large encyclopedic handbook.
. o *v%L. De Launay. ‘Formation des Gites Métalliféres.” Paris, 1893. Encyclopzdia
“«% Stientifique des Aide Mémoires. Small manual.
° J. A. Phillips and H. Louis. ‘A Treatise on Ore Deposits.” Second edition.
London, 1896.

J. F. Kemp. ‘The Ore Deposits of the United States and Canada.’ Third edition.
New York and London, 1900.

Branner, J. C. ‘Syllabus of Economic Geology.” Stanford University, California.

B. Lotti. ‘I Depositi de i Minerali Metalli.’ ilan, 1903.

Posepny, Van Hise, Emmons,Weed, Le Conte, Lindgren. ‘Genesis of Ore Deposits.’
Am. Inst. Min. Eng. New York, 1900.

Rickard, Weed and others. ‘Ore Deposits—a Discussion,” New York, 1903.

The Enginecring and Mining Journal, New York City.

Zeitschrift fur Praktische Geologie. Edited by M. ]‘érahman. Berlin.

Zeitschrift fur das Berg-, Hiitten- und Salinen-Wesen im Preussichen Staate.
Published by the Minister for Commerce and Industry, Berlin.

Oesterreichische Zeitschrift fur Berg- und Huttenwesen., Vienna.

Jahrbuch der k. k. dsterreichischen Bergakademien. Vienna.

Jahrbuch fur das Berg- und Hiittenwesen im Kénifeiche Sachsen, Freiberg.

Berg- und Huttenmannische Zeitung. Published by G. Kohler (Clausthal) and
F. Kolbeck (Freiberg). Leipzig.

Mining Journal. London.

Transactions of the Institution of Mining Engineers. Newcastle, England.

Transactions of the American Institute of Mining Engineers. New York.

Annales des Mines. Paris.

Geologiska Foreningens i Stockholm Forhandlingar. Stockholm.

Bergjournal. St. Petersburg. (In Russian.)

Revista minera periodico cientifico ¢ tndustrial. Madrid.

Among general textbooks of geology which devote special attention to ore deposits
we may mention: H. Credner, ‘Elemente der Geologie,” ninth edition, Leipzig,
1903 ; M. Neumayr, ‘Erdgeschichte,’ second edition, Leipzig, 1900.

Many essays on ore de%osits are also scattered throug ﬁeriodicals dealing with
§eneral geology, especially Zeitschrift der Deutschen geologischen Gesellschaft, Berlin;

ournal of Geology, Chicago University, Chicago, Illinois; A merican Journal of Science,
New Haven, Connecticut; American Geologist, Minneapolis, Minnesota; Necues Jahr-
buch fur Mineralogie, Geologie and Pal@ontologie, Stuttgart; and Tschermak’s Miner-
alogru. Petrographische, Mittheilungun, Vienna.
he statistical data on the different mining districts of the world are best summar-
ized in the following works, which appear every vear: ‘ The Mineral Industry,’ pub-
lished by The Enﬁmeermg and Mining Journal, New York and London; ‘Mineral
Resources,” published by the U. S. Geological Survey, Washington, D. C

CLASSIFICATION OF ORE DEPOSITS.

A historical sketch of the different attempts at a classification of ore
deposits has been given by J. F. Kemp?, to which little need be added.
1J. F. Kemp. ‘The Classification of Ore Deposits.” A review and a proposed

scheme based on origin. Contributions from the geological department of Columbia
College, No. 5. New York.



INTRODUCTION. . 8

The practical miner even nowadays names and classifies his deposits
according to their form and appearance, and this was the method used by
the first scientific writers. Waldauf von Waldtenstein® (1824), and B.
von Cotta® (1859), subsequently Lottner-Serlo® (1869).

G. Kohler* (1884) and lately H. Hofer® (1897) based their groupings
solely on form. J. D. Whitney® (1854), J. GrimmT (1869), J. S. New-
berry (1880), and J. A. Phillips® (1884), laid stress on the mode of origin.
A. von Groddeck® (1879) on the other h#nd, introduced a mainly genetic
system, and advocated this principle again in his essay of 1885,

Genetic principles were followed by H. S. Munroe, J. F. Kemp!!, F.
Posepny*?, G. Giirich!®* and W. H. Weed-.

A. W. Stelzner’s system, used in his lectures, briefly stated in the pro-
gram of the Freiberg Mining Academy and employed by him in arranging
the collection of ore deposits in that institution, is also purely genetic.
Finally, J. H. L. Vogt, among the more recent writers, furnished many
important data for a scientific classification in this field, especially in hie
essay of 1894'%. The classification of W. H. Weed follows a logical sequence
from magmatic segregations to placer gravels, and utilizes the results of
modern petrologic research and chemistry to a greater extent than preceding
schemes. It entirely abandons form as a factor of importance and is thus
purely genetic. Following Stelzner’s system in many ‘ways we have in the
present work used the following classification:

1J. Waldauf von Waldenstein: ‘Die besonderen Lagerstiatten der nutzbaren
Mineralien.” Volumes I and II. Vienna, 1824.
185;B. von Cotta: ‘Lehre von den Erzlagerstitten.” Volumes I and II. Freiberg,
3E. H. Lottner and A. Serlo: ‘Leitfaden sur Bergbaukunde.’ Volumes II and
III. Berlin, 1869-1872.

¢G. Kohler: ‘Lehrbuch der Bergbaukunde.” Leipzig, 1884.

S H. Hofer: Zeit. f. Prak. Geol., 1897.

¢J. D. Whitney: ‘The Metallic Wealth of the United States’ Philadel-
phia, 1854,

7J. Grimm: ‘Die Lagerstatten der nutzbaren Mineralien.” Prague, 1869.

$J. A. Phillips: ‘A Treatise on Ore Deposits.” First edition. London, 1884.

* A. von Groddeck: ‘Die Lehre von den Lagerstatten der Erze.” Leipzig, 1869.

19 ‘Bemerkungen zur Classification der Erzlagerstatten.” B.u. H. Z., 1885,p.217.

1 J. F. Kemp: ‘The Ore Deposits of the United States.” New York, 1893.

" F. Posepny: ‘Die Genesis der Erzlagerstatten.’ Jahrb. d. k.k. osterr. Berga-
kademien. ienna, 1895. -

2 G. Gurich: ‘Ueber die Eintheilung der Erzlagerstatten.’ Schlessche Ges.f.
vaterl. Kultur. Breslau, 1899.

1 * Classification of Ore Deposits—a Proposal and a Discussion.” The Engineering
and Mining Journal, Feb., 1903. Also ‘ Ore Deposits—a Discussion.’

B J. H. L. Vogt: ‘Beitrage zur genetischen Classification.” 1894, p. 381.



4 THE NATURE OF ORE DEPOSITS.

CLASSIFICATION OF ORE DEPOSITS.

(COMPARE WITH TABLE OF CONTENTS OF THIS WORK.)

I. PriMarY OrRe DErosITS.

A. SYNGENETIC; formed simultaneously with the country rock.

1. Magmatic segregations; for example, magnetic iron ores in orthoclase
porphyries. .

2. Sedimentary ores; in part approximately in the same condition as at
the time of their deposition, for example, bog iron ores; in part altered
by metamorphic processes, as, for example, the magnetic iron ores of the
crystalline schists.

