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IRON ORES OF THE UNITED STATES e usiumt it tmmree s tencnresnen casans cnnnoensonrmossararsvasnssassansesosnssrancers LG0R
Geologlical and geographical distribution of the iron ores of the United States. By Rapliael Pumpelly.............. . 330
The boundaries of the ore-fields, their relation to the coal-fields, and the geologieal position of the ores briefly sketehed (3 b-e);
the concontration of iron oxide through the action of oxganic and inorganie acids desoribed (3 -4 b); the unegual geographical
and geological distribution of the workable ore deposits (4 W); tho onormous drain on the productive deposits, espocially of
high-grade and Bessemor ores, will probably soon exhaust them (4 e-d); the sources of the future ore supply (4 d~e€).
ARrcHAAN oRes : Their geographical distribution deseribed; the Appalachian region; the Lako Champlain region; tho Lanke
Superior region (4 £) ; thie Missouri region (5 @) ; the mineralogical elinractor of the ores of these four regions, their nssociated
rocks, and the structure of the ore deposits briefly compared (5 ).  The dppalachian region : The character of the magnetite
deposits in New Jersoy; the compressed pitching synclinal and the “pinch and shoot structure” illustrated; the minerals
asgociated with the ores; the rangs of the ores in iron and phosphorus gontents (5 €~8 €). The ostonsion of the belt into
Pennsylvania (South mountmu) not thoroughly explored ; the ores run lower in phosplhorus than do those of New Jersey;
this is possibly due to the fact that they, unlike the latter, are south of tho region of glaciation (6 €). Thoe Archwan oves in
Virginia; the oros of the James River belt correspond in their eharacter and relations to the inelosing roek to the ores of the
Marquette district, lake Superior; their range in iron and phosphorns contents (6 £). North Carolina; titaniferons magnetites
in Kerr's Lower Laurentian, in the western part of the state; the Tusearora and Dannemora mines; the oves of the Upper
Laurentian; Cranberry and Big Rock (reek mines; the associsted minerals similar to those of the Now Jersey doposits;
their phosphorus contents low; magnetite-impregnated micn-schists near Danbury (7 a); magnetite in the Iuronian; the
Ruckhorn mine; the orve runs low in phosphorus, but containg some titanium (7 1), The Lake Champlain region : A region of
gneisses, separated from the Appalachian Laurentian by Paleozoie xocks; the forms of its ore-bodles; the Mineville group of
mines described, and a section through Miller pit figured ; the ores oconpy two horizons ; the upper ores run low in phosphorus,
while the lower ores are very phosphatic; their iron and phosphorus contents; the prodnet of the Mineville mines (7 b-e),
The Lake Superior vegion: The.region and its ores described; the ores assigned to the Lower Huronian; in the Negnunope
distriet (Marquotte region) there are two series; the ores of the lower series are lean and eilicious, except where the quarte
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Boa-OREs of the Pacific coagt; the Prosser deposit in Oregon a bed of bog-ore (16
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has been replaced by limonite (7 £); the rich ores of the upper series; the formation of the ‘“soft hematites” through the
alteration of tho banded ores exemplified at the Lake Superior mine (8 ) ; magnetite the principal ore in the western part of
the Marquette vegion ; it occurs with specular ore at the Republic and other mines (8 b) ; the Marquette basin continunous with
the broad and little-explored Huronian area of the central part of the upper peninsula; the iron series of the sonthern edge of
the Marquette basin (8 ¢); the shipments of the Marquette ores in the census year, and their range in iron and phosphorns
contents (8 e), The Menominee region : The ore ocours in two horizons ; the upper ores are worked in Wisconsin and the lower
ores in Michigan j the ores of the two horizons differ greatly in their phosphorus contents. No mines on the upper horizon made
shipment previous to the close of the census year; the range in iron and phosphorns contents of the lower ores (8 e). The

‘census year's product of Lale Superior ores classified Ly kinds of ore and its contents in metallic iron (8£-9 m); and by

phosphorus ratios (a parbial classification) (9 a-b) ; the produet of the Lake Superior mines of high grade and Bessemer ore
and its relation to that of the whole country (9 b-e). The Gogebio region: The mines undeveloped in tho census year (9 ¢).
The Missourt region: The ores ocour in porphyries and porphyry conglomerates of probable Huronian age; magnotite and
martite in o tree vein, in places 60 feet thick, at Shepard mountain ; the contents of the ore in iren in phosphorus (9 ) ; at
Tron mountain the porphyry contains countless veins of specular ore abounding in apatite crystals; asection of the mass
figured ; the porphyry has been in part removed by atmospheric agencies, leaving a mantle of ore detritus nearly free from
phosphorus (9 €); tho produet of Iron mountain in the census year and the contents of the ore in iron and phosphorus (9 b).
Pilot Knob described ; it is composed of bedded porphyries overlaid by porphyry conglomerates, and contains two beds of
ore ; the lower ore is the richer; its contents in iron and phosphorus; character of the upper ore, Cedar hill; its ore s hard
high-grade specular carrying bub a small amount of phosphorus (10 @). The ores from none of the above-mentioned mines

contained manganese, Magnetic ore in Keweenawan gabbro-like rocks near Agate bay, lake Superior; its contents in irop
and phosphornas (10 b).

The wido geological distribution of workable deposits of iron ore in the United States ;.the chart referred to. Iron ore in POTSDAM

ghales in Virginia (10®), The SILURO-CAMBRIAN LIMONITES ; the belt extends from Vermont to central Alabama ; the rocks
assosigted with the orej they are of Taconie age according to Dana (10 ¢); these ores in Pennsylvania and Virginia; in
Tennessee the limonite oceurs in residuary clays in the Knox group. General character of the ore of the entire balt (10 @);
manganese & common agsociate; variableness of the deposits in size and in the nature of the walls; earbonate of iron sometimes
oceurs with the limonite; Professor Dana’s views regarding the origin of these deposits (10 £); he considers them as mainly
derived from cdrbonate of iron. Mr, Prime’s views regarding the derivation of the Pennsylvania limonites (11 &) ; the deposita
in Virginia apparontly less extensive than those farther north ; Mr. Benton’s observation on the formation of limonite by psoudo-
morphism in mass from limestone (11 ) ; the ores in Tennessee ; probable method of the formation of many of the limonite
deposits briefly sketehed ; the product of the Lower Silurian limonite mines in the census year and the range of the ore in iron
and phosphorus contents (11 d); royalties paid (11 e). MaGNETIC ORES in the Mesozoic sandstone belt in Pennsylvania;
different viewsin regard to them ; Professor Lesley condlders them to he metamorphosed Siluro-Cambrian limonites; the ores
contain copper and cobalt, and are remarkably low in phosphorus (11 b); the yield of the mines in the census year and the
range of the ore in iron and phosphorus contents (12 a). The CANADIAN ores of Missouri; their occurrence described; they
aré SPECULAR and RED HEMATITES, and are found the more frequently associated with the third sandstone (12 b); prebable
method of formation ; the hypothesis illustrated by a (partially ideal) seotion at the Scotia mine (12 d) ; these deposits aro
numerons and important; their product in the census year and therange of the ores in iron and phosphorus (12 €). LIMONITE
ores in the second and third magnesiau limestones in southern Missouri, CARBONATE ore on the Hudson river, New York.
Fossrn or DYESTONY ORES of CLINTON AGRE; the persistency of ore at this geological horizon; the orein New York (13 m); in
Pennsylvania (13 ) ; in Virginia and West Virginia (13 ) ; the ores-at Clifton forge (Virginia) of Medina age, according to
W. B. Rogera (13 ) ; Clinton ores in Georgia and Alabama ; at Enreka furnace the ore is 34 to 37 feet thick; its contents in
phosphorus and iron ; the Clinton ore in the interior known only in Wisconsin, Kentucky and Obio ; at tho Dodgo mine in
‘Wisconsin (14). ORISKANY LimoNITEs; they are found in Pennsylvania, but reach their greatest development in Virginia,

- where the bed is in places from 10 to 30 or even 40 feet in thickness; the character of the ore and its contents in iron and

phosphorus (156 @). The HAMILTON SHALES conbtain workable beds of ore in Pennsylvania; the contents of the ore in iron
and phosphorus. The MARCELLUS ore in Perry county; the Montebello ore ; local ocurrences of inferior ore in the DEVONIAN
shales in Virginia; the same in Tennesses (16 B), CHEMUNG (Mansfield) fossil ore in Pennsylvania ; the CATSEILL contains
some impure ore in Virginia; carbonate ore in the MaUcH OHUNK shales in Pennsylvania; the same in Virginia (15 €).

BUB-CARBONIFEROUS ores ; residuary limonite in the limestone in western Kentucky and Tennesses (15 ¢); block-ore in the sul-

Carboniferous limestone on the Kentueky and Red rivers, and in Obio ; hematite in the sub-Carboniferous sandstones in
Missouri (16 d); limonite in the Enerinital limestone, and in the conglomerate XII in Missouri.

CARBONATE ores of tho CARBONIFEROUS; they are probably co-extensive with the Coal Measures, but are not always in beds of

workable thickness (15 @) ; the horizons of the ore in Pennsylvania—the Ferriferous limestone; the Johnstown bed ; near the
Pittsburgh coal; overlying the Mahoning sandstone; the Pridevale beds; the Stratford beds (15 £); blackband ove has heon
formd in Alabamd, West Virginia, Ohie, and Kentucky ; it ocours with TR1A8810 cosl in North Garolina. Analyses of blackband
irom Alabama and Kentueky (16 @1); the horizons of the Ohio ores (16 ). HmMaTrte in the Trias in North Carolina (16 ).
CARDBONATE associated with the GRETACEOUS coals of the Rocky mountaing ; the MEs0zoI10 carbonates of Maryland.’

b) inclosed between snccessive flows of basalt ;
the bog-ores of tho Atlantie states (17 a). :

Original plan of this branch of the census work and necessity of abridging it (17 ) ; the study of the structural features of the iron-oro

deposits given up with great reluctance ; points needing careful investigation ; do the Aréhean magnetites of the Appalachians
belong fo one or more horizons, or are they scattered as isolated masses through many horizons? are the workable deposits of
limonite dependent upon the present surface-drainage, or has the oxyhydration or mineralization, as the case may be, extended to.

- & considerable depth ¥ (17 @) ; other questions to be answered ; this investigation a legitimate work of the National Geological

Survey, The resulis of my investigation permit & very clear classification of the iron-ore fields and the ore product of the
census year according to its richness in ivon and its contents of phosphorus (17 e); this isshown by graphic plates and tabular

. statements; a list of the statistioal graphic plates (17 e~18 €). Plate VII: Map of the Uniled States showing the geographical

distribution of the iron-ore flelds (p. 3); design of this map; fature discoveries will probably demand an important extension of
the coloring of the Siluro-Cambrian areas of Missouri and the Archsan areas about Lake Superior (18'd); thers is no relation
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“betweon the area of a fleld and its productiveness (18 @); two causes for this (18 £). Plato VILI: Chart showing the geologioal
distribution of the iron ores tn cach stale; design of the chart; disputed horizons (19 @), Plates IX and X: Diagrams showing the
relative values and the relative amownis of ore mined in each state in the census year; points emphasized (191). Table showing by
states the amount of oro mined in tho census year and its per cent. of total; the value of ore mined and its por cont, of total ; the
amount of metallic iron in ore mined and its per cent. of total; averago per cent. of metallic iron in ore; amount of Bessemer
ore mined, its per cent. of Bessemer product and ita per cont. of states’ product; average spot valuo of ore per ton; order of
states according to amount of ore mined; order of states according o total value of oro mined; order of states nccording
to amount of metallie irou in ore mined; order of states according to average per cent. of metallio iron in oro mined; order
of states according to amount of Bessemer ore mined; order of states according to nverage spot value of ore poer ton
(19 @-f); disoussion of this table (20 m-e); causation of the difforences in wverage spot value of ore: gradoe of ore;
Bessemer ore; ore for ear-wheol iron (20 a-e); effect of geographical position (20 @), Plato XX: Diagram showing the
relative amounts of the several kinds of ore mined in the United Slates in the census year ; it should bo examined In conmestion with
Plates XII and XXII (20 e); brief discussion of this plate (20 f, 21 @), Tabloe G: Iron ore mined in the cenans year by
geological horizons, by states and by Finds (see also Plate XII (21 b, L); discussion of this tablo and plate (22 a, £). Table 7:
Iron ore”mined in the censua year by slates and kinds (compare Plates X1IT and XI) (23 a-e). Tablo8: Irdn ore mined in the
oensus year by slates and counties and by kinds (compare with Plates XV to XXI, inclusive); Alabamn (23 d); Conneoctiout,
Delaware, Goorgia (23 e); Kentucky (23 r); Indiana, Maino (24 m); Maryland (24 W) ; Massachusetts, Michigan, Missouri
(24 ¢); New Jersey (24 @); Now York (24 ¢); North Carolina (24 £); Ohio (25 a); Orogon (5 b); Pennsylvania (25 ¢€);
Tennessee (25 £); Toxas, Vermont, Virginia (26 a); West Virginin, Wisconsin (20 @), Table 9: Jron ore mined in the ocnsuas
year (a) by kinds of ore and its per cent, of metallio iron, and (b) by kinds of ore and tho amount of ils contained iren (compare
with Plate XXII) (26 4-27 a); discnssion of this plate and table (27 H-27 ¢); tho older formutions of overwhelming
importance as iron contributors; Huronian hematite will probably be the dominant contributor of ivon in 1890, ‘Cable 10:
Tron ore mined an the census year, by 4a per cent, of metallio iron, by kinds and by states ; note on this table (%7 € 10 28 ¢).  Takle
10a: Metallio ivon in the ore mined in {he census year, by states, kinds of ore and ils per vont. of motallio fron (28 ¢~K); disoussion
of Tables 10 and 10a and Plate XIIT (20 m). Table 11: 4 partial classification of the {ron ore mined in the census Year, by
Phosphorus ratios, by kinds and by staies (29 e-30 ¢¢); Qisoussion of Table 11 (30 @). Table 12: Fessemer ore mined in the
censua year, by kinds and by states (compars with Plates XXIIT and XXIV); note to the table (3¢ e); discnssion of the talle
and plates (31 a~-32 ). Royalties (32 B); Mr. Bell on the royaltics paid in Burvope (32¢). Table 13: Royalties by kinds of
ore and by states (32 ¢-f); iron ore consumed in the United States in 1882, 1883, 1884, and 1885 (33 m); tho world's produetion
of iron ore (33 b); production of iron ove in the United Kingdom, Unitod Stntes, Gormany, France, Belglum, and Spain for
1870, 1875, 1881 to 1884 (33 d); production of Laka Superior mines, 1880 to 1885 (83 €); produotion of New Jersey minos, 1830
to 1885 (34 a); prodnction of tho most impertant distriets in tho United States, 1883 and 16834 (34 B); the world’s future
demand for ore (34 ¢); the consumption of pig-iron per head throughout the world (34 e, £).  Diagrant showing the curve of

* produstion of pig-iron in Great Britatn from 1835 to 18684, and that of the United Slates from 1861 to 18853; alvo the production of

iron orein the Lake Superior region and in New Jersey (35); the dingram discussed; the amonnt of ore roquired from 1885 to 1060
should the increase in the production of pig-iron continue ab the snme rate as during the past threo or four deendes (36).
Plates VII-XXIV illustrato this chapier, (Seo list of plates,)

‘The center of total production of iron ore in the United States in the census year, By Bayard 'T. Putnam...... rasmue av
The center as dofined for the conter of populution by tho Superintendont of the Census (37 &) ; method of determining the conter
of production of the iron ore (37 b~d); another ¢ center” defined; s position (87 ¢).
‘Btatistics of the production of iron ore in the CENBUR VAT . ...\ vue et vurvas commen snsaneiamass tann Citsueesieamans ceees 3976
TABLE 14,—STATISTICS OF THE PRODUCTION OF IRON ORE BY S8TATES AND CoUNTIES (40-63): Alabama, Conneetivut, Dolaware,
Goorgia, Kentucky, Indiana (40-43); Maino, Maryland, Muassachusotts, Michigan (44-47); Missourl, New Jorsey, Now York
48-61); North Carolina, Oregon, Ohio, Ponnsylvania (part) (52-56); Pennsylvanin (continued), Tennessec, Toxas (56-59);
Vermont, Virginin, West Virginia, Wisconsin (60-63),
TABLE 16, —STATISTICS OF TIE PRODUCTION OF IRON ORE, BY StATES (64-07).
‘Gteneral analyses of the fron-ore statistics, By C. F. JORNBON, Jr ceveiviieciiniianrnus castmarnerer consnennsasssnessannna (576
TanLe 16.—PRODUCTION OF IRON ORI, BY STATES (condensed table) (68~69). TAmm: 17. -—-PRODUCTION or IRON ORE, GENRRAL

AVERAGR BY STATES (70-71); l'cmmks on Table 16 (72); irregular producsion (72 m); the total production compared with
the consumption according to Mr, Swank's roport (72 €); value of the ore (72 d); 1abor, eapital (72 @); remarks on Tubloe 17
(73 a~e). TabLw 18,~CHANGES IN TIE IRON-ORE MINING INDUSTRIES IN THE UNITED STATES DURING TIE DEOADE ENDING
JuNx 1, 1880, BXTRESSED IN PERCENTAGES ON THXE RETURNS or TH1s CENSUS OF 1870 (73 d); remarks on this table (73 e~74 ¢),
TaBLe 19.—L1sT OF JRON-ORE PRODUCING STATHS IN ORDER 0F PRODUCTION IN 1830 (74 d). Tanre 20,—RANK OF TUB
STATES A8 IRON-ORE PRODUCKRS IN 1870 (74 £); remarks on this fable. Tasri 21.—List or COUNTIES OF THE FIRST-CLASY
Propucing over 100,000 Tons (76 a). TaBLnp 22.—~L18T or (OUNTIES OF THE SzCOND-CLASS PRODUCING LRES THAN 100,000
TONS AND OVER 50,000 TONS (76 B). TABLE 23.—LIST OF INDUSTRIAL IISTABLISHMENTS PRODUCING OVER 50,000 TONS XN TR
CrNgUs YrAR (76 4). :

