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Tyuyamunite (a yellow uranium-bearing mineral) coating a quartzpebble conglomerate from the western adit along the south side of
U.S. Route 209, Jim Thorpe (formerly Mauch Chunk), Carbon
County, Pa. Collected by Robert C. Smith, II, with his grandparents,
William C. and Lena K. Smith, circa 1955. The portion of the
specimen having the yellow coating is 5 cm (2 in.) across (see article
on page 3).
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EDITORIAL

New Beginnings
Gale C. Blackmer, State Geologist
Pennsylvania Geological Survey
Good news! Our offices will be opening in
mid-July! Staff will return to the office, and we
will once again be able to welcome visitors and
volunteers. I am so looking forward to seeing
everyone in person instead of as little video
boxes, and also to those serendipitous face-toface connections that are so important to
creativity and scientific advancement.
Not everything will snap back to the way it
was, though. As state government and as an
agency, we will be identifying those practices
used over the past 16 months that improved our
business lives and that should be retained. One of
those practices is telework, which will remain as
a part-time option across DCNR depending on
job duties. If there is something about your
interactions with us during the pandemic shutdown that worked particularly well and you would like to see
continue, please let me know; likewise for practices that did not work for you. As our loyal friends and
“customers,” your input is important.
New beginnings are all around us. Short articles in this issue bring you new ways to engage with our
website. PaGEODE, the web mapping application with publication search, has a new platform and a new look.
There is also a new web page for carbon capture utilization and storage (CCUS) with background information
and documentation of our work. Although the main article on uranium mining documents history, it reminds us
of the new focus on critical minerals throughout the nation.
New beginnings are also in order for some of the staff. Ty Johnson has joined us a surficial geologist; you
can read a little about him in this issue. Rose-Anna Behr has moved to the Groundwater and Environmental
Geology Section to take over duties as our karst geologist. Adam Ianno will join us as a geochemist early in
July; you will likely meet him in our next issue. As of this writing, we have active searches for three other
positions. We are also working on preparing a posting for a Geospatial Specialist 1, a new Commonwealth job
classification. Beginnings and endings are two sides of the same coin, so I announce two more retirements—
Renee Speicher and Audrey Kissinger from our clerical/administrative ranks will both leave us in July. These
capable women are integral to our work, and we will miss them. Fortunately, we have already received
permission to move ahead with posting their positions. Soon we will be doing nothing but interviews. Be
careful what you wish for!
As we emerge from this long “time out of time,” I hope you find yourself anticipating your own new
beginnings. Everyone had their own individual experience, but we all lost, gained, and learned something.
Now we must take that experience and move boldly back into “regular” time. Onward!
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Mining Pennsylvania Uranium
Edward R. Landa,1 Joel O. Lubenau,2 Robert C. Smith, II,3 and David J. Allard4
INTRODUCTION
In 1907, while he was a graduate student at the University of Pennsylvania, the distinguished
mineralogist, botanist, and chemist Edgar T. Wherry undertook a search for minerals in Pennsylvania
that might exhibit the newly discovered property known as radioactivity, which had been discovered just
over ten years earlier by the French physicist, Henri Becquerel. His search led him to a uranium
occurrence on Mt. Pisgah near a small community in Carbon County named Mauch Chunk, which was
renamed Jim Thorpe in 1954.
This was the first of several times after the discovery of radioactivity that the uranium occurrence at
Mauch Chunk attracted the attention of researchers. In the early twentieth century, medical applications
for radium (226Ra) (a radioactive decay product of uranium) as a source of radiation in the treatment of
cancer were recognized. In 1913, in what is now a mostly forgotten episode, the Mt. Pisgah uranium
occurrence was considered a potential source of radium. The U.S. Bureau of Mines (USBM) had entered
into a partnership with the National Radium Institute (NRI) to produce radium for medical use. While
NRI’s interest was primarily directed at radium ore deposits in Colorado, sites in the eastern United
States were considered, including the Mt. Pisgah uranium occurrence. In late December 1913, Dr.
Howard Kelly, an American radium therapist and co-founder of NRI, inspected the site, accompanied by
Wherry. Their visit was reported in Philadelphia and New York city newspapers. The NRI/USBM
partnership decided against using Mt. Pisgah ore in favor of uranium ore deposits in southwestern
Colorado that were more extensive and richer in radium content.
Following the end of World War II, there was renewed interest in the Mt. Pisgah uranium
occurrence when the federal government made finding domestic sources of uranium, both for the
development of nuclear weapons and for fueling nuclear power reactors, a national priority. In 1951 the
Lehigh Coal and Navigation Company (LCNC) initiated negotiations with the U.S. Atomic Energy
Commission (AEC) to determine the potential value of the uranium occurrence on Mt. Pisgah. Uranium
occurrences in Pennsylvania are not rare, but the Mt. Pisgah occurrence seemed especially promising for
commercial development. The 1951 LCNC inquiry led to the excavating of three exploratory tunnels
(adits) into Mt. Pisgah and the mining of ore in 1953. The ore was stored at a nearby facility established
by the AEC for that purpose. Eventually, a decision was made that the Mt. Pisgah occurrence could not
be developed economically, and the ore was moved to another AEC site where it was disposed of as
waste. This was the most extensive development of a Pennsylvania uranium occurrence. Since the
excavation of the three adits in 1953, there has been no further mining of Mt. Pisgah ore.
EARLY INTEREST IN MT. PISGAH URANIUM
Uranium was discovered in 1788 by Martin Heinrich Klaproth, a German chemist (Morss, 2020).
He found it in the mineral pitchblende (a uranium oxide mineral) and named it after the recently
discovered planet Uranus. Uranium metal was first isolated in 1841 by French chemist Eugène-Melchior
1
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Péligot (Morss, 2020). In 1854, Henry J. Booke and William H.
Miller named autunite as another uranium-bearing mineral
(Mindat.org, 2020). In 1874, Frederick A. Genth (Figure 1) was
appointed chemist and mineralogist to the Second Geological
Survey of Pennsylvania (Barker, 1902). In 1875, he reported that
autunite was found in “the neighborhood of Mauch Chunk,” but
he had not learned the exact locality (Genth, 1875). In September
1886, the New York World published an article about the
discovery of uranium at Mauch Chunk (Wherry, 1915, p. 147). In
the 1890s, Dr. Bertine S. Erwin discovered a uranium-bearing
occurrence on Mt. Pisgah (Jordan and others, 1905; Sterling,
2013). Erwin, a physician who moved to Mauch Chunk in 1872,
had an interest in geology and mineralogy. While his discovery
was known locally, it was considered no more than a mineralogic
curiosity. In none of these cases were specimens subject to
radiological analysis. Such analysis had to await the discovery of
X-rays and radioactivity.

Wilhelm Röntgen discovered X-rays in 1895, and in 1896, Henri Becquerel discovered radioactivity
(Mould, 1995).5 Becquerel was investigating whether fluorescent materials exposed to the sun emitted
X-rays as well as light. After exposing fluorescent materials to the sun, he placed them on photographic
plates wrapped in opaque paper, so that only penetrating radiation reached the plate. Accidentally,
through this method (termed autoradiography), he discovered that certain minerals darkened the plates
without prior exposure to light, noting that uranium minerals were
particularly active in this regard.
In 1907, Wherry (Figure 2) conducted a series of autoradiographic and
electroscopic studies of Pennsylvania minerals (Figure 3). Among those
minerals testing positive was a specimen identified as autunite from Mauch
Chunk (Wherry, 1907, 1908). While completing his final year of graduate
study, Wherry accepted an assistant professorship at Lehigh University, and
in 1908, he and a friend, traveling by train and trolley, made a stratigraphic
reconnaissance trip that included visiting Mauch Chunk (Wherry, 1915,
p. 147; Hooker and Montgomery, 1975, p. 534). Between Mauch Chunk and
Nesquehoning, the trolley traveled around Mt. Pisgah on a private right-ofway consisting of a 2,000-foot-long shelf cut into the side of the mountain
(Figures 4, 5, and 6). There, Wherry noticed canary-yellow coatings on
rocks exposed by the cut that reminded him of the description of carnotite in
Colorado. Subsequent laboratory testing confirmed his suspicion; what had
been considered as the uranyl phosphate mineral autunite since 1874 was
now identified by Wherry as the uranyl vanadate mineral carnotite.
Carnotite was identified as a uranium-bearing mineral in 1899 thanks to
Charles Poulot, a French chemist who had traveled to Colorado to find rare5

Figure 2. Edgar T. Wherry
(from Hooker and
Montgomery, 1975, p. 535),
photograph taken in 1955 by
F. Harold Evans. Used with
permission from
Mineralogical Society of
America.

Wilhelm C. Röntgen’s first papers on his discovery of “a new kind of ray” were published in German journals on December
28, 1895, and March 9, 1896. Mould’s article includes English translations of the papers and prints of the 1895 radiographs
which had not been included in the original German journals. Antoine-Henri Becquerel’s first papers leading to the
discovery of radioactivity were published in French journals beginning on February 24, 1896 (see Mould, 2007).
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metal ores, especially those containing vanadium and
uranium. Around 1897 or 1898, he obtained samples of a
canary-colored mineral from Montrose County, Colo., that
he realized contained uranium, and he sent a sample to
France for further analysis. Sorbonne chemists Charles
Friedel and Édouard Cumenge identified it as a previously
unknown mineral6 consisting of a uranyl vanadate salt,
and named it carnotite in honor of Marie-Adolphe Carnot,
a prominent French mineral analyst of the time (Brill,
1913, p. 10–11; Parsons, 1913, p. 944; Bruÿn, 1955,
p. 29–33; Landa, 1987, p. 7).

Figure 3. Autoradiographs made by Edgar Wherry
using Pennsylvania radioactive minerals, with a key
interposed between the mineral specimen and an Xray plate; from left to right, uranophane (a calcium
uranium silicate hydrate mineral), gummite (a
yellow amorphous mixture of uranium minerals,
oxides, silicates, and hydrates of uranium, derived
from the alteration of uraninite), and uraninite (a
uranium oxide mineral, UO2) (from Wherry, 1907,
frontispiece).

