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‘PULL UP” AND ‘PUSH DOWN’ EFFECTS IN SEISMIC
REFLECTION: A USEFUL CONSTRAINT

Jérdome DYMENT?™* and Maksim BANQ*’**

‘Pull up’and ‘push down' effects are commonly observed in seismic sections. These fictitious
deformations of seismic reflections under local velocity anomalies can, if they are not identified,
lead to misinterpretation of seismic sections. However, in some cases and using simplifying
assumptions, these effects can provide a useful constraint in the estimation of the seismic velocities
and therefore help interpretation in complex areas. Two examples are presented: the first displays a
distinct ‘pull up’ effect related to the high seismic velocities associated with a salt diapir, the second
shows a significant ‘push down’ effect related to the low velocity of sedimentary basins.
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1. Introduction

The ‘pull up’ and ‘push down’ effects, commonly observed in seismic
sections, engender fictitious deformation of seismic reflections beneath a local
anomaly of high or low velocity (Fig. 1). Such an anomaly may be related, for
example, to salt diapirism, coral reefs, volcanic intrusions or young sedimentary
basins, and has been known since the earlier development of reflection seis-
mology. ‘Pull up’ and ‘push down* effects can, usually, be recognized when
they affect distinct and relatively flat underlying reflectors. The shape of the
reflections in the seismic section follows the geometry of the high or low
velocity anomalous body. A good knowledge of the seismic velocities is
important in correcting such effects on the depth sections.
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Fig. 1. ‘Pull up’ and ‘push down’ effects: a fictitious deformation of seismic reflectors under a
local anomaly of velocity

1 abra. Felboltozddasi (,,pull up”) és bemélyedési (,,push down”) hatasok: a szeizmikus
reflektald feliiletek helyi sebességanomaliak alatt 1étrejové latszélagos deforméacioi

Puc. 1. CBogbl (,,puli up™ un BnaguHel (,,push down”): Kaxywueca gedopmanunm
cencMmMYecKnX 0Tpa>KeHW B CBA3M C IOKA/IbHbIMW CKOPOCTHLIMWU aHOMaTNnsiMu

Nevertheless, ‘pull up’and ‘push down’ effects are often considered as an
inconvenience which can affect the interpretation of the seismic sections. In
salt diapiric zones, for example, the seismic velocities are usually poorly
defined and these effects, if not efficiently corrected on the depth sections, can
be interpreted as geological features.

This paper intends to show that, in some cases and under simplifying
assumptions, ‘pull up’and ‘push down’ effects can provide a useful constraint
in estimating the seismic velocities and, thus, help in interpreting complex
areas. We present a simple method to perform this kind of analysis, and apply
it to two examples. The first, taken from conventional exploration profiles,
shows a study over a salt diapir. The second, from deep seismic reflection data,
is used to obtain an estimation of the seismic velocity in the upper crust.
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2. Modelling of ‘pull up’ and ‘push down’ effects: an approach to
velocities

The conventional method used to interpret seismic reflection sections is
based on two kinds of information: the time section itself, improved by more
or less sophisticated processes, and the information on velocity, usually pro-
vided by the velocity analysis technique on multichannel experiments. On the
basis of this information, one can migrate the section if required by the slope
ofthe reflections and, finally, depth convert it. Nevertheless, problems may be
encountered in the application of this method, particularly if the seismic
velocities are poorly determined. The velocity analysis technique is not effec-
tive for areas which include strong velocity contrasts, numerous scatterers,
dipping reflectors and/or complex geometrical patterns. Also, this technique
cannot be employed for deep reflections because of the weak sensitivity of the
CDP (common-depth-point) hyperbolae to the seismic velocity.

