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Abstract

In 1859, the petroleum industry exploded onto the world scene from the forests of northwestern
Pennsylvania with the drilling of the Drake discovery well. Almost overnight, petroleum was
transformed from a cottage occupation where oil was collected from seeps and as a byproduct of the
brine wells used for salt manufacture, to a major commercial activity.

Boom-time business ventures were accompanied by a demand for an assessment of the resource
distribution and size, and a scientific explanation for the origin of oil and gas. Numerous geologists,
many of them veterans of governmental geological surveys from the 1840s and 1850s, published their
ideas based on observations of seeps, bituminous shale, and other petroleum indications in areas they
had worked. Over the course of a few years, literature was generated demonstrating impressive insight
into the geological controls on petroleum occurrences.

Although a few historians have recognized the contributions of these early authors, most current
petroleum geologists have never seen the original papers that created the scientific framework for their
profession, nor would they find it an easy task to locate them. On the eve of the 150™ anniversary of
Drake’s well, many of these documents are being made available through the contents of this reprint
volume.

Notes

Within the publication (AAPG Discovery Series No. 9) itself, underlined text citations indicate papers
that have been reproduced in whole or in part and provide links to them. Similar links are provided in
the References section in the publication. Papers that have not been digitally reproduced are cited in
the normal manner.

For those who desire more background information than is provided by the abbreviated accounts
presented in Discovery Series No. 9, the two major AAPG works that cover the history of petroleum
geology (Dott and Reynolds, 1969; Owen, 1975) and the essays by Forbes (1936; 1958; 1959) are
strongly recommended as points of departure.



Introduction

As petroleum geologists, we commonly find ourselves confronted with novel situations: new
exploration plays, unexpected results from a recent well, or technology breakthroughs that open the
door to fresh discoveries. In the early 1860s, North American geologists were faced with an entirely
new field of endeavor, a major natural resource industry unfolding in the remote Allegheny River
watershed of northwestern Pennsylvania.

Imagine yourself as a geologist at the close of the American Civil War in 1865, assigned to travel to
northwestern Pennsylvania to apply your scientific knowledge in the search for new oil fields. In
preparation, you research the available scientific literature for current thinking on the origin and
distribution of oil, and the exploration methods in use. What would be included in a contemporary
library collection on petroleum geology?

1860s-vintage geological literature related to petroleum generally falls into three categories: (1)
anecdotal descriptions of petroleum seeps or bituminous rocks and their geographic distribution, (2)
theoretical discussions of the origin of petroleum, with special emphasis on the relationship to coal,
and (3) descriptions of petroleum producing areas, with discussion of trapping mechanisms and
Ieservoirs.

The literature collection included in this volume portrays a broad cross section of thought on the origin
and distribution of petroleum at the onset of the commercial petroleum industry. Some papers have
long been recognized as cornerstones of the science, others of equal importance have been neglected
by historians and generally forgotten, and some represent ideas that have not withstood the test of time.
This volume places emphasis on the scientific literature available to geologists working in the North
American oil industry, where the immediate post-Drake explosion in petroleum geological literature,
like the drilling boom itself, was predominantly a North American phenomenon.

The Dawn of an Industry

Although the petroleum industry justifiably traces its origin as a major commercial enterprise to the
drilling booms that followed the 1859 Drake well discovery in northwestern Pennsylvania, it did not
emerge from a vacuum. Oil had been utilized from surface seeps and shallow wells for millennia, at
numerous sites around the world that foretold the locations of many of today's petroleum provinces
(Forbes, 1936; 1958; 1959). Some regions outside of North America, like the Carpathian Mountain
region of eastern Europe (Sozanski et al, 2006) or Baku along the Caspian Sea, clearly had ongoing
commercial petroleum activity at the time of the Drake discovery. Numerous occurrences were
mentioned by some of the early authors (Taylor, 1855; Gesner, 1861; Humboldt, 1858; Newberry,
1860; Robb, 1861; Hunt, 1862), indicating that only the scale of the Pennsylvania activity, not the
discovery itself, could be deemed a surprise.

