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SEISMIC REFLECTION SURVEYING
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Seismic reflection surveying is directly comparable to ultrasonography



SEISMIC REFLECTION SURVEYING

Land (OnShOI‘e) Vibrator Truck Recording Channels . Recorder Truck
. . - B —:.’ . - . r_ -
seismic reflection @a’gﬁ A=

surveying

ad

—— ‘:—‘ W AR BB = - 4,7“.'.'"“'
: [ hapia MECY SRR O R



SEISMIC REFLECTION SURVEYING

@ Surface PR Lo

/lqrizantal

Viola Limestone

Section on Vine Creek
/ine JO0f¢ A
Recc cds optaived July 22 Rug. 3. 192/

very first seismic reflection profile acquired in 1921 by Karcher e
itified a dipping reflecting boundary between two rock layers, the Sy
le and the Viola limestone, Oklahoma, USA.



SEISMIC REFLECTION SURVEYING

—14 APRIL 2023

SEISMIC REFLECTION
>ENTENNIAL:

IAPPING THE EARTH BENEATH OUR FEET
AMM INSTITUTE FOR AMERICAN ENERGY, OKLAHOMA CITY, OK, USA

go.seg.org/src



SEISMIC REFLECTION SURVEYING

—14 APRIL 2023

EISMIC REELECTION

ENTENNIAL:
APPING THE EARTH BENEATH OUR FEET

AMM INSTITUTE FOR AMERICAN ENERGY, OKLAHOMA CITY, OK, USA
nic methods have revolutionized our understanding of the Earth, and fundamentally transf
rce exploration and hazard assessment over the past 100 years. Building on his experienc
tics during World War I, John Clarence Karcher and a team of OU faculty in 1921 first pioneer:
ology of using sound energy to record reflections from the subsurface with a series of experime
Isle and Vines Brach, Oklahoma. These pioneering efforts quickly were applied to exploration
as in Oklahoma and surrounding regions, and subsequently were employed in basic resea
ce our understanding of the oceans, continents, and the theory of plate tectonics” (Prof. J. H. |
 Pickens School of Geology, OSU)




-—
FrsASSSTEESARnnt taa e

——— S
— — e
“bfnew va - -
- Ew i S—
. wa

] —
.y T

-
el bt St b, | T T T —
.. e

I L LT

L
“ay
"ea
"Wy n
Bl LT T T

o

Carpathian front imaged on seismic |
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(Krzywiec et al., 2014) T e
[ ] carmsthian Forecesp (haocene) [ orystav thrust sheet

Miocene deposits unconformably
overlying Carpathian thrust sheets - Skole thrust sheet

% iﬂm: 2’"“ Sﬁxz;’"d - Subsilesian thrust sheet




SEISMIC REFLECTION SURVEYING

VR iy AYmvy

10}

20 ¢

30

40

50

60

70

k ' 411111
_ || || A

‘1 ‘(‘.' g W e AT
l" (

- -'.-i't’i';\'
(e \(¢\¢ Wy | '\f\ AL LICIRAS 1\\1! ‘\1f“,|“1‘t\.|\“' |

l (A denstus
' l LR I 1'\11“ 4, 0«1("
l1 \1' 1" 4 s'a ] '.«c’ ‘)

_ 1 o "1ﬂc Aol i it u‘
s'{ 4 Mm /"""’“’U W ”‘ ) .,
- ;' (d ‘] {144 . “(n(gl‘ “‘ ‘"‘,““\ ‘ “) «
‘l ']0\“ /)ﬂ "J“ # "'(

:lt “ ¢ n‘ \ (f( (fo q"“‘\(
" i \ ! l » ";
_ ,,j:‘ ..-iu iy !l““}
o.l‘ .‘1 ‘ !
i u"f
- l | | \(" ‘\"" ¢
- 1! .:,:‘ ) “ ‘; ‘ " 1\2}1
"'i'l“\ “‘1 H|(1 Il
[ | M 1 1“" “ h !h]\a

| T e [ I
.\" “ -( \d\ch , “w*. .y “' ‘A
W ‘ \ ""( i
j\"‘b ‘)’(\«“'f(« -"’)‘ ]!t"‘s s

0 ‘\\(I)(f(( \(\(\! { O‘ " ‘ \ ‘q 4‘(,
'1 4 \\ 4 (o t qi

Il "]‘!! i‘ ‘(/“ J, 4 , 3o (( \‘ i i 1)

:, 6 ‘d‘/l

.\- al

"

" 1: ]‘l
\ J. ‘!‘ I‘. if‘

/ d'u
(s 0

gravel
PO
bed
roc

P 1 ILfad’ ar

I Ly q‘\

L M

'1 ||, N ot ‘\
‘ " l ‘]}1. { q” 1 "\ »

1 4“‘ u“"-. _' ‘u e

(

.! ‘a
el 41.5¢ L}

"..
H II

m.'\h' 11

ﬂ
. - .
«' -

' 1‘
"l&‘
'u

! ‘-.
\ '0‘.

