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dr. Szénéas Gyodrgy
(1921— 1974)

Dr. Szénas Gyorgy munkatarsunk és baratunk 1974. december 19-én, 53 éves
koraban elhunyt.

Matészalkan, 1921. szept. 15-én sziletett. Els6 diplomajat és doktori cimét
1944-ben a M(szaki és Gazdasagtudomanyi Egyetem Koézgazdasagtudomanyi karan
szerezte, majd 1950-ben az ELTE Természettudomanyi karan az elsék kozott kapott
geolégusi diplomat. A M. All. Eétvos Lorand Geofizikai Intézethez 1949-ben kerllt,
ahol réovid megszakitassal kozel 25 évig dolgozott. Munkéassaganak fébb allomasai:
szeizmikus kiértékel6 (1950, 1954— 1955); minisztériumi el6ado (1951); szeizmikus
csoportvezetd (1952—53; 1956—57) és 1958-t6l — rovid kinai tartézkodassal —-
megszakitas nélkil a geofizikai eredmények féldtani értelmezési problémaival fog-
lalkozott. E témakort az Intézet fégeoléogusaként magas tudomanyos szinvonalon
mivelte és e témakorbdl irt dolgozatokkal szerezte mind kandidatusi, mind doktori
fokozatat.

1964 o6ta volt a Geofizikai Kozlemények szerkesztéje. Konnyed stilusa, nagy
nyelvismerete rutinos szerkesztévé tette és mind a Geofizikai Koézlemények, mind
a Geofizikai Intézet egyéb kiadvanyainak szerkesztésében maradandd érdemeket
szerzett.

Dr. Szénas Gyodrgyben azonban nemcsak a szintetizal6 geolégus-geofizikust,
a tapasztalt, jo szerkeszt6ét veszitettilk el, hanem a jébaratot is, aki soha nem zar-
kézott el a barati segitségnyujtas elél. Korai haladla nemcsak szakmanknak, hanem

baratainak is potolhatatlan veszteség.
Dr. Addm Oszkér

l*



Our colleague and friend Dr. George Szénas died on December 19, 1974 at age 53.

He was born at Matészalka in 1921. He took his first degree in Economics, then
in 1950 in Geology. His geophysical career began in 1949 in the Hungarian Geophysic-
al Institute where he had worked, with a short interruption, for almost 25 years.
His job included a wide variety of assignements, he was seismic interpreter (1950,
1954-55); ministerial official (1951); seismic party chief (1952-53; 1956-57), since
1958 as Chief Geologist he had been mainly concerned with geological interpretation
problems of geophysical surveys. This was his favourite field of interest, many of his
outstanding papers and his Ph.D. and C.Sc. dissertation were devoted to bridge the
gap between geological and geophysical thinking.

In 1964 he became editor of the Geophysical Transactions. Due to his stilistical
ability and proficiency in languages combined with a profound knowledge of earth
sciences he has gained lasting honors in editing many of the publications of the
Geophysical Institute.

Dr. George Szénas will be deeply missed by his many professional and personal
friends. His untimely death is a great loss not only to his friends but for our pro-
fession.

19 pekabpsa 1974 roga B Bo3pacTe 53 neT CKOHYanCcAa Halw Apyr v Konnera a-p Abépab
CeHalu.

OH pognnca 15 ceHTsA6pss 1921 ropa B ropofge Matecasika. CBOW MepBblA AUMIOM
M 3BaHMe [JOKTOpa OH Moay4us Ha (akysnbTeTe 3KOHOMUKU [MOIUTEXHUYECKOro U DKO-
HOMUYecKoro YHmusepcuteta B 1944 rogy, a B 1950 rogy cpeamn nepsbiX NONYyYUI AUNSIOM
reosiora Ha ecTecTBEHHOHay4YHOM hakynbTeTe YHuBepcuteta um. P. 3TtBewa. B 1949 rogy
noctynun Ha pab6oTy B BeHrepckuii Meomanyeckyii MIHCTUTYT M. P. 3TBewa, rge 3a
HeboNbWNM UCKNOYeHMeM npopaboTan okosio 25 neT. OCHOBHble 3Tanbl ero pabdoThl:
ceicMmnyeckuini nHTepnpetatop (1950, 1954— 1955), pecepeHT MuHUcTepcTBa (1951), 3aBe-
AyHLW WA ceiicMnyeckoi rpynnoii (1952—53, 1956—57) u ¢ 1958 ropga 6GecnpepbiBHO, He
cunTas KOpPOTKOro npebbiBaHMA B KuTae, 3aHMMancs reonornyeckon MHTepnpeTauunei
reoM3nyecknx mccnegoBaHnin. 3Ty TeMy OH pasBuBas B A0/KHOCTW rnabHoro reosiora
Ha BbICOKOM Hay4HOM ypoBHe, U3 paboT, HanmcaHHbIX UM MO 3TOMY Kpyry BOMpocos, coc-
TaBUAUCL ero KaHaugatTckas M [OKTOpcKas agucceprauun.

C 1964 ropga sBnsnca pepakTopom [eousnyeckoro BronneteHs. JIErkuii cTusib,
X0pollee 3HaHWE MHOCTPaHHbLIX A3bIKOB cAenasiv ero onbiTHbIM PefakTopoM, U KakK B pe-
JakTupoBaHun [eodmsnyeckoro BrlonneteHsa, Tak U Apyrux wmsgaHuini Meodursmyeckoro
MHCTUTYTa, OH 3acCny>Xu HerpexoAsiine rnoxsasbl.

B nuue g-p CeHawa Mbl NOTEPSASIN He TO/IbLKO OMbITHOrO reosiora-reomsnka n npek-
pacHoro pepgaktopa, HO M XOpolwlero Apyra, KOoTopblii Bcerga 6bia1 rotoB nMoMoyb. Ero
paHHASA cMepTb — HeBO3BpaTUMas MnoTteps He TONbKO AJ1 FE0NOTNU, HO U ANA BCEX ero

apy3en.
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DEEP SEISMIC SOUNDING
IN THE EASTERN PART OF THE PANNONIAN BASIN ALONG
THE INTERNATIONAL PROFILE XI
FOR THE INVESTIGATION OF THE EARTH’'S CRUST,
CONDUCTED BY HUNGARIAN AND ROUMANIAN PARTIES
IN CO-OPERATION

P. CONSTANTINESCU*, E. MITUCH**, K. POSGAY**,
F. RADULESCU*

Introduction

The sections of the international Earth’s crust profiles within the frontiers of
the different countries are connected by co-operation measurements near the frontier.
By means of these measurements it is possible to correlate and uniformly interpret
the boundaries of the respective profile sections (Mititch, 1968; Subbotix et al,
1970).

In 1973, Hungarian and Roumanian geophysicists carried out such joint seismic
measurements along the X1 international profile (Fig. 1). The measured section of
the profile fell between Hotar (Roumania) and Nagyrabé (Hungary). According to
the coordinated plan there were two shotpoints on the line: one of them in the pro-
ximity of Hotar, the other of Nagyrabé, with a distance of 71 km between them.
Observations along the profile were continuous—not regarding several interruptions.

Observation on the Hungarian side was carried out by two equipments, one
with digital (SDT-2) and one with analog recording on magnetic tape (SZM-264-6),
using 5 cps geophones. On the Roumanian side an analog equipment type POISK-
K.M.P.V. was used with 10 cps geophones. Geophone spacing on either sides was
100 m.

Characteristics of the waves

In course of the measurements arrivals were obtained from the crystalline base-
ment (Pf), from three intermediate boundaries (Pf, Pf, P f)— P f corresponding
probably to the Conrad discontinuity—and from the Mohoroviéié discontinuity(Pu \
Fig. 2).

Waves Pq are regarded as refracted waves, whereas waves Pf, Pf, Pf may
be both refracted and reflected ones, since the broken time-distance curves do not
allow the exact determination of their nature. Waves P M are probably all reflected
even beyond the critical distance. This is suggested by the curvature of the time-
distance curves.

* Instituted de Geologie si Geofizica, Bucuresti
** Hungarian Geophysical Institute Roland E&tvos
Manuscript received: 5, 3, 1975
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Fig. 1. Plan of the international Earth’s crust profiles
2. abra. A nemzetkozi foldkéregkutatdé vonalak helyszinvazlata

Pue. 1. MnaH mMexagyHapogHOro npoumsa no ray6rHHOMY celicMUueckomy
30HAMPOBAHMIO 3eMHO KOpbl



Fig. 2.

2. abra.

Pite. 2.

Deep seismic sounding along IP 9

Time-distance curve and section along a part of the international profile X1 between
Hotar and Nagyrabé

--------------------------- Hungarian-Roumanian frontier

Vv boundary velocity in km/sec

Vv average velocity in km/sec

33540 37400 picket numbers refer to shotpoint distances: 33540 m resp. 37400 m

A XI. nemzetkézi foldkéregkutatd vonal Hotar—Nagyrabé kozé esé szakaszanak ut—
idégorbéje és szelvénye

------------ - magyar—roman orszaghatar

Vv hatarsebesség km/sec-ban

v atlagsebesség km/sec-ban

3330 37100 kardszamok, robbantépont tavolsagokat jelentenek: 33 540 m, illetve 37 400 m

Moporpad v paspes No yvacTky MexayHapoaHoro npoguns MC3 Ne X1 mexxay HaceneHHbI-
MW nyHKTammn Xotap u Hagbpabe
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Waves P Mappear as usual in two groups {PI1, Pf), where generally the energy
of the second wave-group is greater (Fig. 3). At certain places there is one more wave
(Pf) preceding the wave P f, which comes probably also from the Mohoroviéic
discontinuity and seems to indicate the upper boundary of the transitional zone
(Fig. 4).

Fig. 3 Arrivalsp[{, Pf,Pf, P f, P f recorded from shotpoint Nagyrabé
3. abra. A nagyrabéi robbantépontbdl készult felvétel Pf, Pf, P f, P f, P f beérkezésekkel
Puc. 3. OTpaxkeHust Pf, Pf, Pf, P f, P f, NMO/yYeHHble NP B3pbi3e B MyHKTe B3pbiBa Hagbpabe

Fig. 4 Arrivals Pf, Pf, Pf, P f, P f recorded from shotpoint Hotar
4. dbra. A hotari robbantépontbél nyert felvétel ap f, Pf, P f, P f, P f beérkezésekkel
Puc. 4. OTpaxkeHua Pf, Pf, Pf, P f, Pf, nonyyeHHble Nnpu B3pbiBe B NMyHKTE B3pbiBa XoTap

It should be observed, that on the records from shotpoint Flotar, reflections from
the Mohorovicic discontinuity appear even within the critical distance and can be
followed from 33.5 km onward (Fig. 2). On the records from shotpoint Nagyrabé,
reflections from the Mohorovicic discontinuity appear abruptly, with high energy
at the critical distance (56.6 km; Fig. 3).

Waves P f do not appear continuously and usually have low energy. Therefore
their tracing is questionable (Figs. 3 and 5). The above phenomenon leads to the con-
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elusion, that the Conrad discontinuity (if waves P f can be related to it) does not
represent such a sharp boundary, as in other parts of the profile (as e.g. in the fore-
land of the Carpathian Mountains and in the area of the Transylvanian depression).

Noteworthy is the very high-intensity multiple (reflected-refracted) P miJ wave
seen on Fig. 6, which can be traced from 36 km to 49 km. The time-distance curve
of these arrivals is parallel to that of the primary, which proves decisively their
multiple character.

SP Hotar .
d=5S,Ikm P,

Fig. 5 Arrivalsp f, Pf, Pf, P f, P f recorded from shotpoint Hotar
5. abra. A hotari robbantépontbél késziilt felvétel ap f, Pf, Pf, P f, P f beérkezésekkel
Puc. 5. OTpakeHUA P f, Pf, Pf, P f, P f, MOMy4YeHHble NPV B3pbiBe B NMyHKTE B3pbiBa XoTap

Fig. 8 Multiple arrivals recorded from shotpoint Nagyrabé
6. abra. A nagyrabéi robbantépontbél készilt felvétel a tébbszords (PniHt) beérkezéssel
Puc. 6. KpaTHble 0TpaokeHUs1, MONy4YeHHble NPy B3pbiBe B NyHKTe B3pbiBa Haabpabe

Discussion
A section of the crust as constructed from the recorded wave-groups is presented

on Fig. 2. Here the boundaries KO and K 1 have been plotted from the arrivals P f
and P f by the isochron technique. The presumably reflected arrivals were con-
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structed by the circle-segment method Of P czibev t0 produce segments Of the reflec-

tive horizon.
The individual boundaries were plotted with the following vertical velocities:

crystalline basement (K 0) V = 2.8 km/sec

intermediate boundaries:
V = 4.0 km/sec

F = 5.4 km/sec

V = 5.7 km/sec
Mohorovidic discontinuity

V 5.8 km/sec

V — 5.9 km/sec

V = 6.0 km/sec

It can be seen on the section, that the deep horizons dip somewhat to East, in
contrary to the topography of the crystalline basement.

The thickness of the crust—regarding the continuous boundaryM 1—averages
up to 27 km. Such a thickness corresponds to the values obtained so far for the
Pannonian basin. The depth of the horizon M2 calculated from P " is larger by 2 to
2.5 km than that of Mv

The structure of the Earth’s crust along the investigated profile shows a similar
character to the picture obtained for the Pannonian basin (Mituch, 1968).

REFERENCES
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MAGYAR—ROMAN KOz0OS SZEIZMIKUS MELYSZONDAZAS
A PANNON-MEDENCE K-1 RESZEBEN ]
A X1. NEMZETKOZI FOLDKEREGKUTATO VONAL MENTEN

1973-ban a X 1. nemzetkézi foldkéregkutatd vonal mentén magyar és roman mérdécsoportok
kozosen végeztek szeizmikus mélyszondazast a foldkéreg felépitésének megismerésére. A cikk
ismerteti a X1. vonal Hotar (Romania)—Nagyrabé (Magyarorszag) kozotti szakaszan végzett

kozos mérés eredményeit.
M. KOHCTAHTUHECKY—3. MUTYX—K. MOLWFAN—®. PAOYJIECKY

rMYBUNHHOE CEVICMI/I'—IECKOE 30HAMPOBAHVE B BOCTOUYHOW YACTU
MAHHOHCKOIO BACCEWMHA MO XI MEXXAYHAPOQHOMY MPO®UJIIO
C LUESIbIO NCCNEALOBAHUNSA 3EMHOWM KOPbI, MPOBEAEHHOE COBMECTHON
BEHIEPCKO-PYMbIHCKOW 3KCMEANLMEN

B 1973 r. BeHrepcKor 1 pyMbIHCKOWM NOMEBbIMU MapTUAMU MPOBOAW/INCH COBMECTHbIE PaboThbl
no r/y6uHHOMY CECMMYECKOMY 30HAMPOBAHUIO MO MeXayHapogHoMy npodmao FC3 Ne X1 gna
N3y4eHVs1 CTPOEHNS 3eMHOl Kopbl. B HacTosiweli paboTe onmcbiBalOTCA pe3ynbTaTbl COBMECTHO
NpoBeAeHHbIX HAabMIOAEHWI MO y4acTKy NPothnaa MeXxay HaceneHHbIMY NyHKTamm XoTtap (PyMbIHWS)

1 Hagbpabe (BeHrpus).
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MIT REFLEXIONSMESSUNGEN BESTIMMTE HORIZONTE
UND GESCHWINDIGKEITSVERTEILUNG
IN DER ERDKRUSTE UND IM ERDMANTEL

K. POSGAY™*

In den vergangenen Jahren hat das Geophysikalische Institut Roland E&tvos
Reflexionsmessungen in der ungarischen Tiefebene zwecks Studium der Erdkruste
und des Mantels durchgefihrt. In diesem Artikel werden die ersten Resultate der
Untersuchungen veroéffentlicht.

Bei den Messungen wurde eine spezielle 24-kanalige, seismische Digitalapparatur
angewandt, die mit Hilfe der Ungarischen Akademie der Wissenschaften fir diese
Versuche im EoOtvos-Institut entwickelt wurde (Posgay, Korvin, Vincze, 1970).
Es wurden polnische Seismometer vom Typ NC-2 benutzt, die eine Eigenfrequenz
von 2,6 Hz und eine Empfindlichkeit von 0,4 V/cel haben.

Die Messungen wurden zwischen Debrecen und Szolnok, neben Karcag durch-
gefuhrt. Die Messanordnung wurde nach dem Stapelungssystem durchgefihrt, so
dass von demselben Reflexionselement eine sechszehnfache Uberdeckung erreicht
wurde. Als Energieanregung dienten Bohrlochsprengungen. In einem Feuer wurden
200—400 kg Ladung versprengt. Die Distanz zwischen den Seismometern betrug
100 m. Die Mitteilung des Sprengbefehls und des Abrissmomentsignals — zwischen
Sprengpunkt und Aufnahmeapparat — erfolgte Uber Rundfunk, mit einem speziell
entwickelten Kodiergerat.

Die Seismogramme wurden im Rechenzentrum des Edtvis-Institutes mit einem
Rechner Minsk-32 verarbeitet. Die speziellen Periferien und die Rechenprogramme
wurden gleichfalls im Eo6tvos-Institut entwickelt.

Auf dem groben Seismogrammprofil erkennt man nur schwache Reflexionen.
Die starksten Wellen des Bildes sind jene, die in den oberen, jungen Sedimenten mit
einem sich beugenden Strahlenweg auf die Erdoberflache zurtickkehren, dort lassen
sie sich reflektieren, und danach wiederholt sich der Prozess. Es war die Aufgabe der
Bearbeitung, die schwéacheren Reflexionen aus dem starken Stérwellenpegel heraus-
zuheben.

Die statischen Korrekturen wurden aufgrund von Erdélprospektionsmessungen
(Muravina, Nagyneé, Ujfalusy, 1965) berechnet. Das Geophysikalische Unterneh-
men des Ungarischen Erdodltrustes hatte vorher seismische Reflexions-Refraktions-
und Bohrlochmessungen durchgefuhrt. Mit Hilfe der Angaben des Berichtes wurde
die Machtigkeitsanderung der jungen Sedimente (ca. 1 km) in Korrektur genommen.

Fir die Entfernung der Stoérwellen wurde zweidimensionale Filterung in zwei
Etappen angewendet. So gelang es, dass man auf einer Lange von 50—65% entlang
der Laufzeitkurven der besseren Reflexionshorizonte markierbare Reflexionen fest-
steilen konnte. Es war aufgrund der Resultate mdglich, ein gut interpretierbares
Constant-Velocity-Sean-Bild herzustellen.

Ungarisches Geophysikalisches Institut Boland Eo6tvés Manuskript eingegangen am 25. 2. 1975
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Es konnten aus der Erdkruste 3, bei der Mohorovicie-Diskontinuitat 2 und im
Erdmantel 7 Reflexionshorizonte und zwischen diesen auch Intervallgeschwindig-
keiten bestimmt werden (Abb. 1.). Bei den Berechnungen wurde die durch die
Brechung des Strahlenweges verursachte Geschwindigkeitserh6hung berticksichtigt.
Die korrigierte Durchschnittsgeschwindigkeits kurve und die Intervallgeschwindig-
keits kurve ist auf der Abbildung mit ausgezogenen Linien, die Durchschnittsge-
schwindigkeits kurve ohne Korrekturen mit unterbrochenen Linien aufgezeichnet.

Die Bearbeitung der Resultate wurde bei 5 Sekunden begonnen. Man kann die
Intervallgeschwindigkeit von 6,36 km/s der oberen Schichten als Anndherungswert
betrachten. Es ist interessant, dass die vertikalen Intervallgeschwindigkeiten der
unteren Erdkruste und der Mohorovicie-Diskontinuitat grosser sind als die durch
Erdkrustenforschungen bestimmten Grenzgeschwindigkeiten (Mutyx, Lowrau, 1971),
und dass die unterste Schicht der Erdkruste eine Geschwindigkeitsverringerung
zeigt.

Man darf vielleicht bei der Beurteilung der hdheren vertikalen Intervallge-
schwindigkeitswerte an eine Geschwindigkeitsanizotropie denken. Es sei als Bei-
spiel erwahnt, dass Hess (1964) im nordéstlichen Teil des Stillen Ozeanes festgestellt
hat, dass in ostwestlicher Richtung die Mohorovicie-Diskontinuitat mit einer Grenz-
geschwindigkeit von 8,6 km/s auftritt, gegeniiber dem Wert 8 km/s in nordstdlicher
Richtung.

Nattrlich soll ebenso in Betracht gezogen werden, dass die Stérungswellen in
diesem Zeitraum sehr stark waren und diese konnten eventuell die Ergebnisse ver-
falschen.

Die Mohorovicie-Diskontinuitat tritt in diesem Gebiet mit zwei benachbarten
Reflexionshorizontgruppen auf, wie dies schon friher bestimmt wurde (MuTtyx,
Mowrawn, 1967).

Die Inverszone Uber die Mohorovicie-Diskontinuitat erganzt sehr gut die bishe-
rigen Kenntnisse (R. Meissneb 1967, 1973; Dohb, Fuchs 1967; Davydova et al.

1972).
Es ist wahrscheinlich, dass zur Mohorovicie-Diskontinuitat auch eine — in phy-
sikochemischer Hinsicht — instabile Zone gehoért. Man kénnte sich vorstellen, dass

diese Zone zunachst mit einer Geschwindigkeitsverringerung beginnt. Nach einigen
Kilometern lassen sich bereits hartere Béanke feststellen, welche lamellenartige
Struktur zeigen. Mit zunehmender Tiefe wird die Geschwindigkeit der harteren Banke
charakteristisch fir die Schichtenfolge. Die geschilderte Vorstellung soll noch mit
weiteren Untersuchungen erhéartet werden, weil das Zeitintervall der Geschwindig-
keitsverringerungszone klein ist, und die bestimmte Intervallgeschwindigkeit fehler-
haft sein kann.