ZNOTES ON THE SAMPLES OF IRON ORE COLLECTED TOR ANALYSIS AND ON TIE ORE DEPOSITS FROM WHICH TIIEY
- WERE TAKEN ............ . - RPN £ A 1115
Notes on the samples of iron ore oolleoted in northern New England By Edward R Benton ......................... 79-82
Mamne: Katahdin mine (79). Nnw Hampsmirn: Franconia mine (80 m). Venaont: Monkton mine; Forestdale or Blake mine
(80 ¢); Brandon mine (80 d); Leicester mine (80 @); Granger or Pitisford mine (80 £); Godirsy mine (81 a). Jron-ore
sample map of Vermont and part of New Hampshirve (81); Chipman mine; Tyson Furnace mine (80 1-82 ;); Dothel or -
Pititafield mine (82 ).
Notes on the samples of iron ore collected in Connecticut and Massachusetts., By Bayard T\ PUtnam ........e.e.ave 53-87
CoNNECTICUT: Map showing the lecation of iron mines east of the Hudson river (83). Kent mine (83 d); Chatfleld mine, plan
and section (84 b); Brookpit or Ore Hill mine (84 ) ; section (85b); Porter mine (85 ¢); Davis o Forbes mine (85 @); Chapin
mind (86 &) MassacHUsnITS: Chauncey Leet mine (86 e); Nathanial Leet mine (86 e); Goodnch mine (86 ); Cone mine
(87 a) Cheever mine (87 b); Bank mine (87 ¢); Bacon mine (87 d).
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NOTES ON THE SAMPLES OF IRON ORE COLLECTED FOR ANALYSIS, ETC.—Continued.
Notes on the samples of iron ore collected in New York, By Bayard T, Putnam .. ce.cecmcaiiaiievernaetnanae vonan 89-144

Map of New York showing location of iron mines (geologically colorved) (Plate XXV). '

1. MAGNETIC ORES,~—A, ORANGE AND PUTNAM COUNTIES: - Map showing location of iron mines in Orange and Putnam coununties.
(90). Orange county: Sterling mines (89 @); Crawiford mine (82 e); Bering mine (89 £); Redback oxr Spruce Swamp mine
(91 &) ; Sterling mine; sketch of the Sterling Iron mines and vieinity (91 b); Lake mine (92 a); Tiptop or Summit mine
(92 B); Scott or Oregon mine (92 €). Greenwood mines: Hogeneamp mine (92 €); Forshee mine (92 £); Clove mine (93 b);
Bull mine (93 B) ; Taylor mine (83 d); Ferro Iill mine, Warwiclt mine (93 e); Forest of Dean mine (93 £); sectionof (94 1),
Putnam county: Todd mine (94 e); map of (95); Croft mine (95 a); mining, plan of (96); Stuart or Sunk mine (97 @);
sections of (07); Pratt and Sackett mines (938 a); Denny mine (98 1); Canada mines (98 B); Lalke Mahopac Iron Company’s
mine (98 €); plan and section of (99); Grand Island mine (99 a); Theall and McCollum mines (100 @) ; map of (100) ; Theall
mine (101 €); Brewster mine; plan and section of (101 d); Tilly Foster mino (102 b-105 &) ; plan and section of (102),
B, WASHINGTON, E88EX, CLINTON, FRANKLIN, AND SAINT LAWRENCE COUNTIES,— IPashinglon county: Map of a portion of
Washington county, showing position of iron mines (105 ¢); Potter mine; section of (105 ¢); Mount Hope mine (106 b).
Issex and Clinton counties: Map of the Lake Champlain iron region (107). Mineville group of mines: Map of (Plate XXVI)
New Bed mine; Barton Hill mine; Fishor Hill mine (108 ¢); plan of the Now Bed and Barton IIill mines (109) ; Mine 21 and
0ld Bed mines (110 a-112 ¢); plan and sections of (Plate XXVII); Brinsmade mine (110 a); Miller pit (110 ®); Old Bed
(110 B); Mine 21 (110 €); Swmith mine (112 e). Cheever mine (112 e-115 @); plan and seetions of (113); Lee mine
(115a-116 1) ; plan and sections of (116); Crown Point mines (116 B-117 £) ; map of (117); Gates or Putnam mine (118a);
Hale mine (118 ¢); Palmer Hill mine (118 e); skoteh of workings of (Plate XXVIII); Arnold Hill mine (119 ¢); Nelson
Bush mine (120 ¢); Bowen and Signer’s mine (120 €); Tremblay’s mine (121 @); Chatoaugay mine (121H); Mine 81 (122 a).
Tranklin and Saint Lawrence counties (122 ¢).

II, LimoNITES, RICHMOND COUNTY (Staten Island).—Geological map of Staten Island (123 @), Map of parb of Staton Island
showing location of iron mines (123 d). New Dorp mine (124 @); sketch of (126). Tyson's Four Corners mino (124 £);
gketch of (125), Cooper and ITowitt’s mine; sketeh of (126 ). OrawgE cOUNTY.—Cornwall mine. DUTOHLESS AND
COLUMBIA COUNTIES,— Map showing location of iron mines castof the ITadson river (128), Dutchess county, Fishkill Creek balt :
TFishkill mine (128 e), Sylvan Lake mine (129 b). Beckman mine (120 @). Clove mine (120 £), Clove Spring mine (130h).
Dutohess county, New Fork and Hurlem Railroad belt : Valloy Pond mine (130 e). Pawling mine (131 ). Dover mine (131 f),
Gridley mine (132 B)., Amonin mine (132 @); sketeh of (133), Manhattan mine (134 m); skoteh of (133). Malthy mine
(134 ¢). Rign mine (134 d). Dakin mine (134 ), Coelumlin county: Reynolds mine (135 b), . Weed mino (185 ¢). Copake
mine (135 d@)., Hillsdale, Miteholl, and Haight mines (135 £).

I11. CArBONATE ORE.—Columbia Spathic Oro Company’s mine (130 a).

IV, FossiL ORE.—ONEIDA COUNTY : Map of o portion of QOueida county, showing position of fossil-ore mines (137), Davis mine
(136 £). Wells mine (137 ¢). Ellingwood Farm mine (137 @), Map showing the onterop of the fossil-ore hed near Clinton,
Oneida connty (138). Butler mine (138 @), Franklin and Clinton mines (138 €). Blliott mine (139 ¢). Pryermine (139 d).
Derwin's Farm mine (139 e). Xlein’s mine (140. m). Caglin’s Farm mine (140 b)., WAYNE couNty: Map showing the
outerop of the fossil-ore bed in Ontario township, Wayne county (140). Bennott's mine, Ontario Furnace Company’s mine;
Hurly Brother’s mine (140 £). Lo Frois mine ; Bundy’s mine ; Ontario Furnaco Company’s mine (140 o),

V. HemaTire.—Map showing the location of tho hematite ore mines in Jofferson and Saint Lawrenco counties (141), Shirtleff
niino (142 €). Dickson mine (142 e). Old Sterling mine (142 ). Keene mine (143 B). Caledonia mine (143 d). Kearney
mine ; Littlo Xearnoy mine (144 a).

Notes on the samples of iron ore collected in New Jersey. By Bayard T. Putnam ......ceeevniieviiniiraiacnnnnaces 145-177

MaaNETIO ORES (145 €). Geological map of New Jersey (140). Stracture of the ore-bodies, diagrams showing the (147-148 @),
Ramapo belt deseribed (148 1) ; Passaic belt described (148 B) ; Musconeteong belt described (148 ¢); Poquest belt desoribed
(148 @) ; relative importance of the belts ag sources of iron ore (148 d); production of mines near Dover (148 ). PrQuusr
BELT.—Map of New Jersoy, showing location of iron mines (160).  arren county: Kishpaugh mine (149 ¢); Livesey’s Tunnel
mine (151 @) ; MeKean mine (1561 @), Sussex county: Roseville mine (151 b); Andover and Sulphur Hill mines (161 ¢), sketch
map of (152); Hill mine (153 @) Pike’s Poak or Furnace Vein mine (1563 £). MUSCONRTCONG BELT,—Sussex county : Wolling
mine, Green mine, Wawayanda mine, Willinms mine (154 d); Canistenr mine (154 d); Ogden mine (154 ) ; skoteh-map of
(154); Davenport mine (155 a); Roberts mine (165 ¢); Pardee mine (165 @). Aforris county: Ford mine (156 &) ; Scofield
mine (156 d); Dodge mine (156 d); Weldon minoe (157 @) ; Hurdtown mine (157 €). Susscx county : Sickles mine (168 a);
Wright or Budd mine (158 b); Hude or Stanhope mive (158 d). Warren county: Tgbert mine (168 f); Bald Pate mine
(159 b) ; Oxford Furnace mines (159 ¢); sketeh of the vieinity of (159) ; Staley mine (159 e); New mine (154 £); plan of the
Now mine (180); Welch mine (160 £); Washington mine (161 a). Morris county: Gove mine (161 ¢); High Ledge mino
161 ¢); King mine (161 ¢); Mount Olive mine (161 d); Stoutenburgh mine (161 £); Hann mine (162 b). Hunterdon county:
Gray mine (162 B) ; Pidcock, Eveland, Mayberry, Asbury, Rodenburg, Case, and Petty minek (162 ¢) ; Chureh or Van Syckle's
mine (162 ¢); Swayze mine (162 @) ; Turkey Hill or West End mines (162 @) ; Hagor mine (164 a). PassAi¢ nELr.—Map
of a group of mines near Dover (163). Hunferdon county: Lorges and Annandale mines (164 ¢); High Bridge mines (164 ¢);
Bilverhorn (Kane), Crogar, and 0lQ Furnace mines (164 ), Morris county : Pitney mine (164 €) ; Hacklobarney mine (164 1)}
Topping wine (166 &) ; Samson mine (166 B); Cooper mino (166 ¢); Combs mine (166 «@); Styles mine (166 e); Skellenger
mine (164 £); Do Hart mine (166 £); Lawrence mine (166 £); Dalrymple mine (167 b); Bryant mine (167 &); King mino
(167 ¢); Evors mine (167 £) ; Brotherton mine (168 m); Byram mine (1631) ; Millon mine (168 £) ; Randall Hill mine (169 @);
Dickerson mino (160 €); Black Hill mine (169 ¢); Baker mine (169 €); Scrub Oak mine (170 a); Sterling mine (170 a);
Hurd mine (170 b); Orchard mine (170 d); Huoff mine (170 @); Washington Forge mine (170 ¢); Mount Pleasant mine
(170 £); Richards mine (171 W); Allen mine (171 e); Teabo mine (171 €¢); Mount Hope mines (171 f); Beach Glen mine
(172 £); Hibernin mines (173 a); Willis mine (173 €); Beach or Montauk mine (173 £) ; CobD mine (174 a); Splitrock mino
(174D); Green Pond mine (174 b); Charlotteburgh mine (174 d); Rockaway Valley or De Camp mine and Pike’s Peak or Stony
Brook mine (174 ). Passaio couniy: Ringwood mines (174 ¢), map of (1756); Canuon mioe (174€); Peter mine (174 1);
Hope mine (176 @); Hewitt mine (175 @). RAMAP0O BELT.—DBergen county: Butler mine (175 £). Passaio county: Browm
mine (175 £).  Morris county : Kobart mine, De Bow mine, Beers mine {176 a). ‘

LiMoNyT®,— Farren county ¢ Rapp, Carpenter, and Risgel mines; William Hamlen'’s farm; Marble mountain (176 b), Hunterdon
county: Wean mine, Radley mine, Neighbour mine, Dafford mine (176 €). Warren county: Thomas mine (176 d); Shield's
mine (176 @) ; Brown mine (176 d); Swayzo mine (177 a), Sussex county: Pochuek mine (177 a).
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Notes on the iron ore of Pennsylvania, Compiled from the reports and unpublished material of the Second Geological
Survey of Pennsylvania, J. F. Lesley, State Geologist, and the Census Schedules, by Bayard T. Putnam....179-221

Geological map of Pennsylvania showing position of iron mines (Plate XXIX),

I. MaaneriTe.—DBerks county (176 £); Loehigh connty (180 ¢); Bueks county (180 ¢); Northampton eonnty (180 ¢).

II. Hemamire.~York connty (180 @); Adams connty (181 a).

1L, Laomonrrw.—Limonites of the Siluro-Cambrian formation: Novthdmpton county (181 @); Lehigh county (182 n~185 £); Berks
connby (186 @) ; Lebanon county (187 b); Dauphin county (187 @); Cumberland county 188 a); Franklin county (190 @) ;
‘Montgomery county (193 ¢); Chester county (193 €) ; Lancaster county (193 €); York county (194 b); Adams county (194 @);
Clinton county (194 €); Centre county (195 a); Huntingdon county (195 €); Blair county (195 ¢~-197 ¢); Bedford conuty
(197 €), Limonite ores i the Hudson River slates (Formation IIT) (197 £).  Limonito ores of the Medina formation (198 A). Limonite
ores of the Lower Helderberg and Oriskany formations (198 £~199 @), Limonile oves of the Devonian—chiefly of the Marcellus
Sormation : Porry county (199 €); Juniata county (200 ¢); Mifflin county (200 ¢); Huntingdon county (200 d); Fulton county
(201 e); Franklin county (R02 a). Limonile ores of the Manch Chunk red shale (202 B),

IV. CarponaTe ORES, of the Siluro-Cambrian formation (202 @l); of the Marcellus formalion (203 @) 3 of the Pecono (P) formation
(203 £); of tho Mauok Churk red shals formation (204 m); of tho Peitsville conglomerato. Carbonats Ores and their devivatives
of the Coal Measures: A.—Of tho Lower Prodnctive Ceoal Measures (Freeport, Kittanning, and Clarion Groups) (205 ¢):
Armstrong county (206 B); Clarion county (207 @); Somorsel county (200 B); Woestmoreland county (209 d@). B,—Of the
Lower Barren Moasures: (1) Johnstown ore-bed (R10e); (2) over the Mahoning sandstone (210€). C,.—Of tho Upper
Productive Measures: (1) Of the Pittsburgh coal horizon (211 1), D.—Of the Upper Barren Measures (partly Permian)
(¢12 e). :

V. FossiL ORES.—OQf the Clinion formation : Columbia county (213 ¢); Montour county (213 ¢); Lycoming county (213 ¢); Union
county (213 e); Suyder county (214 m); Mifflin county (215 @) ; Juniatn county (216 ) ; Porry county (217 €); Huntingdon
county (217 @); Blair county 219 @), Of the Chemung formation (219 e): Tioga county (220 m); Perry county (220 d);
Lycoming county (221 b .

Report on certain magnetites in eastern Pennsylvania, By Bailey WillIB. ... oottt it aii ciiieimiitvirarncnas senuns 223-234

The magnetites in the Mesozoic sandstone belt; views regarding them (223),  Map of the magnetite mines within the area of the
Mesozoio sandstone, Pennsylvania (224), Berks county : Jones mine, approximate seetion of (225 d). ZLebanon couniy : Cornwall

.mine (227 B); map of the Cornwall mine (226); Trap dyke, Big hill; sketeh of contact between magnetite ore and trap, Big
Lhill; skeleh of contorted schist (227),  Berks county : Wheatfield mine (228 €); approximato section of (298 £); TFritz Island
mine (220 b); Boyertown mines (Pheenix, Californin, Warwicl, and Gable) (¥20 @) ; mayp of the Boyertown iron mines (230) ;
map of Warwick mine, Boyertown (232). Tork county : Dillsbnrg mines (Boll, Longunecker, and Underwood) (233 b); T'rench
Creek mino (233 @) ; Hopewell mine (234).
Notes on samples of iron ore collected in Ohio. By Bailey Willis .............. e e eMsaambes v Rt murana mvae s 235243

The ores are ail earbonates and their derivaties of the Lower Coal Measures (235 ) ; sketch showing method of mining (¥35) ;
map of the iron orves of the Coal Moessures in Ohio (236) ; gencral section of the Olio Coal Measures, showing approximate
relation of the iron ores sampled (237).  Blackband : Mineral ridge (238 €); Davis ore, Jackson county ; Ray’s or Byers station.
Blook ores : Profossor Orton’s classifiention of (239 1); at Scioto furnnce (239 @); ot Monroo furnace (339 @); at Milton
furnace (239 €); at Creola (239 €); at Junction city (239 €); ab Shawneo (230 €£); at Frazeysburg (239 1); in Jackson
county (239 ) ; at Dover, Tusearawas county (280 £).  Limestone kidney ore: Near Zoar and Dover (240 ). Limestons ore :
Gray limestone vein (240 €) ;3 gray limestone kidney (240 e); soft red limestono vein (240 €); blue limestono ore (240 €); rod
Iudson ore (240 ¢); red limestone kidney (240 £); gray Hudson ore (240 £); shell and kidnoy ore; Snow fork ore; Norris
yellow kidney (240 £); Buehtel ovo (241 W), Luscarawas blackband (241 @) at Groceble farm; ab Biller favm (242 1) ; map
and sections (241); at Dover Furnace hill (242 1) ; ot Hngh Kelly bank (242 €); at Wollstation (242 ¢). ITron Point Meckband :
Olive furnace (242 ¢); at Orbiston (242 €); at Iron point (242 @); at Bowman [arm (242 e); at Moxahala (242 e); pobble
ore of the middle fork of Beaver river, Columbiana county (242 1),

Notes on the samples of iron ore collected in Maryland, By Edward R, Bentol «....ccunuuan fmmceratanesoramnn s . 246-260

Mrsozoic oru8 (carbonates and derivatives).—Map of eastern Maryland showing loeation of iron-ore banks sampled (245).
Baltimore county : Jacob Smith’s mine (245 ) ; section at (246 b), Hegeman or Smith mine (247 @) section at (246 b).
Farstenburg mine (247 ¢) ; section at (246 1), Roever and Coster mine (247 €) ; scetion at (246 ) ; sections of nodules from
(%46 e). Turstenburg furnace, sample of sarbonato ore from stoelk-pile (247 £) : hematite and limonite from same pile (248 w);-
averagoe of entire stock-pila (,348 Bb); roasted oro (248dl). Prince Goorgs county: George L, Skaggy’ minoe (248 @) j soction at
(249 &), George Yokol's mino (248 £); Muirkirk fuornace, stock-pile samples (250 B). Triel and Millbrook mine (260 €l) ;
section at (249 @). Muirkirk furnace, s stocle-pile stmples (250 £). James O'Brien mino (261 m); section at (40 £). A. 8.
Linthicum’s mine (251 ¢). dnne drundel county : Mitehell, Wilson, and Riley mine (251 @) ; seotion at (2621). Reynolds, Kyne,
and Arnold mine (253 @) ; saction ab (252 @). Baltimore county; Jacob Odensoss mine (253 @) ; section at (52 ), Nomds
or Whitalker’s wine (263 €); Stickney Iron Company’s furnnes, stoek-pile smnple (oves from Princo Georgo and Anne Arundel
countios) (254 m). _Maryland ov Bllicott's furnaeo, stock-pile snmplos (ores from Baltimore connty) (254 ).