B. Er1GENETIC DEPOSITS ; formed later than the country rock.

1. Veins; fillings of fissures, together with kindred formations, for
example, tin.veins, in which filling of the fissures was accompanied by
replacement of the wall rock.

?. Epigenetic ore deposits other than veins.

(a) Epigenetic deposits, formed essentially by an impregnation of non-
calcareous rocks, the deposits being generally in distinct beds.

(b) Epigenetic stocks; formed essentially by a metasomatic replace-
ment of calcareous rock, mostly in the form of stocks', pockets. or
stringers ; for example, the cadmium deposits in the Muschelkalk.

(c¢) Contact metamorphic ore deposits; ore-beds and stocks formed
through contact metamorphism caused by Plutonic intrusive masses; for
example, contact metamorphic magnetic iron ores.

(d) Ore-bearing cavity fillings; deposits formed essentially by a simple
filling of pre-existing cavities mostly in the form of stocks or stringers; for
example, pisolitic iron ores.

II. SECONDARY DEPOSITS.

Those formed by the destruction and transposition of primary deposits:

1. Residual deposits formed essentially by chemical alteration of
primary deposits. .

. Placer deposits formed essentially by mechanical degradation of
primary deposits or placers.

11.e., irregular masses, with or without definite boundaries.
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TABLE OF THE MOST IMPORTANT ORE MINERALS.

Ores Cryst. C(ihemical ! Percentage of
. . ition.
System mposttion Gold. |Other Metals.
Gold ,
Gold................ isom. Au, mostly (Au,Ag) |[........ 0.16—39 Ag
Krennerite . .......... orth. (Ag, Au) Te, 35  |oeeiiiiia.n.
Nagyagite . ........... “ Au,Sb,Pb,Te,S,, 59—7.6 {57.2—60.5Pb
Petzite. .............. “ (Ag, Au),Te 3.3—25.6 [40.8—59.6 Ag
Sylvanite. ............ mono. Au AgTe, 26.5—40.6|2.24—11.3 Ag
Calaverite ............ tri. (Au, Ag) Te, 39.5— 3.1Ag

The following minerals are sometimes auriferous: pyrite, arsenopyrite, chalco-
pyrite, stibnite, zinc-blende.

Silver. Silver.
Argentite. ............ isom AgS - 871 |...........
Bromyrite ............ | Ag Br 574 ...l
Chlorargyrite . ........ . AgCl 752 ...l
Embolite. . ........... “ Ag (Cl, Br) 61—69.8 ............
Dyskrasite............ orth. Ag,Sb (?) 639—94.1......... ..
Iodyrite .............. i hex. Agd 459 ...
- Polybasite. ........... { mono. Sb S, (Ag, Cu), 64—72 3—10Cu
Proustite. . ........... | hex. AsS, Ag, 655 ...,
Pyrargyrite (dark ruby
silver) . ............ hex. 3 Ag.S, Sb,S; 598 L...........
Silver, native . ........ isom. Ag 90—100 |Often holding
Sb, As, Hg,
Co, Fe, Cu
and Au
Stephanite............ orth, 5Ag.S, Sb,S, 684 L...........
Stromeverite. rh. Cu,S+Ag.S 53.1 31.2Cu

The minerals given in this table include only those of economic importance in .

mining and smelting or those which are particularly characteristic of certain deposits.
The chemical formulas are chiefly taken from ‘Tabellarischen Nebersicht der
Mineralien’ of P. Groth, 4th edition, 1898; revised in this edition to accord with Dana’s
Mineralogy.’ The metallic percentages are from F. Kolbeck’s new revision of Platt-
ner’s ‘Blowpipe Analysis,’ Leipzig, 1897.



THE NATURE OF ORE DEPOSITS.

The following minerals often hold silver: tetrahedrite, galena, zinc blende, pyrite,

chalcopyrite, chalcocite:

Contents in
Cryst. Chemical Percentages of
! Ores. System. Composition.
Silver! | Other Metals.
Platinum.
Platinum, native . ..... isom. Pt 70—90 |Nearlyalways
holds Fe, Cu,
Rh, Ir, Pd
and Os
Iridium, osmiridium, etc., also contain platinum,
Mercury. Mercury
Cinnabar ............. hex. Hg8 86.2 |........... .
Mercury, native.......| ...... Hg ceeeeeeaes ceecesacnen
Mercurial tetrahedrite also contains 1.56—1.73%, quicksilver.
Lead. Lead.
Anglesite. . ........... orth. Pb SO, 68.3
Boulangerite. ......... “ 2PbS+8Sb,S, 53.9—59.5
Bournonite ........... orth. 2 PbS+Cu,8+8Sb,S, 423
Cerussite ............. “ Pb CO, 77.6
Galena. . ............. isom. Ph S 86.6
Jamesonite ........... orth, 2 PbS + 8b,S, 50.6
+ Mimetite ............. hex. 3 Pb,As,0,+PbCl, 69.5
~ Phosgenite . .......... tetr. Pb Cl,+ Pb CO, 738
: Pyromorphite. ........ hex. 3 Pb,P,0,+ PbCl, 76.2
Wulfenite............. tetr. Pb Mo O, 55.8
Croicite.............. mono. | PbCrO, 64.6
Copper. Copper.
Atacamite. . .......... orth. [CuCl,, 3Cu0,3H,0 52.7—59.4
Azurite . ............. mono. |3Cu0,2C0,+aq. 55.2
Bournonite. .......... orth. |2PbS+Cu,S+8b,S, 13.0 423 Pb
Bornite . ............. isom. |{xCu,S + yCuS +2FeS| 43—63.4
Brochantite........... orth. 4Cu0,80,+3aq. 56.1
Chalcopyrite (copper
pyrite) ...... . ... tetr. [Cu,S+ Fe,S, 34.5
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Contents in
Cryst. Chemical Percentages of
Ores. System. Composition.
Copper. |Other Metals.

Copper.

Chalcocite (cop’r glance)] orth. [CuS 798 |oveiiiniennn
Chrysocolla.. .........[........ Si O, Cu. 2 H,0 339 [ieiiiiinnn.n
Covellite . . ........... hex. |CuS 66.4 |............
Cuprite ... .c.oovnnn.. isom. [Cu,0 88.7 |iiiaiiiil.n
Enargite . . ........... orth. |As §,Cu 482 ........e..n
Famatinite . .......... “ |SbS,Cu 43.2 ...l
As,S;(Cu,, Fe,, Zn),

Tetrahedrite.......... isom Sb,S,;(Cu,, Ag,, Fe, 0—31 A
. n). )| 13—43 [0.5—17.2Hg
Copper, native. ....... iBom. |....iiiiiiiiiiiiiiiii]iiiiieeeidiiiiiin,
Malachite ... ......... mono. [CO, [Cu.OH], 574 |ee.eeeenn...
Tennantite .. ......... isom. |[As,S;(Cu,) (Fe, Zn), 47.7—51.6|....cccvunen

Pyrite and pyrrhotite are also cupriferous.
Nickel. Nickel.
~ Annabergite . ......... mono. |Ni, As, O, + 8 aq. 202 |..iieeennen
Chloanthite. . ......... isom. [Ni As, . 28.2 [Contains Co.
Garnierite.. .......... . ..ol Si O, (Ni,Mg) H, + aq. 3—33 [..eeeiiinnnn
Gersdorffite . ......... isom. [(Ni Fe) AsS 30—35.1 [............
~ Linneite. ............. “ [(Ni, Co, Fe)8,],(Ni, Co) |14.6—42.6|11—40.7 Co.
- Niccolite.............. hex. |[NiAs 436 |.......cc.nen
Genthite . ............ amor. [Si; O,, Ni, H, 391 |...oie.e...
Ullmannite........ ...].cceune. NiSb S 276 [........ coes
Pyrite and pyrrhotite are also nickeliferous.

