VOL. 29, NO. 1

GEOLOGY




COMMONWEALTH OF PENNSYLVANIA
Tom Ridge, Governor

DEPARTMENT OF CONSERVATION AND NATURAL RESOURCES
John C. Oliver, Secretary

OFFICE OF CONSERVATION AND ENGINEERING SERVICES
Richard G. Sprenkle, Deputy Secretary

BUREAU OF TOPOGRAPHIC AND GEOLOGIC SURVEY
Donald M. Hoskins, Director

PARTNERS
CONTENTS

Heritages of our commonwealth ............ccccoiiiiiiiiiiie e 1
Why the Drake WEll?.......oooiiiiiiiiieee e e e e e e e aa e 2
Sur La Belle Riviere: a paean to the once and future glory of Venango

COUNLY oo oo e oot 4
The Origin OF Ol ..cccoiii e 9
Oil Creek’s riprarian WellS ........c..uuiiiiiiiiii e 14
As the drill-Dit ChUIMS .......oiiii e 19
The pit and the PetroleUM ... 23
The science of drilling Oil WEIS .........cooiiiiiiiie e 27
Announcement—Survey sponsors "Geology Day” at Oil Creek State Park

and releases Nnew park QUIE ........ccoooiiiiiiiiiiiiiiiiiee s 32

ON THE COVER

Colonel Edwin L. Drake in front of the famous Drake well near Titusville,
Pa. Drawing by Lajos J. Balogh.

PENNSYLVANIA GEOLOGY

PENNSYLVANIA GEOLOGY is published quarterly by the Bureau of Topographic and
Geologic Survey, Pennsylvania Department of Conservation and Natural Resources, P. O.
Box 8453, Harrisburg, PA 17105-8453.

Editors: Caron E. O'Neil and Donald M. Hoskins.

Contributed articles are welcome. For further information and guidelines for manuscript
preparation, contact D. M. Hoskins at the address listed above.

Articles may be reprinted from this magazine if credit is given to the Bureau of Topo-
graphic and Geologic Survey.

VOL. 29, NO. 1 SPRING 1998




STATE GEOLOGIST’'S EDITORIAL

Heritages of Our Commonwealth

With this issue of Pennsylvania Geology, we begin a new activity to
describe and celebrate the geologically related heritages of our common-
wealth. This activity is in partnership with DCNR’s Bureau of Conserva-
tion and Recreation, and with local area groups that are developing and
promoting heritage resources of Pennsylvania under the Pennsylvania
Heritage Park Program.

Much of the heritage of early social and economic development in
Pennsylvania relates to our use of the landforms and geological resources
of our state. While Pennsylvania’s rugged terrain impeded and channeled
transportation, the geologic resources that were contained in the under-
lying rocks provided the wealth for its industrialization.

One such area of early industrialization is in Venango and Crawford
Counties, now the new Oil Heritage Region, where oil became the focus
and fuel of development. At the Drake Well Museum and in Oil Creek
State Park! one can learn about the rich heritage and evolution of Penn-
sylvania’s oil industry, which led to the present national and worldwide
industry. The beauty of the Oil Heritage Region today also reflects the
marvelous restorative powers of our natural forest ecosystems in a re-
gion formerly blighted by uncontrolled exploitation of a geologic resource.

Development in our commonwealth was strongly affected and fueled
by the effective commercial use of the bounteous oil and natural-gas re-
sources that occur throughout much of western Pennsylvania. The series
of articles herein presented are designed to provide a geological per-
spective for better understanding the oil-industry heritage of Venango
and Crawford Counties. The geologically related heritage of the region
is so abundant that not all articles prepared for this issue could be in-
cluded herein; one will appear in a future issue of Pennsylvania Geology.
We hope these articles—descriptive, fanciful, and historical—will provide
you with a better understanding of the heritage of Pennsylvania’s petro-
leum resources.

