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STATE GEOLOGIST’S EDITORIAL

Rock Boxes Are Back!

When I was about 10 years old, I wrote to the Pennsylvania Geo-
logical Survey, and in response, I received by mail my own rock col-
lection in a white plastic box that had red text on it. It was one of
about 20,000 that were sent out annually during the 1960s. This was
a tremendous boon to me as a budding geologist because, living as
I did in southeastern Pennsylvania, my rock collection until then con-
sisted only of schist, gneiss, and some coal that fell off a truck. Sud-
denly, I had access to all sorts of rocks, positively identified by pro-
fessional geologists.

I am pleased to announce that we have started offering rock boxes
again. But, as you might imagine, costs have escalated. We have
come up with a creative solution for providing both the interested pub-
lic and schools with rock specimens from Pennsylvania. A box con-
taining 12 samples of Pennsylvania rocks and spaces for six more of
your own rocks will cost $15.00 ($19.95 if it is mailed). However, the
proceeds will be reinvested so that, for each box sold, we can offer
three boxes to teachers free of charge when they attend rock box
workshops presented around the state. Our partners in the Depart-
ment of Education and the Pennsylvania Aggregates and Concrete
Association (PACA) have helped create the rock boxes.

On a Saturday in October, 75 teachers came to our office for a
one-day workshop that included a field trip, hints on lesson plans,

and the opportunity to put together their own
rock boxes. This hard-working group did the
latter at a rate of 500 per hour!

Keep an eye on our web site (see in-
side front cover) for ordering information or
workshop information if you are a teacher.

And this holiday season, do what I do
whenever someone asks about gift sugges-
tions for others. Say, “Everyone appreciates
getting rocks.”

Jay B. Parrish
State Geologist
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JUST THE FACTS, MA'AM. When you hear the word “air,” you proba-
bly think of oxygen, the element we need to breathe and carry on with
our lives. But air is actually a mixture of many elements and chemi-
cal compounds, the principal ones being nitrogen (78.1 percent),
oxygen (20.9 percent), argon (0.93 percent), carbon dioxide (0.037
percent), and water vapor (between 0 and 4 percent, depending on
humidity). Trace amounts of ammonia, carbon monoxide, helium, hy-
drogen, krypton, methane, neon, nitrous oxides, ozone, sulfur dioxide,
and xenon also occur in the air we breathe. In certain concentrations,
many of these components can have deleterious effects on human
life. One of these, carbon dioxide (CO2), is a good example.

CO2 is a nonflammable, colorless, and odorless compound that
can occur as a gas, liquid, or solid (dry ice). It is approximately 1½
times heavier than air. It occurs in the atmosphere naturally as a re-
sult of plant and animal respiration, volcanic activity, and forest fires.
It also results from human activities such as manufacturing, trans-
portation, and the burning of fossil fuels.

CO2 occurs naturally underground as well. It forms in shallow soils
as the result of respiration by plants and microbes, and within landfills,
some coal seams, and oil and gas reservoirs as a result of the bac-
terial and thermal decomposition of organic matter. CO2 also occurs
deep within the planet—it is especially abundant in the earth’s man-
tle; the amount of CO2 there dwarfs the amount in the atmosphere.

CO2 is essential to life on Earth. Plants take in CO2 during the day,
converting the carbon to organic materials required for them to live
and grow and giving off oxygen that animals need. CO2 also controls
respiration in animals, including humans. But, for humans and other
animals, too much of a good thing is dangerous. Too much CO2 in
the air we breathe can be suffocating. According to safety standards
developed by the American Conference of Governmental Industrial
Hygienists (1998), people working a normal 40-hour workweek should
not be exposed to a concentration of more than 0.5 percent CO2 on
a day-to-day basis. Increased concentrations of more than 2 percent

Practical Uses for Air Pollution—
Carbon Dioxide

by John A. Harper
Bureau of Topographic and Geologic Survey
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will cause breathing problems, and concentrations of more than 10
percent could even be fatal.