In North America, hydrocarbons had been produced, in some places for decades, from seeps or wells
in Ontario, New York, California, Ohio, Kentucky, (West) Virginia, Pennsylvania, and elsewhere.
Brine produced for salt manufacture was accompanied by crude oil at several locations along the Ohio
River and in the western Appalachians during the early and mid-19™ century. The oil was looked upon
as a contaminant in some locations, but in others was separated for medical, lubricant, and other uses,
and sold commercially prior to 1820. In Canada, near the southern tip of Lake Huron at Enniskillen,
and in Los Angeles, California, commercial production of oil began in 1857 from wells dug
specifically for oil in the vicinity of tar seeps.
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Natural gas from shallow wells was used in Fredonia, New York, as early as 1821 for lighting and
heating, and within less than a decade brine producers in the Ohio River valley were using byproduct
natural gas for fuel. Although large scale pipeline systems for natural gas transport were a product of
the 1870s, a pipeline for manufactured coal gas, modeled after an 1812 London innovation, was in
operation in Baltimore by 1817. Most of the major cities in the eastern United States had distribution
systems for coal gas street lighting by the 1850s (Peebles, 1980; Stotz and Jamison, 1938; Waples,
2005).

Much of what was known about North American geology in general, and the distribution of petroleum
in particular, can be traced to the antebellum state and federal geological surveys in both the United
States and Canada. Petroleum was not then considered to be a significant economic resource, but its
occurrence in seeps and as a byproduct of salt production was a routinely noted curiosity. In the
immediate aftermath of the Drake discovery, former employees of these surveys authored a
preponderance of the literature related to petroleum geology.

Before the Boom

As the Drake well appeared on the horizon, an essay on gas springs, mud volcanoes, and petroleum
seeps conveniently appeared in the form of a chapter in the fifth volume of Alexander von Humboldt’s
monumental Cosmos, completed shortly before the author’s death in 1858 (Humboldt, 1858).
Humboldt focused on the physical process of fluid emanations from the earth, in comparison to true
volcanoes. Humboldt probably had more hands-on familiarity with global petroleum occurrences than
any author of his generation, including visits in 1799-1804 to the abundant seeps in Spanish colonies
that became Venezuela, Trinidad-Tobago, and Cuba, as well as surface manifestations of petroleum in
Europe and Russia. His wide-ranging interests also made him aware of the centuries-old practice of
drilling for oil and gas in China, and the reports of petroleum from many regions throughout the globe.
Much of the information that allowed immediate comparison of the Pennsylvania discovery to
worldwide analogs resulted from the widespread availability and popularity in North America of
Humboldt's numerous works.

S. P. Hildreth was the first North American author to cover petroleum geology in detail (Owen, 1975,
p. 39-41). In a series of American Journal of Science and Arts reports on the settlements along the
Ohio River valley (Hildreth, 1826; Hildreth, 1833; Hildreth, 1836) and a summary included in the first
Ohio Geological Survey annual report (Mather et al., 1838), he described the salt manufacturing
business, at the time a critical item of commerce. Southeastern Ohio and (West) Virginia brine wells
commonly encountered carburetted hydrogen gas (methane) that was utilized for lifting salt water to
the surface and to a limited degree as fuel, unless excessive gas flows caused the wells to be
abandoned. Another occasional contaminant was liquid petroleum, which had value for medicinal,
lighting, and lubricating purposes, but which interfered with the more lucrative practice of producing
salt.

New York, beginning in 1833, was the standard bearer for antebellum state geological surveys, with 5
major summary volumes published in 1842-43 that covered the geology of the entire state (Aldrich,
1974; Owen, 1975, p. 42-46). Survey geologists paid special attention to bituminous shales and gas
springs, in the unfulfilled hope that they would prove to be indicative of proximity to coal. Beck
summarized observations regarding oil and gas seeps in New York, and mentioned sales of "Seneca
oil" for medicinal purposes from oil seeps on Oil Creek in Venango County, Pennsylvania, the future
site for the Drake well (Beck, 1842). Many of the petroleum examples originated with James Hall’s
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survey of western New York, which has anecdotal observations of gas and petroleum distributed
throughout the volume (Hall, 1843). One of these seeps, at Cuba, New York, had been previously
described in detail in one of the first American scientific reports on the subject (Silliman, 1833).

