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VIRGINIA IRON INDUSTRY

The iron industry played a vital role in the historical development of the United States economy and
society. The expansion of American industrialization began with the dramatic growth of the iron industry in the
late nineteenth century, primarily in Pennsylvania. The growth of the industry depended on the development of
large-scale high-output equipment and operations, and the management systems required to most effectively
manipulate them. Although Pennsylvania and Ohio came to dominate the industry, much of the history of
America's iron industry was played out in Virginia.

The more than 300 year development of Virginia's iron industry is marked by several distinct historical
periods. Despite this, throughout most of its history in the state--and until the final phase in the late nineteenth
century--iron manufacturing technology itself changed very little. At the same time that other iron centers of the
world developed and implemented new technologies to increase furnace output or efficiency, most Virginia
companies tended to be isolated by geography and restricted by the lack of adequate transportation. Virginia
companies did not feel the need to develop improved technologies; they could easily meet the changing demand
for their product with an increase or decrease in the number of furnaces. As a result of these factors, the state
tended to maintain relatively consistent technologies.

Significant examples of the iron industry can still be found across Virginia. Ten iron furnaces on the
George Washington and Jefferson National Forests in western Virginia were surveyed for nomination to the
National Register of Historic Places as part of this multiple resource nomination. Figure 1 shows the location of
these furnaces in relation to other historic furnaces in Virginia. The ten properties include:

Australia Furnace, Alleghany County (03-0098)

Callie Furnace, Botetourt County (11-0065)

Catawba Furnace, Botetourt County (11-0040)

Catherine Furnace, Page County (69-0130)

Elizabeth Furnace, Shenandoah County (85-0940)

Glenwood Furnace, Rockbridge County (81-00104)

Mt. Torry Furnace, Augusta County (07-0871)

Raven CIiff Furnace, Wythe County (98-214)

Roaring Run Furnace, Botetourt County (11-0063)

Van Buren Furnace, Shenandoah County (85-0051)
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This context statement of Virginia's Iron Industry includes three sections: technology, chronology, and
transportation. It begins with a discussion of the relevant technologies employed in the state. The discussion of iron
working technology is followed by a chronological history of iron manufacture in Virginia from the colonial to the
modem periods. The chronological periods identified by the Virginia Department of Historic Resources are used to
organize the discussion. They are:

Settlement to Seciety (1607-1750);

Colony to Nation (1750-1789);

Early National Period (1789-1830);
Antebellum Period (1830-1860);

Civil War (1861-1865);

Reconstruction and Growth (1865-1914); and
World War I to Present

Transportation played a key role in the history of the iron industry in Virginia, as iron manufacturers attempted to
transport supplies to their furnaces and products to markets and foundries. The development of transportation
improvements and its importance for the iron industry of Virginia are discussed following the chronological history.

THE PROCESS FOR MANUFACTURING IRON

Iron is produced by reducing ferric ores down to the raw metal and its by-products in the presence of heat.
Historically, a high carbon fuel was burned in direct contact with the iron and a fluxing material, often limestone. As
the firel burned, it melted the ore and flux. At the same time, the carbon mixed with the oxides in the rock to form
carbon monoxide and carbon dioxide, which were released into the atmosphere. The nonferric materials in the ore
mixed with the melting limestone to form slag, the lighter waste product of iron ore smelting. Because of the silicon
content of the ore, slag often appeared glassy when cool. Slag was easily skimmed or removed from the metal.

Most iron produced in the eighteenth and nineteenth centuries was either wrought or cast. Wrought iron was
manufactured at bloomeries by reducing ore in the presence of a fuel and flux in a furnace called a forge, which was
usually only walled on one side. The reduced material, a combination of iron and slag called a bloom, was removed
from the hearth and separated by repeatedly hammering the metal into bars until all of the slag had been forced out of
the iron. The primary advantage of wrought iron was its workability. Because it was strong, non-brittle, and easy to
manipulate, it became the primary material used to manufacture tools, hardware, and weapons prior to the widespread
availability and use of steel in the latter nineteenth century (Schenck 1992).