We propose a different way to help the interpretation of seismic sections
in such difficult areas. This method, which is quite rough and can only provide
an approximation of the seismic velocities, is based on the observation of “pull
up’ and/or ‘push down’ effects on underlying reflections. Such ‘pull up’ or
‘push down’ effects, related to high or low velocity anomalies, are often
observed in areas where velocity analyses are not suitable. The method consists
of an a priori assumption of the geometry of the underlying reflectors, from
geological evidence and/or analysis of the data which are not affected by the
‘pull up” or ‘push down’ effect. Such an a priori assumption leads to the
calculation, at several locations, of estimated velocities in the anomalous body
using the classical relation

Interval velocity = 2 * Thickness/ Interval vertical time

Such a formulation is valid only in the case of a relatively simple a priori
assumption on the geometry of the anomalous body and underlying reflectors.
A more accurate formulation, which is not required in the following examples,
should take into account the effect of more complex geometry on the ray paths.
The geological plausibility of the resulting velocities governs the acceptance
or rejection of the a priori assumption. Realistic velocities a posteriori confirm
the validity of the model, while unrealistic velocities lead to its rejection.

In order to check the applicability of such a method, we analysed the
sensitivity of the result (the velocity) to variations of the input parameters (the
thickness). A too high sensitivity means a weak probability of obtaining
reasonable velocity values, even with a correct geometrical model; a too low
sensitivity could lead to plausible velocity values, even with a false model. We
included uncertainties on the interval time measurements in the calculations.
In the following examples, we obtain a 30% variation (1.2 km/s) for the interval
velocity in the diapir assuming a 20% variation (0.4 km) for the thickness of
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the diapir. We also obtain a 23% variation (1.38 km/s) for the velocity of the
upper crust assuming a 20% variation (5 km) for the lower crustal reflectors.
Ibe calculations suppose an uncertainty on the time measurement which
reaches 0.05 s. Thus, the sensitivity analysis shows that significant variations
of the geometrical model lead to departures of the velocities beyond the range
of plausible values, and demonstrates the applicability of the method. The two
examples mentioned above present applications of this method to a ‘pull up’
effect observed beneath a salt diapirand ‘push down’ effects observed beneath
sedimentary basins.

3. Lateral variations of the seismic velocity in a salt diapir

We have used well data and conventional seismic profiles to study a
20 km2 area in the southern Rhine Graben (France), at the northern border of
the Mulhouse potassic salt mine district. These data (Fig. 2) show a thick
Tertiary sequence underlain by Jurassic sediments. A Bajocian-Bathonian
oolithic limestone, known as the ‘Grande Oolithe’, is particularly clear from
the seismic data (Fig. 3) and closely underlies a major discordance, correspond-
ing to Upper Jurassic and Cretaceous [MDPA 1983]. This discordance, known
from the well data, is not associated with a pronounced angular discontinuity
and probably corresponds to a hiatus of deposition rather than to a tectonically
related erosion. The evaporitic layers were deposited at Sannoisian and are
related to the Oligocéne subsidence ofthe Rhine Graben [BLANC-VALLERON,
GANNAT 1985]. This subsidence continued during the Upper Oligoceéne,
leading to the deposition of detritic Stampian and Chattian sediments. Dia-
pirism occurred during and after the late Oligocéne and roughly followed the
N-S orientation of the Rhine Graben normal faults [LARROQUE, ANSART
1985].

Figure 3 displays a seismic section in this area. The strong reflection (noted
‘O") close to the base ofthe diapir corresponds to the top ofthe ‘Grande Oolithe’
layer, as evidenced by the well data. The other marked reflection (T )
represents the top of the diapir. The complex seismic pattern observed in the
diapir is a typical characteristic of salt diapirs [see for example NELY 1980,
JENYON 1986]. We note that reflection O seems to reflect the shape of the diapir
itself. A similar observation can be made from other profiles across the diapir.
We suggest that the observed shape of reflection O isrelated toa ‘pull up’ effect
due to the high seismic velocity in the salt.