The most widely debated hydrocarbon controversy of the pre-Drake era concerned the coal-like
product of the Albert mine in New Brunswick, Canada, which was commercially used for gas
manufacture in Boston and other New England cities. Language used for conveyance of coal rights
provided questionable title for solidified hydrocarbons deposited in veins, and numerous expert
opinions regarding the geological origin were solicited on behalf of litigants. A jury in 1852 followed
the majority of experts (Jackson et al, 1851) in declaring the mine’s product to be a coal. With a few
exceptions (Dawson, 1855), subsequent researchers (Taylor, 1855, p. 516-517; Gesner, 1861;
Hitchcock, 1865) generally took a position consistent with modern interpretations (King, 1963;
Chowdhury et al., 1991) that the albertite had solidified in large tectonic fractures along an anticlinal
axis after migrating from nearby oil shales.

The United States government sent numerous military exploring parties to the west during the 1840s
and 1850s, charged with evaluating potential railroad routes from the Mississippi River to the Pacific
coast. Surveys along the southern California coastline encountered the prolific oil seeps between Los
Angeles and Monterey. The novelty of these phenomena, plus the possibility of their use for
locomotive fuel in a region lacking major coal resources, caused scientists assigned to the military
expeditions to describe them in detail (Antisell, 1856; Blake, 1858).

One of the most commercially influential chemical analyses of all time was that conducted by
Benjamin Silliman, Jr., professor at Yale and editor of the American Journal of Science and Arts, the
preeminent scientific periodical of North America. His 1855 analysis of seep oil from Oil Creek in
northwestern Pennsylvania, and his positive judgment as to its potential economic value, was
distributed in pamphlet form as a prospectus to raise money to fund the drilling of the Drake well
(Silliman, 1855). Silliman’s subsequent attempt to duplicate this success in California (California
Petroleum, 1865) had a significantly different outcome, as will be discussed elsewhere.

Lessons from Coal

Much of the theoretical framework that allowed rapid development of petroleum geology concepts was
derived from decades of coal research. Mapping the distribution of coal deposits and their volatile
contents, in support of industry and rapidly expanding railroad transportation, was a major goal of the
antebellum geological surveys. The bituminous content of coal was important as an indication of coal
quality, first for use directly as fuel, and later as a source material for the manufacture of coal gas and
coal oil. Other bituminous materials, in the form of active seeps, veins of solid hydrocarbon, and
organic-rich shale, were routinely described as well, both as geological curiosities and as potential
indicators of coal proximity.

Henry D. Rogers, state geologist of Pennsylvania during its active field phase in 1836-42, wrote a
keystone paper (Rogers, 1843) describing facies relationships and coal quality throughout the entirety
of the Appalachian coalfield. A key focus was a west-to-east decrease in coal volatility and its
correlation to the degree of structural deformation and gross stratigraphic thickness. Two decades later,
Rogers (Anonymous, 1863; Rogers, 1863) correlated the volatile content of coal and bituminous shale
to the distribution of oil fields, a concept that modern authors commonly credit to a twentieth century
geologist.
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In the early 1850s, James Young developed methods for distilling oil from cannel coals, and the
technology quickly spread from Britain to the New World. By the late 1850s, coal was rapidly
displacing the declining whale industry (Coleman, 1994) as a source of oil for lubrication and lighting.
The antebellum Kentucky Geological Survey under David Dale Owen (Owen, 1856; 1857a; 1857b;
1861) systematically analyzed all known coals and bituminous shales in the state with the express goal
of supporting a domestic coal oil industry, creating what was, in effect, the first regional source rock
survey. Owen and his assistants continued their research for the adjacent state of Indiana in 1859 and
1860 (Lesquereux, 1862), with the program ending after a single volume due to the death of Owen and
the onset of the Civil War.

Nascent industries set up in the 1850s to manufacture coal gas or coal oil fostered an increasing
understanding of hydrocarbon chemistry. These ventures were generally unable to compete with the
new flood of cheap petroleum (Newberry, 1860), but the technical knowledge they generated proved
invaluable for the petroleum refining industry that loomed on the horizon. Thomas Antisell, following
his stint in California with the Pacific railroad surveys, described the manufacture of illuminating oils
from coal on the very eve of the first oil boom in 1859 (reprinted in 1865), with a detailed chapter
comparing the products that were generated from coals with those from bitumen (Antisell, 1865).
Antisell’s book was soon followed by a similar effort from Abraham Gesner, an early practitioner of
coal oil manufacturing and the inventor of kerosene (Gesner, 1861).

The standard reference volume on coal distribution and related commercial activity was assembled by
R.C. Taylor (Taylor, 1855), who included numerous descriptions of petroleum and bitumen along with
the more lengthy reports on coal. Taylor’s summaries related to Canada, New York, Texas, and the
West Indies were among the better sources of information for these areas available in the
contemporary literature, and are excerpted for this volume.