Use of Pennsylvania’s geologic resources has provided us with a
common wealth of heritage and history that we should understand as
we plan for future use and development of our land.

Lhmatl b

Donald M. Hoskins
State Geologist

1See page 32 for a description of the “Trail of Geology” park guide recently released for Oil
Creek State Park.



Why the Drake Well?

by John A. Harper
Bureau of Topographic and Geologic Survey

Most of us learned in grade school that the petroleum industry got
its start in 1859 near Titusville, Pa., when an unassuming former railroad
conductor named Edwin L. Drake (front cover) drilled a well to 69Y- feet
and struck oil. And in the ensuing years, the industry, centered around
Venango County, invented and improved upon the technologies of drill-
ing, producing, transporting, refining, and marketing crude oil and oil
products, making the region one of the richest and most influential in
the world. Yet a look at world history shows that, in reality, the petroleum
industry was already centuries old by the time Drake arrived at his ap-
pointment with destiny.

The ancient Sumerians, Assyrians, Persians, Egyptians, and others
were dealing in oil and oil products, such as asphalt, in 4,000 B.C., and
the business was old then. There were various uses for oil products, such
as waterproofing boats, embalming dead pharoahs, greasing chariot
axles, and mortar for masonry. The Chinese had a complete oil and gas
industry in 100 B.C., from drilled wells to bamboo pipelines, and even
junk “supertankers,” transporting oil and gas for light and heat (Figure 1).
The Greeks, Romans, and Carthagenians used oil for a variety of pur-
poses, including military ones. The Incas were using petroleum products
for waterproofing, embalming, and medicine when Europeans “discov-
ered” the New World.

In Europe during and after the Renaissance, many people were
acutely aware of the history and worldwide occurrence of oil. European
universities were experimenting with and teaching sophisticated organic
chemistry and technology that would eventually become the backbone
of the oil industry. Europeans settling in North America quickly learned
from the natives; petroleum products became important to the colonies
centuries before the country we call the United States was hewn from
the forests, prairies, and mountains. In remote parts of North America,
many people used rock oil as a cheap, if obnoxious, form of energy. Most
early American citizens considered oil a nuisance: burning with a thick,
foul-smelling smoke, creating fire hazards, contaminating fishing streams,
and spoiling salt production (in the 1800’s, most of the salt in western
Pennsylvania came from evaporated salt water obtained by drilling wells).
But oil was readily available in numerous seeps across the continent, and
the pragmatic settlers used what was at hand. Then, just prior to 1859,



Figure 1. The Chinese had a complete petroleum industry over 2,100 years ago.
Drawing by Lajos J. Balogh.

there were several deliberate attempts to drill or bore for oil in places like
Germany and Canada, including the successful operations of James M.
Williams in Ontario.

So, with all this history preceding it, why is the Drake well, and the
man who drilled it, credited with founding the oil industry? And beyond
that, why was “...one of the world’s most essential industries left to
grow up in the backwoods of Pennsylvania[?]” (Owen, 1975, p. 1). The
answers to these questions lie in the vagaries of timing and vision. As
Owen (1975, p. 1) continued, “The fact that the cumulative experience
became productive at this location—and that the ancient tradition did
not mature until this time (1859)—constitutes one of the great paradox-
es of economic history.” By 1859, the old chronicles had (as usual) been
forgotten, and four factors had come together to ensure Drake’s place
in history.

First, the world supply of whale oil, the chief source of fuel for light-
ing in the “civilized world,” was being rapidly depleted due to overwhaling,
and the price had climbed to $100 per barrel in the United States. Oil and
gas distilled from coal, the only other readily available sources of illumi-
nation other than candles, were expensive and were produced in limited
guantities in America. Second, Yale professor Benjamin Silliman, proba-
bly the best-known chemist from North America, had successfully broken
down crude oil through distillation into eight distinct products, each of



