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MINERAL INDUSTRY IN EARLY AMERICA

by

H i l l o r y  W ,  S t .  C l o i r t

ABSTNACT

Mining act iv i ty began in colonial  t in}es r ,r i .h i ronl laking operat ions
scat lered along the eastern seaboard. l ron fuxnaces and forges nanufactured
iron implenents froln bog ir :on ores rsing charcoal f rom rhe er.ensive foresrs
as a fue1. Lead ores were mined in the Mississippi Va11ey and copper ores in
the ]-ake Superior region, I lowever,  the real beginning of che Anerican nining
indrstry did not occur unri l  rhe 19th century.

The history of American nining is arganized around rhree epochal evenrs.
The f i rst  nas the discover:y of gold in Cal i fornia in 1848, which marked rhe
beginning of a period of apprent iceship in nining and metal lurgical  techniques.
The second nas the discovery of the fabulous Constock Lode in wesrern Nevada
in 1859, \rhich expanded mining throrghout the Far West and 1ed ro Large-scale
underground minine and the developmenr of snelr i rg techniques for lead, si lver,
and copper ores. The third event was rhe bui lding of a rransconrinenral  rai l -
road systen after the Civi l  War, which brought about the consol idar ion of the
industry frcm a large number of independenr mines, ni l1s, and smelrers inro
integrated operat ions run by large corporat ions. Thus developed rhe nining
industry thar Eoday suppl ies the enexgy and cr i t ical  marer ials for Ehe grea!-
est indusrr ial  complex the world has kno\".n.

INTRODUCTI ON

Anniversaries have long been occasions to teview and ponder the past.  In
keeping wiEh the gener.al  review of our hisrory thar rook ptace during the
200th anniversary of the Republ ic,  the Bureau of Mines sponsored a review of
the early history of American mining. In rhis srudy, mining is considereal in
i ts broadest sense; i t  includes not only the extracCion of otes and minerals
from the earrh, but also the separat ion and ref ining of netals and mineral
p r o d u c E s  t o  p r e p a r e  E h e m  f o r  u s e .

'  l , Ietal lurgical  engineer (now ret i red).
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I{INIIG DURING COT-ONIAL T]}IES

Although one of the declareal purposes for e6tabl ishing the f i rst  colony
in Virginia l ras to prospect for precious metals,  this hope met ! , l i th great

disappointnent. Precious metals such as the SPanish found in Central and
South Anerica uere not found by tbe original North Anexicarl colottisrs. The
only ninexal industty that developed widely fiom colonial times through the
18th century r^ras irorunaking. This industry was based on the Plentifl]l supply
of wood for naking charcoal rather than extensive or high-gxade iton ileposlls.
The iron \ , /as nade from telat lvely sf la11, widely scattered dePosits of bog iron
ore; i t  was produced in smal l  quant i t ies to supply local l reeds. There is also
evidence of some lead mining, particular:ly during the l,lar for fndependence t
but these operat ions seen to have been desul i rory af ld smal1 sca1e. In fact,
most of lhe lead used for: the Anerican Axqyrs bullets was lnPorted ox
reclaimed fron lead objects such as sash weights or lead pipe. short ly af ter
the Revolution begarr, Govel:oor Winthrop of Co Ecticut ordered a leaden
equestxian statue of King George I l I  melted dotn; i t  produced 42,000 bul1ets.

The earl iest systematic study of the geology and mineral  deposits of
North America r,ras undertaken by I,lilliall Maclure, a Scotsnan who becanE an
amateur geologist ,  He irEr igrated to Anerica in 1779 ard successful ly entered
the mercant i le business, l ,ater,  he turned his alr tent ion to the geology of
the Nelr Wor:1d and crossed the pathless tracts of the Allegheny Mountains alone
no less than 50 tines. His observations covered the area from the St,
T-awrence River: to New Mexico. In 1809, he published his observalrions and a
geological  map showing a systematic classi f icat ion of rocks. He has been
referred to as the father of American geology.

Ironrnaking in the 17th and 18th Centuries

The early ixon fuxnaces i 'ere usual ly var iat ions of the catalan forge,
named for Catalonia, Spain, r,rhere a large proportion of the world's irofl \tas
once produced, Ihis furnace had a shallow hearth ltith an airblast and
resenrbled a large blacksmith's forge, A large pasty mass of i ion welghing
300 to 400 pounds was fonned on the hearth after coarsely pulverized ore was
heaireal in bufiiing charcoal for about 3 houi:s; this nass !,ras ca11ed a b1oom.
Thus, the process that evolved in Anerica became known as the American
bloomery process. I t  was a direct process because the ore ! , ras converted
directly into f,al1eab1e iron, which could be hanmered and !,lorked to remove
the slag and produce a bar of wrought iron.

At the t ine of the colonizat ion of Nor: th America by the Engl ish, i ron
production was declining ifl the Mother Codntry because of the dindnishing
supply of char:coa1 fron Sri t ish forests.  At the sane t i rP, the demand fot
iron nas increasing. Consequently, there itas great lncentive to begin
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ironmaking in Anerica and thereby take advantage of lhe plentiful suPPly of
wood in American forests,  nhich had to be cleared in any case. Although iron
ore l ras discovered in 1585 in Noxth carol ina by sir  wal ler Raleighrs expedi-
t ion, no use was made of i t  at  the t iEE. In 1607, the Virginia co. of  London
founded the first pemtanenL Ecglish colony. In APril of the following year,
a load of iron ore lras shipped lo England and smelted to Produce 17 tons of
iron. In 1610, Six Thonas Gates reported to the ccnpany council in ]-ondon
that the plentiful supplies of iron ore in the colonies would yield lron as
gooal as any in Europe.

In 1619, the l -ondon Co. sent a shipload of imdgrants to Virginia.  About
150 of rhese persons \{ere sktlled in iron nanufacture. smelting works were
erected near tr'alling Creek, a branch of the James Riveri not far from
Jariestown. The brown ores of the region produced tolerably good iron. Unfor-
tunately,  this operat ion aroused the host i l i ty of  the Indians and in Wy 1622,
345 settlers were ki11ed and the irorFrorks and glass furnace were destroyed.
As a resuli:, iroffilaking in virginia was discontinued for noxe than a cenlury,
al though.there were plent i ful  suppl ies of both wooal and iron ore,

In U24, theie Bere four furnaces in Virginia but IIo forge. The ir:on
was converted to bar iron at the ?r.incipio lorge in l,taryland. I'or a repor!
on the status of the iron industry in Virginia, we have no less authority than
Thouas Jeffetson. In his Noces on Virginia,  publ ished in 1781 (37, pp. 27-28),2
he makes the fo1loffing observalrions:

"The mines of i ron worked at pr.eseni are Cal lawayrs, Rossrs, and
Bal landrine rs on the south side of the Janes River,  Olal ts on the
north side in Albermarle, Mi l lerts in Augusta, and Zanets in
Frederick. These last two are j.a the valley bet!./een the Blue Ridge
and North Mountain. Cal lawayts, Rossrs, Mi l lerrs and Zaners make
about 150 tons of bar- i ron each in the year.  Rossrs makes also
about 11600 tons of pig- i ron annual ly;  Bal landriners, 1,000,
Cal lawayrs, Mi l lerrs and Zaners about 600 each. Besides these,
a forge of Mr. Hunterrs at Fredericksburg makes about 300 tons a
year of bar-iron imported from l,laxyland; and Taylorts forge, on
Neapsco of ?otornac, works in the same way, but to irhat extent I am
not inforroed. The ufldertakers of lron in other places are numerous )
and dispersed through all the niddle country. Itle toughness of the
cast i ron of Rossrs and Zaners is remarkable. Pots and other
utensils cast thinner than usral may be safely loaded into and out
of wagons in which they are transported. Salt pans made of the sane
and no longer wantred for that purpose r carmoi: be broken up in
oxder to be nelted again unless previously drilled in fi.alry parts."

Along the eastern seaboard of New England !rcre a large nurber of bogs
containing spongy iron ore. The ore fused easily and produced good netal for
cast ings. Si l iceous oxes and seashel ls were avai lable for f Iux. Most colo-
nial sneltiog furnaces were sma11 and crudej they produced only 12 to 20 tons

?Underlined numbers in parentheses refer to itens in the list of references
preceding the appendix.
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per rneek of i ron. This i ron was used to nanufacture polrs,  kett les, wagon
and sleigh t i res, chains, anchors, a d oEher i f imediate needs because the cost
of importat ion was so great.

The first successful ir:or&orks was established in the province of
Massachusetts Bay, where ifon ore was discovereal in lhe flat meadolrs on the
upper:  part  of  the Saugus River,  near Lynn, soon after i ts sett lement in 1629.
Specinens were taken to Londm! in 1642 nith the hope that a conpany night be
fomed to finance an iron-nranufacturlng venture. In 1643, John Winthr:op
the Youflger (son of Governor Winthxop of Connecticut) and 10 parltners \,rere
granted the exclusive privilege of lraking iTon for 21 year6, r./ith the provi-
sion that they could make enough iron for the colonyrs use \,'tthtn 2 years.
Additlonal grants in 1643 provided for other settlers to become proprietor.s by
paying S100 plus an allonance to the origiDal investors for the €1,000 already
disbursed. The purpose of the grant \,/as rrso the country nay be furnished with
al l  sorts of bar i ron for theix use at f20 per ton" (12, p.  473).