PR
M!;

20

40

b
b
460 !
:

80

100

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).
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N CARPATHIANS — GEOLOGICAL BACKGROUND
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The Alpine-Carpathian orogenic system and its foreland
(from Oszczypko et al., 2006, AAPG Memoir 84)
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(Slaczka et al., 2006, AAPG Memoir 84 - ‘
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taceous — Paleogene Outer Carpathian thrust sheets (nappes) are predominantly built of the deep water turbidites.
-grained clastics, rich in organic matter form source rocks, coarse grained sandstones form good-quality reservoirs
)s are mostly structural, related to various folds formed during emplacement of the Carpathian FTB

cene foreland basin is rich in acummulations of biogenic gas hosted by gently anticlines developed above basemen
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CARPATHIANS — HISTORY OF PETROLEUM INDUSTF

Irst accounts of liquid hydrocarbons (surface oil seeps) in the Carpathians and"
ractical use have been published in 16th century in medical books on herbs,
ften contained also information about other natural substances such as mine
{C.

.omprehensive descriptions of surface oil seeps and related phenomena has &
Iiven by Gabriel Rz gczynski (1664 - 1737), Polish Jesuit, that published two bc
n ,natural history” of the Polish territories and their surroundings: ,Historia Natu
uriosa Regni Poloniae” (1721) and ,Auctuarium Historiae WNaturalis R
oloniae” (1742)

tanistaw Staszic (1755 — 1826), Polish priest, philosopher, statesman, geolo
cholar, poet and writer, a leader of the Polish Enlightenment, marked different ty
f hydrocarbons on his seminal geological map ,Carta Geologica totus Polor
loldaviae, Transylvaniae, Hungariae et Valachiae” (1815) and provided descri
f natural oil seeps in the Carpathians, including early methods of oil exploita
sing shovels and hand-digged trenches, in his book ,,O Ziemiordodztwie Karpa
1815)
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(1822-1882) was a Polish pharmacist and
neer of petroleum industry. In 1852 tukasiewicz graduated
m the faculty of pharmacy of the University of Vienna.
<asiewicz had long been interested in the potential of seep oll
a cheap alternative to the more expensive whale oil. In 1853
<asiewicz, together with Jan Zeh, distilled clear kerosene
m seep oil. On July 31, 1853, tukasiewicz made one of his
osene lamps available to a local hospital to illuminate an
ergency surgical operation.

early 1854 tukasiewicz moved to Gorlice, where he set up many compa
ether with local entrepreneurs and landowners. That same year, he opened th
ine" at Bobrka near Krosno. In 1856 in Ulaszowice near Jasto he opened on
' first industrial oil refineries in the world. This marked start of oil exloration In
called western oil district in the Northern Carpathians




CARPATHIANS — HISTORY OF PETROLEUM INDUSTF

econd phase of development of modern oil industry in the Northern Carpathiar
ssociated with the completion in 1896 in Borystaw area a very successful well
otoku” that yielded daily production in range of 40 tonnes of crude oill.

his discovery well was outshined by further wells drilled in this part of
arpathians such as ,Wilno” well drilled in 1902 that produced up to 400 tonne
rude oil per day, ,Litwa” well that produced up to 800 tonnes per day, or fam
DIl City” well drilled in 1908 with production that peaked around 2500 tonnes
ay. All those discoveries shifted gross production into the eastern oil district
1e_Northern Carpathians

Pozdrowienie z Borystawia. — Gruss aus Borystaw.
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N CARPATHIANS — GEOLOGICAL BACKGROUND
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SEISMIC EXPLORATION IN N CARPATHIANS — BEGINNINGS

3. first seismic refraction survey was completed by ,Seismos” company from Hannover in vicir
Ow, its goal, fully achieved, was to map Miocen salt deposits.

3. state-controlled “Pionier” company based in Lwow was established, with the main gc¢
oration for hydrocarbons in new areas and development of new, promising exploration techni
iIding geophysical surveying. Department of Geophysics was soon established, and Zyg
ra, Stanistaw Wyrobek and Afrykan Kistow were sent abroad in order to obtain necessary tr:
first-hand experience in modern geophysical exploration techniques.