ORLS PROM OTHER HORIZONS THAN THE Musozoic.—Daltimore County lmenite: Ridgely mine (254 f). Woods mine (2055 m).
Talbot mine (255 ), Kelly mine (5 €); soction at (206 m). Oregon mine (266-257 @)y section ab (256 ¢), Greon Spring:
mine (257 W)« Carroll County, Umonite ; Avondale mine (257 @), Magnetite, Springfiold mine (257 ¢, 2068 m).  Frederiok County,
limonite : Tnsor mino (258 W) ; section at (250); Catoctin or Kunkel mine (68 e, 260 a); Grims mine (269 b); Thomas
mine (250 @).  dleghany County, limonite: Bowoery minoe (259 €). Foswsil: ¥rost minoe (260 u).

Notes on the samples of iron ore collected in Virginia, By Edward R, BoIEON cuue e vecmcesocconsnccnn casnnnaonnnean 201-288

Iron ore sample map of Virginia (geologically colored) (Plate XXX); key to the numbers on the map (261); map of Virginin
and West Virginia showing the area represented by Plate XXX (202); index to the snmple numbers (263). A. Bast or THE
Brue Ripae.—Albemarls county: North Garden mine (203 €). - JAMES RIVER ORE-BELT : Greenway mine (specular) (204 mw);
Slippery Gut Deposit (ferruginous schist) (264 e); “Tirst Vein”, cast of ¢ 0ld Furnace vein® (“specular® with magnetito)
(264 £); ““Second Vein”, oast of “Old Furnace vein” (magnetite and martite) (205 m); Brown hemntite mine (limonite)
(205 ¢); Adamas, Scott and Company, No. 10% (speendar) (205 d); Adams, Scott and Company, No. 11 (specular), seotion
(R065 e); Adams, Scott and Company, No. 13 (specular and magnetite) (266 a); Dover Company, No. 11 (specular and martite)
(266 B); plan and sections of (206); Dover Company, No, 6 (martite) (267 €); Naylor & Co., No. G} (specular) (267 £);
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Mand vein (specular) (268 W), sections of (268); Stonewall mine (limonite) (269 ¥»); Chestnut mountain mine (specular)
(209 e); Red Belt mine (limonite) (269 d); Railroad mine (Yimonite) (269 €); Cross Cut, Archer’s Creek property (hematite
and limonite) (269 €270 B); Oxford FPurnace mine (limonite) (270 b); Otter River mine (limonite) (270 ¢); Pittsville mine
(magnetite) (270 d), plan of (¥71); Rocky Mount (Franklin) mine (magnetite) (271 €); sketch map of (272).
B. SournwESTERN VIRGINIA.—Cripple creek and New LRiverbelt : Speedwell mine (limonire) (273 @); Ravenscliffe mine (lireonite)
(273 £);. Snyersand Oglesby mine (274 ¢); Sampson’s Cripyple Creck mine (limenite) (274 ); CGhadwell F'arm mine (limonite)
(R74 d); Noble mine (limonite) (274 £); Walton mine (limonite) (274 £); Carter mine (limonite) (276 a); Hurst mine
{limonite) (2375 B) ; section at, showing relation of ore to limestone (275); Johnson mine (limonite) (275 £); Rich Hill mine
(limonite) (276 €) ; Panic or White Rock mine (limonite) (276 4,277 a); Glade mine (limonite) (277 a); Semi-magnetic mine
(hematite and magnetite) (277 B). C. Jamrs RIvir BasIN wrsT oF THE Brum Rinau.—West slope of the Blue Ridge:
Wood’s property (hematite) (277 e); Arcadia property (hematite) (277 £); sketches of flexures at (278). Western base of
Blue Ridge: Arcadia Iron property (278 e). Purgatory and May's mountaing: Retreat mine (limonite) (278 £); Carnes
mine (limonite) (279 &); Spengler mine (manganiferous limonite) (279 a); Mays mine (limonite) (279 a); Hickory Hollow
or Salisbury Furnace mine (limonite) (279 B), DBrushy mountain: Longdule (Lucy Selina furnace) mine (279 ¢); section ab
(B0). Rich Patch mountain: Clifton Forge mine (fossil) (280 £); Callie Furnace mines (limonite) (281 b); Lowmoor mine
(limonite) (281 €); map of (282). Potis creck: Given’s outcrop (limonite) (RBI@). Warm Springs mouniain : Soction along
base of (284} ; Dolly Ann mine (limonite) (284 av); Willy’ mine (limonite) (284 d); Smith McAllister mine (limonite) (284 d) ;
Dickey mine (limonite) (284 e), Petor’s mountain: Gay and Lewis mine (limonite) (234 £); Huddleson mine (limonito)
(285 m); Trice mine (imonite) (285 €); Sadler or Btack mine (limonite) (285 @), D. BHENANDOAI VALLEY.—TFestern base
of the Blue Ridge: Kennedy mine (286 @); Mount Torrey or Virginia mine (limonite) (286 b); Miller mine (limonite)
(286 €); Raiunes and Weaver mine (limonite) (286 d); Raines mine (limonite) (286 £); Fox Mountain (Shenandosh Iron
works) mine (Jimonite) (287 m), Masgsanution mountain: Three Top Mountain mine (limonite) (287 @), North mouniain :
Green, formerly Forrol, mine (limonite and hematite) (2688 a); Buffalo Gap mine (288 b). Great North monntain: Old Banl,
Liberty furnace (limonite) (288 d); Hollow bank, Liberty furnace (limonite) (288 e); West Bank, Van Buren farnace
(limonite) (288 ). :

Notes on the samples of iron ore collected in Bentucky., By W, M. Chauvenet.....o.oeivuecme vaeriinoan cavens snanas 289-300
Iron ore sample map of Kentucky (geologically colored) (Plate XXXI); principal regions described (289 B). CUMBERLAND

RIVER REGION OF LYON AND TRIGG COUNTIES, LIMONITE.—Lyon county: School-House hank (280 £); sketches showing
limonite in red clay with ehert (280-200); Fulton bank (280 £); Center Bank No. 2(200 ¢). Trigg county : Trigg Furnace
banks (200 €). KENTUCKY AND RED RIVER REGION.—Map of (201), Bath county: FossiL; Block-Iouse bank (Old Slate
furnace) (201 ). CARBONATE ORES AND THEIR DERIVATIVES OF THE COAL MEASURES: DBath county: Pergem bank (Bath
furnace) (202 b} ; scetion at (292), Fslill coundy ;: Anderson bank (Hstill furnace) (202 e); section ab (202), Hancing Roox
REGION.—CARBONATE ORES AND THEIR DERIVATIVES OF THE COAL Mrasurms: the division of the ores, according to the
Kentucky Geological Survey (203 @); map of the Hanging-Rock region, Greenup county: Reuben’s branch (Pennsylvania
furnace) 294 £); section at (205); Blancet mine (Pennaylvania furnace) (205 ®); section at (205); Turkey Lick (Hunnewell
furnace) (298 m); scetion at (R05). Carter county : Duzen bank (Iron-Hill furnaco) (206 €) ; section at (206); Lambert bank
(Tron-Hill furnace) (206 £); section at (207); Furgerson Lank (Iron-FLill furnace) (297 €); section at (297); Rtewart bank

(Mount Savage furnace) (208 a); section at (207); Mount Savage Furnace banks (208 ); sections at (298,299), ZTawrence
county : Shepherd’s bank (209 e); section at (209),

Notes on samples of iron ore collected in North Carolina, By Bailey Willis . ..o iiioit i iiiiatiie e ceemas anen 301~329
Iron ore sample map of North Carelina (geologically colored) (Plate XXXII). 1. Onrs NEAR (GasTON, IJALIFAX COUNTY

(301 @), Sketch map of vicinity of Gaston (301), 2. Bog-ores or TAE Basrery CounTing (502 Bb). 3. SPECULAR,
HeMATIIE, LIMONITE, AND BLACKBAND ORES OF CHATHAM, MoomE, IARNETT AND JOHNSTON COUNTIRS (302 £).—
(a) Huronian limonites : Ore hill (303 B); map of (303). () Iuronian specular ores: Buckhorn mine (304 €); section at
(804). (0) Triassio hematite: Smith mine (305 b); sketelies af (308) ; Colo mine (306 au) ; sketch of (306). (d) Blackband and
ball-vre of the Trias : Bection ab the Gulf (806, 320). (e) Twiassic limonites: 4. CHAPEL HILL Minz (Huronian $) (306 £); map
and sections of (307), 5. TITANIFEROUS MAGNTIITE OF GUILFORD AND ROCKINGIIAM COUNTIES.—Tuscarors Iron Works (308 ¢) §
plan of (309); Dannomora mine (308 d); plan and scetions at (310), 6. MAGNETIC OREE OF STOKES AND SURRY COUNTIES.—
Sketel map of mines Near Danbury (312) ; Hard-ore bank (311 d); sketch of (318); Nelson banks (311 f) ; section at (313);
Rogers bank (313 £); sketch of (314); Cherry bank (314£); Pepper bank (314 €); Forris bank (315B); west of Pilot Mountain
post-ofiice (316 d); section at (315); Williams’ bank (315 £); Poplar Branch bank (316 B); limonite near Danbury (316 e).
7. MAGNETIC AND LIMONITE ORES OF LINCOLN AND (GRASTON COUNTIES, NoRrm CAROLINA, AND YORK COUNTY, SOUTH
CArOLINA.—Lincoln county: Forney bank (316 e); Killian bank (316 ¢). Huronian? magnetites: Big Ove bank (317 @)}
sketeh of (817).  Gaston county: Costner bank (318 a); Yollow Ridge banks (318 @) ; sketches at (318). SOUTH CAROLINA.—
Brockloy bank (319 @) ; skoteh of (319); Black bank (320 a) ; Silver Monntain bank (320 ¢). Gaslon county (North Cavolina):
Crowder's Mountain (limonite and martite) (320 d); skoteh of (320); Ormond baunk (321 ¢); Mine moununtain (321 ). 8,
LIMONITE NEAR HICKORY, AND MAGNETITE AND SPRCULAR ORES OF CALDWELL COUNTY, ON THE UPPER YADKIN RIVER
(NorTH CAROLINA).—Limonite on Propst’s farm (322 e); magnotite on Curtis farm (323 @) ; sketeh of outerop (322). Map
to illustrate position of tho magnetic ores of North Carolina (323), 9. MAGNETIC ORES OF ASHE,” MITCHELL, AND MADISON
COUNTIES.—Map of parts of Johnston and Ashe counties, showing localities of iron ores (324); Horse Creek banlk (324 £);
Poison Branch baulk (325 p) ; Cranberry bank (325 @) ; sketeh of (326) ; Big Ivy Creek bank (327 B); section at (827). 10,
Livoxire or CHEROXER cOUNTY.—Map of portions of Clerokee county, North Carolina, and Fannin county, Georgia,

showing location of iron mines sampled (328); Morse’s bank (327 e); Tofuotla bank (327 ) ; Section Six bank (328 d); Little's
bank (328 £); Monteith’s bank (328 f). ‘

Notes on the samples of iron ore collected in Hast Tejmessee. By Bailey Wil . . .ioioi i iiat cven vrcnee ctea e 331-360
Iron-ore sample map of Tennessee and North Caroling (geologically colored) (Plate XXXV).

LiMoNITES,— Polk county ; Ducktown copper ore gossan (331 €); Gee Creck Gap bank (332 B). McMinn county : Pa,tty’s bank

(332 ¢); Cate’s bank (332 e). Monroe county : Guiffith’s bank (332 £) ; Curd’s bank (333 a); Hale bank (333 b); Donnelly's
bank (333 e); Tellico bank (333 £); Ball Play Creel bank (334 ).  Blount county : Cade’s Cove bank (334 ¢) ; Abram’s Creek
bank (334 @); Razer's bank (334 @); Flat-o-the-Mountain bank (434 @); Seaton hank (335 @); Wilson bank (335 m);
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Carpenter banl (335 @); Widew Kerr's bank (335 ). Sovier county: Nowmaw's bank (335 £); Love’s furnace (335 I).
Cocke county: Limonite in (330 ), Hamblen county: Vincyard bank (336 €); Willinms’ bank (336 ). Greene county:
Varner, Lamb, and Stephen’s banks (337 @); Greeno Ridge banks (337 €); North of Greenville (337 €),  TPashington and
Unicoi countivs:  Bompass Cove banks (338 By); Casper bank (338 f1); Blue Springs bank (330 @); Hufline's Dank (839 ¢).
Carter and Johnson counties (339 @), Map of Carter and Johnson and parts of adjacent counties (340), Dos River cove:
Cedar Hill bank (340 £); Queon’s Station bank (341 aa); Carden’s bank (341 d1). ZLiftle Doe creck; Went Place bank (341 £);
Tomking bank (342 @) ; Near and Tar Mountain banks (342 @), Roane creck: Songa Iollow hank (542 £); Mast bank
(343 m); Baker bank (343b); Cove bank (343 b); Taylor bank (343 €); Dounelly’s bank (843 £°); Butler's Furnace bank
(344 a); Laurel Fork bank (344 ). Shady valley : King bank (344 d); Blovin’s bank (344 d). Stony oreck; Taylor bank
(344 £); Hodgo, Lips, Specular, and Red Shear Lanks (345 ); Hurley, Blevin’s, and Dugger's banks (34o B).  Sullivan
county: Crockett bank (345 @); Sharp’s bank (346 a).

SpPECULAR ORES.—Cannon bank (346 @); Maxwell bank (346 ¢); Cross Mountain banlk (846 e); Stone Dye and Bwrke’s banks
(346 £); Smith’s bank (347 e).

Dypsroni onus.—Map of portions of Anderson, Campbell, and Scott counties, showing deposits of fossil-ors snmpled (348); Clear
Branch, Lone Mountain, and Big Croelk banks (349 a); Widow David’s Dank (340. d); section at (350); Stanficld’s farm
(349 @); Hill bank (350 e),

MNotes on the samples of iron ore collected in Tennessee. By W, M. Chauvenet . .uae vereae cacrarmnvanecaar caarns cous 351366

Map of Tenunessoo, showing the iron regions (352), TossiL onus: Map of the Valley of Tast Tennessoo, showing ranges of Foasil
ores.—James county: Ragon’s mine (361 £); section ot (363).  Bradley county : Smitlh’s mino (353 ¢); Hincl’s mine (353 d).
Hamilion cmmtJ Coker mine (353 £); scction at (3563); Lowe's mine (354 W), Rhea county: Iron Hill mine (354 €); plan
and section of (354). Meiga county : Kendricks mine (355 @); Brown’s mine (355 €); Welcker's mine (860 a); Piatt's mine
(356 ¢); seotion at (356); Solomon’s mine (357 m). Roans county: Solomon’s mine (357 ) ; Oakdale Furnace mins (357 b).
Map of tho iron region of Western Tonnesses, LIMONITES,—Lawrence oouniy: Hagen’s mine (357 £); Napiers Farnace
(Duvis and Pinion) banks (358 m); sketeh of pot of limonife from Pinion bank (368). TFayne county: Wayno Yurnaco
banks (350 @); White bank (350 B); Red bank (359 €). Decatur county: Decatur Furnace bhanks (359 ¢); Brownaport
Furnace banks (369 £). Perry county: Cedar Grove Furnace banke (350 b)), Hiokman county: Mina Dank (360 ¢); Oll
Mill I'arnace bank (360 e). Dickson county: Piney Furnace banks (860 €); Worley Furnace banks (361 b); Cumberland
Turnace banks (361 @). Montgomery county ; Vernon Furnace banks (362 %) Stecls bank (362 d); Bryaw’s bank (362 e);
Poplar 8prings bank (363 a); Rough and Ready Furnaco banlk (363 b).  Stawert county : Mound bank (863 ¢); Outlaw bank
(363 @) 5 Bear Springs J*urnace banks (363 £); Clark Furnaco banks (364 ©); La Grango Furnace banks (364 ).

‘Notes on the samples of iron ore collected in Gleorgia. By Bailey Willis ....... T emme maamns rarnne s mane e R, 367-378

Iron ore sample map of northwestern Georgia, and parts of Alabama, Tennessee, and North Cavolina (367).

LivMoNITE—Fannin county: Jarrett's bank (368 b). Cherokee county: Donaldson’s banlk (368 d). Harfow county: DBortow
Fuornace banks (368 £); sketch-map of ore-banks ncor Carteravillo (369); sketeh of vicinity of Barvtow furnace (370);
Wheeler bank (370 £) 5 Irish and Black banks (371 B); Crow bank (371 ¢); Giton bank (371 €); Munford Dank (372 a);
Burford bank (372 ¢) ; Wild Cat banlk (372 @) ; Peach Trea bank (373 B) ; Big bank (373 d); Connor bank (373 ¢). Srrcunan
ORE: Gray bank (373 £), LIMoNITE.—DPolk county: Wood's bank (874 ¢); skoteh of (374); Pock bank (376 b); Fisher's
Creek bank (375 ¢); Pennington and Alloway banks (376 £); Folger bank (376 B); Snake Pond banks (3706 ¢), DBartow
county : Caldwell bank (376 ), Iloyd county: Ridge anley Trarnace bank (376 £); Flower Branch bank (377 1),  Walker
counly(?) : Snake Creek bank (377 €). Murray county : Harris buulc (877 @) ; Calieo banlc (378 a). Fossin,—IFhitficld county :
Holland's bank (378 B).

