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Seismic reflection surveying is directly comparable to ultrasonography
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SEISMIC REFLECTION SURVEYING 

The very first seismic reflection profile acquired in 1921 by Karcher et
identified a dipping reflecting boundary between two rock layers, the Sylvan
shale and the Viola limestone, Oklahoma, USA.
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SEISMIC REFLECTION SURVEYING 

Seismic methods have revolutionized our understanding of the Earth, and fundamentally transformed

resource exploration and hazard assessment over the past 100 years. Building on his experience

acoustics during World War I, John Clarence Karcher and a team of OU faculty in 1921 first pioneered

technology of using sound energy to record reflections from the subsurface with a series of experiments

Isle and Vines Brach, Oklahoma. These pioneering efforts quickly were applied to exploration

gas in Oklahoma and surrounding regions, and subsequently were employed in basic research

advance our understanding of the oceans, continents, and the theory of plate tectonics” (Prof. J. H. Knapp

Boone Pickens School of Geology, OSU)



SEISMIC REFLECTION SURVEYING 

KRAKÓW
Carpathian front imaged on seismic

reflection data in vicinity of Pilzno 

(Krzywiec et al., 2014)



SEISMIC REFLECTION SURVEYING 

Incised valley filled by clastic deposits imaged on shallow high-
resolution seismic profile, Canada (Sharma, 1997).
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Incised valley filled by clastic deposits imaged on shallow high-
resolution seismic profile, Canada (Sharma, 1997).



TALK OUTLINE

48 INHIGEO SYMPOSIUM, KRAKÓW, POLAND, 31.07-04.08.2023

1. SHORT INTRO TO SEISMIC REFLECTION SURVEYING

2. NORTHERN CARPATHIANS

• geological background

• history of petroleum industry

3. SEISMIC EXPLORATION IN THE NORTHERN

CARPATHIANS - GREAT START AND GREAT

ACHIEVEMENTS

4. SUMMARY



TALK OUTLINE

1. NORTHERN CARPATHIANS

• geological background

• history of petroleum industry

2. SEISMIC EXPLORATION IN THE NORTHERN

CARPATHIANS - GREAT START AND GREAT

ACHIEVEMENTS

3. SUMMARY

48 INHIGEO SYMPOSIUM, KRAKÓW, POLAND, 31.07-04.08.2023



N CARPATHIANS – GEOLOGICAL BACKGROUND

The Alpine-Carpathian orogenic system and its foreland
(from Oszczypko et al., 2006, AAPG Memoir 84)



N CARPATHIANS – GEOLOGICAL BACKGROUND

and gas fields are located within the Outer Carpathian FTB and its foreland basin

Cretaceous – Paleogene Outer Carpathian thrust sheets (nappes) are predominantly built of the deep water turbidites.

Fine-grained clastics, rich in organic matter form source rocks, coarse grained sandstones form good-quality reservoirs

Traps are mostly structural, related to various folds formed during emplacement of the Carpathian FTB

Miocene foreland basin is rich in acummulations of biogenic gas hosted by gently anticlines developed above basement

(Ślączka et al., 2006, AAPG Memoir 84
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N CARPATHIANS – GEOLOGICAL BACKGROUND

(Kuźniar et al., 1926)
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N CARPATHIANS – HISTORY OF PETROLEUM INDUSTRY
First accounts of liquid hydrocarbons (surface oil seeps) in the Carpathians and their
practical use have been published in 16th century in medical books on herbs,
often contained also information about other natural substances such as minerals
etc.
Comprehensive descriptions of surface oil seeps and related phenomena has been
given by Gabriel Rz ączyński (1664 - 1737), Polish Jesuit, that published two books
on „natural history” of the Polish territories and their surroundings: „Historia Naturalis
Curiosa Regni Poloniae” (1721) and „Auctuarium Historiae Naturalis Regni
Poloniae” (1742)
Stanisław Staszic (1755 – 1826), Polish priest, philosopher, statesman, geologist,
scholar, poet and writer, a leader of the Polish Enlightenment, marked different types
of hydrocarbons on his seminal geological map „Carta Geologica totus Poloniae
Moldaviae, Transylvaniae, Hungariae et Valachiae” (1815) and provided description
of natural oil seeps in the Carpathians, including early methods of oil exploitation,
using shovels and hand-digged trenches, in his book „O Ziemiorództwie Karpatów
1815)



N CARPATHIANS – HISTORY OF PETROLEUM INDUSTRY

Ignacy Łukasiewicz (1822–1882) was a Polish pharmacist and
pioneer of petroleum industry. In 1852 Łukasiewicz graduated
from the faculty of pharmacy of the University of Vienna.
Łukasiewicz had long been interested in the potential of seep oil

a cheap alternative to the more expensive whale oil. In 1853
Łukasiewicz, together with Jan Zeh, distilled clear kerosene
from seep oil. On July 31, 1853, Łukasiewicz made one of his
kerosene lamps available to a local hospital to illuminate an
emergency surgical operation.