Using velocity analyses at several locations along the profiles we calcu-
lated, using the DIX [1955] formula, the approximate interval velocities of the
near surface layer (from surface to reflector T ) and of the diapir (between
reflectors T and O) at each location. The resulting interval velocities of the
diapir range between 3.0 and 6.0 km/s. We find no relation between these
velocities and the thickness of the diapir (Fig. 4a). This large dispersion of the
interval velocities may be related to the poor suitability ofthe classical velocity
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Fig. 2. Location of the area studied on the northern border of the Mulhouse potassic district,
southern Rhine Graben, France. The profile displayed in Fig. 3 is underlined

2. dbra. A vizsgalt teriilet elhelyezkedése a franciaorszagi Rajna-arok déli részén talalhat6
Mulhouse kalisébanya északi hataran. A 3. abran lathaté szelvényt vastag vonal jelzi

Puc. 2. Nccnepyemblii y4acTOK pacnosfioXeH Ha CEBEPHOM rpaHuLie MecTopoXAeHUs
KafimeBoit conyu MIonxoyc B 0XHOM YacTu PeiiHckoro rpa6eHa Bo ®paHumun. XXupHas
NIMHUSI MOKa3blBaeT PacnosioXeHne Npopuns, n3o6paxeHHoro Ha Puc. 3

analysis in diapiric areas, due to strong velocity contrasts, large dips and
numerous scatterers in the salt [CORDIER 1983].

Thus, we have tried to use the ‘pull up’ effect observed on reflection O to
determine the interval velocities of the diapiric sequence. We assumed that the
previously found interval velocities of the near surface sequence are good and
used them to calculate the depth of reflector T. Next, we assumed that reflector
O is roughly flat (Fig. 5) and we used this hypothetical depth section and the
observed time section to compute the interval velocities in the diapir.
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Fig. 3. Typical example of ‘pull up’ beneath a salt diapir observed in the southern Rhine Graben,
France; T is the top of the diapir, O is the reflection on the ‘Grande Oolithe’ limestone, which
marks the base of the diapir

3. dbra. Tipikus példa s6 diapir alatti latszélagos felboltozédasra (,,puli up”) a Rajna-arok déli
részér6l, Franciaorszaghdl; T a diapir teteje, O a ,,Grande Oolithe” mészkérél érkez6 reflexio,
amely adiapir aljat jeldli
Puc. 3. TuNU4HbIA NpMMep KaxKyLerocsi cBoga nof CoNsHbIM ANANMPOM B KOOXKHOW 4acTu
PeiiHckoro rpabeHa (PpaHuma). T kpoBna gnanupa, O 0TpaxeHUs ¢ U3BECTHAKOBOA
thopmauun ,,'paH OonNnT”, yKasbiBaloLLe noAoLBY gnanvpa

Several observations support the hypothesis of a roughly flat reflector O.
First, the ‘Grande Oolithe’ limestone is a very compact layer and cannot be
deformed easily. Thus, we expect that it will undergo brittle deformation and
faulting rather than form a fold as indicated by the seismic section if the ‘pull
up’ effect is not assumed. In addition, such a fold is not likely in the Rhine
Graben considering the overall extension in this area. The flatness of reflector
O seems consistent with the available geological data. In the areas around the
diapir, reflector O appears roughly flat. Based on a well and some velocity
analysis from non diapiric zones, we determined its depth to be 2075 m.

Using Do as the depth of reflector O (2075 m), D j as the depth of reflector
T determined from the velocity analyses, to as the two way travel time from
surface to reflection O, and tj as the two way travel time from surface to
reflection T, we obtain the relation

Vj-0- 2 {Do ~Dt)/(to ~1tr)
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where Vt-o is the interval velocity in the diapir. This relation was used to
calculate an alternative interval velocity at each location.