Notes on the samples of manganese ore collected in Georgia, By Bailey Willis.. e memr e creneee eeaa370-382

Skotch-map of ore-banks near Cartersville, Bartow county (370) ; Parrot bank (381 ﬂ) ; paxlomnlmm fu)m fho Johusey brmk (380);
Cooper’s bank (380 £); sketeh of psilomelane? euveloped in pyrolusite from Stophen’s bank (380); Dobbing bank (381 ¢);
skotel of psilomelane? from (381) ; Moccasin and Chumbler TIill banks (381 £); sketch of psilemelane from Chumbler banlk
(382); Smith bank and Bishop banlk (382 ¢).

Notes on the samples of iron ore collected in Alabama. By W. M. CHAUVENEE . oxcuar commns mnrsnr rimane iesersssnnaonn 383-399
Iron-ore samplo map of Alabama (geologically colored) (Plate XXXVI)., Map of northeast Alabama showing iron-ore deposits
(384). .

SILURIAN LIMONITE.~Bibd county: Strickland bed (383 e); Burnyy (Edward) bed (385 B); Do Bardeleben bank (385 e).
ZLusoalooga county : Pioneer Iron Company’s bank (385 )} Tuscaloosa Iron Company’s bank (385 €); Kurckn Iron Company’s
bank (386 &), Bibb county : Ray's hank (380 d)3 Woodward’s havk (386 e); Brierfiold I'urnaco banks (387 @),  Shelby county :
Shelby Iron Company’s bank (387 ¢).  Talladega county: Alabama IMurnace banks (387 €); Talladega bank (388 b); Clifton
banks (388 ¢) ; Sparks hank (389 dl); Side bank (380,@). Calkeun county: Glover bank (389 £); Old Qxford baunk (390 @) ;
Skinnor bank (3001); Washer banlk (390 ¢). Chero ee county : Stonewall Ivon Company’s banlks (380 @) ; Tecmmseh Farnaco
banks (391 aa). Calhoun county: Jacksonville bank (391 ¢). Cheroles county: Rock Ran Furnace banks (302 n); Iardin
bank (392 B). Tossin Orrs,— Tugcalogsa county : Shamblin and Dickey tract (302 ). Jefferson county @ Pottor’s banl (360 £7;
Turcka mine (393 ¢); ridge cast of Birmingham (394 ¢); Irondale Furnaco banks (304 d). Saint Clair county: Woodall
openings (396 ¢); Aderholt bank (395 £); section ab (396). Frowah coundy : Attaln mine (396 ). Joferson connty @ Mussey’s
mill-bed (398 &) ; section ab (398), Cherokes county : Round Monutain FPurnaco banks (308 ¢).  CARBONIFEROUS TIMONITES, —
Jefferson county (399 ;).  Bracknaxn Orrs.—New Castle mine (399 )3 section at (300),

Notes on the samples of iron ore collected in Alabama. By Bailey WilliB.....vuctinnres vevmnnurnnnconsserns vaunas 400-401

Calhoun county,—LaiMONITE Pondergrass farm (400 /). Clay county —~MAGNETITE: Kennedy’s farm (400 ).  Franklin county,—
Livonrrs: Fleming’s property; Dr. Sevier's property (101 e),  Lnmar county,—~LiMoNITE: Noar Vernon (401 41).

Notes on the samples of iron ore collected in Missouri. By 'W. M. Chauvenet ...... e mmn tuenme mmen ek nmtraes anraau 403-420

SPRCULAR ORES IN PoRPHYRY (Archman),—Saint Frangois county : Iron mountain (403 €); map of Iron mountain, Pilot Knob,
and vieinity (403); sketeh of Iron mountain and plan of main pit (404), Tron county: Tilot Xnob (405 Q), scetions ot 406;
Shepherd mountain (406 €); Cedar Hill (407 @). SprCULAR OnrEs IN SaNDSTONR (Lower Silurian)—2Map of Dent county,
showing banks of specular ore sampled (407). 1'%ie Salem district (Dent county): Nova Scotin furnace banks (408 ¥r); skoteh map
‘of vieinity of ; sections in nine pits of (408); Riverside bank (409 b3, plan of (409); Simmons’ mountain (409 £); Milsop and
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MarQUETTY IRON REGION.~—Map of (422); the rogion and its ores desceribed (423).  Mines producing ore of Class I (hard specular);

Jackson mina (424 ¢); Cleveland wmine (425 a); Now York mine (425 ¢); plan of (420); Lako Superior mine (420 ov);
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sketch-p]mx of (447); Quinnesec inine (448 ¢); sketch-plan of (448); Keel Ridge (MceKeuna) mine (450 s); sketch-plan of

450); Chapin mine (451 8); sketch-plan of (451); Ludington mine (451 £); sketeb-plan of 452); Cornell mino (452 e);
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mine (454 1),
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Rivors range (464); vertical section in the Two Rivers range, showing specular ore in banded jasper (465); sketeh-maps of
an ore-body on the Vermilion rango (465, 466).

Notes on the samples of iron ore collected west of the one hundredth meridian By Bayard T, Putnam .............. 4069-505
Map showing deposits of iron ore west of the 100th meriliau sampled (468); sketch of the blast-fnrnaces of the region (460-472),

IzoN orus OF Cororano,—Map of a portion of Colorado, showing position of iron-ore deposite sampled (478), Magnetite in
Arohean: Iron mountain (472 €); magnetic map of (474); Caribou hill (476 ¢); Jefforson county *iron mines” (476€);
Calnmet, Heela, and Smithfield mines (477 ). Magnetitein carboniferous (7) limestone : Aingworth and Stoddard mines (477 @);
alsteh section at (478); sketeh plan of the Stoddard mine (479); magnetic ore from near Hamilton, Park county (480 e).
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Clipper Gap Iren Company’s minos (494 £). Hematile noar Saint Helena, Napa county (495 ). IRON ORE IN OREGON:
Prosser mine (406 e); section of (496); Patton mine (497 €).. IRON ORE IN WASHINGTON TERRITORY: Bog-ore in Chimicum
valley (497 e). Magnetile in Snaqualmie pass and on the San Juan islands (463 B). IRON ORE ON TEXADA ISLAND, BRITISH
Corumsia (498 ¢). IRON ORI IN ARIZONA (499 ¢). IRON ORrE IN NEW MEXICO (499 @)

TABULAR STATEMENT REGARDING TRON ORIS WEST OF THE ONE HUNDREDTE MERIDIAN.—Colorado (500 d); Wyoming (501 %)}

Dakota (501 d); Utah (501 e); Nevada (503 b); California (503 €); Oregon (505 a); Washington territory (505 ¢);
Arizona (505 £); New Mexico (505 £).

ANALYSES OF THE SAMPLES OF IRON ORE COLLEG TED FOR THE TENTH CENSUS AND DESCRIBED IN THE PRECEDING

NOTES. cunict ccvenevnetimmae s VRPN 7 £ 111)

The methods employed in the analyms of the iron ores, together with a sketch of ﬁle various methods ploposed for the

determination of phosphoric acid. By A, A, BIAIT ..ot iiruats tiia ittt e rrten e re ey e 509-527
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Xiv CONTENTS.

THE COALS O THE UNITED STATES—Continued.
Relation of the coal of Montana to the older rocks—Continued. ‘

across the main range at Cadotte's pass (703 ) ; Mullon pass, head of Litile B]ackfoot river (703 @), Mountain structure in
cendral Montana (703 £). The Bridger range (Y05 B), The Biy Belt range (705 e) ; structure (705 £); igneons rocks (707 a)y
drainage (707 €) ; glacial netion (707 d).  Little Beli mountaing (707 ) ; structure {707 €); igneous rocks (709 ¢); drainage
(709 @). The Highwood mountains (700 €); structure and rocks (709 €); drainage (710 B). The plaing and the main range
(710 ¢); drainage (712 €); loeal glacinl action (712 @)

APPENDIX A.~BEMARKS ON THE IPossTLs [collected in Montanal, 8y R. P, WHITFIELD (712 ),

Li1sTs OoF FOossing rROM CENTRAL MONTANA, DETERMINED BY R, P, WnirrizLp (713-718),

APPENDIX B.—IRUPTIVE ROCKS.  BY WALDEMAR LINDGREN (719-737).

Eruptive rocks from- Little Belt mountains (720 €): Coninet of hornllende-dacite, and carboniferons limestones, Tillinghagt
ereek (721,722), Iighwood mountains (724 ¢). Rocks front line of eraption in front of main range, Northern Montana,
southwest of Fort Benton (730 €). Ddarborn distriet (731 €). Mullen pass and Jefforson connty exnptives (733 ), District
of Big Belt mountaing (734 d). Crazy mountains (737 'l) Résumé (737 B).

Montana coal-fields, By George H. BLArIage - oot it it ainl e ity ancae eme v iaat cene vt e eaae mcmaet et aoens 739-757

Goneral deseription of the region and its geology (739); general map of rho territory (Plate LV); Yollowstone section (Plate LVI)
(740 @) ;. Belt mountain gection (Plate LVI) (740 €); Bozeman coal-field section (Plate LVI) (741 ¢); Judith mountains
soction (Plate LVI) (741 ¢); North Moccasin soction (Plate LVI) (741 £); Belt Butte section (Plate LVI) (742 €); Mr.
Lindgren’s notes on the geology of the Liuramie (743 £); section from Big Coulée northward to the Musselshell river and
Cureless ereck (Plate LVII) (744 @); section from the month of Swimming Woman ereek northward to the Big Snowy
monntains (Plate LVIL) (744 @) ; section from Billings northward across the Bull mouuntains to the Mussalshell river (Plate
LVIIT) (744 m); Lower Laramie (744 b); Upper Larauie or Brll mountain series (744 €); fauna (744 ¢); flora (744 d) ; Lower
Laramie (744 d); Upper Laramio (Bull mountain series) (745 ¢); section of the Laramio group in the region of Bull mountain
(Plate LIX); complete section of the Bull mountain series (Upper Laramio); scction of Lowér Laramie (highest park)
(Plate LX) ; section of tho Highwood mountaing (Plate LXI).

BOzZBMAN COAL-FIELD (740 b). —Map of (Plate LXII); goeneral geology of (746 €); fossils (747 €); coal-seams (748 ¢); plates of
coal-seam seations (Plates LXITI-LXVI),

NorfERN Coar-FinLp.—General description of; area explored shown by Plate LXVII (751 c\, geology of (751 ¢) ; sections of
the coal-beds (Plate LXVILT) (752); olmmcter of the coal (752 ).’

Burr. MOUNTAIN COAL-FIELD,—Map of (Plnte LXIX) (753 €); Mr. Lindgren’s notes on the geology of (753 d); sections of the
_coal-seam (Plates LXX-LXXIV) (75 i); character of the coal (7864 1); destruction of parts of the seam by fire (755 b).

RoOK CREEX COAYL FIELD.—Mr, Wolff’s notes ; avea of the field (755 €) (Plate LXXV and LXXVII); Yankee Jim elaim; sections
of conl-senms (Plate LXXVI) (7606 @) ; character of the coal (755 €)

GABDINER RIVER COAL FIELD.~—Mr, Wolft’s notes (756 B); map of the imld (Plate LXXVIIT); sections of the coal-seams of (Plate

LXXIX).
Tur Mousk RIVER COAL-FIELD oF DAaxora (756 1).~—8ections of coal-seams in (Plate TLXXX).
Report on the goal-fields of Washington territory. By Bailey Willis. oo it vt iirr vie ot veman ceae e ctnnn e eees oannns 769771

General geology (750 €); contact of -Coal Mensures with underlying schist (759 £, Plate LXXXII); provxsxoual statement of the
seetion of tho I'uget Sound hasin (760 e, Plate LXXXI); analyses of representalive satples of Washington territory coals.
and lignites (761 @) ; clasaifieation of the conls (760 a).

WILKESON COAL-FIELD.-~Position and boundaries (763 f)' topography (764 B); structural geology (765 @); map of the Wilkeson
conl-tield (Plate LXXXIVY; ideal section of the Wilkeson conl-field (Plnto LXXXYV); map and scetions of Coal Measures at;
Wilkeson (Plate LXXXVI); geetion of the Wilkeson coal-field from Voigt's o Evans creek (Plate LXXXVII); seotion of the
Wilkeson ¢onl-field on Busy brook (Plate LXXXVIILIL); section of the Mishall basin, Wilkeson coal-field (Plate LXXXIX)}
character of the coal (766 ).

Toe GrEEX RIVER cOAL-t wLD.—Position aud boundarles (767 a); topography (767 ¢); geology (767 d); eolumnar section of
the McKay basin (7" .o LEXXXI); outline-map of Gresn river and ndjacent field (Plate XQ); structural section of the McKay
bagin (Plate XCI1); (hmucter of the coal (708 B).

DETAILED GROSS-SECTION OF THE COAL-BEDS OF THE WILKESON AND GREEN RIVER COAL-FIE LDS, WASIUNGTON TERRITORY

768 Wb, Plates XCII-CII),

ANALYSES OF COMMERCIAL SAMPLES FROM TIUE COAL-FIBLDS OF WASHINGTON TERRITORY (769-771).

Analyses of coals and lignites of the Northwest. By B Al Gr000N - oo e vet e tem e ccemor s maes amemee cmnn s raen anns 775790

PROXIMATE ANALYSES (770-78),—Washington territory (776-781); Montana (780-780); miscellaneous xmalyscs (788,789);
BLEMENTARY ANALYSEY (790).

The conversion of lignite into fuel of a high heating power., By F. A. GOOCH - uerat vamens oemmon anseeameenanns e 701706

SJ‘AI‘ISI‘ICS OF THE PRODUCTION OI' COPPER IN THE CENSUS YEAR

............................................... 798-800
PRODUCTION OF COPPBR BAST OF THE 100TIE MERIDIAN (7‘)8—799)
PRODUCIION OF GOPPER WRST OF THE L00TH MERIDIAN (800).
Analysie of the copper statistics. By Charlea F. Johnson, Jr.... ccu vr e irvnen coen cnenn-. e mieraeeiaennee e e, 801, 802

STATISTICS OF THE PRODUCTION OF LEAD AND ZINC ORE BEAST OF THE 1001 MERIDIAN IN THE CENSUS YEAR ..804-806
PRODUCTION OF LEAD AND ZING ORE EAST OF THE 100741 MERIDIAN, BY COUNTIES (804-805}.
PRODUGTION OF LEAD AND ZINC ORE ¥AST OF TRE 100111 MERIDIAN, BY STATES (806),

THE INDUSTRIES OF THE BASE METALS (LEAD, ZINC, AND COPPER). BY GEORGD H, ELDRIDGE.c...coivanen s - --.809-850
LEAD-SMELTING WORKS S8TATISTICS, BY 8TATES, BTC. (810-812).—Lead- -smelting works, Scotel. hearth process (816); air process,
Dblast proeess, flintshire process (817-819) ; cost’of producing one ton of lead, by states and regions and processes (819); relation
of product to Iead ores consumed, by states, regions, and processes (820) ; machinery employed in the reduction of lead ores
by stafes, regions and processes (8:20 821); comparative vies of the lead industry for 1850, 1860, 1870, 1880,
218G SMELTING WORKS (821-822).~—Western division; eastern division (823); percentages. of motal abtained from the ores by
Tegions (8¢3); averagoe cost per ton (824); furnace and mechanical plan used (824).



CONTENTS. xv

THE INDUSTRIES OF THE BASE METALS, ETC.—Continued.
Tre CorrrR INDUSTRY (825-82G).—Copper-smelting works (825); smelting and refining works east of 100th meridian (8206).
GRAND TOTAL OF SMELTING WORKS (B27-828) —Imports and exports of ores of copper (828) ; imports and exports of ores of silver
and gold (829); imports and exports of zine, lead, copper, tin, bullion (829, 830).

MINOR MINERALS OF FTIIE UNITED S AT IS . o oottt et iet atemos m i eaas samacs e smacas cann smamas anes snamnsanarnn 831-853
Mica mines of New England. By N, 8. BRalef. .. u. cvie ronemt ot ciiia tree cies avmn e cmatcammne cens sbnncnmn mas mmeoas 835-836
Statistics of the production of minor minerals in the census year, by states and counties ...... .oc. vt eciinncnnan, 839863

STATISTICS OF THE PRODUCTION OF MINOR MINERALS, BY STATES AND COUNTIES (8U0-840).—Asbestes, nsphaltum, barytes, chromic
iron (839}); cobalt, corundnm (emery), garnet, glass-sand (839); graphito, hydranlic eement, hydraulio lime, infusorial eartl
(841) ; kaolin, magnesian limestone, manganese (342) 5 mica, mineral soap, nickel (843); nickel and cobalt matter, ocher, oil-
stone, pyrite (for sulphurie acid), quartz and feldspar (844) ; seythe-siones, shoemakers’ sandstoues, sonpstono, tale, whotstone-
(845). ‘

STATISTICS OF NI PRODUGTION OF MINOR MINERALS, DY BTATES (B4G-853).—Asbestos, asphaltum, barytes, chiromic iron, cobalt,
corundum, garnet (846,847); glass-sand, graphite, hydzaulio cement, hydranlic lime, infusorial earth, kaolin, (848-849);
magnesian limestone, manganess, mica, mideral soap, nickel, nickel and cobalt, ocher, oil-stone (850-851); pyrite, quartz,
seythe-stone, shoemakery’ gandstone, soapstone, tale, whetstono (F52-833),

DIRECTORY OFF MINES AND METALLURGICAL ESTABLISHMENTS EAST OF THE 100Tu MERIDIAN AND OF THE MINES
OF BITUMINOUS COAL AND LIGNITE IN THE WESTERN STATES AND TERRITORIES...coictootiinscvnsannn ... 855088

DIRECTORY OF ANTHRACITE COAL MINES~—Pennsylvanin (857), Rhode Island (865), Virginia (865),

DIRECTORY OF BEMI-ANTIIRACITE GOAL MIN®S,—Pennaylvanin (8i5),

DIRECTORY OF BITUMINOUN COAL MINRS.—Alabama (866), Arkansas (8066), Cah(‘omm {867), Colorado {867), Georgin (868), INinoin
{868), Indiang (880), Towa (380), Kensas (890), Kentucky (893), Maryland (895), Michigan (896), Missourd (896), Montana
torritory (890), Nebrawka (809), North Carvolina (£99), Ohio (899), Oregon (211), Penneylvania (912), Tennesseo (926), Virginia
(927), Washington territory (927), West Virginia (927), Wyoming territory (930),

DIRECTORY OF IRON-ORYE MINES.—Alabama (931), Colorado (931), Conneeticut (932), Delaware (Y32), Georgia (932), Indiana (932),
Kentueky (933), Maine (934), Maryland (935), Massachusetts (946), Michigan (947), Misgouri (948), Now Jersey (049), Now
York (853), Noxth Caroling (936), Oldo (956), Oregon (958), Pennsylvania (958), Rhode Island (973), South Carolina (973),
Tonnesseo (973), Texas (974), Utah territory (974), Vermont (976), Virginia (975), West Virginia (976), Wisconsin (970),
Wyoming territory (976).

