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ON THE POSSIBILITIES OF TRACING
LITHO-STRATIGRAPHICAL CHANGES OF SANDSTONE
BODIES

E. KILENYI-SZABO AND Zs. HEGYBIRO-ROMAN~*

. Introduction

The sedimentary conditions, genetics, lithological and stratigraphical changes
of sandstone reservoirs got into the foreground of interest in petroleum exploration.
In Hungary as well—with the possible decrease of unexplored oil and gas bearing
structures—exploration for stratigraphical traps deserves ever growing attention.

The variable reservoir properties of Lower Pannonian sandstones raise cor-
relation problems. With the routine seismic field- and processing technique the sand-
stone layers cannot be separated, geological identification of reflecting horizons
is nearly impossible. To detect the lateral changes of sandstone bodies was
regarded as hopeless.

To investigate these problems, the Hungarian Oil and Gas Trust started a
methodological research program in co-operation with the R. E6tvdés Geophysical
Institute. In the followings a progress report is given.

I1. Correlation problems of electric and acoustic logs

In the literature a good many articles deal with the problem of genetical
conditions of sandy-argillaceous sedimentary complexes and with the connection
of physical parameters on depositional environments of sandstone bodies. Grain
size distribution, sorting, sand/shale ratio etc. are genetical characteristics and at
the same time they determine the nature of the log curves.

Saitta and Vishek (1968) published a suggestive graph of the PS log patterns
representing various shallow marine, deltaic and fluvial environments (Fig. 1).
Lately the GR curves are treated similarly. The relationship between genetics and
acoustic logs is much more problematic, especially in the case of logging without
well-compensation, where a higher noise level has to be taken into consideration.
Nevertheless we suppose that stratigraphical changes effect the acoustic logs as well.
Without the validity of this supposition no sign of stratigraphical changes could
be expected in seismic records.

According to the above described scheme the similarities and differences of
electric logs were examined first. On the area, in the southern part of the Great
Hungarian Plane, selected for the investigations, three different types of sandstone
bodies occur, as presented on Fig. 2. Comparing them with the classification types
set by Saitta and Visher, the meander belt point bar, deltaic deposits from primary
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PS 9 AC

Fig. 2 Typical SP, resistivity and acoustic logs in the area of investigation
A. meander belt point bar, B. deltaic deposits, C. marine bar

2. abra. Jellegzetes PS-, ellenéllas- és akusztikus szelvények a kutatési terileten
A. meanderes kupgat, B. delta-tledékek, C. tengeri gat-homokkd

Puc. 2. TunuyHble gnsa paoHa paboT Kpueble MC, 3K n AK
A. MeaHapuyeckue ocafiku; B. aenbToBble ocagku; C. MOPCKUE ocafkun

and secondary distributaries and marine bar sandstones can be recognized. The
last one is the most widely spread on the area. The characteristic features are best
seen on the parts of greatest thickness; on the margins of the bodies they are obscured.

Sandstone bodies, correlated by over- and underlying marls can have different
log patterns. Whether these changes are due to facial differences or the sandstone
bodies are separated from each other cannot be decided yet. In both cases however
detection of alterations contribute to further petroleum exploration.

Correlation of electric logs is routinely done visually. In one of the sandstone
layers of our area, prominent differences can be observed in wells of not more them
1-2 km apart. The logs can be grouped into two types separated by a line of nearly
N-S direction. Representative logs of the two types are presented in Fig. 3. The
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Fig. 3 Representative SP and resistivity logs of a sandstone layer, subdivided into two groups
1. western area, 2. eastern area

3. abra. Egy kettéosztott homokkdészint jellegzetes PS- és ellenallasszelvényei
1. nyugati terulet, 2. keleti terulet

Puc. 3. TunnyHble kpuBble MC 1 CONPOTUBMEHMSA NecYaHoro naacTta, NogpasfAesIeHHoOro Ha ABe YacTu:
1. 3anafHblii parioH, 2. BOCTOUHbIV paioH

division of the sandstone layer into two parts was checked by mathematical corre-
lation.