Die bei der 12,16 und 14,5 Sekunde beobachteten Reflexionen lieferten am sicher-
sten bestimmbare Durchschnittsgeschwindigkeiten (Abb. 2.). Es gab zwischen diesen
reflektierenden Horizonten die grosste Intervallgeschwindigkeit mit einem Wert von
9,1 km/s, in einer Tiefe von 40—50 km. Dieser Wert stimmt gut mit den in
der Literatur nachlesbaren Angaben Uber die Horizontalgeschwindigkeit Uberein
(Cunb6oTwUH, Haymumk, Paxnmosa, 1968; KocmuHckas, 1966.)

Eine machtige Geschwindigkeitsinversionszone beginnt in einer Tiefe von 57 km.
Von hier bis zu einer Tiefe von 96 km, von wo die tiefste Reflexion erhalten wurde,
ist die Intervallgeschwindigkeit nahezu gleichbleibend. Man kann diese Zone als
LVL (Gtjtenbeeo, 1948) interpretieren. Bisztricsany und Egyed haben im Karpaten-
becken aus seismologischen Daten die Tiefe der LVL auf 75,5 km bestimmt (Bisztbi-
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64 6.6 68 7.0 7.2 74

Abb. 2. Constant-Veloeity-Scan-Bud zwischen 11 und 16 Sekunden. Die bei 12, 16 und 14,6
Sekunden beobachteten Reflexionen lieferten am sichersten bestimmbare Durch-
schnittsgeschwindigkeiten. Die Lv L meldet sich zuerst bei 15,88 Sekunden

2. abra. Konstans sebességeloszlas 11— 16 sec kozott. A 12, 16 és 14,5 sec-nal észlelt reflexiok
szolgaltattak a legbiztosabban meghatarozhaté atlagsebességeket. A kissebességl
z6na el6szor 15,88 sec-nal jelentkezett

Puc. 2. KOHCTaHTHOe pacnpefesieHne CKopocTeil B MHTepBasie BpemeH oT 11 go 16 cek Haubonee
[OCTOBEPHO OrpefesisieMble CpefjHNe CKOPOCTU MOyYeHbl Mo OTPabKEHUAM, 3anu-
CcaHHbIM Ha BpeMeHax 12, 16 n 14,5 cek. 30Ha MOHWKEHHbLIX CKOPOCTEN BrepBble

rnosiBnsieTcs Ha spemeHn 15,88 cek

csainTY, Egyed, 1973; Bisztbicsany, 1974). Die Autoren haben die Tiefe aus den
Messergebnissen vieler Erdbeben berechnet. Dieser Wert kann als Durchschnitts-
wert fiir ein grosseres Gebiet aufgefasst werden, und die Ubereinstimmung der seis-
mologischen und seismischen Angaben ebenso beurteilt werden, wie es damals mit
den Mohorovicic-Tiefendaten interpretiert wurde (Mituch, Posgay, Sédy, 1964).
Der Tiefenwert von 57 km erhartet auch die Auffassung von Adam (1970). Er nahm
an, dass die gutleitende Schicht auch mit dem LVL korreliert. Er hat aus magneto-
tellurischen Messungen mit zwei Komponenten die Tiefe auf 40 km und 80 km be-
stimmt. Wegen der Anisotropie streuten diese Daten. Die durchschnittliche Dicke
der gutleitenden Schicht betragt in Europa ca. 50 km (Eourniee, Adam, De Miguel,
Sanclement, 1971).

Ich mochte noch erwéahnen, dass ich Uber andere Reflexions-Tiefensondierungs-
Daten bis in die Tiefe der LVL nicht verflige, deshalb kénnen diese Resultate vor-
laufig noch nicht als absolut zuverlassig angenommen werden. In Ungarn planen
wir weitere Untersuchungen. Wir mochten sehen, welche Reflexionshorizonte sich
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verfolgen lassen. Mit der Publikation dieser Resultate mdéchten wir dazu anregen,
dass man sich in anderen Gebieten gleichfalls mit Reflexions-Tiefensondierungen
befasst. Ich nehme an, solche Ergebnisse werden bei der Beurteilung der Globaltekto-
nik-Hypotesen sehr aufschlussreich sein (Szadeczky-Kaedoss E. 1974).

Ich moéchte mich bei E. Mituch und dr. T. Bodoky, sowie |. Petrovies, G. Korvin
und E. Drahos bedanken, die einerseits bei der Leitung und Organisation der Feld-
messungen, andererseite bei der Anfertigung der Rechenprogramme und bei der
Bearbeitung der Seismogramme im Rechenzentrum eine wertvolle Arbeit und Hilfe
geleistet haben.
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POSGAY KAEOLY

REFLEXI0S MERESEKKEL MEGHATAROZOTT FELULETEK
ES SEBESSEGELOSZLAS A FOLDKEREGBEN ES KOPENYBEN

Az elmult években az Edtvos Lorand Geofizikai Intézet a magyar Alfoldon reflexiés mérése-
ket végzett a foldkéreg és képeny tanulmanyozasara.

A méréseket szamjegyes regisztralasi miszerrel végeztik. Dinamikatartomanya és a szami-
togépes feldolgozas segitségével sikertilt a foldkéregb6l és a fels6kopenybél reflexiokat meg-
hatarozni, bar szintjuk altaldban Iényegesen kisebb volt, mint a velik egy id6ben regisztralt
felszinkozelben terjedé hullamoké. A reflektalé szintek kozotti intervallum sebességét is szami-
tottuk. A Mohorovi6ic diszkontinuitas felett kozvetlenil 6,3 km/s sebességli inverz zéna tételez-
het§ fel. A Mohorovicic-diszkontinuitas alatt kézel 20 km-re mar 9 km/s intervallumsebesség
adddott. Az eredményekbdl 57 km-ben UGjabb sebességcsékkenésre lehet kovetkeztetni, mely
96 km mélységben meghatarozott legmélyebb reflexiénal még szintén feltételezhet6 volt. Valé-
szinlinek tartjuk, hogy a mérési terlileten az alacsony sebességii csatorna (Lv L) felsé hatara
57 km korul helyezkedik el.

K.POSGAY

DETERMINATION OF BOUNDARIES AND VELOCITY DISTRIBUTION
IN THE EARTH’S CRUST AND THE UPPER MANTLE
BY REFLEXION MEASUREMENTS

In the last few years the Hungarian “Roland E6tvés” Geophysical Institute carried out
reflexion measurements on the Great Hungarian Plain in order to investigate the earth’s crust
and the upper mantle. The dynamic range of the digital equipment used for the measurements
permitted to enhance deep reflection signals of low amplitudes from-below the level of near-
surface waves by the aid of computer processing. The measurements led to the determination of
many reflecting horizons and interval velocities between them. It can be induced that the Moho-
rovicie discontinuity is directly overlain by an inverse zone of 6.3 km/s velocity. By approximately
20 km below the Mohorovicic discontinuity velocity increases as high as 9.1 km/s. The low velocity
layer (Lv L) isina depth of 57 km. The velocity inversion could be followed down to the deepest
reflecting horizon detected by the measurements at a depth of 96 km.

K MOWwrAanm.

FOPV30HTbI U PACTPEAE/IEHVE CKOPOCTEM B 3EMHOW KOPE
N B MAHTUWN MO JAHHbBIM METOOA OTPAXXEHHbIX BOJIH

3a nocnefHWe roabl BeHrepckMM reotaMUeckumM MHCTUTYTOM MM, JTBeLla 6blIM NPOBEAEHbI
celicMmueckne pa6oTbl METOAOM OTPAXKEHHbIX BOSIH /15 U3YYEHUsI CTPOEHUSI 3EMHOM KOpbl Y MaH-
TUN B palioHe Bosbluoli BeHrepckoli HU3MEHHOCTW. [JUHaMUYECKMA AMana3oH NpuMeHsiBLUelics
B npouecce paboT UMpPOBOIA celicMocTaHLUMM fan BO3MOXKHOCTb BbIAENUTbL B pesy/bTaTe obpa-
60TKM [aHHbIX Ha IBM ry6UHHbIE OTPaYKEHUSI HEBO/bLUOW amnnTyabl Ha (ioHe BOJSIH, pacnpo-
CTPaHSIIOLWNXCS BO/IN3M [HEBHOW MOBEPXHOCTU. BblgeneH psig oTpadkatowmx ropu3oHTOB U Onpe-
[leneHbl MHTepBasibHble CKOPOCTU MeXAy HUMMW. Pe3ynbTaTbl MO3BOMSIOT CYAUTb O Ha/IMYMM 30HBI
MHBEPCMWN CKOPOCTEN, XapaKTepuaytoLleiics cKopocTbio 6,3 KM/CEK M MepeKpbiBatoLLeii Herocpes-
CTBEHHO pasfen MoxopoBuumnya. MpumepHo Ha 20 KM ry6yke 3TOro pasgena cKopocTb YBeMYM-
BaeTcs A0 9,1 km/cek. [y6uHa 3aneraHnsi 30HbI NMOHWXKEHHbIX CKopocTeli MyTeHGepra cocTaBnsieT
57 kM. VIHBEpCUsi CKOPOCTEl NPOCNEXMBaETCA 0 CaMOoro riy6oKoro ropusoHTa 3asierawLlero Ha
rny6uHe, pasHoii 96 Km.
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POSSIBLE VARIATIONS OF THE MOMENTUM OF INERTIA
AND OF THE ELLIPTICITY OF THE EARTH DURING
THE LAST FIVE HUNDRED MILLION YEARS

P. VARGA™*

Secular variations in the rate of rotation of the Earth are mainly due to the
effect of the Moon and the Sun. The tidal bulge brought about by these celestial
bodies decelerates the rotation of our planet around its axis in case of the solid Earth
and the oceans, while atmospheric tide has an accelerating effect. This latter pheno-
menon is only partially of gravitational origin, the main factor causing it is the semi-
diurnal thermal wave aroused by the Sun, whose effect is greatly magnified by the
characteristic vibration of near 12 hrs. period of the Earth’s atmosphere. The atmo-
spheric semi-diurnal tide is of positive phase-lag, i.e. it brings about an accelerating
moment. According to our recent knowledge the variations of rate of rotation of the
Earth around its axis are mostly due to oceanic tides. The tide of the solid Earth
plays only a subordinate role, for the phase differences determined at the majority
of stations recording tidal phenomena usually do not exceed —0,°4, which corres-
ponds to a delay of appr. 1,°0 of the tidal bulge.

Oceanic tides cannot be investigated without reliable cotidal maps. Since up to
now no such maps have been available, the effect of the seas could not have been
exactly accounted for.

According to the principle of conversation of momentum:

M em (M -f-m)mg

lrlco + —--- cxyreg = const. (1)
M --m M+ m-fmg
In Eq. (1):
| = the polar momentum of inertia of the Earth,
m = velocity of rotation of theEarth,
r3 rag = orbital velocity of the Moon and Sun, resp.,
M, m,mg = mass of the Earth, Moon and Sun, resp.,
c = Earth-Moon distance,
eg = Earth-Sun distance.

Applying Kepler’s law for the Moon:
rx3= f(M + m),
f being the gravitational constant. Denoting the Ephemeris Time by t:

dc 2 ¢ cn
dt 3 n dt

@)

* Boland Eotvds Geophysical Institute
Manuscript received: 26, 8, 1974
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and, because of M mM
mew2m
M m

substituting Eq. (2) into Eq. (1) yields (if M, m and m g are constants):

d(l =<9 m <M mM®(M + m) N ®
+ 1 y (3)
dt M m M m =mmg) N d

where N denotes momenta of the Moon and Sun, respectively. From astronomical data

dco

5,6 >10~2sec
dt

Assuming that / does not depend on time, we obtain

I~ =-4,49
dt sec2
Various authors have analyzed the growth rings of corals from different geologi-
cal epochs and from that determined the former values of the velocity of rotation
of the Earth. These findings are compiled in Table I, after a collection of papers ed.
by Runcorn (1970). It should be noted that the length of the year determined for
the Devon has an error of appr. g 6-7 days.
According to this Table | it can be stated that — have had a value similar to
dt
its present one during the past five hundred million years.

Table 1
. tablazat
Tabnuua |
Author
Geological Epoch  Absolute Age Length of Day Length of Year (cited by
109years hours days RUNCORN, 1970)
Geoldgiai kor Abszollt kor A nap hossza Ev hossza dm 15-ra Szerz6 (Runcorn 1970
109év 6rakban napokban dt gee— cikkgydjtemény
alapjan
Ceonornyecknini  AGCoNOTHbIN  TPOAOKNTENBHOCTL MMPOAOIKNTENIBHOCTD pian)
Bo3pacT Bo3pacT 109net CYTKM B Yacax roga B AHsX ABTOpbI
(no PaHkopHye 1970)
Ordovician
Ordovicium 0,45 21,2 413,2 —6,78 Wells
OppoBuk
Devonian
Devon 0,39 21,9 400,0 —5,68 Wells
eBoH
Devonian
Devon 0,39 21,2 413,2 —7,82 Scrutton
eBoH
Carboniferous
Carbon 0,36 22,1 396,4 —5,52 Wells
Kap6oH
Jurassic
Jura 0,09 23,5 372,8 —5,46 Barker

HOpa
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Using different cotidal maps Kuznetsov (1972) succeeded in determining the values
of N([_ + Arfg) and Nf~AjN . His results, which take into account the tide of the
solid Earth as well, are as follows:

N<Z+N®= —7,0 «1023 ; N(I/N@ ~ 7,0— 7,4.
sec2

erm
From this, the Earth’s tide is —1,33 « 1023 g . In what follows we will neglect

sem "

em
the accelerating momentum of atmospheric tide which is appr. +0,37 «102! g
sem

(Holmbekg, 1952).
Using Kuznetsov's data and assuming that I = const., we obtain from Eq. (3)

_____ = —8,6 10" 2sec-2

This value, however, does not agree with either recent or paleontological data. In
order to set up again the balance of Eq. (3), we either have to assume some factor
which would accelerate the rotation of the Earth at a rate of 2,5 «10-22 sec-2, or the
assumption about the independence on time of the momentum of inertia should be
rejected. Since we do not know of any factor—apart from the atmosphere—accelerat-
ing the rotation of the Earth around its axis, the hypothesis of a constant momentum
of inertia has to be ruled out. In this case, from Eq. (3)

dl . N@l ce> em2
Na (i O w 1= — 3251027 0

dt Ng_) dt sec

implying that 0,45 <109 years ago (Ordovician) the momentum of inertia of the
Earth had been 8,5 «1044gem2, as against its present value of 8,024 «1044. Obviously

the value of E could not have been such large throughout the 5,0 «109years history
t

of the Earth, since in that case some (1,7 — 1,8) «109 years ago our planet would

have reached the state of instability. Indeed, for that time the value of I would be

9.7 <1044 gem2 which corresponds to the momentum of inertia of the homogeneous

Earth.

Such a significant change of the momentum of inertia of the Earth during the
past five hundred million years certainly must have been associated with a radial
rearrangement of masses. In what follows we will try to estimate the degree of this
rearrangement. Let us recall first of all Legendre’s equation which assumes that our
planet is, in its entirety, hydrostatically balanced.

According to this equation:

Mn = __ 4
dr 4q/

where g(r) is density in function of the Earth’'s radius (0 < r< a, a= 6371 km),
g is gravitational acceleration, B is a constant of proportionality: 8 — (I, M, a).
Equation (4) yields, upon integration, the function g(r) independently of the elastic
parameters X(r) and [x(r). Since we don’'t have any information on the value of these
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parameters in the past geological ages we have found appropriate to use Legendre's
equation even though we realize that the o(r) function obtained might differ from
the real density distribution. It is hoped that a comparison of models constructed
by Eq. (4) using recent and past data would yield an estimate of the order of magni-
tude of the changes having occured during the evolution of the Earth.

In our computations we started out from the recent and the Ordovician values
of the momentum of inertia and determined the corresponding density functions
q(t) (Fig. 1). It has been assumed that the radius (a) and mass (M) of the Earth had
not changed significantly in this period. As it is evident from the figure, the near-
surface value of density has decreased during the past five hundred million years,
materials of greater density have moved towards the centre of the Earth.

For a more detailed scrutiny of the possible variations of q(r), some further
assumptions have to be made. On the basis of the assumptions made above (about
M and a being constant) it is reasonable to suppose that the density g(0) in the centre
of the Earth practically has not changed during the past 0,5 <109 years. Possible
variations of the elastic parameter A(r) do not affect significantly the results of the
computations, so a recent ),{r) function can be used for models of 0,5 108 years

ago as well.

on/cr3

100 0.5 0.90 085 080 075 0.70 0.65 0.60 055 0.50 045 040 0.35 0.30 025 020 015 0.10 0.05 0.00

Fig. 1 Density distribution on the Earth, recently (]) and 0,5 m10s years ago (2) according to
Legendre’s equation (a = 6371 km)

1. abra. A fold slr(ségeloszlasa jelenleg (1) és 0,5 <100 évvel ezel6tt (2), Legendre képlete
szerint (0 = 6371 km)

Puc. 1. PacnpefeneHve noTHOCTU 3emnn, B HacTosiee Bpems (1) n 0.5 100 net TomMy Hasaj
(2) no dopmyne NMexkaHgpa (a = 6371 Km)
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The function g(r) can be found from the following system of equations:

_9_'\_/_'_{_[2_: 4np'(r) lrl,2 (5)
dr
_(_j_l_(_r) = EE Q(r) mr\ (6)
dr
dg g -o(r)
dr »(r) ©. @
where x(r) is a function characterizing the inhomogeneity: @(r) K(") ; K(r) =
e(r)
= Mr) d— fl(r) Using the expression x(r) given by Molodensky (1953):
3
X(r) = K(r)
Mr)
Eqg. (7) yields
d
O @ty wgm -1-un) @®)

dr

The solution of this problem would generally require the knowledge of the values

of 1(a), M(a) and g(a). In the present case, however, we do not know the value of

g(a), and the exact position of the care-mantle boundary of 0,5 «109years ago is

also unknown. Let us try to determine these unknown quantities from the above

system of differential equations, making use of the conditions p(0) = const, M =
dX(r)

= const, — = 0. Introducing the function
dt
4jrf
y(r) = g(r) er2dr,
we have
dy{r)

3y(r
Qn dr y(r)

g(r) = r my(r)
and Eq. (8) becomes

dzy(r) 4 dy{r) dy(r) o(r)
 — r = o, 9
dr2 r dr A dr 0 Mr)

because of the continuity of g(r) the function y(r) is continuous at the core- .lar.t.e

boundarj® and—for y(o) has to be finite—at the centre of the Earth d—— = 0
r
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At the Earth’s surface obviously y(a) = a eg(a). Making use of these properties of
the function y(r) we have succeeded to determine g(a) and the position of the core-
mantle boundary for 0,5 «109years ago. Using a similar model and recent values of
M(a), 1(a) and o(a) (= 3,34 gem-3) Molodensky (0p. cit.) obtained:

p(0) = 12,58 gem-3

core-mantle boundary = 0,55 Earth radius.

dy

The solution of Eq. (9) is rendered difficult by the fact that ~ as well as o/X

is discontinuous at the core-mantle boundary. To overcome this difficulty, computa-
tions has be n performed as follows:

1 We solved numerically the differential equation (9), starting out from the
centre of the Earth. Since the position of the core-mantle boundary is unknown, the
computations were first performed up to the spherical boundaries r/a— 0,60;
0,55; 0,50, respectively.

Lo dy. . dy
2. Since -d---IS discontinuous at the boundary“, we assumed the values g
r r
= —5,0; —5,5; —6,0; —6.5 and continued the integration of Eq. (9) up to the sur-
face, making use of the respective values. Thus, we obtained 12 curves altogether
which were then used to construct by means of interpolation the solution satisfying
Eqg. (6).

According to these computations, some 0,5 m109 years ago, in the Ordovician,

the near-surface density was 3,6 g/cm3, the core-mantle boundary being at 0,58 rja.

Such significant variations of the angular velocity of the Earth should have
changed the ellipticity of the Earth as well. Let us characterize the deformation of
the Earth by the so-called secular Love number (Munk, MacD onald, 1960):

H being the dynamic ellipticity of the Earth. The ellipticity a deviates somewhat
from that valid to a hydrostatically balanced Earth, but this deviation should not
be considered as significant in the present case. So, our planet can be considered as
a hydrostatical figure (a = 0,00335).