Cobalt. Cobalt.
Asbolite.............. amor. (Mn O,, Co O, Cu O, H,0 194 [..o.oieeennn
Erythrite. .......... ... ... Co, As,0, + 8 aq. 295 |....eeeeen
Glaukodot. ... ........ orth. |(Fe, Co) (As, S), 45—248 |............
Cobaltite. ... ......... isom. [(Co, Fe) As S 355 |oeeeiiinnann
Linnite. . ...oonunn... “  |[(Ni, Co, Fe)S,] (Ni, Co) | 11—40.7 [14.6—42.6 Ni
Skutterudite. .. ....... “ Co As, 208 |..... ceeeens
Smaltite.............. “ (Co, Fe, Ni) (A8 S), 82—23 |............
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The following minerals also contain cobalt: pyrrhotite, white nickel pyrite, gray
nickel pyrite, arsenopyrite, danaite, cobalt-arsenic-pyrite.

. Percentage of
Cryst. Chemical
System. Composition. - e
Iron. [Other Metals.
Iron Ores. !
Chamosite. .. .........[........ Fe O, Mz O, Al O, | 33—47
Si O,
Hematite (red, specular| o
iron).............l. hex. |Fe,0, 70
Ilmenite (menacconite). “ FeTi O, + x Fe; O,
x = 0—5 20.6—68
Limonite. ... ......... ortho. |2 Fe, O, + 3 H,0 59.9
Magnetite . ........... isom. [Fe O + Fe,O, 72.4
Titanite. .. ........... “ [(Fe Ti) O,] ,Fe ceen
Siderite.. ............. hex. 'Fe CO, 48.2

Mixed with other substances forms:
Argillaceous spharosiderite =iron carbonate + clay.
Blackband =iron carbonate + coal.
(Pisolitic ore bohnerz, minette) =oolitic limonite with clay and quartz
Seerze =limonite, earthy; often oolitic.

Iron Sulphides.

Arsenopyrite. .........

Chromium Ores.
Chromite

Manganese Ores.

Braunite .
Asbolite . ............. ]
Hausmannite .
Manganite. . ..........
Polianite.............. |
Psilomelane

............

Pyrolusite. ... ........ i
Rhodochrosite
Rhodonite. . ..........

orth.
tetr.
hex.
orth.
isom,

isom.

Fe §,+ Fe As, 343
Cu,S+ Fe,S, 30.5
Fe, S, +, 60—G61.6
Fe 8, 46.6
Fe S, 16.6
Chromium
(Fe, Mg, Cr) O + 40—60
(Cr,, Al,, Fe,) O usually
40—53
. Manganese)
Mn,0, 69.6
Mn O,, Co O, Cu O, H,0 c. 19
Mn,0, 72.1
Mn,0;+aq 62.5
MnO, 63.2

Comhlncd with Mn O,
Mn O, Ba O, K,0 and 49.2—62.9
H,0.

Mn O, 63.2

MnC O 47.8

[Si O,].Mn,commonly also :
[Si O,]z (Mn Fe Ca Mg), 42

Predominant: Mn O, |
MnO and H,0

15—25TFc O
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P t f
Cryst. Chemical ereentage o
System. Composition.
Zinc.  Other Metals.
Zine
Calamine. .. .......... orth. |[Si O, [Zn OH], 537 |l
Hydrozincite.......... amor. [Co, [Zn OH], 571 ...,
Smithsonite........... hex. |Zn CO, 520 |...........
Willemite ... ......... “ Si O,Zn, 581 L...........
Wurtzite.............. orth. |ZnS t067 |............
Sphalerite............. isom. |ZnS8 67 The colored
species u
to 89, Fe
Zincite. .. ............ hex. |ZnO 802 ............
Bismuth. Bismuth
Bismutite .. ..........]........ CO, [Bi O] Bi (OH), 87.1 ...l
Eulytite. ............. isom. |[SiO,], Bi, 838 |............
Bismuth, native... .... hex. |Bi 95—99.9 |............
Bismuthinite (bismuth
glance). ............ isom. [Bi,S, 812 |............
Bismite (Bismuth ochre)| isom. |Bi,0, 896 |............
Tin. Tin.
Cassiterite (tinstone). ..| tetr. [SnO, 786 i,
Stannite (tin pyrite) . ..| isom. [SnS, Cu, Fe 24.1-—31.6 23.6—29.8 Cu
Tungsten. Tungsten.
Scheelite . ............ tetr. [Ca WO, 639 L...........
Wolframite ........... mono. [WO,(Mn, Fe) 579—603......0.....
Hubnerite............. “ Mn WO, 60.7
Molybdenum. Molybde'm
Molybdenite........... hex. [Mo$S, 590 |.......o.e...
Antimony. Antimony
1
8tibnite (antimonite) ...| orth. [Sb,S, VT e,
Cervantite ............ cryst. [Sb O,Sb 792 |l
Stibiconite . ..........|........ H2Sb,0, i T
Valentinite . .......... orth. [Sb,0, 835 .. .i.i....
Arsenic Arsenic
Arsenic, native. .. ..... hex. |As (Sb, Ni, Fe, Mn, ) 90—100 e
Arsenopyrite. ......... orth, [Fe AsS 46 e
Orpiment............. “ As,S, 610 ...........
Lollingite............. “ Fe As, 728 .
Realgar............... mono. |As,S, 701 ... -
v K
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TABLE OF UNITS IN WHICH METALLIC CONTENTS OF ORES
ARE MOST COMMONLY EXPRESSED.
In this work the metric ton of 2,205 pounds is used, unless otherwise stated.
100 kg. =1 centner =1 quintal.
GERMANY.

The contents are mostly given in percentages. In Saxony for silver ores
“pound parts” are still in use. 1 pound part=0.01 per cent or 100 grams
per 1,000 kilograms.

The contents of gold ores are given in grams (g) per metric ton (t) of
1,000 kilograms. For statements of productlon the metric ton is used:
1 ton=1,000 kilograms.

ENgLAND.

1long ton = 2,240 1b. =1,016 kg.
l short ton = 2,000 1b. =907. 2kg.
Kxund nvomiupons (Ib.) =453.6 g.
=16 ounces (0z.)
l ounce (0z.) =28.3 g.
The contents of gold and silver ores are entered by means of
1 ounce troy (0z.)=31.1g
1 pennyweight (dwt.) =1-20 0z. = 1.5 gram.

1 grain (grn.) = 1-24 dwt. =0.06 gram.
1 grain troy =1 grain avoxrdupo%;

UNITED STATES.
Like England, except that the short ton is almost excluswely used, 1

ton 2, 000 pounds=907.2 kilograms.

1 kilogram (kg.) =2.20462 pounds avoirdupois.
1 flask mercury =76.5 pounds avoir. =34.7 kg.