A special cross-correlation program was compiled, in which the selected time
window on the first curve can be extended by any desired rate. Supposing, that the
thickness of the sandstone body changes linearly, this program eliminates the decrease
of the correlation coefficient due to the thickness variations. Considering the remark-
able results, it seems that this supposition is permissible.

Two logs from both the western and eastern areas were selected for the cross-
correlation, which visually correlate well. These are from the western area logs
9 and 10, from the eastern logs 14 and 15. From the eastern area of larger spread
a log was chosen (No 12) which had the worst correlation to the type 14, and at the
same time the best to the western type. The cross-correlation was computed for
both PS and the normal resistivity logs. Fig. 4 is a presentation of typical correlation
curve series versus extension rate for PS and resistivity logs respectively. Results
of the correlation computations are presented in Table I. It can be seen, that the
correlation values of 0.74-0.82 on the PS logs, and 0.68-0.75 on the resistivity logs
mark out the relationship between boreholes.

As our ultimate purpose is the interpretation of seismic cross sections, similar
investigations were made for the acoustic logs as well. Results of correlation computa-
tions of acoustic logs are presented in Table |I. No definite similarities could be
proved either by eye or by the mathematical correlation between logs of related
boreholes. Although sand layers can be correlated, their characteristics are masked
by the superimposed noise to such and extent that they are unrecognizable. Not-
withstanding all suitable acoustic logs were transformed to synthetic seismograms.
Computations were carried out with high precision (sampling interval: 0.2 m, one



Litho-stratigraphical changes of sandstone bodies 57

Fig. 4 Correlation graph of the investigated sandstone layer, eastern part
(boreholes 14 and 15) A. SP logs, B. resistivity logs

4. &bra. A vizsgalt homokkdszint korrelaciés gorbéi (keleti csoport, 14. és 15. sz. furasok)
A. PS-gorbék korrelaciéja; B. ellenallasgorbék korrelacidja

Puc. 4. KpuBas Koppensuum nsy4dasLUerocs necyaHoro naacra, BOCTOMHAsA YacTb (CKBaXKMHbI 14 1 15)
A. KpuBble MC; B. Kp1Bble CONPOTUBAEHNI

way time interval 0.125 msec, noise filtering by 100 m/sec threshold), for convolution
80 and 54 Hz symmetric Ricker wavelets were used. These frequencies were the
median values of the bandpass filters applied to an experimental seismic profile in
the area.

The results are presented on Fig. 5 for two selected sandstone bodies. It can be
seen, that although no outstanding similarity can be found between interval velocity
curves, the synthetic seismograms using 80 Hz wavelet can be separated into two
groups. In the case of 54 Hz wavelet, the same phenomenon appears under
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Table |
1. Tablazat
Tabnmua 1
Borehole Log Correia- Extension Note
tion peak rate
Furas Karotazs Korrelacié Nyujtéasi Megjegyzés
gorbe csucsértéke arany
CKBaXkKMHa Bug Muk Mponopuus MpumeyaHnsa
KapoTaxa Koppensauum pacTskeHus
window
ablak
OKHO
PS 0,78 1. Two typical logs of the
10— 9 RES 0.68 1.2 western group
AC _
PS 0.76 2. Two typical logs of the
14— 15 RES 0.82 1.2 eastern group
AC 0.52
PS 0.75 3. Least similar two logs
14—12 RES 0.71 1.2 of the eastern group
AC 0.60
PS 0.56 4. Typical logs of the western
10— 14 RES 0.49 0.8 and eastern groups
AC 0.70 respectively
PS 0.57 5. Most similar logs of the
10—12 RES 0.50 0.9 western and eastern groups
AC 0.58
1. A nyugati csoport két tipikus karotazsgorbéje
2. A keleti csoport két tipikus karotazsgérbéje
3. A keleti csoport két legkevésbé hasonlé karotazsgorbéje
4. A nyugati és keleti csoport egy-egy jellegzetes karotazsgorbéje
5. A nyugati és keleti csoport egymashoz leghasonlébb karotazsgérbéje
1. [iBe KpmBble, TUMNWYHbIE AR 3anafHol rpynnobl
2. ABe KpviBble, TUNWYHbIE AN BOCTOUHOW rpynnbl
3. e HavMmeHee Nofo06HbIE KPUBblE BOCTOUHONM rpynmnbl
4. TNN4YHbIE KPVBbIE 3anagHol 1 BOCTOYHOWM rpynmn, COOTBETCTBEHHO
5. Hanbonee nogo6Hble KpmMBble 3anafHol 1 BOCTOUHOM rpynn

favourable conditions only, such as on the upper sandstone, boreholes 15 and 12.
The thinning out of the sandstone layer—borehole 14—causes the characteristic
signal form to fade away.