Another work that focused on coal and iron mining (Daddow and Bannan, 1866) included a chapter
proposing an abiogenic, volcanic theory for petroleum generation. This concept was not new
(Humboldt, 1858; Dott and Reynolds, 1969; Owen, 1975, p. 29-31), but deserves recognition as an
alternative viewpoint that was generally not represented in publications originating in North America.

The View from Canada

Under the direction of Sir William Logan, Canada had the only continuously active North American
geological survey of the 1850s and 1860s, and devoted more effort than any other survey to the
scientific study of petroleum, with T. Sterry Hunt as its most prolific commentator. Oil seeps on the
Gaspe Peninsula and in western Ontario were sought out and described long before petroleum had
been shown to represent a viable economic venture. Significant attention was paid to the expanding
coal oil industry, with the goal of adapting the technology to production of oil from asphalt seeps or
the widespread bituminous shales of the Lower Paleozoic. After petroleum production became a
commercial industry, all developments regarding petroleum in both Canada and the United States were
the subject of comparative study. Curiously, the controversial albertite deposit in New Brunswick was
an isolated petroleum related topic that was almost completely ignored.

Asphalt from Enniskillen, near the southern tip of Lake Huron in western Canada (now Ontario), had
been described in two Geological Survey of Canada reports from the early 1850s (Murray, 1852a;
1852b), mentioned in at least three other reports, and displayed by the survey at the Universal
Exposition in Paris in 1855. Widespread knowledge of this deposit, coupled with rapid expansion of
the coal oil industry, resulted in commercial production beginning in 1857, two years prior to the
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Drake well in Pennsylvania. Robb (Robb, 1861) provided the first detailed information on Enniskillen
field development and speculated on the origin of the oil, while making a clear claim of industrial
priority, with the Pennsylvania activity portrayed as a response to the initial Canadian success. The
year 1862 brought the first flowing wells at Enniskillen, and Fleming described the production
characteristics and inferred reservoir properties by showing interference between adjacent wells and
structural control of well performance (Fleming, 1863).

Geological conditions at Enniskillen formed the basis for the first anticlinal theory of oil accumulation
in 1861 (Hunt, 1862; Harkness, 1931; Owen, 1975, p. 61-62), and became a routine reference point for
all aspects of petroleum geology in T. Sterry Hunt's subsequent publications (Hunt, 1863a; Hunt,
1863b; Hunt, 1866). Hunt (Hunt, 1866, p. 254-256) argued against the Devonian Hamilton Shale and
in favor of Lower Silurian (Ordovician) beds as the source for most of the oil in western Ontario, a
disputed subject that modern geochemistry has resolved in Hunt's favor (Powell et al., 1984). He also
produced the most thorough geochemical study to date, describing the composition and properties of
numerous natural hydrocarbon types and comparing them with extracts obtained by distillation from
coals and organic-rich shales (Hunt, 1863a).

The Midwest Perspective

The petroleum industry exploded into prominence in northwestern Pennsylvania, but much of the
knowledge base that made it possible came from Kentucky and the areas of Ohio and western Virginia
(now West Virginia) near the Ohio River valley. Petroleum was obtained from wells as a byproduct of
salt manufacture as early as 1806, and commercially marketed long before the Drake well was drilled.
Much of the drilling technology used by Drake and successors was developed in this area (McKain and
Allen, 1994). More important for the purposes of this reprint volume, some of the best early geological
literature on petroleum came from workers in this geographic region, starting with the previously
mentioned work of S. P Hildreth in southeastern Ohio (Hildreth, 1826; Hildreth, 1833; Hildreth, 1836;
Mather et al., 1838).

John Newberry (Newberry, 1960), the state geologist of Ohio, provided one of the first reviews of the
rapidly expanding petroleum industry, with frequent analogies drawn to historical oil production from
numerous worldwide locations, and a discussion of the future business potential for oil production in
Ohio. Newberry argued that the petroleum in both northwestern Pennsylvania and the Ohio valley was
derived from Devonian bituminous shale, even though the latter area produced from Coal Measures
(Mississippian-Pennsylvanian) reservoirs, and the oil was thought by other workers to be derived from
coal.