CO2 can adversely affect our lives in other ways as well. Too much
in the atmosphere can enhance the greenhouse effect, raising global
temperatures and melting ice caps, thus raising sea level and flood-
ing many of the major population centers of the world.

SEQUESTRATION: THE JURY IS STILL OUT. CO2 has many prac-
tical applications in our lives; it is used in the carbonation of bever-
ages, as a propellant in place of the less desirable freon gas, in the
production of synthetics, and as dry ice for refrigeration. But we are
producing far more CO2 by burning fossil fuels than we can use, so
it behooves us to find a way to either reduce its production or some-
how get rid of it.

The U.S. Department of Energy (DOE) estimates that the amount
of CO2 emitted by human activity, primarily from burning fossil fuels,
has expanded from 0.028 percent of air before the industrial revolu-
tion to 0.037 percent today (U.S. Department of Energy, Office of
Science, 2003). They estimate that the amount will continue to grow
as global energy use expands in the future, unless we change the
way we produce and use energy. Their solution involves a series of
steps that fall under the term carbon sequestration.

Sequestration is a fancy term for capturing, separating, and stor-
ing or reusing something—in this case, carbon; locking it away in places
called “sinks,” where it won’t readily escape to the atmosphere, and
where it might provide some potential benefit. DOE is currently fund-
ing research in which the possibilities of sequestering carbon in nu-
merous types of sinks that fall into four broad categories—terrestrial,
oceanic, geological, and chemical/biological—are being investigated.

Terrestrial sequestration involves emplacing CO2 in woodlands,
farmlands, deserts, and wetlands, where it can contribute to the growth
of healthy forests, crops, and other vegetation. Oceanic sequestra-
tion involves two separate processes: (1) adding nutrients to ocean
surface waters to stimulate the growth of phytoplankton that will then
draw CO2 directly from the atmosphere as they continue to grow and
reproduce; and (2) injecting CO2 into the deep ocean. This latter pro-
cess is being studied to determine if there would be any negative ef-
fects to the biogeochemical cycles of the ocean, such as an increase
in ocean acidity. Geological sequestration includes injecting CO2
into underground rock formations (see below). Chemical seques-
tration would convert CO2 into inert, long-lived commercial products
or stable solid compounds such as magnesium carbonate. As an ex-
ample of how this latter process would be helpful, DOE stated that if
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all of the carbon emitted in the world in 1990 was sequestered as mag-
nesium carbonate, it could be stored in a space 10 kilometers by 10
kilometers by 150 meters (6 miles by 6 miles by 500 feet) (U.S. De-
partment of Energy, Office of Fossil Energy, 2004b).

ROCK ON. The Pennsylvania Geological Survey recently teamed with
seven other states in the study of geological sinks as part of a DOE-
funded study of carbon sequestration in the Appalachian, Illinois, and
Michigan basins. Several avenues of approach to storing carbon in
subsurface rock formations are being considered (Figure 1), including
pumping CO2 into oil and gas reservoirs, deep unminable coal seams,
abandoned underground coal mines, and saline (brine) aquifers.

Although the estimated storage capacity of rock formations serv-
ing as brine aquifers is quite large, sequestration in deep saline aqui-
fers does not have a practical value other than eliminating CO2 from
atmospheric emissions. That alone, however, can be quite impres-
sive. For example, Statoil, a Norwegian oil company, is injecting the
equivalent of the entire CO2 output of a 150-megawatt coal-fired power
plant into a saline reservoir in the North Sea (U.S. Department of
Energy, Office of Fossil Energy, 2004a). Pennsylvania has many brine
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Figure 1.  Methods of geological sequestration of carbon dioxide.
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aquifers, including the Pennsylvanian Pottsville sandstones, Upper
Devonian Murrysville sandstone, Lower Devonian Oriskany Sandstone,
dolostones of the Lower Silurian Lockport Dolomite, and sandstones
of the Upper Cambrian Gatesburg Formation. Many of these forma-
tions were mapped for their depths, thicknesses, brine occurrences,
and brine chemistries as part of the project.

