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Abstract

The rise of the U.S. Portland cement industry from the late 1890s, recently analyzed in Prentice (2012),
was based on a series of innovations in the Lehigh Valley, PA. By 1900, the Lehigh Valley produced over 70%
of cement consumed in the U.S and with its access to the large East coast markets, remained the largest
cement producing district until 1970. However, these advantages seemed to be present before the 1890s
but Rosendale, NY, was the main center for U.S. cement manufacturing during the 19th century. In this
paper we document the long slow birth of the Lehigh Valley cement industry and, by comparison with the
development of the Rosendale cement industry, analyze the reasons for its delayed rise. First, while cement
raw materials were discovered almost simultaneously in both locations in the late 1820s the Rosendale
industry grew much more rapidly — probably due to lower transport costs to major markets. Then,
although transport cost advantages dissipated from the 1860s, Rosendale cement had built a reputation
for quality that made competition by a nearby competitor difficult. It was only the combination of a new
product and new technology that overcame the Rosendale cement industry. This paper makes two main
contributions. First, it provides the first general analysis of the 19th century East coast cement industry —
the industry which provided the materials for important public works, and urbanisation and industrialisation
in general. Second, it provides new evidence on the roles of transport costs and product differentiation in
the evolution of nineteenth century industry. The main sources used for this work are the schedules of the
Census of Manufactures, local directories and newspapers for the Lehigh Valley and Rosendale and reports
of the New York and Pennsylvania geological surveys.

∗This work is preliminary and can be cited only with permission of the author. Much of this work was done while visiting Lehigh
University and the University of Melbourne and he is grateful for their hospitality. Special thanks are also due to the National
Canal Museum, Lehigh County Historical Society and Special Collections at Lehigh University. Very helpful discussions were held
with Karen Gensey, David Drinkhouse, John Kenley Smith and the late Dietrich Werner. All errors are those of the author.
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1 Introduction

In 1890 96% of cement consumed in the United States was natural cement or imported Portland cement. Natural

cement was primarily produced in Rosendale NY or around Louisville, KY, with the remainder coming from

various much smaller regional centres, including the Lehigh Valley in eastern Pennsylvania. The Lehigh Valley

was the leading region for producing domestic Portland cement, but supplied just about 2% of the national

cement market. By 1910 the Lehigh Valley supplied one third of a cement market that had increased from 1.3

million metric tons (in 1890) to 13.3 million metric tons that was 99% U.S. manufactured Portland cement. The

Lehigh Valley remained the largest producing region in the United States until the 1970s and home to most of

the largest national companies. The previous literature has highlighted how the Lehigh Valley was the location

for a series of technological advances. In addition, the Lehigh Valley was ideally placed to serve the large and

rapidly growing urban area from Boston to Washington DC. However, many of these advantages were present

before the 1890s so the question arises: what factors prevented the Lehigh Valley from being a leading cement

manufacturing district before 1890?

In this paper, we first review the significance of the Lehigh Valley in the twentieth century cement industry

and previous work on its rise. Then, drawing on Pennsylvania Geological Survey reports, newspapers and other

contemporary writing, we provide a more complete and accurate account of the Lehigh Valley cement industry

of the nineteenth century. Compared with the most prominent account of the industry by Lesley et al. (1924),

we highlight how the industry developed much earlier and demonstrate though that it operated at a small scale

until the 1860s. New information on the timing and growth of the industry between 1860 and 1890 is provided.

We then analyse what factors may have delayed the rise of the Lehigh Valley cement industry. After discussing

the economic structure of the Lehigh Valley so to demonstrate it neither particularly helped or hindered the

development of the cement industry, we then analyse the growth of the Lehigh Valley cement industry within a

national cement market. This is done using data from the Census of Manufactures and Mining, state geological

survey reports, newspapers and other contemporary sources. It is demonstrated that up to at least 1860, the

Rosendale cement industry, including plants in New Jersey using raw materials from near Rosendale, dominated

the American market. It is argued that a combination of geological factors and low transport costs lay behind

this dominance. After 1860, as demand continued to expand but also as the transport cost advantage diminished,

other regional industries, such as the Lehigh Valley, grew in relative importance. We also show how firms in the

Rosendale region attempted unsuccessfully to move into Portland cement production.

We conclude that the development was effectively deterred during the first half of the nineteenth century by
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the Rosendale cement industry with a combination of lower transport costs and reputation for quality. However,

as the market size increased after 1860 and transport cost differences were eroded by the diffusion of railroads,

the Lehigh Valley industry was able to rapidly grow to become a major regional center. However, it was

probably only, as has been highlighted previously, the adoption of the rotary kiln to produce Portland cement

that enabled the Lehigh Valley cement industry to completely replace Rosendale as the leading cement district

(indeed as Portland cement largely replaced natural cement). Impurities in the Rosendale rock prevented the

natural cement industry there from converting to Portland cement, though individual firms did so. This paper

makes two contributions. First, it provides a first, more complete accounting of an industry that has been

relatively neglected by economic historians, and a period that has not previously been studied on this scale.

Second, it highlights how the combination of a growing market and changing transport costs affect dominant

firms/regions and enable the rise of new dominant firms and regions.

In the next section we review the rise of the Lehigh Valley cement industry. After discussing the account

presented in the previous literature we then provide a more complete account of the rise of the industry during

the nineteenth century. In Section Three we analyse why the Lehigh Valley cement industry wasn’t a leading

sector before 1890. First we review if there was anything was unusual about the main counties in the valley and

then we analyse how the industry grew within the national market both before and after 1860. Section Three

concludes with a discussion of the role of product differentiation, cost differences and competition in delaying

the rise of the industry. Section Four reviews why the Rosendale cement industry didn’t maintain its leadership

by moving into Portland cement. Section Five concludes.

2 The rise of the Lehigh Valley cement industry

In this section, we briefly review the rise of the American Portland cement industry and the role of the Lehigh

Valley according to the most popular sources — books by Lesley et al. (1924) and Hadley (1945). This is

followed by a more complete account of the rise of the industry during the nineteenth century based on new

sources. We show that the cement industry in the Lehigh Valley began much earlier than described by Lesley et

al. (1924) and provide a more complete account of the structure of the industry between 1828 and 1890. Before

doing so we provide some background information on the nature and two types of cement, and a description of

the Lehigh Valley.

Cement is the powder which can be combined with water to make a mortar or combined with sand and

aggregate to make concrete. It is manufactured by burning a mixture of limestone and clay, or similar materials,

in large kilns. In this paper, we focus on two types of cement — Portland cement and natural cement. Portland
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and natural cement differ in the types of raw materials used and the extent of their processing. First, Portland

cement requires materials with both a specific chemical composition and without certain impurities. The

combination of materials only rarely occurs naturally so materials from different sources must be combined. In

contrast, natural cement is made with raw materials found naturally mixed in roughly the right proportions,

and has a higher tolerance for certain impurities that would prevent manufacturing Portland cement. Second,

Portland cement is processed at much higher temperatures than natural cement, which produces a harder

intermediate product, clinker, which requires more powerful grinding. It is worth noting three features of the

industry during the twentieth century. First, it is a capital intensive industry. Modern kilns are the size of

several story buildings and once built usually operate for decades. All other equipment are scaled around the

kilns. Second, Portland cement has been a standardised product since the 1900s with a small number of variants

but little differentiation across firms or even across countries. Third, the consequence of large scale production

and standardised products is that the industry during the twentieth century is best characterised as a set of

regional oligopolies.

The Lehigh Valley is primarily located in south-eastern Pennsylvania and includes substantial areas of

Lehigh and Northampton counties and smaller areas of Carbon county in Pennsylvania and Warren county in

New Jersey. It lies about one hundred miles west of New York City and 60 miles northwest of Philadelphia,

with Baltimore and Washington DC to the south. The three main urban centres are Allentown, Bethlehem and

Easton. What is sometimes described as the cement belt stretches from Fogelsville in the west across through

Egypt, Ormrod and Coplay (all in Lehigh County) and then, crossing the Lehigh River, from Northampton to

Bath, Nazareth and Stockertown before concluding at Martins Creek and Sandt’s Eddy (all in Northampton

County) on the Delaware River in the east as well as just east of Easton, on the other side of the Delaware

River, in the western end of Warren County.

2.1 The Lehigh Valley and the twentieth century cement industry

The Lehigh Valley has played a central role in the historical literature on the Portland cement industry for two

reasons. First, for much of the twentieth century it was the largest cement producing district in the United

States. Second, it was the location for the innovations that converted Portland cement from a niche construction

material to the staple ingredient in concrete.

The importance of the Lehigh Valley in the rise of the Portland cement industry is best illustrated using

the annual statistics on production from the US Geological Survey and Bureau of Mines, first systematically

published from 1890 in chapters on the cement industry in “Mineral Resources of the United States” and its
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successor publications (hereafter referred to as the Cement Chapters). In Table One we present statistics on

production of Portland cement in the Lehigh Valley compared with the United States as a whole. The first point

this table illustrates is the enormous growth in the production of Portland cement that occurred very rapidly

between 1890 and 1909. After 1909 the industry continued to grow though at a slower pace over time. The

second point this table illustrates is that until 1900 a substantial share of this growth occurred in the Lehigh

Valley. Production in the Valley continued to grow until late in the 1920s. From the late 1950s there is a gradual

decline in production. Until the late 1960s, though, the Lehigh Valley remained the largest single producing

area in the United States.

The temporary lead was due in part to technological leadership during the 1890s and 1900s. After then,

the prominence of the Lehigh Valley was in part maintained due to the combination of large scale production

and being near to some of the largest urban markets in the United States stretching from Boston down to

Washington DC and including New York City, Philadelphia and Baltimore.

We also include in Table One statistics on plant numbers. Though they tend to vary with production they

reveal two additional features of the history of the area. First, that a substantial part of the increase between

1895 and 1910 was an increase in scale as well as plant numbers. Secondly, that the decline substantially featured

a reallocation of output to a smaller number of larger plants. The statistics in Table One underplay this as in

2006, two of the plants are very small white cement and grinding-only plants.

Table Two reports similar statistics for the natural cement industry up to 1910. First we note that in 1890,

943,000 metric tons of natural cement was produced nationally compared with just 57,000 tons of Portland

cement. Second we note that the Lehigh Valley (as all natural cement producers in Pennsylvania were in

the Lehigh Valley) produced less than 10% of the national production (and twice as much natural cement as

Portland cement). However, natural cement production grows relatively slowly during the 1890s and declines

rapidly in the 1900s. Soon after 1910 the USGS stops publishing separate statistics for natural cement.

2.2 Previous literature on the rise of the cement industry

The set of technological developments that occurred in the Lehigh Valley associated with its rise have been

described extensively in the widely available books by Lesley et al. (1924) and Hadley (1945). These works have

been drawn on extensively in earlier work on the development of the cement industry such as Anderson (1988)

(and subsequent papers), Marchildon (1994) and Prentice (2012). Lesley et al. (1924), in particular, is usually

cited for historical background. Robert W. Lesley was a cement wholesaler who entered cement manufacturing

in the Lehigh Valley in the early 1880s. As well as manufacturing he also had several patents, testified to
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government hearings and took leading roles in industry organisations. He wrote papers on the development

of the Portland cement industry as early as 1895. Hadley (1945) is a history of the main firm involved in the

technological innovations of the 1890s drawing on an earlier account by the firm’s founder, Jose De Navarro.