The similarity of 80 Hz synthetic seismograms was checked by mathematical
correlation as well. The possibility of window-extension was not exploited this time,
because arbitrary similarity can be obtained by it in such a case. Results of cross
correlation computations are presented in Table Il. The principles of selecting curves
for correlation were the same as before: correlation was sought between pairs of
two similar and differing curves respectively. The results were surprising; after the
low correlation coefficient of the interval velocity logs, we did not dare to hope
such a good correlation between synthetic seismograms. It seems, convolution
filtered noise and enhanced signal character.
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khi
Fig. 5 Comparision of synthetic seismograms and interval velocity logs for two subdivided
sandstone layers
A. upper layer, 1. western part, 2. eastern part B. deeper layer, 3. northern part, 4. southern part

5. &bra. Intervallumsebesség-gorbék és szintetikus szeizmogramok két kettéosztott homokkdszintre
A. sekélyebb szint; 1. nyugati terilet; 2. keleti tertlet
B. mélyebb szint; 3. északi terilet; 4. déli terulet

Puc. 5. ConocTtaBneHne CUHTETMYECKMX celicMorpaMm U1 rpacmkoB UHTEPBa/IbHbIX CKOpocTel Ans
ABYX nogpasfgeneHHbIX necyaHbIX C10eB
A. BepxHWiA cnoii, 1. 3anagHasa 4yacTb, 2. BOCTOMHAs 4acTb; B. HWXHWI cnoii, 3. ceBepHasi 4acTb,
4. 10KHaAa yacTb

I11. Conclusions

As a result of our investigations it can be stated that there is hope to reach
our set target that is to say to trace the stratigraphic changes in the seismic time
section. It is proved by the synthetic seismograms that the theoretical possibility
for detection wave form changes exists. At the same time it was revealed as well,
that frequency ranges must be shifted towards the higher frequencies. High frequen-
cies cause lots of problems both in field technique and data processing, still we must
cope with them to reach our aims.

Our further experiments will be aimed at rendering our results applicable in
practice.
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Table 11
I1. Tablazat
Tabnuua 2
Borebole Correia- Note
tion peak
Fuaréas Korrelacio Megjegyzés
csucsértéke
CKBaXknHa Muk MpumeyaHusa
Koppenaunn
window
ablak
OKHO
10— 13 0.94 1. Typical synthetic seismograms
of the western group
14— 20 0.96 2. Typical synthetic seismograms

SHALLOWER

of the eastern group > SANDSTONE

3. Typical synthetic seismograms
10— 14 0.51 of the western and eastern
groups resp.

13— 15 0.88 4. Typical synthetic seismograms
of the southern group

14—10 0.91 5. Typical synthetic seismograms

of the northern group DEEPER

> SANDSTONE

6. Typical synthetic seismograms
14— 13 0.66 of the northern and southern
groups resp.

. A nyugati csoport tipikus szintetikus szeizmogramjai

. A keleti csoport tipikus szintetikus szeizmogramjai

. A nyugati és keleti csoport tipikus szintetikus szeizmogramjai
. A déli csoport tipikus szintetikus szeizmogramjai

. Az északi csoport tipikus szintetikus szeizmogramjai

. Az északi és déli csoport tipikus szintetikus szeizmogramjai
1— 3. Sekélyebb homokkdcsoport