Dirucronry or corrERr mrNus (977).

DIRECTORY OF LEAD AND ZING MINES (978).

DIRGCTORY OF SMELTING AND REDUCTION WoRrxs (U81).

DIREOTORY OF MINES OF TIIE MINOR MINERALS.~-Ashostus (993), asphaltum (98%), barytes (983), chromic iron (953), cobnlt
(983), corundum (emery)- (983), garviet (983), glass-sand (983), graphite (984), hydranlic coment (984), hydranlie limae (085),
infusorial carth (985), kuolin (985), manganeso (985), magnesion limestone (985), mica (985), mineral soap (980), nickel (987)
nickel and cobalt (987), ocher (887), oil-stone (Y87), pyrite (987), quartz wnd feldspar (987), soythe-stone (987), shoemalkors,.
sandstono (988), soapstone (988, tale (488), whotatono (988).



LIST OF PLATES.

PrATE L—Diagrams representing the relations of amounts of capital invested in “working eapital”, ¢ plant”, aud in “land?, for
cach mimmng industry (non-precions mincrals).
II.—Diagrams rvepresenting thoe relations of the value of mineral product to wages paid and material used in ench mining
industry (non-precious minerals).
III,—Diagrams representing the proportion of adult hands to boys under 10 cmployed in each indnstry (nou precions minerals).
IV.—Diagrams ropresenting the relative weights of the non-precions minerals taken from the earth in the eastern district of
the United States during the consus yoar.
V.—Diagrams representing changes of prices, wages, ete., indhoe varions mining industries (non- -precions minerals) sinee 1870,
VI—Diagrams representing the relation of mechanical power to prodnet in the various mining industries (non-precious
minerals), -
VIL—Map of the United States, showing the geographical distribution of the iron-oro fields, (Faces p.3.)
VIIL—Chart showing the geological distribution of the iron ores in cach state, (I"nees p.4.)
IX,—Diagram showing. the relativo values of ihe ore mined in each state in tho censns yoar.  (Faces p.16.)
X.—Diagram showmg the rolative amonnts of ore mined in each state in tho congns year,  (Jaces p.16.)
XTL.—Diagram showing the relative amonnts of the several kinds of ore mined in the United States in the censns year, (Foees
D.22.)
XII,—Diagram showing the relative amounts of ench kind of ore mined from ¢ach geologieal horizon in the consus yoar, (Facos
e2.)
XIIL—Diagram showing the relative amounts of each kind of ore mined in cach stato in the census yoax,  (Faces p.22.)
XIV,—Map of the United States, showing by different intonsities of one tint the relative amounts of ore mined in the censns
yorr. A star on this map indieates tho ¢ center of total production of iron oxe in the census year’,  (Faces p.4.)
XV-XXI.—Mapy of different portions of the United ‘-‘afuh‘a, showing by different intensitics of one tint and by figures in different
eolors tho relative total amonnts of ore and the relative amounts of each kind of vro mined in ench ore-producing
connty in the census year, (Face p.24.)
XXIL-—Diagram showing () a classifieation of the ore mined in the United States iu the consus year according to kind of ore
and its per cont, of metallio iron, and () a classification of the total metallic iron in the ore according to kinds and
grades of ore which confained i6. * (Faces ). 20.)

XXIIL—Diagrams showing (a) the relative amount of Dessemer oroe to Lho total ore prn(lud. in tho consus year, (0) the relative
amounts of the different kinds of ore in the Bessemer ore product, and (o) the relutive amounts of Bessomer ore
mined in cael state. (Taces p. 30.) /

XXIV.—Diagram showing the relative amounts of the differcut kinds of Bessomer ore mined in oach stato in the census your.
(Faces p. 30.)

XXV.—Map of New York, showing location of lron mines. Geology (from eompilation of C, H.H itolmock) indicated in colors.
(FPacoes p. 89.)
"XXVI.—Map of & grouy of iron mines in the town of Moriah, Essex covnty, Now York. (In pocket.)
XXVIL—Plan and sections of 0ld Bed and Mine 21, Mineville, Basex county, Now York., (IFacesp.108.)
XXVIIL—8keteh-map, and gection of Palmer Hill, Franklin county, New York, (Faces 3. 118.)

XXIX.~Iron ore sample map of Pennsylvania. Geology (from Second Geological Survaey of Pennsgylvanin) indicated in colors,
(Faces p. 179.)

XXX.—Iron ore samplo map of Virginin. Geology (by Professor William B. Rogors) indicated in colors.  (Faces 1. 2061.)

XXXIL~TIron ore sample map of Kentucky, Geology (from Kontucky Geological Survey) indicated in colors,  (Faces p,280,)

XXXIT,—Ivon ore sample map of North Carolina,  Geology (from geological map by W. C. Kerr) indieated in colors.  (Taces p, 30L.)
XXXIUT.~Tron ore mines of gronps three and fonr (North Carolina). Geology indicated in colors,  (IPaces p. 302.)
XXXIV.—Iron mines of group soven (North Caroling). Geology indiented in colors, (Taces p.316.)
XXXV.~Iron ore sample map of parts of Permessee and North Careling.  Qeology indicated in eolors.  (Faces p. 3231,)
XXXVI—Tron ore samplo map of Alabama.  Geology (from geological map Ly Bugene A, Smifl) indieated in colors,  (Faoces p. 400.)
EXXVIL~Map of the western end of Vermilion Lake iron-range (northern Minunesota), showing outerops observed, Geology
indieated in colors, (Faces p. 462.)
XXX VIIL—Map of the western end of Vormilion Lake iron range (novthern Minnesota), showing deduacetions from outerops ahserved.
Geology indicated in colors. (IMaces p. 464.)
XXXIX.—~Magnotic ¢chart, Vermilion Lake ivon range, Minuesota, (Faces p. 486.)
X L-XLIX.—Maps of parts of the United States, showing by different intensitios of one tint the quantity of coal mined in eneh county
during the census year. (Inee p. 625.)
L-LIV.~—Geological maps of the Cretaceous bitnminous coal region of contral Montana. Geology indicated in colors, (In poeket.)
LV.—Map (goneral) of Montana and western Dakota, to illustrate George ¥, Eldridge’s roport on thoe Montans coal-flolds.
(Faces p. 739.)
LVI.—Sections noar the coal-bearing strate in Montana, (Faces p, 741.)
xvil



™,

xviil LIST OF PLATES.

PraTn

LVII—8ection from Big Coulde to Careless creek, Montans; section from mouth of Swimming Woman creek to Snowy
mountaing, Montana, Geology indicated in colors. (Tlaces p. 744.)

LVIII.—8ection from the Yellowstone river across the Bull mountain to the Musselsholl river, Montana
in eolora, (Taces p. 744.)
LIX—

Geology indicated
Scetion of the Laramie group in the region of Bull mountain, Montans

(Taces p. 744.)
LX.—Complete section of the Bull Mountain series (Upper Laramie); section of Lower Laramio series (higheat purt)
Both in Montana. (Faces p. 744.)
LXL—Section of the Highwood mountains, Montana, Geology indicated in colors.
LXIL—Map of the Bozeman coal-field in Montana. Geology indicated in colors,
LXIIT-LXVI.—Sections of conl-heda in the Bozeman coal-ficld, Montana., (Face p. 749.)
LXVIL—Map of the Judith coal-field, Montana, (Faces p. 761.)
LXVIIL—Sections of conl-beds in the northern conl-field, Montana. (Faces p. 752.)
LXIX.—Geological map of the Bull mountains and adjacent territory, Montana. Geology indieated in colors.
LXX-LXXIV.—8ections of tho Mammoth coal-bed in the Bull Mountain coal-field, Montana. (Face p. 754.)
LXXV.~—Geological sketeh map of the Rock Creek coal-field, Montana, Geology indicated in colors.
LXXVI.—Sections at the ¢ Yankee Jim” claim, Rock Creek coal-field, Montana, (Fuaces p, 755.)
LXXVIL—S8ketch map and section of the Rock Creek coal-field, Montana, (Faces p. 758.)
LXXVIIL—8ketch map of Gardiner River coul-field, Montana, (Taces p. 756.)
LXXIX.—Sections of goal-beds in Gardiner coal-field, Montana. (Faces p. 756.)
LXXX.—Miseellaneous sectivns of coal-seams, Montana and Dakota. (Taces p. 757.)

(I"acea . 744.)
(Faces p. 746.)

(Faces p. 753}

(Faces p. 765.)

LXXXI—S8ectious (columnar, colored) of the Puget Sound Coal-Measures, Washington territory. (Faces p. 759.)
». N R Floe . WA

1Ly Y. 81 o 4Oy
LXXXIL—Geologien] map and sections showing relutions of Coal-Measures and schists near Skagit coal-mines, Washington
territory. Geology indicated in colors. (Faces p. 760.)

LXXXIIL—8ections of Green River and Wilkeson coal-fields, Washington territory,

itory, (Faces p. 763.)
LYXXIV.—Map of the Wilkeson coal-field, Washington territory, with the western slope.and glaciers of mount Rainier
and glaciers indicated in colors,

Geology
(FFaces p, 763.)
LXXXV.—Ideal section of the Wilkeson coal-field, from Wilkeson to the Puyallup river, Washington territory, Geology
indicated in colors. (Faces p. 764.)

LXXXVI—Map and section of the Conl-Measures at Wilkeson, W&slnng,ton territory. Geology indicated in colors.
. 764.)

(Faces ).
LXXXVIL~Section of the Wilkeson coal-field, Washington territory, measured on the headwaters of Voigt’s and Evans crecke

in the Bvans Creek area, from the main anticlinal axis, eastward to the flows of mount Rainier
in colors. (TFaces p. 765.)

Geology indicented
LEXXVIIL—Section of the Wilkeson coal-field, Washington territory, measured on Busy brook in the Nisqually area, from the
bounding dike on the west, to the voleanic flows frorn Rainier on the east, Geology indicated in colors. (IFaces

D. 765.)

LEXXIX.—8eetion of the Mishall bagin, Wilkeson coal:field, Washington territory, near the Narrow gauge, showmg the faulted
measures west of Vista peak. Geology indicated in colors,

(Faces p. 766.) )
X0.~O0utline map of Green River and adjacent coal-field, Washington territory. (IFaces p.767.)
XOL—Section of the McKay basin exposed by Green river, Green River coal-field, Washington territory, Geology indicnted
in colors, (Faces p. 767.)

XCII—C —Sections of coal-seams in the Wilkeson coal-field, Washington terntory, with analyses of the coals placed opposite
the respective seams. (Face p. 769.)

CI-CH.—Bections of coal-seams in the Green River coal-ficld, Washington territory, with analyses of the coals placed opposite
the respective seams. (Face p. 769.)
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Nrwronry, R. L, June 15, 1884,
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Sir: I have the Lionor to sabmit herewith the result.of the statistical and special investigations into the
mining industries of the United States (oxclusive of the precious metals), with which I was charged,
I bave the honor to be, sir, your obedient servant,
RAPHARL PUMPELLY,
Special Agent,
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INTRODUCTORY REMARKS.

In 1879 my division of the United States Geological Survey was detailed by Hon. Olarence King, the Director,
_to.act as special agents of the Oensus Office. The work intrusted to me—collecting and discussing the statistics of
the mining industries of the United States exclusive of the precious metals—promised to be one of unusual interest,
and capable of being made of great benefit to the political economy of the country. The act authorizing the Tenth
Census provided for special investigations separately of the great factors of the economy of the nation. It was
essential to the success of the plan that the fundamental questions, about 30 in number, should be put in a
strictly uniform manner, and that the answers should have as nearly as possible a nniform value. It was found to
be impossible to accomplish this either through the regular enumerators of the Census Office or by correspondence ¢
alone, .

In the absence of even the most clementary list of establishments it became necessary, in order to obtain a
complete representation, to have each district canvassed by special agents, who were generally more or less
acquainted with the region and with the local mining industries. These personal interviews with the managers of
the establishments, supplemented by correspondence from the central office, succeeded in obtaining a uniform
result. Schedules of questions were prepared, under my direetion, adapted to the various branches of mining and
metallurgy, and containing a large number of questions capable of being understood by the mining community,
and to most of which the answers could be swnmed up to totals for the whole eountry.

Although the questions asked varied according to the branch of the industry, the most important of those

intended to foot with totals are contained in the following scheme: a
QUESTIONS OF LOCALITY, Total employés,
Stato. : Miners.
- Connty. Lahorors.
Number of mines, Administrative force,

Number of hiorses, mules, and oxen,
QUESTIONS RELATING TO PRODUGTION. . Number and horse-power of steam-engines,
Maximnm capaeity of yearly produet, in commercial units, of the || Value of all machinery. .

substance mined. Vualue of explosives.
Produet during the census year, in tons, of the material hoisted, Corda of wood used for fuel.
Produet during the census year, in the commercinl units, of mer- || value of wood.

chantable product. : Timber (linear feat) usod. e
Value of produet. Value of timber,

Sawed lumber (board moasure) used.

QUESTIONS RELATING TO MATERIALS, LABOR AND POWER EXPENDED,
. Valuo of lumber,

Valuo of materials or supplies used.

Wages. ‘ QUBSTIONS RELATING TO CAPITAT.
Men employed above ground. Amount of working capital.

Men employed below ground, - Value of plant.

Boys employed above ground, Value of real estate.

Boys employed below ground. Total capital,

In additions to the above questions, to which answers were required from all establishments, there were asked
a large number of other questions, the answers to whiek, from a considerable number of establishments, would £
give the 1ecessary data for estimating the totals for the whole industry.

The following gentlemen were appointed special agents of the census to collect these statistics: In the castern
district of Pennsylvania, Mr, Oharles Allen, Harrisburg, Pennsylvania. In Huntington, Bedford, Olearfield, and
Potter counties, Pennsylvania, Mr. ¢, B. Finley, Huntington, Pennsylvania. In Cambria, Blair, Indiana, and
Somerset counties, Pennsylvania, Mr. Walter Fellows, Johnstown, Pennsylvania. In the western distriet of
Pennsylvania—comprising the restof thestate—Mr. Bdward B, Alsop, Pittsburgh, Pennsylvania. In Ohio, Prestdent
Edward Orton, of the University of Ohio, Columbus, Ohio, assisted by Profossors N. W, Lord and A. G. Wetherby,
and Mossrs, Andrew Roy, Edward Hyatt, and Edward Orton, jr., all of Columbus, Ohio. In northern Illinoiy and
Towa, Mr. W. L. Fawcett, Ohicago, Illinois. Insouthern Illinois and Missouri—exeluding the coal-fields of Missouri—
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a Professor W. B. Potter, of Washington University, Saint Louis, Missouri. In Alabama, Professor Eugene A.
Smith, of the University of Alabama, Tu&a]oosa, Alabama., In Maryland, Dr. L. B. Hall, of Johus IHopkins
University, Baltimore, Maryland. In Georgia, Dr. George A. Little, Atlanta, Georgia. In Tennessee, Mr. J. G.
Cantrell, Nashville, Tennessee. In Kentucky, Mr. John R. Proctor, Frankfort, Kentucky. In North Carolina,
Professor John O. Kerr, Raleigh, North Carolina. In Indiana, Colonel Ensign Bennett, Indianapolis, Indiana.
In Maine and Vermont, Professor N. 8. Shaler, of Harvard University, Cambridge, Massachusetts, with Messrs.
J. . Wolff and J. M. Wilson, assistants. In New York, New Jersey, Massachusetts, and Connecticut, Professor
John C. Smock, of Rutgers College, New Brunswick, New Jersey. In Virginiaand West Virginia, Mr. Jed. Hotchkiss,
of Staunton, Virginia. In Michigan, Mr. George A. Fay, of Marquette, Mighigan. In Wisconsin, Professor T. C.
Chamberlin, assisted by Mx. James Wilson, jr., of Beloit, Wisconsin, :

b These gentlemen carried ont the duty assigned them of visiting the mines'in their respective districts, either
in person or by deputy, and of filling the schedules from inquiries made on the spot, with zeal and intelligence.

In that part of the mineral-producing field not assigned to any of the above gentlemen, viz, the coal-fields of
Missouri, Kansas, Arkansas, and Texas, the mineral statistics were gathered, on the blank prepared by the Census
Office, by the regular civil enumerators and forwarded to this office for tabulation. In the part of the country
west of the 100th meridian the schedules of the non-precious minerals heretofore enumerated were collected by the
western divisions of the United States Geological Survey, and the schedules, when regarded as complete, wera
sent to this office to be tabulated. It will therefore be seen that the duties of this office with regard to the statistics
of mining were very different in different parts of the country, and, further, that the statistics were collected on
blanks of different form. The lack of uniformity in this respect added greatly to the labor of tabulation.
¢ When the work as originally commissioned was well ander way, this office undertook the additional duty of
gathering the statistics of the minor mineral production. As many of the special agents had canvassed their
respective districts before it was understood that the work was to be thus extended, there was no alternative but
to attempt to gather the additional material through the very unsatisfactory medium of correspondence. Many
- of these substances are produced in out-of-the-way localities and in small quantities. Their importance iy rapidly
increasing, and an effort has been made to gather the statistics of them as fully as possible, if for no other purpose
than to make a basis for subsequent censuses. )

The “minor minerals” were supposed to include asbestos, asphaltum, barytes, chromic iron ore, cobalt, corundum,

garnet, graphite, glass-sand, hydranlic cement and hydranlic lime, infusorial earth, kaolin, manganese, magnesian
limestone, miea, nickel, ocher, oil-stones, pyrite, quartz, feldspar, seythestone, whetstone, and soapstone.
d It was understood that the production of the following minerals was excluded from the consideration of this
office: The precions metals and quicksilver, petroleum, potter’s clay, fire clay, building stone, paving stone, brick
clay, molding sand, salt, gypsum, phosphates, and all fertilizing material. The production of grindstones was also
necessarily excluded, since they are made in quarries whose chief product is building and flag stones. -

In accordance with the broad, general plan of the census it was decided, with the sanction of the Superintendent
of the Census, that in addition to the general statistical canvass of the mining industries, especial attention should
be devoted to the iron-ore industry. And this special investigation was accorded to the iron-ore industry because of
the varied composition of the ores, and the relation of this variation to the several special processes of manufacture
of iron and steel; because of the commercial relation existing between the quality of the ores and their position
with reference to distance and means of transportation to consuming centors; because the capacity of the different
€ ore-fields is unknown, and, finally, because of the bearin g of all these factors, considering the entire country, upon
the relation of & great fandamental industry to foreign competition and to numerous questions in political economy.