which had its own potential value. For example, paraffin, the last distilla-
tion product, is still used for making candles and sealing wax among
other things. Third, Samuel Kier, the successful Pittsburgh entrepreneur
who sold crude oil for medicinal purposes, invented and promoted a
method of refining crude oil to remove most of its impurities. He also in-
vented an improved lamp burner that allowed the refined oil, or kero-
sene, to burn with a bright flame while emitting little or no foul odor. And
fourth, through a series of circumstances, a sample of oil from the prop-
erty of Brewer, Watson and Company, a lumber company on Qil Creek,
came to the attention of George A. Bissell, a New York lawyer and pro-
moter. This factor was perhaps the most important of all, because Bissell,
whose excitement over the oil sample enticed him to co-found the Penn-
sylvania Rock Oil Company that hired Drake, had the foresight to under-
stand the potential for commercial development of crude oil, and he set
about realizing that potential.

So when August 27, 1859, rolled around, the stage had already been
set, and the play was well into the final act. The promoters of Pennsyl-
vania oil fields had better publicity than their competitors in Germany,
Canada, and elsewhere, and the theater had standing room only. The
curtain call would be what we now recognize as the modern petroleum
industry. It could have happened anywhere oil is found. It could have in-
volved any one of a large number of people with imagination and re-
sources. But, in fact, it did not, and the rest is, as they say, history!

REFERENCE

Owen, E. W., 1975, Trek of the oil finders—a history of exploration for petroleum: AAPG
Memoir 6, 1,647 p.

Sur La Belle Riviere: A Paean to the Once
and Future Glory of Venango County

by Kathy J. Flaherty and John A. Harper
Bureau of Topographic and Geologic Survey

AN EARLY VIEW. When French explorers first came to northwestern
Pennsylvania, so impressed were they with the scenic landscape and
waterways that they named the dominant stream, the Allegheny River,
“La Belle Riviere” (the beautiful river). On its tortuous journey from its
headwaters in Potter County, Pa., to its confluence with the Mononga-
hela River in Pittsburgh, the Allegheny River passed through some of the



most picturesque country on the new continent. In what is now Venango
County, the pioneers discovered breathtaking vistas of winding streams,
rolling hills, and gorges, all draped with lush vegetation. Today, three or
four centuries later, much of the area appears as it did when the French
first observed it.

For a time, however, Venango County and adjacent areas were not
so pretty. During industrial development in the nineteenth and early twen-
tieth centuries, the hills were denuded by overlumbering, and oily, muddy
hillsides sprouting a multitude of derricks replaced the greenery (Fig-
ure 1). Jams of logs, rafts, oil barrels, and other evidence of human habi-
tation polluted the streams, and both waterways and roads became fes-
tering sewers. But that was long ago. Now, as if by magic, nature and time
have cooperated to restore the region to much of its prior scenic glory.

One might ask, How did northwestern Pennsylvania get to be so
picturesque? What serendipitous conjunction of time and earth process
occurred to create this scenic landscape? And how did the interactions
of European settlers and the land affect the development of Venango
County?

Figure 1. Mather photograph of Benninghoff Run, a tributary of Qil Creek, in
1865, showing the area to be a barren wasteland crowded by oil derricks too
numerous to count. Photograph courtesy of the Drake Well Museum.



THE REGION THAT CAME IN FROM THE COLD. The answers begin in
the antiquity of geologic time. Hundreds of thousands of years ago, the
global climate changed drastically, and great sheets of ice, miles thick,
covered the north polar regions as far south as the fortieth parallel. The
Ice Age had begun. Prior to the invasion of the first glacier, the domi-
nant waterway in Venango County was the “Middle Allegheny River,
which originated northeast of Tidioute in Warren County and followed
the approximate present course of the Allegheny River through Venango
County, past Oil City to Franklin. At Franklin, it turned northwest along
the course of what is now French Creek and flowed across Crawford and
Erie Counties into an ancestral Lake Erie basin (the Great Lakes did not
yet exist). As this first of four ice sheets advanced southeastward through
northwestern Pennsylvania, the ice blocked the “Middle Allegheny” and
other north-flowing streams, causing lakes to form along the leading edge
of the glacier. Eventually, the lakes became so deep that the water flowed
over the hilltops and ridges separating the streams, reversing the direc-
tion of ancient drainage in the area. Water from the melting glacier greatly
increased the natural flow of the streams, generating enough energy to
scour the landscape and transport large amounts of silt, sand, and gravel
formerly trapped in the ice. Eventually, the river valley widened in places,
and its bed became clogged with a thick blanket of glacial debris.