The first works \,rere erected near l,ynn on the west banks of the Sadgus
River. Smne of che principal worknen, vho carne from Hamersnithr Englend,
naned the new village llamnersmith. A self-snffj.cient cor@lunity, llarioersmith
gren its own food and kept it6 depenilence on the outside to a mininur. It
r,7as known as an ixon plantation and may be consiilered the first American
"conpany town." Company housing \das provided and, in all likelihood, there
was a company store,

Haf lmersmith was a conplete i rorNorks, consist ing of a blast furnace, a
foundry, a foige fox producing bar irolr, a large trip hamner, an extensive
rraterpower system, storage facilities, accofirnoalations for the wodqlen, anal a
pier for the boats to ship the products. There also \,/as a rolling atrd
sl i t t ing ni l1,  the f i rst  tn the Nelr  Wor1d. Fortunately,  this plant has been
restored by the U,S. Park Service and is avai lable for the publ ic to see ho\d
iron !,ras nrade preceding the Anerican Revolution. Since this plant rras typical
of i romaking in colonial  t ines, l t  wi l l  be described in some detai l .

T,oca1 ores were rnined by full- and part-tlme employees at pay rates
ranging fron 1to 3 shi l l ings per ton. Tte l inonitd ore, f ron swamps oi  1ow-
lying axeas that were once ponds or stagnant stxeams, rias hauled to the rTorks
iD carts at a coslr of 6 or 7 shillings pex ton, Flux for sneLling was lrined
from a gabbro deposit  because of i ts s i l ica content.  Al though i t  was less
difflcult to nine iron ore chan this dense igneous r:ock, both were mined for
the sane pay. The wood fox rnaking charcoal \,ras cu{: by indentured servants,
neighboting fafinexs, and craflrsmen who went into the woods \rhen their own r,ronk
\,/as slack, They r.rcre paid 2 shillings per cord for cutting and 6 shillings
per score for cording,

The work of the coLlier, who convertedl the wood into charcoal, ffas hj.ghly
skiLled and therefore the best paid job at the i r :or)r^ 'orks, In 1-653, col f iers
\rere paid 5 shillings per l.oad; sonetimes they earnedl more than the manager.
The wood was charred fr:om May to Octobe._ in pits or carefully stacked mounds
l0 to 14 feet high. A nound was constructed r.7ith foui main tiers or layers
radiatir€ from a center chiffIey; chin|s and crevices were plugged \,/ith snaller



pieces of r . rood. Final ly the mound was covered with tr l r f  or leaves and a
L o d L i n g  o I  d u s L .  L h e  r e . i d u e  I r o n  p r e v i o u s  c h a r r : n 8  o p F r a r i o r s .  T h e  c h i - n e y
r.,as then filled r.rith wood chips and the mound r,,as ignited. The tr.ick was to
char: the iiood riithout completely consuning it, Usually the pit or mound was
. A f F  f 6 1  1 2  h ^ , , r c  h '  i  t h e r o ) l r e r  i r  h , ;  F ^  h a  F o n . l a . r  . r , "  r n . l  n i o f , t  r 1 " n a <

might br:eak through the covering and destroy the pi le or a gas explosion
trdght blow off  the cover.  When charr ing did nol proceed evenly,  the col l ier
had to f ind lhe h'eak areas and correclr  for them by cutt ing draft  holes. To
keep everything in balance and achieve the desired blue smoke anil even
s e t t l i n g  o t  r h e  p i l e  r F q L i r e d  e x p e r i e n c e  a n d  c o n s E E n c  6 L ' C e n E i o n .  C h € r r i n g
took 5 to 6 days, af ld cool ing, 2 or 3 nore. Cool ing required almost as much
a " r e  p r  . t r - r ' n d  l e c F  {  e  . n p l  h e  r e k i n d l e d .  l i h e n  E h e  c o l l i e r r s  r r . i - o .  a " a
sa\n that charring was conplete, the charcoal was removed and hauled to the
coal house near the furnace or forqe.

The blast furnace nas a str :ucture abort  26 feet square at Ehe base and
2 1  f e e t  h i g h ;  f h e  o u E e r  w a 1 1 s  s l o p e d  i r n v a r d  a s  E h e y  r o " e ,  f ' b d e  o l -  g r a n i r F  o -
other local stone bonded with a clay mortar,  the frr :nace rested on 1evel
ground into which a subterranean draioage system had been bui l t  to avoid
dampness. The furnace inter ior was an egg-shaped cavity,  about 6 feet in
diameter at i ts \ ,7ides t  level.  At progressively lower 1eve1s nere l rhe sloping
surfaces,or "boshes," that supportred the charge and a square crucible l ined
with refractory sandstone. Tvo of the outer va1ls of the furnace had large,
deep arches; the noses of a pair  of  l8-foot bel lows passed through the smal ler
arch as did the ccmduits,  or " tuyeres," through r.rhich the blast was del ivered
lo the crucible. The norking area of the hearth and the casl ing f loor were
u n d e r  t h e  l a r g e r  a r c h  ( f i g .  1 ) .

FIGURE l '  .  Blost furnoce or restored Hommersmith ironworks, Souous, Mossi



To make sure that al l  was perfect ly dry,  the furnace vas seasoned by
f i r ing the crucible. After 2 or 3 days, the f i rst  loads of real  charge f iere
dumped into the furnace from the chargiflg floor and the blast was sirartedl.
Appr.oxinately 3 tons of bog ore and about 265 bushels of charcoal were
xequired to make 1 ton of iron. The rai:io of ore to flux r,/as about 3 to 2.
New increEe4ts of ore, f1ux, and charcoal lrere added as needed to maintain the
top of the cbarge at the propex level. The furnace was then operated coII-
tinuous ly for 30 to 40 weeks. The rate of smeLting was aletel:glined by the
rate of the blast, r,Thich in torn was controlled by regulating the flow of
r^rater to the watei wheel that drove the bel1ovs. If the iron was kept in con-
tact with i.ncanalescent carbon for a sufficient length of time., a considerable
amolrnt of carbon r^ras absorbed by the neta1, thereby producing a moltel: alloy
of iron and carbon that could be readily separated fron the s1ag. I{o!r'ever,
the xesult ing roetal ,  cal led cast i ron, was no longer ma1leable and nas sui ted
only for cast ing,

Once or twice every 24 hours, the slag was tapped; the cLay plug !.ras
removed fron the bottom of the furnace to a11ow the nolten iror to run lnto
a V-shaped di tch thal  had short  branching di tches on ei ther:  s ide; the i ron i f l
the nain alitch lras kDor,/n as the sow and the iron in the br:anches as pigs.
llence, the term rrpig iron." Sc,rnetlnes the molten iron uas r:un inco molds to
produce cast i ron art ic les such as ho11o&.r^7are or cast utensi ls.

Pig i ron, or cast i ron, an al loy of i ron, caibon, and sma11 amouots of
othet elements, such as si l icor i  and manganese, is br i t t le and 1acLs toughness,
strength, and na11eabi1i ty,  To produce a forgeable, stnong, tough retai .  such
as steel or wrought iron, the pig iron rnust be reflned to remove carbon,
si l icon, and other impuri t ies. This is an indirect process. At the Hamer-
sndth forge, che pigs nere r:e fined to r^rrought iron in a Ewo-hearth process.
Trley were first rnelted down and decarburized in a hearth knotun as the finery.
The bloon produced in this hearth was heated repeatedly and hamered with a
waterpolrered trlp hamer to produce an "ancony," a dufobbell-shaped piece thai:
consisted of a square bar of the deslred cross section in the niddle and two
cubical 1u0ps at the end. At the secofid hearth, known as the chafery, the
ends of the bar rnere reduced to the sane uniform cross section as the fitiddle
portion. These iron bars were eithel mar:keted in this form or converted into
f1ats, str ips, or rods by reheat ing and ro11ing.

The Hafio1ersmith forge lias equipped with a set of r:olls and a slitting
l0iL1, both driven by a water: \,rhee1. The slitting mi11 r,,ras a corrugated roll
that divided flat strips into nail rods. lte cut nails !,rere flnished in a
DracKsmaEn s rorge (r19. zJ.

ltarEnersmith flourished for only a fer,r years. Although these works
effected the first sustained proaluction of cast and firought iron in the
colonies, they flever proaluced sustaineal profits anal eventually went into
bankruptcy. Nevertheless, Hamneismith exerted a profound influeDce in the
Maasachuselrts 3ay Cololty and other iron-producing colonies. Indeed, it ser|/eal
as an early prototype of Anrerican heavy industry. In addition, Ilanmersmith

of talent for othe! technologic activities in the colonies. John
Winthrop the Younger has oftef l  been cal led Americars f i rst  scient ist ;  he was



FIGURE 2: -  Forge qt restored Hommersmith i ronworks, Saugus, Mossi

eminent enough to be admitted to the Royal Society of London, to which he
contr ibuted scient i f ic papers. His successor as naragex of l laf imersmith,
Richard l ,eader,  has clain to the r i r l -e of Amerj .cars f i rst  engineer,  He bui l t
HaiElersmith; he a16o erected large sarr'mills in Maine. An employee named
Joseph Jenks, a skilled blacksmi.th, \,/as araraled tte first Elachine patent in
A e: ica for "engines of nr i11s to goby water,rr  and anothei patent for an
improveal scythe that was used widely. He ts credited also for making the
dies for the pine-tree shilling and butlding the first fire engine iI! Aflerica.
Ilenry anal James l,eonard, skilled srorkers at llanEnersmith, r^7ere the forebears
of tbe Leonard fanily that played an important part in many iron-manufacturing
operaCions along the east coas!.

The safle conpany that operared llaflmersmith built a furnace and forge at
Braintree, about 10 nl i les south of Boston, but ceased operar ion after 7 years
because of Lack of suitable ore. A bloonery works began operations at Tasnton,
]4ass.,  in 1-656 to nake bar i ron direct ly from the ore. St i11 act ive in 1865,
the Taunton works then consisteal of foura fotage fixes, two hafimers, and tnTo
valrer r,rheels. other irofi,rorks lrere built at Topsfield near Ipsnich in 1677,
at 3o:.ford in Stony Srook in 1680, and ai: other sites near Taunt on in 1696.
llassachuseirts remained the center of colonial iron nanu€acture for more than



1OO years. l4ost of the works \r7ere blooneries, bu! others were blast furoaces
to produce cast ings.