Similar to brine aquifers, abandoned coal mines offer a place to
store CO2 but with limited practical value. More importantly, CO2 can
provide practical value in geological sequestration by acting as a dis-
placement fluid during enhanced oil (and natural gas) recovery from
both conventional and unconventional reservoirs.

PUMP UP THE VOLUME. Back in the late 1800s, John Carll, the ge-
ologist with the Second Geological Survey of Pennsylvania assigned
to the oil regions of northwestern Pennsylvania, noticed that oil pro-
duction increased in certain areas after it rained. He surmised that
rainwater flowed into unplugged, abandoned wells and displaced the
oil in the producing reservoirs, thereby forcing the oil into the well
bores of the producing wells (Carll, 1880).

Reservoirs, of course, are solid rock, not open cavities and caves,
as many people think. In the Appalachians, most reservoir rocks are
sandstones, which consist of sand-sized rock and mineral particles
cemented together with silica, calcium, clay, or some other mineral
agent (Figure 2). These rocks are rarely completely cemented, how-
ever. In many cases there are tiny spaces (pores) between the grains,
or between and within the cemented areas, that allow oil, gas, and/or
water to exist in a highly pressurized miscible state, meaning that the
materials mix and act as a single fluid. As Carll (1880) noted, there
cannot be empty pores in the reservoir rock. Below the groundwater
table, something has to occupy those pores, whether it is oil, gas,
water, or some other fluid. When runoff flowed into some wells dur-
ing and after a heavy rain, the water moved into the sandstone and
occupied the pore spaces, thus forcing the oil out of the pores and
through the rock from pore to pore until it reached a well bore, where
the well operators gladly found that their production had increased.
Since about 1920, intentional flooding of oil reservoirs with water has
become standard industry practice in areas where the more easily
obtainable oil has already been depleted.

Crude oil is a viscous fluid. In the early stages of a reservoir in
production, oil typically is miscible with natural gas and possibly some
water. This miscible fluid is less viscous than oil alone, so it flows
more readily than the oil would if it were the sole compound occupy-
ing the pore spaces. When a well is drilled, the pressure differential
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between the rock and the well bore causes the fluid to migrate from
the higher pressure rock toward the lower pressure well bore where
it can flow, or be pumped, to the surface. As the miscible fluid flows
into the well bore, it begins to separate into its individual compo-
nents. The gas bubbles out of the liquid and moves readily to the sur-
face. The water and oil collect in a tank where they separate, so that
the oil can be skimmed off and sold, and the water can be trucked to
a treatment plant. It is inevitable that after some time the natural gas
will be bled out of the reservoir, and the oil will revert to its viscous
state; it then has to be sucked or forced out of the reservoir. When
some other fluid (water, gas, or chemicals) is introduced into the oil
reservoir, it becomes miscible with the oil and again reduces the vis-
cosity, thereby helping the oil move through the reservoir and enhanc-
ing production—thus the term enhanced oil recovery, or EOR.

Water flooding is the most common form of EOR in the Appala-
chians, but operators have also used natural gas, CO2, steam, and a
variety of chemicals at one time or another. The oil reservoirs of the
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Figure 2.  A segment of cored sandstone from an oil reservoir. At full scale, the
sandstone appears to be homogeneous. But greatly magnified views of two small,
separate areas show major differences in size, roundness, and composition of
grains, different types of cements and matrix, and the resulting porosities that
can occur. The upper magnified view shows a quartz arenite, a sandstone com-
posed of rounded, equal-sized quartz grains cemented by silica. The lower mag-
nified view is of a lithic graywacke, a sandstone composed of a variety of rock
and mineral grains of different sizes and shapes, cements, and clay matrix.



Bradford field in McKean County flooded very nicely with water, but well
operators found through trial and error that injecting natural gas or
air actually worked better than water at flushing oil out of reservoir
rocks in Venango County. Both of these methods have been tried-and-
true for generations in Pennsylvania, whereas the “newfangled” meth-
ods such as using CO2, steam, and complex organic chemicals never
quite achieved the success hoped for (Lytle, 1960, 1966; Ondrusek
and Paynter, 1982). Part of the problem stems from unsuccessful at-
tempts to focus the mobility of the EOR fluids through the reservoir.
These fluids tend to take the easiest path through the rock, rather than
going precisely where the operator wants them to go. If you are that
well operator, you don’t want to spend a lot of money on advanced
technologies that provide a minimum of improvement in production.