Wherry’s identification of the Mt. Pisgah mineral as
carnotite was first reported at the annual meeting of the
Geology and Geography Section of the American
Association for the Advancement of Science in December
1908 (Wherry, 1909, 1912). He later recommended
“prospecting” the Mt. Pisgah deposit as a source of
radium, which had become valued for its use in medicine
(Wherry, 1914, p. 148, 151).
MEDICAL RADIUM

In 1898, Pierre and Marie Curie and Gustave Bémont,
following up on Becquerel’s studies, reported their
discovery of two other radioactive elements, polonium and radium. Subsequent reports by Becquerel,
Pierre Curie, and others that radium caused skin burns raised the possibility of medical applications
(Baskerville, 1905, p. 115–116). In 1901, Pierre Curie loaned a radium source to Dr. Henri Danlos in
Paris, who used it to successfully treat a case of lupus vulgaris (a form of tuberculosis affecting the skin),
the earliest known case of radium being successfully used to treat disease. In addition to treating other
diseases such as cancer, radium was reported to be an analgesic, leading to its use as a palliative
(Baskerville, 1905, p. 128, 136). These successes led to a new medical specialty, radium therapy.
Most of the progress in radium therapy was taking place in Europe. The Curies extracted radium
from the residues of the mining of pitchblende in Joachimsthal in the Bohemia region of Austria (now
part of the Czech Republic). Thanks to the intervention of the Academy of Sciences of Vienna, and
outside funding, the Curies had been able to obtain the necessary quantities of the pitchblende residues
for their research at a reasonable cost (Curie, 1923, p. 99–100). The Austrian pitchblende also served as
the source for European companies producing radium, but in 1903, Austria, concerned that foreign
interests were exploiting an Austrian resource for commercial profit, placed an embargo on the export of
uranium ore and the mine residues (Badash, 1979, p. 140). An exception was made for the French in
recognition of the Curies’ relationship with the Austrian Academy of Sciences. In these circumstances,
other Europeans were turning to America for an alternate source of radium (Badash, 1979, p. 140).
American deposits of pitchblende were limited. More common were occurrences of carnotite,
especially the carnotite deposits in southwestern Colorado and nearby Utah. Initially, the carnotite ore
was mined and shipped to Europe, where the radium was extracted and refined. In 1913, American
6

The discovery of carnotite has a complex history; see Coffin, 1921, p. 150–153.
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Figures 4–6. Three views of the trolley right-of-way on Mt. Pisgah.
Figures 4 and 5 were taken in the vicinity of the present-day
junction of Liberty (formerly Liberties) Road and U.S. Route 209.
Figure 4 (c. 1913 press photograph from David J. Allard) is a view
from below the point where the trolley route and Nesquehoning
Road diverged, the latter descending the mountainside. In Figure 5,
Liberties Road is on the left and Nesquehoning Road diverges to
the right, and the trolley right-of-way bends around the flank of Mt.
Pisgah. Figure 6, taken on the other side of the bend, looking back
in the direction of Mauch Chunk, shows a trolley coming into view.
Below the trolley, on the left, is the Nesquehoning Road, part of
the Central Railroad of New Jersey railyard, and the Lehigh
River. In the distance, across the river, is East Mauch Chunk.
(Figures 5 and 6 are colorized postcards from the Mauch Chunk
Museum and Cultural Center Archives.)

5

6

production of radium began, led by the Standard Chemical
Company (SCC) in Pittsburgh, Pa., using carnotite ore from
Colorado (Lubenau and Landa, 2019, p. 33). But American
radium was expensive—SCC priced it at $120,000 per gram—
and production could not meet demand. In Baltimore, Md., Dr.
Howard Kelly was especially frustrated by this.
HOWARD KELLY AND THE NATIONAL RADIUM INSTITUTE
Howard Kelly was a widely respected physician, renowned for his pioneering work in treating
gynecological cancer. He came to Johns Hopkins Hospital in Baltimore from the University of
Pennsylvania Medical School in 1889 to head up the gynecology and obstetrics department. In 1893, he
was one of the founding four faculty of the Johns Hopkins University School of Medicine. Kelly had
become acquainted with radium therapy, and beginning in 1907, he acquired radium for his private
hospital, the H. A. Kelly Hospital in Baltimore (Robison, 2015, p. 170–180). He was able to purchase
some radium from the SCC, but he wanted more than it could supply (Lubenau and Landa, 2019, p. 71).
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Another person interested in radium was Dr. James Douglas, Jr., president of the Phelps Dodge Corp.
Born in Canada, he trained as a physician but turned his professional attention to chemistry and copper
metallurgy (Landa, 1987, p. 53). He moved to the United States, joining a predecessor company of
Phelps Dodge Corp. as a consultant. On his advice, the company acquired copper mines that became
major suppliers, and in 1909, he became company president. Cancer struck his family when a daughter
was diagnosed with breast cancer. Despite operations and treatment with radium, she died in 1910.
Douglas turned his attention to philanthropic work to provide radium for hospitals.
Douglas’ and Kelly’s interests joined when Kelly, noting the existence of radium institutes in
Europe, campaigned for an American radium institute to supply radium for American physicians. In
Europe, radium institutes had been established with governmental and philanthropic support to promote
the production and study of radium (Moore and Kithil, 1913, p. 8; Landa, 1987, p. 54). Kelly attempted
to establish an institute in America, but was unable to obtain financial support. Douglas followed
different approaches, first, by donating $100,000 to General Memorial Hospital for the Treatment of
Cancer and Allied Diseases in New York City to foster cancer research and treatment at the hospital, and
second, having Phelps Dodge staff develop lower cost methods to produce radium. A pilot plant to treat
ore was started up, but it was abandoned after experiencing high losses of radium in the process (Landa,
1987, p. 54).
On October 23, 1913, Charles L. Parsons, Chief of the Division of Mineral Technology of the
USBM, addressed the American Mining Congress at their annual convention in Philadelphia. Entitled
“Our Radium Resources,” he began his talk by noting that almost all of the carnotite mined in 1912 had
been shipped abroad, and that the Colorado carnotite was furnishing three times as much radium as the
rest of the world. Parsons pointed out that there was a large gap between the money paid in Europe for
the ore and the money paid to American miners. To close the gap, he offered two options: holding
United States ore for a higher price, or manufacturing radium in America.

TyuyamuniTe vs. CarnoTiTe
Edward R. Landa and Robert C. Smith, II
On December 28, 1908, at Johns Hopkins University, Edgar T. Wherry, who was on the
Lehigh University faculty in mineralogy from 1908 to 1913 (Hooker and Montgomery, 1975) and a
U.S. Geological Survey (USGS) summer employee in select years, presented a paper (A New
Occurrence of Carnotite) at the annual meeting of the Geology and Geography Section of the
American Association for the Advancement of Science (Wherry, 1909). In it, he briefly laid out the
geological setting of the Mt. Pisgah uranium-vanadium deposit, formerly thought to contain
autunite, a hydrous calcium uranyl phosphate. In 1912, Wherry published a more detailed
description of the deposit in the American Journal of Science (Wherry, 1912), including chemical
analyses of the yellow coating material done by J. S. Long, a chemical engineering
undergraduate student at Lehigh University who went on to become a longtime member of the
Lehigh chemistry department (Billinger, 1941). In 1914, Wherry published an article titled The
Carnotite near Mauch Chunk, Pennsylvania, in which he presented a more detailed description of
the occurrence of the carnotite (Wherry 1914, p. 148), as follows:
Continued on page 8
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Parsons’ speech, proclaiming that the radium resources of the nation needed to be conserved for the
benefit of the American people, was the public face of moves within the Department of the Interior and
within the Progressive wing of the U.S. Congress, pushing for government control of mineral resources.
Thanks to the USBM, carnotite ore was such a resource to enter the public spotlight. When Woodrow
Wilson became President in March 1913, he appointed Franklin K. Lane, as Secretary of the Interior.
Lane proposed that the government conduct exploration and research to develop a supply of radium and
withdraw public lands containing carnotite and other radium-bearing ores, explaining that the term
withdrawal meant not from use, but from exploitation by private parties, with the goal of developing the
ores for the “service of the people of the United States” (U.S. Senate, 1914, p. 91, 176). If passed by
Congress, the practical effect of the proposal would be an end to the filing of radium-mining claims on
federal lands. Existing claims would be honored, but new claims would be subject to control by the
Secretary of the Interior, with the objective of securing a supply of radium “for the use of the
Government of the United States and the hospitals of the country” (U.S. House of Representatives,
1914, p. 62; Viol, 1921, p. 91).
Parsons closed his talk with an announcement that the USBM had entered into a cooperative
agreement with the newly organized NRI to conduct a study of the mining and concentrating of carnotite
ore, with the objective of increasing efficiency and minimizing waste. The USBM decided to set up the
project in Denver, Colo., but lacked a federal appropriation for it. USBM sought private parties to fund
it, and Kelly and Douglas expressed interest. USBM proposed that the two men establish the NRI to
produce radium for hospitals and furnish the capital, while the USBM would furnish technical staff.
Kelly and Douglas agreed, and each provided $75,000 (Parsons and others, 1915, p. 7–9; Landa, 1987,

Continued from page 7
The carnotite is thoroughly but unevenly distributed throughout the conglomerate. In the harder
quartzitic variety it fills the few openings there may be, especially cracks in the pebbles
themselves, and spreads over some of the slickensided surfaces; but by far the greater part of it
appears as a replacement of the calcareous cement of certain portions of the conglomerate.

See Figure 9 for the position of the conglomerate at the Mt. Pisgah outcrop. Additional chemical
analyses by J. S. Long of the separated yellow material focused on its potassium and calcium
content.
These new geological and chemical investigations were spurred on by a growing commercial
interest in radium-bearing ores, and by Wherry’s dialog (following the publication of the 1912
American Journal of Science paper) with chemist William F. Hillebrand (1853–1925), a skilled
mineral analyst who had worked at the USGS (1880–1909) and then at the Bureau of Standards.
Hillebrand had a strong interest in the minerals of uranium and vanadium. His work during the
period 1890 to 1895 concerning gases contained within the matrix of uraninite samples played a
key role in the discovery of terrestrial helium by Sir William Ramsay—the helium being a result of
alpha particle decay (Clarke, 1929). For this work, and his discovery of other noble gases (neon,
krypton, xenon, and helium in emanations of radium, i.e., radon), Ramsay was awarded the
Nobel Prize in Chemistry in 1904 (NobelPrize.org, 2021).
Continued on page 9

Page 8 of 35

Pennsylvania Geology

Summer
Spring 2021
2019
2018

p. 54). The NRI would take possession of the first seven grams of radium that it produced, and the
remainder would go to the USBM.
Meanwhile, on December 13, 1913, Kelly, accompanied by Professor A. B. Bibbins of Johns
Hopkins University, inspected radium-bearing minerals in an abandoned rock quarry in the northern
portion of the city of Baltimore, and on December 25, Kelley, accompanied by Wherry, arrived in
Mauch Chunk to inspect the Mt. Pisgah carnotite deposit (Baltimore Sun, 1913). Kelly was made aware
of the deposit by Professor Benjamin Miller, Chairman of the Lehigh University Geology Department.
Upon learning of the USBM/NRI project, he suggested that Kelly investigate the Mt. Pisgah carnotite
deposits (Anonymous, 1914). Wherry, now associated with the U.S. National Museum in Washington,
D.C. (today the Smithsonian Institution), of course, was familiar with the site.
Why did Kelly visit the Baltimore and Mauch Chunk sites when the USBM/NRI project was to be
set up in Denver? One explanation is that he did not wish to overlook alternative sources of uraniumbearing ores especially in nearby eastern states. Kelly and Wherry arrived in Mauch Chunk on
Christmas Day, 1913, departing on December 27. Their visit was reported by the New York Times, the
Philadelphia Ledger, the Washington Post, and the Mauch Chunk Daily News (Mauch Chunk Daily
News, 1913a, 1913b; New York Times, 1913a; Washington Post, 1913a). For those three days in
December, Kelly had to meet a tight schedule, because he was applying radium to treat a cancer patient
at his private hospital in Baltimore in two separate sessions that bracketed his trip to Mauch Chunk.
Kelly’s patient was 39-year-old U.S. Congressman Robert G. Bremner of New Jersey. Bremner had
a huge tumor that encircled his shoulder blade, upper chest, and underarm area. Previous treatments to
slow the growth or reduce the size of this mass had been unsuccessful. In mid-December 1913, Bremner