The first ironworks in Connecticut nere erected at New Haven in 1658.
Iron was made at ?a\r tucket,  R.L, in 1675. No evidence exiscs for i ro naking
in }4aine, New Harnpshire, or Ver_mont before the 18th century, although nuroerous
forges operated in Nelr nngknd during lhe latte( part of that centur:y.

The earliest Ne\,r Jersey lronworks n'ere established by Col. I-ewis Mortis
in the tor,7n of shrewsbury in Monrnouth County. In L676, CoI. Morris r.7as
granted 3,540 acres near the east branch of the Rari tan River.  Around 1665,
irofiBking began in Sussex and Morris Counties. By the close of the ISth
centuxy, 10 mines in Morris county sl1pplied ore for 2 furnaces, 3 rolling and
sl i t t ine ni1ts,  and 40 forges with 2 to 4 f i tes each, A charcoal furnace was
bui l t  at  oxford in ' i {arren County in 1743.

New Jersey bog lron ores nere found in the Little Egg Harbor sranps in
Surlington County. The Batsto furnace was bui11r in L766 rlear the junction of
the Batsto and Egg Harbor Rivers. During the War for lndependence, cannon
balls and bornbshells irere cast theie for the Arlerican Army. In 1765 several
ironrorks were established in the southern part of Duchess County where a
furnace and foundry later produced steel and castings for the Revolutionary
Arrny.

After the Revolution, New Yorlrs most important iron deposits were
discovered in the valleys of ]-ake Chanplain and the St. La\,.rence River in rhe
northern part of the Sirate. Vast beds of rnagnetlc and specular iron ore were
found in the cornt ies of nssex, Cl inton, Frankl in,  and St.  Lawrence. A
foundry was set up in Willsboro, Essex CouDty, to uanufacture anchoxs ireighing
300 to 1,500 pounds. Later, it rr,as changed to a blooTnery and pr:oduced cranks
for sawni11s, gr is imi l l  nachinery, and steamboat i rons. After construct ion
of the Chanplain Canal, a furnace was erectred in the Adirondack hills near a
deposit  of  the r lchest ore. The iror was except ional ly strong and tough and
especial ly adapted to naking steel and nai1s,

Tn l4axyfand, bog iron or:es were found in Worcester,  Carol ine, and
Dorchester Counties on the easter:n shoxe and in Pr:ince ceorges County on the
western shore. Iron manufaciure began soon after 1681 lrhen the Maryland
Legislarure passed a law to discourage i ts lnport .  In 1719, the Bri t ish
ParfianeDt authorized the award of 100 acres of land to anyone !/ho nould set
up furnaces and forges iD the province. As a result ,  by 1750, according to a
r:eport by the Governor, there were eigbt furnaces and nine forges in }4aryland.
l , Iaryland and Virginia together exported more than 2,500 tons per year to
Xngland. The pr ice of i ron in l4aryland i i  L773 \ tas €20 ($53.20) per ton for.
bar i rol  and SB (921.30) per ton for pig i ron @!).  The Pl incipio Forge in
Ceci l  Couni:y at the head of Chesapeake 3ay, several  mi les east of  the
Susquehanna River, produced excelleni: iron fron 1oca1 ores and ores from
Virginia, r,fiich at that tine had no forge, Iron was produced in Saltimore
County fron ores along the Patapsco River; a furnace nas erected al the mouth
of Girynns Falls and a forge, on James Fal1s. The abundance of iron ore, lifle-
stone, t imber,  stone, and waterpower st i f l r la i :ed the rapld grolr th of Balt f tnore



as an iron-pxoducing center after the Revolution. The proximity of these raw
naterials for iroftnaking also 1ed to the construction of furnaces and forges
in Washington County during the 18th centur.y. Three forges operated along
Anti€tam Creek. The Catoctin furnace on the Monocacy River in f'rederick
Cornty was b,rilt. in 1774. Near Hagerstown, the Mount Etna furnace cast cannon
for the Anny during the Revolution. The richest iron-producing area in
l4ar:yland was Allegheny County in the westerrmost part of the State, but the
irdustry did nol develop there until after consi:ruction of the Chesapeake and
ohio canal and the Baltimore and ohio Railroad. one of the great iroflwo?ks
of the coufltry, the Mount Savage lron lioriks, about 9 miles r,.est of Cunberiand,
consisted of three large stean-df iven hot blast furnaces and a r^ l l ino ni l l
rdith tEenty-seven furnaces and two txains of steam-driven rolls.

Although iron deposits in ?ennsylvania were nrenLio:real in the correspond-
ence of Wil l iam ?enn as early as 1683, lhe f i rst  i ronr,rorks weie not bui l t
until about 1720. A.t i:hat time, a bloolnery began operations on French Creek
in Coventry Township, Ctlester County. In 1728, there \rere four furnaces in
Pennsylvania, The famous Cornwall blast funace nas buiLt in Lebanon County
abo1lx L742. The Cornlrall ore i,ras an exceptional grade; it containea about 70
percent iron. The }4ount Hope chaxcoal fuxnace, erected tn 1785 io Lancaster
Couoty abour 6 ni les south of i -ebanon, produced 800 to 1,000 tons of pig i ron
annual ly;  th€ pr ice was €6, 10 shi l l ings per ton in Pennsylvania moDey, or
$17.33 (44). Several foxges appeared along }fanatawdey and ?erkionen Creeks.
A1r the entrance to Va1ley Creek and the Schuykill River nas an ancient forge
Ioo!,in as ValLey Forge. Tt became memorable as the winter quarters of cen-
eral  Washington during the darkest days of the Revolut ion. Befor.e 1743, a furnace
and forges lrere erected in Bucks County, TlIe-ore cane fron the Durham and
Easton hi11s. In 1750 the "Durham boatrrwas speclal ly designed to transport
iron ore. It iras about 40 feet 1ong, 8 feet wide, and drew about 20 inches
of water vith a load of 15 tons. ceneral Washington used the Dur:ham boats on
Christnas night in 1776 to cross the Dela\rare ro atrack the Hessian brigade
in Trenton.

Of greaE importance Uo Pennsylvania ts deve loping i fctn industry was Ehe
discovery in 179I of extensive anthracl te deposits in Carbon and adjacent
counEies. I t  was or iginal ly calLed "stone coal" and used to sdle extent by
blacksniths. First  at i :empts l ro use anthraci te as fuel  for forges fai led. 0n
one oecasion, af ter an unsuccessful  at tenpt to raise a heat,  a worker hapPeneal
to return to the forge and found the furnace in a r^ihite healr, The cresr was
surdnoned and four batches of iron \,/ere heated and ro1led without renewing the
fire. Thus begafl the use of anthracii:e in forging. IrorInaking i,rith anthra-
ci te began in 1839 in this country at Pottsvi l le,  short ly af ter i t  was f i tst
u s e d  s u c c e s s l u l l y  i n  S o u L E  W a 1 e s .

The first iTestern Pennsylvania irorworks nas the Sedford furnace in
Huntingdon County near where lhe lrorrn of Orbisonia is today, Another furnace
inas built in Huntingdon in 1795. This region had four furnaces and six
forges by 1810. 3y 1837 there were 16 furnaces, 24 forges, and a rol l ing
ni11, which produced 13,750 tons of plg i ron and 9,300 tons of blooms per year.
The first furnace west of the Alleghentes was conslruclreil in 1790 in Jacobs
Creek, bei:ween I'ayette and tr{estmorelanil Countles, 15 tni.les above irhere it
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empties into the Youghiogheny River. Ihe Fairchance blast furnace ' 7 miles

6outh of Uniontown, was built in 1794 and the Union furnace on Dutbar Creek,
14 mi1e6 east of  Bro&'nsvi11e, Ln 1792-93.

?ittsburgh, which became the cenlrer of iron and steel productioo, owes
its industrial importance to two physical characteristics of the area: The
great bituminous coal seam, and the strategic location of the town at the
confluence of three great rivers ' The Privileee to nrine coal in the hi11s
opposiire the lrown 1,ras granted by the Penns in U84. tr'ollowing completion of
the fir6t furnace on the Youghiogheny River in 1790, Pittsburgh grew rapidly
' l r i th increased numbers of furnaces, foundries, rol l ing mi11s, \ ,7ire tni l ls,
nai l  uorks, and related manu[accories,

The first steel furnace in the ?ennsylvania Province rnas built in
?hi ladelphia in 1747. The ci tyts forges, fGnaces, and steel furnace Provided
iron, steel,  and nal ls for the Phi ladelphia shipbui lding industry.  In 1766,
Phi ladelphia exporlei l  882 tons of bar i ron and 810 tons of pig i ron at t7,
10 shi l l ings per ton. short ly thereafter,  in 1771, 1772, and 1773, i ron
exporlrs had increased to 2,358,2,205, ar,d 1,564 tons pet year,  respect ively.

Notwithstanding the abundance of good ixoo ore in the Carol{nas, vety
litt1e iron was proiluced south of Vir:ginia, Several iroaworks nere operating
in North Carblina before the Revolution, horever, principally around Salisbrry
in Rowan County. other operations were in cuilford, stokes, and 3urke
Counties. In the latei part of the 18th centur/, ir.oru0aking began in
Washington, Carter,  creene, Johnson, and Jefferson Count ies. The f i rst
iroffn'orks in South Carolina were erected in 1773, but they were destroyed by
the Tories during the Revol-ution.

A rol l ing and sl i t t ing miI l  operated near Wilni .ngton in Delaware. Bog
ores from Newcaslrle Courty provided the ixon.

In sumary, the ixonnaking industry of early colonial tines centered
around Massachusetts,  fn t j .me, pr incipal product ioa dispersed to Nev Jexsey,
New York, I,larylaod, and ?ennsylvania. At i:he tine of the War for Indepefldence,
iron iras pxodsced to some degree in each of the Thirteen Colonies.