Cast iron, which was considerably more brittle than wrought iron, could be made in larger quantities, often
continuously, in a blast furnace. Most American blast furnaces of the eighteenth and nineteenth centuries consisted of
several components: a heat resistant fire-brick lined stack; a structural, usually stone, outer layer surrounding the stack;
and a clay or dirt insulation separating the stack from the outer layer. The insulation layer prevented the high heat of
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the furnace from degrading the exterior material.

Workers charged the furnace by depositing set quantities of fuel, ore, and flux through the top opening in the
furnace stack. The furnace stack was often built adjacent to a ridge to facilitate transportation of material up to a
charging bridge that led to the furnace top or charging deck. The fuel burned hottest in the lowest area of the stack,
called the hearth, where the primary ore reduction and slag formation occurred. To increase the temperature and
maximize combustion, air was forced into the hearth through a nozzle called a tuyere, creating a blast that ensured a
more complete melt and a higher yield.

A major technical innovation was incorporated into furnace operation in the early nineteenth century. It was
discovered that a heated blast dramatically increased the efficiency of the combustion and resulted in higher yields of
tron for lesser amounts of fuel, especially when the heated blast was introduced into a hearth that was fueled by a
cooler burning coke (Greenwood 1902). Most Virginia furnaces, however, continued to use a cold blast until late in
the nineteenth century. This was primarily because charcoal fuel, which was the primary blast furnace fuel in the state
for much of its history, did not require a heated blast; charcoal naturally burned hotter than other fuels like coke and
anthracite.

Molten iron was tapped from the furnace at regular intervals. It usually flowed down channels carved into a
graded sand-floor in the casting shed; the casting shed usually was attached to the furnace. The channels led to small
pits which would fill with the molten iron. When cooled, these iron pits (called pigs) were separated from the cooled
channels (called sows) and taken to foundries to be remelted and cast into usable shapes. Some furnaces, however,
cast molten iron directly into functional forms rather than only producing only pigs and sows.

The furnace blast was often produced using a water powered bellows, or a steam piston. Furnaces were built
on creeks or rivers. Water, tapped from falls or a built dam and transported along a head race, was used to power the
waterwheel] that sat below the head race. As the water fell, it filled buckets or fell against paddles on the wheel,
creating a rotation that was linked to the bellows and blast equipment. This machinery was typically located adjacent
to the furnace.

The efficiency and availability of steam engines improved in the late nineteenth century. Their ultimate
geographical flexibility and lack of seasonal constraints led to their dominance as the primary power source. Virginia's
furnaces remained relatively small, however, and water power proved sufficient and less capital intensive than steam
power. Steam engines were not widely used in the state's iron industry, and furnaces, therefore, continued to be
iocated near a source of swiftly running water.

Similarly, Virginia maintained its lower yield charcoal operations even as the use of coals and coke advanced in
other regions of the country. Until the mid-1840s, all American iron was produced using charcoal as the fuel. Colliers
made charcoal by roasting mainly hardwoods, without flame, for several days in an earth-covered mound. The
roasting process continued until impurities were driven off, thus leaving a highly pure form of carbon. Because of its



NPS Ferm 10-900a OMB Ne. 1024-0018
I83-86]

United States Dapariment of the Interior
Natienal Park Service

NATIONAL REGISTER OF HISTORIC PLACES
CONTINUATION SHEET

Section £ fages

The Iren Industry in Virginia, 1620-1920

purity, charcoal made a higher grade of iron than coal or coke. On the negative side, however, the cost of collecting
sufficient amounts of hardwoods was high, as about one acre of hardwood had to be bumed for each ton of iron
produced. The forests did not replenish themselves for thirty or more years, the pace of production with charcoal was
very slow, and the remaining forests were often located at a distance from the furace. As a result of these drawbacks,
the cheaper, more widely available coals replaced charcoal as the primary blast furnace fuel.