Consequently

2 Ma2f a\ oRa3
F~HT - 2j g~J7M
i.e.
1. 10,
asco

Using recent data, Ks= 0,94. Since the secular Love number describes the state
of the Earth under the effect of forces of very long duration, it can be assumed that
K's had been constant in the different geological epochs. Assuming again the con-

stancy of the Earth’s radius and taking the value of ¢ as constant, according to
a
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Table I, then:

i a, d°
= «0 «0 + At —

>
n
dt (n)

where index O refers to recent values, index p to values having been valid 0,5 <109
years ago, of the ellipticity and angular velocity. Carrying out the computations,
Eq. (11) yields ap= 0,00433.
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VABGA PETER

A FOLD INERCIAMOMENTUMANAK ES LAPULTSAGANAK
LEHETSEGES VALTOZASAI AZ UTOLSO FELMI1LLIARD EV ALATT

A Fold csillagaszati adatokbél meghatarozott szekularis forgassebesség valtozasa
(—5,6 *10-22 sec-2) és ezen mennyiség kilénbozd foldtorténeti korokban élt korallok névekedési
gy(rdi alapjan meghatéarozott értéke kozelitéen egyenléek. Bolygénk tengely koéruli forgasanak
lassulasat elsdsorban a tengerek arapéalya okozza (a szilard Féld és az atmoszféra arapélya ala-
rendelt szerepet jatszanak). A vilagécednok kotidalis térképeinek felhasznalasaval megallapit-
haté, hogy ha a Fold polaris inerciamomentumanak mai értékével szamolunk (8,024 =104 gém2)
8,59 10— secz szekularis lassulas adédik. Mivel a Fold forgasat 3,0 «10—2-kel gyorsité hatét
jelenleg sem bolygénk belsejében, sem kdrnyezetében nem ismeriink, az adédé ellentmondast ugy
tudjuk csak feloldani, ha az inerciamomentumot nem tekintjuk allandénak. Ebben az esetben
— 3,25 m1027 gcm2 momentumvaltozas érték adédik, amelynek hatasara a Fold belsejében radialis
tomegatrendez6dések jatszédtak le az Ordoviciumtél napjainkig. Ez a momentum valtozas érték
azonban nem lehetett érvényes a Fold egész torténete folyaman, mert hatdsara az inerciamomen-
tum értéke 1,7 <100 évvel ezel6tt 9,7 <104 gcmz értékre kellett volna hogy novekedjék, azaz
ennél az idépontnal régebben bolygénk instabil felépitését kellene feltételezniink.
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M. BAPTA

BO3MO>XHBIE BAPVALUNN MOMEHTA MHEPLWN N CXKATUNA SEM/IN
3A MOCNEOHVE NONTMWINNAPOA NET

BekoBble BapyaLiMy CKOPOCTW BpaLLEHNsT 3eM/n, onpefesieHHbIE M0 acCTPOHOMUYECKUM JaHHbIM
(—5,6 m10" 22 cek-2) 1 BeNMUUHBI, onpefenieHHble MO KOJibLiaMm pocTa KopaslioB pas/inyHbIX reoso-
rMYeCKMX 3Nox NpubM3nTesIbHO CoOBNagatoT. 3amMe/ieHne BpaLLieHVs! Hallield MnaHeTbl BOKPYT CBOel
0CW BbI3bIBAETCSA MPeXKae BCero NpunBammn mMoper (Mpuanebl TBepAoi 3emn 1 atmoctepbl UrpatoT
371eCb NOJUYMHEHHYIO Posib). C NCMOMb30BaHUEM KOTUAA/IbHBIX KapT MUPOBbIX OKEaHOB MOXKHO [e-
NaTb BbIBOA 0 TOM, YTO €C/IM CHATATb C COBPEMEHHOV BE/TMYNHOM MOMEHTa MONSPHOM UHepLmn 3eMnn
(8.024 m1044 rem?, TO nosnyyaeTcs BekoBoe 3ames/ieHuve pasBHoe 8,59 m10:22 cek2 [ockonbkKy B
HacTosiLee BPeMsi H/ BHYTPU 3eM/I1, HN B ee OKPY>KHOCTU He U3BECTHbI (DaKTopbl, KOTOPble MOr/n
6bl yCKOpUTbL BpaleHve 3emnm Ha 3.0 «10-22, BO3HMKaLLEe MPOTMBOPEYME MOXHO pas3peLunTb
TONIbKO TOrfa, ec/im MOMEHT WHEpUMM He CUUTAETCA MOCTOSAHHbLIM. B 3ToM c/lydae nonydaetcs
n3mMeHeHVe MOMeHTa —3,25 <1027 rcm2/Cek, B pesy/ibTarte KOTOporo B Heapax 3emsv npomncxognsio
pagnasnibHoe repepacripefenieHne macc 0T OpfoBMKa A0 HacTosAwero speMeHW. OfHako, Takoe u3-
MeHeHMe MOMeHTa He MOr/0 AeCTBOBaTb 3a BCIO MCTOPUIO PasBUTUA 3eMsn, MOCKOMbKY B 3TOM
cnyyae 1,7 m10e sIeT TOMY Hasaf, Be/IM4MHA MOMEHTa WMHepUMU [Jo/mKHa Obina 6bl Bo3pacTatb [0
9,7 m10M rem2 T. e. Hy>kHO 6bIs10 6bl MpefnonaraTe HeyCcTOMUMBOE CTPOEHWE 3eMIM [0 YKa3aHHOro

BpemMeHW.
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GRAVITACIOS SZUROK GEOFIZIKAL
HATASMECHANIZMUSANAK SZEMLELTETESE

STEINER FERENC*

A sz(irt gravitaciés térképek hasznalhatésaga a geofizikai szerkezetkutatasban
jol ismert. E térképek értelmezését és a helyes szirdvalasztast azonban jelentésen
megneheziti az a kérilmény, hogy a szerkezet és a szurt értékek kapcsolatat vilago-
san bemutaté maédszert a szakirodalom nem kozél. Bar egy korabbi tanulmany-
ban definialt és példakon bemutatott ««-figgvények, valamint Fourier-transzformalt-
jaik pontos valaszt adnak a felmerilé kérdésekre (Steiner, 1973a), az egyszeril
szemléltetésre torekedni mégsem felesleges. Az eredményeket felhasznalé geofiziku-
sok, geoldgusok és a gravitacidval foglalkozd szakemberek a leglényegesebb szirgsa-
jatsagok egyidejd megjelenitésével a konkrét esetek kivanalmainak optimalis egyez-
tetését kdnnyebben talalhatjak meg.

A javasolt eljaras a kovetkez6.

A kutatasi mélységintervallumot vizszintes sikokkal egyel6re egységnyi s(r(-
ségleknek tekintett lemezekre bontjuk. A lemezek vastagsaga valamennyi példank-
ban 100 m.

Megadunk egy (célszerlinek kerek) értéket, amely az alkalmazott m(iszer- és
korrekciészamitasi pontossag szemszogébdl nem tul Kicsiny. Elég Kicsi viszont ahhoz,
hogy a legink&bb érdekesnek itélt z mélységszintben fekv6 lemeznek a vizsgalt szd-
rési eljarassal legnagyobb hatast adé része a valasztott érték tobbszérdose (pl. kb.
10-szerese) legyen.

Ezek utan mindegyik lemezre elvégezzik a kovetkezbket:

Az x,y, z koordinatarendszerben, ahol az origbé az a pont, amelyre a sz(irt érté-
ket képezzik, a lemezt x = konstans sikokkal metsszik; el6szér x = 0-nal. Ezutan
olyan xr értéket kerestink, hogy a lemeznek az x — 0 és x = x1 vertikalis sikok ko-
zOtti része a szlirt hatds abszolUt értékében a kivalasztott kerek (pl. 0,05 mgal)
értéket adja. Ugyanigy torténik egy tetszéleges xi+l meghatarozasa is: itt nyilvan
az x = x| és x = xi+1 fuggbleges sikok kozotti vizszintes hasabnak kell abszolGt
értékben az alapértéket adnia.

A sz(ir6t6l és a hasab helyzetétél figg, hogy a hasab sz(irt hatasa pozitiv vagy
negativ. Nagyon gyakori, hogy ugyanazon a lemezen belll pozitiv és negativ hatasu
hasabot egyarant talalunk. Altalaban eljutunk egy olyan x értékig, hogy az x( és
az x' kozotti hasab szlirt hatasa még nem éri el az alapegységet, de x > x'-né\ mar
a negativ tartomanyba esik. Ekkor ai+l-et Ugy valasztjuk, hogy az xt és az x{+1 ko-
zO6tti hasab hatasa zérus legyen. Ennek szélessége a valasztott alapértéktdl fugg és
a kilénb6z6 mélységszinteknél szeszélyesen valtozo6 vizszintes méreteket ad. Az 1—7.
abrakon ez a szabalytalannak latszé zona ne vonja el figyelmiinket az dbrak Iényeges
mondanivaléjatoél.

* Miskolci Nehézipari Egyetem.
A kézirat beérkezése: 1974. szept. 30.
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A gravitacids sz(ir6k zérus fazistolastak, a gr-hatas szimmetrikus. Ezért az el-
jarast mind pozitiv, mind negativ x-ekre elvégezve, abszolut értékekben ugyanarra
az x{ értéksorra jutnank. Tehat pozitiv x-ekre elegend6 az azonos abszollGt értékd
hatast adé hasabokat abrazolni.

A meghatarozasok soran xt nagyon nagy érték, vagy végtelen is lehet. Ezért az
abrakon a hasabsor utan irt szammal jeleztiik, hogy a végtelenig haladva még hany
hasabot kapnank. Ha ez a szam azonos a felette levd szintre érvényes szammal, nem
irjuk ki. Az abrak mindegyikén 2,5-szeres mélységtorzitast alkalmaztunk. Az s minta-
vételi tavolsag mindenttt 500 m.

A példak kozul tekintsik el6szoér az 1., 2. és 3. abrakat, amelyek az Un. to tér-
képtranszformaeid (Steiner, 1973b) kiilonb6z6 méretl szlrdinek hatasmechaniz-
musat szemléltetik. Az alapérték 0,01; 0,02 és 0,05 mgal, ami mar 6nmagaban mutat-
ja, hogy a szliréméret ndvelésével az anomaliak nagysagat a sz(rt térképen milyen je-
lentésen novelhetjik. Oldaliranyban meglehetdsen tavoli tomegek is hatassal lehetnek
a szlrt értékre. A hatas mértékét tetszés szerint felvett hatéalakkal és slr(iségkont-
raszttal azonnal megallapithatjuk, ha atéglalapdiagramokat kiolvasoként hasznaljuk.

i000 6000 m

1000

— 2000

— 3000m
1. 4bra. A t0q = 4s sz(ir6 hatadsmechanizmusanak, azaz a mérési ponthoz viszonyitva kilénbozé-
képpen elhelyezkedd térrészek t0 q = as sz(ir6 szerinti sllyozasanak szemléltetése

Fig. 1 Representation of the performance of filter t0 q = 4s, by means of the weights attributed
by the filter to prisms situated in different positions with respect to the reference point

Pue. 1. VinnocTpauusi MOLHOCTY (PUAbTPa /0 g = 4s, T. €. B3BELUMBAHWS YYacTKOB Mosisl
pacnonararLmMxcs pasIMYHO Mo OTHOLLEHWIO K MYHKTY HabnoAeHWi, o unbTpy t0q = 4s
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Fig. 2 Performance of the filter too = 4s
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3. dbra. A t0q = 14s sz(ir6 hatdsmechanizmusanak szemléltetése
Fig. 3 Performance of the filter t0q = 14s
Puc. 3. innocTpauns mowHocTn unbtpat, o = 147
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A laterdlis hatasokra vald érzékenység azonos térképtranszformacional a sz(ré-
mérettel ndvekszik, a felbontoképesség pedig, ahogy ezt pl. a 0-zéna kdzépvonala-
nak helyzete mutatja, csokken.

A 3., 4. és 5. abrakon a t0, t2és t4 térképtranszformaciok (Steiner, 1973b) azonos
méretl sz(réinek hatasmechanizmusat latjuk. A kulénboz6ségek ellenére az 1., 2.
és 3. dbrakon a hasonlé vonasok félreismerhetetlenek. A 3., 4. és 5. abrak 6sszehason-
litasakor a kilénbézd jelleg kialénbézé térképtranszforméciora utal. Kalénosen Ki-
emelendd a t2és méginkabb a i4 nagy felbontéképessége, valamint az oldalhatasokat
tekintve az a tény, hogy a felrajzolt hasaboktdl kiindulva x — o0o0-ig i4nél minden
mélységszinten a szlrt érték zérus, ami oldalhatas-érzéketlenségre utal. A masodik
pozitiv zénat is ugy értelmezhetjik, hogy (mivel tavolrdl csak nagyobb méretd
szerkezet okozta zavartol kell tartanunk) ez a pozitiv zéna altalaban a negativ zona
tavolabbi részeinek hatasat mar k6zémbositi.

0 WO 2000 3000 -000 5000 6000 7000 &0Jin

It 1
0,02 mgal
— WO
*1
— 2000
0
— 3000 T

4. dbra.A 2Q= 14s sz(ir6 hatasmechanizmusanak szemléltetése
Fig. 4 Performance of the filter t2g = 14s
Puc. 4. nnmocTpauusa MowHOCTU punbtpat2Q= 14s
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5. abra. A ij 0 — 14s sz(ir6 hatdsmechanizmusanak szemléltetése
Fig. 5 Performance of the filter i g = 14s
Puc. 5. MnnawcTpayms MoWwHOCTU munibTpa /4 0 = 14s

Az 5. abran a mélység felé addig mentiink, amig egyaltalan hasab volt rajzolhato.

Az abra azt is mutatja, hogy milyen mélységh6l szamithatunk még hatasra.
Nyilvanvald, hogy a sziUrémérettel a mélységi érzékenység is jelentésen valtozik.
Az 5. és 6. abra 0sszehasonlitasa ezt vilagosan mutatja. A jelenlegi miszer- és korrek-
ciészamitasi pontossagnal (mivel a stripping-modszer még nem valt rutinmddszerré),
t4 Q= 8s méretl szlrdével pl. biztosan nem kapunk értelmezhet6 eredményt, ha
a haté mélysége nagyobb 2000 méternél.
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A 7. abra olyan szir6é hatasmechanizmusat szemlélteti, amelyet a szerz6 kicsiny
laterdlis érzékenység megvalodsitasara készitett (Steiner, 1974). Hasonlo célt Ki-
tlizve és kikodtve azt, hogy negativ zona ne Iépjen fel, olyan matrixot kapunk, amely
valéban lényegesen nagyobb sullyal veszi tekintetbe a vonatkozasi pont alatti tér-
részek slrlségkulonbségeit (8. 4bra), mint az eredeti gr-térkép. Ennek téglalap diagram-
jat (Jung, 1961) 0Osszehasonlitasul a 9. dbran mutatjuk be.

A dolgozatban ismertetett eljaras (térrészek sulyainak szemléltetése) a w-fligg-
vény egyik abrazolasi modjaként is felfoghato.
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8. dbra. Ay = 33h0— sz(ir6 hatdsmechanizmusanak szemléltetése

Fig. 8 Performance of the filter y = 3.3 h0O= 4s
Puc. 8. Mnntoctpaumna mowHocTn cmunbTpay = 3,3 h0= 4s

3 Geofizikai Koézlemények 23.
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9. &bra. A mérési ponthoz viszonyitva kilénbozéképpen elhelyezkedd térrészek g szerinti sulyo-
zasanak szemléltetése

Fig. 9 Weights attributed by g to prisms situated in different positions with respect to the
reference point
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A SIMPLE METHOD FOR THE REPRESENTATION
OF THE GEOPHYSICAL PERFORMANCE
OF GRAVITATIONAL FILTERS

F. STEINER

While it is commonplace to speak about the usefulness of filtered gravity maps,
very few if any objective methods have been published which would help to judge
the relationship between the filtered map and the corresponding geological structure,
and to choose the most appropriate filters for a given task. The so-called «/-functions
and their Fourier transforms introduced in an earlier publication (Steiner, 1973a)
are an efficient means to settle all these questions, it is still necessary for the geo-
physicists or geologists working with gravity data to have a more simple method to
study the geophysical effects of the applied filters.

The aim of this paper is to present a new method for the representation of the
performance of gravitational filters.

The depth-interval studied is divided to horizontal slabs whose densities will be
taken as unity, for the time being. In the following examples the thickness of the
slabs is 100 m.

We prescribe some value, not too small as compared to the accuracy of the in-
struments and corrections but still small enough in comparison with the effect of the
central part of a slab in the most interesting depth range.

Next we perform the following computation for each of the slabs. We introduce
a system of coordinates x, y, 2 whose origin coincides with the point where the filter
is applied and the given slab is intersected by the vertical planes x = const, beginning
with x = 0. Then a value xx is sought for, such that the magnitude of the filtered
effect of the prism between the planes x = 0 and x = aq should be equal to the
prescribed value (say 0.05 mgal). We proceed similarly in case of the other ag-s:
the absolute value of the filtered effect of the prism between the planes x = xtand
x = xi+l should equal the prescribed one.

Depending on the filter and on the position of the prism the filtered effect might
be positive or negative, very often there occur prisms having alternatingly positive
and negative effects within the same slab. Generally, there is an x' such that the
filtered effect of the prism from xtto x' does not reach the prescribed level, but for
x > x' the effect changes sign. In this ease xi+1 is chosen such that the effect of the
prism from x( to xi+1 should be zero. The width of this prism obviously depends on
the prescribed basic value and oscillates capriciously in case of different depth
levels.

Since gravitational filters are of zero phase-shift, the {/-effect is symmetrical,
and the above construction, when carried out for positive and negative x-es, obviously
results in x( series having the same absolute values. In what follows only the prisms
determined for positive x values will be considered.

3*
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Some of the computed x{-a might turn out to be very large let alone infinite.
So, in the graphs, the numbers after the series of prisms indicate how many addi-
tional prisms would have been obtained had we proceeded up to infinity. If this num-
ber equals that for the series of prisms one level higher, it won’'t be written down
once more. In each graph a 2.5 fold depth distortion is used, the sampling interval
s is 500 m in each case.

Let us first consider Figs. 1, 2 and 3 illustrating the performance of the filters
of different sizes corresponding to the map transformation tOdefined earlier (Steiner,
1973b). The basic values are 0.01; 0.02 and 0.05 mgal, respectively, which shows in
itself how significantly the extent of the anomalies can be enlarged by increasing
the size of the filter. Masses far apart in lateral direction might considerably in-
fluence the filtered value—the extent of this can immediately be determined from
the assumed shape of the body and density contrast, using the rectangle-diagrams
as masters. For the same map-transformation the sensitivity to lateral effects in-
creases with the sise of the filter while the resolving power deteriorates (see e.g. the
position of the centre line of the zero-zone).

Figures 3,4 and 5illustrate the performance of filters of the same size, correspond-
ing to the map-transformations t0, t2and <4, respectively, defined by Steiner (1973b).
While, disregarding some small differences, Figs. 1, 2, 3 unmistakably have similar
features, in case of Figs. 3, 4, 5 the different characteristics refer to quite different
map-transformations. The greater resolving power of i2 and even more that of ti is
conspicious, while the fact, that the filtered total effect of the slabs between the last
prisms shown in the figures and x = oo is zero for all depth levels refers to an in-
sensitivity to lateral effects in case of tr Since from great distances only the effects
of large enough structures could cause any disturbance, the second positive zone can
be interpreted as one balancing the effect of the more distant parts of the negative
zone.

In Fig. 5 the construction has been continued to the greatest depth where a prism
was altogether constructible.

Thus, the graph also indicates the greatest depth where gravitational effect can
be expected from. A comparison of Figs. 5and 6 clearly shows that also the sensitivity
to depth considerably changes with the size of the filter. Keeping in mind the present
accuracy of instruments and of the computed corrections (and since the stripping-
method hasn’t become wide-spread up to now in routine work), the i4filter of size
g — 8s certainly won't give any interpretable result for bodies at depths greater
than 2000 metres.

Figure 7 illustrates the performance of a filter which was specially designed
as to have a negligible lateral sensitivity (Steiner, 1974). If it is also required that
no negative zone should occur (Steiner, op. cit.), the resulting matrix takes into
account the density contrasts below the reference point with much greater weights
(Fig. 8) than the original gr-map whose rectangle-diagram (after Jung, 1961), is
presented in Fig. 9 using the same depth-distortion as in the other figures.

Finally, it should be noted, that the method outlined in the paper can be con-
sidered as a new way of characterizing the ro-function (defined in Steiner, 1973a)
by means of the weights of spatial domains.
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LUTEVHEP o.

O FTEO®U3NYECKOM MOLWHOCTU MPABUTALMOHHbBIX ®U/IbTPOB

B pa6oTe MpuBOAMTCS MPOCTOM CMOco6 ANst WAMCTPaUUM Hambosee CyLLECTBEHHbIX A/1s
reoM3nKn 0COGEHHOCTEN FpPaBUTALMOHHBLIX (GUAbTPOB. [Mpegnaraemblii cNoco6 MOXET npuMe-
HATBCA MPU U3YYEHUN Te0th3NUECKUX CTPYKTYP Ha KapTax Monsi CWsbl TSXKECTW, MOCTPOEHHbIX
¢ hunbTpauyen.
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APPLICATION OF STACKING FOR REFRACTION TIME SECTIONS

E. SZ. KILENY I*

Introduction

Although the methods of multiple coverage, digital recording and data processing
became quickly known in reflection seismics, their application in refraction seismics
is still not generally accepted. Multicover measurements have been introduced to
refraction field techniques long ago coverage however is regarded as an aid to inter-
pretation instead of using it to increase signal to noise ratio.

In literature Peraldi (1969) was the first to adapt the methods developed in
reflection seismics to refraction. In 1972 Peraldi and Clement already published
a processing package, constructing the refraction horizon by ray charts as a final
result. All along the process however their aim seems to be the substitution of con-
ventional interpretation by numerical methods instead of finding new ways to meet
new possibilities. For the first time Hirschileber (1971) suggested multicover mea-
surements and stacking in refraction. His solution is somewhat laboured and some
delicate approximations are required at certain points, but his final aim, i.e. refraction
time section seems to be surely the path of tomorrow.

Suggestive display of results is important in all branches of geophysics, but in
seismics it seems to be indispensable. At the same time only attempts have been
made even in well developed computerized reflection data processing to make the
computer understand in form of different parameters what human eye sees. In
refraction picking the change of wave form is even more important than in reflec-
tion interpretation. Display of refraction waves in the form of time section represents
a new dimension in geological interpretation.

Consequently our aim is identical to that of Hirschleber, but our solutions are
supposed to be simpler, easier to realize and not limited to first arrivals.

The problem

The equation of refraction time-distance curve for two layers can be given in
the following form:

T= hap+ hg+ (x/V2 cosB Q
where
hap — ™ cos0 (cos *)/Fi 2)
and
hg — "2 CO0S® (COSO0/"i ®3)

* Roland Eo6tvds Geophysical Institute
Manuscript received: 9, 12, 1974
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For further notations see Fig. 1.