As the glacier melted, the earth’s crust, which had been depressed
by the weight of the ice, began to rebound. The land surface rose, and
the river cut down into the surrounding bedrock, sometimes creating
new channel segments. Remnants of the old riverbed remain stranded
like “shelves” above present stream levels. Perhaps the best example of
this is the long flat area on the south side of the Allegheny River between
Franklin and Oil City where Joseph Sibley built his famous River Ridge
Farm. Another example is the valley on the north side of Point Hill, across
French Creek from Franklin. The valley, now occupied by the borough of
Rocky Grove, formerly was the channel of the “Middle Allegheny River.”
These shelflike remnants eventually became the workbenches of Ve-
nango County during the 1800’s, supporting industry, roads, railroads,
and towns. By the end of the Ice Age, about 10,000 years ago, the re-
gion had deep gorges, flat river terraces, till-covered hillsides ideal for
the growth of lush vegetation, and south-flowing rivers and streams.

MUD ROADS AND TREACHEROUS WATERS. The banks of the princi-
pal waterways of northwestern Pennsylvania were ideal sites for towns;
therefore they were settled long before petroleum was discovered. Oil
City, located at the junction of Qil Creek and the Allegheny River on land
once granted to Cornplanter, Chief of the Seneca Indian Nation, had a
grist mill, iron furnace, store, warehouse, hotel, and steamboat landing
by the mid-1800’s. Franklin, a thriving town since the late 1700’s, boasted



a rolling mill that manufactured “bar-iron” and nails, machine shops, flour
mill, and foundries, and was able to accommodate the growing oil re-
gion due to its key location at the confluence of French Creek and the
Allegheny River.

Heavy pine forests along the Allegheny River and its tributaries pro-
vided timber for the principal industry of lumbering. Sawmills built near
the headwaters of Oil Creek, a major lumbering locality, accommodated
this industry. The waterways provided convenient transportation; logs and
sawed wood were lashed together and floated to downstream destina-
tions, including some of the numerous iron furnaces found in the county.

After the discovery of petroleum in the region, small towns sprang
up along many of the streams, principally as shipping sites for supplies
and equipment entering, and oil leaving, the region (Figure 2). Oil ship-
ments added considerably to the traffic on the waterways. Oil spills oc-
curred with regularity and frequently amounted to slicks of thousands of
barrels of oil coating the river and its environs. The bustling oil industry
brought about undesirable changes in the characteristics of the region’s
roads as well, most of which paralleled the streams on flat terraces. Wet
weather contributed significantly to the rapid deterioration of these roads
to muddy ruts. Rocks and soil sliding down the steep hillsides, oil drip-

Figure 2. Mather photograph of QOil Creek at Petroleum Centre in 1864. The
creek was littered with debris and probably had a scum of oil on the surface.
Photograph courtesy of the Drake Well Museum.



ping from leaking barrels being hauled to market, and other debris typi-
cal of human habitation, such as the occasional horse carcass, added
to the slop.

Railroads brought relief and order to the people and freight traffic
moving through the region. Raw materials such as lumber, oil, and pig
iron could now be transported directly to major industrial and shipping
centers such as Pittsburgh, Philadelphia, and Cleveland. Like the roads,
the early railroads skirted the edges of the river on the shelflike remnants
of the old riverbed; they were also located on new flats blasted out of the
mountains. Transportation of oil via the mid-1800’s innovation of railroad
tank cars and pipelines led to significant improvements in the quality of
the regional waterways and roads as frequent large oil spills became a
thing of the past.