Such calculation provides interval velocities in the diapir which range
between 2.5 and 5.0 km/s. These values are, most probably, more reasonable
than the previous values using conventional analysis. Salt velocities usually
range between 4.0 and 5.0 km/s [CORDER 1983]. The diapir consists of salt,
but probably also includes marl and clay which have lower seismic velocities.
Moreover, when the interval velocities versus the double travel time between
reflections T and O are plotted, a linear relation is obtained (Fig. 4b). This
velocity function indicates higher seismic velocities in the thick part of the
diapir than in the flanks. The averaged velocity in the thickest parts ofthe diapir
is 4.0 km/s, which is almost the pure salt velocity, 3.5 km/s in the flanks, and
only 3.0 km/s in the thinnest parts of the salt layers. This result is consistent
with the classical models of salt migration [e.g. JENYON1986]. Layers mainly
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Fig. 4. Velocity versus two way travel time in the diapiric sequence: a) from velocity analysis;
b) using the ‘pull up’ effect. TWT is the two way travel time between Tand O, Vt-o the interval
velocity of the sequence T-O, and D+O the thickness of this sequence. A lateral velocity
function can only be derived from b), due to the important dispersion in a)

4. dbra. A kétszeres menetid6-sebesség fliggvény a diapir rétegsorban: a) sebességanalizisbél,
b) a ,,pull up”jelenség felhasznalasaval. TWT a I"és az O kozotti kétszeres terjedési id6, Vt-o a
T-O rétegsor intervallumsebessége, a Dt-o pedig a rétegsor vastagsaga. Lateralis
sebességfiiggvényt csak a b) alapjan tudunk szamitani, mivel az a)-n igen nagy a sz6ras

Puc. 4. ®yHKUMS ABOIIHOE BPEMA-CKOPOCTb BHYTPY AManvpa a) no aHannsy CKopocTeld,
b) npn ncnonb3oBaHuu ABnaeHusA ,,pull up”. TWT gBoliHOe BpeMs X04a Mexay
nosepxHoctaAMU ' O, ¥T-o cKopocTb MHTepBana T-0, Dt-o mowHocTs UHTepBana T-0.
JlaTepanbHaa CKOpPoCTHaA PYHKUMA Oblnia onpefenieHa N1lb B cny4yae b), B CBA3K C
6onbLION fucnepcueld JaHHbIX B Cayyae a)
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Fig. 5. a) A priori assumption about the reflector geometry. Reflector T is depth converted using
velocities given by velocity analysis. Reflector O is assumed flat from geological evidence;
b) corresponding seismic section

5. abra. a) A reflektor geometriajara vonatkozé a priori feltételezés. A T reflektor
mélység-konvertalasat a sebességanalizisb6l szamolt sebeségekkel végeztik. Az O reflektort
foldtani megfontolasok alapjan siknak vettiik; b) a megfelel6 szeizmikus szelvény

Puc. 5. a) A priori npefnonoXeHne 0 reOMeTPUM OTPaXarLLero ropusoHTa. OnpegeneHune
ropusoHTa T BbIMOMHEHO NO CKOPOCTAM, OMNpPeAeseHHbIM aHann30M CKOpPOCTU. Topu3oHT O
CUMTAETCA rOPM3OHTA/IbHBIM MO FE0/0FMYECKMM COO0BPaXeHNSIM; b) COOTBETCTBYHOLLMNIA
celicMnyeckuii paspes

composed of massive and pure salt flow laterally and accumulate in dome
structures. On the contrary, layers composed of melted salt, clay and/or marl
remain in the flanks. Consequently, the seismic velocities in the diapir reach
the velocity of the pure salt while the flanks show lower velocities.4