More recent successes with the newer technologies in other areas
of the world have lent hope that they might become useful in the Ap-
palachians as well. CO2, for example, has been an effective method
of EOR (including conventional oil and gas as well as gas from shales
and coal seams) in other states and nations for many years (Morris,
2004). Its use has even increased in recent years, particularly in the
western United States, and research on the development of additives
that control CO2 mobility within the reservoir during CO2 flooding has
gained importance (Martin and others, 1996).

HOW IT WORKS. CO2 will mix with oil, but it mixes more quickly with
water. Water, on the other hand, doesn’t absorb as much CO2 as does
an equal amount of oil. Therefore, using CO2 for effective EOR is a
two-step process. When liquefied CO2 is first injected into a reservoir,
it preferentially mixes with and displaces the water near the well bore,
leaving the more viscous oil remaining in the pore spaces. It also helps
repressurize the reservoir. After some time, when most of the water
has been displaced, the CO2 begins mixing with the oil as well. This
might take some time—up to four weeks, according to Boomer and
others (1999), a period when the well is shut in to allow the CO2 to
“soak” into the other fluids. Eventually, the CO2 becomes miscible with
the oil, reducing its viscosity and allowing it to flow from the higher
pressure reservoir to the lower pressure well bore (Figure 3). The CO2
can then be captured and reused.

The biggest drawback, as mentioned above, is finding a way to
control CO2 mobility through the reservoir. CO2, as with any fluid, will
follow the path of least resistance. It is less viscous than either water
or oil, so it has a tendency to move irregularly through a reservoir,
especially one that is heterogeneous—rock that consists of a variety
of grain sizes and shapes, mineral layers, pore spaces, intercon-

7
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nected pore spaces (its permeability), and other characteristics (Fig-
ure 2). Porosity variations are the biggest problem. CO2 preferen-
tially flows through large pore spaces rather than small ones. If the
oil resides in the small pores, it will be only minimally affected by the
CO2 injection. If one cannot control where the injected fluid goes, one
cannot count on it to remove the oil.

The oil and gas industry has been experimenting with different
chemical additives, resulting in varied success. Creating a foam by
mixing CO2 with a chemical surfactant reduces the mobility of CO2
by generating films of bubbles in pore spaces (Martin and others,
1996). This allows somewhat better control over the EOR process.
Another method involves injecting CO2 with water-soluble calcium
salts, such as calcium chloride, that will precipitate as solids within
the larger pores during injection. Ameri and others (1991) tested this
method on the Upper Devonian Berea Sandstone in West Virginia
and determined that it was an effective method of controlling CO2
mobility and production efficiency.

SO, WHAT’S THE BENEFIT? There are several benefits to EOR using
CO2. First of all, it has been shown to successfully aid in the produc-
tion of residual oil that would have remained in the reservoir. It is also
capable of increasing natural gas production in both conventional
(sandstone) and unconventional (coal seam and gas shale) reser-
voirs. These are important benefits in a country where fossil fuels re-

Drive      waterCO  and
water

2Miscible
zone

Oil reservoir

Figure 3.  Generalized diagram of an oil reservoir showing how carbon dioxide
flooding helps increase oil production.
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main our primary source of energy. The increased hydrocarbon pro-
duction would also benefit the economy by stimulating commerce
within Pennsylvania. But perhaps the biggest long-term benefit is in
decreasing the amount of CO2 expelled into the atmosphere.