Continued from page 8

In the spring of 1899, Hillebrand and his USGS colleague, economic geologist Frederick L.
Ransome (1868–1935), received a sample of canary-yellow ore of uranium from western
Colorado from a colleague at the U.S. National Museum; they quickly ascertained the presence
of a previously unknown mineral(s), but was “scooped” on the discovery of carnotite by the 1899
papers of Friedel and Cumenge (Hillebrand and Ransome, 1905, p. 9). Hillebrand and Ransome
went on to examine a variety of ore samples from this region, including an ore specimen from the
same lot that had been subsampled in Colorado and sent to Friedel and Cumenge. The French
chemists reported only potassium and no calcium in their analysis of the yellow materials
received, and they judged it to be monomineralic, consisting of a potassium uranium vanadate
that they named carnotite. In contrast, Hillebrand and Ransome found considerable calcium in
some of their samples. They considered the samples to be mixtures of at least two minerals.
Wherry (1914, p. 149) wrote:
After the appearance of the article, however, Dr. W. F. Hillebrand, of the Bureau of Standards,
informed the writer that he had discovered a nearly pure calcio-carnotite among specimens from
Colorado, and suggested that if possible a redetermination of the potassium and calcium be
made in the Pennsylvania material, so as to fix more certainly its position in the series.

Continued on page 10
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encountered Parsons at a restaurant. Bremner had been fitted with a harness that raised his left arm to
head level (New York Times, 1913c). On learning of his condition, Parsons suggested that he see Kelly
for radium treatment. On Christmas Day of 1913 Kelly operated on the Congressman at his private
hospital in Baltimore (New York Times, 1913b). The surgical treatment involved the use of almost all of
Kelly’s radium, about one gram, in 11 tubes that were surgically inserted into the tumor, and then
removed after 12 hours. The treatment was repeated two days later, except that this time, the radiumtube array was applied externally. Kelley’s treatments of Bremner, a popular member of the House of
Representatives, received front-page coverage in the Washington Post, together with a short item about
Kelly’s and Wherry’s visit to Mauch Chunk to assess the ore deposit (Washington Post, 1913a, 1913b).
In between these two treatments, Kelly squeezed in his trip to Mauch Chunk to inspect the Mt. Pisgah
deposit.
At first, there were signs of improvement after the treatments; for example, on January 12, 1914,
Bremner, for the first time in months, was able to move his head, and as late as January 29, he was
reported as improving (New York Times, 1914a). But Bremner’s medical condition took a turn for the
worse, and on February 5, he died (New York Times, 1914b, 1914c, 1914d). President Wilson sent his
condolences to Bremner’s widow, and the House passed resolutions expressing regret for his death (New
York Times, 1914e). Beginning in January 1914, the House and Senate held hearings on bills to
implement Lane’s proposal and fund the USBM/NRI project. Bremner’s death had occurred during the
hearings.
Congress did not act on any of the bills (Viol, 1919, p. 8). No federal funds were authorized for the
NRI extraction plant. Construction and operation of the NRI radium extraction plant went forward using
the $150,000 contributed by Kelly and Douglas, with technical support provided by the USBM staff. By

Continued from page 9

In 1912, Russian mineralogist K. A. Nenadkevich reported a calcium end member of the carnotite
series—what Hillebrand had termed calcio-carnotite—that he named tyuyamunite after the
discovery locality Tyuya-Muyun in Turkistan, Russia (now Kyrgyzstan) (Hillebrand, 1924).
Wherry’s Mauch Chunk sample was reported to be high in potassium and low in calcium; he felt
that the new mineral name tyuyamunite (Ca[UO2]2[VO4]2 • 5–8H2O) was unnecessary, and that
carnotite (K2[UO2]2[VO4]2 • 3H2O) could be used to describe the isomorphous series as a whole
(Wherry, 1914, p. 149; Mindat.org, 2020). Montgomery (1954) identified both carnotite and
tyuyamunite (see figure on page 1) at the Mt. Pisgah locality.
The authors have attempted to faithfully report the available literature. Pennsylvania
Geological Survey scientists have not been able to verify any specimens of carnotite from Mt.
Pisgah using the definitive Debye-Scherrer camera X-ray powder diffraction method. Wherry
might have had access to higher level, more deeply weathered portions of the outcrops where all
the calcite had been leached out, so samples from historic institutional and personal collections
were included. Unfortunately, the hypothesized solid solution series between carnotite and
tyuyamunite does not exist, and attempts to verify any carnotite in numerous specimens from old
collections and more recent collecting efforts have only yielded tyuyamunite from this calcite-rich
locality.
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June 1914, the plant was in operation. NRI was fortunate in having gained access to exceptionally highgrade ore, averaging about 2.5 percent U3O8, from mines in a favorable location that minimized freight
costs. Plant recovery of radium averaged 90 percent. NRI’s progress was sufficiently encouraging that
Kelly and Douglas increased their investment in the NRI to $500,000 to finance construction of a second
extraction plant and other improvements (Landa, 1987, p. 55; Robison, 2015, p. 172–173). In light of
this, the USBM/NRI agreement was amended to increase NRI’s share of the radium and limit the USBM
share to 0.5 gram.
The NRI operation ended in 1916 after producing 8.5 grams of radium. After consigning 0.5 gram
of radium to the USBM, Kelly and Douglas split the remaining 8 grams. Douglas donated his radium to
the General Memorial Hospital (now Memorial Sloan Kettering Cancer Center) in New York City, while
Kelly’s radium went to his private hospital in Baltimore (Parsons and others, 1915, p. 13). He now
owned 5.5 grams of radium, the largest private supply in the world, most of which had come from the
NRI.
Regarding the Mt. Pisgah deposit, Wherry, in a 1914 U.S. Geological Survey (USGS) Bulletin,
wrote that the Mt. Pisgah deposit “certainly contained some material” grading at 1 percent “uranium
oxide” but “the quantity apparently is small” (Wherry, 1914, p. 148). The likely purpose of the KellyWherry visit was to determine if an estimate could be made of the quantity of 1 percent ore and if higher
grade ore was available. Following their visit, newspapers reported that the Mt. Pisgah deposit was
worth $100/ton (New York Times, 1913a; Washington Post, 1913a). SCC’s sales price for radium was
$120,000/gram. These figures indicate that the Mt. Pisgah ore graded-out to 0.3–0.5 percent U3O8.7 This
was definitely lower grade ore compared to the 2.5 percent U3O8 ore that the USBM–NRI operation
obtained in Colorado. Combined with the uncertainty on the quantity of the ore, this ended further
consideration of the Mt. Pisgah deposit.
TRANSITION YEARS
The closure of the NRI plant ended the federal government’s role in the mining of uranium-bearing
ore. If the presence of uranium-bearing ore at Mt. Pisgah was no longer of interest to the federal
government, local interest remained. In 1931, the Mauch Chunk trolley service ended, and in the
following year, the Pennsylvania Department of Highways acquired the right-of-way on Mt. Pisgah.
After widening and other alterations, the highway between Nesquehoning and Mauch Chunk was
relocated to the former trolley route (today part of U.S. Route 209).
The new highway is 15 to 20 feet lower than the former trolley right-of-way, resulting in fresh
exposures of uranium-bearing minerals (Heyl, 2007). This did not escape the notice of a resident of
nearby Palmerton, Pa., a Mr. Cameron, who had become interested in Geiger counters. He made a
portable power pack from radio batteries and tried the Geiger counter out with two friends, Ed Truesdale
and John Landon Rhodda, at the base of Mt. Pisgah along U.S. Route 209. Yellow paint-like smears on
the rock wall were seen, and soon the occasional background clicks in the Geiger counter earphones
gave way to sounding “like machine gun fire.” A strong response was also found at one point where no
7

During the radium boom era, it took ~200–300 tons of 2 percent U3O8 to produce one gram of radium, then worth ~$120,000
(Cappa, 2006). Thus, one ton of 2 percent U3O8 ore was worth ~$400 to $600. By simple extrapolation (without considering
the added cost of processing lower grade ore), one ton of 0.5 percent U3O8 ore would be worth ~$100 to $120. It should be
noted that Wherry (1914) reported the uranium content of the ore as UO3 rather than U3O8. The percentage of U in each of
these oxides varies only slightly (85 percent for U3O8, 83 percent for UO3), and thus this difference in reporting convention
has little impact on the estimation of the ore grade in the calculation above.
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yellow stains were visible, suggesting that there was still more uranium ore present. It is not known if
anyone made use of the discovery, but Rhodda later wrote he was “thrilled to have a part in it” (Rhodda,
1985).
Government interest in uranium-bearing ores would resume following the World War II Manhattan
Project and the post-war AEC’s programs to procure uranium ores—not for their radium content, but
now for the uranium itself.
THE U.S. ATOMIC ENERGY COMMISSION AND THE U.S. GEOLOGICAL SURVEY
On August 7, 1945, Americans learned that a new type of weapon, an atomic bomb equivalent to
20,000 tons of TNT, had been dropped on Hiroshima, Japan (New York Times, 1945). A second atomic
bomb was dropped three days afterward on Nagasaki. Uranium was the key to the making of the bombs.
The Hiroshima bomb utilized material enriched in a fissionable isotope of uranium (235U). The Nagasaki
weapon used a fissionable isotope of plutonium (239Pu), produced in uranium-fueled nuclear reactors.
Research and development of the weapons was carried out by the Manhattan Engineering District
(MED) of the U.S. Army Corps of Engineers, known as the “Manhattan Project.” The MED’s uranium
came mainly from pitchblende ore from the Belgian Congo, plus uranium ores and concentrates from
mines in the Great Bear Lake area of the Northwest Territories of Canada and the processing plant at
Port Hope, Ontario, and ore and concentrates from Colorado and Utah (U.S. Department of Energy,
Office of Environmental Management, 1997, p. 18).
On August 1, 1946, President Harry S. Truman signed the Atomic Energy Act of 1946. The act
established the AEC as the sole purchasing agent for domestically produced uranium. In 1947, a federal
procurement program was established to bolster the domestic uranium mining industry, and thus, wean
the United States from dependence on foreign supplies of uranium (Albrethsen and McGinley, 1982,
p. 3–12; U.S. Environmental Protection Agency, 1995, p. 2). The AEC set prices for uranium, provided
incentives for the construction of access roads and the inclusion of haulage allowances, and established
ore-buying stations in areas of expected production. The federal procurement program ended in 1971,
but domestic uranium production remained steady through the 1970s as commercial markets emerged,
spurred on by the need for uranium as the fuel for the developing nuclear power industry (U.S.
Environmental Protection Agency, 1995, p. 22).
An ancillary AEC program was uranium exploration, carried out by AEC and USGS geologists.
They searched for uranium deposits by on-site investigations, collection and analysis of samples, and
airborne geophysical surveys (Albrethsen and McGinley, 1982, p. 7). Aerial searches were conducted
mainly in the western states, but extended to other states, including Pennsylvania. In 1953, the AEC
chartered an airplane to fly over the Mt. Pisgah occurrence, carrying a scintillation-type radiation
detector operated by an AEC technician (Mauch Chunk Times-News, 1953a, 1953b). In 1954, the USGS
conducted aerial surveys of parts of Carbon, Schuylkill, and Monroe Counties, consisting of 80 flight
paths at quarter-mile spacings, using a scintillation counter and a chart recorder to make a continuous
record of the radiation levels during the traverses (Figure 7) (Klemic, 1962, p. 245; Klemic and Cooper,
1975; Rabbitt and Nelson, 2015). In the Mauch Chunk area, the survey detected elevated levels of
radiation in the vicinity of the Mt. Pisgah uranium occurrence—not a surprising finding.
MINING OF MT. PISGAH URANIUM
The AEC uranium procurement program did not escape the interest of the Lehigh Coal and
Navigation Company (LCNC), which owned the land that encompassed the uranium occurrence that had
earlier interested Kelly and Wherry. In early 1951, L. C. Conant, LCNC corporate engineer and real
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Figure 7. In 1949, the U.S. Geological Survey
began using a Douglas C–53D for
aeromagnetic and aerial radioactivity surveys
and may have used it for the 1954 aerial
radioactivity survey of Carbon, Schuylkill, and
Monroe Counties. The aircraft is shown here
over the Painted Desert in southeastern Arizona
deploying a magnetic detector at the end of a
100-foot cable (from Rabbitt and Nelson, 2015,
frontispiece).