4. Estimation of the seismic velocities in the crust

A second example demonstrating the use of ‘pull up”and ‘push down’
effects is drawn from deep seismic reflection data. The SWAT (South Western
Approaches Traverse) profiles were acquired in the Celtic Sea-Westem Chan-
nel area by the BIRPS and ECORS groups in 1983 [BIRPS-ECORS 1986].
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The 15seconds (TWT) records allow the examination of the entire crust in this
area [e.g. DYMENT1989]. Two important Mesozoic and Cenozoic sedimentary
basins, the deep North Celtic Sea Basin and the shallower South Celtic Sea
Basin, can be observed on the sections of SWAT 2 to 5 profiles (Fig. 6). Strong
dipping reflectors interpreted as Variscan thrusts [BIRPS-ECORS 1986] cross
the nearly transparent upper crust. As generally observed in Western Europe, this
upper crust is underlain by a veiy reflective lower crust [MEISSNER, WEVER 1986;
MATTHEWS, CHEADLE 1986; BOIS et al. 1987]. Wide-angle seismic experiments
in neighbouring areas [MOONEY, BROCHER 1987] determine the Moho to be at
the base of the reflective unit In contrast, the upper mantle is nearly transparent
A problem encountered in deep seismic reflection studies is that of
determining the crustal velocities. Velocity analysis is usually effective in the
sedimentary section only, but cannot be used to study the velocity distribution
of the deeper parts of the crust because of the flatness of the CDP hyperbolae.
Wide-angle experiments (for example ESP) are most probably the best way to
calculate accurate velocities in the deep crust, despite possible biases related to
seismic anisotropy and inhomogeneous plane wave nature. Nevertheless, such
data are not available in the Celtic Sea area. To overcome this problem, BANO

Fig. 6. Location of the SWAT profiles in the Celtic Sea area. The Variscan Front, North and
South Celtic Sea Basins and Cornwall batholiths are also shown. Parts of the profiles displayed in
Figs. 8 and 9 are underlined
6. abra. A SWAT szelvények elhelyezkedése a Kelta-tenger teriiletén. A variszkuszi frontot, az
Eszak- és Dél-Kelta-tenger medencéit és a Cornwall batolitokat szintén feltiintettiik. A 8. és 9.
abrakon bemutatott szelvényrészletek helyét vastag vonallal jeldltiik
Puc. 6. PacnonoxeHune npocuneii SWAT Ha yuyacTke KenTtuiickoro mopsi. Ha KapTe Takxe
npuBejeHbl PacnosioXeHNs Bapucckoro GppoHTa, 6acceiiHbl CeBepo- N KOXHO-KenTuiicknx
Mopei n 6atonutoB KopHyanna. XXUpHbIMU NTNHUAMUN OTMeYeHbl UHTepBabl NPOdUIei,
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[1989] and DYMENT, BANO [1991] modelled diffraction hyperbolae of short
flat reflectors in complex parts of the lower crust. Having applied this method
to apartofthe SWAT 5 profile, they explain the complex patterns of reflections
observed on this section. They also obtain, adjusting the RMS velocity to the
observed hyperbolae, acrustal RMS velocity estimation of6 km/s. We propose
here another approach to obtain upper crustal velocities using the ‘push down’
effect of sedimentary basins.

A characteristic feature observed on the SWAT data is the rough flatness
and relatively constant thickness of the reflective lower crust [DYMENT 1989;
DYMENT et al. 1990; SffiUET et al. 1990]. The constant thickness appears to
characterize the whole area. The flatness is particularly evidenced in areas
where the sedimentary basins are not present. WARNER [1987] suggested that
no velocity ‘push down’ is observed beneath the deep sedimentary basins. He
explained this observation by the opposing effects oflocal isostasy and velocity:
the velocity ‘push down’ would be compensated by an isostatic uplift of the
Moho. However, careful analysis of the Moho and lower crustal reflections
beneath the sedimentaiy basins reveals more complex patterns.

Bano’s automatic extraction of reflections [BANOet al. 1988; BANO 1989]
was applied to the SWAT 2 to 5 profiles (Figs. 8 and 9), to increase the quality
of the analysed sections. Undulations of the Moho and lower crust reflections
were evidenced on the resulting time sections, with a marked correlation with
the younger, mainly Cretaceous and Cenozoic, sedimentary basins. The similar
shape of these seismic reflections suggests a ‘push down’ effect of the low
velocity sedimentary basins on the presumably flat underlying lower crustal
reflections. Velocity analyses confirm that the velocities of the sedimentaiy
basins are lower than those of the surrounding areas.