Fig. 1. Display of notations used in formulae
1. 4bra. A dolgozatban alkalmazott jelolések szemléltetése
Puc. 1. O603HaUeHUs, MPYIMEHsIEMble B HaCTosILLEN paboTe

Definition of delay time:
D= T—x/VR= tOp+ tlg+ (z/V2 cosO0 — x/VR 4
Where VRis the reduction velocity.
Ifx= 0, T = = tosp+ tOy - intercept time.

Some authors consider D as intercept time and tOg as delay time, but sticking
to conventional nomenclature we call tosp and to;l the shot point delay and geophone
delay respectively, keeping the expression of delay time for D.

Arrivals from different shotpoints will represent a continuous time section only
if all other terms but the geophone delay are eliminated in the formula of the delay
time. If this reduction is carried out by adequate precision, the covering arrivals can
be stacked. Two or threefold coverage is at our disposal in every routine refraction
profile. Using stacking, according to the Yn formula a 1.4-1.7 times increase in signal
to noise ratio can be achieved by no extra expenditure. Advantages of stacking con-
cerning first arrivals are important in areas of unfavourable energy transmission
and in inhabited regions, but they are always essential as to later arrivals.

Solution

The main point in the solution is to determine appropriate correction, which
consists of two parts. The first part, the function of x has to be zero:

(XNZ) cos 0 — Xx/VR= 0 (5)
It concludes that VR= F2cos 0 (6)
For possible values of 0, 0~ cos O 1; so VB V2.

Cos being an even function the same reduction velocity can be applied for both
directions.

The second part of the correction is the determination of tosp. Hirschleber suggests
a statistical method for the separation of tosp and tog. The disadvantage of his method
is that it is necessary to determine the reduction velocity beforehand, but it can be
done by adequate precision only after having separated the shotpoint and geophone
delays respectively.
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Since there are more unknowns than equations, the problem may be solved by
such a shooting system where in two successive travel-time curves tOp could be
determined graphically (as half of the intercept time). From the equatins of two
covering time-distance curves VR can be computed:

and

h

It is evident that reduction velocity is equal to the apparent velocity but cor-
rected by the difference of shotpoint delays. As a matter of fact this term represents
the dip of the horizon. If (tOg2— tOspl) — O, the horizon is horizontal (except cases
of very little probability), and VR= Vagp= V2.

Having VR the values of t0j can be easily computed and—according to our
basic assumptions—are equal for both curves. If a third covering curve is given, its
tOgpg value can be determined from the equation of the time-distance curve supposing
that i0Qgand Vn are equal to the values as defined above. Starting from this perfectly
identical point and carrying out the reduction with several possible values of VR
and stacking, the varying value of VR can be determined by sections. As a matter
of fact a method of velocity determination is attained, similar to the constant velocity
scan, well proved in reflection seismics. A great advantage over reflection seismics
is that errors in static correction do not influence the result of stacking.

The tOsp values of newly incoming covering time-distance curves can be com-
puted by the known value of VR The value tOp thus determined contains beside
the real shotpoint delay time also the difference between the “antecedents” of the
time-distance curves. Practically it reflects the relative relation between the reduced
time values of different shotpoints.

Horizontal offset can be determined from characteristic points of straight and
reversed delay time curves. Time differences however can still occur between reduced
and shifted delay time curves of opposite direction because of their different “ante-
cedents”. In case of complicated structure there is even no hope for stacking delay
time curves of opposite directions. The method of stacking seems to prefer one-
sided shooting systems instead of correlation systems in refraction as well as in
reflection seismics. It remains an open question wether migration—to be solved in
future—will allow it or not.

Concerning the case of later arrivals, reduction and stacking by a VR determined
for a given horizon will decrease the amplitude of arrivals of different velocity, be-
cause of unfavourable interference. In zones of interference properly reduced waves
will gain in signal to noise ratio and will be better picked. The use of constant velocity
scan on a broad scale will produce the reduction velocities of all waves of interest,
while time sections for each wave can be prepared separately. The mathematical
processes involved are simple, to be carried out easily by analog or digital computers.
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Examples

Accuracy of velocity determination has been checked by computation on a three-
fold coverage section of a Transdanubian refraction profile. Fig. 2 shows the chosen
part of the time-distance graph. Shotpoint delays were determined for shotpoints

t(se0)

1,100

SP;?.-

0,800

-0,600

o500 X (M
34s0 3600 3g00 <,00 4200 «00 4500
Fig. 2. Part of time distance graph of a refraction profile
2. abra. Egy refrakcids szelvény ut—id6 gorbe rendszerének részlete

Puc. 2. [leTanb cuctembl rogorpadgos no npocguio KMIMB

23Mand 110graphically. For geophone point 3459 as the point of threefold coverage
with smallest x values, the reduction velocity was computed by equation (7) from
the arrival times of the above two shotpoints. With the resulting velocity of
5910 m/sec, the geophone delay was computed (0.162 sec). By the above results the
shotpoint delay of shotpoint 000 was determined and the reduction carried out for
a whole spread of 24 geophones.

Results are listed in Table I and shown graphically on Fig. 3/a. It follows from
the latter, that the reduction velocity of 5910 m/sec is satisfactory up to geophone
point 3900. After this point the reduced time curves diverge. The former calculations
for geophone point 460 give a reduction velocity of 6030 m/sec. Reduction of the
same data by the above velocity yields the results of Table Il and Fig. 3/b. As ex-
pected conformity of the three delay time curves from 393 to 4600 seems to be ex-
cellent. It must be noted however that errors of picking are included in these data
and effective stacking may lead to even better results.
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tmsec

Fig. 3. Geophone delay times

a) reduced by ya = 5910 m/sec
b) reduced by v, = 6030 m/sec

Legend: Sp. 23®
Sp. 11®
1 Sp. O»

3. abra. Geofonhelyi késési id6k
a) redukci6hoz alkalmazott sebesség: ¥Yp = 5910 m/sec
b) redukciéhoz alkalmazott sebesség: Y = 6030 m/sec
Jelmagyarazat: Rp. 23®
Rp. 11
Rp. 0

Puc. 3. BpemeHa 33iep>XKK1 B MyHKTaxX CeiicMonpreMHUKOB

a) CKOpOCTb, MUCMOoMb30BaHHas ANs peaykumm — Yo = 5910 m/cek
6) CKOpOCTb, MCMNOMb30BaHHAsA ANs pefykuum — YA = 6030 m/cek

YcnoBHble 0603HAYEHUS: MB 230
nB N
nB Qo
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SZ.DXENYI EVA

REFRAKCIOS IDOSZELVENY ELOALLITASA STACKING ALKALMAZASAVAL

A refrakciés mérések szamitégépes feldolgozadsa messze elmaradt a reflexidés kiértékeléstol.
Az irodalomban megjelent ilyen irdnya kisérletek féleg a hagyomanyos kiértékelést igyekeztek
megvaldsitani szamitdgépek segitségével és nem alkalmazték a digitalis technika egyéb lehet6-
ségeit. Hibschlebeb (1971) javasolta el6szor stacking alkalmazasat, de megoldasa nehézkes és
néhol kényes kozelitéseket tartalmaz. Jelen dolgozat célja refrakciés id6szelvény eléallitasa
stacking alkalmazésaval, egyszer( moédszerekkel.
A refrakcios késési id6 definicidja:
D=T x/Yp= tosp+ fog+ (x/V2 COSe — x/VR 4)

ahol tesp és tag a robbantéponti, ill. geofonhelyi késési idék, vu pedig a redukcids sebesség (jelolé-
sek az 1. dbran). Ha egymast fedd sebességagakat dsszegezni akarunk, a késési id6 képletében
a geofonhelyi késési id6 kivételével minden tagot eliminalnunk kell. A redukcié két Iépésbél all:
el6szor az x-tél fiilggé rész levonasa, masodszor tosp és tag killonvalasztasa. Az els rész a redukcids
sebesség meghatarozasat jelenti, melyre a reflexiés mddszerben bevalt constant velocity scan
mddszeréhez hasonlé megoldast, tosp és tog szétvalasztasara pedig részben grafikus, részben szami-
tasos eljarast javasolunk.

Az ismertetett mddszer egyiranya lovési rendszerek alkalmazasat teszi lehet6vé. A stacking
megvaldsitasa Iényeges jel/zaj viszony javitast eredményezhet nemcsak az elsd, hanem a késdbbi
beérkezések tartomanyaban is.

C. KWNEHW 3.

MOCTPOEHVME BPEMEHHbIX PA3SPE3OB KMTIB MO METOAY OI'T

MawumHHasa obpaboTka aaHHbix KMIB fganeko oTctaeT oT uHTeprnpeTaumn gaHHbIx MOB.
Ony6nnKoBaHHbIE B NNTEPAType MOMbITKN NoJ06HOro xapakrepa 6bl/1M HanpassieHb! r1asHbIM 06-
pa3om Ha mcnonb3oBaHve 3BM gnsa ctaHAapTHOM MHTepnpeTaumm AaHHbIX, NpuyeM He 6blav Uc-
nosib30BaHbl A0MOSIHUTENbHbIE BO3MOXHOCTU LIMGPOBOA TexHUKWU. Briepeble Xupunebep (1971)
NpeanoKM NpUMeHsATb cnoco6 OF'T, HO NpeasIoKeHHbIV UM cnocob oKasascs TPYAO0EMKUM U CO-
Jep>kalwyM feNMKaTHble NpubvkeHus. Llenbio Hactosiweli paboTbl SBASETCS MOCTPOEHME Bpe-
MEHHbIX pa3pe30B MPesioM/IEHHbIX BOSIH ¢ NpuMeHeHnem O T no npocTbIM crocobam.

Bpemsi 3afilep>KKn NPenomseHHbIX BOSTH OMNPeAensieTcs COOTHOLLEHMEM:

D — T — x/Vft — tosp + tog -j- (x/Vjt) COS B — x/VAi, 4

rae tosp U tog — BpeMeHa 33[ePKKN B MyHKTE B3pbiBA M Y CEMCMOMPUEMHMKA, COOTBETCTBEHHO, a
Va — peayKUMOHHAsi CKOpOCTh (0603HaYeHUs CM. Ha puc. 1). EC/IM XOTUM CyMMMPOBaTL NepeKpbl-
BaloLLecsl BETBM CKOPOCTEN, TO B oOpMy/ie BPEMEHU 33JeKKN HEOBX0AUMO YCTPAHWUTL BCE Y/IeHbl,
32 UCK/TI0UeHNEM BpeMeHU 3a1epXKKK B MyHKTe celicMonpreMHMKa. PefyKUums oCyLLEecTBSIETCA B ABa
nprieMa: cHaYasia BbIMMAETCS YacTb, 3aBMCSLLAA OT x, & 3aTeM PasfesisioTcs Be/IMUMHBI tosp U tog.
MepBblii Npyem o3HaYaeT orpefeneHVe CKOPOCTU, A/ Yero npegsiaraeTcs cnoco6, nNofo6HbI cno-
coby nepe6poca cKopocTeld, athheKTUBHO MPUMEHSIOLLEMYCS B METOfe OTPabKeHHbIX BOJH, a Anst
pasfeneHyst BENMUMH tosp U tog NPeA/IaraeTcsl UCMOo/b30BaTh O0THYACTM rPadiueckmii 1 0TYacTu Bbl-
UMCUTESbHBIA CNOCO6bI.

Mpepnaraemblii MeToA MO3BOISIET UCMO/b30BaTL BCTPEUHbIE CUCTEMbI HAb/I0AeHWIA. Vicronb-
30BaHWe HaKarn/wBaHys NPUBOAMUT K 3HAUUTESTbHOMY Y/TyULLEHIO OTHOLLEHWS! CUTHA/LLYM He TO/bKO
npy NepBbIX BCTYM/IEHUSIX, HO U B AManasoHe Nnoc/eAyoLmx BCTYIeHNIA.
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SEISMIC DATA PROCESSING USING A REDUCED NUMBER OF BITS

G. KORVIN*, I. PETROVICS*

Introduction

We present here what we believe to be the first systematic account on seismic
data processing using a drastically reduced number of bits. After the formulation
of the problem and an historical outline we use information theory to decide how
many of the bits contained by a seismic trace is useful and actually needed. The
problem of optimum quantizing and sampling rates is also touched upon. The paper
is concluded by a description of a series of experiments that have recently been made
to show that most of the routine steps of preliminary processing can be performed
using very few bits—Ilet alone the sign bits—of the seismic data.

Problem Discussion and Historical Outline

Scanning the seismic literature of the last few years there seems to be a dif-
ference of opinion among the authors about the dynamic range required for processing
purposes. At the 8th World Petroleum Congress in Moscow, 1971, simultaneously
with Savit and Mateker’s “From Where? to What?”, Polshkov mentions that
seismic traces are almost uniquely determined by their extremal values. Two years
after, it was a pleasant surprise of the 43rd SEG Meeting (Mexico City, 1973) and
the 36th EAEG Meeting (Madrid, 1974) when—among the “bright spot” lectures—
Savit announced that the sign bitandfour | F P bits are sufficient to process Vibroseis
data. We understand the 44th SEG Meeting in Dallas devoted special sections to
direct CH detection and to sign bit techniques.

Digital seismic processing, as for its objectives and accuracy requirements, can
be divided in two broad categories: morphoseismics and lithoseismics. The terminology
originates from a paper of Leenhardt and Delserre (1974), a clear-cut distinction
between the two trends has been made, of course, much before (Mateker, 1971,
Savit and Mateker, 1971). Quoting Leenhardt and Delserre (Op. Cit.):

“ ... if by means of reflection, we can determine the shape of a reflector—it could
be called morphoseismics”.

“ ... as we have come to lithology by means of seismics, we propose to call this
method lithoseismics” , i.e.. morphoseismics is concerned with the geometry of the
reflecting boundaries, lithoseismics—beyond that—with the determination of
lithological characteristics.

* Roland Eo6tvds Geophysical Institute
Manuscript received: 7, 2, 1976
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The following are, among others, some of the basic tasks of lithoseismics:

a) Continuous, high-precision determination of interval velocities (as e.g.
Western's Velan process, or the Convel of Teledyne Corp.).

b) Sand-shale ratio determination from interval velocities (Tegland, 1970)

¢) Inference to overpressured zones from velocity anomalies (Jankowsky, 1971)

d) Estimation of density and elastic parameters from interval velocities
(Jankowsky, 1971)

e) Classification of sedimentary rocks by a combined use of velocity and ab-
sorption coefficient (Savit and Matekeb, 1971; Volarovtch et ah, 1969)

f) Finding stratigraphic traps on the basis of amplitude anomalies (Savit,
1960a, b; Garotta, 1971; Belyayeva et al., 1966; Lyons and Dobrin, 1972; etc.)

g) Direct detection of hydrocarbons (Diekman and Wierczeyko, 1970; Craft,
1973; Savit, 1973, 1974; Lindsey, 1974; Hilterman, 1974; Backus and Chen, 1974;
Stone, 1974; Quarles, 1973 etc.).

Most of the papers lay stress on the point that an increased dynamic range,
both in the recording equipment and in the relative-amplitude-preserving processing
system, is absolutely necessary to achieve the above goals. (Craft, 1973, e.g., speaks
about floating point numbers ranging from 10-38 to 1038!). We do not know of
a single paper, however, which would have determined, at least approximately, how
many bits are actually needed for lithoseismic tasks.

As for morphoseismics, it is generally known that the seismic data recorded by
digital systems of large dynamic range are highly redundant for some of the classical
processing purposes.

According to Savit'sexperiments (1973,1974) for an explosive source 21-bit fixed
point accuracy, for vibratory sources the sign bit and four IFP (or BGC) bits are
sufficient for routine processing. Soviet authors claim (Polshkov et al.,, 1971,
Zaharchenko and Koroshtishevsky, 1973) that for all practical purposes the
seismic traces can be represented by their local minima and maxima. There exist
algorithms for reflection picking using only the times of peaks (Paulson and Merd-
ler, 1968) and for automated velocity analysis starting out from zero-crossing
times (Barr, 1971). It is a general practice that in many cases seismic processing can
be successfully made with 4 or 8 msec sampling rates. Further data compression
might be achieved by the Rademacher, Walsh, Paley transforms (Bois, 1974,
W ood, 1974).

Maybe the most striking way to reduce the redundancy of seismic records is to
substitute each data by its polarity. The idea first occurred in a paper of Melton
and Karr (as early as 1957) who proposed polarity coincidence schemes for signal
detection. (For theoretical background and further references see Carlyle, 1968).
Following up this idea we prepared a polarity-coincidence version of the Velocity
Spectra program in 1972, a similar solution was published by Cochran (1973).
An interesting point of Cochran’s paper is his proposal about a possible hardware
implementation of his algorithm.

It has been known since long in communication engineering that polarity coin-
cidence correlation can be used for the estimation of power spectra and to reveal
hidden periodicities of random processes (Van Vlieck, 1943, 1966; Ossenberg,
1968). Fara and Scheidegger (1961) proposed similar techniques for the statistical
description of porous media, Carrs and Neidell (1966) reports on an interesting
geological cyclicity detected by means of polarity coincidence correlation. According
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to Boetfeld and Ristow (1969, personal communication) correlating field data
with the sign bits of the Vibboseis sweep should be enough for a preliminary check
or field-display.

Finally, it should be mentioned that while the dynamic range of seismic plotters
used nowadays is some 7-10 bits, plotting as few as 1 bit could be surprisingly effec-
tive for certain purposes, as e.g. zero crossings in shallow investigations (Meidav,
1969) or the display of sign bits of a common-offset section.

Information Contained in a Seismic Trace

Let us suppose that on a magnetic tape or in the computer’'s memory each
seismic data is represented by m bits, a seismic trace consists of N + 1 data, its
spectrum contains no frequencies above a certain limit/ mex, the trace extends over
a time interval T and it is sampled at a rate At. In case of a proper choice of the
sampling rate

2 '/max =sAt= 1; T= N <At; N =T -2 flnax. (D]

In the ideal case when all sampled data are independent of each other, the in-
formation content of the trace is maximal:

I = Imax= (-V+ 1)m bits ps 2 < max «T mm bits. 2

The information of actual seismic traces is of course always less than I mlx, for
successive data are correlated and the spectrum is not white in [0,/ nex.

Suppose, e.g. that instead of a white spectrum we are given a trace which has
a spectrum extending from 0 to ft < /mex and that there is a resonance-like peak
in the spectrum at some/0< /,. The number of degrees of freedom of the trace is
(cf. Brillouin, 1956, Eq. 8.51)

M= 2fjT + 1
i.e. the amount of information is certainly less than
I = 2fT + 1) m P« 2fjTm < Jmax. 3

Since the spectrum is not white in [0, /,], the actual information is even less. Let
/o fm (e-g-/o = 30 Hz, fm= 250 Hz), let us suppose that the data are, together
with their signs, m-bit fixed-point words, then, because of the resonance peak atfO,
the difference between successive values is less than

max ! 2m~1sin 2nf 0t— 2"I~1sin 2nfO [t + At)
t

< max 2m 1At m2nfOlcos 2nflt |= 2m 1At m2nfO= n2° 1 /o 4
t J

Introducing the notation

0= Iogol:’}f) 2:0 5)
w

4 Geofizikai Kozlemények 23
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Eq. (4) implies that the difference between two successive values cannot exceed
0 in binary digits. Let us determine the number of all possible traces. The first value
can be chosen in 2'ndifferent ways, for the second we have 2 «2s = 2S+1 possibilities,
etc. Altogether, the number of possibilities is

~possible = 2» (2S5+Y (6)
i.e. the information in bits of a trace can be at most
/ = 1og2 Npossile — m + {06 + 1) N.
Combining Egs. (2) and (5)

Il=m+ 6+ I)N —m -\ (m— log2 N = 7max— N log2 2"max @)
| rfo 1 +/o

that is appr. log, -~nmex bits/datum is redundant. (In case of, sav, / mex= 250 Hz,
+/o
fO= 30 Hz, the redundancy is about 2 bits/datum.)

As an interesting application of Eq. (6) let us consider the usual seismic word
format, when data are represented by means of mantissas of mx binary digits and
four BGC bits, and suppose the gain cannot step more than 6 dB (i.e. 1 bit) during
a sampling cycle. The number of bits used for a single data is m = ml+ 4, that is
the upper bound for the information in a trace is

Tmax = (N-f- 1nm-= (N+ 1yml-)- (N+ 1)4.

Because of the restriction on the gain steps the possible number of traces differing
in BGC values is
N possible = 24 <22V

implying that about 2 bits/word should be enough to specify the BGC values—
exactly as recommended by SEG for the 9 track tape format (Northwood et ah,
1967).

If we accept the view of the Soviet school that seismic traces can be charac-
terized by the extremal values (Zaharchenko and Koroshtishevsky, 1973) we
get a further estimation of the redundancy of seismic data. Denoting the dominant
frequency by /,, and assuming a Poisson distribution of the times corresponding to
peaks and troughs, the expected number of extrema will be 2N <At « 0. Represent-
ing extremal values by m bits each and their respective times by an array of alto-
gether N bits, the information to be expected is

I=2N Atfan+ N=N{-2-m+1\ ~ /mas (&)
\fimax )

How many bits should a seismic trace contain?

Since computers cannot manufacture new information, a seismic trace, or an
assembly of traces should contain at least that amount of information we hope to
gain from their interpretation.