estate agent, sent 55 ore samples to the
USGS (U.S. Department of Energy,
Office of Legacy Management, 1951).
Radiometric and chemical analysis for
the U3O8 content showed that 17
samples (31 percent) graded-out above
0.1 percent U3O8, and three samples (5
percent) were above 1.0 percent. By
October 1951, LCNC had mined 10 to
12 tons of ore graded at 0.4–0.5 percent
U3O8 (U.S. Department of Energy,
Office of Legacy Management, 1986a). In March 1952, the AEC made three visits to Mauch Chunk to
conduct radiation surveys and collect samples (U.S. Department of Energy, Office of Legacy
Management, 1952). The AEC concluded that there were three promising zones of radioactivity, with the
best grading-out to 0.10 percent U3O8, but the report allowed for the possibility of ore of up to 0.15
percent U3O8. In its 1952 annual report, LCNC informed its stockholders that it had started a “a very
small uranium mine” to determine if large-scale production was feasible (Figure 8) (Lehigh Coal and
Navigation Company, 1952). In March 1953, Conant informed the New York City AEC office that
LCNC was expecting to spend $30,000 to $50,000 on exploration work, and inquired about freight rates,
the AEC’s purchasing rates for the ore, and where the ore should be shipped (U.S. Department of
Energy, Office of Legacy Management, 1953a).
The AEC had noted that the outcrops were along a steep embankment, with a highway at one level
and railroad tracks below, leaving only the barest space for adit portals and no space for stockpiling ore
(U.S. Department of Energy, Office of Legacy Management, 1953b). To address this problem, the AEC
established a stockpile at the New Jersey Zinc Company (NJZC) plant in Palmerton, Pa., about eight
miles southeast of Mauch Chunk (U.S. Department of Energy, Office of Legacy Management, 1986a).
By 1953, LCNC had excavated three adits into the embankment along the highway (Figure 9). About
360 tons of ore was shipped in 57 truckloads to the NJZC property (U.S. Department of Energy, Office
of Legacy Management, 1986a). It is not known if this tonnage consisted of ore solely from the adits or
if it also included the 10 to 12 tons from LCNC’s earlier exploration.
In its 1953 annual report, LCNC announced that tests showed that the quality of the ore compared
favorably with uranium ores mined in the western United States and in Canada (Lehigh Coal and
Navigation Company, 1953). The Mt. Pisgah ore averaged about 0.21 percent U3O8 (U.S. Department of
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Figure 8. Front-page photo story on the Lehigh Coal and
Navigation Company’s first adit into Mt. Pisgah (in the Mauch
Chunk News-Times [now Times News Online], December 26,
1952) (from Newspapers.com). Used with permission.

Energy, Office of Legacy Management, 1986a). This
grade is within the range of historical averages for ore
delivered to AEC ore-buying stations (Albrethsen and
McGinley, 1982, tables B–3 and B–6.). While the
quality was acceptable, in 1954 LCNC advised its
stockholders that the quantity was insufficient to make
mining profitable (Lehigh Coal and Navigation
Company, 1954).
Another issue that may have influenced LCNC’s
decision was the lack of uranium mills
(hydrometallurgical plants for the production of
yellowcake, the feedstock of the nuclear fuel cycle) in
the eastern United States. The nearest American
uranium mills capable of handling large quantities of
such ore were on the Colorado Plateau, ~1,500 miles
to the west; shipping the ore that distance was not
economical (McCauley, 1961, p. 2–48, 51–53, 57–69).
Building a uranium mill in Pennsylvania would have
been a major expense—an investment only justifiable if the ore body was large enough to provide a
supply over a period of years. A local uranium mill to handle the Pennsylvania ore was never built, and
there were no further statements by LCNC about the uranium deposit.
In the 1960s, LCNC leased land to the Rocky Mountain Energy Company (RMEC), a subsidiary of
the Union Pacific Railroad, that, in 1970–71, drilled core samples from the top of Mt. Pisgah (J. Sterling,
personal communication to J. O. Lubenau, February 9, 2016; Strack, 2019). The test results were not
publicly announced. Unofficially, the data indicated that the richest ore was exposed in the highway cut
and indicated that the deposit was more extensive than previously thought (R. C. Smith, II, personal
communication to D. J. Allard, June 11, 2015). Still, the deciding factor faced by LCNC in 1953
remained—the lack of a uranium mill. A new factor was the phasing out by the AEC of its uranium
procurement program, and the declining price for U3O8 (Albrethsen and McGinley, 1982, tables B–3 and
B–6). In 1953, when the LCNC delivered its ore to the AEC stockpile in Palmerton, the average price
per pound of U3O8 was $12.65. That was the peak price paid by the AEC, and thereafter, it declined,
falling to $5.54 in 1971, when the procurement program ended. There is no indication that the RMEC
took further action.
By 1972, RMEC’s activities at Mt. Pisgah drew the attention of Thomas M. Gerusky, Chief of the
Pennsylvania Bureau of Radiation Protection (then in the state Department of Health). Pennsylvania
State Geologist Arthur A. Socolow arranged a visit to the westernmost adit for Gerusky and two health
physicists on his staff, Margaret A. Reilly and Joel O. Lubenau. After the boards blocking the entrance
were removed, they entered the mine, and, inside, Socolow pointed out a ring of carnotite from a tree
(fossilized wood) on the ceiling. Ore samples were collected (Figure 10). On leaving the adit, Reilly
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Figure 9. A schematic drawing of some of the features of the uranium-vanadium occurrences and adits on the side of Mt. Pisgah looking south along U.S. Route 209 (from McCauley, 1961, fig. 4) (mr/hr=milliroentgens per
hour). Google street view yields a distance along the curved road of 383 ± 5 m as the distance between the western adit and the western adit of the eastern pair. This agrees well with R. C. Smith, II, and D. T. Hoff (in Sevon
and others, 1978, Stop 4, p. 71–75, unattributed authorship), who measured 384 ± 1 m using a tape measure along the road. Smith and Hoff also reported pre-GPS coordinates for the western adit as 40º52'20" and
–75º44'53"; Google street view yields 40º52'21.2" and –75º44'54.3".
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Figure 10. Mt. Pisgah uranium ore specimen from the
western adit. The surface radiation is 0.3 milliroentgens
per hour (photograph by Joel O. Lubenau).

noticed people collecting water from a spring
nearby, and she collected a sample of the water.
After analysis showed elevated levels of radon, the
spring was capped.
In 1978, the Annual Field Conference of
Pennsylvania Geologists was held in Hazelton, Pa. Its theme was “Uranium in Carbon, Sullivan, and
Columbia Counties” (Sevon and others, 1978). The meeting included a field trip, and the westernmost
adit on Mt. Pisgah was Stop no. 4. Unfortunately, before the meeting, the adit had been backfilled
(Sevon and others, 1978, p. 72). The 1972 visit by Gerusky, Lubenau, Reilly, and Socolow had been the
last opportunity to collect samples from the adits.
CLEANUP
In Palmerton, the ore remained untouched until 1973, when the AEC initiated a program to evaluate
and clean up its ore storage and stockpile locations (U.S. Department of Energy, Office of Legacy
Management, 1986a).8 The AEC cleanup plan for Palmerton called for the removal of the ore and its
transfer to the AEC’s Feed Materials Center in Fernald, Ohio. Prior to the transfer, Socolow visited the
site to collect specimens for university research and museum display. He left with 1,300 pounds of
“high-grade ore,” and the supervising AEC official collected another 300 pounds “for local and other
distribution” (U.S. Department of Energy, Office of Legacy Management, 1973).
Because the ore had been left in uncovered piles, the removal plan called for using a front-end
loader to remove not only the ore, but also the underlying six inches of soil (U.S. Department of Energy,
Office of Legacy Management, 1986b). However, the front-end loader inadvertently pushed some ore
8