Leao rYlan].ng ] .n €ne f l lssIsslpp1 vat ley

Ic is bel ievedl that the lead deposits in the Mississippi Val ley were
known to the French-Canadian voyagers !./ho traded \rith the Indians in the 17th
century. Probably during the latter: part of that centur:y, sma1l amounts of
metal weie extracteil by crude nethods to make afldrunition. l,ouis llennepinrs
nap of 1687 shows a leaal mine near the present si te of calena, I11. r 'ather
Hennepin was a colnpanion of Robert de I-asa1le, \rho traveleal do&'n the fllinois
and Misslssippi Rivers in the spr ing of 1682.

One of the first miners in this area was ?hilippe Renarlt, \,/ho became
Direclror Gef leral  of  the Mines of the Royal India Co. iD l11inois.  He lef t
tr'rance for New orLeans in 1719, taking with hin 200 miners and craflrsnen. on
the r,ray, he bought 500 Negro slaves in Santo Doningo. He later dispatched
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several exploring parties from New orIeans. Some of these explorations \{ere
Ied by Antoine ale 1a Mothe cadi1lac, after sThom was naried the Mine 1a Motte
iD the Ozark Hil1s of Missouri. Setween 1723 and 1804, the estimated output
of this mine was 8,000 tons of lead.

In 1916, sone olal tools r,rcre found in the abandoned irorkings of Mine la
Motte. One tool uas a thr:ee-pronged grappling iron used to displace and
extract oxidized and partly oxialized ore fron the cavities. Also found r,rere
smaLL rroodefl car l.rheels, worn in a way that indicated they had run along a
track of wooden rai ls.  Another rel ic consisted of a bar of lead cast in the
shape of a horse col lar.  Apparent ly,  i t  \ , /as carr ied on a mulers shoulder
during over land transport .

In U74, Julian Dubuque, a I'rench-Canadian, discovered lead ore near the
future site of the city in lowa that now bears his nane. At a council- of the
Sauk and Fox Indians ln 1788, he was granted fonnal pexrdssion to rnine lead in
an area 3 leagues wide and 7 leagues long beside the Mississippi Rtver:. (A
league ls about 3 niles.) This grant was later confirmed by the covernor of
l,ouisiana. When Dubuque died in 1810, his Indian frienals buried him in a lead
coffin and refused to al1ow any other European to operate the nines. As a
result ,  the Upper Mississippi lead deposits uere neglected unt i l  1821.

The lndians r"rith whom Dubuque lived had learned fron earlier Europeans
how to mine and s[lelt Lhe ore. Mirdng was done chiefly by squaws anil a fer,l
old nen. Usually they gathered only the ore that nas near the surface. When
they dug beloll' the surface, the ore iras loaded inco deerskin bags and dragged
up inclines by long thongs of hide. l,lhen they eDcountered a haxd rock, they
built a fire to heat the face and then caused it to crack by dashing ir wirh
cold $rater. This nethoil was known to all primitive miners; j.t r,/as used ir
Europe even afirer explosives were available. The Indians used siraghorns for
picks just as prifilitive European miners did. the ore was smelted ifl a trench
f,urnace that consisted of a hole about 2 feet wide and 2 feet deep dug into
the face of a hi l ls ide; i t  i ras tapered l ike a hopper and l ined with f lat
stones. Across the 1olrer end, narrow stones were placed to forn a crude grai :e.
A channel was alug fxofir this crude furnace to a depression in the ground that
served as a mold. T1Ie charmel i/as filled with orer dry wood, and brush and
tben ignited; the fire was nai.ntained untiL the ore was reduced to lead neta1.
The fLat ingots produced ln thls iray \,/eighed about 70 pouflds each.

By the Treaty of Fonralnbleau in 1762, France ceded the terr i tory of
l ,ouisiana to spain, but in 1800 air  Napoleonrs behestr the secret Treaty of San
Ildefonso returned the province to I'rance. The retrocession was conflfined
by irhe Tteaty of l,ladrid in 1801. ?resident Thc'sEs Jefferson learned of this
axrangenent soon after,rard and started proceedings to purchase l,ouisiana for
the United States. 3y the treaty of cessLon signed in May 1803, the United
States acquired 828,000 square ndles befi,reen the Mississippi River and the
Rocky l,lountains for 60 !1il1ion francs (about $15 nlillion).

In 1810, the Indians of the galena distr ict  of  f l l inois were producif lg
lead on a cof ls iderable sca1e. Likewise, the lead in Missour: i  i 'as beir€
actively mined. By this tine, the smelting technique had i$proved s omewhat



over i:hat useil by Dubuquers Indian associates. The futnace, knorrn as a log

furnace, consist ld of a steePly incl ined hearth bui l t  on a hi l ls ide'  The

hearth \,/as enclosed on t o sides and all the lower end, where the wa11 was

about 7 feet high, it had an arched oPening for the adnission of air' Three

large supporting logs \,/eie placed transversely in the hearth to occupy the

fu11 width of the furr lace..  Spl i t  1ogs, galena ore, and then more logs l tere
placed on the supporting logs to coDlPletely surround the oxe. Although thev

lacked any cl-ear noi:ion of the scientific reasons for doing it, the workmen

starteil tie snelting $ith a gentle heat and raised lrhe temperatuxe gradual-ly,

thereby oxidizing some of the leaal to the oxide and sulfate' As the tenper-

ature iose, t t le o: idized Products reacted wtth galeDa i lo Produce !Eta11ic lead

and sulfut dioxide. Later this same reaction was carrieal out more effectively

in the Scottish heaxth that became vldely used to smelt galena throughout the

Uississippi Va11ey'  I 'xon 24 to 36 hours were r :equired for smelt ing; about

one-half  the lead content ' inas lecovered as rnolten 1ead. The residue, cal led

lead ashes, was washed and sEelteal in an inclined leverberatoty fffnace to

recover anolrher 15 percent ( f ig.  3),

The f i rst  Scott ish hearth r . tas erected by ?eter Lor inier in 1834 on

Catfish Creek neai DLbuque, Ioua, an imPortant event for lead maftfacture in

the l,lississippi Val1ey. Thts tyPe of furnace Lras inileftrlediate belrteen a

reverberatory anal a blast furnace.

FIGURE 3; - Sco ish heorth for smelt ing leod;



In March 1807, the U,S. Congress passed a law t t lat  reserveal aI1 Goverlr-
ment lands containing lead ores and authorized leasing at a royalty of l0
percent.  The rents and royalt ies specif ied by the act were Paid regular ly
for a while, but as time r./ent on, the miners paid nrore s1o\dly. Although the
royalty ! . 'as decreased froul  10 to 6 percent,  even that l ras col lected lor only
a short  t ime. Eventual ly,  the Government found i tsel f  powerless to enforce
col lect ion and in 1847 decided to sel1 the nineral  lands.

h1 1822, a Kentuckian, Col.  Janes Johnson, obtained a lease in lhe Eever
River Mining Distr ict ,  located in the vic ini ty of Galena, I1l .  He imported
s one experieoced miners and Negro slaves and proceeded to mine on a scale and
in a siy le hi therto unkno\,D in the area. Johnsonrs success attracted others
and by 1826 rnore than 450 pexsons \,/ere working in the regio , Prospectors
lrere soon digging holes al l  over the I l l inois-wisconsin lead distr ict .  They
did not restrict thenselves i:o searching and mintng on Goverfinenl lands and
frequently trespassed on the Indian hunting grounds, even where trealries
specif ical ly reserved the grounds for lhe Tndiaos, In 1827, for example,
Eenry Dodge and 50 arned nen occupied the land of the Winnebago Indians in the
wisconsin val ley and staxted to produce lead meLa1. Ignoring off ic ial  warn-
ings frotrl the Feateral agent for Tndian Affairs and the Commandant at Tort
Crawford, he began shipping lead down the Mlsslsstppi to New Orleans for
transshipment to Europe.

At f i r :st ,  the Mississippi River provided the only way to transport  lead
to the outside world,  but as early as 1822 sone ore i ras shipped to the
Atlantic Coast by way of the Fox and Wisconsi4 Rivers and Lake l4ichigan.
In 1836, a company operated a conlbined r.iagon and boat service between calena
and Chicago and on to eastern maxkers by rhe Erie Cana1. By 1845, rhe ourput
of the Calena Distr ict  was 54.5 mi l l ion pounds; the average pxice was less
than 3 cents per pound.

In 1864, the St,  Joseph Lead Co. was organizei l  to acquire anct exptoi t
a tract of  946 acres at Bonne Terre, Mo. During i rs f i rst  years, hor,rever,  Che
conFany suffered a ser ies of f inancial  di f f iculr les and misforrunes, including
a raid by Confeder:ate troops, Eventual ly,  af ter a group of Cornish miners
lrere imporled and a wood-f i red revetberatory furnace was erected, the opera-
tions becan€ lllor:e fruitful. Abundant ealena ore in horizontal sheets 6 to I
inches thick was found at a depth of 4 to 8 feer.  The ore r ,ras blasteal,
broken with heavy hannrers, crushed by a Blake crusher and Cornish ro11s, and
concentrated by j iegine. The j ig \ras a long pole that rested on a heavy 1og
l ike a seesaw. At one end, a sieve f i l led with crushed ore ! , Ias suspended and
at the otherr a nan sat astride the pole and see-sa\red the sieve up and down
in a pool of  \ . ,ater.  The heavy galena part ic les cotcentrated in the bottom of
the sieve. The lighter particles of gangue at rhe top were discarded and the
bottonr concentrate was carried to reducing furnaces. These furnaces r,rere
stone ovens nrith sloping hearths ieminiscent of the 1og hearths. At one side
of each furnace r,ras a firebox for \,rood fuel; at the lolier end, molten lead ran
through an opening into an iron pot from lrhich the metal was lad1ed into
Etolds. Each furnace \ras operated by six nren and could produce 32 pigs in 24
hours, each weighlng 72 pounds. Annual production \,ras about 6,000 pigs or
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216 tons. I ]nfortunaLely,  the niDe workings were shal low and could be operated
only ln dry weather,  about 6 months each year.