In order to verify the hypothesis ofa ‘pushdown’effect ofthe sedimentary
basins on a physically flat lower crust (Fig. 7) and to estimate upper crustal
velocities, we analysed two areas where the lower crust reflections are quite
continuous and their undulations well marked. The first (Fig. 8), from the
SWAT 5 profile, shows a narrow sub-basin of the North Celtic Sea Basin
(Fig. 6), mainly filled by Cretaceous sediments [DYMENT 1989]. The other
(Fig. 9), from die SWAT 3 profile, shows the South Celtic Sea Basin-Bristol
Channel Basin junction (Fig. 6).

In both examples, we marked some strong and continuous crustal reflec-
tions (Figs. 8 and 9). The sedimentary velocities are determined from the
velocity analysis. Using, at location i, Dsl as the depth of the sediments, tsl as
the two way travel time to the basement and tcl as die two way travel time to
an assumed flat crustal reflection, we obtain the relation

Veij=2 (As ® Dsj) /[(ts 1- tsj ) - (tc 1- tcj )]

where is the velocity of the upper crust between the top of the basement
and the maximum depth of the sedimentary basin D'siax, considered to be
uniform between locations i andj.
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Upper
crust

Lower
crust
Depth

Fig. 7. a) A priori assumption about the reflector geometry. The basin is depth converted using
velocity analysis. The lower crustal reflectors are assumed flat (see text); b) corresponding
seismic section

7. &bra. a) A reflektor geometridjara vonatkoz6 a priori feltételezés. A medence
mélység-konvertalasat a sebességanalizis alapjan végeztik. Az als6kéregbeli reflektald
feltleteket vizszintesnek vettiik (Iasd a szdveges részt); b) a megfeleld szeizmikus szelvény
Puc. 7. a) A priori npesnosioXXeHre 0 reoMeTPUN OTPaXKatoLero ropusoHTa. OnpegeneHune
rny6uHbl 6acceiiHa BbINOMHEHO MO AaHHbIM aHanu3a cKopocTei. OTpaxaroline ropusoHThl,
pacnonoXeHHble B HUKHEI KOpe, CHMTAKTCA FOPU3OHTANIbHBIMU (CM. TEKCTOBYIO YacTb);
b) COOTBETCTBYHOLLMIA CEACMUYECKNIA pa3pes

The main limitation of this method is its relatively high sensitivity to the
measured times. The differences (ts-tj) and (tj- tj) are usually quite small and
represent only a few times the uncertainty in their measurement. The uncerta-
inty in the velocity can reach 23 per cent of its value. In order to reduce the
inherent uncertainty, we applied the method to several different locations and
reflections. We obtained an average upper crustal velocity of 6.16 km/s on
SWAT 5, and 6.20 km/s on SWAT 3. The standard deviation of the computed
values is only 0.2 km/s.

The estimates of the upper crustal velocities that we derived are in good
agreement with the one found by BANO [1989] and DYMENT and BANO [1991]
from diffraction modelling on the southern part of the SWAT 5 profile. In
neighbouring areas, refraction and ESP experiments provided crustal velocities
of 6.2 km/s in the North Sea [KLEMPERER 1988] and 5.9 to 6.2 km/s for the
upper crust in the Bay of Biscay [PINET et al. 1987]. The values determined
using the ‘push down’ effect are consistent with these results and confirm in
some way the assumption of flat geometry for the lower crustal reflections and



290

SSE

NNW

SSE

NNW

J. Dyment — M. Bano

10 km



‘Pull up "and push down '’ effects... 291

the Moho under the Celtic Sea basins. This result may have important conse-
quences on the still unknown nature and origin of the lower crustal reflectivity,
and may help to discriminate among the numerous existing models [e.g.
DYMENT, Bano 1991].