In 1972 and 1973, the AEC initiated a program to evaluate and clean up ore storage and stockpile sites. In 1975, the AEC
was abolished and replaced by the U.S. Nuclear Regulatory Commission (NRC) and the Energy Research and Development
Agency (ERDA), which devolved to the U.S. Department of Energy (DOE). The AEC program to evaluate and clean up ore
storage and stockpile sites was folded into the DOE’s Formerly Utilized Sites Remedial Action Program (FUSRAP).
Uranium ore from Mt. Pisgah was stockpiled at the New Jersey Zinc Company plant site in Palmerton, Pa. FUSRAP
identified the Palmerton stockpile as site PA.33. The FUSRAP’s evaluation was completed in 1994 and is available at
https://www.lm.doe.gov/Considered_Sites/Palmerton_Ore_Buying_Site_-_PA_33.aspx. The DOE concluded that while
small of amounts of radioactive contamination remained at the Palmerton site, no further cleanup action was needed, and the
site was eliminated from the FUSRAP program. The Elimination Report is PA.33–3. In 1997, Congress turned FUSRAP
cleanup responsibility to the U.S. Army Corps of Engineers. A memorandum of understanding defines the roles of the
agencies in administrating FUSRAP. In 2003, DOE assigned the FUSRAP to its Office of Legacy Management,
https://www.energy.gov/sites/prod/files/2019/01/f58/FUSRAPFactSheet2018_0.pdf.
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into the ground, necessitating additional excavation of soil, at one location amounting to as much as 2.5
feet deep. The front-end loader transferred the excavated material to six open-top gondola railroad cars
parked on a siding next to the pile. After the initial excavation was completed, the area was surveyed to
confirm removal of the ore. Where the surveys indicated that ore remained, additional excavating was
done, and in some cases, chunks of ore were hand-picked and removed. After the removal work was
satisfactorily completed, workers covered the ore in the railcars with plastic sheets.
The railroad shipment to Fernald was not without incident. At a railroad yard in Rutherford, east of
Harrisburg, a gondola car broke apart during transfer from one train to another. One side of the car
buckled, creating a gap, and a quantity of ore was spilled. Earlier, the car had been identified as needing
repair, but had nonetheless passed inspection. The incident, of course, required special measures to
recover the ore and clean up the spilled area. The ore was transferred to another gondola car, and
radiation surveys were carried out to confirm that the cleanup was satisfactory. The delivery of the ore to
Fernald was then completed.
The ore stockpiled in Palmerton was not the only ore removed from Mt. Pisgah. The results of the
RMEC exploratory core drilling indicated that the Mt. Pisgah ore was richest at the outcrops (R. C.
Smith, II, personal communication to J. O. Lubenau, February 28, 2020). The corollary to this is that the
richest ore was probably shaved from the Mt. Pisgah hillside and used as fill to create the shelf for the
trolley right-of-way; more was removed and used as fill when the shelf was widened for the highway,
and this material now lies under the pavement of U.S. Route 209. Its presence has potential radiological
ramifications similar to those encountered elsewhere where radioactively contaminated material was
used as fill material in streets and roads, for example, in Canonsburg, Pa., and Denver, Colo. (Calhoun,
2003; Lubenau and Landa, 2019, p. 83–84, 122).
AFTERWORD
The term “uranium occurrence” includes deposits ranging from those where only a few hand
samples of exposed uraniferous rock have been identified or collected to deposits known to contain
many tons of uraniferous rock; likewise, uraniferous rock is a relative term that includes rock with as
little as a few thousandths of a percent of uranium to rock containing more than more than one percent
uranium (Klemic, 1962, p. 244). In Pennsylvania, uranium occurrences have been reported at many
localities for many decades (McCauley, 1961, p. 57–68; Klemic, 1962, p. 277–284; Smith and Hoff,
1984; Smith and Barnes, 2014).
Many of these occurrences have been tested by drilling, trenching, bulldozing, or the digging of
shallow pits or short drifts, but Mt. Pisgah is the only Pennsylvania occurrence where mining produced
ore purchased by the AEC (Klemic, 1962, p. 247). After 20 years of storage at the Palmerton stockpile, it
was disposed at the Fernald, Ohio, burial site, together with that plant’s radioactive waste (U.S.
Department of Energy, Office of Legacy Management, 1986b).
The Mt. Pisgah ore was never processed to extract the uranium.
ACKNOWLEDGMENTS
The authors wish to thank the Mauch Chunk Museum Cultural Center Board of Directors for
approval to publish postcards depicting the Mt. Pisgah trolley right-of-way, and Museum Historian Jack
Sterling and Museum Archivist Vince Hydro for retrieving the postcards and providing additional
information about the images.

Page 17 of 35

Pennsylvania Geology

Summer 2021

REFERENCES
Albrethsen, Holger, Jr., and McGinley, F. E., 1982, Summary history of domestic uranium procurement under U.S. Atomic
Energy Commission contracts—Final report, GJBX–220(82): Prepared for the U.S. Department of Energy, 161 p.
Anonymous, 1914, Carnotite deposits at Mauch Chunk: Bethlehem, Pa., Lehigh University, Alumni Bulletin, v. 1, no. 2, p. 3.
Badash, Lawrence, 1979, Radioactivity in America—Growth and decay of a science: Baltimore, Md., Johns Hopkins
University Press, 327 p.
Baltimore Sun, 1913, Made radium a study: BaltimoreSun, December 20, 1913.
Barker, G. F., 1902, Memoir of Frederick Augustus Genth, 1820–1893: National Academy of Sciences, Biographical
memoirs, v. 4, no. 12, p. 219–220.
Baskerville, Charles, 1905, Radium and radio-active substances—Their application especially to medicine: Philadelphia,
Williams, Brown and Earle, 164 p.
Billinger, R. D., ed., 1941, A history of the Department of Chemistry and Chemical Engineering of Lehigh University,
Bethlehem, Pennsylvania (1866–1941): Bethlehem, Pa., Lehigh University, 99 p., available at
https://libraryguides.lehigh.edu/c.php?g=106265&p=690966, accessed June 21, 2021.
Brill, O., 1913, Uranium in Colorado: Radium, v. 1, no. 1, p. 9–12.
Bruÿn, Kathleen, 1955, Uranium country: Boulder, Colo., University of Colorado Press, 165 p.
Calhoun, Patricia, 2003, Room to glow: Denver, Colo., Westword, online at westword.com/news/room-to-glow-5074978,
accessed May 21, 2020.
Cappa, J., 2006, Uranium—It’s hot!! And back by popular demand: Colorado Geological Survey, Rocktalk, v. 9, no. 2, 12 p.
Clarke, F. W., 1929, Biographical memoir of William Francis Hillebrand (1853–1925): National Academy of Sciences,
Biographical Memoirs, v. 12, p. 41–70, available at http://www.nasonline.org/publications/biographicalmemoirs/memoir-pdfs/hillebrand-william.pdf, accessed June 21, 2021.
Coffin, R. C., 1921, Radium, uranium, and vanadium deposits of southwestern Colorado: Colorado Geological Survey
Bulletin 16, p. 150–153.
Curie, Marie, 1923, Pierre Curie: New York, MacMillan Company, 242 p.
Genth, F. A., 1875, Preliminary report on the mineralogy of Pennsylvania: Pennsylvania Geological Survey, 2nd ser.,
Report B, 238 p., online at digital.libraries.psu.edu/digital/collection/pageol/id/21936/rec/2, accessed May 14, 2020.
Heyl, Allen, 2007, Carnotite from Mauch Chunk, Pa.: Friends of Mineralogy, Pennsylvania Chapter, Newsletter, v. 35, no. 1,
p. 3–4.
Hillebrand, W. F., 1924, Carnotite and tyuyamunite and their ores in Colorado and Utah: American Journal of Science, ser. 5,
v. 8, no. 45, p. 201–216, available at https://www.ajsonline.org/content/s5-8/45/201, accessed June 21, 2021.
Hillebrand, W. F., and Ransome, F. L., 1905, Contributions to mineralogy from the United States Geological Survey—On
carnotite and associated vanadiferous minerals in western Colorado: U.S. Geological Survey Bulletin 262, p. 9–31,
available at https://pubs.usgs.gov/bul/0262/report.pdf, accessed June 21, 2021.
Hooker, Marjorie, and Montgomery, Arthur, 1975, Edgar Theodore Wherry: American Mineralogist, v. 60, p. 533–539.
Jordan, J. W., Green, E. M., and Ettinger, G. T., eds., 1905, B. S. Erwin, M.D., in Historic homes and institutions and
genealogical and personal memoirs of the Lehigh Valley, Pennsylvania, v. 2: New York, Lewis Publishing Company,
p. 439–440.
Klemic, Harry, 1962, Uranium occurrences in sedimentary rocks of Pennsylvania: U.S. Geological Survey Bulletin 1107–D,
46 p.
Klemic, Harry, and Cooper, M. C., 1975, Airborne radioactivity survey of parts of Carbon, Schuylkill, and Monroe Counties,
Pennsylvania: U.S. Geological Survey Open-File Report 75–0091, 4 p.
Landa, E. R., 1987, Buried treasure to buried waste—The rise and fall of the radium industry: Colorado School of Mines
Quarterly, v. 82, no. 2, 77 p.
Lehigh Coal and Navigation Company, 1952, 1952 Annual Report: Annual reports 1828–1978 (Series #311m.6);
MG/311/ALCN/6, Lehigh Coal and Navigation Company Records 1792–1978, p. 9.

Page 18 of 35

Pennsylvania Geology

Summer 2021

Lehigh Coal and Navigation Company, 1953, 1953 Annual Report: Annual reports 1828–1978 (Series #311m.6);
MG/311/ALCN/6, Lehigh Coal and Navigation Company Records 1792–1978, p. 10.
________ 1954, 1954 Annual Report: Lehigh Coal and Navigation Company Records 1792–1978, Annual reports 1828–1978
(Series #311m.6), MG/311/ALCN/6, p. 5.
Lubenau, J. O., and Landa, E. R., 2019, Radium city—A history of America’s first nuclear industry: Pittsburgh, Senator John
Heinz History Center, 185 p., online at heinzhistorycenter.org/magazine/Radium-City.pdf, accessed January 31, 2020.
Mauch Chunk Daily News, 1913a, Radium found at Mauch Chunk: Mauch Chunk Daily News, December 27, 1913.
________ 1913b, Interested in radium find in Mauch Chunk: Mauch Chunk Daily News, December 29, 1913.
Mauch Chunk Times-News, 1953a, Aerial survey here for uranium to begin shortly: Mauch Chunk Times-News, January 20,
1953.
________ 1953b, Air search for uranium is underway in this area: Mauch Chunk Times-News, January 27, 1953.
McCauley, J. F., 1961, Uranium in Pennsylvania: Pennsylvania Geological Survey, 4th ser., Mineral Resource Report 43, 71 p.
Mindat.org, 2020, Autunite: online at mindat.org/min-433.html, accessed January 31, 2020.
Montgomery, Arthur, 1954, Uranium minerals of the Mauch Chunk area, Pennsylvania: Pennsylvania Academy of Science
Proceedings, v. 28, p. 102–110, available at www.jstor.org/stable/44109572, accessed June 21, 2021.
Moore, R. B., and Kithil, K. L., 1913, A preliminary report on uranium, radium, and vanadium: U.S. Bureau of Mines
Bulletin 70, 101 p.
Morss, Lester, 2020, Uranium: Chicago, Encyclopedia Britannica, online at britannica.com/science/uranium, accessed
January 31, 2020.
Mould, R. F., 1995, Röntgen and the discovery of X-rays: British Journal of Radiology, v. 68, p. 1145–1176.
________ 2007, Radium History Mosaic: Nowotwory Journal of Oncology, v. 57 [supplement 4], p. 1–8.
New York Times, 1913a, Radium ore at Mauch Chunk: New York Times, December 27, 1913.
________ 1913b, $100,000 radium test to save Bremner’s life: New York Times, December 27, 1913.
________ 1913c, Bremner feels better: New York Times, December 28, 1913.
________ 1914a, Bremner is improving: New York Times, January 13, 1914.
________ 1914b, Bremner has a setback: New York Times, February 2, 1914.
________ 1914c, Bremner’s end near gives up all hope: New York Times, February 3, 1914.
________ 1914d, Mr. Bremner loses fight with death: New York Times, February 6, 1914.
________ 1914e, President sends sympathy: New York Times, February 6, 1914.
________ 1945, First atomic bomb dropped on Japan—Missile is equal to 20,000 tons of TNT—Truman warns foe of a
“Rain of Ruin” [front page headline]: New York Times, August 7, 1945.
NobelPrize.org, 2021, The Nobel Prize fact sheet: NobelPrize.org, https://www.nobelprize.org/prizes/facts/nobel-prize-facts/,
accessed June 23, 2021.
Parsons, C. L., 1913, Our radium resources: Journal of Industrial and Engineering Chemistry, v. 5, p. 943–946.
Parsons, C. L., Moore, R. B., Lind, S. C., and Schaefer, O. C., 1915, Extraction and recovery of radium, uranium, and
vanadium from carnotite: U.S. Bureau of Mines Bulletin 104, 124 p.
Rabbitt, M. C., and Nelson, C. M., 2015, Minerals, lands, and geology for the common defence and general welfare—
Volume 4, 1939–1961: U.S. Geological Survey, 704 p. (DOI 10.3133/70142267), online at
pubs.er.usgs.gov/publication/70140202, accessed May 14, 2020.
Robison, R. F., 2015, Mining and selling radium and uranium: New York, Springer, 265 p.
Rodda, J. L., 1985, Letter to the editor: [Allentown] Sunday Call-Chronicle, March 17, 1985.
Sevon, W. D., Rose, A. W., Smith, R. C., II, and Hoff, D. T., 1978, Uranium in Carbon, Lycoming, Sullivan, and Columbia
Counties, Pennsylvania: Annual Field Conference of Pennsylvania Geologists, 43rd, Hazleton, Pa., Guidebook, 99 p.
Smith, R. C., II, and Barnes, J. H., 2014, Geology and mineralogy of uranium and thorium in the Reading Prong of Berks,
Lehigh, and Northampton Counties, Pennsylvania: Pennsylvania Geological Survey, 4th ser., Mineral Resource Report
97, 177 p.