Generally, it takes about 5,000 to 10,000 cubic feet of CO2 to re-
place one barrel of oil in a reservoir (Millennium Energy, Inc., 2004).
As the CO2 flushes oil out of the rock, it fills the pores. So, for every
barrel of oil produced by this method, 5,000 to 10,000 cubic feet of
CO2 will remain in the reservoir. As an example, suppose that an op-
erator using a CO2 flood in an oil field in Venango County produces
an average of 1,000 barrels of oil per day from his wells. This means
that as much as 10 million cubic feet of CO2 will be stored in the
reservoir every day. If CO2 becomes a viable EOR method in the oil
fields of Pennsylvania, the oil industry will be removing a lot of waste
CO2 from power plants and manufacturing companies that otherwise
would be released to the atmosphere.

Kind of makes you breathe a little easier, doesn’t it?
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The Pennsylvania Internet Record Imaging System (PA*IRIS) part-
nership is a public/private partnership between the Pennsylvania Geo-
logical Survey (Department of Conservation and Natural Resources
[DCNR]) and a growing list of clients. It consists of a system of im-
ages of oil and gas documents that are viewable over the Internet,
plus several new features that are described below. The partnership
began conceptually in August 1998 with 28 companies, primarily from
the oil and gas industry, that had an immediate need for remote data
access.

BACKGROUND. The actual documents are on file in the Pittsburgh
office of the Survey, and, before PA*IRIS, people came into the office
regularly to examine this information and determine where or how to
drill their next well. Traveling to Pittsburgh to research and copy oil
and gas documents was a time-consuming, costly task, however. Ad-
ditionally, doing business this way was not cost-effective for the Sur-
vey, we were out of file space, and the paper documents were wear-
ing out or being lost. We wanted to find a way to furnish our informa-
tion to the user community and provide those users with better service.

We began by hiring a contractor and brainstorming a solution. We
then put the solution into effect by purchasing and configuring hard-
ware and software, electronically scanning more than 500,000 pages
of completion reports, location plats (detailed well-location maps), and
plugging certificates (required before abandoning a well) and going live
over the Internet as promised one year later in August 1999. Today,
what began as a simple concept of providing images over the Inter-
net has blossomed into a full-service oil and gas information system
that is available on the web 24 hours a day, 7 days a week to our offi-
cial partners and free of charge in-house during normal office hours.

WHAT DOES PA*IRIS OFFER? PA*IRIS combines scanned images
of oil and gas documents with the Survey’s Wells Information Sys-

PA*IRIS Continues to Grow in Partners
and Products

by Cheryl L. Cozart
Bureau of Topographic and Geologic Survey
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tem (WIS), a database application of permitted and non-permitted
wells. From WIS, oil and gas base maps are created. These digital
maps are interactive, enabling the user to click on a permit to obtain
well properties. Wells are displayed on a 7.5-minute topographic map
base. In addition to WIS and the base maps, since inception, a num-
ber of new products have been added to the imaging system. They
include production and geophysical-log databases, a custom report-
writing area, and geophysical-log images in Tagged Image File For-
mat (TIFF).

IMAGES. Clicking on the icon for the imaging system on the open-
ing screen leads to a document-retrieval window (Figure 1). This is
the home page for accessing images of completion reports, location
plats, historical records (for wells never permitted), quadrangle sec-

Figure 1.  The document-retrieval window, which is the home page for open-
ing images related to completion reports, location plats, historical records,
quadrangle section maps, and plugging certificates. The above example shows
a search of new location plats entered into the system during February 2004.
A list of all new plats is displayed in a separate window. Double-clicking on any
item in the list opens the image.
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tion maps (oil and gas base maps divided into nine sections for easy
page-sized printouts), and plugging certificates. Each document type
has a number of search fields that can be used either individually or
in combination. The completion report, for example, has more than
19 searchable fields. Most search fields are straightforward, such as
permit number, operator name, or farm name. The system also allows
for more in-depth searches, such as finding the wells that penetrate
the Trenton and deeper formations. Figure 2 shows an example of the
imaging interface and the type of document that can be retrieved.