E. B. Andrews (Andrews, 1861), a professor at Marietta College in southeastern Ohio, had a first hand
view of the early production along the Ohio River valley. Although a close second to Hunt (Hunt,
1862) in publishing a theory of structural entrapment and fractured reservoirs, Andrews' paper was
influential due to the accompanying geological figures and its American Journal of Science and Arts
venue. Andrews described the nature of the production at several locations in West Virginia and Ohio
in support of his theories. Andrews (Andrews, 1866) provided an update a few years later,
demonstrating that his theories had held up with the rapid expansion of drilling activity. He also
claimed the same structural trapping and production mechanisms for Pennsylvania fields that later
turned out to be sandstone stratigraphic traps.

The antebellum petroleum legacy of Kentucky was as rich as in Ohio and West Virginia, with
commercial oil sales beginning with a well drilled for salt in 1818 (Shepherd, 1988). Kentucky, with
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the Breckinridge and other cannel coals, became a center for the rapidly expanding coal oil industry in
the 1850s. This was the focus for the first Kentucky geological survey (Owen, 1856; 1857a; 1857b;
1861), which systematically described and analyzed a large number of coal beds for their economic
potential, not only directly as a fuel, but for their oil or gas yield. Bituminous shales were routinely
analyzed for their oil production potential as well, providing what is effectively the first regional
assessment of source rock potential, and more than twenty examples of oil or gas encountered in seeps
or salt-water wells were documented. By the time of the Drake discovery, this survey had created an
unparalleled knowledge base for evaluating Kentucky's petroleum potential.

At the time of his death in 1860, David Dale Owen was directing simultaneous state surveys in
Kentucky, Indiana, and Arkansas. Leo Lesquereaux, who was a paleontologist with the Kentucky
survey, also conducted coal studies in the adjacent state of Indiana. He provided a summary chapter on
coal for the latter state, and argued strongly that the petroleum being found had its origin in the coal
strata (Lesquereux, 1862).

J. P. Lesley (Lesley, 1865) provided a review of early oil activity in Kentucky, comparing the
characteristics of the production with other oil developments throughout eastern North America. His
detailed descriptions of oil field developments in Kentucky concentrated on the eastern portion of the
state. He provides some of the first detailed well records, along with a plea for the retention of better
subsurface geological information.

The Michigan Basin would have to wait a few years before becoming a significant producting area, but
clues to petroleum potential were showing up along the basin margin. Henry Schoolcraft, returning
from an early government expedition to find the headwaters of the Mississippi, found oil in
outcropping carbonates along the western shores of Lake Michigan (Schoolcraft, 1821, p. 383).
Alexander Winchell, the state geologist of Michigan, responded almost immediately to the Enniskillen
developments by projecting the productive strata under southeastern Michigan, with the potential for
production portrayed as dependent on the presence of porous sandstone (Winchell, 1861, p. 73). He
expanded on this theme a few years later (Winchell, 1865), having studied the situation in more detail
as an industry consultant. Along the basin's southwest margin, an 1865 well in Chicago encountered oil
in multiple shallow horizons before drilling had to stop due to strong water flows (Shufeldt, 1865).

California Controversies

From the times of the first explorers, the prolific oil seeps along the Pacific coast of southern
California, between San Diego and Monterey, were a novelty described in many historical accounts.
The generally heavy oil of southern California was used locally in its native form for construction and
similar purposes but was not considered of significant economic value. Early reports by the California
state geologist (Trask, 1854; 1855) mentioned bitumen occurrences, particularly in the Los Angeles
area, and speculated about their possible use for gas manufacture, but naturally focused attention on
metal deposits following the gold rush of 1849.

Military parties of the 1850s, evaluating potential railroad routes from the Mississippi River to the
Pacific coast and along the California coastline, inevitably encountered these seeps, and made efforts
to document their characteristics as potential mineral resources. Thomas Antisell (Antisell, 1856), and
William Blake (Blake, 1856a; 1856b; 1857), scientists attached to the railroad survey parties, devoted
considerable space in their reports to the California bitumen deposits located at or in close proximity to
the Pacific coastline, with Blake later combining his studies in a separate, privately published version
(Blake, 1858). Antisell's work in particular was a systematic attempt to describe all of the seeps, and
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includes a map portraying their locations. Extra attention was paid to the Santa Barbara and Los
Angeles areas, where surface bitumen accumulations were so large as to merit volumetric assessments
demonstrating the reliability of future supplies. Antisell mentioned activity on a hand dug well, later
successfully completed by Captain Dryden in Los Angeles in 1857 (Crowder, 1961), two years prior to
Drake’s well and the same year as the Enniskillen development in Canada.