OH, BEAUTIFUL (AND FUNCTIONAL) FOR SPACIOUS SKIES. It has
taken many years, but Venango County and the surrounding oil country
have made a dramatic comeback from the days when derricks were as
thick as trees on the otherwise barren, oil-soaked hillsides. The creeks
and the river now are major recreational playgrounds for fishing, canoe-
ing, kayaking, swimming, or just lolling back on a stone beach and bask-
ing in the summer sun (Figure 3). The tree-covered mountains and the
shrub-lined stream banks are replete with wildflowers, waterfowl, and
game. Oil Creek valley is now a state park catering to visitors’ historical
and recreational pursuits. Small, but scenic waterfalls, once servicing
the iron industry, dot the countryside (Figure 4). Yet as idyllic as this
sounds, industry has not vanished. Venango County oil wells still pro-
duce about 700,000 barrels of oil per year; drilling and production of
natural gas, oil refining, and chemical manufacturing play significant
roles; bituminous coal and limestone are mined in the southern part of

Figure 3. The Al-
legheny River
south of Frank-
lin. The hills are
once again for-
ested, and wild-
flowers thrive on
the riverbanks.




Figure 4. Freedom
Falls on Shull Run in
Rockland Township.
In 1832, Andrew Mc-
Caslin constructed the
Rockland iron fur-
nace about 100 yards
downstream from this
site and built a flume
to transport water
from the elevated part
of the creek to the fur-
nace’s waterwheel.

the county, gravel in the western part, and sandstone in the eastern part;
and that old mainstay, lumbering, once again provides many jobs. Tour-
ism related to the oil heritage and recreation has become very impor-
tant to the local economy.

Venango County is proof that the once glorious landscape that early
settlers found in northwestern Pennsylvania can return and coexist with
normal human endeavors. All it takes is an understanding of the impor-
tance of the land to the future of humanity, that and the one commodity
geologists understand only too well—time.

The Origin of Oil

by Christopher D. Laughrey
Bureau of Topographic and Geologic Survey

The historic Drake well near Titusville is the best-known landmark
of Pennsylvania’s Oil Heritage Region. After touring the exhibits at the
Drake Well Museum, tourists can stop by the gift shop and purchase
mementos of their visit, including their very own sample of Pennsylvania
“black gold” for only 94 cents (Figure 1). This is quite a bargain. Crude
oil is one of the most remarkable substances found on our planet. Pro-
viding almost 40 percent of the world’s energy, it powers our automo-
biles, warms and cools many of our homes, fuels and lubricates our fac-
tories, generates much of our electricity, and provides the raw materials
for thousands of essential products ranging from synthetic fabrics and
plastics to medicines. Thanks to its natural lubricating qualities, refined
Pennsylvania Grade crude oil provides some of the best motor oil avail-



able in this country (Figure 2). That little 94-cent vial of Pennsylvania
Grade crude also contains some marvelous chemicals that have helped
scientists to understand some of the history of life on our planet.

WHAT IS IT? In 1859, promoters attempting to raise money to drill the
Drake well collected a sample of oil from a natural seep near Titusville
and gave it to Dr. Benjamin Silliman at Yale University to determine its
value. Silliman accomplished his task by placing the oil in a distillation
flask and boiling off eight separate fractions. He described each fraction
in detail and concluded that the Venango County crude could yield an
illuminating oil that would be superior to most of the available oils of the
time (mostly whale oils). Silliman’s analyses ensured the financing of
the Drake well. Distillation is the principal method employed today for
separating crude oil into its multitude of useful products.