Gold contents in dollars:

1dollar ($) =100 cents (cts.). .
o) )
1grain = $0.04306 for gold. j for silver,
lgram = $0.6646 = 0.04157

IN MANY STATES OF SOUTH AMERICA.
Contents in marcos per cajon:

1 marco =230 grams =7.398 troy ounces.
1 cajon =64 quintals.
1 quintal =46 kg.

RuUsSIA.

Gold contents are given in zolotniks per 100 poods or 10 berkowitz:

l berkowitz =10 poods=163.8 kg.
= 16.379 kg.

l zolotnik = 4265g.

1 dole = 0.044¢g



SECTION L
MAGMATIC SEGREGATIONS.

It is known that all eruptive rocks, especially those with but little silica,
in rising from the unknown depths of the earth’s interior to higher regions
of the crust or to the surface, bring with them metals and metallic com-
pounds, mostly, it is true, in very small amount. Magnetite and titanic
iron ore, also pyrite, magnetic pyrite and chromite, are found in the form of
small grains and crystals, scattered rather uniformly through many such
eruptive rocks, in which the nature, microscopic intergrowth and relation
to other constituents. show conclusively that these small ore particles are
primary constituents of the rock. It is true, as a rule, that such examples
do not form true ore deposits, since the amount of these primary ores con-
tained in such rocks is too small to pay for mining.- However, weathering
and erosion occasionally lead to a concentration on the earth’s surface of
these uniformly disseminated metallic minerals, as will be explained in the
section on placers.

In some cases a concentration of the ores either into stock-like masses or
into bands (schlieren) has taken place in the rock either before or during
its solidification from the molten condition; these magmatic segregations
or secretions, being of primary origin, will be considered first in this work.

Although concentrated in compact masses, the ore of these magmatic de-
posits is exactly the same as that which occurs in sparsely scattered particles
through the enclosing rock, in which the ore minerals are accessory constitu-
ents. This, as will be shown in specific cases, is proven by the conditions of
microscopic structure and intergrowth. This particular fact is the most im-
portant argument for the truly primary nature of such deposits, and enables
one to discriminate betweent magmatic segregations and those accumulations
of ore that have been formed through secondary processes in an eruptive
mass.

The exact physico-chemical processes involved in the segregation of defi-
nite components of the magma into distinet portions of different composi-
tion, the so-called process of magmatic differentiation, is not as yet under-
stood, although this problem has, in recent decades, occupied the attention
of many investigators.!

! A very comprehensive presentation of these relations was given by J. P. Iddings:
‘The Origin of Igneous Rocks.” Phil. Soc. of Washington, Bull. XII, pp. 89-214,

)
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As regards this particular theory of the origin of ore deposits, the work
of J. H. L. Vogt is most important. The process had long been recognized
in examples of lean ore; notably the remarkable “mixed lodes” described by
H. Biicking and others, where, in an eruptive dike, the more basic material
of the magma has become concentrated in the two borders in sharply defined
zones, making three parallel lodes or dikes side by side. Attention has also
been devoted for a good while to the more basic, and often more highly
iron-bearing marginal facies of eruptive stocks and large massives. In this
segregation, processes of diffusion seem to have played a leading part. Teall,
Lagorio and Brogger long ago noted the experiments of Soret (1879-1881),
who, upon an unequal heating of different parts of saline solutions, obtained
a different distribution of the salts, the solutions becoming more concen-
trated in the colder part than in the warmer. This is a consequence of
the principle subsequently developed by van t'Hoff that the osmotic pres-
sure increases in proportion to the absolute temperature. No doubt, how-
ever, other causes not yet known co-operate in producing this result.

Following J. H. L. Vogt, we will use the following grouping of ore de-
posits formed by magmatic differentiation according to the character of the
ores predominant in each case:

A. Segregations of native metals.
B. Segregations of oxidic ores.
C. Segregations of sulphide and arsenical ores.

(A) SeerecATIONS OF NATIVE METALS IN ERUPTIVE ROCKS.
1. Segregation of Native Iron in Basalts.

The famous occurrence of native iron in the porphyritic feldspar basalt
of Ovifak on Disko Island on the west coast of Greenland? is of great scien-
tific, but of no economic importance.

Since the time of Captain Ross’s visit it had been known that the Esqui-
maux worked up natural native iron into tools, but the place whence they
obtained the raw material was not known. TFinally A. E. Nordenskiold, in
August, 1870, discovered the most important place to be Blaafjeld, on the

1892. Also in other publications. Compare also J. H. I.. Vogt: ‘Formation of

Ore Degosits Through Processes of Differentiation in Basic Eruptive Magma.’

Zeit. f. Prak. Geol., 1893, p. 4, etc. The researches of J. Morozewitz are also of the

ﬁeatest importance in this connection. ‘Exper. Untersuch. aber die Bild. d. Min. im
agma.’ Tschermak’s Min. Mitth., 1899, Vol. XVIII, pp. 1-240.

! G. Nauckhoff: ‘On the Occurrence of Native Iron in the Basalt Lode at Ovifak.’
Tschermak : Min. Mitth., 1874, pp. 109-136. J. K. V. Steenstrup: ‘On the Tron
of Greenland.” Zeit. d. Deutch. d)eol. Gesell. 1876, pp. 225-233, and in the Med-
delelgser fra Gronland IV. Copenhagen, 1882. A. E. Térnebohm: ‘On the Iron
Bearing Rocks of Ovifak and Assuk.” Appendix to K. Svenska Vet. Ak. Handl., Vol.
V, No. 10, Stockholm, 1878, also contains further papers,
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south side of Disko Island. In 1871 a special expedition, with G. Nauck-
hoff as geologist, undertook a detailed investigation of the locality, and
carried to Europe not only several very large blocks of iron found lying loose
on the shore, but also abundant material still enclosed in the rock. It is
now generally believed that the basalt of Ovifak is not a dike, but forms a
gheetlike flow such as is common in the Tertiary coal-bearing formation of
that region. This basalt porphyry encloses, according to A. E. Tornebohm,
masses of a doleritic rock belonging to an earlier period of formation, hold-
ing inclusions of a highly graphitic anorthite rock. This dolerite consists
of labradorite, augite, olivine, titanic iron ore, magnetite and a glassy
groundmass. Furthermore, it contains native iron (Schreibersite), usually
near the boundary with the anorthite inclusions, also troilite, magnetic py-
rite, graphite and a silicate, for the most part greatly altered and resembling
hisingerite. The metallic iron appears in flakes, grains, globular masses
and large lumps. On etching, it shows the Widmanstatten figures and con-
tains nickel and cobalt, according to a new analysis by A. Iwanoff!.

Fe.............. 92.91
Ni............. 2.66
Co...ooovvvnn 0.69
Cu............. 0.19
S 0.26

-—— 100.00

The rust-like decomposition crust of the ore consists essentially of basic
hydroxides, basic oxychlorides and basic sulphates of iron. Many observers
have noted, as shown in the illustration of thin sections of the rock given
in Tornebohm’s report, that in the smaller nests of iron the metal apparently
must have been segregated after the other comstituents. Nauckhoff and
Tornebohm demonstrated that the iron probably occurred in the form of
phosphor-nickel iron (Schreibersite) in breccia-like fissure fillings in the
midst of the basalt, and T6fnebohm inferred from this, and from the above
mentioned microstructure of the iron-bearing dolerite, that the iron of
Disko must have been formed secondarily from solutions. This inference,
however, may be questioned, especially in view of the above-mentioned large
blocks. The breccia in fact may be due to a basalt zone, broken up by dis-
locations after the iron had been segregated. From the chemical point of view
Tornebohm’s theory has recently been strongly supported by C. Winkler?,

1C. Winkler: ‘Zur Zusammensetzung des Eisens von Ovifak,’ etc. Kongl. Vetensk
Ak. Forh, 1901, No. 7, Stockholm, p. 495.