After the Pennsylvania oil boom attracted national attention in 1859, speculators quickly recognized
the possibilities presented by tar that leaked from the ground in abundance in southern California. In a
scenario reminiscent of his Pennsylvania report (Silliman, 1855), Benjamin Silliman, Jr. provided an
optimistic analysis of the refining potential of a Santa Barbara area seep that was used as part of a
prospectus for raising drilling funds (California Petroleum, 1865; Silliman, 1865). J. D. Whitney, the
state geologist of California, concluded unequivocally in a discussion of bitumen occurrences along the
Coast Ranges that the prospectus was not believable (Whitney, 1865, p. 115), and proceeded to spend
the next decade trying to have Silliman removed from the National Academy of Sciences and his
position on the Yale University faculty. Ultimately, additional analyses and an exchange in the
American Journal of Science and Arts (Peckham, 1867; Silliman, 1867) ended with the conclusion that
samples originally provided to Silliman for analysis had probably been doctored by mixing the heavy
asphaltic California bitumen with refined oil from Pennsylvania. The melodrama of these disputes has
been captured in an exceptional manner in a book-length historical study (White, 1968), and
summarized by Owen (Owen, 1975, p. 71-75).

The Southwest

Indications of oil in eastern and coastal Texas had been known for centuries, inspiring a drilling effort
in 1859 and a first producing well in 1866 (Rister, 1949), but scientific study and descriptions were
sparse. The first state geological survey, conducted from 1858-1861, was terminated at the start of the
Civil War with most of the results being lost. The only surviving official report of the survey, reprinted
years later along with three unpublished manuscripts (Shumard, 1886), is an abstract of an 1861
presentation to the legislature, containing the comment that petroleum "has been observed at several
points in the state" and a brief description of Sour Lake, where abundant seeps (Taylor, 1855, p. 498;
Shumard, 1886) marked the position of what would become one of the first salt dome oil fields of the
early 1900s.

The anecdotal comments available in the scientific literature gave no more clue to the future petroleum
potential of the Midcontinent than was the case for Texas. Brief descriptions of seeps from Oklahoma
(Johnston, 1845; Marcy, 1854, p. 79), Arkansas (Owen, 1860, p. 127), Kansas (Mudge, 1866;
Swallow, 1866) and Missouri (Swallow, 1855) attracted little attention from the scientific community,
although local knowledge of oil shows and publicity regarding the Drake well was enough to attract
drilling ventures as early as 1860 in eastern Kansas (Schruben, 1972; Merriam, 2002). Oil as a
byproduct of brine production, analogous to the situation along the Ohio River valley, occurred even
earlier, in 1859, in eastern Oklahoma (Rister, 1949). Further west, oil production was established in
1862 at Canon City, Colorado, but without early scientific description.

What about Pennsylvania?
Henry D. Rogers had been state geologist for the Pennsylvania Geological Survey in its active period

in 1836-1842, creating the first regional geologic analysis of the Appalachian coalfields (Rogers,
1843). The survey was terminated due to a governmental financial crisis, and Rogers persevered for
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more than a decade before finally obtaining the necessary state funding to publish the final volumes in
1858 (Rogers, 1858a; 1858b), the year before the Drake well was drilled.

Unlike virtually every other antebellum government geologist, who routinely mentioned even minor
signs of petroleum, Rogers appears to have intentionally avoided the subject. The surface geology of
the Oil Creek area was described, without mention of the numerous seeps which inspired the Drake
well to be drilled. The Kier salt water well at Tarentum (Owen, 1975, p. 10-11), which was well
known as the source of the Kier’s Rock Oil sold for medicinal purposes, was specifically mentioned
during discussion of local geology, but without any reference to petroleum. Within more than 1600
pages of exceptional geological detail, there is only one, single sentence, mention of petroleum, added
almost as an afterthought in coverage of Devonian sandstone quarries.