GEOPHYSICAL LOGS. Two areas of PA*IRIS are dedicated to geo-
physical logs: (1) an index database; and (2) TIFF images of geo-
physical logs. The geophysical-log index is a database that has a list
of wells that have logs on file in the Pittsburgh office. There are sev-
eral menu options from which to choose within the database. Select-
ing new incoming logs, for example, will result in a list of all logs that
arrived in the Pittsburgh office during the previous month. The user

Figure 2.  An example of completion report and location plat documents that
can be displayed for review. The permit number relates all documents. For ex-
ample, opening a completion report and double-clicking on the image opens the
associated location plat or plugging certificate image.
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can also obtain lists of logs by permit number, quadrangle, or type of
log (such as compensated density logs or gamma-ray neutron logs).

Geophysical-log TIFFs are the newest product added to PA*IRIS.
They may be viewed or downloaded over the Internet to a local com-
puter. We scan both new incoming logs and older logs already on file
on a daily basis. Eventually, all logs on file will be available through
PA*IRIS. Approximately 14,000 logs have been scanned as of Oc-
tober 2004. An example of the geophysical-log database and a por-
tion of a TIFF image are shown in Figure 3.

PRODUCTION TABLE. The production table is a database that contains
information about wells for which annual production has been reported,
starting in 1980 (Figure 4). The latest year for which data is displayed
is five years before the current year, because, in Pennsylvania, by law,
the last five years of production are confidential. Each March, data for
a new year are released. Companies are currently reporting production
data for the year 2003, which will be released in 2008. Figure 4 also
shows the variety of queries that may be run from the production data-
base (the six buttons at the bottom of the screen). For example, click-

Figure 3.  An example of the geophysical-log database, showing a list of new
incoming logs (top) and a portion of a geophysical-log TIFF image. Logs shown
are gamma ray, neutron, density, temperature, and induction.
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ing on the “Company Report” button results in a display of all wells
having reported annual production by company and producing year.

WELLS INFORMATION SYSTEM DATABASE. The Wells Informa-
tion System (WIS) is directly connected to the PA*IRIS imaging sys-
tem but in database format rather than in imaging format (Figure 5).
WIS is a comprehensive database in which details associated with
drilled oil and gas wells, as well as details for undrilled, canceled, void,
or expired drilling permits, are stored and organized. The database
resides in Oracle, a commercial software package. This relational da-
tabase package allows for the entry, storage, access, and analysis
of data through any number of linked data fields. The data connect
through some common factor, usually the state-assigned permit num-
ber. The WIS database is augmented on a daily basis as staff mem-
bers enter, revise, and interpret data reported by oil and gas com-
panies via completion reports, location plats, geophysical well logs,
and other reporting forms. It is important to note that information is
entered into WIS prior to the receipt of the physical document for
scanning into PA*IRIS.

Figure 4.  Part of a database of reported oil, gas, and brine production. Click-
ing on the labeled buttons at the bottom of the screen returns topical reports
in spreadsheet format.
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Custom reports may be run by clicking on the WIS_REPORTS icon
in the PA*IRIS application. Standard reports already exist, yet a spe-
cific parameter such as county, quadrangle, municipality, or total
depth of a formation can be entered. One report in particular displays
information about every permit that has been issued, including whether
that permit has resulted in a drilled well or whether it became an ex-
pired, cancelled, or void permit. WIS reports can display decimal lati-
tude and longitude (Figure 6), making it easy to plot wells in most
GIS applications.

OIL AND GAS BASE MAPS. Oil and gas base maps have tradition-
ally been produced by the Survey’s Pittsburgh office in paper format.
Today, digital maps are also available upon request, as well as on-
line through the PA*IRIS application. Users have the ability to com-
pletely interact with these maps without having to install any special
GIS software. In the case of the PA*IRIS partnership, an ArcReader
viewer program installed on the server enables partners to interact

Figure 5.  The basic query screen for finding information on oil and gas wells
in Pennsylvania. Clicking on any of the summary topics circled at the bottom
of the screen opens other database tables that show other well details.
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with each map. The user can click on a well and identify the database
details behind it, find a well on a map, or measure the distance be-
tween wells (Figure 7).