3C. Winkler: ‘On the Possibility of the Immigration of Metals into Eruptive
Rocks through the Agency of Carbon Dioxide.” Rer. d. Math.-Phys., Kl. d. Kgl. 8.
Ak.d. W. Leipzig, 1900, p. 9.
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who has called attention to the freely fluid compounds which, according
to recent investigations, carbon dioxide forms with nickel-iron on
even moderate heating, and which decompose again, with separation
of the native metals. Such heating might take place for a considerable
time at the contact of such geses with an eruptive body still undergoing
congelation. The author himself, it is true, raises the difficult question as
to the origin of such iron carbon compounds which must have been formed
in a cooler zone. The geologic conditions of these and other closely related
occurrences indicate that the original seat of the native metals was in the
eruptive hearths themselves.

R. J. V. Steenstrup subsequently found in basalts, at several other points
of Disko, inclusions of native iron, graphite and nickeliferous magnetic
pyrite, which renders it very likely that the iron and nickel content was an
original constituent of those basaltic magmas, and the masses are not of
cosmic origin, a8 Nordenskitld had originally conjectured.

2. Segregations of Nickel Iron in Olivine Rock and Serpentine of Awarua
in New Zealand.

A very interesting occurrence of nickel iron, awaruite, discovered on the
west coast of the south island of New Zealand, by W. Skey, in 1885, has
been described by G. H. F. Ulrich!. This region consists of gneisses, mica
schists and chloritic schists, which are broken through by vast stocks of an
olivine rock of the composition of saxonite (olivine -4 enstatite), in part
transformed to serpentine. In the river valleys, descending from the moun-
tains formed of serpentine and saxonite, the nickel iron was found in loose
grains, and it was intended to wash it from the gravel. Subsequently it
was also found in small particles intergrown with the eruptive rocks just
named. The composition of awaruite, according to Skey, is as follows:

3. Segregations of Platinum in Olivine Rocks.

It had long been suspected that the platinum of the Ural placer gravels
(see later) must have its original source in the serpentines and olivine
rocks found in the region drained by the upper courses of the platinum-car-
rying rivers. This inference became a certainty when an olivine gabbro

!'G. H. F. Ulrich: ‘On the Discovery, Mode of Occurrence, and Distribution of

the Nickel Iron Alloy, Awaruite, on the West Coast of the South Island of New Zea-
land.” Quart. Journ. Geol. Soc. London, 1890, Vol. XLVI, pp. 619-633.
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with grains of intergrown platinum was discovered on the Krestovozdri-
schensky property, in the western Ural, and later, in the eastern part of the
mountains in the Goroblagodatsk district, nests of chromite with platinum
were found in an olivine rock®.

Extensive experiments with crushed samples of olivine rock and olivine
gabbro from the vicinity of Mount Soloviov, near Nizhni Tagilsk, have
shown a slight platinum content in these rocks.?

The platinum of the Ural contains 5 to 13% of iron, besides some iridium,
rhodium, palladium, osmium and copper. (See platinum gravels.)

St. Meunier® calls attention to the very irregular and often branched
forms of the grains of iron-platinum in the olivine rocks of the Ural, and
compares it with the peculiar structure of the small nests of native iron in
the dolerite of Ovifak and the iron grains in meteoric magnesian silicate
rocks. By experiment he obtained similar struttures by using gases to re-
duce the respective metals from a heap of granules of such silicates. A jet
of platinum chloride, hydrogen and some ferrous chloride passing through
the heap at red heat produced iron platinum in quite analogous develop-
ment. These observations are important. The conclusion he draws from
them, however, that the rocks in question are products of primitive congela-
tion, after the manner of meteorites, is not borne out by the conditions under
which the platinum-bearing eruptive rocks actually occur.

The platinum contents of the olivine rocks of the Ural have, with few
exceptions, been found much too low to give to these primary platinum de-
posits an economic significance; only the residual and alluvial placers pay
for the working.

4. Gold as a Primary Constituent of Eruptive Rocks.

Though it may be difficult in an individual case to decide whether the
particles of native gold found in eruptive rock are primary and really due
to segregations or have been introduced by secondary processes, yet a series
of occurrences seems to indicate the probability of the former alternative.
Most of the observations relate to granites and other acid eruptive rocks.

G. P. Merrill* describes primary free gold occurring as an inclusion of

! A. Tnostranzeff: ‘Primary Site of Platinum in the Ural.’* Mitth. an d. Ges.d.
Naturf, in St. Petersburg. Nov. 7, 1892. (Reviewed by R. Helmhacker. Z.f. pr.
G., 1893, p. 87)

? Oral communication of Mining Engineer Hamilton of Nizhni Tagilsk to R. Beck
when on a visit to Mount Soloviov in 1897.

2 8t. Meunier: ‘Study of the Matrix of the Platinum of the Ural,’ etc. Compte
Rendu du VII. Congr. Geol. Intern., 1898, p. 157.

¢ G. P. Merrill: ‘Occurrence of Free Gold in Granite.” Am. Jour. Set., 1896, 1, p
H. Schultze: ‘Gold Mining,’ in H. Kunz's ‘Chile.’ 1890, p. 78. W. Mbricke: ‘TheGold
Silver, and Copper Ore Deposits of Chile.” Freiburg, 1898, Vol. I, p. 16.
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feldspar and quartz in a granite from Sonora, Mexico, as “a product of cool-
ing and crystallization from the original magma.” H. Schultze demon-
strated the primary nature of gold in many granites of the coast Cordillera
of Chile; W. Moricke proved the same for glassy and crystalline quartz
trachytes of that country; W. P. Blake added examples from Arizona;
Forbes, examples from Bolivia. It also seems that the primary nature of the
gold in the granites in the Ekaterinburg region in the Ural, as, for ex-
ample, on Lake Shartash, has been satisfactorily demonstrated. These oc-
currences are, however, only of economic importance because payable placer
gravels may develop from them.

On the other hand, the primary content of free gold in diorites or am-
phibolitized diabases, so often referred to in different publications, seems
of very doubtful authenticity. The occurrences of this kind examined by
us, for example, from Mashonaland, rather suggest the assumption of a
secondary immigration of gold. The reader will find further statements
on this subject on a subsequent page.

In connection with this it may be mentioned that according to R. Dain-
tree! gold-bearing pyrites are found widely distributed in the diorites
which occur in the Upper Silurian or Devonian of New South Wales, Vie-
toria and Queensland. The primary nature of these pyrites is not, how-
ever, evident from the accompanying plates of thin sections.

A remarkable case is that mentioned by K. Schmeisser?, of gold in a
basalt from Richmond river in New Zealand, which is said to assay as high
as 18 grams per ton. This may be a local occurrence and due to highly
auriferous sands gathered from gravels which were broken through by the
basalt.