The investigation of the iron ores was directed to determining—

1. Their classification.

2. The distribution, geographically and geologically, of the different varieties,

3. The manner of oceurrence of the different varieties.

4. The chemical character of the different varieties down to the products of each mine.

This special study required an expert survey in detail of all the mining districts and known undeveloped iron-
ore deposits of the country, The experts, Messrs, Bailey Willis, Bayard T. Putnam, William Chauvenet, Edward
R. Benton, visited every mining district and, excepting the carbonate districts of Pennsylvania, Ohio, and West
£ Virginia, almost every mine and known deposit in the United States and territories. After the necessary study
of the mode of oceurrence of the ore and of the extent of selection in mining in each mine, careful differential
samples were talken of each variety of the ore in order to determine the influence of the separate varieties in each
mine upon the metallurgical character of the whole output. These were commercial samples, from the mines
and from the stock-piles, each sample consisting of ten to twenty pounds of small ehippings.(a) These samples
accompanied by hand-specimens of the different varieties making up each sample, were forwarded to the Newport
office. Altogether there were collected nearly fourteen hundred samples,

@ This method, whieh has Deen found by numerous control tests to give in careful hands excellent reaﬁlts, was, I belicve, first

proposed and used by Major T\ B. Brooks in the geological survey of the iron-ore districts of Michigan, and subsequently by the writer in
the geologioal survey of Missonzi.
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The original intention was to extend the chemical study of each sample to the determination of all points of a
metallurgical importance, making complete analyses of the soluble and insoluble constituents in all cases where it
seemed desirable to doso. But early exhianstion of the eensus appropriations necessitated an extensive curtailment
-of the plan, and the complete analyses were confined chiefly to the more important ores of the Archeean, and the
partial analyses largely to the determination of iron, phosphorus, and sulphur, and generally to noting ineidentally
the presence of titanium and manganese, One departure from the usual custom neceds perhaps to be explained
here. It is usual to give the amount of phosphorus, as of all other constituentsy only in percentage of the ore;
but since a knowledge of the amount of this element present in an ore is of vital importance in regard to steel
manufacture, and since it becomes practically all concentrated in the pig, it was thought desirable to give also the
phosphorus (phosphorus-iron) ratie (4. e. per eent. of phosphorus divided by per cent. of iron). This has Leen b
calculated throughout and given with each analysis. It shows the amount of phosphorus in 100 parts of the iron
contained in the ore; and as this impurity is practically wholly concentrated in the pig the phosphorus ratio shows
the per cent. of phosphorus that would be contained in the pure iron (i. ¢, the pig free from carbon, silica, etc.)
were the ore smelted with pure fluxes without intermixture with other ores. As a matter of faet, since the pig
-contains only about 95 per cent. iron, the ratios given multiplied by 0.95 will give a closer approximation to the
.amount of phosphorus in the pig. ,

In all there were made 93 complete and 1,157 partial analyses, embracing over 4,400 determinations. Although
‘the work was thus curtailed the ecomplete set of the powdered samples and the full collection of the hand-spectmens
ave preserved in the National Museum,

To partially cover the incompleted part of our own work, I am able, through the courtesy of Professor Lesley, to
give n large number of analyses, by Mr. Andrew S. MeOreath, of those ores of Pennsylvania not analyzed by ¢
ourselves. Mr. MeOreath very kindly selected the analyses representing samples taken to express averages,

The following. table will show the number of samples collected in each state: :

Total number of samples, 1,377, apportioned as follows :

Alabama vocar e i iiiin i, eemasaannn- T Now York. oo iiren creer e 166

British ColumbDifi veevuyvn cureus cirmnr s e v T {] North Caroling - ocecvveeive comnee cvammr vans onas 67

Californin .oocvvvee it cnnne vmcrns ceines cmnnne L I U 93

ColoTado 1uvuur cove vecaae men cenre e e aans 32 | Orogom......... eeteaereiaaman e 3

Conneetioud . cuvve o vvavrincnnn cern e cneas 18 I Pennsylvanit «oocoeeeai it cans amee e savnane 133

DOlAWALO 1vecne vueman car e een cenvmens on e e 4 i BRhado Island ... ccv vanevnnne cins sicmnn v anan 1

Georgin veeerviiinn it i ere cnaenr v aee s anes 61 || South Caroling.. ...ovveiiiciirervnvecinnaunn. b

Kontteky . ocvnevnmnon i cinetienne nane eaaan 34 || TonmeBEOB va e et i it ceee we ey nann 148

L T T U 2 B 027 o8 d

Maryland ....eeenn... Ceeedreascannee s . 48 || Vermont cuuvmn ooiii een et e e e 10

Massachugetts cooeeieeeii i i eee e A O 100

Michigan -ocoveiin it eeeee 186 | Washington torriboTg . cv e i eie i vann 1

Minnesota...oauouen. A dmeermvaeruraee e . 8 )} Wost VIrginia weverveveiiiniiiiinnaenanaas . 19

T T L I I TT e W 12

Novada cocvenieenn e rmees aan e Ceeens 1 || Wyoming territory ........ e e v e 2

Now Hamshive ........ et ueermeasiaraoan vae 1 —

NOW JOIBOY cnee v mes cine rarnnc soan tumone sesnas 109 Total veveivvans e e 1377

Now MeXICO -ovemne hoeeeecaevnrcereeneran oaan 2

Of these samples there were analyzed the aggregate numbers set down opposite the names of the respective
distriets in the following table: ‘ e
', ¥,
tials. piote, | Total iiate yiots,| Total i, [pte, | Totel.

PR ITE Y S Jm [ 77 || MInnoROLA veus vrvmmarmuenaaen, Bl 8 {| South Carelina : B lavives i}
British Celumbin. ...covvnneansn I waen. 1| Missourt........ v 44 B 49 j) Tennpssen. cova.as- 133 16 ] M8
81183130 ¢ 3 T O [ % PO 4 Novadt oooenveniiiiieannnrenn | I PO L Utalhy....... emeaain [P 28 |vaeu..| 28
Colorndo «--veuenicrinnne. P 82 [...... 82 || Now Hampshiye .veeeereeo..... 1] ..-. L || Vormont veeeveenennionan [RSTPPN 9 1 10
‘Connactiont .ovvveeerevnaeian weel AT 1 18 || Neaw Jorasy ..e.... 104 i 100 )} Vieginga cvcevneeecenioiiiinn... 88 121 100
DolaWare aevvameneraarinannan. [ TN 4 || Now MoxXi00 «vevernucieinanien. |2 . 2 f Waghington tevvttory.......... 1 eeenn. 1
L& T 3 L PRI 43 4 47 || Now Yok ceeveniinavnnereenn..| 161 6 156 || West Vieginda ...oveinvnnnon.. 15 Jenuaes 15
Kentuoly .. -.veenniiiimnnniennes 33 1 84 || Novth Caroling.....ooveenaen.es 68 9 67 || Wikconsin «o.v.ovvenainiinian, 10 2 12¢
Maing. cververeinnerarananaennns 2 1 SHONO (i e 03 |.eunes 03 || Wyoming torritory ....... SR B lavuans 2
Maryland coovviiiiiniiniinnnenn 48 liven 480 0regon .vooennriiin i, I 5 A 8
Mas:achusetts .................. 1 J...... 11 I’onisylvnum ........... [RPP 2 24 Totl o A LIGT BB L, 260
MACHIEAI v vasvannr e et enanes 110 20 180 || RhadeIsland. vveveninnnionann Ljeeo... 1

This special survey presents undoubtedly a very truthful picture of the iron resources of the country, and the
tables and graphic plates, respectively, which are the combined result of the investigation of the ores and of the
.statistical canvass, show how perfectly the two methods supplement each other. The chemical work was carried
-out by Mr. A, A. Blair, assisted by Mr, F. A. Gooeh, Captain John Pitman, United States Ordnance, Mr. J. I, White,
Mr. Bdward Whitfield, Mr. W. T. Richmond, and Mr. Charles F, King.
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a 'The statistical work of my department was begun with an absence of definite instruction, and of special
kuowledge or experience in the art of gathering statistics, and was therefore necessarily tentative throughout its
entire course. Much ground had to be gone over twice at an increase of time and labor, and no one can appreciate
more fully than I do the incompleteness of the result. The following suggestions are made in the hope that they
may save our successors in 1890 some of the annoyances te which our lack of experience subjected us.

GENERAL SCOPE OF THE INQUIRY.

b Taking it for granted that the primary object of the United States Census is economic information, and that
the technical investigation of the mining industries is to be strietly subordinated to that object, the following points
would scem to be the ones which should be regarded as essential. The schedule should be so framed as to make
the leading question under each head prominent and distinet, and answers to them should be insisted on in all
cases: '

1. The number of mines, or separate ¢ industrial establishments?”.

2, The location of each and name of manager.

3. The product for the census year.

4. The value of the product at the mine when ready for delivery.

5. The average number of hands employed.

6. The amount paid yearly in wages.

[V 7. The number of months run.
8. The value of the material or mine supplies consumed annually,
9, The number and horse-power of steam-engines in use.

10. The value of the machines used.

11. The value of the fixed and floating capital.

Fach of these heads can be so subdivided that the angwers will furnish all the economic features of the industry.
The subdivisions could be carried so far as to furnish full technical information in addition, but it must be remembered
that the sehedule must be adapted to mines under many different conditions, and that it must be framed with
regard to ready and accurate tabulation. The danger in a multiplicity of questions—as our experience plainly
showed-—Tlies in the fact that many will be unanswered, and the important ones will probably be among them. 1f
d special information is desired, either geological, mechanical, technical, or social, it can be best obtained from well-
developed and established mines; It should torm the subject of a speeial report, and its value will depend on the
zeal and_sagacity of the agent. It maybe ebserved in passing that no schedule can be framed containing more
than ten quesmons which will not be erroncously filled up in a majority of cases if left to the manager of the mine;
not so mueh from reluctance or carelessness as from the fact that the scope and meaning of questions will be
interpreted differeutly by different persons. The value of the statistics following depends upon the fact not ouly
that the industries have been more thoroughly canvassed than ever before, but that the questions have been
asked and the answers written down by agents who comprehended the general bearing of the inquiry.

Our experience suggests the following remarks on the schedule of questions best adapted to gather the statistics
of the mining industries, and applicable to all mines.
e :

MEANING OF THE TERM “ESTABLISHMENT OF INDUSTRY”.

The census tabulation is limited to mines which have been productive during the census year ; for, thouglh
mines which have been abandoned and which would have a value if reopened, and mines which have been recently
opened but have not marketed their produet during the censns y ear, are both part of the sum total of our mineral
property, an attempt to include them would involve the danger of dealing with speculative and unreal values, a
danger which can not be too carefully avoided. It is evident that the enumeration of producing mines at any
given time must include some which have been recently opened and some which are about to die, and must therefore
£ bring in as much of the growth and decay of the individual units of the industry as is necessary to a true
presentation of its condition,

The question what eonstitutes a mine or “ establishment of industry ”—the unit of the Census—is not always
easily settled. The definition of the mine engineer, of the mining company, and of the political economist would
be very likely to be based on different discriminations. No one would think of calling the Oalumet and Hecla
openings two mines, althongh they are in reality two separate industrial establishments under one general head,
nor of calling the sixty-five collieries of the Reading Coal and Iron Company one industrial establishment, although
they are united in ownership and under the same supervision. The gatherer of statistics is obliged to accept the
mercantile definition of the place. Theterm ¢ establishment of industry ”, as used in these tables, may be taken to
mean a mining operation the accounts of which are separate and the product of which is not mingled with that of
any other before it is shipped, though at the same time it may consist of numerous distinet mine openings. We.
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are obliged to accept the statistics as they are kept by the operators, although so doing may disguise the extent to @
which the ownership of our mineral resources is becoming concentrated in a fow hands. That fact could of course
he shown by an analysis of the returns. The *establishments” number 4,620, and their individual annual product
varies from $200 to over $4,000,000.

THE LOCATION OF THE ESTABLISHMENTS.

If a complete and exhaustive list of mines could have been obtained in advance, the labor of collecting statistics-
would have been very much simplified. No such list existed in any state at the beginning of the census work,
except, perhaps, in the iron and copper distriet of Michigan. The agents were obliged to supplement their own
knowledge by inquiries of those best informed. The difficulty of obtaining alist of the producers of minor minerals b
in so large a country as the United States was inereased by the fact that they are generally mined in remote
localities and in small quantities, - It i possible that the system of state inspection of coal mines may hereafter be
so perfected as to supply all that may be desired for that industry in this respect. We have included in our
publications o list of the names and addresses of all mine operators that we have reached, believing that such a
list, though necessarily growing more imperfect each year, wonld be valuable in many ways, and especially so in
furnishing a starting point for compiling a preliminary list for the next census. It will also serve to test the
thoroughness of the present canvags. :

THE TONNAGE OF THE PRODUCT, c

The yearly product is talken from the books of the produccrs in by far the greater number of cases.. The
following comparisons with independent sources will substantiate the claim to as great accuracy and completeness
a8 the nature of the work admits. My, Swank, in his report on the ivon and steel industries, returns 7,708,706 tons
as the amount of iron ore reduced in furnaces, ete., in the United States during the census year, If we add to the
total amount mined the amount imported—d439,451 tons——we have a grand total of 8,414,257 tons as the available:
ore “brought into sight” in the country during the same period. The differenee—704,651 tons—is oxplained by
the loss on handling, estimated at not far from 2 per cent., and by the fact that in consequence of the scarcity and
high price of ore in the spring of 1879 the stocks on hand were bronght down to the lowest point. The year was
marked by great activity in iron mining, many new mines were opened, and tho stock on hand in the spring of d
1880 was mueh greater than that on hand at mines and furnaces a year earlier.

The total of the production of anthracite given in the following tables for Pennsylvania reaches 28,640,819 net
tons. The roports of the Inspectors of Mines of Pennsylvania for 1879 give 20,142,689 gross (=29,279,801 not) tons,
and for 1880, 23,437,242 gross (==26,249,711 net) tons ns the annual production of anthracite coal. Although a.
large proportion of these last is apparently estimate, it affords confirmuation of their accuracy that our total for a
period whieh covers part of both years falls between them. The same reports afford confirmation of the fullness of -
our returns of the tonnage of bituminous coal, the two figures being 18,837,962 net tons, as given by tho inspectors
and, including the irregular product, 18,425,163 net tons for the year terminating seven months earlier, as given
by the census. No more perfect agreement could be desired in view of the fauct that the annual inerease of .
production in that state is 6 per cont, nor would a more perfech agreement afford more convineing proof of ¢
substantial accuracy.

There is a class of small producers, principally of bituminous coal and iron ore, which from the strict economice
standpoint should be kept distinet. It consists of farmers who having an outerop of coal or a bed of soft ore on
their land, do a little irregular surface-work during the fine weather of the winter or in the interval between seed-
time and harvest, The coal produced in this manner is used for & local domestic fuel, and does not find its way
into the general market. There are over 5,000 of these small producers, principally in the states of Pennsylvania,
Olio, Kentucky, and West Virginia, and their entire product amounts to less than three-quarters of a million of
tons. As no capital is employed and but very little labor hired, this mining cannot be said to have any influence
on the industry at large. The arbitrary rule to exclude from consideration any establishment not producing yearly
as much as $500 worth for sale would cause this local gathering of fuel to be overlooked entirely. Iron oreraised £
in this small way is sold to some neighboring blast-furnace, and goes to swell the general product of manufactured

iron. Tt amounted during the census year to 909,977 tons, but involved the employment of very little capital ov
Lired labor. The product is cheap and low-grade ore, and the industry is entirely distinet from underground mining
by a well-organized establishment.

A great part ¢i the lead mining of the northwestern district—TYowa, Illinois, and Wlsconsm-——ls of this same-
irregular and desultory character, 80 mueh so that it proved impossible to obtain returns of all the lead ore
produced there from the miners themselves, Mining there consists of prospecting, The ore is fonnd in irregular
‘deposits and sold to smelters. As soon as the deposit is exhausted, which may occur a few days after it is fonnd,
the pit is abandoned, and the two or three miners working on & royalty in partuership go elsewhere. The ore-
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.a smelters’ acecounts of purchases are, therefore, in these states, the only source from which the total product of lead
and zine can be obtained, They were very thoroughly and energetically canvassed by My, George H. Eldridge, from
this office, and in estimating the lead- and zinc-ore product are to be taken in preference to the miners’ retarns.

The copper returned in the mining tables should be slightly increased in order to arrive at the entire production

-of that metal, as a small quantity reaches the market as a by-product in the mining of the precious metals, Lead,
also, is very generally associated with silver and shipped in the form of base bullion. This portion of the product
does not appear in our returns of lead mines.. ‘

In some cases the mining industry is restricted to mining, pure and simple;.in others, a certain amount

-of labor is expended in preparation for market. Thus the anthracite mines are invariably connected with
“Dreaker” or building in which the coal is redueed to uniform size. . The Lake Superior copper mines erush and wash
b the rock they mine, in order to send to the smelting establishments material containing as high a percentage of
metal as possible, and some producers of iron ore roast or caleine it Lefore delivery., Where these operations are
.50 inferwoven with the business of mining as to be inseparable, they are taken to constitute a part of the mining
industry; where they are separable or conducted at a distance, they are regarded as a part of the business of
reduction or manufacturing, the statisties of which were compiled by other hands. Our aim has been to draw the
line rigidly at mining statistics, lest we might duplicate items of capital or labor which appeared in the summation

-of other branches of indnstry. The statistics of smelting establishments given in this report are independent of
mining operations. '

VALUE PER TON OF THE PRODUOT.