Seismic processing using a reduced number of bits 51

Let us address ourselves to the determination of interval velocities. According
to some authors (Kunetz, 1963; Claerbout, 1968; Eisner, 1970; Lindseth, 1972,
etc.) there is a possibility to determine interval velocities (by a proper deconvolution
and some kind of inversion of the computation of synthetic seismograms) from single
least-offset traces. From the physical point of view, of course, it cannot be expected
that layers thinner than a certain fraction of the dominant wave-length could be
traced. Denoting the dominant frequency by f0, the mean value of velocities by c,
and adopting the optimistic view of Craft (1973) that the limit of resolution is
1/12th of the wavelength the thickness of the thinnest detectable layer is ¢/12/0.
If T= N <At is the total two-way travel-time, the corresponding depth range is

and the number of degrees of freedom of the velocity distribution is

N* pa2Z m c = cN At 1%’\° = 12A AtfO.

If Nv denotes the number of the different values of the velocities to be determined,
the information we gain from the determination of velocities is

I.= 12JT' dtfOlog, Nt = 6A [ fo-) log2N, 9)
Vimax /
in binary digits.
Estimating the amount of information contained in the trace by Eq. (8), it
turns out as a necessary condition for the velocity determination that

I=N - m+ IT > N m ;> 6-A_ Nlog2Nv
fmax / /max /max

m > 6 «log2NO

should hold, where m is the number of bits used for representing seismic data.

The above inequality implies that a high-resolution, accurate velocity analysis
requires a rather large dynamic range.

Contenting ourselves with detecting layers of thickness J1/2, the information of
the velocity distribution is

lv= 2N AtfOlog, .V,.-. -V f) -log, Nv (10)
Jmex
i.e. the number of bits should meet the less severe requirement:
m ~ log2 Nv. (11)

If, e.g., we want to approximate the velocity distribution by 100 different values of
interval velocities and by layers of thickness A/2 the seismic data must be quantized
by 6-7 bits. This means, that in case of a sixfold coverage there is theoretically
nothing against to obtain a reasonable guess of the velocity function using as few
as one bit for each data of a CDP gather.

4*
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As a matter of fact there are at least two successful experiments reported which
prove that this can really be done, that of Cochran (1974) using sign bits, and of
Baer (1971) who made use of zero-crossing times.

It should be noted that the amount of information of the velocity distribution
in a sedimentary series is generally less than that given by Eqgs. (9) and (10), for
there is a correlation between the velocities of subsequent layers (Kats et ah, 1969;
Korvin, 1973).

It would be a difficult venture to guess along similar lines the number of bits
needed to meet some other lithoseismic tasks. As for the absorption coefficient, it
should be brought up that in case of a linear attenuation mechanism it could be com-
puted from the fall-off of dominant frequencies (Bereznev and Malovichko, 1972;
Huang Jen-Hu, 1961), and this latter can be estimated by simply counting zero-
crossings or by Van Vleck's polarity correlation method (Carrs and Neidell,
1966). In certain cases, however, it has been found (Petrovtcs et ah, 1975) that the
main factor governing the attenuation of seismic waves is not linear in frequency
and it is necessary to compute power spectra to separate absorption from scattering
(Rapoport, 1969). In case of sufficiently long time-windows the power spectrum
can be estimated from polarity coincidence correlation (Van Vleck, 1943, 1966)
or from the auto-relay correlation (Ossenberg, 1968; Nuttal, 1958), in case of
short time-windows, however, which are more frequent in CH detection problems,
we must have a large dynamic range for a reasonable estimation of high frequencies.

Optimum Sampling and Quantizing: Number of
Bits and Dynamic Range

In the previous section the number of bits submitted to seismic processing was
considered from the point of view of geological information. We wish to turn now
to the other facet of the problem: to the dynamic range of seismic signals and
recording systems.

If we carry out seismic measurements in some time interval [tv fZ, and denote
the peak amplitude of the largest signal by rjv that of the smallest one by r/2, the
dynamic range of the seismic vibrations is defined as

D.= 20lg— dB. (12)
%

Dynamic range can also be defined by means of the spectra of rjland fj2:

D(f) = 20Ig dB (13)
B2(f) |

where Sv S2are spectra of signals rjland tj2, respectively. The dynamic range defined
by Eq. (13) is frequency-dependent, for practical purposes wWE can take the maximum
of expression (13) over the useful range.

To find the amplitude and spectrum of the greatest signal we ought to know
the source characteristics and the material properties of the near-surface layers.
As for the smallest signals, their amplitudes and spectra can be estimated by taking
into account spherical divergence, reflection losses and absorption (Born, 1941;
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Posgay et al., 1971; Gurvich, 1973; Sheriff, 1973; Byakov and Ryazanova, 1974),
for this task, however, we need velocity and absorption data. In the present state
of the art maybe the best way to define DA is to take the greatest amplitude which
can be recorded for rjv and to elect for rj2 the smallest signal which can be detected
by available techniques from below the ambient ground noise level.
The usual definition of the dynamic range D, of the seismic recording instru-
ment is
Dt= 201g - m- dB (14)

an

where ATrx is peak amplitude of the greatest signal which can be recorded without
distortion, and AN is the RMS amplitude of instrument noise.
I f seismic recording is made in digital format allotting m bits for each data, the

dynamic range of registration is
Dd= 20log r'™-1= 6(m— 1) dB. (15)

It is advisable to choose the dynamic range of registration somewhat larger than
that of the recording instrument in order that signals smaller than instrument noise
should be detectable in course of computer processing (according to Gurvich, 1973,
6-7 bits should be devoted for such purposes).

In case of a properly chosen recording equipment, converter and digital rep-

resentation
< Dj < Dd (16)

i.e. by Egs. (12) and (15):

m —el A 17)

should hold for the number of bits required for digital registration.

What are the main causes of the paradox between the large number of bits
justified by dynamic range and the redundancy of seismic data series experienced
in data processing?

1 For a safe data-transmission and/or storage a certain degree of redundancy
is by all means necessary. (It is a reasonable specification, e.g., of the SEG A format
of nine track tapes that as a redundant check of the U and G bits the actual binary
gain control value should appear at certain times.)

2. The results of seismic data processing are usually displayed on plotters of
much less dynamic range.

3. In a preliminary stage of processing (as e.g. straight stack) we are not always
interested in the shape of the waves reflected from a horizon, only in their arrival,
i.e. a simultaneous occurrence of signals on a number of CDP traces. In such cases
signal detection can be performed by means of polarity coincidence methods
(Carlyle, 1968).

4. When estimating the dynamic range by Eqgs. (12) or (13) the role of ambient
earth noise and instrument noise is sometimes overlooked i.e. the number of bits
given by Eq. (17) is too high; or we do not have the necessary techniques to enhance
signals below noise level.
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5. In the definition of dynamic range by means of Eq. (12) it hasn’t been taken
into account that this range might be different in different time gates, or [when
using Eq. (13)] in different frequency bands, i.e. digital recording with a constant
number of bits all the time is certainly not optimal.

To clarify point 5. we review in some details the problem of optimum sampling
and quantizing of analog signals (cf e.g. Brillouin, 1956; Goodman, 1966). The
problem of sampling and quantizing can be briefly stated this way: The analog
signal, x{t) is passed through an ideal low-pass filter of cut-off frequency W, the
output y{t) is sampled at a rate 1/2 IT and each sample yi is mapped into one of the
set of n numbers yv y2,.. ,yn. The numbers yt are then encoded into log2 n binary
digits and are transmitted to a remote computer or to a magnetic tape over a channel
of capacity of R bits/sec. On the receiver side the message is decoded and by means
of digital or analog techniques we construct some approximation x(t) of the signal
x(t). Since the rate of information transfer (or storage) R bits/sec is fixed the task of
optimum sampling and quantizing consists in finding such values of the sampling
rate 1/21T, of the number of steps n, and of yv y2,...yn that the expected error

E[(x(t)— x(1)f] (18)
should be minimal.
Leaving out of consideration the optimization of 1/2IT, we discuss first the

optimal choice of the quantizing steps yv y2,.. .yn Suppose that xis a random vari-
able uniformly distributed in [0, 1]. For an arbitrary subdivision:

0=x0<x1<x2< ... < xn1l< xn= 1 (29)
of interval [0, 1] we define a quantization
X= gk if xk x<x<xKk (20)

where qv ...qn are arbitrary numbers. The expected error of this quantization is

n X
E=, 5o f02dx=A> 1 Ul K Gyt A (xk—xK i) 1
k=1 Jf , k=1J

The optimal choice of the gk-s is evidently

xk—1 + xk
4k-
the corresponding error being
xk f
- 1 v
E: j ||7. C Xk v dx = ---- ~  (xk — xk_f)3. (21)
t-1 v 2 J ~ k=1
Introducing auxiliary variables
Pk = xk— xk—i k= 1,2

we are faced with the conditional extremal value problem
Pit p1 1t eeet py_ m

Pit p2t 00t py- o
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Introducing a Lagrange parameter, the optimal solution is easily found:
1
! Yo e M -~ (22)
that is, the optimal quantization is given by the equidistant subdivision of [O, I]:
2k— 1 . —1 *

K= if < X < — (23)
2n n n

The expected error is, according to Egs. (21) and (22)

1 1
12 w3

24
k=1

We proceed now to the question of optimum quantization of a seismic trace
digitized at the rate At. Suppose that the amplitudes have an exponentially decreas-
ing envelope according to the law

e~al= e~anM. (25)

For computational convenience we suppose the rate of information transfer is
R nat/sec (1 nat = 1.442695 bit). Further, we suppose each of the first N samples
is quantized by nlsteps, the second N samples by n.,, steps each, and so on.

The errors in consecutive time intervals are, in turn:

N 1
12 n\
N 1 g—20iT At
12 n\
N 1 G—4aN At
12 n\

i.e. in altogether M successive time intervals the total error is
M
E = N ,2aN At y T -2aNk At
12 J nl

Since transmission of a data quantized into ni steps requires the transfer of
In Bj nats, in case of M time intervals we have to transfer

M

N2 Inuw

K- 1
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nats during a time of M mN mAt sec, i.e.

= A nat/sec.
NM At

In order to select optimally the number of quantization steps w, we have to
minimize the expression

\ '-1-,—2amk At
nt
subject to the condition (26)
Inw = MB At= Q.
Introducing the notation yk= In nk, Problem (26) simplifies to
fi—2yk 2aNk At— Ulil
Al
M (27)
2 y/\: Q_

Solving this conditional extremal value problem by standard methods of cal-
culus, the optimum quantization is found to be:

M
yk= R mAt + cuNAt — K (*= 0,1, ..., M) (28)

Equation (28) has a clear-cut physical meaning: In case of a fixed sampling
rate At and a (noiseless) transfer possibility of capacity B nat/sec the optimum quanti-
zation of an analog message of exponentially decreasing envelope allocates exponen-
tially decreasing numbers of binary digits to data belonging to successive time intervals,
i.e. the less the dynamic range the less the number of bits.

The problem discussed above has not been solved in the literature what we
know of. Similar investigations are reported by Goblick (1965), he assumes however
instead of the exponentially decreasing envelope a spectrum of that type.

Practical Examples for Seismic Processing Using
a Reduced Number of Bits

All experimental processing reported have been performed on the MINSK-32
computer of the ELGI, with the seismic package developed in our Institute. The
computer applied has 64 k words capacity, fixed and floating-point arithmetics,
37 bits word-length. Routine seismic processing is generally performed on fixed-point
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data normalized to 18 bits. The seismic materials used were explosive generated,
multifold coverage sections recorded by the Hungarian SDT-1 and SDT-2 and the
Hungarian-GDR SD-10 digital recording equipments. Displays were made on
a plotter of 7 bit dynamic range.

One of our earliest experiments with sign bit techniques was in connection with
the auto- and retrocorrelation sections (Anstey and Newman, 1966).

To save computer time, we use instead of these functions auto-relay correlation
functions, and retro-relay correlation functions, which are computed by substituting
the values of the lagged versions of the functions by their signs.

For instance, as compared with the usual definition of autocorrelation function

T
Sxx(t) = lira — jx(t) x(t — t) dt (29)
r-- TJ
0
the auto-relay correlation is defined as
-l
K sgn*= lim — J x(t) sgn x(t — t) dt, (30)
0
where
if X>0
sgnx= &*b if x= o 31)

(—1 if X< 0.

The evident advantage of Eq. (30) is that the multiplications occurring in the
cross-products reduce to additions and subtractions.

Comparison of an exact auto- and retrocorrelation section with the correspond-
ing auto-relay, retro-relay sections is shown in Fig. 1, for a detailed survey of auto-
relay correlation we refer to the Ph.D. thesis of Ossenberg (1968).

Since auto-relay and retro-relay sections obviously meet the requirements of
routine processing, we have tried to find out which other processes might be successful
with a reduced number of bits, let alone sign bits.

Data compression was performed this way: We substituted the original 14-18 bit
fixed point data by a three-valued step function, according to either of the trans-
formations

; if X>0
) C— >C esgn X= I<+?J if X= 0 (32)

t-e if X< 0

"+ c if X>A
>mcfu{x —A) —u{—X—A)]= < 0 if —A< X< A (33)
.—c if X< —A

where in Eq. (33) u(x) is the Heaviside unit step function, ¢ was chosen as 211,
while A can be made an arbitrary power of 2. The nonlinear transformations (32)
and (33) will be referred to in what follows as sign-transform (signing) and combined
signing and cligtping at level A (Fig. 2).
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Fig. 1 Comparison of auto- and retrocorrelation sections with auto-relay resp. retro-relay sec«
tions. (From left to right: original, autocorrelation, retrocorrelation, auto-relay, retro-relay)

7. abra. Autokorrelécios, ill. retrokorrelaciés szelvény ésszehasonlitasa az auto-relais, ill. retro-
relais eredményekkel (eredeti, autokorrelacio, retrokorrelacid, auto-relais, retro-relais)

Puc. 1. CpaBHeHVe aBTOKOPPENSILIMOHHOIO 1 PETPOKOPPENSILMOHHOIO paspesa
C pe3y/nbTaTamu aBTO-pesie U peTpo-pesie

Puc. 2. TosiCHeHWE NPUHLUMNA KOMIMPECCUn AaHHbIX
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In Figure 3 we compare Constant Velocity Scans performed on full-range data
and on data reduced to signs. On the signed version the deeper reflections appear
more clearly, their interpretation is easier. This is possibly due to the fact that signs
are invariant to amplitude changes along an individual trace and between GDP

traces.
Another version of velocity analysis (Velocity Spectra) based on sign informa-
tion is found in Cochran (1973).
The examples presented on Pigs. 4 and 5 show that a surprisingly small amount

Fig. 4 From left to right: Complete processing of compressed data; Data compression before
stack; Data compression after stack, before playback

4. abra. Balrdl jobbra: Teljes feldolgozas az adatkompresszié utan; Adatkompresszi6 az dsszege-
zést megel6z6 fazisban; Adatkompresszié a végsé eredményen, kiiras el6tt

Puc. 4. MonHas 06paboTka nocsie KOMMpPeccMn faHHbIX. KoMnpeccusa faHHbIX repeg,
cymmumpoBaHveM. Komnpeccus AaHHbIX OKOHYaTe/IbHOro pesysbTaTta nepes ux rpatmyecknm
n306padKeHnEM
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(if any) of the information is lost if we use only sign bits throughout a routine
processing.

As Fig. 5shows even linear migration works successfully on signed data. It sholud
be noted the sections presented had been displayed in wide band (0-74 Hz) without
any digital or analog smoothing or low-pass filtering.

Fig. 5 Migration of full-range data, and of compressed data
5. abra. Migréacié: teljes bitszamU anyagon és adatkompresszié utani anyagon

Puc. 5. Murpauusa: Ha Maccmse C NOJSIHbIM KOJIMYECTBOM pa3psfoB U Ha MaccuBe rocne
KomMnpeccun

Figure 6 demonstrates the possibility of deconvolution of signed materials.
Starting out from sign-transformed traces (1) we computed first a retro-correlation
section (2). Then we executed spike deconvolution on the signed data (3), passed
the output through a digital band-pass filter (5) and at the same time computed
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Fig. 6 Retrocorrelation and deconvolution experiments on the signs of data
6. abra. Retrokorrelaciés és dekonvollciés vizsgalatok ,el6jelezett” anyagon
Puc. 6. PETPOKOpPPENsALMOHHbIE 1 JEKOHBOJIIOLNOHHbIE UCCNEA0BaHNS HA «<MAcCUB 3HAKOB»

the retrocorrelation of the deconvolved data (4) to judge the effectiveness of decon-
volution.

The following figures should serve to call attention to the noise-reducing effect
of signing combined with clipping. On the deep part of the 600%-coverage, con-
ventionally processed section of Fig. 7 (consisting of 18 bit data) short-period
multiples and poor signal-to-noise ratio made impossible to trace reflection segments
or even diffractions.

To improve signal-to-noise ratio the section was first spike-deconvolved and
normalized to 14 bits (Fig. 8) then we performed a “clipping analysis” to find the
most appropriate level A (Fig. 9). Cutting off all values in absolute value less than
A = 210 substituting the rest by their polarity, and performing digital filtering, the
resulting section (Fig. 10) was much more apt to interpretation.
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Fig. 7 600%-coverage conventional section played back in wide band (0/74 Hz) with and
without AGC

7. abra. Stacking szelvény szélessavu (0/74 Hz) AGC-s és AGC nélkili kiirasa

Puc. 7. LLInpokononocHoe (0—74 ru) rpaguryeckoe n3obpadkeHne Npounsis ¢ LWeCTUKPaTHbIM
nepeKkpbITVEM fJaHHbIX ¢ APY un 6e3 APY

63
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Fig. 8. Section shown on Fig. 7., after spike-deeonvolution. With and without AGO
8. abra. A 7. Abran bemutatott stacking szelvény spike-dekonvolUcié utan, AGC-s és AGC nélkaili
kifrassal
Puc. 8. pacdhmyeckoe n306padkeHNe paspesa, MOKa3aHHOro Ha cur. 7, nocne o6paTHoOi
hunbTpaumm
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Fig. 9 “Signing combined with clipping” at levels A 25and 210
9. abra. A dekonvolvalt szelvény (8. abra) ,levagassal kombinalt el6jelzése”, A értéke 25és 210

Puc. 9. 3aMeHa [|eKOHBO/IbBUPOBaHHOIo npouns (dur. 8) ¢ MaccMBoM 3HaKOB rocse
«0Tpe3aHns» 3HAYeHUM, MeHbLUNX A ; A = 2s, 210

5 Geofizikai Kozlemények 23.
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Fig. 10 Digital filter analysis on compressed data, using (15-25) Hz and (20-30) Hz bandpass
filters

10. &bra. Digitalis szlir6analizis az adatkompresszié utani anyagon (15—25) Hz-es és (20—30)
Hz-es savszirékkel

Puc. 10. LincpoBoii thnbTpaLmoHHbIV aHanm3 nocsie KOMMAPEeccUn faHHbIX C 1CM0/b30BaHNEM
nonocoBbIX unbTpoB (15—25 ru) n (20—30 ru)
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Conclusions

The survey of literature given in the first part of the paper, theoretical con-
siderations on the redundancy of seismic traces and most of all the results of process-
ing sign bit data prove beyond doubt that the dynamic range of present day digital
recording is much more than required by routine morphoseismic tasks. Keeping in
mind the goals of lithoseismics, it is of course out of question to advocate any reduc-
tion of dynamic range. It can also be foreseen that lithoseismic tasks will have to
be solved on very fast, floating point computers—but it's a very uneconomic way
to employ the same machines to low-accuracy preliminary processing.

As an optimal solution we look forward in the near future to the use of fast,
cheap pre-processors having only a few bits and special arithmetics, for most tasks
of preliminary processing. We hope the realization of the amount of information
contained in sign bits would give a new impetus to the development of field com-
puters.
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REFLEXIOS SZEIZMIKUS ADATOK
CSOKKENTETT BITSZAMU FELDOLGOZASA

KORVIN GABOR, PETROVICS ILONA

Bevezetés

A dolgozatban beszamolunk az utébbi években végzett kisérleteinkrél, ame-
lyekkel azt kivantuk elddonteni, hany bit pontossaggal sziikséges elvégezni a szeiz-
mikus adatfeldolgozas alapvet6 eljarasait. Ugy talaltuk, hogy a néhany bitet — szél-
s@séges esetben csupan az adatok eléjelét — felhasznalo feldolgozas egyenértéki
lehet a teljes adatdinamikat igénybevevd eljarassal.

Problémafelvetés és torténeti attekintés

Ha atlapozzuk az utébbi években megjelent szeizmika irodalmat, meglep6dve
vesszUk észre, hogy a szeizmikus adatfeldolgozashoz sziikséges dinamikatartomany
kérdésében a szerz6k véleménye korantsem egységes. Az 1971-es moszkvai kdéolaj
vilagkonresszuson Savit és Matekbe “Prom “Where?” to “What?”-javal egy idé-
ben Polshkov megemliti, hogy a szeizmikus csatornak az extrémumok megadasaval
is jol leirhatok. Az 1973-as SEG ulés (Mexico City) és a 74-es EAEG talalkoz6 (Mad-
rid) kellemes meglepetése — a sok bright spot el6adas kozott —, amikor Savit
bejelenti, hogy 4 bit lebeg6pont és az el6jelbit elegendd a Vibroseis mérési anyag fel-
dolgozasahoz. Az 1974-es dallasi SEG ulés mar kilon szekciokban foglalkozott a kéz-
vetlen szénhidrogén detektéalas, ill. az el6jeles feldolgozas kérdéseivel.

A digitalis szeizmika, célkitlzéseit és dinamikaigényét tekintve, két f6 iranyra
oszthat6: morfoszeizmikara és litoszeizmikédra. Az elnevezés Leenhardt és Delserre
1974 cikkébdl szarmazik, a két iranyzat vilagos megktlonboztetése joval el6bb,
Mateker 1971, Savit és Mateker 1971 dolgozataban megtértént. Leenhardt és

Delserre szerint:
. if by means of reflection, we can determine the shape of a reflector—it could

be called morphoseismics”

“.. . as we have come to lithology by means of seismics, we propose to call this
method lithoseismics”

vagyis:

a morfoszeizmika a reflexiéos hatarfeliletek geometriai viszonyait, a litoszeizmika
ezen tulmendéen a litolégiai paramétereket hatarozza meg.