Although his major published work completely ignored liquid hydrocarbons, Rogers was justifiably
respected as the acknowledged expert on Pennsylvania geology. After the oil boom exploded onto the
scene, Rogers, who had retired to Scotland, responded with locally published essays on the subject. In
a paper in a British religious publication (Rogers, 1863), Devonian and older bituminous shales were
credited as the source rocks for the petroleum, even though Coal Measures occupied the surface and
furnished some of the reservoirs in part of the Pennsylvania oil belt. Rogers adopted the structural
trapping theories proposed for Ohio valley and Canada (Andrews, 1861; Hunt, 1862) oil
accumulations, and stated unequivocally that the Pennsylvania fields were anticlinal in nature,
although his previous reports had remarked on the gentle SE dip and general lack of structural
deformation in the area where the oil fields were being developed. Unfortunately, northwestern
Pennsylvania oil fields were predominantly sandstone stratigraphic traps, and nearly two decades
would pass before John Franklin Carll, in arguably the best petroleum geology publication of the 19™
century (Carll, 1880), would demonstrate their true nature.

A few months after the release of Rogers’ essay (Rogers, 1863), the magazine Harper’s Monthly
published an unattributed article entitled “Coal and Petroleum” (Anonymous, 1863). Harper’s
popularity and circulation almost certainly made this paper the most widely read of any petroleum
geology discussion during the Civil War era. Comparison of the Harper’s text with the Rogers paper
shows it to be a verbatim copy, minus only the section subheadings and the author credit. This paper
was reviewed in detail by Howell (1930).

J. P. Lesley was one of the few contemporary authors on petroleum geology with experience in
Pennsylvania, and an isolated dissenter against widespread application of the anticlinal trapping
theories based on conditions in Ohio and Canada (Andrews, 1861; Hunt, 1862). While accepting the
anticlinal controls for accumulations along the Ohio River, as described by Andrews, he pointed out
that ... there are no anticlinal axes in the Pennsylvania oil region of the French and Oil Creek wells,
nor in the Pennsylvania and Ohio oil region of the Beaver River, nor in the E. Kentucky oil region of
the Sandy and Licking waters” (Lesley, 1865, p. 190). Although primarily known as a coal geologist,
he would later play a significant role in the development of theories of stratigraphic entrapment (Carll,
1880) as director of the Second Pennsylvania Geological Survey.

19" Century Impact of Petroleum Geology
After a brief flurry of activity in the mid-1860s, petroleum geology as a profession had limited

visibility for the next half century. It became prominent only in the early twentieth century, when
successful geologically-directed exploration programs in California, the U. S. Midcontinent and
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onshore Gulf Coast led to widespread employment of geologists in the oilfields, and eventual
formation of the Southwestern Association of Petroleum Geologists, now AAPG, in 1917.

Several aspects of petroleum systems, such as the nature of source rocks and the importance of thermal
maturity and migration pathways, were already a focus of discussion by the mid-1860s. The
importance of buoyancy and structural highs in trapping oil was quickly recognized (Howell, 1934),
and the role of fracturing and matrix porosity as containers for hydrocarbons was readily apparent.
With most of the main components for a profession of petroleum geology already in place, what took
so long for geologists to gain credibility among the “practical oilmen” of the late nineteenth century?

A significant factor was the lack of detailed geological study of Pennsylvania oil fields. With the
exception of Carll’s work in the 1870s and 1880s, which yielded seven published reports, it was almost
% of a century before substantial geological publications were available for the first big oil patch. The
popular literature on the petroleum industry concentrated on activities in Pennsylvania, but the
geological community focused their studies elsewhere.

A second factor was the immediate recognition of structural trapping as a control for the oil fields in
Canada and along the Ohio River valley (Andrews, 1861; Hunt, 1862). Henry Rogers, the foremost
authority on Pennsylvania geology, gave his endorsement to the theory from his remote location in
Scotland (Rogers, 1863; Anonymous, 1863), and the geological community, with one major exception
(Lesley, 1865), jumped on the bandwagon.

Geologists who entered the oil region in the 1860s quickly proved to practical oil operators that
geology was a waste of money. In northwestern Pennsylvania, which dominated the upstream
petroleum industry for most of the nineteenth century, sandstone stratigraphic trapping controlled most
of the fields (Carll, 1880; Sherrill et al., 1941). Sound exploration methods, inappropriately applied,
were a distinct failure in the most prominent petroleum province of the time, for anticlinal theories of
trapping did not work in the absence of anticlines. General acceptance of geology in the petroleum
industry had to await the emergence of petroleum provinces that conformed to accepted theories.
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