STILL GROWING. . . PA*IRIS has grown from 28 charter members
to 92 companies, including DCNR, throughout the United States and
Canada (see back cover). The majority of companies are based in
Pennsylvania. Since each company has many employees, the total
number of people we are supporting is greater than 250. The affilia-
tions of our partners are as follows: 87 companies in the oil and gas
industry, Pennsylvania Department of Environmental Protection, Penn-
sylvania Game Commission, U.S. Department of Energy, and U.S.
Geological Survey.

As Mark Stephenson, Stephenson Group Natural Gas Company
(a PA*IRIS charter member) stated (personal communication, 2004),
“PA*IRIS is a no-brainer for the larger companies. It is convenient
and saves them time and money and makes research very simple.
More importantly, it is a must for smaller companies, like mine. We
have fewer staff and must wear many hats. Traveling to Pittsburgh
to do research is important, but sometimes we must forego that step
due to lack of time and staff. Having PA*IRIS is like having four more

Figure 6.  An example of a customized report, which may be obtained by click-
ing on the WIS_REPORTS icon in the PA*IRIS application.
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Figure 7.  An example of a digital oil and gas base map. An interactive pub-
lished map is opened by clicking on the ArcReader icon in the PA*IRIS appli-
cation and selecting a quadrangle listed in the directory. Using a tool on the
toolbar and clicking on the well symbol on the map reveals database details.

people on our staff: two clerical people for pulling and filing documents,
one geologist for determining geological formation tops and produc-
ing horizons, and a GIS person for mapping the wells. We can’t af-
ford not to have this system! It has been a true ROI (return on invest-
ment) factor!”

PA*IRIS is available to all people visiting the Pittsburgh office of
the Pennsylvania Geological Survey during normal office hours (8:00
a.m. to 4:00 p.m., Monday through Friday) at no charge. Remote ac-
cess requires joining an official partnership with DCNR to obtain the
necessary licenses. For pricing or other information about the PA*IRIS
system, please contact the Pittsburgh office at 412–442–4235 or e-mail
us at ccozart@state.pa.us.
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EARTH SCIENCE TEACHERS’ CORNER

New Edition of Rocks and Minerals 
of Pennsylvania

What do pencils and diamond
rings have in common? How is
southeastern Pennsylvania simi-
lar to a supermarket checkout?
What minerals were found in
Pennsylvania first? These are
among the questions that can be
answered by reading the Bureau
of Topographic and Geologic
Survey’s Educational Series 1
booklet, Rocks and Minerals of
Pennsylvania, by staff geologist
John H. Barnes.

First published in 1962, ES 1
was revised and reissued in
2004. Features of the new fourth

edition of this popular 30-page
booklet include an expanded list
of common and interesting min-
erals found in Pennsylvania and
new and revised illustrations. In
this edition, a greater emphasis
is placed on the rocks and min-
erals of Pennsylvania than in the
previous editions.

ES 1 is aimed at a middle-
school audience, but it is appro-
priate for anyone who has no for-
mal training in geology and who
is interested in obtaining some
basic information about the rocks
and minerals of Pennsylvania.
After a brief introduction touch-
ing upon the ways in which rocks
affect our daily lives, the subject
of minerals, the building blocks
of rocks, is explored. The nature
and classification of minerals are
presented, as well as simple pro-
cedures that anyone can use to
identify minerals. “New” minerals
that were found in Pennsylvania
before they were found anywhere
else in the world are listed. The
formation and distribution of ig-
neous, sedimentary, and meta-
morphic rocks are examined in
the second part of the booklet,
again focusing on what rocks are
found in Pennsylvania, why they

Educational Series 1

ROCKS AND

MINERALS

OF

PENNSYLVANIA

COMMONWEALTH OF PENNSYLVANIA
DEPARTMENT OF

CONSERVATION AND NATURAL RESOURCES
BUREAU OF

TOPOGRAPHIC AND GEOLOGIC SURVEY
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The Bureau of Topographic
and Geologic Survey recently re-
leased Atlas 189b, Bedrock Ge-
ology of the Coatesville Quad-
rangle, Chester County, Penn-
sylvania, by staff geologist Gale C.
Blackmer. This CD–ROM publica-
tion covers an area where mod-
ern geologic mapping had been
lacking and is part of a long-term
initiative to provide an updated
geologic framework for the Pied-
mont province. It includes a 16-
page text in portable document
format (PDF), two plates also pre-
sented as PDF files, 122 images
of rock exposures, and vector and
raster datasets.