The first innovation was the discovery that Portland cement, which had been developed much earlier in

England, could be made in the United Statest at all. This occurred, followed shortly by commercial-scale

production of Portland cement, at Coplay, PA, by a natural cement firm there, the Coplay Cement Co. David

Saylor, one of the founders of the Coplay Cement Co., took out a patent for the new product in 1871.1 However,

as Tables One and Two show, though Lehigh Valley Portland Cement was the largest Portland cement producing

district in 1890, compared with natural cement, it remained on a small scale. Indeed, in 1890, 334 thousand

metric tons of cement were imported — primarily from the United Kingdom and Germany — more than five

times as much than domestic production.

The rise of the American Portland cement industry was associated with the successful commercialisation

of the rotary kiln in a series of innovations, by a series of companies that became the Atlas Portland Cement

company, as described in Hadley (1945), also at Coplay. The first stage was to get the rotary kiln working at

all. Initially, the kiln was fired with fuel oil which was relatively expensive except for areas near deposits or

pipelines. The second stage was to enable the rotary kiln to work with powdered coal — which enabled the

kiln to be used across the United States. This technology replaced the vertical kilns enabling an increase in

quantity and quality of Portland cement. This innovation quickly diffused through the Lehigh Valley and across

the United States to become the dominant technology nationally and internationally. This is the period that

has been studied most extensively by Anderson (1988), Marchildon (1994) and Prentice (2012).

The natural cement industry is much less well documented. Lesley et al. (1924) provides a bare outline

and appears to draw on an earlier book Cummings (1898). Gilchrist (1976) (a local history) and Werner

and Burmeister (2007) describe the natural cement industry of Rosendale NY, which was the largest center

of production in the US during the nineteenth century. Howe (2009) is a study of one plant in the Rosendale

district. Hahn and Kemp (1994) is a detailed study of the Maryland-West Virginia natural cement industry.

Although natural cement was also an English innovation, it was first discovered in the United States around 1818,

near Syracuse NY, while building the Erie canal. Lesley et al. (1924) and Hahn and Kemp (1994) emphasise

the importance of canal building in providing the incentive for initial entry into natural cement production and

1Russell (1902) claims that the Eagle Portland Cement Co. began production at Kalamazoo, Michigan, in 1872. Lesley et al.
(1924) states, based on information provided by another manufacturer, an alternative date of 1885. However, we date the starting
date to early 1876 from stories in the Chicago Daily Tribune (January 29, 1876; September 16, 1876)and Daily Inter-Ocean (April
22, 1876).
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then canals as providing the transportation network for the product of those mills that continued after canal

construction was completed. There is almost no discussion of innovation in the natural cement industry.

Beyond this, the natural cement industry is generally characterised as being highly successful during the

nineteenth century such that the domestic Portland cement industry, being higher cost than natural cement

and lower quality than the better imported Portland cement, was unable to take off until the successful com-

mercialisation of the rotary kiln whereupon natural cement was rapidly replaced by Portland cement (though

natural cement production continued on a small scale, mainly at Rosendale, Minnesota and Kansas until the

final plant closed in 1970 though natural cement production has recently been revived on a very small scale).

Two gaps remain in the literature. First, there is relatively little systematic general work on the seventy

year history of the cement industry before 1890. Second, while the literature has an explanation for why the

Portland cement industry did not develop on a large scale until the 1890s there is no economic analysis of the

reasons why the natural cement industry did not develop earlier in the Lehigh Valley before then. The large

urban markets associated with the prominence of the Lehigh Valley industry during the twentieth century were

present well before 1890. In the remainder of this section we provide the first systematic documentation of the

evolution of the Lehigh Valley cement industry during the nineteenth century so to provide background for our

analysis of the reasons for the pattern of evolution in the next section. Before doing so we briefly review the

evolution of the industry across the Lehigh Valley between 1890 and 1910.

2.3 Spatial diffusion of the Lehigh Valley cement industry between 1890 and
1910

Table One demonstrates that between 1890 and 1910 the Lehigh Valley cement industry grows from five plants

with an average output of 7 thousand metric tons to about 20 plants with an average output of around 190

thousand metric tons. In this subsection we briefly review the diffusion and growth of the industry during this

period.

In mid-1891 the Lehigh Valley is the largest producer of Portland cement in the United States but domestic

Portland cement is a niche product compared with natural cement and imported Portland cement. Within the

Lehigh Valley there are two large producers of Portland Cement, the Coplay Cement and American Cement

companies, and three smaller producers, Catasauqua, Allen and Rock Lock and Rosendale, all using the tradi-

tional vertical kiln technology to produce Portland cement, as well as, in the main, producing natural cement.

There is also another small company, Atlas, in financial difficulties, using the new technology of the rotary kiln,

to produce Portland cement. In 1910 this has completely changed. Domestic Portland cement is the largest
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cement product in the United States and, as reported in the Cement Chapters, the Lehigh Valley produced

50% of national production as late as 1907. The Atlas Cement Company is the largest cement company in the

United States and 20 plants are scattered across the Lehigh Valley from Stewartsville NJ to Fogelsville PA. All

the plants are using rotary kilns.

The rapid expansion of Portland cement production during this period is associated primarily with a set

of new plants spread around the Lehigh Valley which rapidly expanded. During the second stage entry occurs

across the cement belt. The first two entrants occur at the eastern end of the belt around Phillipsburg across

from Easton PA. This is then followed by a move across the Lehigh River into Northampton county where one

of the natural cement producers begins production of Portland and Atlas builds its second and largest plant.

From the late 1890s plants develop around the existing locations and three new locations Nazareth, Bath and

Stockertown - all in Northampton County. There is only one truly new entry that takes place after then and

that is near Bethlehem in the 1930s.

The first expansion was back behind Siegfried’s Bridge by Atlas - this was initially unsuccessful but eventually

a very large plant was built there. In 1896, Atlas begins operations at its second, and much larger plant, in

Northampton just behind where the existing plants operate. However, this plant was due to begin operating

about four years earlier — the earlier firm appears to have gone under.

The second set of locations to which the cement industry expands to are in Warren county around Easton.

Amable Bonneville, with a local textiles manufacturer, Thomas Whittaker, start up a small plant at Alpha, NJ

in 1892. Shortly after, the paving company, Vulcanite, also begins production. Bonneville’s obituary states he

also founded this plant and was vice-president of the company at the time of his death.2 The Alpha Portland

Cement Company was formed following Whittaker’s death to take over the Alpha plant.

The third set of locations was in Lehigh County and was a spin off from Alpha (Whittaker’s widow and

confidant and manager) the Lehigh company at Ormrod. Also of interest is the involvement of General Harry

Trexler who was already a local major businessman. A fifth firm, that was to become large, was incorporated in

late 1899 — the Edison Portland Cement Company. The Alpha, Lehigh and Vulcanite plants grew quite large

quite quickly.

The last set of locations were developed between 1899 and 1910 filled out the cement belt across the Lehigh

Valley. These tended to be smaller firms — though again, many were spinoffs from other companies in the

valley, at first at Nazareth, Martin’s Creek and Stockertown around 1900, followed by Bath around 1904. Two

2The obituary incorrectly dates his first involvement in the Lehigh Valley cement industry to 1885 and the United States Portland
Cement Company.
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other plants, at Sandt’s Eddy and Stockertown were commenced during this period but not finished until 1926

and 1917, and a fourth plant was built at Bath in 1928. These firms all tended to be small and many of them

failed either during the crash of 1907 or around 1910.

All of the new plants adopted the new technology of the rotary kiln. Indeed the rotary kiln diffused more

quickly here than anywhere else. However, the Coplay Cement Co. and American Cement Co. were relatively

slow both building vertical kiln plants during the 1890s. The first step of the diffusion was from Atlas to either

the Bonneville PC Co. or to Alpha PC Co. In Amable Bonneville’s obituary it is stated he was the original

superintendent for Atlas — though this is not mentioned anywhere in the book by Hadley or in De Navarro’s

book.

Both had begun production with rotary kilns by 1900 though. Again, they were not alone as several plants

outside of the Lehigh Valley persisted with vertical kilns until the 1910s. This undoubtedly was a factor in the

failure of the American Cement Co. in the late 1900s. They were not the only ones to get into trouble. Atlas

expanded enormously at the Northampton site and it also ran into problems.

Two types of exit occurred during the initial period. First, some of the original plants shut down — in

some cases the properties were absorbed by neighbouring plants — most of the exit occurred around Coplay

and Northampton. The Hercules Cement Co. (successor of the Catasauqua Cement Co.) plant shut down in

the early 1900s and production ceased at the Coplay plant of the Atlas Cement Co. by 1907. The land of the

Hercules Cement Co. may have been purchased by the Whitehall Cement Co. Across the river at Northampton,

the Bonneville Cement Co. (successor of the Allen Cement Co.) closed by 1909 — its lands were purchased

by the Lawrence Cement Co. Though we don’t have complete information it appears post-rotary kiln plants

bought much larger acreages upon entry than the pre-rotary kiln plants.

2.4 Cement production in the Lehigh Valley between 1828 and 1890

Lesley et al. (1924) discusses the evolution of the natural cement industry in the Lehigh Valley with the

information being summarised in Table Three. It will be shown that the broad picture and many of the

details in his account are correct. However, it will be shown that the cement industry begins much earlier and

that other details reported by Lesley are not quite right. The evolution of the market structure of the Lehigh

Valley cement industry during the nineteenth century is summarised in Table Four. The broad outline of natural

cement production in the Lehigh Valley is that it began near Palmerton, Carbon county, in 1828 after which

the main centre of production moved to Siegfried’s Bridge, in Northampton county, around 1830. Between 1830

and 1860 it is not clear whether the Siegfried’s Bridge plant operated on a full-time basis even though except
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for a brief entry somewhere between Bethlehem and Easton in the 1840s, it appears to have been a monopolist

until 1866. Some cement production may have continued at Palmerton on a very small scale. During the 1870s

and 1880s further entry occurs, and Portland cement production begins on a nationally large scale, but on a

small scale compared to the large cement production in the Rosendale district in New York.

2.4.1 1828 — 1866

As will discuss in more detail below, natural cement production appears to have begun in the Lehigh Valley

around 1828 rather than 1850. However, it seems for most of the period between 1828 and 1866, the industry

remained a local monopoly. We now discuss this in more detail.

Glace (1912) provides a different account of the early period of the Lehigh Valley cement industry to that

of Lesley et al. (1924). William Glace was the son of Samuel Glace, the manager of two early cement plants

and wrote a book in 1912 outlining his claim. Glace’s claim was noted in Hahn and Kemp (1994) where they

suggest Lesley would have known of this plant but did not consider it important enough to mention. This is

not implausible and we will see that his account of the first Siegfried’s Bridge plant contains details associated

with this plant.

Glace claims that the earliest cement manufacturing recorded was done by the Lehigh Coal and Navigation

Company at two locations. First, at the Lehigh Gap near Palmerton, in Carbon County, and then at Siegfried’s

Bridge (now Northampton) in Northampton county. The company was building a canal from Mauch Chunk to

Easton primarily to ship coal to Philadelphia and New York (by connecting with other canals). Canvass White,

responsible for discovering natural cement while building the Erie Canal, was the engineer on the project.

Cement rock was first discovered in 1826 at the Lehigh Gap, near Palmerton, and a small plant of four 10 to

15 foot high kilns was built. Once the material from the Lehigh Gap was exhausted an alternative source of

material six miles east of the plant and requiring transport by land, was found. This was judged to be too

expensive. However, suitable materials were also found at Siegfried’s Bridge, operations were transferred there

and the Palmerton plant abandoned, though ownership of the site eventually passed to the Prince Paint Co.

The only information provided by Glace on the Siegfried plant after his father ceased to be superintendent

was that “about 1860, it was leased by Messrs. Menninger, Kohl, Eckert and Ackerman. It was purchased from

the Ackermans of New Jersey, operated for a time and sold to the Laurence Cement Co., who now have their

extensive and prosperous plant adjoining...”.