Ir t  1867, Charles B. Parsons, a lead-ote dtesser at Northampton, ] t rass.,
was bxought to Bonne Tefie to becone superlntelrdelt of the mi11. Eventually,
he advanced to resident directox and guided the forturres of lhe conpany for
4 3  y e a r s ,

A diarnond dr i l l ,  i f lported fron France to Sonne Texre in 1869, enabled -

inportant inforsration to be obtained concerning the occurrence of ore at
depths not yet reached by mining. The ore-bearing fomlairion was a dolomite
l imestone, about 500 feet thick, in which lead ore nas found i l t  layers and
I las8es of i r regular shape and at var ious depths. Since the lead ore was quite
free of other metals such as si lver and copper,  the snelted lead could be
marketed without further refining.

In the early years, suppl ies and nachinery coning in and lead bul l ion
going out had to be hauled over a rough nagon road to Sumnit ,  a stat ion 14
ni les fron Bonne Terre. In 1880, a narrow-gage rai l road uas bui l t  and ovned
joint ly by St.  Joseph Lead ard a neighbor,  the Desolge Lead Co. The rai l ioad
shipped metal  and sirppl ies and also removed tai l ings, orrrchats,(  f ron the
mi1l .  A rai l road that extended to the Mississippi River was conplered in 1890.

In 1883, f i re destroyed rhe [ l i1 l  and i t  was replaced by a new concen-
trat ing plant of  better design \ , r i th a capaciry of 500 rons per day. I r  was
equtpped with newly designed jigs and side-bump Ritringer rables, The ner"I
Ini l l  recovered about 73 percent of the lead as a concentrare conrainirg 15
percent lead, The mil l ing cost was abour 36 cents per ron. Io 1890, a
smelter was bui l t  at  Herculaneum, about 32 mi les from Sonne Terre.

In a so-year period, the St,  Joseph Co, produced aboltx 2,7 nt luon rons
of lead. I t  nas one of the nost product ive lead enterpr ises in the r^ 'or1d,

T,ake Superior Copper Mlntng

After the Sri l ish conquered Canada, fur rraders in the Lake Superior
region began prosgecl ing for copper,  In 1766, Alexander l lenry went up the
Ontonagon River to investigate a copper deposilr of which rhe Indians had told
him. He found a large mass of pure copper neral imbedded in rock on the river-
bank. Subsequently, flenry organized a conpany lrhich began to mine the area
i:r  1771. After one season of umelrarding labor,  rhe project \ ras abandoned,
l4any years later,  in 1843, this boulder,  i^ 'h ich weighed about 6,500 pounds,
r, Ias transported to the Smithsonian Inst i tut ion in Washington, D.C.

Douglas Houghtolr  J a farsighred scient ist ,  becan€ interested in the copper
deposits near the shore of l ,ake Superior.  Afrer nuch di f f icul ty,  he persuaded
the Michigan Legislatute to grant a snal1 appropriation to survey uppex
Michiean. Appointed State ceologisr tn 1837, he began rmavel ing rhe geologic
slrructule of the copper country,  His f i rst  report ,  pr inted in 1841, convinced
the world of the vast copper resources in this region. The f i rst  mining
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persr i ts \ , /ere issued in 1844, Unfortunately,  Dr.  I toughtonrs career came to a
tragic end the following year when he dror^'ned crossing the lake in a sal1boat.

The ]-ake supeiior region iras first seriously nined by the Pittsbuigh and
Boston Co.,  l rhich was organized in 1844 to operate the Cl i f f  mine in the Eagle
River Distrlct Dear Keueenan Poinl. The fissure veins in this area, nhich
had been descxibed by )x.  Houghton, contalned nat ive si lver as r ,re11 as copper.
An adit  nas star led at the base of a cl i f f  where evidence of copper l ras fomd;
at 70 feet,  i t  ran into a lump of metal l ic copper,  the f i rst  discovered-by
underground mining. This discovery was important because it proved that the
rEtal  boulders located errat ical ly on the surface had their  or igin in lodes.
Beth'een 1846 and 1853, the copper recq/ered was valued ar 91.3 ni l l ion; rhe
conpany paid dividends of $462,000. In 1870, mining stopped as rhe grade of
ore diminished at lower 1evels. The nine !,ras reopened uflder new management
in 1872. Tt ie output rose to 1,163,000 pounds in 1875 and rhen decl ined unri l
1887, when operat ions ceased.

The Minesota nine (spe11ed this way because of an error by the or iginal
locater),  discovered in 1847, made i ts f i rsr shiPtr lenr in 1848. This l r ine is
famous for pxoducing rhe largest mass of native copper kflown. Discovereal in
7857 at. a depth of 150 feec, rhe mass wetghed 420 rons. The naximum leosrh
was 46 feet; the maxinum wfdt]n, I2-I/2 feerj and the maximun rhickness. 8-1/2
feet. The mean thickness \,ras 4 feet. Twenty men worked for 15 nonths to
release the copper from the surrounding rockt Then it rras cut into sna11
Iurtrps ffith hafidters and chisels. In all, it rook 18 months to iemove a1I the
copper from the mine.

!'ollor'lng rhe tnitial mining of copper veins in rhe Eagle Ri.\,-er Districr,
lodes of rhassrr copper lrere mined in the Ontonagon District at the south end
of the Lake Superior region. Ed!,rin J. Hulbert, a surveyor anal a stuilent of
nining geology, discovered rhe Caluloer 1ode. In 1858, while surveying for a
State xoaal fron Copper Harbor to Ontonagon, he was alerted by a scrong
deflecrion of the nagnetic compass needle. On the northern part of his survey,
he found fragnents of a brecciated conglonerat€ iontaining native coppei. In
1860, \ , rhi1e making a f inal  suf iey, he observed an ancienr pir ,  s ini lar ro
others on the Kei/eenar,7 peninsula. As a re6u1t of these observations, Hulbext
bought 1,920 acres of this covetrunenr-or^7ned land, He organized the Calunei:
Mining Co. in 1861 and begaf l  product ion in 1864. Tn 1866, he opened rhe I IecIa
mine. Although sucqessful  as a prospector,  l {ulbert  ! , /as not a cqrpeEenE
nranager:. To save the compafly from bankruptcy, he was replaced as manager by
AlexaDder Agassiz,  son of nalural ist  Louis Agassiz.  The Calunet and l lecla
mines nere combined to fofm the Calffoet and llecla Corp. in 1871.

During the 1870's, nore po\,,'erfu1 blasring explosives became available and
in the 1880ts, compressed air  dr i l ls replaced hanit  dr i l ls.  Larger and more
effictent steam engi$es provided power for. hoisting and crushing. Ne\,/ diamond
drt11s that extracted rock cores for aoalyt ical  evaluat ion were used for
prospecting ahead of mining.

Ifl 1880, the output of iefined copper from the upper peninsula was nearly
50 nillion pounds; the net earnings exceeded those of lrhe precious metal mines
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in Cal i fornia, Colorado, or any olrher State'  Up to 1887, Michigan Produced

the most copper in the Nat ion. After that,  Montana, then At izona, and olrher

Idestern states took the lead.

Because proaluct ion costs incleased as the mines went deeper '  the direc-

tors of Calunet and Hecla acquired additional mines in order to realize the

economies of central izeal control .  Tn 1905, they bought into the osceola'  Is le

nry.i", r.t*...f., Ahmeel, anal other mines ' In 1918, Calumet and Hecla

ptla,r"ua OO percent of llichigan copPer. Tvo other large conPanies ' the copper

tange and the Quincy, ploduceal another 32 percent'

DEVE]-OPMENT OF MINING IN TTM FAR WEST

Although there were sporaalic deposits of nonfexrous metals in the

Appalachian-Mouncains , nonierrous ruining was not importaot during colonial

tirnes or even aluring Lhe early history of the original 13 States' cold ltas

mineal in the southe;n Appalachiafls of Georgia early in the 19th century' but

the amount Ploaluceal was ver:y snall comPared with later Production in the

T a r  l l e s t .

nxcept for lead mifling in the MississipPi Va1ley and copPer nining in the

I-ake supe;ior region, the nonferrous nining industry in the United states

rea1ly iegan lr i t i  the discovety of gold in Cal i fornia'  This event brought an

influx of 50,000 r^7ou1il-be flinets to california ' Manv of the disappointed
"foxty-nioets" found it itrrpossi.ble to rei:urn to the ptosaic life they had

once ieil aflal so i:hey set out lo find golal or silver in other Parts of the

West.  Prospect ing became a sPecial  branch of mining act iv i ty '  The lonely '

unkempt, professional prosPector,  suPported tn his quest by a "grubslake" from

some loca1 Eretchant,  was a ceni:ra1 f igure of i {estern folk lore'  Eis chief

resources were a self-taught knor,Tledge of pronising indications of ore and the

ability to suivive anything fron desert heat to mountain blLzzard's '

The prospectors I discoveries 1ed to the founding of mining canps

throughoui th; cordilleran region of North Anerica'' Geologists give this nane

to th; highlands fron the Rocky Mountains oo the east to the siexra Neva'la on

the west,-includiflg the central plateau regions and the- Great Basin' Scme

of tfrese 
-mining 

"..p" ".t. born' lived through a shorl boon' and died within

a . I e c a d e ' o t h e T s b e c a m e p e r m a n e n t t o . ! " . n s a n d s c a t t e l e d c e n t e r s f o r t h e r a P i d
""itt"r.rrt of the intel_mountain reglon' Mining acilivities. in the ldest

hastened the aleve lopmenir of a tran;continenta I railioad sybtem and the coast_

iro-coast developn|ent of the United Slates'

Thtee principal eras may be disiringuished iJI the history of Western

mining. rhi firsi, beginning with the 'liscoverv of gold in Cali{oinia in

ie+s,"""" a Period of apprenticeship and learning' old lliniag and netallur-

*i"ui t""f,t iqo"" from Europe, Mexico, and south Anerica develo-Ped by trial and

i"..t i"i" "i."ircal rnethods of mitring Placers and quartz on the westetn slope

of the Sier ias '

The second era ilates from the discovery of the Comstock lode in 1859'

turing this Period, nfning expanded throughout the Far West' originatirg in
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Nevada and spreading throtgh the Gleat 3asin, Colorado, ldaho, Montana, and
the Southwest. Underground minifl8 developed on a large sca1e, as did tech-
niques for smelt ing 1ead, si lver,  and copper otes.