(B) SecrecaTioNs oF METALLIC OxipEs IN ErUPTIVE ROCKs.

Table of the Important Iron Ores.

|
Ore. Fe. H,0. | CO,. l S.
Magnetite FeO, Fe, O, ................. 72.4  ..... [N .
Hematite (Specular ore) Fe,Of ......... 70.0 | ..... O
Siderite (Sgathlc iron ore) Ize CO ........ 48.27 | ..... l 37.92 | .....
Limonite, 2Fe, 0,.3H,0 . .............. 59.89 4.4 Lol ...
Pyrite, FeS, ........ouverrrirnennannn.. 46.7 | ..... | ..... | 53.3

1 R. Daintree: ‘Occurrence of Gold in Australia.” Quart, Journ. Geol. Soc.,
1878, Vol. XXXIV, p. 431.

1 K. Schmeisser: ‘Australasien,’ p. 92.
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1. Segregations of Magnetic Iron Ore in Quartz-free Orthoclase Porphyries
and Syenites.

This group includes the best studied and authenticated magmatic de-
posits known, especially the famous deposits of the Ural' and of Lapland,
which we will describe in detail. :

(a) The Vysokaya Gora.

The famous iron ore deposit of Vysokaya Gora (High Mountain) lies
directly west of Nizhni Tagilsk, the most important mining locality of the
central Ural. It is merely one link in a chain of similar magnetite deposits
of these mountains, which are all associated with a series of syenite and
accompanying porphyritic rocks covering an area about 70 kilometers long
and 15 kilometers broad, and striking north-south. The main mass of the
Vysokaya intrusion consists of augite-syenite, which in many instances al-
ternates with bands of a quartz-free orthoclase porphyry. The latter rocks
consist of orthoclase feldspar and a little plagioclase; it is only here and
there that augite (or uralite) and biotite take part in their composition.
Besides the accessory ingredients (titanite, zircon and apatite), magnetite
is also found in small granules or rounded crystals, which may constitute
as much as 20% of the entire rock mass, until finally whole lumps of this
mineral make their appearance, thus gradually effecting the transition to
true orebodies and forming an irregular stock. At times, as, for example,
in the fragments of a breccia due to later disturbance, the result of igneous
energy, the orthoclase porphyry is amygdaloidal and shows primary mag-
netite concentrated around vesicular cavities now filled with calcite (Hog-
bom). According to Tschernyschew, there is a connection between the dis-
locations and the epidote-zoisite-garnet rocks of the Vysokaya, which, be-
sides these minerals, contain also zeolites, chlorite, quartz and calespar.
According to Hogbom their structure shows them to be metamorphosed
porphyries and syenites, since they still show feldspar lathes arranged in
a fluidal structure. These eruptive masses are intruded in Devonian lime-
stones, the rocks being well exposed in the open-cuts made in mining. Great-
lv decomposed interbedded tuffs oceur with these limestones, especially in
the eastern part of the mountain. The sedimentary strata are faulted, bring-
ing the eruptive rocks and orebodies in contact with the tuffs and epidote-
garnet rock masses along the fault plane.

! H. Miller: ‘Ueber den Magnetherg Gora Blagodat.” _ Berg u. Hutten Zeit., 1866.
p. 54 P. Jéréméew: ‘Les minernis de fer dans les districts miniers de 1a chaine de
1'Oural.’ Journ. d. Mines, 1859, 11, p. 318. Th. Tschernyschew: ‘Guidebook of the
Excursions of the VII. International Geological Congress, 1897’ Vol. IX. A. H

Hogbom : ‘Om de vid syvenit berzarter bundna jernmalmerna i Ostra Ural.’ Geol.
Foren. i Stockholm Forh.” Vol. XX, part 4, 1898.
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The magnetic iron ore of Vysokaya is remarkable for its great purity.
The ore has averaged 65 per cent during the past ten years. A large part
of the ore that is mined has the composition of martite.! The ore is low
in phosphoric acid compared with the analogous deposits at Lébiashaya
eituated farther northeast, near Nizhni Tagilsk. The Vysokaya iron ores
at times contain scattered grains of copper pyrite. To the southeast of this
mountain of magnetic iron ore is the famous copper mine of Médnorudiansk.
The characteristic analysis of the ore of the Vysokaya given below is from
the official report of the company operating the mines:

Fe,Opeevvennnnnnninne, .40
R 6:71 ) Fe 66 por cent
MnO,...cocveevinea.n 1.30

1 0.06
S Trace
P 0.03
SiOp s vvviiiiiii, 2.85
ALG, L 1.80
CaO.....oovvvvinnnnne. 0.99
MgO....covvvvvvennnn. 0.98

100.12 per cent.

The iron industry of Nizhni Tagilsk was founded about 1725 during the
reign of Peter the Great. The mines supply half a dozen furnaces in
the Ural district with ore, the average annual production during the past
decade being a little over 100,000 tons.

(b) The Goroblagodat Iron Deposit.?

This famous mountain of magnetic iron ore, whose name means “blessed
mountain,” is an isolated peak rising to a height of 156 meters above the
Kushva plain. The deposit supplies extensive reduction works, and is
worked by vast open-cuts which run around the south side of the summit,
and in terraces far down the west slope. A high pillar of rock has been
left at the summit which is crowned by a chapel. (See Fig. 1.) The view
from this point includes the range of the Ural, which here is not very high,
to the west, while eastward the Tura and Tagil rivers are seen traversing
the gently undulating west Siberian lowlands.

At Blagodat the same conditions seen at Vysokaya are exactly repeated,
except that the arrangement of the orebodies proper is somewhat dif-
ferent. Here they have the form of streaks arranged in benches, one above
the other, as shown in Fig. 1. This figure also exhibits the two main
faults of the deposit. The transition between ore and normal eruptive rock
is gradual and not sharp as represented in the figure.

1 G. Lebedew: ‘Lehrbuch der Mineralgi’ (Russian), St. Petersburg, 1900, p. 126.
2 Literature the same as under Vysokaya Gora.
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In contrast with the Vysokaya ores, the magnetite contains much pyroxene
and its chloritic decomposition products, as well as spinel, so that the per-
centage of iron is considerably lower, being on an average only 55%. On
the other hand the quality is excellent because of the very small percentage
of phosphorus and pyrite.

Mining began at Blagodat the early part of the last century, and the out-
put reached 16,000 tons as early as 1770. From 1813 to 1898, 2,720,000

Fig. 1.—Section of Goroblagodat after Th. Tschernyschew.
p, orthoclase porphyry; m, magnetic iron ore; e, epidote-garnet rock.

tons of ore were taken from this mountein. In 1898 the production was
66,000 tons.

A characteristic analysis of the ore according to D. J. Mendele;eﬁ1 is
given below :

SiOy . vviiiiiiiiiinies 9.40 per cent.
ALS, LI 7.18

] Fe 53.89 per cent.

The amount of ore exposed and ready for extraction in 1890 was esti-
mated to be 15,000,000 tons. The ore is treated in the furnaces of Kushva,
Barancha and Verhneturye, the pig iron being shipped to Nizhni Turinsk
and Perm. The chapel on the summit is dedicated to the memory of Vogul
Stephen Chumpin, who revealed to the Russians the wealth of the mountain,
and for doing so was burned alive by his tribe on the summit.