Eventually, once it was possible to compensate for impurities, coke was used as fuel in Virginia blast furnaces.
Coke is made similarly to charcoal, impurities are slowly removed from bituminous or soft coal by a roasting process.
This technology involved many changes to the furnace designs prevalent in the eighteenth and early nineteenth century
in order to increase efficiency. Coke firrnaces require a heated blast to increase the hearth temperature because coke
burns at a lower temperature than charcoal (Swank 1891: 366). To heat the blast, early companies built separate
charcoal or coke burners that warmed the air prior to its entrance into the furnace. Later designs, however, captured
heat and the combustible gases from the firrnace and used the gases to fuel the ovens. When furnaces were converted
from charcoal to coke, brick, stone or metal structures were built to cap the charge deck opening of the former
charcoal furnace. This cap redirected the gases from the stack to the ovens located on the ground. These caps are still
visible on several of Virginia's converted furnaces; Van Buren and Callie are two examples of capped furnaces.

The iron industry in Virginia developed in the early period of American iron; the level of technology of its
furnaces did not change much through most of its history. Water-powered, cold-blast, charcoal furnaces dominated
the industry from its earliest production through its latter years. The shift to coke-fired furnaces around 1880, which
occurred only in the face of dramatic changes nationally, temporarily rescued Virginia's then failing industry.

Although Virginia's iron industry improved with the introduction of coke fuel, the state's resources and
furnaces ultimately could not compete technologicaily with other national production centers. Despite this, for almost
300 years, the state's furnaces adequately produced iron to supply distant markets, fight three major wars, and provide
wares to migrants, planters, and merchants.

CHRONOLOGICAL HISTORY OF THE IRON INDUSTRY IN VIRGINIA

Settlement to Society (1607-1750)

Virginia was the first English colony established in the Americas; it fulfilled its role as a textbook colony
through the early [770s. Much of the colony was settled with the intention that unfinished raw materials, unavailable
in the mother country, would be sent back to England for processing. To a much greater extent than was the case in
the New England colonies, Maryland and Virginia were financed by English merchants and investors eager to increase
their wealth by the importation of salable resources. Almost from the very beginning, these resources included iron.

The iron industry of the Americas began in the late 1500s as Sir Walter Raleigh's second expedition observed
abundant ores and an "infinite surpius” of wood in the region of North Carolina. Anticipating a low-cost colonial labor
force, the British expected good prospects for supplying Britain with bar and pig iron. Iron was increasing in cost in



NPS Form 10-900a GNB e, 1024-0013
(8-861

United States Department of the Interier
National Park Ssrvice

NATIOWAL REGISTER OF HISTORIC PLACES
CONTINUATION SHEET

Section £ Page?
The iron industry in Virginia, 18201920

Britain as the supply of wood (for charcoal) began to diminish. The forests decreased as a number of factors combined
to put pressure on wood supplies: the growth of the iron industry and charcoal production, an increased population,
and the rapid expansion of its naval and commercial fleets that used huge amounts of wood to build ships in the
sixteenth century (Bining 1933).

Because of the growing shortage of wood, England's ironworkers had to import most of their iron. Merchants
began to expand their horizons westward to locate new sources. Although the primary impetus for founding the first
Virginia colony was to search for gold, the early settlers needed utensils, tools, and iron to survive and to develop the
gold mining industry (Mulhoiland 1981). The English demand for iron grew and the local resources in America were
abundant. The "metallic wealth of America, so long anticipated by Englishmen," wrote Mulholland, "first appeared in
an unexpected form" (1981: 21). The first colonists were "expected to fill the mother country’s need for raw iron"
(Bruce 1930: 3). As early as 1608, the second year of English settlement, sample iron ores were sent back to England.
By 1609, the East India Company had purchased seventeen tons of Virginia ore, smelted it, and produced a
satisfactory iron (Mulholland 1981).

The first organized attempt to produce iron began in 1619. At that time the Virginia Company of London, as
stated in their records, sent a crew to "set up three Iron workers; proofe having been made of the extraordinary
goodnesse of that iron" (Hudson 1956: 5). The group, constructing only one of the three planned furnaces, located its
works at Falling Creek, fifty miles north of Jamestown on the James River. This fumace produced only small batches
of iron, according to Hudson. Although it was intended that they would go into full production by Whitsontide, the
seventh Sunday after Easter, 1622, the venture was short lived. The Falling Creek settlement and the ironworks were
destroyed in an attack by Native Americans who killed all but two of the Europeans (Hudson 1956: 5-7).