Page 19 of 35

Pennsylvania Geology

Summer 2021

Smith, R. C., II, and Hoff, D. T., 1984, Geology and mineralogy of copper-uranium occurrences in the Picture Rocks and
Sonestown quadrangles, Lycoming and Sullivan Counties, Pennsylvania: Pennsylvania Geological Survey, 4th ser.,
Mineral Resource Report 80, 271 p.
Sterling, Jack, 2013, Who was who in Mauch Chunk—Dr. Erwin and his castle: Rootsweb, online at
freepages.rootsweb.com/~carbdat/genealogy/whowho/erwin2.htm, accessed January 31, 2020.
Strack, Don, 2019, Union Pacific Corp. subsidiaries: online at utahrails.net/up/up-corp-subsidiaries.php, accessed February
15, 2020.
U.S. Department of Energy, Office of Legacy Management, 1951, Formerly Utilized Sites Remedial Action Program,
Palmerton ore buying site PA.33, documents PA.33–1, 2, 3, 4, 5, and 6: available at
www.lm.doe.gov/Considered_Sites/Palmerton_Ore_Buying_Site_-_PA_33.aspx, July 13, 1951, Butler, Jr., to Conant
letter in PA.33–1, accessed February 16, 2020.9
________ 1952, Formerly Utilized Sites Remedial Action Program, Palmerton ore buying site PA.33, documents PA.33–1, 2,
3, 4, 5, and 6: available at www.lm.doe.gov/Considered_Sites/Palmerton_Ore_Buying_Site_-_PA_33.aspx, April 28,
1952, Edmonds to Merritt memorandum in PA.33–1, accessed February 16, 2020.9
________ 1953a, Formerly Utilized Sites Remedial Action Program, Palmerton ore buying site PA.33, documents PA.33–1,
2, 3, 4, 5, and 6: available at www.lm.doe.gov/Considered_Sites/Palmerton_Ore_Buying_Site_-_PA_33.aspx, March 2,
1953, Conant to Merritt letter in PA.33–1, accessed February 16, 2020.9
________ 1953b, Formerly Utilized Sites Remedial Action Program, Palmerton ore buying site PA.33, documents PA.33–1,
2, 3, 4, 5, and 6: available at www.lm.doe.gov/Considered_Sites/Palmerton_Ore_Buying_Site_-_PA_33.aspx, March 15,
1953, Gillingham to Johnson, memorandum in PA.33–1, accessed February 16, 2020.9
________ 1973, Formerly Utilized Sites Remedial Action Program, Palmerton ore buying site PA.33, documents PA.33–1, 2,
3, 4, 5, and 6, available at www.lm.doe.gov/Considered_Sites/Palmerton_Ore_Buying_Site_-_PA_33.aspx, August 28,
1973, Gabelman to files, memorandum in PA.33–2, accessed February 16, 2020.9
________ 1986a, Formerly Utilized Sites Remedial Action Program, Palmerton ore buying site PA.33, documents PA.33–1,
2, 3, 4, 5, and 6 available at www.lm.doe.gov/Considered_Sites/Palmerton_Ore_Buying_Site_-_PA_33.aspx, January 3,
1986a, Whitman to Bibb, memorandum, p. 1 of Attachment 1, in PA.33–1, accessed February 16, 2020.9
________ 1986b, Formerly Utilized Sites Remedial Action Program, Palmerton ore buying site PA.33, documents PA.33–1,
2, 3, 4, 5, and 6 available at www.lm.doe.gov/Considered_Sites/Palmerton_Ore_Buying_Site_-_PA_33.aspx, January 3,
1986b, Whitman to Bibb, memorandum, p. 4 of Attachment 1, in PA.33–1, accessed February 16, 2020.9
U.S. Department of Energy, Office of Environmental Management, 1997, Linking legacies—Connecting the cold war nuclear
weapons production processes to their environmental consequences: online at
archive.org/details/linkinglegaciesc00unit/mode/2up, accessed March 6, 2020.
U.S. Environmental Protection Agency, 1995, Extraction and beneficiation of ores and minerals, v. 5, Uranium: U.S.
Environmental Protection Agency, Office of Solid Waste, Technical Resource Document EPA 530–R–94–032/NTIS
PB–94–2008987.
U.S. House of Representatives, 1914, Radium: Hearing before the Committee on Mines and Mining, 63rd Congress, 2nd
session, February 3, 1914.
U.S. Senate, 1914, Radium: Hearing before the Committee on Mines and Mining, S. 4405, 63rd Congress, 2nd session,
February 10–24, 1914.
Viol, C. H., 1919, There is no radium shortage: Radium, v. 13, no. 1, p. 6–10.
________ 1921, The story of Mme. Curie’s gram of radium: Radium, v. 17, no. 3, p. 37–52.
Washington Post, 1913a, Radium ore is found near Mauch Chunk: Washington Post, December 28, 1913.
9

The Formerly Utilized Sites Remedial Action Program’s (FUSRAP’s) evaluation of the Palmerton stockpile site
(www.lm.doe.gov/Considered_Sites/Palmerton_Ore_Buying_Site_-_PA_33.aspx) consists of three letters, two reports, and
one memorandum, PA.33–1 through PA.33–6, each having its own URL. Several of the documents contain historical letters
and memoranda. Not all documents were paginated. Therefore, cited material is referenced by type (letter, memorandum
[and attachments, if any], or report), date, and the specific FUSRAP document containing the material.
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Washington Post, 1913b, Radium helps him: Washington Post, December 28, 1913.
Wherry, E. T., 1907, Radium in Pennsylvania: The Mineral Collector, v. 14, no. 2, p. 17–20, online at
babel.hathitrust.org/cgi/pt?id=umn.31951d00635696f&view=1up&seq=12, accessed May 10, 2020.
________ 1908, Radioactive minerals found in Pennsylvania and their effect on the photographic plate: Journal of the
Franklin Institute, v. 165, no. 1, p. 59–78.
________ 1909, A new occurrence of carnotite: Science, New Series, v. 29, no. 749, p. 751.
________ 1912, A new occurrence of carnotite: American Journal of Science, ser. 4, v. 33, no. 198, p. 574–580.
________ 1914, Carnotite near Mauch Chunk, Pennsylvania, in Ransome, F. L., and Gale, H. S., Contributions to economic
geology, 1913, Part I, Metals and nonmetals except fuels: U.S. Geological Survey Bulletin 580–H,
p. 147–151, online at https://pubs.usgs.gov/bul/0580h/report.pdf, accessed April 13, 2021.
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Break Open the New PaGEODE
Caron E. Pawlicki
Pennsylvania Geological Survey
WHAT IS IT?
PaGEODE, which stands for “Pennsylvania GEOlogic Data Exploration,” evokes the wonder of
breaking open a geode to find hidden crystals. Similarly, this online interactive map of Pennsylvania
allows visitors to view, search, and download treasures of geologic publications and data. One can
access PaGEODE at https://maps.dcnr.pa.gov/pageode (Figure 1).

Figure 1. Opening view of PaGEODE.

The beauty of a web map application is the ability to search for an item by location. There are
currently 939 geologic reports (most published by the Fourth Pennsylvania Geological Survey) and
many data layers to explore on PaGEODE. But for those explorers who have visited our app before, you
may have noticed recent changes.
WHAT’S NEW?
PaGEODE launched in January 2014 as a Flex application that ran on Adobe Flash Player. Adobe
stopped supporting Flash Player on December 31, 2020. Fortunately, they gave plenty of warning, and
our team of IT professionals in the Pennsylvania Office of Administration worked up a new version of
the app using modern JavaScript. This new version was released on December 30, 2020.
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An important advantage to using modern JavaScript for PaGEODE programming is that it is
mobile-device friendly. The technology works on modern browsers and devices. This means that if your
Internet browser or mobile-device operating system is out of date, it may not behave as intended. For
instance, the application will not work in Internet Explorer, but it will work on the latest versions of
Microsoft Edge, Google Chrome, Mozilla Firefox, or Apple Safari.
In addition to updated technology, the application incorporates a new intuitive user interface and an
expanded choice of base maps. You can turn data on or off from the Layers menu in the left sidebar.
These data layers include the following:

• Surficial Geology—Glacial geology for large parts of northeastern Pennsylvania. Consists of

glacial geologic units and features (e.g., eskers and striations), most of which were compiled by
reconnaissance work at 1:24,000 scale. This layer also includes the Wisconsinan glacial boundary,
which marks the southern extent of late Wisconsinan glaciation in Pennsylvania.

• Bedrock Geology—Bedrock geology for the entire state at 1:250,000 scale. Includes geologic
contacts, folds, faults, dikes, geologic units, and unit labels. This layer comes from a dataset
released by the bureau in 2001. That dataset was based on the 1980 state geologic map.