A litoszeizmika, tobbek kozott, a kovetkez6 paraméterek meghatarozasara
torekszik:

a) Folyamatos, pontos intervallumsebesség (pl. a Teledyne Corp. Convel
eljarasa, vagy a Western cég Velan eljarasa);

b) Intervallumsebességhél homok—agyag arany meghatarozasa (Tegland
1970);

¢) Intervallumsebesség-anomaliakbdl tilnyomasos zonakra kovetkeztetés (Jan-

kowsky 1971);
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d) Intervallumsebességbdl sirlség és rugalmas paraméterek becslése (Jan-
kowsky 1971);

e) Intervallumsebesség és abszorpcids egyltthatd egyittes értelmezésével dle-
dékes kézetek osztalyozasa (Savit és Matekeb 1971, KoRvrx 1973, Volarovich
et al. 1969);

f) Amplitadé-anomaliak alapjan sztratigrafiai csapdak Kkimutatasa (Savit
1960a, b; Gaeotta 1971; Belyayeva et al.,, 1966; Lyons és Dobbin 1972 stb.);

g) Szénhidrogén kozvetlen kimutatdsa (Diekman és Wieeczeyko 1970; Cbaet
1973; Savit 1973, 1974; Lindsey 1974; Hiltebman 1974; Backus és Chen 1974;
Stone 1974; Quables 1973 stb.).

A fenti kérdéskdérnek szentelt legtobb dolgozat megemh'ti a nagydinamikaju
regisztralds és a relativ amplitadéaranyokat meg6rz6, lehet6leg lebeg6pontos fel-
dolgozas szikségességét. (Cbaet 1973 pl. 10-38-t6l 10+38-ig terjedd dinamika lebegd-
pontos abrazolasardl beszél!) Nem tudunk olyan dolgozatrél, amely a nagy dinamika
nyilvanvald szukségességének hangsulyozasan tal meghatarozta volna, hany bit szik-
séges valdban az egyes litoszeizmikus célok eléréséhez.

Kdéztudott, hogy a ,klasszikus” morfoszeizmikus feldolgozas céljaira a nagy-
dinamikaju digitalis felvételek anyaga erésen redundans.

Savit (1973, 74) Kisérletei szerint Vibboseis anyag elsédleges feldolgozasahoz
az el6jel és a négy ifp bit, robbantassal nyert anyag feldolgozasahoz 21 bit terjedelmi
fixpontos dinamika elegendd. Szovjet kutatok (Polshkov et al. 1971; Zahabchenko
és K obosztusevszkij 1973) megallapitjak, hogy a szeizmikus csatorna a minimum-
és maximumhelyek megadasaval gyakorlatilag meghatarozott. Csupan a maximum-
helyek figyelembevételével reflexiddetektalas is végrehajthatdé (Paulson és Mebdleb
1968), a nullatmenetek felhasznalasaval automatikus sebességanalizis végezhetd
(Babb 1971). Altalanos tapasztalat, hogy a legtébb szeizmikus anyag 4 — s6t ese-
tenként 8 — millisecundumos atmintavételezéssel feldolgozhaté. Tovabbi adat-
kompressziét kinal a Rademacheb, Walsh és Paley transzformacio alkalmazasa
(Bois 1974; W ood 1974).

A szeizmikus felvételek redundanciajat legdrasztikusabban Ggy csokkenthetjtk,
ha az adatok helyett csupan ezek el6jelét hagyjuk meg.

Melton és Kabb mar 1957-ben felvetette az el6jelkoincidencia felhasznalasat
jeldetektalas céljara (elméleti megalapozas és tovabbi irodalom Cablyle 1968-as
cikkében talalhato). Intézetinkben 1972-ben készitettik el az el6jelkoincidencian
alapul6 sebességanalizis programot, hasonlé megoldast k6zél Cochban 1973. Dol-
gozatanak érdekessége, hogy javasolja az el6jeles sebességanalizis cél-hardware-rel
vald megvaldésitasat.

A hirkozléselméletben régéta ismert, hogy az el6jelekkel végzett korrelacios
muiveletek sok esetben kielégit6 eredményt adnak peridduskutatas és teljesitmény-
spektrum-becslés céljara (Van Vieck, 1943, 1966; Ossenbeeg, 1968). Fara és
Scheideggeb (1961) por6zus kozegek geometriajanak leirasara, Cabrs és Neidell
(1966) rétegsorok ciklicitasanak bizonyitasara hasznalja az el6jel-koincidencia kor-
relaciot. Bobtfeld és Ristow (1969) szerint terepi megjelenités céljara a szeizmikus
felvételeknek a ViBBOSEis-sweep el6jeleivel valé korrelaciodja is elegendé lehet.

Megemlitjuk, hogy a legtobb szeizmikus plotter dinamikatartomanya 7— 10 bit,
de sekélyszeizmikus vizsgalatoknal csupan a zérus-atmeneteket megjelenité kiiras-
mod (Meidav, 1969), stacking szelvények, vagy a legkisebb oifsetli, korrigalatlan
csatornakbol allo szelvény esetén az adatok eldjelbitjének kiirasa (1 ha x < 0, 0 ha
X ™ 0) is meglep6en sok informacidt szolgaltat.
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Mennyi informaciot tartalmaz egy szeizmikus csatorna?

Tételezziik fel, hogy a digitalis magnesszalagon, vagy a szamitégépben, minden
egyes szeizmikus adatot m bittel kédolunk; a szeizmikus csatorna adatainak szama
legyen N + 1, a mintavételi tavolsag At, a digitalas el6tti jelek fels6 hatarfrekven-
cidja /wax. a csatorna teljes id6tartama T. Helyes mintavételezés esetén fennallnak
a kovetkezd dsszefliggések:

2/max- At=1\ T=N-Af, N= T m2/max. 1)

Idedlis esetben, ha az adatok egymastol fuggetlenek, a csatorna informacio-
tartalma maximalis:

I = Tmex= (N + 1) m bit 2/mex mT mm bit. 2

A gyakorlatban el6fordulé szeizmikus csatornak informéaciétartalma termé-
szetesen ennél mindig kisebb, hiszen az egymasutani adatok korrelalnak, a spektrum

[0, /max]-ban nem fehér.
Tételezzik fel példaul, hogy az/mex-ig fehér spektrum helyett a spektrum csak

/1 </max-ig terjed és/0< /xnél maximumot mutat. A csatorna leirasahoz sziikséges
szabadsagi fokok szama (L Brillouin, 1956)

M=2f1-T+1,
az informaciétartalom tehat nem tébb mint
7=(2/1IT + I)m~2/1-T -m </ max. (©)]

Mivel a spektrum [0,/J-ben sem fehér, a tényleges informaciétartalom még kisebb.
Legyen fO fm(pl. fO= 30 Hz, fm— 250 Hz), tételezziik fel, hogy az adatok el6-
jellel egyttt m bites, fiktiv egész szamok, ekkor — ha a spektrum/0-ban rezonancia-
szer(i maximumot mutat — egy mintavételi ciklus alatt az adatok valtozdsa nem
nagyobb, mint

max ;2m-1sin 2nf0t— 2L 1sin 2nfOt + At)\<

t

< max 2m-1At m2nf0 Jcos 2nf0t |= 2m~1At m2nfO= n 2m~l \ . 4
t Vmeax j

Bevezetve a

6 = log2iTr «2"*— —1 (5)
\ ~frmexJ

jelolést, az elébbi feltételek esetén az egymas utani adatok kilénbsége nem halad-
hatja meg a 6 bitet. Nézzik meg az 0sszes kiilonb6z6 csatorna szamat. Az elsé adat
2mféleképpen valaszthatd, a masodik 2 «20= 2|5+-féleképpen stb., az 6sszes lehet-

séges csatorna szama tehat .,
ketseges = 2 s + -, 6)
igy egy csatorna informaciotartalma legfeljebb

| —k)ge’HHsa;asrr J © -{ 1)A
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A (2) és (5) egyenletek felhasznalasaval

l=m-Hf @+ JTV= m + \m logs 2/. A V'logo 2/max @)
n-/o ‘o
vagyis adatonként kb. log2 2m bit redundans (/mex= 250 Hz, /, = 30 Hz ese-
~o

tén a redundancia kb. adatonként 2 bit).

A (6) egyenlet érdekes alkalmazasaként tekintsik a szeizmikus adatok azon
abrazolasat, ahol az adatok mantisszajat mlbittel, a BGC-t 4 bittel irjuk le, és tegylik
fel, hogy a BGC adatonként legfeljebb 6 dB-lel (vagyis 1 bittel) valtozhat. Az egy
adat 4brazoladsdhoz alkalmazott bitszam m = 4 + mv a maximéalis informécid tehat

Imax= (IV+ Dm= (V+ 1)i% + (V+ 1)

A BGC-re tett megkotések miatt a BGC értékekben kiilonb6z6 csatornak szama

TVetetsiges = 24 =22,

tehat adatonként kb. 2 bit elegendé a BGC leirasara — ahogy ezt a SEG A formatum
is eléirja (Northwood et ah, 1967).

Ha elfogadjuk a szovjet iskola megallapitasat, hogy az extrémumhelyek meg-
adasa jellemzi a csatornat (Zaharchenko és Korosztusevszkij, 1973), Gjabb
becslést nyerhetiink a csatornak redundanciajara.

/, dominans frekvencia esetén — az extrémumhelyek Poisson eloszlasat fel-
tételezve — a csatorna megadasahoz varhaté értékben 2N AtfO extrémumot kell meg-
adnunk. Az extrémumok értékét m bittel, helyiket egy 6sszesen N bites sorozattal
megadva, a varhato informéciétartalom:

= 2NAtfom+N =N © m 1 /4 8

Legalabb hany bitet tartalmazzon egy szeizmikus csatorna?

A kérdés megvalaszolasa el6tt emlékeztetiink az informaciéelmélet egy meg-
allapitasara (Brillouin, 1956), amely szerint a szamitoégépes feldolgozas nem noveli
az adatsorokban eredetileg meglevé informaciémennyiséget. A szeizmikus csatornaban
legalabb annyi informacidnak kell lennie, amennyi informaciét a szeizmikus csatorna-
bél afeldolgozas soran nyerni kivanunk.

Tekintsuk példaként az intervallumsebesség meghatarozasat. Tobb szerzé
(pl. Kunetz, 1963; Claerbout, 1968; Eisner, 1970; Lindseth, 1972) szerint rob-
bantépontkozeli egyedi csatornakbol dekonvolucidval és a szintetikus szeizmogram
szamitas algoritmusanak megforditadsaval, vizszintes rétegz6dés esetén, intervallum
sebességet lehet szamitani. Fizikailag természetesen nem varhat6, hogy a dominans
szeizmikus frekvencianak megfelel6 hullamhossz 1/12-énél vékonyabb rétegeket ki
tudjunk mutatni (Crait, 1973). A dominans frekvenciat/0-val, az atlagos sebessé-
get c-vel jeldlve, a kimutathato rétegvastagsag als6 hatarae/12/0. Ha a teljes id6tarto-
many T = N mAt, az ennek megfelel6 mélységtartomany

c-NAt
2

Z=
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és a sebességeloszlas szabadsagi fokainak szama

N* tv 2z m 12fo —c- N At —tk- = 12iV Atf0.
C C

Ha a meghatarozand6 kilonb6z6 intervallumsebesség-értékek szama Nv, az inter-
vallumsebességek meghatarozasabol varhaté informacio

h = 12iVAtfOlog2N.= (LU /o log2N. 9)
/max

A (8) egyenlet szerint becslilve a szeizmikus csatorna tényleges informaciétartalmat,
a sebességmeghatarozas sziikséges feltétele, hogy

/| = N fo m+ 1J> Nnm o em fo N mlog2Nv,

Ywax 3 Yimmax Yiuax

vagyis
m > 6 «log2Nv.

Ebbdl lathaté, hogy nagy felbontdképességl, pontos sebességanalizishez nagybit-
szamu feldolgozas sziikséges. Ha megelégsziink A/2 vastagsagu rétegek kimutatasaval,
a sebességmeghatarozasbol varhaté informacio

Iv=2-N AtfOlog2Nv= N e -log2Nv, (10)
JmaX

vagyis, ebben az esetben, a bitszamnak az
m ;> log2N. (11)

egyenl6tlenségnek kell eleget tennie. Ha példaul 100 kulénb6z6 intervallumsebessé-
get akarunk kimutatni, az adatokat 6—7 bittel kell kédolnunk. 6-szoros fedés esetén
példaul, a kézés mélységponthoz tartozé csatornak adatait 1 bittel koédolva, elmé-
letileg is megvan a lehetd6ség arra, hogy intervallumsebesség adatokat nyerjunk.
A kobdolas torténhet az adatok eldjele szerint (Cochran, 1973) vagy a negativboél
pozitivba tarté nullatmenetek megjeldlésével (Barr, 1971).

A sebességanalizis kérdésével kapcsolatban még megjegyezzilk, hogy a sebesség-
meghatarozas informaciotartalma a (9) és (10) képletben megadott értéknél altala-
ban kisebb, a soron kdvetkez6 rétegek sebességeinek korrelaciéja miatt (Kats et ah,
1909; Korvin, 1973).

Nehéz feladat lenne hasonlé mdédon megbecsilni, hany bit sziikséges az egyes
litoszeizmikai feladatok megoldasahoz. Az abszorpciés egyutthatd becslésével kap-
csolatban pl. felvetddhet, hogy linearis abszorpciés mechanizmus esetén az egyutt-
haté a dominans frekvencia eltolédasabél szamithatd (Bereznev és Malovichko,
1972, Huang .lhn-Hu, 1901), ez utébbi viszont a nullatmenetek gyakorisaganak
szamoléasaval vagy a Van Vleck algoritmussal is meghatarozhaté (Carrs és Neidell,
1966). Bizonyos esetekben a szeizmikus hullamok elnyel6désében nem a linearis
abszorpciés mechanizmus dominal (Petrovics et ah, 1975), igy az abszorpciés tor-
vény meghatarozasahoz a dominans frekvencia vizsgalata nem elég, teljesitmény-
spektrumokat kell szamitani (Rapoport, 1969). Elegendd hosszii id6ablakok esetén
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elméletileg a teljesitményspektrum polaritaskorrelaciéobol (Van Vieck, 1943, 1966),
ill. auto-relaiskorrelaciobdl (Ossenberg, 1968; X attal, 1958) is szamithato; rovid
id6éablakok esetén az abszorpcids egyltthaté szamitasahoz lényeges a nagyfrekven-
cias komponensek pontos ismerete, tehat a nagy adatdinamika.

Az optimalis mintavételezés és kvantalas kérdéséhez:
a bitszam és a dinamika kapcsolata

Az el6zb fejezetben a szikséges bitek szamat a feldolgozastol varhato informa-
cibmennyiségbdl kiindulva vizsgaltuk. Tekintsik most at a kérdéskort a szeizmikus
jelek és a felvevémi(iszerek dinamikatartomanyanak szempontjabol.

Ha a szeizmikus mérés folyaman tx és i2 id6pillanatok kozott regisztralunk szeiz-
mikus jeleket, a legnagyobb jel csGcsamplitadéja rlv a legkisebbé a szeizmikus
rezgés dinamikatartomanya

DA= 20lg — dB. (12)
%

A dinamikatartomanyt az rjx és rj2 jelek spektrumabdl is becsilhetjik, ekkor

6()=2°Ig dB, (13)
1&oxt)l

ahol /Sj és S2az rjx, ill. i2jelek spektruma. A (13) képletbél megallapitott dinamika-
tartomany frekvenciafigg6, a tényleges dinamikat ugy allapithatjuk meg, hogy
széles frekvenciasavon a (13) kifejezés maximumat vesszik.

A legnagyobb jel nagysagara és spektrumara csak a rezgéskeltés mechanizmu-
sanak és a felszinkozeli dsszlet tulajdonsagainak pontos ismeretében kovetkeztethe-
tink. A legkisebb hasznos jel nagysagat és spektrumat a szférikus divergencia,
reflexids veszteségek és az abszorpcié figyelembevételével becsilhetjik (Born, 1941;
Posgay et ah, 1971; Gurvich, 1973; Sheriff, 1973; Byakov és Ryazanova, 1974),
ehhez azonban a teriletre vonatkoz6 sebesség és abszorpciés adatok sziikségesek.
A DA dinamikatartomany meghatarozasanak jelenleg elképzelheté egyetlen médjat
abban latjuk, hogy fijxet a felvevé mdszerrel érzékelhet6é legnagyobb jelamplitado-
nak valasztjuk, a legkisebb kimutatni kivant r]2 jel helyett viszont azt a talajnyug-
talansag szintje alatt levé legkisebb jelszintet vessziik, amely a rendelkezésre allé
energiakelt6 és feldolgozasi eszkozdkkel a zajhattérbél még kiemelhetd.

A szeizmikus felvevé miszer Dt dinamikatartomanyanak szokasos definicidja

Dx= 201Ig . dB, (14)
An

ahol Amex a mdszerrel torzitas nélkil érzékelheté legnagyobb jel amplitddoéja, AN
a mdszer sajat zajanak varhaté amplitadészintje.

Ha a szeizmikus felvételek regisztralasa digitalis formaban térténik — egy ada-
tot az elGjellel egyttt dsszesen m bittel abrazolva — a regisztralas dinamikatarto-
manya

Dd= 201g2m~1= 6(m— 1) dB. (15)
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A regisztralas dinamikatartomanyat célszerl a felvevé mdszerénél valamivel
nagyobbra valasztani, hogy a mdszerzajnal kisebb jelek szamitogépes feldolgozassal
kimutathaték legyenek (Gubvich, 1973 szerint pl. 6—7 bitet célszerl ilyen célokra
a m(iszerzaj abrazolasara aldozni).

Helyesen valasztott felvevé mdiszer, konverter és regisztralasi modszer esetén

DA<D I< D d, (16)
vagyis, (12) és (15) dsszevetésével
m—1> b, a7
6

adodik a digitalis regisztralasnal sziikséges bitek szamara. A szeizmikus jelek dina-
mikatartomanya altal indokolt bitszam és az adatsoroknak a feldolgozas soran ta-
pasztalt redundanciaja koézétti paradoxon okai a kdvetkez6k lehetnek:

1. Digitéalis jelek Gzembiztos atviteléhez és tarolasahoz egy bizonyos foku re-
dundancia okvetlenil szikséges. (Indokolt pl. a 9 savos digitalis magnesszalagok
SEG A forméatumaéaban az a kikotés, hogy az V és G bitek helyes felirasanak ellen-
Orzésére megadott id6kozénként a BGC értékek tényleges értéke is szerepeljen.)

2. A nagydinamikaju szeizmikus adatfeldolgozas eredményét joval kisebb dina-
mikaju plotteren jelenitjuk meg.

3. Els6dleges feldolgozasnal sokszor nem célunk a reflexids szintekrél beérkez6
jelek alakjanak pontos ismerete, csupan a jel beérkezését, tehat tobb csatornan egy
id6ben valé megjelenését kell detektalnunk. llyen esetben a jeldetektalas el6jel-
koincidencia moddszerekkel is elvégezhet§ (Cablyle, 1968).

4. A szeizmikus jelek dinamikatartomanyat a (12) vagy (13) egyenlet szerint
becstlve gyakran nem vesziink tudomést a talajnyugtalansagrdél és a mdszerzajrol,
és igy (17)-bdl irredlisan nagy bitszamot kapunk, vagy nem rendelkeziink olyan el-
jaréssal, amellyel a zajszint aldl a kis jeleket kiemelhetnénk.

5. A szeizmikus jelek dinamikatartomanyanak megallapitasakor (12) esetén
nem vessziuk figyelembe, hogy kilénb6z6é id6kapukban, ill. (13) esetén a klonbdzé
frekvenciasavokban mas-mas lehet a dinamikatartomany, tehat pl. az idében allandé
bitszamot alkalmazé6 digitalis regisztralas bizonyara nem optimalis.

Az 5. pont megvilagitasdhoz néhany sz6t kell szlnunk az analdg jelek optimalis
mintavételezésének és kvantalasanak kérdésérél (L pl. Britlouin, 1956, Goodman,
1966).

Goodman (1966) nyoman a kovetkezéképpen vazoljuk az analég jelek minta-
vételezésének és kvantalasanak folyamatat. A mintavételezendd x(t) analdg jelet
egy W Hz savszélességl idedlis alulatereszté sz(ir6n bocsatjuk at, a sz(irés kimeneté-
b6l 1/2 PHsec id6kézénként mintat veszink, a kapott yt mintakat valamilyen modon
n osztalyba soroljuk és minden i/- mintavételi értéknek megfeleltetjik az yi,y2,...yn
szamok valamelyikét. Az yr szamokat log2n bitet felhasznalva binarisan kdédoljuk,
és egy R bit/sec kapacitasi! digitalis hirkozl6 csatornan egy tavoli szamitogépbe
kaldjuk, vagy R bit/sec sebességgel digitalis informaciohordozon régzitjik. Az infor-
macidt a vev6 oldalon dekodoljuk, és digitalis vagy analég technikaval visszaallitjuk
az x(t) jel egy x(t) kozelitését. Az informacidtovabbitas (letarolas) R bit/s sebessége
rogzitett, az optimalis mintavételezés és kvantalas feladata az 1/2 JE mintavételi koz,
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a kvantalas lépcs6inek szama (n), és az yx, ..., yn olyan megvalasztasa, hogy az

E[(x(t)-x(m (18)

varhat6é hiba minimalis legyen.