Initially, the attack did not deter the company from setting up an ironworks. As quoted by Mulholland, the
company expressed its intentions in August 1622, to “againe resume that business so many times unfortunately
attempted, and yett so absolute necessarie as we shall have no quiett Until we see it perfected” (1981: 24). However,
due to funding and logistical difficulties, the effort was eventually abandoned (Mutholland 1981: 24). By 1627, the
King revoked the company’s charter and the property became a royal colony. As a result, Virginia iron production was
delayed for almost a century (Bruce 1930: 5). Production did not resume until the 1710s.

The development of agriculture began to permeate the colony during this early period of iron production.
Merchantilists continued to search for a resource that could be exploited easily for the benefit of the mother country
(Mulholland 1981: 25). Raw silk, sugar, tea, and indigo were as exotic in Virginia as they were in England. As the
settlers began to think of Virginia as a permanent home they also sought means to increase their own wealth, and “fairy
gold awaited the energetic man who on his own account upon the vast stretches of free land up and down the rich river
bottoms dared to grow tobacco" (Bruce 1930: 4).

Tobacco exploitation in Virginia began in 1619, the same year that organized iron production was initiated in
the colony. Twenty thousand pounds of tobacco were exported to England in that year (Bruce 1930: 4). By the close
of the century, a social order based on plantations dominated the colonial system, replaced indentured servitude with
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Aftican slavery, and provided the most immediate road to wealth in the colony. Tobacco imported into England
increased to thirty-seven million pounds (including Maryland exports) by 1700 (U.S. Census 1976: 441-448).

Colonial iron production shifted to New England for the remainder of the seventeenth century. The first
continuing successful ironworks in the Americas began on the Sagus River in Massachusetts in 1644, several other
works were attempted in Rhode Island and Connecticut. However, the American iron industry overall was not very
successful during the seventeenth century and only five ironworks existed in the Northeast in 1673 (Bining 1933: 13).

The eighteenth century, however, proved to be the actual beginning of the successful American iron industry.
Colonial populations grew and this growth led both to a greater supply of newly immigrated skilled craftsmen and to
an increased demand for iron wares. Several ironworks began in Pennsylvania, Maryland, New Jersey, and Virginia.
To encourage iron production, many colonies exempted ironworkers from road building, taxes, and even militia
service. Many ironworks owners were also relieved from property taxes and were granted unoccupied land for the
establishment of new ironworks (Bining 1933).

The next phase of Virgima iron production began in 1710 with the arrival of the new lieutenant governor
Alexander Spotswood and his plans for the industrial development of the colony. He attempted to encourage the
Virginia Legislature and later the Board of Trade in London to develop ironworks, but failed to convince them.
Spotswood decided to promote the industry on his own (Bining 1933).

In 1714, Spotswood helped a group of immigrants from an iron producing region of Germany to settle along
the Rappahannock River in the northern frontier. The location soon would be named Germanna. After the discovery
of nearby fields of iron ore, Spotswood took out patents on the land. In 1716, with the financial assistance of English
partners, Spotswood built a blast furnace and put the immigrants to work (Bruce 1930: 10).

These initial efforts at personal gain cost him his colonial position in 1723. However, by 1732, he would own
the Germanna blast furnace and the Rappahannock River Air Furnace and would be a partner in a blast furnace thirty
miles southwest of Fredricksburg (Bruce 1930).

In 1732, a fourth blast furnace began operations in Virginia. It was located on the plantation of Augustine
Washington, the father of George Washington (Bining 1933). Washington's fumace was operated by the group of
English iron masters who had set up the Principio Iron Works in Maryland. Principio was the first works to be
established by a consortium of English merchants and iron mongers in direct response to the changing conditions of
European iron production (Mulholland 1981: 62).