Distillation separates crude oil into compound groups of different
sizes. Chemists recognize different types of molecules in oil by their
structure. The hydrocarbon molecules contain only carbon and hydrogen
atoms; the carbon atoms may be arranged in straight chains, branched
chains, rings, or in combinations of these. Nonhydrocarbons in the crude
are composed mainly of carbon and hydrogen too, but also contain one
or more of the elements nitrogen, sulfur, or oxygen, and trace amounts
of metallic elements, such as
vanadium and nickel. Approxi-
mately 500 different compounds
are known to occur in crude oil;
about one third of these are non-
hydrocarbons (Brownlow, 1979).

Figure 1. Derrick-shaped bottles
of Pennsylvania Grade crude oil
such as this once were used by
the City of Oil City and the Oil
City Area Chamber of Commerce
as inexpensive mementos of the
area. They are now rare. Visitors
to the Drake Well Museum can
still obtain a small amount of oil,
but in a simpler vial. Photograph
courtesy of Oil Heritage Region,
Inc.
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Figure 2. Many brand-
name lubricants still
emphasize their ori-
gin as Pennsylvania
Grade crude oil. Pho-
tograph courtesy of
Oil Heritage Region,
Inc.

IDEAS ON ORIGIN FROM ANCIENT TIMES TO MODERN. Many years
of scientific research on the occurrence and composition of oil have pro-
vided us with a clear, consistent, and generally accepted concept of how
crude oil forms in the earth’s crust. It was not always so, however, and
some dispute about the origin of oil continues today. In general, hypoth-
eses of origin can be separated into two camps: inorganic and organic.

One of the earliest inorganic hypotheses originated with the Arabic
peoples, who, in about 850 A.D., suggested that water and air combined
with fire produced sulfur and mercury. The sulfur and mercury then com-
bined with “earth” and at great subterranean temperatures yielded “naft”
(naphtha) and “qgir” (asphalt).

Two celebrated nineteenth-century scientists, Gay-Lussac and
Humboldt, proposed that oil formed as a result of impregnation of ma-
rine sediments by subaqueous hot springs of volcanic origin. Another
nineteenth-century idea suggested that oil formed by the combination of
hot alkalis with carbon dioxide deep in the earth’s interior. The famous
Russian chemist Dmitri Mendeleef argued that percolating water en-
countered iron carbide deep in the earth, generating hydrocarbons.
Other workers, noting that methane occurs in trace amounts in volcanic
gases and in fluid inclusions in igneous rocks, assumed that it was
sweated out of the earth’s interior throughout geologic time, rose in the
crust, changed into heavier hydrocarbons, and finally accumulated into
the petroleum deposits we exploit today.

Hypotheses suggesting an organic origin for oil are also quite old.
Oil and coal were linked by some naturalists as early as the sixteenth
century. Chemists discovered that oil could be distilled from coal in the
laboratory and postulated that this occurred in nature as well. Geologists
working in Pennsylvania had problems with this idea, however, because
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the primary oil-producing strata lacked associated coals, and oils pro-
duced in Venango County were chemically different from oils derived from
the distillation of coal. A great many mid-nineteenth-century workers, in-
cluding then Pennsylvania State Geologist J. P. Lesley, advocated that
oil was derived from terrestrial vegetation washed into the sea and de-
posited with the sandstones containing the petroleum. Problems with
this idea include the fact that some oil is produced from rocks contain-
ing only marine fossils, and the observation that the high temperatures
needed to convert wood into liquid organic matter are not geologically
reasonable. Lesley later expanded his ideas to include marine plants
and animals as a source of oil (Hedberg, 1969). This train of thought be-
came popular in the late 1800’s and early 1900’s and led to the view that
oil represents an accumulation of hydrocarbons that originally were pro-
duced by living organisms.

IT CAME FROM OUTER SPACE. The occurrence of hydrocarbons in me-
teorites has been well known to scientists since the mid-1800’s. In the
early 1930’s, investigations revealed that methane is a major compo-
nent of the large outer planets Jupiter, Saturn, Uranus, and Neptune.
Because scientists believed that all the planets in our solar system were
closely related in origin, some researchers concluded that the raw ma-
terials for hydrocarbons must have been present in the substances from
which the primordial earth accreted 4.6 billion years ago. By the 1950’s,
such reasoning led astronomer Fred Hoyle to argue that the deep earth
must contain vast untapped reserves of oil just awaiting our technologi-
cal ability to find and exploit them (Pratt, 1956). This view is still held by
a small group of scientists (see review by Gold, 1993).