3. “Pionier” purchased 6-channel seismic reflection acquisition system from Seismograph S
pany (USA).

1. first seismic reflection survey acquired in Borystaw area

5. “Pionier” purchased another seismic reflection acquisition system from Heiland Rese
yoration

5. production of geophones started in Poland in order to offset import of expensive geoph
pment from abroad

/. extensive seismic data acquisition within the Carpathians and their foreland basin.

3: Zygmunt Mitera and Stanistaw Wyrobek left ,,Pionier” company and established their own p
bhysical company ,Geotechnika” based in Przemysl. They purchased 12-channel seismic refls
lisition system and started several ambitious exploration projects, not only in the Carpathiar
In central Poland.

). all these very promising geophysical studies were abruptly terminated by World War Il
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ON REFLECTIONS FROM STEEPLY DIPPING BEDS

C. A. HEILAND
Professor of Geophysics, Colorado School of Mines

ABSTRACT

el report is given of some experimental work on known geologic conditions
1 by the Pionier Company in southeastern Poland. This is a region of steep
re folding, overthrusts, and step-faulting. The geologic conditions are first
, and this is followed by a discussion of the mathematical and physical as-
the problem. It is pointed out that the problem is essentially one of three
15. Its solution ordinarily demands that lgc azimuth of shooting, in relation
and the travel time relations at right angles to the strike, be known. But for
dips encountered in mountainous country, this is not always possible. Then
Gradient is a convenient criterion of the dip component in the direction of
The problem is reduced to one of finding the time gradient in the direction of
» dip. Curves of the time gradients are given for horizontal and for dipping
- method is applied to selected records and found to work well. The conclusion
| that, where shots in different azimuths are impossible, there is an optimum
just as there is an optimum spread; but it may take much experimentation
une where this azimuth is.

INTRODUCTION, ACKNOWLEDGMENTS

far the greatest amount of reflection work in oil exploration
done on gentle-dip structures. Observations have been made,
country, on steeply dipping flanks of Gulf Coast salt domes,
yzoic uplifts in the Midcontinent, and of structures in Cali-
nd clsewhere, but they have not been described in the litera-

rief report on studies made along this line may, therefore, be
est. As the title of this paper indicates, an exhaustive treat-
the problem is not intended. Rather, a few examples, typical
lems of this kind, will be described. The data here utilized
stained in the course of some experimental work on known
> conditions, were conducted by the Pionier Company in
- and were made available through the courtesy of Dr. Z.

he following, the geologic conditions, under which the observa-
ere made, will be described first. This will be followed by a
on of the mathematical and physical aspects of the problem.
, @ number of selected records, obtained with SSC and HRC-
L equipments, will be exhibited and discussed relative to their
. significance.

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

A brief report is given of some experimental work on known geologic conc
conducted by the Pionier Company in southeastern Poland. This is a region of
dips, severe folding, overthrusts, and step-faulting. The geologic conditions ar
described, and this is followed by a discussion of the mathematical and physic
pects of the problem. It is pointed out that the problem is essentially one of
dimensions. Its solution ordinarily demands that the azimuth of shooting, in re
to strike, and the travel time relations at right angles to the strike, be known. B
the steep dips encountered in mountainous country, this is not always possible.
the Time Gradient is a convenient criterion of the dip component in the direct
shooting. The problem is reduced to one of finding the time gradient in the direct
maximum dip. Curves of the time gradients are given for horizontal and for dj
beds. The method is applied to selected records and found to work well. The conc
is reached that, where shots in different azimuths are impossible, there is an opt

azimuth, just as there is an optimum spread; but it may take much experimen
to.determine where. this. azimuth.is.

Important paper devc
problems of acquisitic
interpretation  of s
reflection data a
above complex fol
thrust structures with -
dipping beds

i

¥ 2

F16. 10. Theoretical travel time curves for dipping beds with “superimposed” dip
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arl August Heiland (1899- 1956), a pioneering geophysicist, was born in
burg, Germany. He was educated at the universities of Heidelberg and
burg, and received his PhD degree in 1923.

wing two years in the geodetic and geophysical instrument department of
nia Werke in Berlin, he came to Houston as Askania's American
osentative in 1925.

)26 he joined the faculty of the Colorado School of Mines, and in 1927 began the
al course in geophysical prospecting to be given in the U. S. He remained as head o
s Department of Geophysics until 1948, i.e. untill his retirement.