The Annual Reports of the Lehigh Coal and Navigation Company confirm the starting date of cement

production. The January 1828 and 1829 reports briefly describe the discovery of hydraulic cement materials by
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the Lehigh River, the construction of kilns and the production of just under 200,000 bushels. The next reference

though is in the May 1868 report when the ”Hotel, Mill, Quarry, &c. Siegfried’s Bridge” is valued at $12,000.

Between 1831 and 1860 cement is only listed, in the highly detailed statistics on commodities shipped, as being

shipped along the canal (in 1842). Brzyski (1957), in his unpublished thesis on the Lehigh Canal, cites minutes

from the board meetings of the Lehigh Coal and Navigation company which record a transfer of the lease from

John Meninger at the end of 1851 to E. Eckert & Co. at the start of 1852. He also notes the nominal terms of

the lease, still to Edward Eckert, in 1859. In a contemporary county history, Henry (1851) states that in 1851

that J. Meininger, operates a cement mill at Siegfried’s Bridge on the Lehigh Canal.

As well as looking at the records of the Lehigh Coal and Navigation Co and county histories we also examined

the schedules of the Census of Manufactures in 1850 and 1860 and the Population censuses. The published

Census of Manufactures reports one cement manufacturer in Pennsylvania in 1850 but when we checked the

schedules we found no cement manufacturer in Allen township where Siegfried’s Bridge was located. Likewise in

the 1860 Census of Manufacturers two cement manufacturers are reported but they are in Cambria and Franklin

counties. We also looked at the population schedules and a Jonathan Minninger is listed in the 1850 Population

Census for Allen Township as a landlord and Edward Eckert is listed in the 1860 Population Census Schedule

for Allen Township, though his occupation is listed as innkeeper. Henry (1860) refers to the extensive cement

mill of E.Eckert & Co. which is described as “having been in successful operation for a number of years, and the

cement . . . is said to be equal in every respect to the celebrated Rosendale cement.” (page 302) We were unable

to locate General Siegfried and indeed we have not found a reference to any significant developments occurring

around 1850 or any associated with a General Siegfried.3

The earliest reference we found to the Siegfried’s Bridge plant is Trego (1843) which refers to the Lehigh

Navigation Co. running a cement plant at Siegfried’s Bridge. We also examined the reports of the Pennsylvania

Geological Survey, which operated between 1836 and 1842 and published its final reports in 1858. Two locations

are clearly referred to as manufacturing hydraulic cement: Johnstown, in Cambria county, and at Siegfried’s

Bridge in Northampton county. There are ambiguous references to magnesian limestones adapted for making

hydraulic cement in Franklin county as well (Rogers (1840),Rogers (1841),Rogers (1858, vol. I),Rogers (1858,

vol. II)).

Finally, it is also worth noting that an Easton newspaper specifically describes a cement plant operating

somewhere between Easton and Bethlehem by Charles Kitchen around 1853.4 It must have been short-lived

3Siegfried’s Bridge is named after Colonel John Siegfried but he lived much earlier.

4Easton Daily Argus, 1853, April 28, page 2
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as no other reference to this plant has been found. Further afield Fackenthal (1930) notes two plants in neigh-

boring Bucks county that operated between 1829 and 1833 to produce cement for the Delaware Division of the

Pennsylvania Canal system. Fackenthal cites the NJ Geological Survey of 1868 that noted that this plant no

longer produced cement. The NJ Geological Survey of 1868 also notes another plant in nearby Somerset county,

NJ, that had also ceased operating by then — interestingly it is noted that the cement is hydraulic if burned

with wood but not with coal (which is a higher temperature).

So we have confirmed that cement was produced in the Lehigh Valley before 1850 and that by the 1830s

that cement was being produced at Siegfried’s Bridge. We also confirmed that some of the people named

in William Glace’s book were living in the area at the time although we haven’t confirmed they managed a

cement factory. The lack of shipments along the Lehigh Canal suggests that any cement that was produced was

primarily for local markets — possibly mainly used on the canal. Prime (1878) claims up until 1872 cement

was produced only for the company’s own use. Production may have only been intermittent. We also note

some short-lived cement plants — usually connected with canal building. We haven’t found any information

that suggests that a significant change in operations occurred in 1850 associated with General Siegfried. In the

next subsection we shall demonstrate that this account may confuse a change that occurred in 1872 associated

with General Selfridge taking over the Siegfried’s Bridge plant. Finally, it is interesting to note that although

cement production would eventually take place on both sides of the Lehigh River, the first location developed

was on the Northampton county side. Digging the canal may have revealed the location of the resources but

also then would have potentially provided cheap transportation for a plant there.

2.4.2 1866 — 1890

Lesley et al. (1924) identifies a total of five plants operating in the area around Siegfried’s Bridge without

providing specific dates. The Coplay Cement Co. is stated to begin natural cement production after the

railroad was built on that side of the river. Two other natural cement plants built nearby are also identified

without dates being given — though it suggests that they followed the Coplay plant. The Siegfried’s Bridge plant

is stated “to have had a checkered career, passing through the management of Hugh N. Camp & Sons, of New

York, the American Cement Company, A. B. Bonneville and the Allen Cement Company, finally coming into the

ownership of the Lawrence Cement Company.” (page 26). We will see this discussion combines developments

for two separate plants. With respect to Portland cement, Saylor is credited as the American inventor, having

patented it in 1871. Lesley describes two more plants — the United States Cement Mill and Keystone Cement

(which became Atlas) starting in 1889. Across in Siegfried’s Bridge two more plants — the Allen mill and a
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neighboring paint mill, were converted into Portland cement and both eventually became part of Ackerman’s

Lawrence Cement Co. In addition extensive discussion is provided of the founding of his own company, American

Cement, at Egypt, in Lehigh County, in 1883.

Examining the annual reports of the Lehigh Coal and Navigation Company up to 1882, from 1867 substantial

shipments of lime and cement are reported going along the canal — though there is considerable variability. The

reports of the Lehigh Valley Railroad are typically less detailed, but do include information on a large shipment

in 1867. However, in the published 1870 Census of Manufactures while six cement plants are listed for PA,

only one gets reported in the county-breakdowns and it is in Fayette county. Inspecting the census schedules

of Lehigh and Northampton counties locates one plant, operated by Tilghman Newhard, producing 8000 bbls.

of cement at $7360. The Coplay Cement Co. is not included, but in the Population Census schedules, David

Saylor is listed stating his occupation as cement manufacturer. Interestingly, a Tilghman Newhard is listed as

an innkeeper in the population census schedules. The listings in a Land Atlas for Northampton County (Beers,

1874) confirm that the two people are the same person as there is an entry on page 9 for “Newhard, Tilghman,

Proprietor of Siegfried’s Bridge Hotel, also Manufacturer of Hydraulic cement”. Recall that the 1868 entry in

the LC& N Co. for Siegfried’s Bridge includes a hotel — which makes it likely that Glace’s reference for Eckert

in 1860 and Jonathan Minninger in 1850 are both correct. This also makes it likely that Tilghman Newhard’s

cement mill is the successor to the Lehigh Coal & Navigation Co. plant. Furthermore, it is also consistent with

the hypothesis that before 1870 the Siegfried’s Bridge plant operated on a small scale, possibly intermittently.

The Coplay Cement Co. seems to have begun operations around 1867. Both the 1884 county history of

Mathews and Hungerford (1884) and the Pennsylvania Geological survey publication in 1878, (Prime, 1878),

assign this date and it is consistent with the jump in shipments along the canal. The Coplay Cement Co.

appears to have sought to sell to broader markets. A 1869 New York Times story refers to the company putting

in an unsuccessful proposal to supply cement for the new New York Post Office building. It is worth noting that

this did not occur until after not only a railroad went down the Lehigh County side of the Lehigh River but

also a railroad was going down the Northampton County side as well. There is a considerable time lag (even

allowing for the Civil War) between the railroad going in Lehigh County and the building of the cement plant

though.

Mathews and Hungerford (1884) state that the daily capacity of the Coplay Cement Co. in 1869 was 250

barrels per day. This is quite a substantial scale for Pennsylvania though not large compared to plants in New

York and New Jersey. For example, the largest plant included in the 1870 Census was in Fayette County and

had sales of $28,200 (out of a total for PA of $41,260. The next largest plant was probably Newhards, with
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sales of $7,360 (8000 bbls). Two other plants in Franklin and Cambria sell less again ($ 3500 and $ 1800) and

the remaining two plants must sell even less.

During the early 1870s further entry occurs on both sides of the Lehigh River. We have three sets of

contemporary or near contemporary sources describing this. The first source are the atlases for for Northampton

and Lehigh counties (Beers (1874),Davis (1876)). The second source is that the Second Pennsylvania Geological

Survey, which operated from the 1870s to the 1890s, compiled a report on limestone in the Lehigh Valley

around 1875 and discusses the cement industry. Finally, as well as Mathews and Hungerford (1884) there is

also a contemporary history of Northampton County (Ellis, 1877). We will review each of the three locations in

which cement had been produced in the valley. First, a report written for the Pennsylvania Geological Survey

around 1875 on the Lehigh Gap area states “The cement has for many years been worked at a quarry near the

paint tunnel at Hazardville ... It is burnt and ground by Mr. Prince of the Lehigh Metallic Paint Company, but

at present very little is quarried.” (Chance, 1875). Hazardville is now part of Palmerton. Both Prime (1878)

and Ellis (1877) describe an expansion of the LC& CN plant in 1872, following the transfer of the lease to

General J. Selfridge of Philadelphia.5 Ellis (1877) states the superintendent of the Lehigh Cement Company is

Tilghman Newhard. Prime (1878) states the capacity was increased to 200 barrels per day and a new quarry

was opened up on the Hokendauqua Creek to the east of the plant. However, he also states that the plant “had

remained idle for the greater part of the past three years.”

It is likely that Ellis (1877) was written well before 1877 as it states that there is only one cement mill

operating in Northampton County. However, both Prime (1878) and the even earlier writing of Gillmore (1883)

record the entry of a second plant at Siegfried Bridge, the Allen Cement Company. Gillmore (1883) states

(writing in 1876) that the plant has an annual capacity of 24,000 barrels but that their average production has

been between 15,000 and 16,0000 barrels. Prime (1878) states their capacity was 75 barrels per day and that

they operated two small draw kilns. By the late 1870s, though Prime (1878) states that they had also remained

idle for the previous three years.

On the opposite side of the Lehigh River the cement industry also expands. Prime (1878) describes the

Lehigh Hydraulic Cement Works as commencing operations, just above Coplay, in 1872 with four kilns and a

grinding capacity of 300 barrels per day. He then explains that the plant burned down in 1874 and had not been

rebuilt. In the 1876 land atlas for Lehigh County, the Lehigh Hydraulic Cement Company property is shown

as directly bordering the Coplay Cement Co. property. The Coplay Cement Co. expanded rapidly during the

5Ellis (1877) refers to the company as the Lehigh Hydraulic Cement Company whereas Prime (1878) refers to it as the Old
Lehigh Cement Works.
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1870s. Around 1872, Mathews and Hungerford (1884) state they develop Portland cement and by 1875 Prime

(1878) describes the plant as having seven Portland cement kilns and four natural cement kilns. The Portland

cement kilns having a capacity of 2500 barrels per month, and the natural cement kilns with a capacity of 300

barrels per day. Saylor obtains patents for his inventions in 1871 and 1872.