The conpletion of the fiist ttanscontinental railroad in 1869 Elarks the
third era, r,rhich extends to the present day, Tn this period' the nonferrous
mining induslry matured. SrE11 inalependent mines and processing plants con-
sol idated into 1arge, lntegrated operat ions iun by mamoth corPotal ions.

The Cal i fornia cold Rush

The discovery of gold in cal l fornia was an epochal event in American
history. f t  occurrei l  on property owned by John A. Sutter,  a Swiss f ierchant
r"rho nas involved in various ecooonic activities of a pioneer settle$€nt
around his fort ifl the lon7er Sacramento Valley. Sutter sen! his employee,
Janes l,l. I'larshal1, to supervise construction of a salrmill in the Coloma Valley
on the Anrer lcan River,  about 40 mi les east of  Sutterts I 'ort ,  In January 1848,
r,rhi le excavat ing the miLlrace for the water i " tee1, Marshal l  detecied gold
part ic les at the bottom of the stxeam. This nas just 2 weeks before the
negotiation in Mexico City of the Treaty of Guadalupe Hidalgo, r'hich offt-
c ial ly t ransferred Cal i fornia to the Uoited States. Sutter,  when infom€d of
the discovery, attempted to keep the neirs a seciet until his mi1I was con-
pleted, but that proved impossible. fofofinatlon iri letters from the workers
to families and friends attracted prospectors. More gold was found along the
Amer.ican River about 25 niles al/ay at lrhe Mormon Diggings, nanred after nrefiibers
of the diebaDded Mornon Battalion who were mining there. The news arrived in
San tr'rancisco with Sam Brannan, a proninent Mormon vho o!".ned a store near
Sutterrs I 'ort  as &.e11 as property in San Francisco.

The first public notice of the dlscovery appeared in the l4arch 15
edition of a newspaper, The Californian, under the headline cold Mine Found:

"In the newly made race\.'ay of the saw-ni1l recently erected by
Captain Sutter, in Ehe Arprican fork, gold has been found ln con-
siderable quantities. one person brought thirty dollars \,rorth to
Neir l le lvet ia,  gathered there in a short  t ine. Cal i fornia, no doubt,
is rich in mineral irealth; great chances here fot sciefttific
capital ists.  Gold has been found in every part  of  the country.rr

on the 29th of May, The Californian announced suspension of publicatlon
and also reported:

' rThe whole countxy, f rom san Tranclsco to ]-os Angeles, ani t  f rom the
seashore to the base of the Sierra Nevada, resotnds to the sordial
cry of gold! goldl  goldl  whi le the f ie ld is lef t  hal f-planted, the
house half-built, ard everything neglected but the manufacture of
picks and shovels, and the means of transpoltation to the spot
where one man obtained $i.28 worth of the real stuff ln one dayrs
washing; afld the average for al1 concerned is $20 per diem."



As more and more gold seekers moved into the foothi l ls of  the sierras '

thev naale new discoveries until nearly 10,000 men wer:e grubbing arnay in an

ut.i ""a."ai"g 150 niles from the Feather River in the north to the

iuof.mn r.i-t"i in the soqth. This region along the wester:n slope of the

i ierra nevaaa became known as the'5{o;her Lode,rt  a name that or iginaled from

.-pt." .rU"g bel ief  that al l  the gold in this-part  of  CaLifornia came fron a

" i i . 'gr"  "o,r t ! . .  The poPulat ion inireased to 40,000 bv the end of 1849' and

excleded 100,000 by i t r !  end of 1852, the vear of Peak product ion'

Fortunately for the prospectors, the geologic evolut ion -of -  
ca l i fornia had

caused physical  condit ioni  favorable for the simPlest k ind of placer ninine'

i " ." . l i  L.O.el .  t ime, a subterranean introsion of molten n€tet ial  prodsced a

svslem ;f-counaless smal l  veins of gold-bearing quartz thac made l1p the so-

c'af iea uotfrer T-ode. nventual lv,  the overly ing rock eroded, exPosing the

veins to vestwaral-fLowing streams that I'rashed a\tay the surrounding quarcz and

concentratei l  the gold in sand bars and along lhe bottom of streanbeds,

result ing in one of the r ichest gold-Placer regions ever knowfl  ( f ig 4) '

Ior several  decades preceding 1848, pr ini t ive placer mines had been

worked in Georgia, North Carol ina'  and other:  States along the APpalachian

l4ountains. A1so, many genetat ions of Mexicans and South AnEricans had

experience in gold, s i lver,  and mercury mining. A few veterans - 
f tm these

areas came ro Cal i fornia, but most of the for ly-ninexs had l i t t1e or no

knoinleilge of flining. I\rorking with the simplest tools, such as a shovel and a

gold pan, lhe ne\,7 niner:s !,lashed the gravel with a circular shaking movenent

<i' 
- 

_=EY*
5l;#,\,- s r'

FIGURE 4 ;  -  P loce r  m in ing  i n  Co l i f o rn io i
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of the pan unt i l  only a gl i t ter ing si : reak of gold part ic les remained. The
typical  prospectorrs gold pan was 15 to 16 inches in diameterJ 10 to 11 inches
across at the bottom, and 3 to 4 inches deep.

Later a slmple rocker,  or "go1d cradle," was devised to separate the gold
more expeditiously. A gently sloping irooden tox about 3 feet long nas mounteal
on rockers. Above the upper end, a smaller box r,rith a wite screen or
perforateal sheet- i ron bottom l ,ras attached to prevent passage of coarse giavel
o! stones into the lower box. The coarse fi:rterial lras removeal by lifting
off the upper box periodically and dmping it by hand. A handle was fixed
Eo the side of the rocker so that the operator could rock it to afld fro as he
poureal water over the gravel uith a short dipper. The firles that passed
through the perforatecl box \rere washed ar,'ay, leaving the gold and heavy sanals
behind in the bottom (f ig,  5).

Although the rocker ras a big lnprovement over rhe gold panr it did not
recover the finer gold particLes, A further inprovernenlt, kno$rn as the "long

FIGURE 5: - Gold crodle or rocker,
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tom,rt  was a trough 8 to 10 feet long with transverse clealrs or r i f f les to

entrap the gold Part ic les more effect ively.  The long tom evolved inlo a

series of sect ional launders or sluice boxes thtough \ thich a stream of water

Dassed' rn the boclom of each sluice box, the r i f f les were suppref ienlred by

i tuotets l { t to".  f ibers entrapped very f ine gold Part ic les better than the

r i f f les a1one. Final ly,  mercury was placed in the r i f f les to amalgamate the
gold and hold i t  even more effect ively.  Tbe amalgam was xecovered periodi-

ca11y and squeezed through a buckskin bag. The gold residue nas then heated

in a retort  to volat i l ize l rhe mercury and leave the gold ( f ig.  6).

FIGURE 6; - lr{ iner ponning gold neor o sluice box in Coli fornioi



As more capital became available, three more advanced nining techniques
developed: r ivet nioing, hydraul icking, and quartz mining. In r iver mining,
a strean \,ras daflmed and diverted so that gold could be dug from the dry bed.
This was a speculat ive enterpr ise that required careful  planning and Ehe
combined effort  of  nany nen. Work began in late June or eat:1y Ju1y. Afrer
a sunmer of toi l ,  the stream iras usual ly diverted by SepEember, al lowing
several \reeks to remove the gold before the annual fall rains washed our rhe
temporary dam. This mett lod was very prof i table in the mid-1850rs, bur by the
end of the decade the r icher r : iver bottons had been worked out.  operat ions
on nargina- sErears were conEinued by Chinese irmigranLs l . rho were wi l l ing Eo
work for snal ler returns ( f ie.  7).

The deep gravels were f i rst  mined by digging shafts and tunnels,  bur
later hydraul ic mining proved more effect ive. In hydraul ic mioing, the gold-
bearing gravel bank iras \,iashed with a jet of irarer Lhatr passed rhroueh a high-
veloci ty nozzle. To bui ld up the lEcessary pressure, l rhe vater fron upstream
flowed horizontally ifl nooden flumes along one wal1 of a va11ey and then down
through iron pipes to the boEtom of the va11ey. This violent jet  of  \ , /ater:
produced a slurry that passed through long l ines of s luice boxes to separate
and recover che gold ( f ig.  8).

nydraul ic mining could be appl ied only in areas rni lh extensive deposits
of deep gravels;  i t  required large amounts of capital  ro purchase expensrve
equipnent and supplies and develop the water supply. Ir \,/as betrer s{ired
to hired labor working under a supervisor than to infomal cooperat ive