early 1854 Łukasiewicz moved to Gorlice, where he set up many companies
together with local entrepreneurs and landowners. That same year, he opened the
"mine" at Bóbrka near Krosno. In 1856 in Ulaszowice near Jasło he opened one
the first industrial oil refineries in the world. This marked start of oil exloration in

-called western oil district in the Northern Carpathians



N CARPATHIANS – HISTORY OF PETROLEUM INDUSTRY
Second phase of development of modern oil industry in the Northern Carpathians
associated with the completion in 1896 in Borysław area a very successful well
Potoku” that yielded daily production in range of 40 tonnes of crude oil.
This discovery well was outshined by further wells drilled in this part of
Carpathians such as „Wilno” well drilled in 1902 that produced up to 400 tonnes
crude oil per day, „Litwa” well that produced up to 800 tonnes per day, or famous
„Oil City” well drilled in 1908 with production that peaked around 2500 tonnes
day. All those discoveries shifted gross production into the eastern oil district
the Northern Carpathians
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Borysław area, pioneering

seismic reflection studies

have been completed



SEISMIC EXPLORATION IN N CARPATHIANS – BEGINNINGS
1923: first seismic refraction survey was completed by „Seismos” company from Hannover in vicinity
Kraków, its goal, fully achieved, was to map Miocen salt deposits.
1928: state-controlled “Pionier” company based in Lwów was established, with the main goal
exploration for hydrocarbons in new areas and development of new, promising exploration techniques,
including geophysical surveying. Department of Geophysics was soon established, and Zygmunt
Mitera , Stanisław Wyrobek and Afrykan Kisłow were sent abroad in order to obtain necessary training

first-hand experience in modern geophysical exploration techniques.
1933: “Pionier” purchased 6-channel seismic reflection acquisition system from Seismograph Service
Company (USA).
1934: first seismic reflection survey acquired in Borysław area
1936: “Pionier” purchased another seismic reflection acquisition system from Heiland Research
Corporation
1936: production of geophones started in Poland in order to offset import of expensive geophysical
equipment from abroad
1937: extensive seismic data acquisition within the Carpathians and their foreland basin.
1938: Zygmunt Mitera and Stanisław Wyrobek left „Pionier” company and established their own private
geophysical company „Geotechnika” based in Przemyśl. They purchased 12-channel seismic reflection
acquisition system and started several ambitious exploration projects, not only in the Carpathians

in central Poland.
1939: all these very promising geophysical studies were abruptly terminated by World War II



SEISMIC EXPLORATION IN N CARPATHIANS – BEGINNINGS

Geophysics, 1936, 1(2): 257-270

Important paper devoted

problems of acquisition

interpretation of seismic

reflection data acquired

above complex fold

thrust structures with steeply

dipping beds



SEISMIC EXPLORATION IN N CARPATHIANS – BEGINNINGS

Carl August Heiland (1899- 1956), a pioneering geophysicist, was born in

Hamburg, Germany. He was educated at the universities of Heidelberg and

Hamburg, and received his PhD degree in 1923.

Following two years in the geodetic and geophysical instrument department of

Askania Werke in Berlin, he came to Houston as Askania's American

representative in 1925.

1926 he joined the faculty of the Colorado School of Mines, and in 1927 began the

formal course in geophysical prospecting to be given in the U. S. He remained as head of

Mines Department of Geophysics until 1948, i.e. untill his retirement.

1934, after several years of an association with Plains Exploration Company, Dr Heiland

funded Heiland Research Corporation.

Heiland published numerous technical papers as well as landmark textbook Geophysical

Exploration (1940). His society affiliations included Society of Exploration Geophysicists

Geological Society of America, American Association of Petroleum Geologists, American

Institute of Mining, Metallurgical and Petroleum Engineers, Society of Economic Geologists,

American Geophysical Union and the Seismological Society of America.



SEISMIC EXPLORATION IN N CARPATHIANS – BEGINNINGS

Annales Societatis

Geologorum Poloniae, 

1936, 12: 1-21

Geophysics, 1938, 3(3): 225-233
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THOSE WERE THE TIMS … ;-)
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SEISMIC EXPLORATION IN N CARPATHIANS – BEGINNINGS

Interpreted seismic profile of

very first pilot seismic reflection

survey acquired in vicinity

Borysław (Mitera, 1936)

SHOT 

POINTS

seismic field record



SEISMIC EXPLORATION IN N CARPATHIANS – BEGINNINGS

Seismic profile [left] and its geological interpretation [right]
from Bitków area (Mitera, 1936)



SEISMIC EXPLORATION IN N CARPATHIANS – BEGINNINGS
Przemysł Naftowy, 1938, 13(9), 221-224

Results of regional seismic reflection studies in the Carpathian foreland basin that mapped Miocene
evaporitic horizon and determined tectonic structure of its Miocene infill and older (Paleozoic – Mesozoic
basement (Wyrobek, 1938)
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SEISMIC EXPLORATION IN N CARPATHIANS – BEGINNINGS