The bedrock units in the report
area are an amalgamation of mul-
tiply deformed metamorphic ter-
ranes and range in age from Mid-

dle Proterozoic to early Paleozoic.
The Coatesville quadrangle is tra-
versed by two large thrust faults
(the Martic thrust and Embreeville
fault) and includes two mapped
shear zones. Rocks north of the
Martic thrust exhibit evidence of
one deformation, and rocks south
of the thrust show signs of three
deformation events. The meta-
morphic grade in the nongneis-
sic rocks decreases from south
to north across the quadrangle.

The text includes sections on
stratigraphy, structure, and meta-
morphism in the Coatesville quad-
rangle, as well as a discussion of
their tectonic implications. Plate 1
has a bedrock geologic map, three
cross sections, many structural
symbols of selected field measure-
ments, a correlation diagram, and

NEW RELEASE

Bedrock Geology of the
Coatesville Quadrangle

are found here, and how to recog-
nize them. A centerfold geologic
map of the state indicates the vari-
ous ages of the rock units. The
last part of the booklet contains
a descriptive list of 35 common
or especially interesting minerals
that are found in Pennsylvania.

Rocks and Minerals of Penn-
sylvania and other booklets in

the Educational Series are free
publications. They can be ob-
tained from the Pennsylvania
Geological Survey, 3240 School-
house Road, Middletown, PA
17057–3534, telephone 717–702–
2017. This publication can also
be viewed on-line at http://www.
dcnr.state.pa.us/topogeo/educa-
tion/rocksminerals/es1.pdf.
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geologic descriptions and an ex-
planation of environmental char-
acteristics for each of the map
units. Plate 2 shows the locations
of exposures observed in the field
and data-collection stations. The
maps on both plates are shown
in full color at 1:24,000 scale.

The vector datasets (cover-
ages) include polygon, line, and
point features for the geologic
units, structures, exposures, and
data stations shown on the two
plates. The raster datasets are a
georeferenced image (GeoTIFF)
for each map. The GeoTIFFs have
been cropped to the map edges
and do not include the explana-
tory and other information found
on the plate margins. The vector
and raster datasets, which were
prepared using ESRI ArcGIS soft-
ware, can be employed for spatial
analysis and other geographic-

information-systems (GIS) applica-
tions. Metadata are also provided.

Atlas 189b may be purchased
for $5.00 from the State Book-
store, Commonwealth Keystone
Building, 400 North Street, Har-
risburg, PA 17120–0053, tele-
phone 717–787–5109. Payment
may be made with VISA, Master-
Card, or check or money order
payable to Commonwealth of
Pennsylvania. If the order is to be
mailed, include $4.00 postage
for one publication and $0.50 for
each additional publication. For
over-the-counter orders and those
mailed to a Pennsylvania address,
add 6 percent sales tax to the
total cost of the order, including
shipping. The report may also be
purchased (by check or money
order) over the counter at the
Bureau’s Middletown office (see
address on back cover).

A portion of the geologic map (1:24,000 scale) from the Coatesville report,
showing geologic units and structural symbols. The colors of the original map
cannot be shown in this image.
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A skull cast of the Cretaceous Tyrannosaurus rex (“tyrant lizard king”).
The cast, which can be seen in the lobby of the Pennsylvania Geologi-
cal Survey’s Middletown office, is a generous donation by Michael and
Barbara Sincak, owners of Treasures of the Earth, Ltd. T. rex probably
never lived in what is now Pennsylvania, but, as evidenced by fossil
footprints from various locations in Triassic rocks in the southeastern
part of the state, other dinosaurs once roamed the area. Photograph by
Stuart O. Reese.
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