!\::.*

'iR t'&
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FIGURE 7 .  -  R i ve r  m in ins  i n  Co l i {o rn io i
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FIGURE 8 :  -  Hyd rou l i c  m in ins  i n  Co l i f o rn io ;

a r r a n g e m e n L e .  O n  a  l a r g e  s c * l e ,  L y d ' a u l i c  - i n l n g  b e " a n e  a  v e r y  i n e x p e n s i v e
mining method, especial ly af ter the technique had been ref ined; i t  \ " /as
evenlra11y possible to recover the gold at a cost of  a few cencs Per cubic
yard of gravel,  Unfortunately,  the nore effect ive this nethod becal l le,  the
more destruct ive i t  r . ras to the landscaPe. Whole hi1ls were \ tashed away,

leaving huge open cuts in the Previously forested nountainsides. At the end

of the sluices, the dtr t ,  gravel,  and rocks spread out along the canyon or

va11ey rnlil the heavy winter r.ains srrept the whole mass doltn into the 1ol'er

val levs at the foot of  the Sieuas. As this r ich far-mtand I ' ras brought into

cult i ;at ion dut ing the 1860!s and 1870's,  lhe frustrated farmers sought

injunct ions to reslrain hydraul ic mining and f inal lv succeeded in a ser ies of

sui ts fron 1BB1 to 1884'

Q , i a r t z  n i n i n S ,  o -  u n d e r g r o u n d  n i r i r g  o f  g o l d - b e a r i n g  q u a r r z  v e i n s .
accounted for about 10 per:cef l t  of  Cal i forniars gold product ion in the 1860's

and about 30 percent in the 1870rs. The chtef quar: tz mining tor ' rns were Glass

Va11ey and Nevada City.  I t  was long-tel Ir  nl in ing that requixed technical  ski l1

of a i r fgn order,  backed by a gtowing capi la1 investment '  Mining techniques

were leirned from veterans of older nining regions - -C orntshmen, Georgians,
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Spanish Americans, and cermans. Since earLy shafts vere quite sha11o\, '  and
the underground workings wer:e smal l ,  operators rrere spared the nore di f f icul l
problens of hoist ing, t imbering, and vent i lat ion. Even so, hel i ing ouE gold-
b e d r i n g  r o c k  w a s  -  d i I I - L c u 1 L  b L s :  r a s s .  I c  c o o k  " e v e r d l  v e " r "  o f  P -  L r f u
E r i a I  a n d  e .  r o r  L o  l e a  n  \ o '  . o  , . . k  d  s t d l t ,  b r e d l  L h e  o r e  l o o s a ,  h o i s t  E \ e
o r p  r o  r l - e  s , r l a c e ,  d n d  e y r r " ,  r  - h e  s o l d  ( - i s ,  9 ) .

S i n . e  r r ^ p  g o l d  i r  t h '  v e : n  " ? d s  n o L  l r e e .  d s  i r  D  r c e *  d e D o n i c " .  L h e
. t ^ . t 2  1 1 - A  ' n  h a  a i n a l . ,  . r !  c } j p / l  ^  r p l a - - F  , h p  o o l ,  n - . '  i . l a -  A  . h p r ^  i n / l

s i T D  .  - F  ' s t -  |  . o  .  - "  ,  4 6 . - : ^ o  c p f  h -  - r . 4  v ^ x i .  d n s  a r  d

South Anericans. The or:e \ras cr lshed by the abrasive sct ion of heavy stc 'nes
hitched to a horizontal  arm pivoted to a post in th€ center of a hard-surfaced
. i . . ! , 1 - .  h p ;  ,  . L  . a I - i n i . d  . r I I <  , h a  r f f i  i ' - q  r n r " , a . l  . r i o  n " l l  L  '  l "

l - r a i  h \  , . / . ' p r n m , , p  I  h p  a h  l ;  - i  i  I  i  h ^ . i i  F i F A  a . r a < r r "

L a s  u " e d ,  i n  ! h i c h  d  r ' 1 . r s " : , , / e  s L o n e  " h p e 1  \ e "  L b c r i l L c '  d  f o -  c h e  ' r e a v y  . . o n e s
( f i s .  1 0 ) .

- -  C h i l :  m i l  l u n c . i o n F d  t o o  s l o \ "  - d  l e r .
s u b s p q u p  c l .  - e p  " c . d  b .  r  s r r _ o  i  ,  : r  ' \ \ : . r '  c l  p  c r L " F i r g  " . s  d o n e  b v  d
\ F  ! v  "  j n  s r  - i r , i n o  | -  , r ^ .  i .  l - -  ' / -  n o d n c c d  o d

\ e " F i c d -  s E e ' r "  c , 3 r  r o s a  r , ] d  e r  b )  c , p  r c .  i o . .  o '  r  s  o n  d  r o c d E : n C  , h a I L .
The rock \ ' ias inlroduced ar the back of the mortar and the f ine nater ial  \ ' r 'as
d  s . l - ) . d p d . c  p i  l p .  D , r i D  i \ - n r  o \  . . - - F n s  . a  r e  - . o n l .  

T h e
g o l d  w a s  E h e n  " F p 3 ' a r e d  f * o n  r q e  g ' 1 g u ^  i r  n L c h  r F e  s r - p  ^ B )  r c  i n  D l d c e r
mining.  As a resul t  o f  the nany pract ica l  improvements made by Cal i forn ia

FIGU RE 9 ; Quor tz  m in ing  i n  Co l i f o rn io ,
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F IGURE l0 ;  -  The  o r ros t ro ,

operators, this machine was ca11ed the Cal i for:nia stanp mi1l  I t  was one of
Cal i fornia's contr ibu! ions to mineral  technology (f ig.  11).

Since no government existed in the ne\ ' t  f ront iers,  the new sett lers had
to devise their  ov.n rules and procedures for protect ing property r ights,
especial ly the or ' rnership of mining c1aturs. T-ead miners from Wisconsin had
some l in i ted experience \r i th this problem; spanish Americans were fer i  l iar

i.7ith the mining ordinances of Mexico, which in turn were based on old

Eur:opean codes; and the Cornishmen and Gernans were also versed in wel l -

developed and tested codes'  Tn Cal i fomia, each local iEv formed a mining

disrr ict  by vot ing i tsel f  thalr  s latus at a sel f- in i t iated neet ing'  The

residenls elected a presiding off icer: ,  drafted and adopted a code of laws

that was enforceal by the co@bined act ion of the group, and chose a recorder

to keep a descript ive l ist  of  mining claims. A claim belonged 1ro the nan

r, ,ho discovered i i  or bought i t  f ron a previoss claimant,  provided he did a

specified amount of devetopment work. Maximun pendssible dlmensions for a

. lui .  * .re st ipulated. To give evervone equal opPortunicy, the early la\^7s

statei l  that no man could hold f iore than one claim \^Tithin a distr icc '  Usual ly

c o n l ] r o v e l s i e s o v e f o \ . m e f s h i p w e r : e a r b i t f a t e d b y a n e l e c t e d j u d g e o x p l e s i d i n g
off icer,  or.  ar:gued before a conEdttee or tonn neet ing si t t ing as a jury '  In

is! i ,  s i .pL"" i .  r i " ta,  a voung assembllman who later becane a just ice of the

U.S, Suprene Cor1rt ,  induced the State of Cal i fornia to pass a statr te that

declared the fol lowingr
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"In act ions respecEing nining clains, proof shal1 be admitted of the
o E  r p o r ! - ? r i o n s  e s t a b l i s h e d  a n d  i n  f o r c e  a E  E h e  b a r j

or diggings, embracing such claim; and such customs, usages'  or
regulations, \'r'hen not in conflict with the Constitution and ]-aws of
F h i c  s ' , ' F  s h r l l  p t u p r n  i h e  d e c i s i o n  o f  t h e  a c E l o n . "

The precedent-sett ing Cal i fornia codes and procealures f l igrated to other parts

of the West along k'ith the veterans of the Mother: l-ode and placers' l'Ihen the
Public Lands Cofinission exaflined the situation in 1880, it concluded that
Califorinia collEnon law had beconE the American ndning 1aw for the whole area
west of Lhe l4issout i  River.

In the wake of the california gold rush, the fabulous cornsi:ock Lode was
discovered in L859 in the Washoe Mountains, a range of sagebrush-covered
hi l1s that jut  east\ taral  f rom the Sierras into the Great Basin. About 2,000
feet below the sumnit  of  Moufl t  Davidson, the moslr  easter ly hi11, nas a vein
of decomposed quartz that yielded silver and gold \^'orth $300 mtllion during
lhe next two decaales.

Ini t ia l ly,  miners were attracted to the Washoe Moudtains by gold nashed
from smaller veins. Members of the disbanded Mornon Battalion panned the
first gold there in the sumrer of 1848. The news of this discovery Prc'nPted
dxif ters from Cal i fornia to try their  luck'  Because the retulns were scant,
most of the Tninets moved on. Two young brothers frosr Pennsylvania, Ethan A.

The Constock T-ode

t IGURE i l ,  -  The  Co l i f o rn io  s tonp  n " i l l .
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and l losea 3'  Grosh, cane to washoe in 1851 and stayed in the bel ief  that their

superior education \,tould enable the tc find the source of the Placer: gold'

they spent their days mapping the quartz veins that honeycofiibed the mountain'

In a letter to their father, rditten in November 1856, they said, 'trte found

two veins of silvex at the for:ks of GoId Canyon. One of these is a Perfect
nronster."  A year 1ater,  they were ready to seek capital  to develoP their

claims, but Hosea al ied f tc,n an injury.  Before Ethan could pay off  the ' Iebts

contracted during Hosears i l1ness, sno!, Is blocked the Sierra Passes'  whi le

trying to reach dal i fornia in Decembe! 1857, Ethan suffered a fatal  case of '

frostbite. Plobably the vein discovered by the crosh btothers \'7as not the

Constock Loale, but a subsidiaiy vein that later Proved unProf i table.