934, after several years of an association with Plains Exploration Company, Dr Hei
ed Heiland Research Corporation.

leiland published numerous technical papers as well as landmark textbook Geophy
oration (1940). His society affiliations included Society of Exploration Geophysit
ogical Society of America, American Association of Petroleum Geologists, Amel
tute of Mining, Metallurgical and Petroleum Engineers, Society of Economic Geolo;
rican Geophysical Union and the Seismological Society of America.
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era.

my zastosowania sejsmiczaych metod refleksyj-
w Polskich Karpatach Wschodnich w Swietle
dotychczasowych wynikow V.

ms of Application of Seismic Reflection Methods in the
Eastern Carpathian Mountains in the Light of Present
Investigations).

stosowanie poszukiwawczych metod geofizycznych
vatach napotyka na duze trudnoéci zaréwno natury tech-
j, jak i metodycznej, z powodu skomplikowanej budowy
icznej i tektonicznej tych obszaréw. Trudnosci tech-
wynikajg przede wszystkim z gérzystosci i nierdwnosci
erenowych obszaréow, na kiérych nalezy wykonaé po-
- Na trudnoséci metodyczne skladaja sie gléwnie wa-
budowy geologicznej formacyj karpackich w jakich na-
rzeprowadzi¢ badania. Jako korzystne warunki geolo-
mozna z punktu widzenia zastosowania metod geofi-
vch uwazaé struktury niezbyt skomplikowane, malo
zgowe, o upadach nie przekraczajgcych zwykle 40°.
ury takie powinny odznaczaé sie istnieniem wyraznych
izykalnych zwigzanych z wystgpujgecymi tam seriami
by z pozytkiem mozna wybraé odpowiednia do posta-
o problemu metode geofizyczng.

»$rod znanych metod geofizyki stosowanej, stosunkowo
>cej mozliwo§ci praktycznych przedstawiaja dla wa-
w karpackich metody sejsmiczne i to zaréwno refrak-
jak i tez refleksyjne. Wynika to z istoty tych metod,
opierajac si¢ na wlasnosciach zmiennej sprezystosci
ozwalajg na okreSlenie nie tylko rodzaju, glebokosci,
i sposobu zalegania badanych seryj warstw. Tak szcze-

Opublikowano za zezwoleniem Dyrekcji S. A. ,,Pionier” we Lwowie.
ocznik Pol. Tow. Geol. XIL 1

Annales Societatis
Geologorum Poloniae,
1936, 12: 1-21

Geophysics, 1938, 3(3): 225-233

PRESENT STATUS AND FUTURE ASPECTS
OF GEOPHYSICAL EXPLORATION
IN POLAND*

Z. A. MITERA}

Geophysical methods of prospecting were introduced in
in 1923, or at about the same time as in the Gulf Coast. In t
stage local seismic refraction and electrical surveys were em
for private mining and oil companies. The Mintrop's ref
method has shown success in locating extension of salt deposi
Wieliczka and in Wapno. The Sundberg electromagnetic meth
not entirely successiul in mapping some lead and copper ore de
The same refers to the use of electromagnetic methods for map
oil structures. Steep anticlines and complicated structures in
oil mostly occurs within the area of the Carpathian Range wi
favorable to be worked out with these methods which we
entirely developed and proved at that time.

Actual results obtained in the early days of the applica
geophysical methods of prospecting in Poland are not known.
results in many cases are guarded by private companies as secri
were never published.

In 1926 the Polish Geological Survey took an interest in |
plication of geophysical methods to solve many problems con
with regional structural and mining geology in Poland. In th
year the Geophysical Department of the Geological Surve
formed and it introduced the original torsion balances of R. |
to solve some structural problems in Carpathian Foreland.

Considerable activity in geophysical prospecting was cari
in the years 1928 to 1930 when the “Pionier Exploration Co
created by the government and all leading oil companies in F
Geological and geophysical prospecting for new oil and gas r
were the principal aims of that company. At the same time |
stitute of Geophysics and Meteorology at the University of Ly
cooperation with the Pionier Co., undertook extensive m:
measurements in the Carpathian Foreland in the southeaster

* Paper read at the Annual Meeting, New Orleans, Mar. 19, 1938.

t Consulting Geophysicist, Instructor of Geophysics at the Mining Aca
Krakow, Poland.