In the 1880 Census of Manufacturers only two plants are listed for PA in the published volume — the largest

(though its value includes fire brick) is in Cambria county. The other plant could only be located in the schedules

and it is the Allen Cement company plant in Northampton county. No cement manufacturing is listed for Lehigh

County although David Saylor is listed again in the Population census with an occupation of manufacturer of

cement. The personal census for Allen Township contains three intriguing entries. Tilghman Newhard is again

listed as an innkeeper but two boarders are recorded as well: Amable Bonneville, cement dealer, and Alfred

Beers, who works in a paint mill. However, the 1880 Census of Mining includes a directory of cement plants,

including their production. The Coplay Cement Co. is one of two plants listed from Pennsylvania, as producing

55,000 barrels. The other plant listed is another early Portland cement plant — the Wampum Cement and

Lime Co., near Pittsburgh, PA. The Coplay plant is not the smallest plant listed in the directory but there were

many natural cement plants in New York producing more than 100,000 barrels in 1880. 6

Between 1880 and 1890 three more plants enter — all in Lehigh County — and ownership changes take

place at the Northampton County plants.7 The first of these plants, was located next to the Lehigh Hydraulic

Cement Works property. As described in a series of stories in the local Catasaqua Dispatch8 and the Keystone

Courier9 it began operations between May and September 1880. A. B. Bonneyville, of New York, is stated to

be one of the proprietors and in charge of operations. The capacity was stated to be 150 barrels per day though

in September work was ongoing to increase the capacity to 400 to 500 barrels per day. Both Mathews and

Hungerford (1884) and an article in the Catasaqua Dispatch10 describe the plant as having been idle for most of

6An interesting document (without any references) produced at Martin Marietta (who took over the Lawrence Cement Co.) and
in the collection of the Lehigh County Historical Society, includes a timeline for the plant at Siegfried’s Bridge (Martin Marietta,
1976). Most of the details seem to be taken from Lesley et al. (1924) and Glace (1912) and attempt to reconcile them but with a
few additional details. It claims the plant was sold to the Lawrence Cement Co. around 1877, that A.R. Bass operates paint mill
near Selfridge’s mill in early 1880s and that Lawrence Cement Co. and the Ackermans establish portland cement mill in old paint
mill. Then in 1886 the Rock Lock Cement Co. and Lawrence Cement take over Selfridge plant, make portland cement and merge
with the paint mill plant, which under Warren Ackerman’s influence, merge with Lawrence Cement Co. I haven’t been able to find
documents to confirm or refute these additional details.

7This section draws considerably on the articles of Karen Gensey who also generously discussed her sources with the author
which led to him finding other information.

8February 14, May 22, and August 28.

9September 17

10December 8, 1883
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the years since opening and in August 1884 was closed by its creditors.11. The plant was bought by the United

States Cement Company in early 1885 and put back in operation with A. B. Bonneville as its manager.12 It

appears to have operated continuously until 1887 when it was destroyed by fire (S. B. Wellington being the

manager at that point). A new company, the Catasauqua Cement Company, leased the property of the United

States Cement Company and rebuilt the plant, with a new superintendent from Germany, Krottnaurer. While

in 1889 the newspaper reports were very optimistic about the company, it nevertheless failed in April 1890, and

the plant was sold by the sherriff to a set of the Catasauqua management as the Hercules Cement Co in 1891.

The second plant was in 1883 at Egypt, PA. This was the plant started by Robert W. Lesley and others

and began operations in 1884. Lesley had already been manufacturing Portland cement on a small scale in

Philadelphia using rock shipped from Coplay and then built a plant (Lesley et al., 1924). By regular reports in

the Catasauqua Dispatch the plant appears to have been quickly quite prosperous and it rapidly expanded.

The third plant was built on the old land of the Lehigh Hydraulic Cement Works in 1889. The initial

organization was the Keystone Cement Company organized by Jose De Navarro. This is the plant at which the

rotary kiln was successfully commercialised. Unlike the other plants it produced solely Portland cement and

did not use vertical kilns.

On the other side of the Lehigh River, developments are less clear. By 1891 both plants appear to have

changed hands. The Old Lehigh works is described as increasing its capacity by two kilns in 1882 but then is

described as closed in September 1885. The next reference is in 1889 where the plant is now described as the

Rock Lock and Rosendale in June 1889 in the Catasauqua Dispatch and then the Lawrence Cement Works in

1892. In 1888 Ernest Ackerman, sales agent of the Lawrence Cement Company, refers to producing a small

amount of natural cement at Siegfried’s Bridge in his testimony to the Tariff Commission and that they are

considering building a large Portland cement mill there. In the 1893 testimony of M. Albert Scull, sales agent

for Lawrence Cement, to the Tariff Commission it is stated that Portland cement is produced at Siegfried’s

Bridge by Lawrence Cement.

The pattern of the Allen Cement Works is also somewhat unclear. Between 1894 and 1895 the plant is

referred to as either the Allen Cement Company or the Bonneville Portland Cement Company. But it is clear

that at some point during the 1890s both of the two natural cement plants in Northampton county begin

producing Portland cement as well as natural cement.

Table Four demonstrates that the Lehigh Valley Cement Industry grew rapidly in the decade up to the 1890s

11Catasauqua Dispatch, August 2

12Catasauqua Dispatch 1885, January 24 and February 28
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with additional plants but also one existing plant growing rapidly and another new large entrant. However, the

industry remained small compared to that of Rosendale NY, in Ulster county.

3 What delayed the rise of the Lehigh Valley cement industry?

To analyse this question we apply the long run oligopoly model of Sutton (1991). This model focuses on

analysing how market structure changes with the size and competitiveness of the market. With the growth

in the size and income of the American economy — both nationally and regionally — the standard model of

market structure suggests that the number of firms in the market should expand. However, this framework only

takes us so far as it doesn’t specifically model the set of firms that develops as the market expands. To do this

we analyse the industry as a set of firms producing differentiated products that are substitutes for one another.

Also we discuss the market level(s) at which the analysis is performed.

The analysis is done in three stages. After establishing that there were resources that could have supported

a larger cement industry, we then analyse the economic structure of the Lehigh Valley to establish if there were

any factors that either could have encouraged or delayed the development of a cement industry. Then, after

introducing the analytical framework in a bit more detail and presenting evidence supporting our assumptions

about product differentiation and market sizes, we then discuss how demand grew and how market structure

responded. In the last section we then analyse what might have delayed the rise of the cement industry in the

Lehigh Valley.

3.1 Were there raw materials that could have been used earlier?

Because cement is an industry that requires specific raw materials for production before speculating on whether

the natural cement could have grown more rapidly before 1890, it needs to be established that the materials

existed and could have been discovered before then. The first question is whether there were extensive raw

materials that could have been used to make natural cement on a larger scale. Prime (1878) and Prime (1883)

basically describe the cement belt in two publications of the Second Pennsylvania Geological Survey. On pages

57-58 of Prime (1878) it is stated:

The hydraulic cement-stone is first met with at Ironton . . . Owing to the hillsides being covered with

vegetation, the outcrops from the locality mentioned to the Lehigh River are very few, but there are

here and there indications that the cement stone continues without any break to the river. At the

river it appears along the Lehigh Valley railroad track, and beyond this it may be traced near the

dividing line of the limestone and the slates to the border of the map accompanying this report.
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Ironton is just beyond the western end of the cement belt and the border of the map is just to the east of the

Lehigh River. Furthermore, in Prime (1883) it is stated:

. . . the occurrence of a hydraulic limestone, which, while worked more extensively on the west bank of

the Lehigh River at Copley, may also be traced in Northampton county more or less continuously all

the way along the road leading from Siegfried’s Bridge to Nazareth; and again in the neighborhood

of the village of Martin’s Creek.

However, just because hydraulic limestone has been found does not mean it is economic to use the deposit for

cement manufacturing. Robert Lesley, in Lesley et al. (1924), describes prospecting for materials in the Lehigh

Valley that would be suitable for both natural and Portland cement and states he turned down properties

that were eventually used for Portland cement manufacturing (and one that was also used for natural cement

manufacturing) because his tests suggested they weren’t suitable for natural cement.

That being said natural cement production did continue in the Lehigh Valley up into the 1930s at the

Lawrence Cement Co. plant so the resources existed such that either the Siegfried’s Bridge or Allen Cement

Co. plant (whose quarry was absorbed by the Lawrence Cement Co.) could have operated at a larger scale.

The American and Coplay Cement companies continued manufacturing natural cement into the 1900s and two

entrants across the cement belt at Nazareth (including one rejected by Lesley) also manufactured natural cement

for some time. The continued production of natural cement is striking in a market in which the demand for

natural cement was declining rapidly. So it seems like it was potentially feasible to manufacture natural cement

on a larger scale earlier in the Lehigh Valley.

3.2 The economic structure and growth of the Lehigh Valley

In this section we focus on growth in Lehigh and Northampton counties between 1820 and 1890. Soderlund

and Parzynski (2008) examine a set of issues around the development of the valley and Folsom, Jr. (2001) has

a chapter comparing the development of the Lehigh Valley with the Lackawanna Valley. Finally Brzyski (1957)

and Nigro (2002), in their unpublished dissertations, focus more specifically on the Lehigh Canal. We will focus

more on the lowering of transport costs and industrial development across the valley, as related to the cement

industry — mainly because these seem specifically related to the development of the industry and the delay

in forming the cement belt. Although cement manufacturing also took place in Carbon County and (more

extensively) in Warren County, New Jersey, in both cases these were primarily in areas bordering Northampton

counties. Indeed both counties were primarily rural. Hence we will focus on Lehigh and Northampton counties
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3.2.1 Population

Table Five summarises population growth in Pennsylvania, Lehigh and Northampton counties. The main

message from Table Five is that in terms of population nothing particularly striking happens in Lehigh and

Northampton counties. Both grow relatively slowly compared to Pennsylvania as a whole. The population

density is relatively high for most of the nineteenth century. In 1890, Lehigh and Northampton counties

have a population density below Philadelphia and its two neighboring counties, Pittsburg-Allegheney, and

Scranton and comparable to Luzerne county (around Wilkes-Barre). If Philadelphia and Pittsburg-Allegheney

are excluded, the urban share of population is much higher than average for Pennsylvanian counties with three

cities: Easton and Bethlehem in Northampton county and Allentown in Lehigh county. The urban share is

probably understated as it excludes areas connected to Bethlehem but in Lehigh county.

3.2.2 Manufacturing

Table Six summarises manufacturing growth in Pennsylvania, Lehigh and Northampton counties. Again, the

performance of the Lehigh Valley is broadly similar to that of Pennsylvania in general, with Lehigh growing a

bit slower from a higher base, and Northampton growing a bit faster from a lower base in 1860. One feature

that is distinctive about the Lehigh Valley compared to the United States is the importance of Iron and Steel

related industries. For the United States, it is not until the 1880 census that Iron and Steel becomes one of

the four largest industries. Whereas for Pennsylvania, Lehigh and Northampton counties, these industries are

relatively important in 1860 through to 1880.

3.2.3 Agriculture

Table Seven shows the thousands of acres (improved or unimproved) devoted to farming. In Pennsylvania,

between 1850 and 1880 there is a substantial increase in acreage. After 1880 acreage fluctuates around 19

millions. In Lehigh county, acreage peaks earlier in 1870 after which it declines. Northampton county acreage

also peaks in 1880 but then declines after then.

3.2.4 Mining

The two main mining and quarrying industries in the Lehigh Valley have been the iron and slate industries. Like

for manufacturing, county level data is only available between 1860 and 1880. Like with the cement industry,

there are reasons to believe the census coverage was incomplete in some years.

Iron mining was a major activity carried out in Lehigh county and, to a lesser extent, Northampton county.