5. Conclusion

In some cases and under simple assumptions, ‘pull up”and ‘push down’
effects can provide a useful constraint to the knowledge of seismic velocities
and the interpretation of seismic sections in complex areas, as illustrated by the
previous examples. The poor suitability of velocity analysis in complex areas
such as diapirs, reefs or volcanic intrusions makes difficult the determination
of accurate velocities and thus the depth conversion of time sections in these
areas. A simple a priori assumption about the geometry ofunderlying reflectors
is used as a basis for calculating interval velocities in the anomalous body. The
geological plausibility of the computed velocities a posteriori confirms or
negates the assumption about the geometiy.

Application of this method to the first example gives additional informa-
tion on the velocities in a salt diapir, and thus on the salt migration processes.
The second example provides an estimate of the upper crustal velocity in the
Celtic Sea area, and confirms in some way the flat character of the lower crustal
reflectors in this area, which is related to the still controversial nature and origin
of the lower crustal reflectivity. Such results demonstrate the applicability of
the method despite (and perhaps because of) its quite simplistic background.

Fig. 8. Part of the deep seismic reflection profile SWAT 5, showing the reflective lower
crust affected by ‘push down’ effect of the southernmost part of the North Celtic Sea
basin, a) the data after automatic extraction of reflections; b) the same, interpreted.
Crustal velocities are calculated for the underlined lower crustal reflections at the
locations marked by black triangles. U and L for upper and lower, Tr, Ju, Cr and Te for
Triassic, Jurassic, Cretaceous and Tertiary

8. dbra. A SWAT 5 mély szeizmikus reflexids szelvény egy részlete, amely az
Eszak-Kelta-tenger medencéjének legdélibb része okozta ,,push down" jelenség &ltal
O érintett also kéregbeli reflektalé felliletet mutatja, a) az adatok az automatikus
reflexidkiemelési mdvelet utan; b) ugyanez értelmezve. A kiemelt kéregbeli reflexiokra
vonatkozé sebességeket a fekete hdromszogekkel jelolt helyeken szamitottuk. Az U
fels6t, az L also6t, a Tr, Ju, Cr, és Te pedig triaszt, jurat, krétat és negyedidészakot jeldl

Puc. 8. ViHTepBan rny6uHHOro celicmmyeckoro paspesa SWAT 5, ykasblBaloLni
OoTpaXKkaloLLMii TOPU30HT B HVDKHEW Kope, 3aTPOHYThI BAusHuem ,,push down” ot
10XXHOW yacTu 6acceiiHa CeBepo-KenTuiickoro mops, a) AaHHble nocne
aBTOMaTUYeCKOro BblfesleHns 0TpaXKeHWi, b) To Xxe camoe ¢ MHTepnpeTaunei.
PacueT ckopocTei NS Bblfe/leHHbIX TOPU30HTOB BbIMOMIHEH MO TOYKaM,
06a3HaYeHHbIM YepHbIMM TpeyronbHkamu. U o3HayaeT BepXHUi, L HMxXHWIA, a Tr,
Ju, Cr, n Te TpnacoBblii, OPCKNIA, MENOBOW M TPETUYHbI BO3PacT COOTBETCTBEHHO
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Fig. 9. Part of the SWAT 3 profile, showing the reflective lower crust affected by ‘push
down’ effect of the South Celtic Sea and Bristol Channel basins, a), b) see Fig. 8.
Dotted lines are time converted reflections of flat reflectors, assuming a crustal velocity
of 6.2 km/s. Note the ‘push down’ effect on the Variscan Front and on a presumed
Caledonian thrust

9. dbra. A SWAT 3 szelvény egy része; az als6 kéregbeli reflektalé feltleten a
Dél-Kelta-tenger és a Bristol csatorna medencéi altal keltett ,,push down” jelenség
latszik, a) és b) mint a 8. dbran. A pontozott vonalak sik reflektalé feltiletek
id6konvertalt reflexidi, 6,2 km/s-os kéregbeli sebességet feltételezve. Figyeljik meg a
,-push down"" hatést a variszkuszi fronton és a feltételezett kaledoniai térésen