• Physiography—Physiographic sections and provinces for the entire state.
• Trail of Geology—Point locations for the state (and one county) parks, several geologic trails

(land and water), and many outstanding geologic features described in our popular Trail of
Geology series. Results of clicking on a point include a link to a web page that provides a short
description and download option for the publication.

• Coal Distribution—Areas and names of the bituminous and anthracite coal fields found in
Pennsylvania.

• Oil and Gas Pools—Areas of oil and gas pools in the state as of December 2011. Information

includes pool name, field name, year of discovery, number of wells in the pool, and producing
units.

• Earthquakes—Point locations of recorded earthquakes that occurred between 1724 and 2003

within Pennsylvania and in nearby areas. Data include the date of the earthquake, the magnitude,
and the number of events.

• Karst Features—Mapped sinkholes and surface depressions across central and southeastern
Pennsylvania.

• Other Layers—This category contains 7.5-minute quadrangle, county, and state boundaries for
Pennsylvania, plus it has point locations for the maximum elevation (in feet) of each county.

HOW DO I FIND INFORMATION?
Clicking anywhere on the map will provide information about the visible layers at that location. The
information is presented under the “Identify Results” section of the left sidebar. If multiple features are
turned on, multiple results will be returned.
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In addition to information about the geologic data layers, a new feature called “Quick ID” returns
basic location information—latitude, longitude, county, municipality, zip code, and quadrangle—at the
top of the “Identify Results” section (Figure 2). This information will come in automatically no matter
what layers are turned on.

Figure 2. Information given under “Identify Results” for a selected point from the Trail of Geology layer with the Bedrock
Geology-Geologic Units layer also turned on. Notice the locational information at the top of the return. To see the
description of the underlying geologic unit, the arrow beside the “Geologic Units’’ label would have to be clicked. Doing so
will turn off the description for the Trail of Geology point.

HOW DO I DOWNLOAD DATA?
The new PaGEODE application does not allow direct extraction of GIS data for download; instead,
all users wishing to download GIS data are directed to the authoritative DCNR open-data website at
https://newdata-dcnr.opendata.arcgis.com/. Here, individual geologic layers from the state can be
downloaded as CSV, KML, Shapefile, or GeoJSON files.
Search tools within PaGEODE can be used to search bedrock geology, surficial geology, and
publications. The results of a search appear in a table on the screen, and users can export the tabular data
to a CSV file. Table columns can be sorted alphabetically (up or down) or hidden.
For those who use PaGEODE to find and download publications, you will discover that the search
engine is fast. In the FLEX version of the app, searches were limited to three publication series at a time
because of a slower speed. Now you can search as many series as desired (even all at once) and get a
table of results in a matter of seconds (Figure 3).
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Figure 3. A search on all Fourth Series
publications of the Pennsylvania
Geological Survey in an area in northcentral Pennsylvania returned 249
records. One of those records was ES 7,
Coal in Pennsylvania. Selecting that
record in the “Publication Extents” table
highlighted its extent on the map (top
figure). Clicking “Open Link” in the
table opened the landing page (shown on
the left) for the publication. The
publication landing page gives a brief
description of the report and a download
link.
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CAN I PROVIDE FEEDBACK?
We want to hear from you! The new
PaGEODE has a “Feedback” button at the
bottom of the window. This will open a
dialogue where you can select an emoticon
that expresses your overall opinion and add a
comment or suggestion (Figure 4).
So, explore PaGEODE on your desktop
computer and test it out on your tablet or cell
phone. Then let us know what you think. We’ll
listen, and we’ll work on making it even better.

Figure 4. The “Feedback” dialogue window in PaGEODE.
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BUREAU NEWS

Re-Engaging With Carbon Capture Utilization and Storage
Kristin M. Carter, Assistant State Geologist
Pennsylvania Geological Survey
The Bureau of Geological Survey is pleased to announce a new web page
(https://www.dcnr.pa.gov/Conservation/ClimateChange/CarbonCaptureStorage/Pages/default.aspx) that
reintroduces citizens to the topic of carbon capture utilization and storage (otherwise referred to as
CCUS). We define the components of CCUS, explain why it is necessary for mitigating climate change,
and provide several links to state and regional efforts designed to reduce our carbon footprint.

WHY CCUS?
It is important to emphasize that mitigating climate change requires a portfolio of technologies and
approaches to reduce and eventually eliminate carbon emissions from power, industry, and other
economic sectors. No one solution is going to singlehandedly get us to net-zero carbon emissions.
Carbon storage is a vital component of this effort due to the large storage volumes it can offer
relative to other climate mitigation strategies, and because it will be essential for large industrial and
manufacturing emitters that cannot decarbonize simply by fuel switching.
CCUS is an “and” proposition, rather than an “either/or” decision that must be made. CCUS
provides an opportunity to meet Pennsylvania’s environmental and energy needs while supporting and
growing our economy.
WHAT DO WE KNOW ABOUT CCUS?
The regional initiatives and reports identified on the CCUS web page
(https://www.dcnr.pa.gov/Conservation/ClimateChange/CarbonCaptureStorage/Pages/default.aspx)
support and have been informed by many other peer-reviewed publications and work products generated
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by bureau staff and collaborators over the past couple of decades. A listing of these publications is
provided below, ordered by year of publication so that readers can see the progression in advancement
of the science and level of detail proffered by our body of work.
2005 Characterization of geologic sequestration opportunities in the MRCSP Region—Phase I Task Report,
Wickstrom, L. H., Venteris, E. R., Harper, J. A., and others; Prepared by Ohio Division of Geological Survey under
subcontract to Battelle Memorial Institute, DOE Cooperative Agreement No. DE–PS26–05NT42255, 152 p.
2007 Petrologic and petrophysical evaluation of the Middle Devonian/Middle Silurian potential CO2 sequestration
reservoirs in the central Appalachian basin [abs.], Laughrey, C. D., Kostelnik, Jaime, Carter, K. M., and Harper,
J. A.; American Association of Petroleum Geologists Eastern Section Meeting, Lexington, Ky., Abstracts with
Programs, p. 42–43.
2008 Summit gas field, Fayette County, Pennsylvania—Evaluation of deep saline carbon sequestration opportunities
in the Appalachian basin [abs.], Carter, K. M., and Kostelnik, Jaime; American Association of Petroleum Geologists
Eastern Section Meeting, Pittsburgh, Pa., Abstracts with Programs, p. 34–35.
2009 Unraveling the stratigraphy of the Oriskany Sandstone—A necessity in assessing its site-specific carbon
sequestration potential, Kostelnik, Jaime, and Carter, K. M.; Environmental Geosciences, v. 16, no. 4, p. 187–200.
Characterization of the Helderberg Group as a geologic seal for CO2 sequestration, Lewis, J. E., McDowell,
R. R., Avary, K. L., and Carter, K. M.; Environmental Geosciences, v. 16, no. 4, p. 201–210.
Assessing spatial uncertainty in reservoir characterization for carbon sequestration planning using public welllog data—A case study, Venteris, E. V., and Carter, K. M.; Environmental Geosciences, v. 16, no. 4, p. 211–234.
2010 Characterization of geologic sequestration opportunities in the MRCSP Region—Middle Devonian-Middle
Silurian formations, Carter, K. M., Kostelnik, Jaime, Laughrey, C. D., and others; Phase II Topical Report, DOE
Cooperative Agreement No. DE–FC26–05NT42589, OCDO Grant Agreement No. DC–05–13, 350 p.
Storing and using CO2 for enhanced coalbed methane recovery in unmineable coal beds of the Northern
Appalachian basin and parts of the Central Appalachian basin, Greb, S. F., Eble, C. F., Slucher, E. R., and others;
Phase II Topical Report, DOE Cooperative Agreement No. DE–FC26–05NT42589, OCDO Grant Agreement No.
DC–05–13, 42 p.
A regional characterization and assessment of geologic carbon sequestration opportunities in the Upper
Cambrian Mount Simon Sandstone in the Midwest Region, Medina, C. R., Rupp, J. A., Avary, K. L., and others;
Phase II Topical Report, DOE Cooperative Agreement No. DE–FC26-05NT42589, OCDO Grant Agreement No.
DC–05–13, 32 p.
Evaluation of CO2-enhanced oil recovery and sequestration opportunities in oil and gas fields in the MRCSP
region, Riley, R. A., Harper, J. A., and others; Phase II Topical Report, DOE Cooperative Agreement No.
DE–FC26–05NT42589, OCDO Grant Agreement No. DC–05–13, 177 p.
2012 Comparative analysis of carbon dioxide storage resource assessment methodologies, Popova, O. H., Small, M. J.,
McCoy, S. T., and others; Environmental Geosciences, v. 19, no. 3, p. 105–124.
2013 Washington-Taylorstown field as a microcosm of the oil and gas industry in Pennsylvania [abs.], Carter, K. M.;
American Association of Petroleum Geologists Annual Convention and Exhibition, Pittsburgh, Pa., Abstracts with
Programs, no. 1555655.
2014 Using geophysical and remote sensing techniques to evaluate deep geologic formations in Indiana County,
Pennsylvania—Geologic structure from 2D seismic data, Carter, K. M., Schmid, K. W., Harbert, William, and
Parrish, J. B.; Pennsylvania Geological Survey, 4th ser., Open-File Report OFOG 14–01.0, 8 p.
Development of geostatistical models to estimate CO2 storage resource in sedimentary geologic formations,
Popova, O. H.; Pittsburgh, Carnegie Mellon University, Ph.D. thesis, 128 p.
Spatial stochastic modeling of sedimentary formations to assess CO2 storage potential, Popova, O. H., Small,
M. J., McCoy, S. T., and others; Environmental Science and Technology, v. 48, no. 11, p. 6247–6255,
https://doi.org/10.1021/es501931r.
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2015 Using geophysical and remote sensing techniques to evaluate deep geologic formations in Indiana County,
Pennsylvania—Well data, Carter, K. M.; Pennsylvania Geological Survey, 4th ser., Open-File Report OFOG 15–
03.0, 5 p.
Oil and gas fields and pools of Pennsylvania—1859–2011, Carter, K. M., Moore, M. E., Harper, J. A., and others;
Pennsylvania Geological Survey, 4th ser., Open-File Report OFOG 15–01.3, 10 p.
Reservoir quality of the Marcellus shale play in the Hill Unit 2H and 3H wells—Determining mineralogical and
lithological properties, Opsitnick, A. O.; Meadville, Pa., Allegheny College, B.S. thesis, 99 p.
Using geophysical and remote sensing techniques to evaluate deep geologic formations in Indiana County,
Pennsylvania—Raw 2D seismic data, Schmid, K. W.; Pennsylvania Geological Survey, 4th ser., Open-File Report
OFOG 14–02.0, 5 p.
Using geophysical and remote sensing techniques to evaluate deep geologic formations in Indiana County,
Pennsylvania—Processed 2D seismic data, Schmid, K. W.; Pennsylvania Geological Survey, 4th ser., Open-File
Report OFOG 15–02.0, 5 p.
2016 Gamma-ray and mineralogy characteristics of the Lower Silurian Medina Group, Pennsylvania and New York,
Bourne, C. G.; Meadville, Pa., Allegheny College, B.S. thesis, 76 p.
2017 Mid-Atlantic U.S. offshore carbon storage resource assessment, Cumming, Lydia, Gupta, Neeraj, Miller, Kenneth,
and others; Energy Procedia, v. 114, p. 4629–4636, https://doi.org/10.1016/j.egypro.2017.03.1590.
Correlation of Middle and Upper Devonian shales in the Marcellus-producing regions of Pennsylvania [abs.],
Harper, J. A., Anthony, R. V., Carter, K. M., and others; Joint 52nd Northeastern Annual Section/51st North-Central
Annual Section Meeting, Geological Society of America Abstracts with Programs, v. 49, no. 2,
https://gsa.confex.com/gsa/2017NE/webprogram/Paper289852.html.
Reservoir characterization of the Mines and Upper Sandy members of the Upper Cambrian Gatesburg
Formation in Conneaut field, Crawford and Erie Counties, Pennsylvania, McCoy, C. T.; Meadville, Pa.,
Allegheny College, B.S. thesis, 43 p.
2018 Cross-section framework for visualizing carbon capture utilization and storage potential in the Ohio-West
Virginia-Pennsylvania portion of the Appalachian basin [abs.], Anthony, R. V.; American Association of Petroleum
Geologists Eastern Section Meeting, Pittsburgh, Pa., Abstracts with Programs, p. 3–4.
Performing carbon storage resource assessments for offshore Mid-Atlantic United States, Cumming, Lydia,
Fukai, Isis, Burchwell, Andrew, and others; International Conference on Greenhouse Gas Control Technologies, 14th,
GHGT–14, Melbourne, Australia, 5 p.
Regional cross section beneath the Ohio River valley for carbon storage evaluation [abs.], Greb, S. F., Sparks,
T. N., Solis, M. P., and others; American Association of Petroleum Geologists Eastern Section Meeting, Pittsburgh,
Pa., Abstracts with Programs, p. 15.
Mid-Atlantic U.S. offshore carbon storage resource assessment, Gupta, Neeraj; Mastering the Subsurface Through
Technology Innovation, Partnerships and Collaboration—Carbon Storage and Oil and Natural Gas Technologies
Review Meeting, Pittsburgh, Pa.
Leveraging a legacy sample and data collection for carbon storage resource assessment, KunleDare, M. A., and
McLaughlin, P. P.; American Association of Petroleum Geologists Annual Convention and Exhibition, Salt Lake City,
Utah, AAPG Datapages/Search and Discovery Article no. 90323 (2018).
Reservoir characterization of the Gantz and Gordon sandstones, Linden field, North Strabane Township,
Washington County, Pennsylvania, Remis, Abigail; Meadville, Pa., Allegheny College, B.S. thesis, 47 p.
2019 Integrated geologic analysis of East Canton Consolidated Field (Ohio) for CO2–EOR, Anthony, R. V.; American
Association of Petroleum Geologists Eastern Section Meeting, Columbus Ohio, AAPG Datapages/Search and
Discovery Article no. 90373 (2019).
Subsurface lithostratigraphy of the oil- and gas-producing regions of Pennsylvania, Carter, K. M.; Pennsylvania
Geological Survey, 4th ser., Open-File Report OFOG 19–01.1, 5 p.
CCUS opportunities in southwestern Pennsylvania oil fields—Case studies from the Midwest Regional Carbon
Sequestration Partnership, Carter, K. M., Dunst, B. J., Anthony, R. V., and Schmid, K. W.; American Association of
Petroleum Geologists Eastern Section Meeting, Columbus, Ohio, AAPG Datapages/Search and Discovery Article no.
80730 (2020).
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2019 A retrospective accounting of the Midwest Regional Carbon Sequestration Partnership’s technical
achievements and contributions, Carter, K. M., and Gupta, Neeraj; American Association of Petroleum Geologists
Eastern Section Meeting, Columbus, Ohio: AAPG Datapages/Search and Discovery Article no. 80729 (2020).
Enhanced oil recovery potential in four northern Appalachian basin fields, Dunst, B. J., Schmid, K. W., Anthony,
R. V., and Carter, K. M.; American Association of Petroleum Geologists Eastern Section Meeting, Columbus, Ohio,
AAPG Datapages/Search and Discovery Article no. 90373 (2019).
An overview of the MRCSP petroleum fields 2018 database release, Lewis, J. E., Carter, K. M., Dinterman, Phillip,
and others; American Association of Petroleum Geologists Annual Convention and Exhibition, San Antonio, Tex.,
Abstracts with Programs [invited].
2020 Regional geology capstone report for the Midwestern Regional Carbon Sequestration Partnership, Carter,
Kristin, Dinterman, Philip, Harrison, William, and others; Phase III Topical Report, DOE Cooperative Agreement No.
DE–FC26–05NT42589, 54 p.
Enhanced recovery opportunities in the Appalachian basin, Carter, K. M., Moore, J. P., Lewis, J. E., and others;
Phase III Topical Report, DOE Cooperative Agreement No. DE–FC26–05NT42589, 356 p.
Regional geologic cross sections for potential storage and containment zones in the MRCSP region, Dinterman,
Philip, Greb, S. F., Lewis, E. J., and others; Phase III Topical Report, DOE Cooperative Agreement No.
DE–FC26–05NT42589, 57 p.