Table Eight summarises the data reported in the US Censuses of Manufactures and Mining from 1860 to 1880.
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In 1860 and 1880 Lehigh County is, by a substantial margin, the greatest iron producer within Pennsylvania

and in 1870 it is still one of the largest producers. Northampton County isn’t included as a producer in 1860 but

returns respectable values in the other years. More detail is provided in Miller et al (1939) and Miller (1941).

By the time Miller was writing mining had ceased over a decade ago in both counties. For Lehigh county, Miller

states the peak period for the industry was from 1865 to 1885 with mining occuring around Ironton, just back

from the Lehigh River and Lower Macungie township, southwest of Allentown by the border with Berks county.

In Northampton county mining occurred in the 1820s around Nazareth but this seems to have been shortlived.

Beers (1874) shows no mines around Nazareth. Instead, iron mines, starting from the 1830s, appear to have

been concentrated either along the Lehigh River from Easton up to Bethlehem and then Coplay, and in the

Saucon Valley south of Bethlehem.

The second large minerals industry in the Lehigh Valley was slate. Before cement, the Lehigh Valley was,

by far, the largest producer of slate in the United States. The census only provides county-level statistics for

1870. In 1880, county-level statistics are not included but a directory of slate manufacturers is included. In 1870

Northampton county is listed as the primary producer of slate, with no production from Lehigh County, whereas

in 1880 producers from both counties are listed, with far more from Lehigh than Northampton county. Miller

et al (1939) suggests that the industry operated continuously and substantially from 1845 primarily around

Slatington, on the Lehigh River. Miller (1941) suggests that the Northampton county industry, concentrated

across the northern boundary of Northampton County, but particularly at Bangor, Chapman. Indeed, preceding

the cement belt was a slate belt.

3.2.5 Transportation in the Lehigh Valley

There are two rivers running through the Lehigh Valley which meet at Easton near the eastern end of the

Valley. Running north from Easton is the Delaware River. The Lehigh River runs west until turning north at

Allentown where it exits the valley at the Lehigh Gap. The Lehigh River forms the boundary between Lehigh

and Northampton counties from Palmertown down to South Bethlehem where the boundary goes south across

the Saucon Valley.

The first major transportation improvement was the Lehigh Canal, constructed by the Lehigh Coal and

Navigation Company, from 1829, which made the Lehigh River navigable up to Mauch Chunk (now called Jim

Thorpe). The primary motivation for building the canal was to enable shipping of anthracite coal from Mauch

Chunk to Easton and then down the Delaware River and canal to Philadelphia (Nigro, 2002). The canal ran

on the Northampton County side of the River. The other relevant transportation improvement was the Morris
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Canal, constructed in 1831 which ran from Easton through Warren County to Newark NJ and Jersey City in

1836. This created water links to the New York and Philadelphia markets.

The first railroads around the Lehigh Valley followed the river routes and, again, created links to Philadelphia

and New York.13 In 1855, the Lehigh Valley Rail Road ran on the Lehigh County side of the river from Easton

through South Bethlehem, Allentown and up to Mauch Chunk. This formed a link to the Central Railroad of

New Jersey which ran to Elizabeth in NJ. Simultaneously, the Belvidere and Delaware Railroad linked Trenton

and Phillipsburg in 1854 and continued up the Delaware River to Belvidere in 1855. A second connection to

Philadelphia was formed in 1857 when the North Pennsylvania Rail Road connected with the Lehigh Valley

Railroad from Philadelphia to South Bethlehem. The East Pennsylvania Railroad created a third connection to

Philadelphia from Allentown in 1859.

The first railroad tracks away from the rivers occurred from 1857. In 1857 the Catasauqua and Fogelsville

Railroad began extending west towards Trexlertown (1860) and Alburtis (1864) joining the East Pennsylvania

Railroad which joined to Philadelphia. In 1860 the Ironton Railroad connected Ironton at the west end of the

Lehigh Valley with the Lehigh Valley Rail Road at Hokendauqua, with the line extended to Coplay in 1865.

However, further links across Lehigh and Northampton counties were not constructed until after the Civil War.

But first, a second route was built by the Lehigh and Susquehanna Railroad, a subsidiary of the Lehigh

Coal and Navigation Company, on the Northampton County side of the Lehigh River by the canal, in 1867,

from Easton to Mauch Chunk. A second subsidiary, the Lehigh and Lackawanna, was built from Bethlehem up

through Bath to the slate quarries at Chapman. The next extension into the Lehigh Valley, again motivated by

the slate quarries, occurred in 1880, when the Bangor and Portland Railroad connected westwards to Bangor

and Bath.

Overall, the Lehigh Valley was not connected to the railroad system until the mid-1850s — and then along

the same paths as the canals and rivers, except for the major urban centres of Easton, Bethlehem and Allentown.

Railroads away from the rivers tended to be drawn by industry with the iron industries drawing railroads west

across Lehigh County and the slate quarries north across Northampton County. It was not until the 1900s that

railroads were built specifically for the cement industry on a very limited scale — though the cement industry

grew to be an important customer.

13Most of the information in this section is obtained from Kulp (1962).
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3.3 The Lehigh Valley cement industry as part of a national market

In this subsection, we analyse the development of the Lehigh Valley cement industry as part of a national market

that is growing rapidly. After describing the growth in demand for cement over the nineteenth century, we then

describe four types of entry that occurred in the cement industry as a response and how a combination of a

national market with local markets emerged from this process. We then analyse the factors that encouraged

and discouraged the Lehigh Valley industry from taking a large role in this industry.

3.3.1 Analytical framework, product differentiation and the definition of a market

The framework we apply to analysing the industry is that of Sutton (1991). In this book, Sutton proposes a

framework within which to analyse, for oligopolies, the relationship between market structure, market size and

the extent of competition. The underlying idea is that in the long run the market structure of an industry is

determined by the profitability of an industry, as determined by market size, the extent of competition and the

standard cost and demand influences. The more profitable an industry, the greater number of firms that can be

supported in equilibrium. Sutton distinguishes between two types of entry costs — exogenous and endogenous.

Exogenous sunk costs are those that must be incurred for entry and the size of which are not a choice variable

for the firm such as building a plant of minimum efficient scale. Endogenous sunk costs are those that are not

necessarily required to be incurred for entry, and which increase the demand for the firms product, such as

advertising or R&D. Hence the size of these is a choice variable for the firm. For the nineteenth century natural

cement industry, neither advertising or R&D were particularly important so it is an industry that features

primarily exogenous sunk costs. Sutton’s model predicts that for exogenous sunk cost industries, as the market

size expands, the lower bound on concentration should fall. The terminology lower bound is important as for

differentiated products industries the observed concentration level depends on what products are owned by

which firms, or alternatively, if different firms have different technologies (or both). Rather than impose more

structure on the model, Sutton’s predictions are presented in terms of lower bounds (being for single product-

identical firms).

There are two issues that therefore must be resolved before proceeding — the extent of product differentiation

and the definition of markets. Beginning with product differentiation, we have already noted that the modern

cement industry is characterised as producing a homogenous product with the sole degree of differentiation

at the firm level coming from different transport costs arising from different locations. We now argue that

the nineteenth century natural cement market was very different to this. Part of this comes from the nature

of the product. Natural cement was extracted from ground and then burnt without attempting to achieve a
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specific chemical composition so its nature could vary with the nature of the materials quarried. But, there is

evidence that cement from firms from particular locations — particularly Rosendale in Ulster County, NY —

were perceived to be higher quality products than other natural cements. There are two sets of evidence to

support this.

First, we have repeated examples of Rosendale cement being sold at a higher price than other natural

cements. For example, in the May 23rd edition of the Daily Inter-Ocean, a Chicago newspaper, it is reported

that Rosendale cement traded at $1.50 to $1.75 per barrel, Louisville cement at $1.35 per barrel and Buffalo,

Akron and Utica cement at $1.25 per barrel. Second, firms used their location as part of their product’s name

and sued other firms from other locations that used the same name. For example, in the 1870 Trow’s Directory

for New York City, three cement firms from Rosendale include advertisements in the Commerical Register and

all three refer to their cement as a Rosendale cement. There are examples of firms from regions sueing firms

from other regions from including the region in their name. The case of Edmund J. Newman et al. v Earle

B. Alvord, 51 N.Y. 189 (1872, Court of Appeals of New York) was between two cement firms. The first firm,

which manufactured cement at Akron, NY, in Erie county, sold cement labelled as “Newman’s Akron Cement

Company, manufactured at Akron, N.Y.” whereas the second firm sold cement labelled as “Alvord’s Onondaga

Akron Cement or Water-Lime, manufactured at Syracuse, N.Y.”. Syracuse is over 100 miles away from Akron.

Newmans were successful because they were the only cement manufacturer at Akron NY at the time. A similar

case was “New York & Rosendale Cement Co. v Coplay Cement Co.”, 44 F. 277 (1890, Circuit Court, E.D.,

Pennsylvania) where the Coplay Cement Co. referred to their natural cement as Rosendale cement. They

argued that Rosendale cement had come to refer to all natural cement (rather than Portland cement) rather

than that from Rosendale. The New York & Rosendale Cement Co. sued them for trademark infringement but

was unsuccessful because they didn’t have an exclusive right over the term “Rosendale cement”.

The second question is what is the relevant market. We argue that markets could be defined at the local

level, at the regional level but also effectively at the national level. It has already been argued that the Lehigh

Valley cement industry for the first half of the nineteenth century probably competed only in the local market.

In addition, an example was provided that the Coplay Cement Co. also participated in a regional market,

competing for business in New York City. We have already seen that in Chicago in 1879 cement from Rosendale,

the Louisville region and Buffalo and Akron NY were all available for sale. It is likely that Utica refers to Utica

IL, which was the local substantial cement industry rather than Utica NY, though it is not stated specifically.

The largest Rosendale cement producers appear to have sold to a national market. There are several pieces of

evidence in favour of this.
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First, it is reported repeatedly that Rosendale cement (with specific firms being named) is sold in the San

Francisco market — possibly as far away from Rosendale as possible in the United States.14 Second, in his

testimony to the Subcommittee on the Tariff of the Senate Committee on July 17, 1888, Mr. Ernest Ackerman,

describes the market of the Lawrence Cement Co., of Rosendale, as formerly including San Francisco and still

including Galveston, TX, and New Orleans (but that competition from imported Portland cement was such

that “our lines are being drawn tighter and tighter every day” (page 415)). It is unclear when the Rosendale

cement industry began supplying to a national market — this will be discussed in more detail when we discuss

the evolution of market structure in the cement industry.

3.3.2 The growth in demand for cement

There is very little systematic information on the growth of demand for cement during the nineteenth century.

However, the discussion in the Cement Chapters of the 1880s and Smith (1892) note that demand has been

increasing for cement for two sets of reasons. First, there has been a general increase in construction associated

with the growth of the economy. Second, there has been a change in the nature of construction, nicely sum-

marised on page 54 of Smith (1892) as “the demand for solidity of construction in all works of magnitude.” with

skyscrapers, foundations and pipes specifically mentioned. The increased use of concrete (or artificial stone) is

mentioned in the Cement Chapters though it seems to suggest that Portland cement is used for this rather than

natural cement. It is also mentioned that cement is replacing lime as a mortar.

The rate of growth of demand for cement and location of that growth is suggested by growth in the economy

as a whole, the changing regional shares of population and the changing urbanisation rates across each region.