Results of regional seismic reflection studies in the Carpathian foreland basin that mapped Miocene
evaporitic horizon and determined tectonic structure of its Miocene infill and older (Paleozoic – Mesozoic
basement (Wyrobek, 1938)

Modern seismic profile from 

the Carpathian foreland

basin



SEISMIC EXPLORATION IN N CARPATHIANS – BEGINNINGS

Stanisław 

Wyrobek

Afrykan

Kisłow

Zygmunt 

Mitera

Geophysicists at work - „Pionier” office in Lwów (Kisłow & Pawłowski 1987)



SEISMIC EXPLORATION IN N CARPATHIANS – BEGINNINGS
Zygmunt Mitera (1903 - 1940): in 1929 graduated from the Department

of Mining at the Academy of Mining & Metallurgy (AGH) in Kraków, and

then continued his studies in exploration geophysics in Germany,

Sweden, France, and, since 1931, at the Colorado School of Mines where

he obtained PhD degree in 1933; participated in field geophysical studies

in Texas and California, worked as first lecturer of exploration geophysics

at AGH in Kraków;
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Zygmunt Mitera (1903 - 1940): in 1929 graduated from the Department

of Mining at the Academy of Mining & Metallurgy (AGH) in Kraków, and

then continued his studies in exploration geophysics in Germany,

Sweden, France, and, since 1931, at the Colorado School of Mines where

he obtained PhD degree in 1933; participated in field geophysical studies

in Texas and California, worked as first lecturer of exploration geophysics

at AGH in Kraków;

1934 - 1939 was appointed as a head of „Pionier”’s

Department of Geophysics; in 1936 co-funded

„Geotechnika” company; in 1938 - 1939 worked as a

lecturer at the Jan Kazimierz University in Lwów. In

October 1939 Dr Mitera was imprisoned by the

Soviets and in 1940 murdered during the so-called

„Katyń Massacre”.

Zygmunt Mitera symbolic grave in Kraków



SEISMIC EXPLORATION IN N CARPATHIANS – BEGINNINGS
Stanisław Wyrobek (1903 - 1979): in 1921-29 studied at the Academy

Mining & Metallurgy (AGH) in Kraków, in 1933-1936 at the University

Strassburg in France. In 1932-33 he worked at the Polish Geological

Institute as field geophysicist, and from 1934 as a head of seismic crew

Pionier company; in 1938 co-funded „Geotechnika” company; during

WWII emigrated to the UK, where in 1945 he obtained PhD degree from

the University of St. Andrews (Scotland).



SEISMIC EXPLORATION IN N CARPATHIANS – BEGINNINGS
Since 1945 Dr Wyrobek worked for British Petroleum as a head of their

very first seismic crew; in 1950 he was appointed as head of seismic

interpretation group in BP Research Centre. In 1954 Dr Wyrobek moved

to BP headquarters in London where he organized central interpretation

office for overseas BP seismic projects; between others, his team located

first discovery wells of West Sole and Forties fields (North Sea). Other

seismic projects supervised by him were located in Italy, France, Germany,

Switzerland, Iran, Egypt, Tanganyka, Kenya and Senegal.

S. Wyrobek grave in London

P.E. Kent, 1967, Outline

geology of the Southern 

North Sea Basin. 

Proceedings of the 

Yorkshire Geological

Society, 36(1).
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SEISMIC EXPLORATION IN N CARPATHIANS – BEGINNINGS

Afrykan Kisłow (1908 - 1989): in 1934 graduated from the Academy

Mining & Metallurgy (AGH) in Kraków; since 1935 worked as

geophysicist for „Pionier” company, first as head of field seismic

crews, and since 1938 as head of Department of Geophysics; in 1938

studied exploration geophysics at the University of Strassburg

France.

During WWII he remained in Lwów – Borysław area and worked

field geophysicist for Soviet and German occupants.

In 1945 Kisłow moved to Jasło and then to Krosno in SE Poland in the

Carpathians, where he continued his work as geophysicist.

1950 Kisłow moved to Warsaw where he was appointed as a head of Department

Geophysics of Geophysical Exploration Company. In 1956 – 1962 moved to Kraków where he

joined geophysical division of Polish Oil & Gas Company. Since 1962 Kisłow worked as

researchers at the Institute of Petroleum in Kraków untill retirement in 1978. In 1965 he

obtained PhD degree from the Academy of Mining & Metallurgy (AGH) in Kraków.
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SUMMARY

early seismic studies in the N Carpathians in 1930’ provided excellent data

needed for proper understanding of complex subsurface structures of this

segment of the Carpathian FTB and its foreland basin

geophysical community owes a lot to pioneers of seismic surveying such

Zygmunt Mitera, Stanisław Wyrobek and Afrykan Kisłow

we shall not forget how this all began …
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