WHAT’S NEXT?
The Bureau of Geological Survey continues to conduct applied research focused on proving and
promoting geologic carbon-storage resources in Pennsylvania and neighboring states.
The bureau leads an interagency CCUS work group comprised of representatives of the
Department of Conservation and Natural Resources, the Department of Community and
Economic Development, and the Department of Environmental Protection. Established by the
Wolf administration in October 2019, this group is exploring approaches we can take to
support practical CCUS projects as they emerge in the commonwealth. We are committed to facilitating
responsible land use and site-development practices, along with viable carbon capture and storage
technologies, to shepherd carbon storage activities at every scale of operation.
The bureau is evaluating regional geologic and transport infrastructure
opportunities pertaining to CCUS as part of the Midwest Regional Carbon
Initiative (MRCI) (https://www.midwestccus.org). The MRCI region includes
20 states (from New England to the Midwest) and spans multiple storage
provinces and plays, including the Michigan basin, Illinois basin, Appalachian basin, Atlantic coast, and
Mid-Atlantic U.S. offshore.
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BUREAU NEWS

New Staff Member
Ty C. Johnson. The newest staff geologist at the Pennsylvania
Geological Survey is Ty C. Johnson. He graduated in August 2008
from the University of Arkansas at Fayetteville with an M.S. degree
and also holds a B.S. degree in geology from the same institution.
Ty’s geologic experience includes 8.5 years working at the Arkansas
Geological Survey as a mapping geologist and geohazards
specialist. Recently, he was briefly employed in Pennsylvania as a
Principal Geologist with Groundwater and Environmental Services,
Inc., providing environmental oversight, before accepting the
position here. Ty started working at the bureau at the beginning of
April 2021 in the Groundwater and Environmental Geology Section.
As part of his duties as a surficial geologist, one of Ty’s initial
assignments will be providing updated digital geology data for Pike
County, part of the bureau’s work that is funded through the U.S.
Geological Survey STATEMAP grant program. Ty will also be
mapping the thickness of glacial deposits in the East Palestine, New
Galilee, and Beaver Falls 7.5-minute quadrangles as part of work
that is funded by a grant from the Great Lakes Geologic Mapping
Coalition.

RECENT PUBLICATIONS
Trail of Geology (April 2021)
• Outstanding geologic feature of Pennsylvania—Turtlehead Rock Bog, Fayette County (PDF)

• Outstanding geologic feature of Pennsylvania—Castle Keeps of the Loyalhanna, Clinton County
(PDF)

Open-File Miscellaneous Investigations (April 2021)
• Geohydrologic and water-quality characterization of a fractured-bedrock test hole in an area of
Marcellus Shale gas development, Sullivan County, Pennsylvania (ZIP)

• Water depth of Whipple lake—Whipple Dam State Park, Huntingdon County, Pennsylvania (ZIP)
Progress Reports (March 2021)
• Bedrock-topographic and drift-thickness map of the Slippery Rock 7.5-minute quadrangle, Butler,
Lawrence, and Mercer Counties, Pennsylvania (ZIP)

• Pennsylvania hydrography dataset—The Pennsylvania Geological Survey’s process for generating
flowpaths (ZIP)

General Geology Report (March 2021)
• Petrogenesis and interactions of serpentinites intruded by pegmatite dikes, Unionville Serpentine
Barrens, Chester County, Pennsylvania (ZIP)
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A Look Back in Time

An old copper and uranium prospect in Columbia County. Photograph taken in 1956 by former
bureau geologist and longtime Chief of the Environmental Geology Division, Alan Geyer.
To see more photographs from the bureau’s archives, please visit the library’s Historical
Photographs collection page.
—Jody Smale, Librarian
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Calling All Authors
Articles pertaining to the geology of Pennsylvania are enthusiastically invited.
Pennsylvania Geology is a journal intended for a wide audience, primarily within Pennsylvania, but
including many out-of-state readers interested in Pennsylvania’s geology, topography, and associated
earth science topics. Authors should keep this type of audience in mind when preparing articles.
Feature Articles: All feature articles should be timely, lively, interesting, and well illustrated. The
length of a feature article is ideally 5 to 7 pages, including illustrations. Line drawings should be
submitted as jpg files. Ensure that black and white drawings are not saved as color images.
Articles should be submitted as Microsoft Word files. Feature articles will be reviewed by at least
one bureau staff member. It is the author’s responsibility to obtain approval for use of any illustrations
that are copyrighted, including those taken from the Internet.
Earth Science Teachers’ Corner: Articles pertaining to available educational materials, classroom
exercises, book reviews, and other geologic topics of interest to earth science educators should be 1 to 2
pages in length and should include illustrations where possible.
Announcements: Announcements of major meetings and conferences pertaining to the geology of
Pennsylvania, significant awards received by Pennsylvania geologists, and other pertinent news items
may be published in each issue. These announcements should be as brief as possible.
Photographs: Photographs should be submitted as separate files and not embedded in the text of
the article. Please ensure that photographs as submitted are less than 10 inches wide in Photoshop or
equivalent. Also ensure that black and white photographs are not saved as color images.
Submittal: Authors may send their article and illustrations as
email attachments to RA-pageology@state.pa.us if the file sizes are
less than 6 MB. For larger sizes, please submit the files on CD–ROM
to the address given below. All submittals should include the author’s
name, mailing address, telephone number, email address, and the date
of submittal.
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This old house (now a business) was built with a
serpentinite facade (see article on page 14). It is located
at the corner of Clay and North Duke streets in
Lancaster and was built in 1890.
— Photograph by Stephen Shank
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