The main lode \,/as discovered by Janes Tennimore (a1ias linnev), also

known as "O1aI Virginny," a bibulous Prospector reputeal to be the best judge

of placer ground in the washoe country. In January 1859' he and thriee friends

founil encouraging lrraces of gold in thetr $ashing pans at a sPot they naEled

cold Ht1l .  In the spr ing, they found r icher dir t  as they Progressed dol"n the

hill and in April, they chanced uPon a branch of the Constock l-ode at a depth

of 10 feet.  Unfortunately,  their  f ind went unapPreciated. The vein l tas
redlsccwered later by two prosPectors, Peter OlRei11y and Patr ick Mcl,aughl in,
while they were accumulating a gr:tbstake to move on to more proEdsing
country. As they dug a reservoir to catch spring water, they found a heavy
dark soi l  s imi lar to that of  GoId Hi1l ,  a yel lowish sanal mixed with bi ts of
quartz and a friable black rock. They ltashed it in thei.r rocker and were
overjoyed to find the botton of the cradle covered \'tith gold dust,

Henry T, ?.  Constock was a tal1,  gaunt Canadian who had stakeal a claim
at Gold Hi l1.  A lazy opportuf l ist ,  he took over the cabin vacated by the
Gr:osh brothers and kept title to his clain through the labors of two
Indians. Passing by soon after Mclaugbl-in and 0rReilly had been working
their cr:ad1e, he noticed the rich contents of the rocker. Cooly he lnforned
them that they were triespassing on lanil thaf belonged to hln, Emanuel Penroal '
and O1d Virginny, pretending that be had staked out 160 acres encomPassing the
two upnts spring and tre ch. Hence, cofistock and Penroil becaEre partners of
Mc]-aughl in and orRei l ly and Comstock agreed to buy out o1d Virginny. Later,
Joseph D. Winters became a fifth paitner. Since Henry Conrstock was the moat

officious and garrulous of the five, the mine becane knoltn as Cmstockrs
I-ode. Withio a feu days, it ltas producing $300 in dust and scales for every

craalle of dirt. On June 11, the deconposed black rock ran into a hea\'T

bluish quartz that c logged their  cradles. ?emoi l ,  suggest ing i t  might be

valuable, proposed that each par: tner l -ocate an addit ional 600 foot c laim'

I \ rhen samples \rere as€ayed i  Nevada City,  Cal i f . ,  on June 27, the t toubfesone
"b1ue stuff"  was ident i f ied as si lver o16 worth $3,876 per ton'  Al though

the mine, naned the oPhir mille by the partners, becane one of the iichest

in miniflg history, all the original ow-'Iers sold oue for PitifulLv small

amounts. Mclaugi l l in eot $3,500; comstock, $10,000; and 0rRei11v, who held

out the longest,  $40,000. A11 died in poverty.

The Ophix strike triggered another nrsh to the l'lashoe countty, one quite

different from the Sacranento Valley rush. A11 the I'iashoe mines were already

appropriateal; the area offered no gxeat ProEPects for the individual miner



vithout capltal. His ooly opPortunity 1ay in emplo)'nent as a miner \,lorking
for wages and even this possibi l i ty r , tas delayed unt i l  capital  could be raised
to develop the mine. Those !,rho stayed thie\r up a grouP of shanties that
evolved into the famed camp of Virglflia City. Supposedly, the name was
besto\red by old virginny, l rho stunb led home fron the saloon one night,  fel l ,
and broke his bott le of nhiskey. Stagget lng to his feet,  he spr inkled the
few renalnlng drops on the ground and proclaimed, "I baptize this ground
V i r g i n i a  t o \ , m  "  ( t i g .  l 2 \ .

Most of the rush migrants \,rere refugees from the decaying placer camps
in cal i fornia, unsuccessful  prospectors, or inexperienced hands frcm the
Missouri  f root iex, along with the usual complement of speculatoxs, saloon:
keepers, merchants, and dr i f ters.  Since tr tuch capital  ard ski l l  r . ,ere required
to develop silvei veins, many i,ho stayed turned to speculating in mining
clains and ton'n lots. As a result, the land lras soon covereil \rith nearly
17,000 i l -1- just i f ied claim not ices, most of i :hen worthless for El ining purposes.
one-half the total production and four-fifths of the dividends came from only
two pairs of adjacent mines--the Cro&'n Point and Belehar,  and the Consol idated
virginia and cal i fornia.

ore from the Consi:ock lode was extracted by a few experienced, but not
prosperolrs,  veterans from Cal i fornia lode ndnes, An i l lustxious example nas
i telligent, hatdworking ceorge Hearst, who had experieflce in the l4issouri
lead nrlnes before he came to California in the autunrn of 1850. Unsuccessful
as a placer miner and slrorekeeper, he decided to concentrate on quartz mining
in Nevada City and crass Va1ley. Upon hearing of the fantast ic assays of the
"blue stuff," he hurried over i:he mountains, arrao€ed to buy one-sixth inter-
esL in the Ophir mine, and then backtracked to Nevada City i:o raise money,
I le sold his share in a Cal i fornia nine and borrowed $1,000, returned to Washoe,
got out 38 tons of selected ore, and packed it over ithe nountains on nuleback
through the winier snow. I t  was smelted in San lrancisco and returned $91,000
to l {earst and his associates. Thus beean the faf ied Hearst for l rune.

FIGURE 12 .  -  V i rq in io  C i t y ,  Nev .
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At a depth of 50 feet, the OPhir mine became flooded with under'ground

water,  and purnping ana hoist ing equiPment had to be instal led'-  At a dePth of

iZS f"" t ,  " ' to i . t iy new Problem arose. The vein expan' led to 45 to 65 feet in

width ani the ore was soft  and crumbl ing'  Timbers used as pi l lars btoke under

the 1oad. It looked as though further Ildning l"7ould be too dangerots ' To

solve this problem, an able young Ger0lan nining engineer,  Phi l ip Deidesheimer '

was hired co inlp.o.r. the nethoil of tinbering to supPort the gxound' Within a

fe\"/  weeLs, he designed a system of t imbering based on his experiments in

Cal i fornia gravel ani l  quarlz mioes that adapted wel l  to the purPose' Timbers

lvere framed togeEher in reclangular i  sets,  each set composed of a horizontal

square base male of four t imbers (si l ls and cr iosspieces) frcm 4 to 6 feet long'

"orn',oorrt.d at the corners by four posLs from 6 to 7 feet high, and capped by a

fraf lewotk ident ical  to the base. The cap pieces at the top of anv set also

servei l  as the base, or s i l ls,  of  the set i tmediately above These sets could

be extended to any requited heighl and over anv area, fornine a set ies of

f loots l ike the sior ies of a house. The spaces belrneen the t i f lbers rrere

f i11ed with rock waste to fofma sol id slructure for maximum f i lmness '  The

souare-set nethoal was an outstanal ing contr ibu! ion !o mining technology {f ie '  13) '

I

ir; -e
FIGURE 13: -  [ l in inq on the Comslock Lode using the squore-set mining meihod'
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Another problem was a satisfactory process for tecovering the silver fr.c'n
lhe ore. Temporarily, some operators \rere shipping lrhe richest ore to England
foi  snelt ing. (Most of the worldts si lver is associated with base metals
such as lead, zinc, and copper and can be tecovered from its or.es only by
snelt ing. lortunately,  the Washoe ores, associated pr imari ly with gold,
could be treated as gold ores.)  The pr incipal pioneer in si lver recovery
technology was Alnar.in B. Pau1, a veteran forly-niner and a frlend of llearst.
IIis experience was acquired in the Elines of Lake Superior, once in California,
he became $re1l-inforned on California gold-mi11ing practrice and also studied
the available lrexts on silver netallurgy. ltis experinents with Washoe ore
during the \rinter of 1859-60 culninated in the decision to build a 24-stamp
ni l1 at a spot where water was plent i ful .  A r isky venture to begin with,  i t
became even riskier when he was for.ced i:o slgn conlrracts nith ndne or^'ners. that
specif ieal  the onset of crushing operat ions within 60 days. Toltunately,  San
I'rancsico foundryren responded quickly, Timber was transported expeditiously
to the mi lLsi te from a forest 20 mi les ar,ray. ?aul was able to conpleEe the
ni l l  precisely on l rhe last day of the co[tract ( f ig.  14).  I t  nas a nodif ied
California stamp mi1l equipped with improved lron pans,

FIGURE l4 ;  -  Go ld  ond  s i l ve r  m i l l  o t  V i r s in io  C i i y ,  Nev .



Paul also borro\ded sofle techniques from lrhe Mexicans, who had been work_

ing r ' r i th si lver ores for generat ions. One was the "cayo" process in \" /hich ore

pulver i ized in an arraslra was nixed with mercury, then boi led in a coppel:-

bottomed vat (cayo) wi lh sal t  and mor.e mercury. In the r lpat io" process, l ih ich
could be operated on a larger scale, the pulver ized ore L/as spread out on a
paved yard (pat io),  coated with sal t  and coPper sul fale,  and then tranpled bv

mules or horses. In the ] ' Iexican Process, the only source of heat was the st1n,

but in Mexico that \"/as sufficient. Paul and others wanted to mechanize the

Mexican processes and incorporate them into Cal i fornia gold-mil1ing techniques '

Paul added lrercury, sodium chlor ide, and copper sul fate to his pansi steam-

heated the pans, and adapled heavy ir:on firul1er:s to aid j.n the grinding.

lxon part ic les wor:o frcm the mul lers proved al t  essent ial  ingredient for good

extract ion. By 1862, ?aulrs ' f iashoe pan analgamation process" had been com-

bined with settling devices and traps to separ:ate the amaleam fron the
gangue (f ig.  Is).

The Comstock mining cofiPanies eagerly adopted new mining techniques from

al l  over the \ror ld.  I 'or example, they employed the conpressed-air  dr i l l  and

diamood-studded rotary dri1l, \'ihich r'iete invented in France and inproved bv
eastexn f i r :ms. Sini lar ly,  dynamite, developed by Alfred Nobel of  Srveden in
1866. was introduced to i :he comstock l ,ode in 1868. A. S, Hal l id ie of San
Fraf lc isco, the designer:  of  the ciryrs cable cats,  devised a f1a!,  wot/en- lr i re

FIGURE 15 :  -  Ore  hou loge  o i  V i r s in io  C i t y ,  Nev .