¢ . It follows, therefore, that the value of the mining product is taken at the pit’s mouth, or rather at the point
where the labor reported ceases to act; on it, where it is delivered for transportation to a new owner. This accounts
for the low average price returned, at least in the case of coal and iron ore, which are more than doubled in price
before they reach the consumer,

LABOR AND WAGES.

The accurate determination of the number of men supported by any industry furnishes the most trustworthy
criterion of its relative importance. The number of boys under sixteen years of age employed has always been
made the basis of a question on the schedule, which should contain also & general inquiry into the system of labor.
In most branches of non-precious mineral production the underground foree is paid by the ton of product, and not
-l by the day, and farnishes at its own cost a considerable amount of material, as powder, fuze, etc., which on the
pay-roll may appear as wages instead of mine supplies. Care has been talken to guard against this error, and to
include under the head of wages remuneration for labor only. Steadiness of employment is also an important
factor in the labor question, and we have, therefore, endeavored to ascertain the number of days of enforced and
voluntary idleness as well as the net pay received. How irregular the periods of employment are in the mining
industry may be seen from the following comparative table for the census year of 1880:

Average

Averago | Average per cant of

Kind of minipg industry. per;g[llx:. of p;’é:ﬁ?ghﬁf fry()(;glgto]?gr
worked. | in strikes, cnnson.
e .
Anthracite coal.....ovivenaaieaaans 70. 68 0.72 28. 60
Bitnminous 60al et ivevimnnn. canaan 75.70 6. 08 17, 62
Iron ore 77,56 0,02 22,43
[21) 3 1) 100, 00 0. 00 0. 00

The column neaded “ Average per cent. of year lost from other canses” does not include the time lost by reason
of holidays, temporary inability on the part of the individual, etc., but only the time lost by the suspension of
mining operations from overproduction, lack of means of transportation, ete.

MATERIALS CONSUMED.

£ This is of course not as important a question in the mining industry as it is in those which operate on raw
material. Mine supplies consist of powder, fuze, timber, lamber, fuel, feed for animals, machine extras, wire cables,
rails, ete.  Téhe inquiry under this head should be itemized as far as possible.

CAPITAL EMPLOYED,

This is the subject on which questions are most likely to e resented and the answers misleading or baged on
erroneous conceptions, - If the question is simply, How much capital is employed in your business? it may be
considered an inquiry into a strietly private matter; the answer may refer to what would remain after the debts
were paid; or some such unsubstantial thing as ¢“the'good will of the business” may be included. In case the
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producer is an incorporated company, the answer will be the amount of share capital at par, which is carried as an a
indebtedness on the books. In nearly every case it will be an estimate in rouud nwmbers of something which may
or may not be the subject-matter of the inquiry. What the present investigation lLas sounght to ascertain is, the
value of the mineral property of the country as a producer of actual values, that it inight be ranked with the other
great divisions of productive energy with regard to its real importance. From this point of view the question of
ownership and indebtedness, which oceupies the most important place in the mind of the operator, may he
disregarded. If the mine is worked on a royalty the operator would naturally omit the real estate in estimating
hig assets, whereas it is in reality the most impovtant part of mining capital. The questions should therefore De
framed with a view to ascertaining the value of the entire mining establishment, and not merely the mercantile
capital of the lessce. They were: What is the value of the mincral real estate attached to the mine? What is the
value of the plant? and how much is usually employed as working eapital? The second question should perhaps %
have been divided into: What is the value of the fixed plant; and what is the valne of the movable plant and
equipment? The third question covers an item of mineral property which might be overlooked; that is, the product
on hand or in transit which has been paid for out of the floating capital, and the receipts for which are deferred in
the ordinary couarse of business.

The result of this form of inquiry has been to increase very greatly the amount returned as “capital of the
wining establishments?, without including anything of a specunlative or artificial value, nor the great Lody of
mineral-producing land which is not productive at present, and is in reality the property of the next generation.

POWER AND MACHINERY. , ¢

The question of labor is closely connected with that of labor-saving machinery, and no intelligent analysis of
the one can be made which does not take into account the increasing effect of the other., At the same time, to
complicate the schedule, which must be applicable to all classes of mines, with technical questions on machinery,
will not result in any definite information, and is very likely to weaken it as a register of economic statistics. Such
information can be gathered only by a special study of typical mines, and can be conveyed only through the medinm
of detailed descriptions and drawings, The number, value, and horse-power of the engines, and the value of the
machinery, can bo gathered on the statistical blank and entered in the final tables, The agent can, of course, enter
on & separate note-book matter for a report on any techinical features.

The question of movement of mineral product, final destination, freight-rates, ete., can be investigated throngh
the returns of transportation eompanies. Such information is not generally to be obtained from the managers of d
mines who have nothing to do with the product after it is shipped.

In conclusion, we wish to express our obligations to mine managers and owners. We have received returns
from 4,620 regular establishments and more than 6,000 small producers. Information has been rudely refused in

“two eases only, and withheld from narrow views of tho utility of statistics in two or three more. In such cases
we have made no atbempt ab legal coercion, but haveobtained the information as best we could from other sources.
Had the eensus year coincided “with the calendar year ending December 31, the labor of gathering the statistics
would have been very much simplified.

The manuseript of this volume, excepting the 1)0rtmn relating to the Cretaceous coals of the northwest, and
some discussions left to be added to the proof, was forwarded to the Superintendent of the Census in 1882, Thae
lateness ofits publication is dueto the limited means at the disposalofthe Bureaun, Since the completion of the main ¢
body of the volume there was carried out, wnder the direction of the writer, and for the Northern Transcontinentat
Survey, an extensive and systematic exploration of the Cretaceous coalfields of the territories of Montana and
Washington, as well as of part of the lignite-bearing fields of Dakota. At the time of the suspension of this survey
the results of this exploration were undigested and unplatted. To avoid the loss of results that had cost over
$100,000, the writer had the topographical work platted and the coals analyzed largely at his own cost, but partly
also through the generous eo-operation of the mewbers of the survey in whose provinces the work naturally belonged
It seemed, therefore, eminently proper that these results should be contributed to the census. It remains to be
added, that, with the exception of the topography, this work on the Cretaceous coals was executed by gentlemon
who. were special agents under me in the census work proper—Messrs. Eldridge, Willis, Patnam, and Wolff in the
feld work, and Dr, I, A, Gooch in the laboratory. To Mr.,, now Professor, Chaxles I Johnson, jr., nuch of the f
suceess is due, both in planning and executing the statistical eanvass; and many of the tables of analyses and of
comparison with the Census of 1870, as well as the discussions of those tables, were planned and ealeulated by him.
The tabulation of the retnrns and the very voluminous correspondence needed to perfeet the schedules was done
by Mr. T. Nelson Dale, to whose care and tact much more of the. successful result than appears on the surface is due.
In addition to the large and valnable portion of the samplers’ notes, in the part relating to iron oves, contributed.

by Mr, Bayard T. Putnam, nearly the whole work of editing has been executed by him.

RAPHAEL PUMPELLY,
Special Agent Tenth Census, and Head of Division of Mining Geology,
United States Geological Survey.
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‘a TABLE 1.—COondensed statement of mineral production of reqular mining establishments for the United States, by

substances.
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Bituminous coal and 24 | 885 ] 2,080 | 41,850,004 |$52, 427, 868 | &4, 860, 403 93,817 | 6,200 | 100,116 |$32, 601, 500 855 | 26,108 | $2, 608, 861 '$103, 108, 80T
lignite ().

Anthracite conl.... 3 11 277 | 28,621,371 | 42,130,740 | 46,732, 502 64, 616 | 10, 182 70,748 | 22,098,407 | 1,667 | 105,807 | 13,008, 415 | 154, 504, 330

TrOmn 0T euecuvans .| 23 160 805 | 7,064,820 | 20,470,750 | 2,804,011 80,080 | 1,588 81,608 | 9,538,117 821 24,838 | 3,211,548 | 61,782, U&7
Copperord. e vnnee 10 10 28 008,161 | 8,882,836 | 1,381,834 b5, 745 270 6,015 | 3,077,403 129 18,276 | 9,022,800 | 81,570, 050
Lend and zine ovo..... 10 20 206 177,008 | 8,837,761 831, 070 7,823 160 7,488 | 2,640, 205 167 6, 739 476, 206 7,442, OR3
Minor minerals....... 21 83 18D fevennnnnnn. 3, 387, 444 625, 847 4,020 178 4,202 | 1,805,222 86 5,008 j.oueianeas .| 6,268, M5

Potal . ovvivnvennaa]ondaas| 628 | 4,404 [Laoiiiiinnn. 131,006, 405 | 16, 8206, 747 | 105,607 | 24,625 | 220,282 | 71,855,014 | 8,725 | 181,886 | 22, 887, 010 | 364, 672, OGR4

@ Inclusive of semi-anthracite from Pennsylvania but exclusive of Utah lignite, as the statistics from this territory did not reach office. until after table was madw.

¢ TABLE 2—Averages applicable to mineral products, from regular establishments, from Census of 1870 and 1880, in
the United States.
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Anthracite coal.......| $0 40| $0 83 271) 357) $308; 4878 $0 24! $0 23| $0 70[ $1 47| 072 $'TD3‘ 456 3234362 $474’54.0:60. 0110.0 0.0| $3 66 $1 83L Bt 47I$2 4Gi30. 020, ¢
Bituminona conl .. 06 05] 1,400 920; 2,008 1,894 12 19 80 124 541 852" 431} 418| 836 510|62.001.0 0.8 0.4 146168 1 251 2 04; 6.7 28
Ton 010 canuneenennne. 45 18 2841 3061  824| 1, 42 41 38 135 201 063 BBDI 220! 229| 809 400I48.651.7‘14. 097 3011 34; 290 8 891 6.8 N3
Copper ore..u... teeans 2 04 80 74| 111 665 8237 1 39 841 3 09| B 83l 1,502} 978, 169] 133\ 523 ﬁﬂﬂiao- ﬁi"iZ.(]]ﬁ.ﬂl].‘Z 8581 5()‘ 8 89} 787 4.7 &4
Lead nud zinoore.. ... 200 120 261....| b569f 215, 1 87|...... 14 81f...... Gld) 004| 24|....| 350 856,08.8:30.4| 8, ¢ 6,2 1 93/ 1 08 21 68l..... 2.9 8.9
J ] [ .

TABLE 3.—Percentages of gain in the factors of the mining indusiries (regular establishments) since the Census of
‘ 1870, in the United States. :
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Anthracite conl ...... 24,0 77.0 33.2 84| s27| 880 23.6 | v1.4| 2028 1160.6| D152 4L1 | 10,00 | a77.57 | b40.%4
Bitemineus eonl......| 1818 408.5| 1168 40.6 | 143.8| 184.9 85.2| 53.0| 77! 98| b365 81 | als| bLO08| b3sTL
TT0N OFBuee v veevannnns 105.0 348.6| 1108 56.0 | 108.0] 126.1 82.8 | 30.4| 247.6| 180.4| D254 0.07| 9,80 | @44.83 | 126,45
CODPPEr OB . vatvencnn. 0.7 57.8 11.3 0.8 [eeeno.. 185.5 27| 13.4| 8058 110.1| a53.5 27.0 b411| @80.28 | @ 20,61
f" Lead and zinoore.|  840.8 201,8] 2071} 16L6 [........ 821.8 00,0 | 330.5| 145.7] 607.1| D426 |.eee..... a74.61 ] @65.36 ..... s
o Increase. ' b Deercase,

REMARKS ON TABLE 1.

This table was compiled with a view to the comparison of the economic features of the industries in 1880 and
1870, Consequently, it covers the production of the regular mining establishments only, excluding the “ farmer-
miner”, From these last 5,368 returns were received, aggregating 909,977 tons of iron ore and 916,660 tons of
bituminous ceal.

The statistics of the copper-mining industry, as given in table No. 1, are restricted to the production of tha
country east of the 100th meridian. The copper mining in Arizona, California, etc., resnlts not in the production
of copper alone, but in that of “copper matte”, an alloy or mixture of copper and other metals, which is sold in
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the Fast to be refined. The copper ore east of the 100th meridian is, however, valuable for the copper alone, with =

few exceptions. The amount of copper produced from both sources, as taken from the statisties of smelting-
establishments, is—
Ponnds metallic copper,

Refined in 0agberm, WorKS ... iie et e tiiet tecae ci e i eeiersemamnt e e haaan ek e amaans 9,041,884
Bmelted in western works (a1l 1alr6 SHPEIIOT) ceae var o oiis e it ciedivrr e e ammi e 45,130,133
Y O ¢ et e tm e emeraem— s 54,172, 017

The statistics of lead and zine, which. are given together for the reason that in the northwestern district—
1llinois, Towa, and Wisconsin—they are generally produced from the same mine, covers all the mining returns
where either of those metals was the main product. )

The mining returns of the northwestern district, when it was out of the question to gather the full statistics
from the miners themselves, for the reasons already alluded to, have been increased to make them correspond to
the amounts of lead and zine ore which the smelters retnrns showed were produced there during the census year.
In the county tables, however, they are given as they were received, though muel below the truth, The total
annual yield of these metals, taken fromn tho statistics of the smelting-establishments, is as follows:

TLead, l Pounds, }f Zino. Pounda,
R SO et e e I
| .
Smeltod Trom OTEB .o ceveiii o ceiiien et iaas 606, 070, 838 l Motallie zine oz BPOLLET o orn i e i s e e 40,477,009
Refined from base bullion, the principal value of which was it Zine oxido produced in chemionl works from ore, 20,213,631 pounds,
BELVOL: « e nvenmacomnarmansnenrsaasassunnsramnnrannnssosrstnaneenmns 05,007,207 || oquivalent 10 mEetallo e . ceeee e et aierann e e rnanas 16, 203,460 .
Total yield of metallic lead, conaus year ..ooooveeivvrienennn. 162, 088, 105 ' Tetal metallio zing, consus year......... wareaeme e en ey 62, 681,459

RECAPITULATION,

The grand total of the produetion of coal, iron ore, and the non-precious metals embraced in this report would
therefore De, bringing together the regular and the irregular production of coal and iron ore, and the actnal
production of copper, lead, and zine ay retmrned by the smelters, including that obtained as a by-product in
precimxs—metéﬂ smelting, ag follows: : ‘

Amount. . Value,
ARINEREHD GO aevtnersvnieenesemnnessaesensnsmennennnactom..] 28,021,871 | 342,199,740 d
Bituminous coal: (@) i
Regular produot. oo vvviiinenenmnnascne e raaneseena tona., 41, 8a4, 802 52,401, 613
Trregular Prodnob covvevrennecamsanssnastserneroonsnnns Ao... 16, 56D 1, 002, 506
Total 60AL ..eovrvurmnn s enaas Ceerreianranana do... 71,402, 742 95, 003, 658
Iron oro:
Regular produot. ....oovemuann P tona.. 7,004, 820 20, 470, 750
Trrogular product ......c... 00, 977 2, 686, 201
Total IrOn 018 civiieiiaiiiiiiiniinnnaricnansnanes 7,974, 800 23, 150, 057
Motallio COPPOr. . averansss 04, 172, 017 0, 462, 263
Metallie load 162, 938, 105 7,036, 140
Motallic zino . 46, 477, 900 2, 862, 712 e
ZINOOXIAO .+ cerems ettt ttaavariasae e s e ny vannes 20, 218, 081 700, 788
Minor minorals coowaverniiinine i S 8,887,444
Total valuo of all non-procious mineral produet. ... . SR vereeraemaceneas] 148,001,802

a Inoludes tho coal snd ligntte minad wost of the 100th meridian,

REMARKS ON TABLES 2 AND 3.

The averages in Tables 2 and 3 are based on Table 1, and a corresponding table compiled from the Census of
1870. The values of 1870 were of course reckoned in the debased curreney of the period. As remarked before,
the indnstries considered are the mining industries proper, which are limited to the work of extracting the mineral
from the ground and such preparation or dressing on the spot as is necessary to fit it for transportation, When
an industry is compound—embracing both mining and manufacturing—as, for instance, when a furnace company
mines ore and reduces it to the state of pig-iron, that part of the return which relates to manufacturing has been
carefully eliminated. ‘ .

The “ irregular production” by persons whose chicf business was not mining does not enter into the totals in
"Table 1, and it wag probably not included in the returns of 1870, at least in the case of the bituminous coal
industry, since it is made up of very small individual contributions, mueh less in value than the limit of $500
annual product, which was then (and should hereafter) be taken to be necessary in order to constitute an
“egtablishment of industry” The object of the census is, ultimately, the investigation of economic relations, or
rather the furnishing the results by which such relations can be investigated, and not an endeavor to swell the
arithmetical total of production by collecting items insignificant in themselves and unimportant in their aggrogate
effect on the industries of the country at large.
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a The prodnetion of anthracite coal i so completely in the bands of large establishinents that the small, irvegular
production has not been separated.

Yror the purposes of comparison, the irregular product of iron ore in 1850 is also rightly excluded {from Table
1. The Superintendent states, page 749, volume 3, United States Censns industrial statisties, 1870, that the ivon
oro raised in 1870 was then nudarstated by an amount corresponding closcly to the “irregnlar product?,

The copper, lead, and zine statisties, as compiled from the Census of 1870, correspond very closely in extent
and seope to the statisties of those industries as given in Table 1 for 1880,

Therefore, Tables 2 and 8 present as nearly as possible a correct general view of the advance in the mining
industries during the past deeade.

The amounts of copper ore and rock mined was not specified in the Census of 1870, only the value of the produet,
B For the purpose of comparison, the weight of the ore and rvock has been obtained from independent sowrees. It
will be observed that this is the only mineral product which bas inereased in value per unit since 1870. This is

“owing to the ingrease in the per cent, of metal contained in the roek raised in the Luke Superior region, the leading

minte being exceptionally fortunate in 1lis respect., .