The first three lines of Table Nine demonstrate the increase in the scale of the US economy with a steady growth

rate of just over 4% per year before and after 1860. Per capita income also increases and this accelerates after

1860. Finally there is also a steady increase in population due to domestic births and immigration. The next

four lines show how the regional shares of population changed over the nineteenth century. In 1820 nearly 80%

of American citizens lived in the states along the Atlantic coast. By 1860, substantial shares lived in mainly the

eastern North-central and South-central states such as Ohio, Indiana, Kentucky, Tennesee and Alabama. After

1860 the relatively rapid growth in the North central states continued, with 36% of American citizens living

there in 1890. The New England, Mid-Atlantic and the North central states across to Missouri, Wisconsin and

Minnesota are included in what is termed the American Manufacturing Belt (Meyer, 1989).

The importance of the manufacturing belt is reinforced by the changes in urbanisation rates between 1820

14San Francisco Bulletin, 1867, October 5; San Francisco Bulletin, 1877, April 17; San Francisco Bulletin, 1879, November 11.
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and 1890. In 1820 the New England and Mid-Atlantic states had the highest urbanisation share of 11%. By 1860,

while urbanisation rates have increased in all regions the most striking increases are in the regions containing the

manufacturing belt: New England, Mid-Atlantic and North Central (as the share of the population in Pacific

and Mountain states are so small as to be insignificant. Urbanisation continued to increase up to 1890 and the

most striking increases continued to incur in the Manufacturing belt regions (and not just the eastern North

Central states).

To summarise, the growth of the US economy during the nineteenth century implied there was a general

increase in the demand for cement. The relatively rapid growth in the Manufacturing belt from New Eng-

land through the Mid-Atlantic states to Minnesota and Missouri combined with the relatively rapid growth in

urbanisation suggests that demand would be strongest in these regions.

3.3.3 Evolution of market structure up until 1860

An overview of the development of the natural cement industry during the nineteenth century is provided in

Table Ten. The first two columns present our best estimate of the first entry into the industry. Particularly if a

state had extensive canal building, this estimate can be thought of as an upper bound - we have indicated which

states had canal building before the first identified entrant by a C superscript. The date is precise as possible

but in many cases only the decade can be operated. The extent of information about the industries varies widely

across the states and it is quite possible that there are errors in the less well-documented states. For example,

just because a state is recorded as a cement producer does not always mean that cement manufacturing occurred

there. One case in point is that when we checked the census schedules for New Jersey in 1880, a few of the four

listed producers were actually distributors.

The next four columns give the number of producers and a measure of output. In 1860, revenue is used as

we use the census statistics. In 1890, we use the USGS reported production (in barrels) for output. Note in

several cases we have indicated number of producers without any output measure. This occurs when we are

confident, from other sources, that there was an ongoing cement manufacturer in the area but it is not recorded

in the census.

First, we focus on the growth of the cement industry between 1818 and 1860. It is in 1818 when, as part

of the construction of the Erie Canal, Canvass White discovers that natural cement can be manufactured at

Chittenango NY, in Madison county (very near to the border with Onondaga county). By 1860, cement industry

had spread across the eastern states (with the most western cement mill probably that at Utica, La Salle county,

Illinois) and the largest producing district was Ulster County, NY, with other large districts in New Jersey and
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Virginia. We now discuss the evolution during this period.

Inspecting the first column of Table Ten, it is clear that entry occurs very rapidly across a range of states

up to 1830. As highlighted by Lesley et al. (1924) and Hahn and Kemp (1994) most initial entry was associated

with canal building.15 Canals provided a local source of demand and low cost transportation once construction

was finished. Hahn and Kemp (1994) provide a detailed account of the locations at which cement was produced

during the building of the Chesapeake and Ohio Canal. Multiple locations were used. Some locations were only

used for the period in which the canal was built and then afterwards never used again for cement manufacturing.

Other locations provided cement for the canal and then either immediately after or some time after were used

by cement manufacturers to provide cement, for, at times, decades. Jones (1918) refers to a similar phenomenon

associated with the New York canals. The Lehigh Valley provides another example of this as do the two plants in

Buck’s county that ceased after construction of the Delaware Division of the Pennsylvania canal was completed

(Fackenthal, 1930).

As is discussed more extensively in Werner and Burmeister (2007), following the discovery of natural cement

while building the Erie canal, Canvass White patented his discovery and went into business manufacturing

cement with his brother, Hugh White, at Chittenango. Werner and Burmeister (2007) describes the experience

of the White brothers’ firm in some detail. Specifically, although the firm benefitted by Canvass White’s ongoing

work as a canal engineer, it found itself in competition with other firms. Attempts to enforce patent rights were

unsuccessful and New York State ultimately bought the patent off him. Werner and Burmeister (2007) highlight

competition from Rosendale producers, producers in Maryland and West Virginia and local manufacturers in

Pennsylvania during the building of the Union canal. In 1836, Hugh White moves his manufacturing operation

from Chittenango to Whiteport near Rosendale, Ulster county, NY. Given Ulster county became the largest

cement producing district for most of the nineteenth century it is worth analysing its experience in more detail.

Before discussing the Rosendale industry it is worth describing the region. Rosendale is in a valley which runs

northeast from High Falls through the towns of Bruceville, Rosendale and Lawrenceville, Lefever Falls, Creek

Locks, Eddyville with the Rondout Creek (and in the nineteenth century, the Delaware & Hudson Canal) to

South Rondout and Kingston where the creek and canal meet the Hudson River. Manufacturing also took place

a short distance back from the creek at Binnewater and Whiteport as well as in Kingston.

A pretty accurate precis of the history of the Rosendale district, in Ulster County NY, during the nineteenth

century is given by Uriah Cummings16

15See Shaw (1990) for a review of this period.

16Uriah Cummings was a natural cement manufacturer around Buffalo, rather than Rosendale
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In 1828 a cement works was established at Rosendale, Ulster County, N. Y. The product of the

factory was first used in the construction of the Delaware and Hudson Canal, then being built through

the town of Rosendale. Other cement works soon followed at this place. Owing to the general good

quality of the cement rock, and its proximity to New York City, as well as the advantages afforded by

cheap transportation on the Hudson River, this locality rapidly developed into the leading natural

rock cement center of this country,

Gilchrist (1976) and Werner and Burmeister (2007) describe how raw materials for natural cement were dis-

covered near Rosendale in 1825 while preparing to building the Delaware and Hudson canal. This canal was

a private canal, like the Lehigh canal, linking the coal fields in Luzerne county, Pennsylvania, to the Hudson

river in order to ship coal to New York. Once construction was completed, production largely ceased. This

is confirmed by Mather (1843), of the New York State Geological Survey, who states that when the area was

visited soon after the commencement of the geological survey (which began in 1836), there were just a few kilns

at Lawrenceville, near Rosendale. He makes the remarkable claim on page 330:

It was not known then to the inhabitants that the cement rock was abundant, except at and near

those quarries (Lawrenceville), until some of them were informed of its inexhaustible quantities.

Even now few are aware of the great extent of this rock, and fewer still understand how to trace out

the situation of favorably new quarries.

The cement beds and overlying limestones, up the valley of the Rondout, (and in fact north to New-

Baltimore) are very much broken up, upheaved, overturned even, and contorted very much. The

facts concerned with this derangement of the strata have a practical bearing, in exposing the cement

beds so as to render them capable of being worked with the minimum expense, in a multitude of

localities where they would not otherwise be accessible.

Mather states that around 1840 there were thirteen companies with sixty kilns producing about 600,000 barrels

of natural cement and “shipped to all our Atlantic ports and to the West Indies” on page 329. The two (by

far) largest companies then were those of White & Co. and Lawrence & Co. White & Co. was the firm of

Hugh White and Canvass White. This suggests that the rise of the Rosendale cement industry occurred in the

late 1830s. This is consistent with statistics reported in the Annual Report to the Managers of the Delaware &

Hudson which, like for the Lehigh Canal, provides details of quantities of products shipped on the canal. Like

with the Lehigh Canal, all of the cement plants along the Rondout Valley, except for those on the Hudson at

Kingston, would have shipped all of their product along the canal (until the 1870s when a railroad finally came
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through the area). Three reports between 1831 and 1835 report quantities of between 1700 and 3000 tons of

cement for the year. The next two reports we have, for 1839 and 1840, feature quantities between 11000 and

15000 tons. We observe five more reports in the 1840s and these vary from about 4600 tons to nearly 17000

tons in 1870. From 1853 to 1870 the quantities (from 1856 including cement stone) increase again from 32,000

to 113,000 tons and then to 130,000 tons in 1872 after which detailed statistics cease being provided.

Before comparing the Rosendale industry with other state industries, it is worth noting that the quantities for

Ulster County understate the significance of the industry there. As already noted the second largest producing

district was in New Jersey — most of which came from single plants in two counties, Essex ($255,000) and

Hudson (value of $112,200). Inspection of the census schedules revealed these to be the Hudson River Cement

Co and Newark Lime & Cement Co. The account of the history of the Newark Lime & Cement in the 1871-72

Gazetteer and Business Directory for Ulster County states that the Newark Lime & Cement Co. obtained its raw

materials for cement manufacturing from a quarry near Rondout and there is also strong evidence connecting

the Hudson River Cement Co. to the Rosendale district. If we include the two large manufacturers of New

Jersey with Rosendale more than 50% of cement produced in the United States had origins in Ulster county, NY.

The New Jersey cement industry and its connection to the Ulster county cement industry has not previously

been noted.

Once we have considered New Jersey except for an exceptionally (in terms of its history) large outcome

for one plant in Rockbridge county VA ($180,000) all of the cement industries of the United States are much

smaller than that of Ulster County. This is consistent with the much higher population levels and much higher

urbanisation rates in the north-east and it is also consistent with at least some of the Ulster county firms serving

a national market while other manufacturers competed in local markets. The experience of the Connecticut

cement industry, as described in Andrews (1924) is suggestive that the industry may have grown over time.

The Connecticut industry began, as many others, providing cement for canal construction. It was described

as high cost but its markets were protected by high transportation costs. Its eventual demise is attributed to

competition from Rosendale manufacturers.

3.3.4 Evolution of market structure between 1865 and 1890

Examining the first two columns of Table Ten, we see that entry is largely consistent with the changes in

population and location. While Rosendale and New York State plants remain large, there is also considerable

growth in the North Central states. By 1890, the Louisville region is the second largest cement producing district

in the United States and large plants operate in Wisconsin and Illinois. The Lehigh Valley though had become
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one of the largest producers though a long way behind Rosendale and Louisville. What is also noticeable is that

a number of regional industries open and exit again. As well as Connecticut and Massachusetts (of which little

is known) industries exitting the plants in New Jersey close. Unfortunately little is known at this stage of when

and why they exit concentrating production at Rosendale.

One of the other features is the gradual exit of other plants in Pennsylvania, with the exception of one

Portland cement plant at Wampum, in Lawrence county near Pittsburgh. The other central and western

Pennsylvanian plants all cease operations between 1860 and 1890. The other entrant that is not in this table

is the increasing share of imported Portland cement. While there is no detailed history of international cement

production in the nineteenth century, commercial production of Roman cement began in the United Kingdom

in 1796. Though Portland cement was first named and patented by Aspdin in the United Kingdom 1824,

widespread manufacturing didn’t begin until the 1860s following its widely publicised use as a mortar in the

new London sewerage system (Francis, 1977). Skempton (1963) reports total production in 1863 of 300,000

tons. Portland cement manufacturing seems to have begun in Belgium, Germany and France during the 1850s

as well(Skempton, 1963). These were unlikely to be large though as even by the mid-1880s production in

Germany was around 400,000 tons. We have data on cement imports by origin from 1883-1884. Until 1889-1890

over 90% of imports arrived from either the United Kingdom or Germany with the United Kingdom providing

the largest share of these. From 1889-1890 Belgium became a third, though still smaller, substantial source of

imports.