4—6. Mélyebb homokké&csoport

CUAWN R

CUHTETMYeCKMe ceiicMorpaMMbl, TUMWYHbIE 415 3anafHoW rpynnbl

CuHTeTUYeCKME CeMCMOrpamMmMbl, TUMWYHBIE A/11 BOCTOYHOM rpynnbl

CUHTeTNYeCKMNe ceiicMorpaMmsbl, TUNUYHbIE 415 3anafHOoM U BOCTOYHOM rpynmn, COOTBETCTBEHHO
CuHTeTUYECKME CeiCMOrpamMMbl, TUMWYHbIE AN1S1 I0XKHOW rpynnbl

CuHTeTUYeCKMEe CeMCMOrpamMmMbl, TUMNYHBIE A/151 CEBEPHOM TPYMMbl

CuHTEeTUYECKME CelicMOrpamMmMbl, TUMNYHbIE /11 CEBEPHOM M I0XXHOM rpynn, COOTBETCTBEHHO
1—3. MeHee rny60Ko 3anerawLime necyaHMKM

4—6. Bonee rny6oKo 3anerawLine necHaHMKn

oA WN PR
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SZ. KILENYI EVA, E. HEGYBIRO ZSUZSANNA

MODSZERTANI KISERLETEK HOMOKKOSZINTEK LITOSZTRATIGRAFIA1L
VALTOZASAINAK NYOMONKOVETESERE

Egy délalfoldi kdéolajkutatasi tertlet korrelaciés problémainak megoldasara az OKGT
az ELGI-vel egytuttm(ikodve mdédszertani kisérleteket kezdeményezett, amelynek eredményeirél
szamolunk be. A homokkd§szintek litosztratigrafiai valtozasait PS, ellenallas és akusztikus karo-
tazsgorbék segitségével vizsgaltuk. Mig az els6 kett6 szemre és matematikai korrelaciéval is
kimutathatéan jelzi a valtozasokat, az akusztikus gorbék jellegét a zaj elnyomja. Az akusztikus
gorbékbdl szintetikus szeizmogramokat szamitottunk 54 és 80 Hz-es szimmetrikus Ricker wa-
velet alkalmazéasaval. A nagyfrekvencias szintetikus szeizmogramok hatarozottan jelzik a jelleg-
valtozasokat.

3, KUNEHWN C. — X. XEAbBWUPO P.

METOANYECKWME OMbITHLIE PABOThbI A/1A MPOCNEXWNBAHNA
NTO-CTPATUTPAPNYHECKUX MSMEHEHWI B MECYHAHbBIX TOPN30OHTAX

Ana peleHna npo6nem, cBA3aHHbIX C Koppensauuner 1 BO3HUKLLNX B 04HOM U3 HedhTe-pa3Beaoy-
HbIX pPaioHOB KXKHOW YacTn BonbLIo HU3MEHHOCTW, N0 MHULMaTUBE TpecTa HeTAHON 1 ras3oBoW
MPOMBbILLINEHHOCTM, B COTPYAHMYECTBE C MeoU3NYECKUM MHCTUTYTOM M. J1. DTBewwa, 6binn npo-
BefleHbl MeToAn4YecKme paboTbl, pe3ynbTaTbl KOTOPbIX paccMaTpmBalTCa B HacTosAL el paboTe. JInTo-
cTpaTurpaduyeckme M3MeHeHUs B NecyaHblX rOpM30HTax nly4vanmcb No gaHHbIM MeToga MC, 3K un
AK. B To Bpems,, KaK N0 JaHHbIM NepBbIX ABYX MeTOAOB OTYET/INBO O0TMEYalTCsA U3MEHEHUS Kak
Ha B3rN1A4, Tak U Mo MaTeMaTUYeCKON Koppensauumn, xapakrtep Kpusbix AK nckaxkaeTcsi 3a cueT Ha/n-
unsa nomex. Mo KpuBbiM AK 6blsIN COCTaBEHbI CUHTETUYECKNE CEACMOrpamMMbl C MCMO/Ib30BaHNEM
BOJIH Pukepa Ha yactoTax 54 1 80 ru,. Ha BbICOKOUYACTOTHbIX CUHTETUYECKMX CEiCMOrpaMmMax XopoLuo
BbIAENATCA N3MEHEHUS.