Foglalkozzunk el6szor az y1,y2, ..., yn kvantalasi szintek optimalis megvalasz-
tasaval. Tegyuk fel, hogy az x val6szin(ségi valtoz6 értéke [0, I]-ben egyenletes el-
oszlasu. Készitsik el a [0, 1] intervallum tetszbleges

0= xQ< xx< x2< ... < xn_1< xn= 1 (19

felosztasat és kvantaljuk a>et a kdvetkez6 modon:

x=qk, ha xk x< x < xKk, (20)
ahol gj, ..., gntetszbleges szamok. A kvantalas varhato hibaja
» Q( JK kel xk
e=2 | 4gk- Y T ax
k=1 xI-1 ,:‘JXk,l

Lathato, hogy a gk-k optimalis valasztasa

K—

ez esetben a hiba varhato értéke

n *k
, x- XKAEXNZ QA A (ft—ft-x3 (21)
=1 X
Bevezetve a
ft = xk— xk_1; k= 1,2, ..., n

segédvaltozokat, az {aA} felosztas optimalis megvalasztasahoz a kévetkezd feltételes
szélséértékfeladatot kell megoldanunk:

f4 + (4 + eee+ Pn= min>

ft+ ft + oeet+ ft= l»

A feladatot a Lagrange-paraméter bevezetésével megoldva, optimalis megoldasnak

1
(22)

adddik, tehat az optimalis kvantalast a [0, 1] intervallum ekvidisztansfelosztasa adja
vagyis a

2k—1 1
K= ha — < x<

= " - (23)
n
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képlettel definialt kvantalas. A hiba varhat6 értéke (21) és (22) szerint:

E= — y_ (k—X. )3= — o 24
122_1(X AP T ¢ | @4
k=1

Vizsgaljuk most meg egy At mintavételi kdzzel digitalizalt szeizmikus csatorna
optimalis kvantalasanak a kérdését. Tételezzilk fel, hogy a csatorna amplitudé-
menete exponencialisan csokken, az

g—at . g—an At (25)
torvényszerliség szerint. Az informaciétovabbitas (ill. rogzités) sebessége legyen

R nat/s (1 nat = 1.442695 bit). Tegyuk fel, hogy az els6 N mintat egyenként nl
lépcs6vel, a masodik N mintat n2 l1épcsével stb. kvantaljuk.

Az egyes id6szakaszokban fellépd hibak, (24) szerint:

N 1
E, =
12 nf
N 1
> = -— e u
12 n\
N 1
E3 - _ - 87 4a VAI
12 n\
M idészakasz esetén az dsszhiba
k=I

Az w lépcs6t felhasznalé kvantalas esetén egy adat leirasahoz In ni nat informaciot
kell tovabbitani, M id6ablak esetén MN At id6 alatt dsszesen

nat informéciét, ahol
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Az nk kvantalasi lépésszamok optimalis megvalasztasahoz a

M
y q_.g—ZaNkAt -
n
k=1

(26)
M
N Inw= MRAt= Q
feltételes széls6értékfeladatot kell megoldanunk. Bevezetve a vk— In nk jeldlést,
(26) egyszer(ibb alakot 6lt:
M
g 2vk—2aNkAt — [rin
k=1
M 27)
2% = Q

Bevezetve a J1 Lagrange-paramétert, egyszer(i szamolassal a kovetkez6t kapjuk az
optimalis kvantalasra:

M 4-1
.= RAt+ oN At (28)

A (28) egyenlet jelentése: exponencidlisan csékkend burkoléju analég jeleket
At mintavételi tavolsaggal és R nat/s informacidtovabbitasi lehetéséggel ugy kodol-
hatunk optimalisan, ha a nagyobb dinamikajl szakaszokon tdbb 1épcs6t, a kisebb dina-
mikaju szakaszokon kevesebb lépcsét alkalmazunk.

Az el6bbi eredmény, tudomasunk szerint, az irodalomban nem ismeretes.
Hasonlo vizsgalatokat végzett Goblick (1965), 6 azonban a (25) exponencialisan
csokkend burkol6 helyett az x(t) folyamat spektrumanak exponencialis csokkenését
tételezte fel.

Néhany gyakorlati példa reflexios szeizmikus adatok
csokkentett bitszamu feldolgozasara

Az utébbi években szamos kisérletet végeztiink a reflexiés mérési adatok csok-
kentett dinamikaju feldolgozasara.

Valamennyi kisérletiinket az ELGI MINSZK-32 szamitogépén, az Intézetink-
ben kidolgozott DSZK programrendszer felhasznalasaval végeztik. A gép 64 K sz0
kapacitasu, fix- és lebeg6pontos aritmetikaju, 37 bit sz6hosszlsagu (a rutin szeiz-
mikus feldolgozas 18 bit-re normalt adatokkal, fixpontosan térténik). A vizsgalato-
kat robbantassal keltett, SDT—1, SDT—2, SD—10 magyar, ill. magyar—NDK
fejlesztésd digitalis felvevémuiszerekkel regisztralt, tobbszords fedésl szeizmikus
anyagokon végeztik. Az eredmények kiiratdsa 7 bit dinamikaja szelvényiroval
tortént.

A dekonvollcié hatasossaganak megitélésére és a tdbbszordosok kimutatasara
rutinszerlen szamitunk auto-, ill. retrokorrelaciés szelvényeket (Anstey és Newman,
1966). Ezek rendkivil gépidéigényes programok, meggyorsitasukra mar tébb éve



Szeizmikus adatok csokkentett bitszamu feldolgozasa 81

az auto-relais, LU retro-relais korrelaciot hasznaljuk. A mdveletek lényege, hogy
a korrelacio szamitasanal a fuggvények id6ében eltolt valtozatai helyett csupan a meg-
felel6 adatok elGjeleit hasznaljuk, pl. az

T

Rxx(t)= lim — | x(t) x(t — €) dl (29)
TJ

0

képlettel definialt autokorrelacios figgvény helyett az

T

Rxsgu(x)(r)= lim |X(t) sgn x(t — t) dt (30)
r-- T3
0

auto-relais korrelacios figgvényt szamitjuk, ahol

+ ha X> 0
ha X—0 (31)

—1 ha X< 0.

Hasonl6an jarunk el a retro-relais figgvény szamitasanal. A (31) képlet elénye,
hogy a korrelaci6 szamitdsanal fellépé szorzasok Osszeadésokkal, L. kivonasokkal
helyettesithetdk.

Az 1. dbran az egzakt mdédon végrehajtott auto- és retrokorrelacié és az auto-
relais, ill. retro-relais korrelaci6 dsszehasonlitasa lathatdé (az auto-relais korrelacio
részletes vizsgalatara 1 Ossenberg, 1968 disszertacidjat).

Mivel az auto-relais és retro-relais szelvények megfelelnek a feldolgozasi kove-
telményeknek, megvizsgaltuk, milyen tovabbi feldolgozasi lépések végezhetdk el
az adatok el6jelével vagy er6sen redukalt bitszammal. Az adatkompresszio ugy
tortént, hogy az eredetileg 14— 18 bites fixpontos adatokat 3 érték(i 1épcsésfiiggvény-

+ ¢ hyel helyettesitettiik, az

K *sgn X- 0 ha X>0
mCc ha X=0 (32)
vagy az ha X< 0,
+ C
c[u{x —A) — u(— X—A)] 0 ha X A
—c ha - A<X< A (33)

< —

transzformaciok alkalmazasaval. A (33) egyenletber?au(x)xa 'HEﬁVisiDE-féle egység-
ugras faggvény, c értékét 2u-nek valasztottuk. Az A értéke 2 tetszbleges hatvanya
lehet. A (32) és (33) transzformaciokat a tovabbiakban elGjélezésnek, ill. levagassal
kombinalt elGjelezésnek nevezzik (2. abra).

A 3. abran a teljes dinamikaju anyagon végzett Constant Velocity Scan ered-
ményével hasonlitjuk Ossze az el6jelezett adatokon végzett sebességmeghatarozas
eredményét. Az elbjelezett valtozaton a nagyobb id6khoz tartozoé reflexiok tébb csa-

6 Geofizikai Kozlemények 23.
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tornan, jobban kijeldlhetéen jelentkeznek, mivel a velocity scan végrehajtasa el6tti
el6jelezés nemcsak egy csatornan beltl, hanem a csatornak kozott is kiegyenliti
az amplitadokat, s igy a kilénbdzé csatornakon levd jelek azonos energiaval szere-
pelnek az dsszegezésben.

A sebességanalizis egy mas modszerének, a Velocity Spectra eljarasnak el6jel-
koincidencian alapuld valtozata Cochean (1973) dolgozataban szerepel.

A 4. és 5. abra azt szemlélteti, hogy a rutin feldolgozas valamennyi lépése,
a migracio is, végrehajthaté az el6jelezett anyagon, anélkil, hogy informacidt vesz-
tenénk. Az elGjeles feldolgozas eredményein nem alkalmaztunk digitalis simité vagy
felilvagd sz(rét, a megjelenités széles (0— 74 Hz) szlir6savban tortént.

Az el6jelezett anyagok dekonvollciéjanak lehet6ségét mutatja a 6. abra. Az el6-
jelezett csatornakbdl kiindulva (1) retrokorrelacios szelvényt készitettink (2).
Visszatérve a kiindulé anyaghoz (2), spike-dekonvoluciét hajtottunk végre (3),
a dekonvollcié eredményét digitalis savszilrdvel megszirtik (6), ugyanakkor a
spike-dekonvolucié eredményén retrokorrelaciés vizsgalatot is végeztink (4), hogy
a dekonvollcio hatasossagat megvizsgaljuk.

A kovetkezd abrakkal a ,.levagassal kombinalt elGjelezés” zajcsokkentd hata-
sara szeretnénk a figyelmet felhivni. A 7. abran bemutatott, 18 bit dinamikaval fel-
dolgozott, szelvény mélyebb részén a rovid-periodusu tébbszérésok és a nagyon
rossz jel/zaj viszony lehetetlenné tette az esetleges reflexiés szintek vagy szint-
darabok és a nem rendezetlen zajb6l szarmazo6 jelenségek (diffrakciok stb.) be-
jeldlését.

A jel/zaj viszony javitasara a szelvényen el6szor spike-dekonvollciot végeztiink
(8. abra) és a kapott eredményre, amely maximalisan 14 bit dinamikaju adatokat
tartalmazott, kisérletsorozattal meghataroztuk az A ,levagasi konstans” legmeg-
felel6bb értékét (9. abra). Az A = 210nél kisebb értékek levagasa és az elbjelezés
utan a kapott szelvényt digitalisan szirve jobban értelmezheté anyaghoz jutottunk
(10. abra).

Kovetkeztetések

A dolgozat els6 részében kozolt irodalmi attekintés, a szeizmikus adatok re-
dundancidjara vonatkoz6 elméleti megfontolasaink és kilondésen a csokkentett bit-
szammal végzett feldolgozasok eredményei kétségtelentl bizonyitjak, hogy a jelen-
legi digitalis felvételezés dinamikaja jéval nagyobb, mint amit a morfoszeizmikus
célok megkovetelnek. A litoszeizmika igényeit figyelembevéve, nem lehet célunk
a dinamika csokkentése. A litoszeizmikai célok érdekében, a feldolgozast lebeg6pontos
aritmetikaju, igen gyors gépeken kell majd végrehajtani, de ilyen gépet gazdasag-
talan az elsédleges feldolgozas kis dinamikaigényid folyamatara igénybevenni. Ugy
gondoljuk, az optimalis megoldast a specialis aritmetikajd, kis bitszamua, gyors és
olcsd predprocesszorok felhasznaldsa jelentené az elsédleges feldolgozas elvégzésére.

Az a felismerés, hogy az el6jelekkel végzett feldolgozas j6 minéségl els6dleges
stacking szelvényeket eredményez, Uj fellendulést eredményezhet a terepi bazisra
telepitett kis szamitogépek fejlesztésében.
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r. KOPBUH, N. METPOBUNY

OBPABOTKA CEMCMUWYECKUNX AAHHbIX MOB C MOHWM>XEHHbIM
KOJIMYECTBOM PA3PAOOB

B pa6oTe onucbIBalOTCA WCC/eA0BaHWUS, MPOBEAEHHble 3a MocnefHve rofbl A4/18 BbISCHEHUS
BOMpoca 0 TOM, C TOYHOCTbIO [0 KaKOro KOMM4ecTBa Pas3psfoB criefyeT BbIMOMHATb OCHOBHbIE
onepaLmm 06paboTKM CEMCMUYECKNX AaHHbIX. [py 3Tom 6b1/10 06HApY>KEHO, UTO 06paboTKa AaH-
HbIX C MCMO0/Ib30BAHMEM HECKOSIbKMX Pa3psfKoB — B NPeAe/bHOM Cyyae TO/IbKO 3Haka AaHHbIX —
MOXXeT 0Ka3aTbCsl pPaBHOLEHHONM 06paboTKe, MCMO/b3YIOLLE BCO ANHAMUKY AaHHbIX.

B ncTopryeckom 0630pe, NpUBELEHHOM B BBEAEHMW, OMMUCLIBAIOTCA OCHOBHbIE Hampas/eHUs
CoBpeMeHHo celicmopassefkn MOB: mopdiocelicMuyeckoe (BbISICHEHVE TFEOMETPUYECKUX YC0BUIA
0TpaXkaroLLMX FrOPU30HTOB) W SINTOCEICMUYECKOE HanpaseHne (onpegesieHne IMTONOrMYeckux na
pameTpoB).

Mocne o6ecy>kaeHWs Tpebyemol ANs NIMTOCEACMUKN AMHAMUKKW, NPUBOASATCA NUTepaTypHbI
JaHHble, yKa3sblBatoLLe Ha T, KakuM 06pa3om oTAeflbHble aBTOPbl YMEHbLLUWIN AUHAMUKY AaHHble
B Mpouecce cTaHAAPTHOM MOpd00rMyeckor 06paboTKu. X

B cnepytowmx pasgenax MeTogaMmm Teopumn MHopMaumm nyyaeTcs HeobXxoanMoe cofepykaHn
pa3psgoB B MHGOPMaLMN CeCMMYECKOr0 KaHasia € y4yeTOM peLlaemMoi reoslormyeckoi 3afaq
N NoApo6bHO paccMaTpyBaeTcsl BONPOC ONTUMasIbHOMO KBAHTOBAHMA U KOAMPOBAHUS. "

DaKTUYECKMMM NPYMepaMn MOATBEPXKAAETCH, UTO 6ONbLUMHCTBO Onepauuii Npon3BoACTBEH
HOli 06paboTKMN AaHHbLIX MOXET 6bITb BbIMOMIHEHO HA AaHHBIX, COCTOSALLMX U3 MOHVXKEHHOTO KON

yecTBa paspsoB.

6*
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A DIRECT INTERPRETATION METHOD FOR SCHLUMBERGER
RESISTIVITY SOUNDINGS WITH THE APPARATUS IMMERSED
IN WATER***

D. SCHIAVONE*, D. PATELLA**

Introduction

The possibility of carrying out resistivity soundings with the electrode array
immersed in water has been already tested under the double aspect of its theoretical
foundations and experimental set-up (Van'yan, 1956; Terekhin, 1962; Bernabtni,
1973; Patella and Schiavone, 1974). This method proved to be a powerful tool for
the solution of petroleum prospecting, hydrogeological and other related problems.

The quantitative interpretation of the experimental data has been made until
now with the usual complete matching procedure with precalculated model curves.
Catalogues of two and three-layer master curves were published by the Soviet All-
Union Research Institute for Geophysical Methods of Prospecting for a small number
of layering parameters. The problem arises of interpreting those situations uncovered
in the albums and mostly when multi-layer sections are concerned. In this last case
the preparation of albums is so a heavy task that is actually inaccessible. At this
point the best solution to the problem seems to be in the application of a direct
method of interpretation by which the distribution of resistivity layers can be deter-
mined directly from the results of resistivity measurements.

According to previous works concerning free surface resistivity soundings
(Stichter, 1933; K oeeoed, 1968, 1970; Patella, 1974; etc.) a direct interpretation
system can be in general splitted up into three steps:

the evaluation of a kernel function from field data;

the determination of the layer distribution from this kernel function;

the control of the final solution.

In the following sections we develop for each step a simple numerical procedure
basing it upon the introduction of a kernel function whose features, studied in
a previous paper (Patella and Schiavone, 1974), will be briefly reviewed.

The kernel function for a water bottom apparatus

After previous studies for the general case of an n-layered laterally homogeneous
section, the following expression can be written for the apparent resistivity gaob-
tained with a Schlumberger array placed at the bottom of the water layer (Terekhin,
1962; Patella and Schiavone, 1974)

* Institute» di Geodesia e Geofisica-TJIniversita di Bari
** Osservatorio di Geofisica e Fisica Cosmiea-Universita di Bari
*** Manuscript received: 24, 10, 1974 (paper presented at the 19th Annual International Geophysical Symposium—

Sept. 24-27. 1974, Torun, Poland)
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@= (ft/2) r2f [1+ e-28 + 2LLX) + K LU ** 1+ e~LLIY1 M 0)
o)

where gt is the true resistivity of the water layer;

is the thickness of the water layer;

is half the distance between the two current electrodes;

is the well known Stefanesco’s kernel for free surface resistivity

sounding and
y=r) is the Bessel function of first kind and first order.

In our above mentioned paper we introduced the following kernel Tn{X), typical
of the particular geometry of the problem

34 = w 2)[1+ e + 28 a + Kx(e™+ e (2)

and we studied its mathematical characteristics. After such analysis the following
conclusions were drawn:

ﬂ%@omm= aqlg2lql + @= QR 3
1[3h|-m+]-~ Tn(X)=Qn, 4

h being the maximum common divisor among the thicknesses of the layers and g2
and on the true resistivities of the second layer and basement, respectively;

the function Tn(X) for smallest values of VA is asymptotically fitted in the left-
hand portion by the function T2(X), i.e. by the kernel corresponding to the first two
layers;

the kernel Tn(X) is related to the kernel Tn{X), introduced by Koefoed (1970)
for the apparatus at the free surface of the same layered model, by the following

expression

T{X)= -J ~[T n(X)-v] ®)
Q i

where
(6)

the function Tn(X) for largest values of 1/Xdoes not differ from the free surface
Koefoed's kernel Tn(X);

putting Eq. (2) into Eq. (1) we have

@= r2) TnW Jy{xnx dx @
[0}

which is the simplest integral expression relating the apparent resistivity to the
layering parameters.
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Practical determination of the kernel function TJX)

In general if
F(r) = I G(X)JIn(Xr)XdX 8)
0

HankePs inversion theorem states that

m = \F(r)JJXr)rdr 9
b

If in Egs. (8) and (9) we substitute for G(X) the kernel TJX) and for F(r) the
function Qa(r)/r2, we obtain from Eq. (7)

TIX) = J[Qjr)jr] 3axr) dr (10)
'0

Suppose now we have a set of field data of gjrj in correspondence with the
spacings MmMwithj = 1,2, ..., p — 1, p represented on a usual log-log paper (Eig. 1).
Let us consider now the two cases of finite and infinite value for the true resis-

Fig. 1 Approximate procedure for the determination of the kernel TJXx)
1. abra. A TJX) magfiggvény kozelité meghatarozasa
Puc. 1. MpnbnmxkeHHoe onpeaeneHve AAepHON yHKUMN TJIX)

tivity onof the basement.

CASE A: n™ co

In this case we can choose the spacings rxand rv such that the following approxi-
mations hold good

Qa(r) ™ (QiQilei + & = Pi2 for r < rx (11)
ga(l) ™ Qn f0r r ™ orp’ (12)

gl2and nnbeing the left and right asymptotical values of the water bottom apparent
resistivity function.
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In practice, if not directly measured, it is not difficult to find from the analysis
of the left and right asymptotic behaviour of the field curve, two spacings rt and
rv such that approximations (11) and (12) should be valid.

Eqg. (10) can be now rewritten as follows

rl
TJIX) = f [Q(r)/r] 3IXr) dr +
0

r+1

j [Qa(r)/r]J1Jr) dr +

+ J [&.(r)/r] 3IXr) dr (23)
\p

In order to carry out in the best and simplest manner the integration of each term
of Eqg. (13), we substitute the function ga(r) in the interval [0, rj by Eq. (11); in each
interval [T}, rJ+1] withj = 1, 2, p — 1, p by a segment of straight line, parallel
to the r-axis and passing through the mid-point \ig(rj+1) + Q(rj)]l 2 (Eig. 1); and
finally in the interval \ip, co] by Eq. (12).

With these assumptions we have the following approximate solution for Tn(X
(see Appendix A)

_ \Y%
Tax) = pl2+ 2 ") (M)
J=i
where
«j= tean+i) — éa(»j-i)]/2 15
for j= 1,2, ...,p—1,p
and
Ja )= |1 [JiNe) Ir\dr (16)

b

CASEB: on.= 0

In this case the apparent resistivity graph approaches an asymptote for large
spacings r given by
BJr) = r/S a7
where
M

(18)

is the total conductance of all the layers above the highly resistant basement.

Equation (17) follows after Terekhin's considerations (1962) on the right
asymptotical behaviour of the water bottom apparent resistivity function.
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When plotted on a bilogarithmic paper the function gJj) shows the extreme
right-hand portion rising at an angle of 45°, which in practice starts at a finite spacing

rv (Fig. 2).