A third iron deposit in the southern Ural, 60 to 70 kilometers south of
Verhne Uralsk, called Gora Magnitmaya, or Atach, seems to be connected
with porphyritic and syenitic masses, but detailed geologic investigations
have not yet been made. The ores contain 67 to 68% of iron and are almost
free from phosphorus and sulphur.

! ‘Iron Furnace Industry of the Ural in 1899.’ II, p. 174. (In Russian.)

>
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The iron deposits of Kiirunavaara and Luossavaara in Lapland are of
the Ural type just described’. They have been recently investigated in de-
tail and actively developed.

(c¢) Kiirunavaara and Luossavaara.

These two great deposits are situated in the Swedish province of Norr-
bottom, in about 67° 50" north latitude. The ores form great stocks, re-
minding one of strata by the manner in which they outcrop within a vast
mass of quartz-free orthoclase porphyry. This rock is bounded on the east
by graywacke slate, clay slate and conglomerates, overlain by quartzitic sand-
stones, while on the west it abuts against strongly metamorphosed conglom-
eratcs.

The ore stock of Kiirunavaara forms a barren mountain ridge, the out-
crop extending for 114 miles, while magnetic obscervations prove its con-
tinuation northward to the shore of Lake Luossajarvi, and out as far as an
island, so that the entire length must be nearly three miles. Through-
out its entire extent the deposit dips uniformly eastward at from 45° to 80°,
as determined by drilling. The thickness of the ore sheet is between 34 and
150 m. (111 and 500 feet) and averages 70 m. (230 feet). The total amount
of ore available for extraction is estimated by Hjalmar Lundbohm to be
at least 215,000,000 tons. This ore is not everywhere of the same quality.
The author just named distinguishes five types with many intervening
transitions: (1) Magnetic ircn ore, poor in phosphorus; (2) the same,
mixed with hematite; (3) phosphorus-bearing magnetic iron ore, with a
little apatite; (4) highly phoephoritic magnetic iron ore, with apatite, in
numerous pockets, stringers and stratiform bodies; (5) highly phosphoritie
magnetic iron ore with minutely divided apatite. In more than 60% of
the samples from the very numerous prospects the iron exceeded 67%, while
the phosphorus varied between 0.05 to 6%.

The ore mountain of Luossavaara lies north of Lake Luossajarvi, and
forms a broad stratiform stock about 34 of a mile long by about 180 feet
broad, dipping steeply east within the same porphyry mass. This deposit
is estimated to contain at least 4,700,000 tons of ore carrying 67 to 70.5%
iron and a very low phosphorus content. These occurrences will become
of great importance upon the completion of the railway which will extend
from the Lapland iron ore region across to the Ofoten Fjord, on the west
coast of Norway.

1 K. A. Fredholm: ‘Rocks and Ores in Luossavaara and Kiirunavaara.” Geol.
Foren. Forh., 1891, Vol. XTII, p. 266. Hj. Lundbohm: ‘Kiirunavaara and Luossa-
vaﬁm Iron Ore Field.” Geol. Surv. of Sweden, series C, No. 175, 1898, with 3 plates
and 1 map. .
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2. Segregutions of T'itaniferous Magnetite' in Gabbro.

The most important examples of this class are the deposits of Taberg
and Routivare in Sweden, Valimaki in Finland and the Adirondacks in
New York. Kemp has published a review of all known deposits of this
class®.

The genesis of these segregation deposits has been discussed by Vogt®. He
has attacked the problem by a study of numerous analyses of rocks and
ores which have been platted in tables giving a graphic representation of
the relations of the different elements. One of these tables, reproduced in
Fig. 2, shows how, in the transition stages from normal rock to segregated
ore, the amount of Fe,O, and TiO, increases as the silica, lime and alumina
decrease.  The magnesia increases, attains a maximum in the middle
transition forms, and afterwards decreases. Vogt infers from these rela-
tions that the real solvent of the ores must be an alumina-lime-sodium-
silicate, and that this silicate plays the same part as the mother liquor of
saline solutions. A part of the silica is, however, supposed to have taken
part in the differentiation as a silicate of magnesia and iron. Petrographic
investigations confirm these conclusions. Kemp has recently reviewed the
evidence and presented his conclusions*.

(a) The Taberg Near Jonkoping.

The iron deposit of Taberg® in Smaland, southwest of Lake Wetter, near
Jonkoping, in Sweden, is a belt or streak of ore-rich rock forming a
part of a mass of olivine gabbro (olivine hyperite or Térnebohm). This
basic rock has by reason of its greater resistance been left during the degra-
dation of the region as a residual mountain. The iron ore forming thie
mountain consists of titaniferous magnetite and olivine, with subordinate
admixtures of biotite and plagioclase. Transitions may, however, be ob-
served, showing all gradations between the magnetite-olivenite occupying
the center of the igneous stock., to the ordinary olivine-gabbro, poor in
magnetite, forming the border of the intrusive mass. The stock is intruded

1J. F. Kemp: ‘Titaniferous Iron Ores of the Adirondacks.” 19th Ann. Rept. U. S.
Geol. Surv., ITI, 1899, p. 387.

?J. F. Kemp: ‘A Brief Review of the Titaniferous Magnetites,’” School of Mines
Quarterly, 1899, July, pp. 323-356, Nov., pp. 56-65. '

2J. H. L. Vogt: ‘Further Researches upon the Segregation of Titaniferous Iron
Ores in Gabbro.” Zeit. f. Prak. Geol., 1900-1901.

¢ The Engineering and Mining Journal, November 28, 1903,

8 A. Sjdgren: ‘On the Occurrence of the Iron Ore of Taberg in Smaland.’ Geol.
Foren. Forh:, 1876 and 1877, p. 42, with older literature. Ibid., 1882-1883, p. 264.
A. E. Tornebohm: ‘On Taberg in Smaland,’ etc. Ibid., 1880-1881, p. 610, plates 25
and 26. J. H. L. Vogt: ‘Formation of Ore Deposits by Differentiation,’ etc. Zest.
}. Prak. Geol., 1893, p. 8.
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in a complex of gneisses and gneiss granites, and is accompanied by horn-
blende schists, probably patches of dynamo-metamorphosed gabbro.

The Taberg ore is characterized by the presence of 0.12 to 0.40% of van-
adic acid; in fact, the element vanadium was first discovered by Seffstrom
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Fig. 2.—Diagram showing Normal Differentiation. (Vogt.)

in 1830 in the crude iron of Taberg. The high percentage of titanium
greatly lowers the value of the Taberg ore; moreover, the iron content, even
at the richest spots, is low, not exceeding 32 per cent.

(b) The Titaniferous Magnetites of the Adirondacks.

Among the North American representﬁtives of this type of deposit the
Adirondack iron deposits are the best known, and have been carefully
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studied and described by Professor Kemp.! The mines of the Adirondack
region are in Essex county, New York, southwest of Lake Champlain.

The older gneisses and crystalline limestone of this region contain many
intrusive masses of gabbro and closely related rocks which have been altered
by regional metamorphism to schistose rocks.

These rocks include both anorthosites (coarse-grained rocks of almost
pure labradorite) and the dark-colored gabbros and norites in which the
ferromagnesian silicates predominate. These extreme types are both con-
nected with masses of titaniferous magnetite and menaccanite, the former
at Newcomb, Wilmington and North Hudson, the latter at Crown Point,
Elizabethtown, etc. Thc minerals of the normal gabbro occur disseminated
through these ores, and all transitions occur from gabbro to ore.