The import statistics by customs district in the late 1870s state around 70% of imports (by value) entered

the US via New York, with San Francisco being the next largest destination (16%) It is likely that not all of the

imports arriving at New York were for the New York market as cement travelled much further then. Indeed a

record from the UK consul in Kansas City notes that British cement arriving there was not via New Orleans

but from New York City.

3.4 Why didn’t the Lehigh Valley grow?

We finally begin the analysis of why the Lehigh Valley cement industry did not grow before the 1890s. We are

going to concentrate on three sets of explanations initially focussing on the post-1860 period but then returning

to the pre-1860 period. Furthermore we are mainly going to focus on comparing the potential Lehigh Valley

cement industry with the actual Rosendale cement industry. We begin by examining questions of product

differences and cost differences.
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3.4.1 Product differentiation

The earlier discussion of product differentiation makes it clear that by the 1870s (if not earlier) Rosendale

cement was perceived to be the highest quality natural cement in the American market. As well as prices being

higher the example of one of the two most successful firms in the Lehigh Valley labelling its cement as Rosendale

cement is fairly compelling. This suggests that the Lehigh Valley was always going to be at a disadvantage

compared with Rosendale firms, though this disadvantage could lessen over time if users had good experiences

with Lehigh Valley cement. Furthermore, this was going to be less of an issue with Portland cement, which is

one reason by the Lehigh Valley producers may have increasingly produced this product over time.

3.4.2 Production cost differences

The main problem we have in determining if differences in production costs influenced the size of the cement

industries in the Lehigh Valley and Rosendale is that we observed cement production costs in Rosendale but

not in the Lehigh Valley. The census schedules for 1850 to 1870 provide data on input quantities and values if

firms reported them. There are three main production costs in cement production: raw materials, labour and

fuel. For raw materials and fuel, costs were likely to be lower in the Lehigh Valley than in Ulster county.

While we do not have estimates of raw materials costs in either locations, we do know about the extraction

methods. In the Lehigh Valley raw materials could be quarried whereas in Rosendale, raw materials for most

firms had to be mined. All things being equal, mining is likely to be more costly.

Comparing labour costs is not straightforward as we do not observe data for the cement industry for both

locations in most year. However, it is worth noting in the Lehigh Valley cement firms would have had to compete

with the iron and steel industry for both skilled and unskilled workers whereas in Ulster county the cement

industry was the largest industry for most of the nineteenth century.

3.4.3 Competition between 1860 and 1890

There are two significant changes in the market structure of the cement industry between 1860 and 1890. First,

is the rise of the western cement industry, with the Louisville district becoming the second largest cement district

but also large increases in production in Illinois and new substantial production in Wisconsin and Minnesota.

Furthermore it is of interest that the cement industry of Western New York, right on the Great Lakes also

increased substantially.17 This is consistent with the western cement firms obtaining a greater share of the

rapidly growing and rapidly urbanising markets of the midwest.

17The Ohio natural cement industry was all located well inland.
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Second, while some of the smaller centres, such as Massachusetts disappear, in general the Lehigh Valley

and Maryland industries grow rapidly. While production from Rosendale roughly quadruples between 1860 and

1890, the Maryland output increases roughly seven times with new firms entering and the Lehigh Valley goes

from negligible to the fourth largest manufacturing centre in the United States.

This is consistent with several phenomenon. First, as highlighted in the Sutton framework, as the market

expands in size (whether due to more construction or more cement-intensive construction) more firms can be

supported in equilibrium. When a firm enters it is generally more profitable for the incumbent to give up some

market share to the entrants (so to keep prices higher). However, it is also consistent with the diffusion of

railroads throughout the East removing the transport cost advantage that the Rosendale industry had. Third,

production costs may have started rising in Rosendale as the most easily accessible resources were mined out

requiring mining of more expensive or less rich resources. Finally, the premium for Rosendale cement may have

declined as imported Portland cement began to be preferred for projects requiring top quality cement and over

time other regional industries may have begun to establish their own reputations for quality.

However, there are two arguments that suggest that the lowering of relative transport costs are having

a significant impact. First, if it were only market expansion then it is less likely that we would see regions

abandoning cement production (though turnover of firms is a standard feature of markets, see Sutton (1997)).

Railroads have the dual effect of increasing the market range of firms that joined the railroads but also bringing

in extra competition from other firms. Up to 1860 there is also a substantial increase in market size and yet

the gains to the increase largely go to the Rosendale district. While some of the decline in concentration after

1860 is undoubtedly due to the shifting of population away from the East, this makes the gains of the other

East coast cement industries even more striking. Unless costs changed before and after 1860, this outcome is

also suggestive that the earlier small share of the Lehigh Valley was not due to higher production costs for as

transport costs came down, the industry was able to increase its market share considerably.

The developments of the Lehigh Valley provide mixed support for each of these hypotheses. The rise of

the Lehigh Valley appears largely to have taken the form of the rapid expansion of two firms — the Coplay

Cement Co and American Improved Cements. While this is consistent with the disadvantage due to higher

transport costs being removed such that the Lehigh Valley firms could participate in the major urban markets

such as New York City, an argument against this is that it took some time. Even if we remove the period of the

Civil War it still took about five years for entry by the Coplay Cement Co. to occur and another sixteen years

for entry at Egypt. The building of the railroad on the Northampton County side was followed fairly rapidly

(within five years) of the revival of the Siegfried’s Bridge plant and the building of the Allen Cement plant but
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neither of these became large very quickly. One possibility is that it took competing railroads (on either side of

the Lehigh River) to lower railroad rates to levels that made large scale operation quickly.18

3.4.4 Competition before 1860

The question then remains was it possible for Lehigh Valley cement to have become a large competitor earlier?

First, the failure of the Lehigh Valley cement industry to develop earlier doesn’t seem to have resulted from

other regions getting a head start. The Onondaga region had the first move in producing cement and even with

the advantage of being made by the inventor of natural cement, was unable to compete with the better located

Rosendale firms (let alone other firms further afield). Though the Delaware and Hudson canal was completed

before the Lehigh Canal, it appears the Rosendale industry did not reach a sizeable scale until the late 1830s,

which gives about a decade for the Lehigh industry to grow had it been able to.

What seems to have been more fundamental is that the Rosendale district had lower transport costs to both

the major markets of the East and to the major markets of the west. The Rosendale district is at the eastern

end of the Delaware and Hudson canal, so most of its shipping would have been along the toll free Hudson River

and Atlantic coast. Furthermore, it could be shipped up the Hudson River and along the Erie canal to reach

the Great Lakes and the markets along those lakes where we have seen Rosendale cement was sold. By contrast,

the Lehigh Valley cement would have to be shipped all along the Lehigh and Morris Canals to reach New York

City or down the Delaware Division of the Pennsylvania Canal to get to Philadelphia and open waters. The

only offsetting advantage is that the Lehigh industry would have had its coal transported a shorter distance,

reducing its fuel costs compared with that of Rosendale. Until the railroads were built the Lehigh Valley cement

industry was at a distinct disadvantage in terms of selling to the markets to the West. Competition via the Erie

canal seems out of the question. The alternative was to ship cement via the Pennsylvania Canal — the lack of

success of this canal suggests this was unlikely to be profitable either.

A second aspect of transport costs that would have affected the extent to which the two regions could have

developed is the location of the canal. The canal runs down the Rondout Valley with natural cement deposits

on either side of the canal and river. In contrast, the Lehigh Canal ran through one section of the cement

belt. As we described earlier much of the development of the cement belt took place well back from the river.

It would take the building of the rail network across to Nazareth, Bath, Stockertown and along the Delaware

River for these regions to be able to ship cement (though again, entry did not occur until well after the railroads

were built). It is the case that it was not only transport costs. The example of the slate industry demonstrates

18See Holmes and Schmitz (2001) for a more general argument about the role of competition in transportation.
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that railroads were constructed if sufficient demand existed. If there had been a river running across the Lehigh

Valley then the region may have developed differently though.

Note that although there were several natural cement plants and one Portland cement plant operating at

different periods in central and western Pennsylvania these appear not to have significantly influenced the Lehigh

Valley cement industry as they tended to be quite small and probably mainly served local markets.

4 The Rosendale cement industry and Portland cement

A natural question to ask is whether the Rosendale cement industry attempted to make Portland cement. This

was the case and it took two forms. The first form is of firms that attempted to make Portland cement around

Rosendale. The second form was Rosendale companies that began cement production away from Rosendale.

We now discuss each of these.

The first documented attempt to make Portland cement in the Rosendale area was at East Kingston in

Ulster county by the National Portland Cement Co. Lesley (1895) states that a factory was established in

1876-1877 to make Portland cement using the patents of C.F. Dunderdale. However, it proved too costly to

make Portland cement so the factory was abandoned. Lesley (1898) refers to the National Cement Company

established by S. D. Coykendall and others in the Rosendale district making a product that was too costly to

compete. Gillmore (1883) (though probably written around 1876-1877) refers to the National Portland Cement

Company operating using a process like that in the patents of Dunderdale.

The second of the three companies that attempted to make Portland cement in the Rosendale area was the

Walkill Portland Cement Company. According to Sanderson (1900) after an initial experiment at Croton-on-

Hudson and a small, though commercial plant, at Carthage Landing, built a full plant at South Rondout, on

the Walkill River.19 This operated from 1882 to 1889 when it burned down and was not rebuilt. In 1888 the

plant switched from using vertical kilns to rotary kilns. Sanderson describes that this was following the end of

gas-house coke following a change in gas production technology. They experimented with crude Lima oil that

was relatively cheap compared to coke from Connellsville in Pennsylvania. They then contacted George Duryee

who had patented a rotary kiln and his kiln was installed and operated until the plant burned down. Sanderson

states that at this point he retired. Interestingly he also claims that a chemist from his plant helped the Atlas

Portland Cement Co. commercialize the rotary kiln and that another employee of the Walkill Portland Cement

Company supervised the construction of two Portland cement plants in New Jersey20

19Carthage Landing is either the same place or very near Low Point where an earlier short-lived plant by W.C. Coolidge operated

20Possibly an associate of Amable Bonneville.
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The third company that attempted to make Portland cement in the Rosendale area was the Union Cement

Company of Jose De Navarro. This company purchased the plant of the Hudson River Cement Company at

Kingston. They originally began using a rotary kiln under the Mathey patents but this did not work. They

then obtained the right to use the Ransome patent. However, in 1889 they went into receivership. 21

Lesley et al. (1924) describes a fourth attempt by the Hudson River Cement Company - though when it

happened is unclear. He cites a letter from Sanderson in which he describes finding the rock at East Kingston

as not possible to work from and that was the same problem that “the Navarro people” had.22 In the Lesley

account he is described as having worked for Samuel D. Coykendall.

It should be noted that attempts to use the rotary kiln continued in New York State. Two more attempts

were made in the early 1890s in central New York but both of these were unsuccessful — both plants being

destroyed by fire.

The second way the Rosendale companies attempted to produce Portland cement was to move to different

locations. We know of three cases of this. The most successful of these was the Lawrence Cement Company.

Their move to the Lehigh Valley to produce natural and then Portland cement has already been described. Note

they continued to do so until bought out by American Marietta in the 1950s. Two other cases are less clear.

First, the USGS in 1891 and 1892 refers to Portland cement production being carried out experimentally at

Tomkins Cove, in Rockland County. Newspaper stories refer to Newark and Rosendale operating a plant (but

it is not clear what is produced there) at Tomkins Cove in 1887 and then an 1896 story refers to the Tomkins

Cove Cement Works burning down.23. Another successful relocation was by the Lawrenceville Cement Company

which started the Pennsylvania Cement company with a factory at Bath, PA.