Puc. 9. iHTepBan npodmunsa SWAT 3; no oTpaxkakLeMy FOPU3oHTY B HUKHeEN
KOope 0TMeuaeTcs BAusiHWE ,,push down”, BbI3BaHHOe 6acceiiHamMu
O HOxHo-KenTuiickoro mopst 1 BpucTonbCckKoro KaHana, a) u b) kak Ha Puc. 8.
MyHKTUPOM 0603HaYEHbI NepecyUTaHHble Ha BPEMS OTpPaXKeHUs 0T
ropu30HTaIbHbIX 0TPaXKatoLUX ropusoHTOB, NPU NPeLMNosIOKEeHNN CKOPOCTH
6.2 KM/c BHYTpY Kopbl.O6paliaeTcad BHUMaHWe Ha BAnsiHUe ,,push down” Ha
BapUCCKOM (DPOHTE U Ha MpefnosioraeMoM KanefoHCKOM passiome
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LATSZOLAGOS FELBOLTOZODASOK (,,PULL UP”) ES BEMELYEDESEK
(,PUSH DOWN”) A SZEIZMIKUS REFLEXIOKBAN— SEGITSEG AZ
ERTELMEZESBEN

Jérdme DYMENT és Maksim BANO

A szeizmikus id6szelvényeken gyakran megfigyelhetiink felboltoz6dasokat és bemélyedése-
ket. A szeizmikus reflexiéknak ezek a helyi sebességanomaliak alatt létrejové latsz6lagos deforma-
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ci6i, ha nem azonositjuk 6ket, akkor a szeizmikus szelvény félreértelmezéséhez vezethetnek.
Mindamellett bizonyos esetekben, egyszer(sité feltevéseket hasznalva ezek a hatasok hasznos
megszoritast jelenthetnek a szeizmikus sebességekre vonatkozéan és igy segithetnek komplex
teriiletek értelmezésénél. Két példat mutatunk be: az elsé egy nagy szeizmikus sebességl sé
diapirhez kapcsol6dé hatarozott latszélagos felboltozédasi hatast mutat be, a masodik egy kissebes-
segl Uledékes medencéhez kot6d6 latszolagos bemélyedést abrazol.

KAXYLWMECS CBOAbI (,PULL UP™) U BNAAWUHbI (,PUSH DOWN?”)
CENCMWYECKUX OTPAXEHUN: MONE3HLIE HELOCTATKMN

Xepom ANMEH n Makcum BAHO

Ha ceiicMMYecKUX BpEMeHHbIX pa3pe3ax 4acTo Hab6MfalTCs CBOAbl WM BMNajuHbI.
Kaxyuimecs geopmanuu celicMUUecKnX 0TPaXKeHUii CBA3aHbI ¢ 10KabHbIMU CKOPOCTHLIMM
aHOManusiMM U MOTYT MPUBECTU K NIOXHOW MHTepnpeTauuMu paspesa, eciv UX XapakTep He
BbIsIBfieH. TeM He MeHee, MOA06GHbIE SBMEHUS MOTYT CNYXWTb MOME3HOW UH(popmaumein o
CKOPOCTW CeMCMUYECKMX BOSIH M CMOCOGCTBYHOT KOMM/EKCHOU WMHTeprnpeTayuu y4yacTKOB.
MokasaHbl ABa NpuMepa: Ha nepBoM HabnwfaeTcs Kaxyuimiica cBOA, CBS3aHHbIA ¢
BbICOKOCKOPOCTHOW CONSIHOWM AManupoBoii CTPYKTYpPOii, @ HA —BTOPOM Kaxkyliasics BNaguHa,
CBsI3aHHAsl C HU3KOCKOPOCTHOM aHoManueii ocafouHoro 6acceiHa.