THE MODERN VIEW. A great body of scientific evidence suggests that
oil was formed in the geologic past from a combination of hydrocarbons
synthesized by living organisms plus those formed from thermal altera-
tion of organic matter in sedimentary rocks (Hunt, 1996, p. 109). About
10 to 20 percent of the oil in the earth’s crust forms via the former mech-
anism, while 80 to 90 percent forms via the latter. Marine plankton are
the major players in both pathways of oil formation.

Several lines of evidence support this contemporary view of the ori-
gin of petroleum: (1) oil is rarely found in rocks that formed before life
developed on the earth; (2) oil contains compounds derived from the
pigments of living organisms; (3) the distributions of carbon isotopes in
oil is similar to those in organic matter; (4) hydrocarbon compounds
found in oil affect polarized light the same way that hydrocarbons and
other compounds synthesized by living organisms affect polarized light;
and (5) the structures of many oil compounds are similar to those of fats
and waxes found in living organisms and, therefore, could be formed from
them (Krauskopf and Bird, 1995).
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SOURCE ROCKS AND OIL GENERATION. So, how do we go from liv-
ing organisms to Pennsylvania Grade crude oil? When organisms die,
bacteria attack their remains. These bacteria require oxygen, and if oxy-
gen is plentiful, destruction of the organic remains is complete. Abun-
dant remains of marine plankton, however, sometime accumulate along
with mud in stagnant underwater environments. The aerobic bacteria
use up any dissolved oxygen very quickly. Anaerobic bacteria, which ob-
tain their oxygen from dissolved sulfur compounds in the pore waters of
the mud, then take over. These bacteria consume most of the easily de-
composable compounds in the organic matter, such as proteins and
carbohydrates. As the muds continue to be buried, further physical and
low-temperature chemical reactions transform the chemical structure of
much of the organic matter. As the temperatures increase with even
deeper burial, the transformed organic debris decomposes to form crude
oil. The muds compact and become shale. Petroleum migrates from the
shale and travels through more porous and permeable strata until it en-
counters a trap.

A FINITE RESOURCE. Modern ideas about the origin of oil are based on
a long history of scientific investigation. Some perceptive geologists in-
tuitively reached the same conclusions over 100 years ago. For exam-
ple, Henry D. Rogers, the first State Geologist of Pennsylvania, thought
that Devonian black shales were the source of the oil found in the sand-
stones of the Oil Heritage Region, and he suggested that “...the greater
portion of the oil and gas is derived from the marine [fossil organic mat-
ter in the] carbonaceous shales...” (Rogers, 1863). So why the appeal
of so many other, sometimes fantastic, hypotheses about the origin of
0il? Some historians note that the inorganic hypotheses were based on
laboratory experiments by chemists and, therefore, offered both scientific
validity and the reassurance of an inexhaustible supply of oil. An inex-
haustible supply was implied in the cosmic hypotheses too. The organic
theory, on the other hand, infers that a limited quantity of oil is available
to us.

Forecasters predict that crude-oil production will be able to supply
increasing demand until peak world production is reached in about the
year 2020 (Edwards, 1997). Conventional crude-oil production should
terminate in the United States in the year 2090, and world production
should be near exhaustion by the year 2100 (Edwards, 1997). Colonel
Drake launched a remarkable industrial era in 1859, but the end of that
era is clearly in sight. The recognition of the organic origin of oil is an
acknowledgment of the finiteness of the resource upon which we de-
pend for the quality of our lives. Let us hope this recognition compels us
to use what remains of this resource prudently and to properly manage
the challenges and changes ahead.
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