It should be noted that Portland cement was successfully manufactured in the 1950s at Kingston by Colonial

Sand and Stone (and successor companies). There was also a very small plant that operated at Rosendale during

the 1960s.

5 Conclusion

The Lehigh Valley was the main Portland cement producing district for much of the twentieth century due to

a combination of initial technological leadership and proximity to major urban markets. Previous research on

the industry, such as Anderson (1988), Marchildon (1994) and Prentice (2012), have focussed on technological

21New York Times, May 19, 1889, page 1

22This is the only source of this account. Sanderson doesn’t mention it in his letter to the Engineering News, possibly because
it was unsuccessful.

23Norwood News, 1887, October 18, page 5; The Daily Argus, 1896, November 11, page 4
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issues and the rise of the Portland cement industry. However, the natural cement industry, that preceded

Portland cement, has received even less coverage with just a few studies on specific locations such as Hahn and

Kemp (1994) on the Potomac industry and Werner and Burmeister (2007) on the Rosendale industry. In this

paper we both fill considerable gaps in the literature about the evolution of the U.S. cement industry during

the nineteenth century and analyse why the Lehigh Valley was not a major regional centre for this industry.

Using the Census of Manufactures (including the schedules), reports of the Pennsylvania Geological Survey,

contemporary newspaper accounts along with other contemporary sources we first provide a more complete and

accurate account of the Lehigh Valley cement industry during the nineteenth century. It is demonstrated that

although initial production began in the late 1820s, as part of a wave of new cement plants built to provide

materials for the wave of canals being built, the industry remained on a small scale, possibly only operating

intermittently, until the late 1860s. Instead, the Rosendale, NY, cement industry dominated the national

cement industry, producing cement that was sold across the United States, at premium prices. We argue that

the Rosendale industry was assisted by low water transportation costs, as the Delaware and Hudson canal ran

right through the middle of the district and cement from manufacturers only had a short distance to travel

before reaching the toll-free waters of the Hudson River and Atlantic Ocean.

From the late 1860s, we demonstrate the Lehigh Valley cement industry grew rapidly in a rapidly growing

national cement industry, though like many new industries, the participants were fragile financially so to be the

leading source of a small domestic Portland cement industry and a substantial regional centre, though still well

behind other centres such Rosendale, Louisville KY, and Buffalo, NY. While the expanding market would have

contributed to this, also the diffusion of railroads may have also contributed by reducing the gaps in transport

costs. This was particularly the case for the Lehigh Valley where much of the cement producing lands lay well

back from the Lehigh Canal. It would take, though, the adoption of the rotary kiln and its adaptation to using

coal, for the Lehigh Valley cement industry, and Portland cement in general, to replace natural cement as the

primary cementing material used in construction, and shift the centre of cement production from Rosendale.

We also show this was not because firms in the Rosendale industry didn’t attempt to manufacture Portland

cement as they did so, but largely unsuccessfully.
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Table 1: Portland Cement Production

Period East Pennsylvania USA
Plant Production Share Plant Production
Nos. Total Per Plant of USA (%) Nos. Total Per Plant

1890 5 34 6.9 60 16 57 2.1
1890-1894 6 51 8.5 54 18 93 3.4
1895-1899 9 357 38.6 72 29 496 6.6
1900-1904 16 1778 107.3 60 66 2977 22.7
1905-1909 20 3719 189.6 44 95 8410 61.8
1910-1919 21 4173 199.1 29 112 14325 111.5
1920-1929 23 6124 269.0 25 136 24675 162.4
1950-1959 21 6376 302.3 13 158 48107 304.9
1960-1969 17 5255 306.0 9 179 61752 349.2
1970-1979 13 4689 362.1 7 169 70017 420.4
1980-2006 8 4183 538.8 6 125 74168 611.5
2006 7 4411 630.1 5 113 92768 833.6
Source: Cement Chapters
Notes: 1. Production statistics in thousand metric tons. Annual average for sets of years.
2. Between 1900 and 2006, 1 to 3 plants in Eastern Pennsylvania outside of the Lehigh Valley.
are included and between 1921 and 1960, 1 to 3 plants in Maryland are included.
3. Per plant production for USA calculated excluding Eastern Pennsylvania.

Table 2: Natural Cement Production
Period Pennsylvania USA

Plant Nos. Production Plant Nos. Production
1890 6 70 67 943
1890-1894 6 78 68 974
1895-1899 6 76 72 1073
1900-1904 6 115 62 898
1905-1910 4 61 38 333
1910 3 25 19 144
Source: Cement Chapters
Notes: 1. Production statistics in thousand metric tons. Annual average for sets of years.
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Table 3: Lesley et al. (1924)’s Chronology of Lehigh Valley Cement

Natural cement Portland cement
Period Event Period Event

Events for which specific dates are provided
About 1850 General J. K. Siegfried starts

small mill at Siegfried’s Bridge
for use in construction of a
canal. Also called Allen mill,
with Bonneville involved

Pre 1871 Coplay Cement Co. first manu-
facturer in area.

1883 American Improved Cements
Co. enters

1883 American Improved Cements
Co. enters

1892 Whittaker establishes small
mill at Alpha NJ

Soon after 1892 Bonneville involved in starting
Vulcanite PC Co., also at Alpha
NJ.

1897 Lehigh PC Co. enters at Orm-
rod.

Events for which no specific dates are provided
Small works across from
Siegfrieds Bridge — later to be
site of Atlas PC Co.

Two mills above Coplay (linked
to Bonneville): United States
and another later to be site of
Atlas PC Co.

Hercules Company has works
just above it, later to be site of
Whitehall PC Co.

Bonneville Cement Co. a pro-
ducer

Coplay Cement Co. described
as major firm

Allen mill later became PC mill.

Old paint mill turned into PC
plant by Rosendale firm then
merged with Allen mill and be-
came Lawrence PC Co.

Note: PC is an abbreviation for Portland cement.
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Table 4: Lehigh Valley and other cement industries

1830 1840 1850 1860 1870 1880 1890
Number of Plants
Carbon County 1 ? ? ? 0 0 0
Lehigh County 0 0 0 0 1 2 4
Northampton County 0 1 1 1 1 2 2
Other Pennsylvania ? ? 1 2 5 2 1
Ulster County, NY ? 12 ? 11 11 14 17
Size of Industry
Lehigh Valley (barrels produced) ? ? ? ? 60 65.2 776
Lehigh Valley (daily capacity in barrels) <10 10 ? ? 450< 1485 ?
Lehigh Valley (number of kilns) 4 4 4 4 8 19 99
Other Pennsylvania (revenue) ? ? 1.15 10 34.4 43.5+ ?
Ulster County (barrels produced) ? 600 ? 820.8 ? 1419 2683.6
Ulster County (revenue) ? 928.3 1037.6 1191.7 2214
Sources: See Appendix.
Note: barrels produced and revenue are annual statistics and in thousands.

Table 5: Population and Growth in the Lehigh Valley

Population Population Growth
(thousands) Density Urban share

1820 1890 1910 1890 1890 1820-1890 1860-1890
Pennsylvania 1049.5 5258.1 7665.1 117.3 0.45 2.30 1.97
Lehigh County 18.9 76.6 118.8 222.8 0.33 2.00 1.87
Northampton County 31.8 84.2 127.7 226.4 0.44 1.39 1.88
Note 1. Pennsylvania’s urban share excluding Philadelphia and Pittsburg is 0.25
2. Urban share calculated as share of population in towns with population at least 4000.
Source: Census of Population

Table 6: Manufacturing in the Lehigh Valley

Manufacturing Rank of iron and steel
Revenue (millions) Growth related industries
1860 1890 1860-1890 1860 1870 1880

Pennsylvania 290.1 1331.8 5.08 2 2,3 1,3
Lehigh County 4.9 20.1 4.69 1,3 1,2 1,2
Northampton County 3.2 21.9 6.45 1 1,2 1
Source: Census of Manufactures
Note: Ranks are calculated by selecting three largest industries for each region. The rank is
included above if it is for Iron, steel or foundry and machine shop products.

Table 7: Agriculture in the Lehigh Valley

Acres in farms (thousands)
1850 1860 1870 1880 1890 1900

Pennsylvania 14923 17012 17994 19791 18364 19371
Lehigh County 179 197 220 201 191 190
Northampton County 37 189 186 218 195 191
Source: Censuses of Agriculture and Population.
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Table 8: Iron mining in the Lehigh Valley

Thousands of tons mined
1860 1870 1880

Pennsylvania 1022.9 3944.1 5517.1
Lehigh County 431.2 384.2 1201.9
Northampton County 0 105.5 327.1
Cambria County 184.8 367.6 0
Berks County 135.3 379.5 875.5
Lancaster County 121 545.5 184.9
Lebanon County 0 460.4 514.3
Blair County 0 150.9 394.4
Source: Censuses of Manufactures and Mining

Table 9: Growth of the US Economy

1820 1860 1890 Average Annual Growth
1820-1860 1860-1890

GDP (millions of 1996 dollars) 12720 68594 230545 4.21% 4.04%
GDP per capita (1996 dollars) 1322 2177 3656 1.25% 1.73%
Population (million) 9.6 31.4 63.0 3.0% 2.32%
Population share by Census Region
New England and Mid-Atlantic 0.45 0.34 0.28
South Atlantic 0.32 0.17 0.14
North Central 0.09 0.29 0.36
South Central 0.14 0.18 0.18
Mountain and Pacific 0 0.02 0.05
Urban share of Regional Population
New England and Mid-Atlantic 0.11 0.36 0.59
South Atlantic 0.05 0.11 0.20
North Central 0.01 0.14 0.33
South Central 0.03 0.08 0.14
Mountain and Pacific 0 0.16 0.34
Source: Millennial Edition of Historical Statistics of United States.
Note. Urban share is share of population in towns of at least 2000.
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Table 10: First Entry, Last Exit and Market Structure in 1860 and 1890

Entry Exit 1860 1890
Number Revenue Number Production

(thousands) (thousands)
Mid Atlantic and New
England
Other NY 1818 6 43.8 1 25.2
Onondaga Cty NY 1818 12 63.7 8 292.1
Erie Cty NY 1823 2+ 4 765.7
Connecticut 1824 1859
Ulster Cty NY 1826 11 820.8 17 2683.6
Lehigh Valley 1828 1 6 5550
Other PA 1830s 1880s 2 10
Massachusetts 1830s 1880s*
New JerseyC 1840s 1880s 3 367.8
South Atlantic
Maryland 1829 1 30 3 223.2
West Virginia 1829- 1
Virginia 1848 2 210
WV and VA 2 50
Georgia 1850 1 1 40
South CarolinaC* 1860s 1860s 1
North Central
Louisville KY 1829 1 52 11 1533.6
Indiana 1832 1+ Included in Louisville
Illinois 1838 3 54.8 2 363.1
OhioC Pre-1846 2 45 2 57
Michigan 1860s 1860s
Kansas 1869
Missouri 1870s
KS and MO 2 175
Nebraska 1870s
Wisconsin 1876 1 516.1
Minnesota 1883 1 87.7
Iowa* 1880s 1880s
South Central
Tennessee 1861 1 48.4
Texas 1880 1 40
Mountain and Pacific
California 1860s 1880s
Washington 1860s 1870s
Oregon* 1860s 1870s
Colorado 1870s
New Mexico 1884
Sources: Census of Manufactures, Cement Chapter for 1891.
C: indicates if extensive canal building before first identified entry
*: indicates limited documentation or uncertainty about information
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