Two major prewar iron developments in the Virginia iron industry occurred in Prince William County. John
Tayloe constructed a blast furnace on Neabsco Creek in 1738; John Tayloe II and partners erected a blast furnace and
forge in Occoquan in 1759 (Bruce 1930). With the exception of Vestal's furnace in Frederick County established in
1742, all furnaces erected before 1760 were located in the Piedmont. For most of the period, the Piedmont was at or
near the edge of the western frontier, with limited or no established means of transportation.
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The primary goal of these Virginia ironworks was to produce pig iron for export directly to England. These
English investors were so determined in pursuing this goal that few forges were constructed in Virginia to process pig
iron or blooms into usable bar iron to be sold to blacksmiths and tool smiths. Similarly, through the first sixty years of
the century, the English proprietors of Principio in Maryland were engaged strictly to supply British ironworkers
(Bining 1933: 21).

At the same time that the Virginia ironworks were increasing output and sending most of their iron to England,
the New England and Pennsylvania furnaces were also reaching higher production levels. These firms, however,
developed differently from those in the South. The South, with its growing agricultural economy, imported most of its
finished goods. New England tended to develop independent manufactures that often competed closely with English
merchants, This difference was due, at least in part, to the fact that New England geography was very similar to
England's; they had similar natural resources and many waterways for transportation and power.

On the other hand, geography and an economy dominated by cash crop agriculture tended to limit the extent of
manufacturing in the southern Colonies. The great distances to be traveled overland from iron deposits and other
resources before reaching easily navigable rivers added such high shipping costs that industries were slowed because
their wares were not cost competitive. Also, the southem colonies attracted a different type of immigrant from those in
the North. At the same time that skilled industrial workmen went to the manufacturers in New York, New Jersey,
Massachusetts, and Pennsylvania, the South attracted planters who brought slaves to fill agricultural positions.

The fastest and surest way to earn a large living on Virginia's rich soil was with agriculture. "[Tobacco]
planting," wrote Kathleen Bruce, "furnished the quickest road to fortune and to social distinction" (1930: 259).
Further, an economy based on slavery actually hindered industrial production and capital accumulation. This was
primarily because the investment returmns on large scale agriculture were much greater than those on industrial ventures.
Planters tended not to invest in—and even to discourage--any form of enterprise that might eventually interfere with
their lifestyle (Bruce 1930: 80).

Colony to Nation (1750-1789)

Major shifts in the iron industry began to occur by the mid century. Iron manufacturers in Pennsylvania and
Massachusetts increased production, often directly casting products from their blast furnaces to supply the growing
population. Shortly after the treaty of Utrecht (1714), industrial activity began to increase in the colonies. Because of
the increased demand for iron and the steady growth of northeastern industries, most of the colonial iron remained in
America rather than going to Britain (Bining 1933: 30).

In England, pig and bar iron production continued to decrease in the eighteenth century due to the continued
fuel shortage. At the same time, manufacturing of iron products swelled. The combination of factors increased
England's dependence on foreign iron (Bining 1933). With a growing crisis in its iron industry, English merchants
continued to view the Americas as a source for those raw materials not available in England. With the growing
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populations in the colonies, the colonies were seen as an increased market for English goods (Bining 1933).

The growing sophistication of American ironworks and manufacturers and the lack of the traditional colony-
mother country exchanges frustrated British ironworkers. The British had to continue importing pig and bar iron from
Sweden and Russia and did not have as ready a market for their goods as they would have liked. On the eve of a war
with Sweden in 1750, English iron manufacturers persuaded Parliament to remove all tariffs on American bar and pig
iron coming into England in hopes of decreasing their dependence on Sweden. To appease English blast furnace
owners, who would have rather seen tariffs on their competitors continue, the act originally applied only to iron
shipped directly to London. However, because the act was not initially successful, it was later expanded to include all
English ports. To protect the iron manufacturers in England, the act also included prohibitions against erecting new
slitting mills for nail making, plating mills for making sheet, and steel furnaces in the colonies. The goal was to
eliminate all competition in the area of secondary iron manufacturing (Bining 1933).

The act apparently had little effect. American imports accounted for only six percent of England's total iron
imports in 1761; that figure increased to only fifteen percent in 1771, mostly through expanded production and exports
from Pennsylvania (Bining 1933: 85). Although total exports increased only slightly, pig and bar iron exports from
Virginia and Maryland did rise (U.S. Census 1976: z348-353, z331-337).