Fig. 2 An example of resistivity sounding graph in the case of a highly resistant basement (dashed
curve). The full line represents the asymptotic behaviour of the resistivity curve for large spacing
values

2. abra. Ellenallas-szelvényezési goérbe nagy ellenallasti alapkézet esetén (szaggatott vonal).
A folyamatos vonal az ellenallasgérbe aszimptotikus értékeit mutatja

Pite. 2. KpuBasi 30HAMPOBaHUS NMPY HAIMUUK (yHAAMEHTA BbICOKOTO COMPOTUB/IEHNS
(NyHKTVPHast NMHKSY). CNJIOLWHbIE IMHUW NPEACTaBAAOT C060/ acCMMNTOTUYECKOE NOBeEeHNE
KPVIBOW COMPOTUBEHWNI

In practice the value 8 can be determined from field data by noting the point
of intersection between the line rising at 45° and the horizontal line ga(r) = 1 (Fig. 2).
We can therefore choose the spacing rp such that we can write now

Qr) ™Mr/S for r 2 rv (29)

Referring again to Eqg. (13) and making the same assumptions as in the previous
case except for the interval [rp, o0] where Eq. (19) must be applied, we have the

following approximate solution for 7'J/) (see Appendix B)

™Tn"W = Q2+ 2V a(~r) { V 1 v (20)
where B
bj= [Qarj+i) — i)]/2 = 3j 21
for j = 1,2 ...,p—1
bp= — [Qa{rp) *+ Btt(rp- 1)]/2 (22)
and
= (U-SHI0WUTp) = j Ix(Xr) dr (23)

To
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The functions Ja{x) and JO(x) appearing in Egs. (14), (20) and (23) have been
extensively studied in the theory of Bessel functions and a great number of numeri-
cal tables are at present available (see, for instance, Chistova, 1959).

In practice to obtain the values of Tn(X) as a function of VA, it is sufficient to
make, according to Egs. (14) and (20), a sum of p products between the values of
aj or bj, both known from field measurements, and those of <rl(Ar-) and then add
the estimated value of g12 and, in the case of Eq. (20), also the term (1/S) /1nAr,,).

The accuracy of this step for determination of the kernel Tn(X) is strictly related
to the amplitude of the partial intervals of the type [r?, r,+1]; by choosing a smaller
distance between two successive spacings, i.e. a smaller spread of the above partial
intervals, the accuracy of the method can be obviously improved.

Determination of the layer distribution

In this section we show how it is possible to derive the layering parameters of
a multi-layered earth by applying a reduction procedure starting from the kernel

function Tn{X), computed by the method previously described.

K oefoed (1970) showed that in the case of free surface soundings the following
recurrent relations are valid

Tni(ay= MW (24a)
1-T I3 X ) vd gl
Mo <Q)—\,
Th-2w = ) (24b)
— T 1 {?2lg\
Tni= WV (24i)

—Tn-i+iW vilQi

where
viz Ql—e~w')/ (1 + e~w?’)

withi= 1,2, ..., n—2and otand \ being the resistivity and thickness, respectively,
of the r-th layer from the surface.

Tn_t(A) is the kernel function reduced to a lower boundary plane, i.e. correspond-
ing to a stratigraphic situation in which the first i layers from the top are completely
removed and the measurements are carried out on the new free surface.

Inverting Eq. (24a) we have

Tnoy = _ Y W
I+ T n_1{X)vJ gl

(25)
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Putting Eq. (25) into Eq. (5) and after some manipulations it is obtained

Tni Noe — THE) (26)

Eqg. (26) allows one to obtain the function Tn_1{X) once the kernel Tn{X) has

been determined.
The practical procedure for determining the layer distribution is now achieved

according to the following steps:

a) fit the left-hand portion of the T n(X) curve, reported on a tracing log-log paper

as a function of VA, by one of the two-layer curves T2(X)/gldrawn in Fig. 3 as a func-
tion of lUn/q.
s,/o,

Fig. 3 A set of two layer curves
for the water-bottom kernel
function T,(A) for various resist-
ivity contrasts

3. abra. A vizfenékhez tartozé
T.(X) magfiggvény kétréteges
gorbeserege kuilénboz6 ellenal-
las-kontrasztoknal

Puc. 3. [lBycnoliHble KpuBble 45
AAepHON hyHKUMN AHa BogoeMa
T, () 4Ns pasnMuHbIX KOHTpac-
TOB COMPOTUB/IEHWIA

b) Note on the working graph the position of the cross with coordinates
of the theoretical two-layer curve and read consequently the values of and hv
As in general hv the depth of immersion of the array at the bottom of the water
layer, is a known quantity, the accuracy of this fitting procedure can be improved.
Besides by reading the left-hand asymptotical value of the two-layer fitting curve

2/ov we have an estimate of 012 and hence of g2, which can be also estimated by

ading the right-hand asymptotical value of TJqv

@9
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¢) Through Eq. (26) construct the kernel Tn_XA) and report it again on a tracing
paper as a function of 1/1.

d) Eit the left-hand portion of TM 1(1) by one of the two-layer curves T2(X)/a{
drawn in Eig. 4 as a function of 1/1/q.

Fig. 4 A set of two-layer curves for the free-surfaee kernel function 7t(A) for various resistivity
contrasts

4. dbra. A szabad felszinhez tartoz6 T2(x) magfiggvény kétréteges gorbeserege kiilénbézé ellen-
allaskontrasztoknal

Puc. 4. [JBycnoiiHble KpviBble AN SAepHON (yHKLUMM CBOGOAHOM NOBEPXHOCTU TT(X)
[NS1 Pa3/INUHbIX KOHTPACTOB COMPOTUBEHNIA

e) Note on the working graph the position of the cross of this new two-layer
curve and read the values of and h2 The value of g2must be close to that previously
estimated in step b). Besides by the right-hand asymptotical value of TJg( we have
an estimate of 3.
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f) Through Eq. (24i) construct the function Tn_ i(2.) from Tn_i+i(X) and report
it on a tracing paper as a function of VA

g) Repeat steps d), e) and f) on the function Tn_i (A) and so on until a reduced
K oefoed's kernel is obtained which is fully fitted by a T2/ two-layer curve.

Control of the final solution

As stated in the previous section, the determination of the layering parameters
is achieved by a process involving a fitting procedure with suitable two-layer curves.
Since this implies a possible source of misinterpretations, it seems advisable to control
the solution by reconstructing the kernel Tn(A), starting from the interpreted layer
distribution, and comparing this last with the original kernel, obtained by the method
described.

In cases of a not complete superposition of the two kernels, the trial and errors
procedure can be adopted until the complete matching is obtained.

To give an easy method for controlling the solution, we start from Eqgs. (24a—i)
and (26). By inverting these relations we obtain at once

rp Qn t vn- ].__ (27a)
QnAn—if Qn—|
p _ T2 + ®n'2 (27b)

1+ 12Bm2/0m2

Tn-j+ .
Wi — I+ M (27i)
1+ »_n/Q
T M2+ @& (28)
1+ Tn 2v2jo\
T = T (29)
1+ TnaeLl gl

Egs. (27a—i), (28) and (29) allow the construction of the kernel Tn, starting
from the last two layers from the surface, with a simple recurrent procedure.
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Theoretical examples

Let us consider a three-layer earth model with the following parameters:
pr=1, og2= 15 o3= 0.2; ™= 1, h2= 10

In Table | the corresponding apparent resistivity values ¢a(r/l, calculated
through a computer program based on the computational procedure suggested by
Tebekhin (1962), are reported as a function of a discrete number of spacings

(~3, Approx

I ea(Tj) aj n Approx TsExact — n3,Exact)/
T 3exact
04 0,6055 0,00535 0,4 0,60582 0,60486 1,50593 0,00159
05 0,6107 0,00615 05 0,61320 0,61324 1,49979 0,00007
06 0,6178 0,01360 0,625 0,62917 0,62959 1,49765 0,00067
08 0,6379 0,02440 0,833 0,66874 0,66652 1,51127 0,00333
1 0,6666 0,03165 1 0,70238 0,70015 1,51026 0,00319
1,2 0,7012 0,05795 1,25 0,75237 0,75148 1,50354 0,00118
16 0,7825 0,08305 1,67 0,83283 0,83078 1.50676 0,00247
2 0,8673 0,09055 2 0,88532 0,88587 1,49831 0,00062
25 0,9636 0,08860 25 0,95658 0,95515 1,50276 0,00150
3 1,0445 0,09860 3,33 1,03787 1,04111 1,48765 0,00311
4 1,1608 0,09375 4 1,08459 1,08874 1,47691 0,00381
5 1,2320 0,05685 5 1,12888 1,13253 1,45252 0,00322
6 1,2745 0,03405 6,25 1,14593 1,15176 1,40055 0,00506
8 1,3001 0,00235 8,33 1,12281 1,12932 1,29669 0,00576
10 1,2792  —0,03570 10 1,08145 1,08666 1,21210 0,00479
12 1,2287  —0,10005 125 1,00697 1,01016 1,09500 0,00316
16 10791  —0,15940 16,7 0,88783 0,88841 0,93772 0,00065
20 0,9099 —0,18180 20 0.80808 0,80740 0,84207 0,00084
25 0,7155  —0,17410 25 0,71357 0,71194 0,73452 0,00475
30 05617  —0,17215 333 0,60413 0,60208 0,61528 0,00340
40 0,3712  —0,13945 40 0,54413 0,54199 0,55163 0,00395
50 0,2828  —0,06390 50 0,48076 0,47872 0,48543 0,00426
60 0,2434  —0,03300 62,5 0,42780 0,42597 0,43075 0,00430
80 0,2186  —0,01725 83,3 0,37288 0,37153 0,37456 0,00363
100 0,2089  —0,00540 100 0,34480 0,34373 0,34599 0,00311
120 0,2060  —0,00295 125 0,31633 0,31558 0,31713 0.00238
160 0,2030 —0,00195 167 0,28755 0,28709 0.28805 0,00160
200 0,2021  —0,00150 200 0,27306 0,27275 0,27343 0,00114
250 0,2000 —0,00105 ?. 250 0,25852 0,25832 0,25879 0,00077
Table | — An example of the numerical computation procedure for the determination of the

kernel Tn(x) in the case of a theoretical three-layer model with layering parameters:
Ql= ],n2= 15 &= 02,hi= I,h2= 10
Numerikus szamitasi példa a Tn{x) fliggvény meghatarozasara haromréteges modellnél a kdvet-

kez6 paraméterekkel:
ol = 1,02= 1.5 (B= 0.2, hx= 1, h2= 10

Ta6nuua 1. MpyMep YnC/IeHHOrO OnpeaesieHNs SAEPHON yHKUMM ~n{X) ANsi cryyasi
TEOPEeTMYECKOl TPEXC/OMHOWM KPUBO, XapaKTepu3ayioLLeiics cneayowymMmy napameTpamm:

Aa=1q2= 1.5a=0.2; ht= 1 2= 10
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In the same Table | the values of the kernel function TJX), obtained for a set of
values of A by Eq. (14), can be compared with the corresponding ones calculated
through the exact mathematical expression (2).

As can be seen the relative error between approximate and exact values of TJX)
does not exceed 0.6% for this example; this error does not constitute a serious limita-
tion to the method since when plotted on a log-log paper with a 62.5 mm standard
modulus, the difference between approximate and exact values is imperceptible.

The values of gJdr) and TJX) are also plotted in Eig. 5 (curves a and b, respec-
tively).

Now the quantitative interpretation is achieved by the iterative procedure sug-
gested.

Again in Fig. 5 the left-hand portion of curve b is fitted by one of the theoretical
3 A /Bi curves, reported in Fig. 3. The cross gives the values of jg and hv With
these last values and through Eq. (26), the values of Koefoed’'s kernel TJX) are
calculated (see again Table 1) and graphically reported in curve c of Fig. 5. These
last values are fully fitted by one of the theoretical T2(X)/g{curves of Fig. 4. The new
cross gives p2and hz; from the right asymptotical value o:Jcan be obtained.

From Table I and Fig. 5 we see that it is not necessary to compute the TJX)
values for all the values of Aused for the calculation of TJX) : it is sufficient to start,

for example, from the first point shifting from the TJX)/gl curve, since, the value
of g2 being previously estimated, the new T2(X)/g{ can be found as well.

In Fig. 6 we show an example of interpretation for a three-layer model with the
following parameters:

gx=1, g2= 065, ¢g3= 00; hx=1, h2— 10

In this case the numerical computation procedure can be further simplified by
the following considerations.

As is well known (Orellana, 1965) in the case of a highly resistant basement
K oefoed’'s kernel approaches an asymptote for large values of 1/4 given by

TIX) = 1/as

which on a log-log paper is represented by a straight line rising at an angle of 45°.
The value of S can be graphically determined by noting the abscissa of the point of
intersection between the straight line with unitary slope and the horizontal line
TJX) =1. As it has already been shown the same is true for the water bottom

kernel TJX).

Such interesting property of the kernel TJX) can be successfully applied to gain
a good saving of time during the computational procedure. In fact, once the value
of S has been determined on the apparent resistivity graph, it is sufficient to trace
on the TJX) kernel log-log paper the straight line with unitary slope and passing
through the point with coordinates TJX) = land /9= S and then compute TJX)
up to the first value which approximately lies on the straight line. All the following
points with increasing values of /A will obviously lie on the same straight line, there-
fore it is not necessary to compute them.

At this point the determination of the layering parameters is achieved as in the
example of Fig. 5 and with the same considerations, as concerns the determination
of the parameters of the first layer.
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Fig. 5 The direct interpretation of the three-layer sounding curve of Table |
5. abra. A tablazatban kdzélt haromréteges gorbe direkt értelmezése

Puc. 5. MNpsAMas nHTepnpeTaumsa TPEXCNONHON KPUBOW 30HANPOBaHWSA, NPeACcTaBIeHHOM
B Tabnuue 1

Now for the computation of T2X), we note also that, T2(X) being a reduced
kernel corresponding to a stratigraphic section in which the first layer is completely
suppressed, the straight line rising at 45° will pass now through the point with co-
ordinates T2{X) = 1 and /A= S — /ij/jpt = S'. S' can be easily computed since
S is already known and hy and oy have been just determined.
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In conclusion it is
sufficient to compute
Tyl.) up to the first
value which approxi-
mately lies on this new
straight line.

The parameters of the
second layer and the
resistivity of the base
ment are determined as
in the example of Fig. 5.

For both the examples
of Fig. 5 and Fig. 6 we
do not apply the third
stej> of the direct inter-
pretation method, i.e.
the control of the solu-
tion, since, being theoreti
cal examples, the prob-
lem is obviously trivial.

Fig. 6 An example of direct
interpretation of a theore-
tical thiee-layer sounding
curve in the case of base-
ment with infinite resisti-
vity

6. abra. Elméleti haromré-
teges gorbe direkt értelme-
zése végtelen ellendllasu
alapkézet esetén

Puc. 6. [MpuMep NpsMOii UH-
TepripeTaumm TeopeTUYecKol
TPEXC/OAHOA KpWUBOWM npu
Hanmuun cyHfameHTa bec-
KOHEYHOro CONpPOTUB/IEHUS
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APPENDIX A

Derivation of Eq. (11)

Directly from Eq. (13) and after application of the following approximations

0af) ™e12 for r<ril

Qfr) t* + ga(ry) for rp<r<rg,
j=1,2, ...,p—1I

Q) ** n for r~r_

we have
ri

TnW =Qif I [JL(Ir)/r]dr

p—1 _ rj+1
.V Te«™) + ga(p) J [Ji(Ar)/r] dr +
=1
JL3i(AT)/r] D

P

Putting, after Chistova (1959)

[3f2.r)/r] dr = Jil{Xrj) (A2)
and remembering that
[JiW/r] dr= 1 (A3)
it is easily obtained
le [BYIr)/rldr = J [Jiftrf/r] dr—jm MNAD/F] = 1—an~krf) (A4)
0 0
r+ 1
i [Ji(r)tr]dr = j [3fyXr)jr] dr — \ [Jffkr)/r] dr m
fi+l

(A5)
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[JiW/r] dr = j nO.rv)

Putting Eqgs. (A4) to (A6) into Eqg. (Al) we have

apg = el2[1 -~ <ArD] +

Qaryw 1+ QAlry Waibi)

7=1

99

(A6)

+ QnJii(hmp) (A7)

Rearranging the terms at the right-hand side of Eq. (A7) it is finally obtained

Putting
- _ ga(™+l) — Qa(ri)

Jn9-rj) (A8)

forj = 1,2, ..., p—1,jp, Eq. (A8) reduces simply to Eq. (14).

APPENDIX B

Derivation of Eq. (20)

From Eqg. (13) with the application of the following approximations

&) ™ (12 for r<r1l
fot
bl
Qa(r) « ri/8 for

we have

r>W =e 12| [«M*r)/rl dr +

p—1 T+1

7=1

ya

; [e>;+1) + g>)) [3i(Zr)/r] dr -f
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+ (1/A9)] [Ix{Ir)Ir]dr. B

With Egs. (A4) and (A5) and remembering that
(AN dr = (IB)J 0(Xrp) = JoxRrp) (B2)

Eqg. (BIl) becomes
TnW = ei2[i-J M ] +
p—1 _ _
fooorRaiEh = 9Ar) g pi) - Jdittrj+l)] + (1/S)Jox(Zrp) (B3)
i=1

Rearranging the terms at the right-hand side of Eq. (B3) it is obtained

340 = g2+ [ ga(r>+l) 2 ga(rj~l Juifo,) —
71 L

ex(rP)+ ga(v-i)j Jii(Arp) + (1/5)*m({Ip) (B4)

Putting

b= MVzti)— forj= 1,2, ...,p—1

and

+ ga(rP-I)

Eq. (B4) reduces simply to Eq. (20).
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D. SOHIAVONE—D. PATELLA

VIiZBE MERITETT MUSZERREL VEGZETT
SCHLUMBERGER-SZONDAZASOK KOZVETLEN KIERTEKELESI MODSZERE

Tengerek és tavak felszine idealis homogeneitasi feltételeket képez egyenaramu elektromos
szondazasokhoz. Ha az elektrédakat a viz felszinén helyezziik el, a kvantitativ kiértékelésre
problémamentesen alkalmazhatjuk a szarazféldi szondazasok elméletét. Sok esetben azonban
elényodsebb, ha az elektrédakat a fenékre vagy annak kozelébe helyezzilk, hogy a vékony rétegek
okozta anomalidk jobban kiemelkedjenek.

Néhany szovjet geofizikus mar foglalkozott ennek a szondazasi eljarasnak elméleti problé-
maival. A szokasos modellekre szamitott gorbe-illesztési eljarast hasznaltdk a kvantitativ ki-
értékelésre.

A szerz6k kozvetlen mddszert javasolnak a kvantitativ kiértékelésre, amelynek a gorbe-
illesztéssel szemben a kovetkezd el6nyei vannak:

gyorsasag,

pontossag a rétegparaméterek meghatarozasaban,

tobbréteges sztratigréafiai helyzetek kiértékelésének lehetésége,

a végs6 megoldas automatikus ellenérzésének lehetésége.

Bemutatjak a Hankel inverzids elmélet alkalmazasanak lehet6ségeit. Numerikus eljarast
javasolnak a latszélagos ellenallasértékek transzformaécidjara, valamint a rétegeloszlas meghata-
rozasara egyszer( rekurziéval.

A. CKWABOHE—/[. MATENNA

MPAMOWN METOA NHTEPMPETALN OAHHbLIX B33 MO METOAY LUTYMBEPXE
C NCIMNOJ1Ib3OBAHVEM MOIrPY>XEHHbLIX B BO4Y NMPNBEOPOB

MoBepXHOCTM MOpel 1 03ep XapaKTepu3ylTcs UaeasTbHbIMA YCI0BUSAMW OLHOPOAHOCTU MpU
npoBesfeHNN MPAMOTOYHbIX 31EKTPUYECKMX 30HAMPOBaHWIA. Ecnn anekTpoabl pacronaratTcs no
NMOBEPXHOCTU BOfbl, TO A7 KOIMYECTBEHHON WHTepnpeTauMn AaHHbIX 6e3 BCAKWX 3aTpyAHeHWr
MOXXHO BOCM0/1b30BaTbCA Teopueli HazeMHbIX 30HANPOBaHWIA. OfHaK0, BO MHOIMX Cly4asix Lieneco-
06pa3Ho pa3MecTUTb MPMOOPbI Ha AHEe WM OKOM0 AHa BOJOEMA, YTOObl MMeTb BO3MOXXHOCTb
60s1ee YETKO BbIAE/TUTb aHOMasIMK, BbI3blBaeMble TOHKMMU C/I0SMU.

CoBeTCKMe Teothn3MKK Y>Ke 3aHUMa/IUCh TEOPETUYECKMMM NpobiemaMm nofo6HOro 30HANPO-
BaHWA. [py 3TOM A/19 KONIMYECTBEHHOW UHTEPNPEeTaLMN AaHHBLIX MPUMEHSNICA CTaHAAPTHbIN MeTof,
COBMeELLEHUNS (haKTUYECKUX KPUBBIX C TEOPETUHECKMMM, MOACUHUTAHHBLIMU ANS MOAENeN.

ABTOpamun HacTosiLleli paboTbl npeasiaraeTcs NPsIMOA MeTO[, KOSIMYECTBEHHOW MHTepnpeTa-
LMW f@HHbIX, MELWNI cneaytoLme NpenmyLLecTa nepeg ctaHAapTHbIM MeTOA0M:

— 6ObICTPOTA,;

— TOYHOCTb OMnpefesieHnss NapaMeTpOB C/I0EB;

— BO3MOXXHOCTb MHTeprpeTaumyy MHOFOC/I0/HbIX pa3pe3os;

— BO3MOXXHOCTb MPOBEAEHNS aBTOMATUYECKOr0 KOHTPO/IA OKOHYATE/IbHOr0 PELLIEHUS.

PaccmaTtpriBaeTcsl BO3MOXKHOCTb MCMOMb30BaHMSA TeOPUM WHBEpcUM XaHkens. Mpepnaraetcs
YMC/IEHHbI MeTOoA, AN TpaHcopMaLMn BEIMUMH KaKYLLMIXCA COMPOTMBIEHUIA 1 AN onpeaesieHns

pacnpefienieHns NIacToB NPY NMOMOLLM NPOCTOl PeKyppeHLMN.
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