225
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ROBEK

 Pioaier*

fil sejsmiczny Stryj—Bilcze Wolica—
Rozdot

(Komumkat zgloszony na X Zjazd Naftowy).

iczne, wykonane przez Oddzial
A, Pionier” na profilu Stryj
via dalszy ciag prac eksperymen-
dzonych na terenie Daszawy ).
izej profil 0 dlugosci 25 km prze-
a Stryja wzdluz szosy Iwowskiej
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Zygmunt Mitera (1903 - 1940): in 1929 graduated from the Departrmr
of Mining at the Academy of Mining & Metallurgy (AGH) in Krakdw,
then continued his studies in exploration geophysics in Germ:
Sweden, France, and, since 1931, at the Colorado School of Mines wk
he obtained PhD degree in 1933; participated in field geophysical stu
in Texas and California, worked as first lecturer of exploration geophy
at AGH in Krakow;
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Zygmunt Mitera (1903 - 1940): in 1929 graduated from the Departrmr
of Mining at the Academy of Mining & Metallurgy (AGH) in Krakdw,

then continued his studies in exploration geophysics in Germ:
Sweden, France, and, since 1931, at the Colorado School of Mines wk
he obtained PhD degree in 1933; participated in field geophysical stu
in Texas and California, worked as flrst Iecturer of exploratlon geophy
at AGH in Krakow; e e

34 - 1939 was appointed as a head of ,,Pionier”’s
rtment of Geophysics; in 1936 co-funded
technika” company; in 1938 - 1939 worked as a
rer at the Jan Kazimierz University in Lwow. In
ber 1939 Dr Mitera was imprisoned by the
ts and in 1940 murdered during the so-called
/N Massacre”.
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Stanistaw Wyrobek (1903 - 1979): in 1921-29 studied at the Academ
Mining & Metallurgy (AGH) in Krakow, in 1933-1936 at the Universit
Strassburg in France. In 1932-33 he worked at the Polish Geolog
Institute as field geophysicist, and from 1934 as a head of seismic cre\
Pionier company; in 1938 co-funded ,Geotechnika” company; du
WWII emigrated to the UK, where in 1945 he obtained PhD degree fi
the University of St. Andrews (Scotland).

SEISKIC PROSPECTION FOR OIL
IN POLAND

CROSS-SECTION THROUGH THE BORYSLAW OIL-FIELD AREA PLATE 6.
. Scale |: 20,000 Being & Theeis presented by

— STANISEAW M.WYROBEK, Dipl.Min.Eng., Dipl.Geoph.Eng.
T0 THE UNIVERSITY OF ST ANDREWS
in epplication for the

DEGREE of PH.D.

Jamna Sandstone —eL S S £
Bl ]‘ SEISMIC PROSPECTING BY THE REFLECTION METHOD
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Since 1945 Dr Wyrobek worked for

P.E. Kent, 1967, Outline
geology of the Southern
North Sea Basin.
Proceedings of the
Yorkshire Geological
Society, 36(1).

British Petroleum as a head of t

very first seismic crew; in 1950 he was appointed as head of seis
interpretation group in BP Research Centre. In 1954 Dr Wyrobek mo
to BP headquarters in London where he organized central interpreta
office for overseas BP seismic projects; between others, his team locz
first discovery wells of West Sole and Forties fields (North Sea). O1
seismic projects supervised by him were located in Italy, France, Germ:
Switzerland, Iran, Egypt, Tanganyka, Kenya and Senegal.
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larly those from overseas, owe a debt of gratitude to Professc
Wills, whose Palaecogeographical Atlas (1951) was so far al
other work on the subject, and who made a significant contr
to understanding of the basic problems of linkage between E
and the Continent.

For permission to quote from the confidential results of
Sea exploration the writer is greatly indebted to the Mana;
of The British Petroleum Company, who have again demon
their belief that it is in the interests both of the nation and

available. The structural data are largely derived from the v
the BP Geophysical Unit under the leadership of Dr. S. M. W
o these scientists and to Mr. . Brunstrom, Dr. M.
and Mr. P. J. Walmsley of the Gcologlcal Division the au
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Afrykan Kistow (1908 - 1989): in 1934 graduated from the Academy
Mining & Metallurgy (AGH) in Krakéw; since 1935 worked as
geophysicist for ,Pionier” company, first as head of field seisn
crews, and since 1938 as head of Department of Geophysics; in 19
studied exploration geophysics at the University of Strassburg
France.

During WWII he remained in Lwoéw — Borystaw area and worked
field geophysicist for Soviet and German occupants.

In 1945 Kistow moved to Jasto and then to Krosno in SE Poland in t
Carpathians, where he continued his work as geophysicist.

950 Kistow moved to Warsaw where he was appointed as a head of Department
physics of Geophysical Exploration Company. In 1956 — 1962 moved to Krakow where
ed geophysical division of Polish Oil & Gas Company. Since 1962 Kistow worked a:c
archers at the Institute of Petroleum in Krakéw untill retirement in 1978. In 1965
yined PhD degree from the Academy of Mining & Metallurgy (AGH) in Krakow.
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ve shall not forget how this all began ...
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