The regulations were mostly observed through the end of the French and Indian war. Until the end of the war,
it was possible to enforce the laws because of the high number of British soldiers stationed throughout the colonies.
Later, however, the inability to adequately enforce the laws led to gross violations—violations that were often
promoted by the colonial governments (Bining 1933).

Further, as the population continued to grow, demands for iron wares and implements continued to increase.
This led to a more sophisticated and independent economy driven to disregard restrictive British laws and policies and
“eventually revolt against the crown. By the 1770s, this unchallengeable renegade attitude, coupled with high colonial
demand for iron products and decreasing British production, led to the existence of more operating blast furnaces and
forges in the Americas producing greater quantities of pig and bar iron than in all of Britain (Bining 1933).

Through this period, a mercantile arrangement continued between Virginia and England. Increasingly, because
of slowly developing southern manufactories, Virginia also developed a merchantilist arrangement with the northem
colonies. Northern companies often bought Virginia pig iron; in many arrangements with plantations, northern
companies exchanged clothing, iron wares, and steel tools for pork or corn (Bining 1933 and U.S. Bureau of Census
1977).

The next development of the iron industry in the Virginia colony occurred in the 1760s. Furnaces were
established along the Shenandoah River in Frederick County beyond the first mountain range in the northern part of the
state, and in Augusta County in the middle valley region between the Blue Ridge and the Alleghany Mountains. These
developments were primarily tied to the internal movements of German and Scotch-Irish immigrants traveling from
Pennsylvania and New York toward the Carolinas. According to Bruce, they "pushed into the colony between the two
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great walls of mountains, and having found beds of brown hematite ore about them started an iron industry parallel to
that in lower Virginia" (Bruce 1930: 21).

As the revolution began and continued, iron production in all colonies increased to meet the demands of the
army, trade with England was suspended. Although at least twelve fumaces operated in Virginia during the war, it
does not appear that any new ventures were started as a direct response to war-time demand (Bruce 1930: 454).

Early National Period (1789-1830)

The next phase of iron production in the state began in the 1780s as the new nation began to resume its
productivity. Following the war, a depression hit the new country as it tried to negotiate with Britain for the
resumption of iron imports. Although these early postwar years were very difficult, production did expand in Virginia.
According to Swank, "no state in the Union gave more attention to domestic manufactures after the close of the
revolution than Virginia" He concluded, however, by waming that although industrial activity could continue for
many years, it would be "checked in subsequent years by the greater attention given by the people of Virginia to
agricultural pursuits" (Swank 1891: 269).

Following the depression, iron masters began to settle in the lower Valley of Virginia along the James River in
Botetourt County and along the New River in Wythe County. By 1800, each of the primary iron producing regions in
Virginia, the Piedmont and the upper, middle, and lower valley had begun production. Mt. Torry Furnace in Augusta
County was constructed around 1804 as a cold-blast, charcoal furnace. Pig iron from this fumace was transported on
wagon to the James River and floated down to Richmond. Output in the Valley of Virginia increased as the industry
expanded and new furnaces were constructed. By 1810 Virginia had the third highest pig iron sales among states and
territories in the union. Virginia's iron sales were behind only New York, which sold about fifteen percent more, and
Pennsylvania, which, with its dominance in iron already firmly established, sold over three hundred percent more
{French 1858: 19),

The end of the Early National Period was not a successful time for the iron industry in Virginia. National
production slowed during the 1810s and 1820s (U.S. Bureau of the Census 1976). Canada Furnace in Augusta
County was built around 1812. The history of this small furace reflects the economic decline of this period; it only
operated for a few days before being shut down due to technical problems. The ailing economy and negative prospects
for success did not justify the investment that would have been required to make Canada a functional furnace.

Antebellum Period (1830-1860)

The industrial revolution in America led to an increase in the need for iron. During decades of the 1830s and
1840s, Virginia emerged from its slump, as seventy-five new furnaces opened in the valley beyond the Blue Ridge
(Bruce 1930). Catawba Furnace began operation in 1830. This cold-blast, charcoal furnace was built on an unusual
round plan (most furnaces were square in plan), and ran on water power provided by Catawba Creek. Roaring Run
Furnace was built around 1832 by Samuel C. Robinson of Richmond. Catherine, Elizabeth, and Van Buren furnaces



































































