The weight of lead and zine ove was not specified in the Census of 1870, und no safiicient data have Deen
obtained to estimate it. It is therefore necessarily omitted in 1he comparison tables. '

No computations have been made in the veturns of the minor minerals, as they embrace so many waderinds of
ditferent natures,  The minor mineral production is, however, included in the totals, though not large enough to
affect the percentages,

© TABLE 4—Droduct of the now-preciows mineral industries (

regulnr estublishments only), by substances and by stetes,

s i | . |
State or territory. "m‘k.l(':‘l:;“iw‘ Value, nE:lTEJIal Yalne. Tron ore, || Value, ](‘,ll’.i:d | Vatno.
R inad gnite, i ©
Tuns, Tong, . Tons, Tons, |
N T PO TR e e 322, 034 184,110 S8, T8 1. ... | ..........
Alagkhe oo oercinnnn, U PPt . . PR S B,
T T N SO P PRI SPSSRIS F TR (TN SR UTPPNURUUPRN AT AT
D T T 1T SN R B S 14,778 an ot | Lo Lol O FTp caan
Colifornin .. ..., F U PO ceer 36,050 [ETR AL S
LT ) S OO SR 462, 747 1 1,040,850 |ooeiiiicinid e
G COMIPCLIENE coee et it cenees cnaeerenee e sene oo aaee |ovreeianen, Crevaeceaens 35,018 1 147,700
DBTLIHTO « s e e eemeeen e tere e eree s e SR TN FOUORR INUTRR 9,795 | 0, 553
[ T T O 154,044 72,7705 120, 602
L U U SRR T P
LT T e P ceermeneanas]| 0,089,614
T PR FETPTDRUIE SRR T 440,400 | "2 148,008 | ol ereeieara s emecm e eans
TOWI e eet et cves cmeen bt et e e e aen e ens aeean e aene e nt annans emeeesoroeanennad] 1,442,808 | 2,473,155 |.. I ) 384 10,172
Kausng ... L 763,607 1 1,498,168 | cei e | oe.o| 10,081 461, Hri
Kenineky...... B I 935,857 | 1,193,048 43, ha2 88,030 fevarienifirnienne
A I s cmsee e e en en et e n et m e e e e v e e e m————— R . £, G600 LU 1 120 R F
AMavyland .......... S P Teaereiaienas 2,227, 844 | &, 584, 465 67, 040 118,050 1eeeeeanineivn.ts
Musasnchnsebis .. S P [P T 62, 637 BRI T R
AMichigan ...... e s 100, £00 224,500 | 1,897,712 | 6,004,648 | ceoin]innioinins
€ Missourt reeeiaan . - 543, 990 1,0:57,100: 380,197 | 1,074,875 | 28,316 | 1,478,671
MONLRRA. e i e i e 224 800 Juieeen e e e PP
B B ) U TURTSSRURTI IR ISRUURE £ [ ] 1,
Fovarlit e i e e e e e e -

New Hampshive ..oooovoven..
T 0 . - S TR
B 0 < 1T
Wew York

754,872 2,000, 442
1,230,769 | 3,489,172
3,976 5,102

e cnaaas - 50

B PO, ceeeeveean.o| 5,082,808 | 7,020,448 198, 835 448, 000 -
O RN R A 43,200 97, 810 6, 972 4, 0669
Pennsylvanin ... .-

emmmeaieeeeeeen. 028,640, 810 1842, 152, 048 (118,075, 648 | 18,267,161 | 1,820,561 | 4, 318, 099
Rhode Tnland ...

......... et iercanmana. 6, 176 15,440 1oee e iioil] it mreen e
£ South Carolinn. SR ROUS [SRURURRUN AV ISR USSR RO SRR IO IR
TRIDEESE0 - o e e e b R R N 404, 401 628, 054 80,933 120, 951 [ii] 2, (60
TUXAS et aes voecneannns . TN RPN FOUUUUDESS IR SUUUE FURN RN IO SN I renan
Trtah....... U PO D 14, 748 L T e G
Vermont nerenan FUO R I, e 560 A £+11 I8 I PO

Virginin o oooove o

40, 520 92, B37 169, 6¢3 484,831 | 11, 200 a3, uo
Washington. .ovveesviiinerieneinnn,

P . [, 145, 015 151N 0EE{ I DR PRI FP PRI
West Viegnin . .oounn ..., e e 1,785,569 | 1,071,847 60, 371 88,505 | verren | erennnn
WHSCOLAIN + . oeeeee e et e 41,440 78,000 | 1,728 78, 628
TUFOMIBE e et et e ’ 580,505 1 1,080,451 | ..o e v

'286498]2 42,196,678 | 41,564,802 | 58,461,613 | 7,004,820 | 20, 470,756 | 53,140 | 2, 109, 948

@ Inclndes 28,441 tons frrognlur production. b Tncludes 79,560 tong of semi-anthracite, valued at $110,000,
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TABLRE 4.—Product of the non-precious mineral industries, eto.—Oontinued. o
Total
, "
State or territery. - gﬁgm:" :8}{{351;1:31
territories
indivated,
Pounds,
Alabama. cooviniaiiiineniian e e $664, 6av
Alaska. . 3, 043
Arxizema. 3,183, 750
Arkansas . [P .
California. 7430, 000 482, it
Caolorado. ... 1,578 1, 041, 450
L Tr T T g g PP SRR DR SOOI RO M7, o
Delaware . cooeeeans vemeenn herrenrenaaaenas RPN S PRI NV “ 168, 86
[e 2T LR [ wermpmarnanan eme e aaiaranetbaneney webieinneenonune 092 EUr IR
Tdaho.covaieninen Ceenrneenecneasaancvnans nnanas reetrrmrneaaneaan feervemeetaemnan 150,000 | {@)  foeeiiendiierieiei ] e
TIUNOIS . caavemcnae et cimavraaiau e stannesvenrernannes aevanteaan, fmmavwenvanacemunn caee-a] 3,000 1 $30,000 {....i..n.. . 8 011,970
Y LT T . caeranens vaaenn reeeneranann [P QDI [N P [ 165, e
ToWd . veenannan akraanmamseenr v ey e evamennames v aanrreaan A0, haT
O [ i, 000, 417
Kentucky....-. T T T D RIS . 100, 076
125V [ . (@) 11, 600
Muryland ....... L7, 058 2, 870, 208 g8
Mussachusetts . ... S8, 100
Michigan .......... [ PP 45, 830, 202 L 270 407
Missouri.. 2300, 717 4, §28, B15
Montona.. 1, 212, 500 800
Nobraska. P 70
Nevadn o eweasvnnne 184, 780 pmmaeraaas
Now IIRMPSIITO < covmeevmsnrssosamnnnnecs Caveresanunarsnunannnaeen (€ 113, BA
NOW JUlBEY o r e veciivananemmrsmnssansarannnsasansntnnnnn g, B, 788
Now Moxiot ovennerian O P P wes 4,056
Now YorK o cacevariimenireircavinsecmnnnan P P [T
Novth CorolInf ceeecenenacsiinonn onnnsnan wrearrasruanan e anm s sstanceevanant funnnn 1, 640, 00D A5, 07
[8) 13 (S b tameseanensnisRnstiucabNtpa et rana Nt anna ey P [IUDR DR PR . 8 077, 488
Oregon .ooeeeeeanns PR R, et tamereeasuastenaeas s annnacanae 10,470 ¢}
Pennsylvani oeee v veeinannnann S S PP 214,736 5, (10, (124
Rlodo Island ..... N awmeas tememdubanne emauaevacaat  antnceunnaatannenrartsnaaas nsnon|sanantrantlinntnn aenn.lian wennnanes 15, 440
South Cnroling. cavrrsiceiesimnssrvsracsornnmesainissarnnssnntusnnmnnnsns sunnesrocsanluanesncan: | vaseesnnanolirmans ianns 8T, TOh
Tonnesses .. ..... [P . )] 783, 400
TOXAH. e veny vennnnsnn 6, 0B4: P DN
Utah..... T T LT A a6, u45
Vormonb..ocuveeneanes 2, 047, 804 521 089
Virginid ciacennenians T, 700
Washington ....... deenernas rans R0, 046
Wtk VIFgIndn . coveeevnnenicen e vieerneecanns 2 0G4, 942
WHSCONBIN & cuaevnrrmeaniensinensareannannn 817, 636

L T P

Total -vveveens weeerranmasanan N taseeesacetitnsaen cnentiann veannas rhwnmreaaaue

1, 080, 451 @

£6, 005, 084

191, 218, 014

& Valuo of copper ingot not returned in these states and tercitories, and not estimated; beoauso in somo ensoes tho copper oceurs only ng an nocessory metallurpicnal .

product from thoe swelting of mixed oves, nud alao because its value deponds purtly on the cost of its transportation to market.

b Exeluding 1,275 pounds returnsd by smolters, valne not eatimatoed,

e Coppor ore was mined in this sinte, but not smelted; ostimated to produce 84,050 pounds of ingot.
d Copper ore was minod in this state, but not smelted; esthnated to produoe 102,500 pounds of ingob.
¢ Copper ore was mined in this state, but not smelted ; estimated to prodnes 163,880 pounds of ingot
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a PABLE b.—Coal and iron ore product by industrial fields east of the 100¢h meridian.
ANTHRACITE COAL,
l ‘ -
; orsoe.
' ; ‘Wages (Materials
i N power of p
INDUSTRIAL FIELDS, Product. | Value. ;f)‘::gg. Wages. | Materials, le?ltll‘)g' en i(:nnegf pe{’fﬁlwf %‘}’:ﬁ‘fﬁ:g‘}
I I{)roﬂ not. product. | product.
Tons.
Pennsylvanit eeeeeecennnnan frasusmsusetvrTnvumanamaedatanraon 28, 612, 595 1442, 116, 502 105, 752 l$22, 664, 055 | 46,720,477 | $L.47 |.0087 $0. 70 $0.24
b
' BITU}\IINOUS COAL.
D'ennsylvania, Tioga, Clearfield, and Bradford connties .-........ 8,162,108 | $3, 536, 336 I 205 | 1,830,444 |  $316,471 | $1.21 |, 000065 $0. 58 $0.10
JPennsylvanin, exclusive of the above conntiea......... .| 14,842,705 ¢ 14,320,816 5,186 | 0,027,180 | 1,438,131 200 |, 000349 .08, 007
Ohio, West Virginia, and Xentacky .o ceveueennnoen 8,651, 279 | 10,724, 381 4,761 | 7,086,377 | 1,218,330 1.24 |, 000650 . 818 , 148
3 G T S T T 2,287,844 | 2,IR4, 405 840 | 1,370,070 104, 042 1.16 |, 000386 .01 08
Virginin and Noeth Caroling ..oveucnvacereeeriaiineiinananenn 40,870 08, 237 703 71,747 11, 664 2,28 (.018668 2. 765 268
Toennesses, Alnbame, and Georgin. ceaeeoveannmiaiiaeaaiiaaas, 472,000 | 1,336,138 | 567 750, 731 105, 400 187 . 000478 7 . 108
Miseourt, Knnsas, Jown, and Nebraska .ovovrvmveerincomnvanienas 2,760,120 § B 009,173 2,083 | 2,056, 048 853, 071 1.82 | . 000757 1.076 128
ATRADART o ittt itian e mam s e s r i m e sann 14,778 33, 635 35 20, 850 1,135 2.27 | .002368 1,410 W77
S 110 157041 RO 100, 500 224, 500 235 148,000 7,750 2,23 | .002331 1. 448 SOTT
E A 11T 6,080,514 | R 739,745 8,204 | 6,035,010 706, 149 1,43 1.001362 .89 38
Indinnm. e cveenernanras e dieuethnetasetnneiemaarcianat e 1,449,400 | 2, 143,003 1,717 | 1,405,164 48, 804 1.48 | .001184 .07 A1
- !
TUnited States enat of 100th Meridian....c.ucovviiiiiiiaaan, 40, 301, 758 | 40, 045, 308 24, 606 | 30,707,000 | 4,401,662 1.217 | . 0006624 | 762 1157
IRON OREL.
AUETEERI ¢« v vemeeeeeee e e cen e esesaes s anmniennsnsnennnssensts 1,837,712 $6,034, 648 0, 674 | $2,573,857 | $030,711 | $3.28 |.00358 $.40 | $0.51
NOW TR e e e ieenancerar en —ere eevmeeeeeneene| 1,280,730 ' 8,400,132 8,089 | 1,507,305 534,805 | 2.82 |.00245 1.21 .41
O J OTBOF « - aree e eranesnnsanrenenaanrecranmrnnnenessensannnns 74, 872 2,000, 442 4,480 ' 1,606,267 | 584,220 [ 8,84 |.00604 2,13 7
B L T SO 8,272,486 8,080,534 | 10,730 ) 8,850,608 ' 835676 | 2.48 |.00382 1.10 .on
Unitod Stafos.csvermusonocnanianncanian suscanncenensas-wes | T, 004,820 | 20,470, 756 24,868 | 0,538,117 | 2,804,011 2.80 |.00351 1,86 41
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PLAIE L—REPRESENTATION OF THE PROPORTIONAL AMOUNTS OF CAPITAL INVESTED IN ¢ WORKING CAPITAL”,
IN “PLANT™, AND IN LAND.

The areas of the eircles represent the amounts of capital employed and invested in the various mining
industries. The areas of the segments, measuring from end of horizontal dinmeter on the right towards the left,
represent the proportional amounts of capital invested and employed as working capital; the areas of the next
represent the values of the plant, machinery, buildings, fixtures, ete.; and the remainder, in each ease, the value

of the land. The circle representing the minor minerals is not divided, as the data were not complete for that
purpose.

-MINOR MINERALS, LEAD B ZING.

COPPER.

CCEG

BITUMINOUS GOAL.
ANTHRACITE GOAL.

‘Working capital.  $24, bdd, 000
Plant, 81, 348, 80
Xonl eatnto, 250, 018, 724

Totrl capital, $364, 000, 824

Value of Redd Estets,

TOTAL 'MINERAL PRODUCT.
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PLATE IL.—~REPRESENTATION OF THRE DISIRIBUTION OF THE VALUL OF THE VARIOUS MINERAL PRODUJTS.

The areas of the various circles are ‘proportional to the values of the products. The first segment in each,
measuring from the right end of horizontal diameter to the left, represents the part of the value of the product
paid for wages; the next segment the part paid for material consumed; the remainder represents royalty, profits,
ete.

MINOR MINERALS.

LEAD & ZING.
Value of product, $3, BB7, 444
Whges )}dd, $1,305, 222 whw of w;ﬂmt 13, BZZ ’;gé COPPER.
Maierinl used, 025, 348 ages pad (b) Value of produet. $8 832, 836
Mutorial nsed, "a3t, 070 {b) Wagea )Eid ' "g 077, 403
(b) Materia) 118(‘(1 l, 381, 834
IRON ORE.
(e} Value nfploduoi. $33 166,957
(a) Wages paid, 74 728
Matorin uaod 2894 011 ANTHRAGITE GOAL. -
Yaluo of product,  $4 160,748 - BITUMINDUS GOAL.
nges paid, 22, 093, « Valué of product, 52, 341, 518
Matorial used, 6, 732, 602 Wages qu)uI, $ 2, 561, 175
Mateorial used, 4 853, 676

Value of pmdu(t, $138, 747, 269
Wages paid, 72, 3\)2 200
Materiat used, 16, 818 930
Royalty, proﬂts, eto., 44 5"6 120

TOTAL MINERAL PRODUGT,

(@) Inclndes irregular product. (b) Includes only copper east of 100th Meridian. See Table 49, p, 788,
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PLATE TII.—REPRESENTATION OF THE PROPORTION OF ADULY IIANDS T0 BOYS UNDER 16 EMPLOYED IN BACH
INDUSTRY,

The areas of the civeles represent the total number of hands employed. The smaller segment represents the
number of boys, anud the larger 1the number of men.

&,

MINOR MINERALS, LEAD & ZING. GOPPER,

fRON ORE,

ANTHRAGITE COAL.
BITUMINOUS GOAL.,

TOTAL MINERAL PRODUCT, 187/

TOTAL MINERA‘L RRODUCT, 1880,
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PLATI IV.—REPRESENTATION OF THIE WRIGHT OF THE VARIOUS MINERALS TAKEN FROM THE FARTH DURING
THE OBNSUS YBEARS orF 1880 AND 1870.

The areas of the circles represent the relative weights of the material taken from the earth, in the eastern
districet of the United States, in mining for the non-precious minerals. The copper rock contains about 2.8 per cent,
of metal, The iron ore contains about 50 per cent. of iron, the coal is all merchantable product, the lead and
zire ores represent 30 per cent. of metu), No aceount is taken of the waste rock or culm removed in mining.
When an inner circle is drawn it represents the corresponding tonuage as reported in 1870, .

MINOR MINERALS, LEAD & ZINC. O

GOPRER.

IRON ORE.

O ©

ANTHRACITE GQOAL.

BITUMINOUS COAL.

TOTAL MINERAL PRODUGT.
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PLATE V.—REPRESENTATION OF CHANGLES IN PRICES, WAGLES, 110, SINCE 1870 IN 711 MINING INDUSTRIES.

) The outer circles represent the prices in 1870, and the inner circles the corresponding prices in 1880. The
aunular space represents the shrinkage during the inclnded decade.

O

GOoLD,
Shrinkages§ BITUMINOUS COAL. ANTHRAGITE COAL.
fromUFtolo0 Shrinkage 395 -Shriniaye 40.8%

7~

\‘.——'/1
IRON ORE. INGOT COPPER,
Shrinkage26.6% ' Shrirdage 245
u

ALL NON-PRECIQUS MINERALS.
Hverage shrinkaye of price 3257

PRIGE OF AVERAGE YEARLY PRODUGT PER HAND,
AVERAGE YEARLY WAGES PER HAND. Shrinkage 24.3%

Shrintage 28.3 7,
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PLATE VE—REPRESENTATION OF THE RELATION OF MECHANICAL POWER 10 PRODUCT IN THE MINING
: INDUSTRIBS.

The areas of the left-hand eircles represent the engine horse-power employed. The areas of the right-hand
cireles represent the number of thonsand tons raised yearly froin the earth per horse-power. In the copper and
anthracite-coul mining, however, the power is employed in preparving for market as well asin raising to the surface,

. Tons per WiF 1 Lonsper#H.P
@ .

MINOR MINERALS.

_77’1’ COPPER,

LEAD.

Tons per H.P =R Tons por LB '

. HE \'/
tRON,

BITUMINQUS GOAL.

ANTHRAGITE GOAL.

TOTAL MINERAL PRODUGCT,
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