The petrographic features as described by Kemp correspond closely to
those of Vilimiki, Finland. The following analysis by Hillebrand, of the
typical ore from Oak hill, represents the normal composition of this class
of -ores:

Fe............ 38.98 ALO,. . ........ 7.03
Fe,0p.00vnnn.. 30.34 Cal........... 3.59
FeO........... 22.81 MgO.......... 6.92
TiO,..cvvnn... 5.21 POg...ovnnnn. 0.14
Si0;...oinnnnnn 21.42 = B.....oeel. 0.04

The iron deposits of the Mesabi range, Minnesota?, Port Henry and Lake
Champlain®, New York; Iron Hill, Cumberland, Rhode Island*, and those
of various gabbro areas of Quebec® and Ontario®, all belong to this class.

The magnetite and chromite deposits of the Zwartkoppies range and else-
where in the Transvaal, Africa, occur in norites forming the contact facies
of a red granite. They are regarded as magmatic segregations by Molen- -
graaf’.

Similar occurrences, though of less extent, have been found at several
points in Sweden; for example, in the gabbro of Langhult in Smaland and
of Ransberg in Vestergotland.

1J. F. Kemp: ‘The Titaniferous Iron Ores of the Adirondacks.’ 19th Ann. Rept.
U. 8. Geol. Survey, Part III, 1899, p. 383.

3 N. H. and H. V. Winchell: ‘The Iron Ores of Minnesota.’” Geol. Surv. of Minn.,
1891.

3 Kemp in Trans. Am. Inst. Min. Eng., Vol. XXVII, pp. 146-203, 1898.

4 M. E. Wadsworth: ‘£ Microscopic Study of the Iron Ore Peridotite of Immnmo
Hill.” Bull. Mus. Comp. Zool. Harvard College, Vol. VII, 1881, p. 183.

$F. D. Adams: ‘On the Igneous Origin of Certain Ores,” Montreal, 1894. Proc.
Gen. Min. Assoc. of the Province of Quebec, Jan. 12, 1894.

$E. J. Chapman: ‘On Some Iron Ores of Central Ontario.” Trans. Royal Soc.
Canada, 1885, p. 9.

7‘Geol. Aufnahme der Sud-Afrikanischen Republik.” Jahresber. for the year
1898. Pretoria, 1900, p. 14. ‘Géol. de la Rép. Sud-Africaine,’ 1901, pp. 48 and 52.
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(c)  Deposit of Routivare in Norrbotten, Sweden®.

This great deposit occurs in a gabbro (gabbro diorite) which has been
subjected to strong regional metamorphism. The deposit forms a band
1,600 meters long by as much as 300 meters broad, consisting of titaniferous
magnetite, menacconite, spinel, olivine, a pyroxene and some magnetic
pyrite. The ore differs from that of other similar deposits, as it contains
a large amount of spinel. It contains between 48 and 52% of iron and be-
tween 11 and 13% of titanic acid. Other magmatic deposits of similar
ores rich in spinel occur in Norway and have been described by Vogt®. From
his study of these ores in thin section under the microscope he has reached
the important conclusion that the iron magnesian silicate has been the first
to separate out of the magma, followed by the titaniferous magnetite.
If the ores also contain pyrite and spinel the order of crystallization
is: Pyrite, spinel, titaniferous magnetite, an exception to the usual
order observable in eruption rocks, in which magnetite is the first mineral
to separate out.

Between Sordavala and Pitkaranta, on the northeast shore of Lake
Ladoga, near the village of Valimaki, a rock-complex consisting of phyllite,
quartzitic schist, nodular and hornblende schist, together with mica schist
carrying andalusite and staurolite, is penetrated by a coarse-grained diorite
which is apparently an altered gabbro.

According to Blankett® this gabbro diorite forms a stock, having a north-
south direction, cutting the schists and enclosing metamorphosed portions
of them. The rock consists of plagioclase, hornblende (at times with augite
core) with some epidote, apatite, magnctite, muscovite and hematite. Within
this intrusive mass at some distance from its contact with the schists there
are basic streaks of a rock very rich in hornblende, diallage, bronzite, olivine
and titaniferous magnetic iron ore, with subordinate amounts of green
spinel, pyrite, magnetic pyrite, copper pyrite, mica and apatite. These dark
streaks as a rule contain 15 to 30% of iron, while richer portions run as
high as 40%. One specimen contained 63.40% of ferric oxide and 2.90%
of titanic acid. All possible transitions from poor to rich ore may be found
within these very extensive segregation streaks, whose distribution is usually
quite regular. The iron ore is crushed and the magnetite extracted
by magnetic separators, the concentrate being briquetted and smelted at

1 W. Peterson: ‘On the Iron Ore Field of Routivare in Norrbotten Lane.” Geol.
Féren. Forh., Vol. XV, 1893, p. 45, with map. H. Sjogren: ‘Additional Notes on
Routivare Iron Ore.’ Ibid., p. 140.

2 Vogt: Zeit. f. Prak. Geol., 1900, ]{}) 233-242. Kolderup: ‘Petrog Beschreibung
Lofatens,’ etc. Bergens Mus. Aarbog, VII, 1898, pp. 1-54.

3 Blankett: ‘Ore Field of Valimaiki, etc.” Geol. Foren. ¢ Stockholm Forh., 1896,
p. 201, with map.
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Widlits on the opposite side of the lake. The mines produced some 7,764
tons of ore fit for smelting in 1896.

In other cases the magnetite is not only accompanied by spinel, but also
by corundum and sillimanite, as in the norites of Westchester county de-
scribed by G. H. Williams.!

3. Segregations of Titaniferous Magnetite Iron Ore in Nepheline-Syenites.

The iron deposits of Alnd, near the east coast of Sweden, in the Gulf of
Bothnia, are described by A. G. Héogbom?* as basic segregations of nepheline-
syenite. The nepheline-syenite of that locality shows an extraordinary num-
ber of varieties, and is closely associated with remarkable masses of crystal-
line limestone which, according to Hogbom, are possible primary segrega-
tions from the extremely basic magma. The surrounding rocks are gneisses
which have been altered by contact metamorphism. The basic streaks of
the nepheline-syenite are distinguished by large amounts of titano-mag-
netite, abundant apatite, many silicates of iron and magnesium, as well as
the absence of feldspar and, ordinarily, also of titanite, nepheline and can-
crinite. Some portions are so rich in titano-magnetite as to be workable.
Such an ore from the Tryg mine had, according to A. Tamm, the fol-
lowing composition :

%ig, ................................. . 2 12
0 2.1
A(l:((;s, ............................... Trace.
................................. 8.95
Fe, O, . o 64.38
MnO... ... 1.15
(}3&(()) ................................. 2 88
................................ 8.
S . 0.07
POs. Trace
Total. .. ...t 100.09

An occurrence in Brazil, which possibly may be much younger in age,
is most naturally mentioned here. According to O. A. Derby® and E.
Hussak,* the magnetic deposits of the Jacupiranga and Ipanema mines in
the province of Sao Paulo are segregations in granular pyroxenic rocks. The
deposits of magnetite-pyroxenite (jacupirangite) with 60 to 70% of mag-
netite are, moreover