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Seis mic re frac tion in ves ti ga tions, per formed in Po land between 1964 and 1978, are re viewed. Ex am ples se lected from the many seis mic
pro files, to tal ling ap prox i mately 15 000 km in length, are shown. The most use ful pro files as re gards geo log i cal in ter pre ta tion are in the
Pre cam brian Plat form and along  its south west ern edge. Both the top of the crys tal line base ment and a sys tem of faults, downfaulting the
base ment to wards the south-west, can be iden ti fied in that area. In the Carpathians and its fore land, the top of this base ment may be iden -
ti fied together with the bases of thrust flysch nappes. In the Fore-Sudetic Monocline, the top of folded Car bon if er ous de pos its can be de -
ter mined. The most am big u ous re sults were ob tained from the Palaeozoic Plat form.
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INTRODUCTION

Seis mic re frac tion in ves ti ga tions have been rel a tively un -
pop u lar in pe tro leum ex plo ra tion across the world be cause this
method yields in for ma tion about sin gle re fract ing bound aries,
as opposed to the re flec tion seis mic method which gives a wave 
im age of the in ves ti gated depth in ter val. How ever, the ad van -
tage of re frac tion in ves ti ga tions is the ac qui si tion of data on
bound ary ve loc i ties. In Po land this method was widely used,
pri mar ily in the pe riod 1964–1978. The pur pose of this pa per is 
to re view those early in ves ti ga tions and to at tempt to eval u ate
their use ful ness for to day’s geo log i cal in ter pre ta tions. De spite
cer tain dif fer ences in meth od ol ogy, a com par i son of those in -
ves ti ga tions with slightly later re sults of re frac tion and
wide-angle re flec tion (DSS) seis mic sur veys is also given.

GENERAL INFORMATION

In 1952–1958, sin gle re frac tion soundings along re flec tion
pro files were per formed in or der to make eas ier cor re la tions of
re flect ing ho ri zons. Since 1961, con tin u ous pro files have been
run. The most in ten sive in ves ti ga tions were during 1964–1978. 

They were commissioned mainly by the Pol ish Geo log i cal In -
sti tute and Geo phys i cal Ex plo ra tion Com pany, and to a lesser
ex tent by the Pe tro leum Mining Com pany.

In 1964, a pro ject of re gional re flec tion and re frac tion pro -
files, transecting ma jor geo log i cal units in Po land from the SW
to wards the NE, was pre pared, and work be gan. The first re -
gional re frac tion pro files crossed the mar ginal zone of the Pre -
cam brian Plat form and its con tact with the Palaeozoic Plat -
form. A num ber of seis mic pro files were ac quired in this zone
in the fol low ing years, also ex tend ing the in ves ti ga tions into
other ar eas. Re gional re frac tion pro files of a to tal length of over 
15 000 km were ac quired during 1963–1978.

The re frac tion seis mic method, as ap plied, al lowed iden ti fi -
ca tion of one to sev eral re fract ing bound aries, yield ing si mul ta -
neously some in for ma tion about wave ve loc i ties at these
bound aries. With lit tle borehole data avail able at that time, this
method en abled a gen eral depth de ter mi na tion to ma jor geo log -
i cal bound aries.

The dis tri bu tion of re gional re frac tion pro files was un even
(Fig. 1). The den sity of the seis mic pro fil ing grid was de pend -
ent on geo log i cal tasks and ob jec tives, hav ing to do mainly
with re gional ex plo ra tion, car ried out in or der to ex plore for oil
and gas re sources. There fore, for ex am ple in north east ern Po -
land, seis mic pro files are densely dis trib uted on the sub merged
tec tonic units of the Peribaltic and Podlasie de pres sions, filled



with Early Palaeozoic de pos its, whereas they are ab sent on the
Mazury El e va tion where the crys tal line base ment  is cov ered
only by Me so zoic de pos its. 

The re sults of these seis mic re frac tion in ves ti ga tions in Po -
land were never com pre hen sively overviewed. Pub lished sum -
ma ries  (Skorupa, 1974; Młynarski, 1984), ei ther did not con -
cern all re frac tion sur veys or con cen trated only on a spec i fied
re gion.

Fur ther more, dur ing al most twenty years of in ves ti ga tion,
tech ni cal sur veys, re cord ing and in ter pre ta tion meth ods
changed. Some pro files were real ised across two and even
three sea sons. Some times, one pro file was ac quired over a few
years by sev eral seis mic teams which used dif fer ent sur vey ing
equip ment. Such cir cum stances made it dif fi cult to cor re late
the re sults of sur veys. Ini tially, seis mic teams used equip ment
with oscillographic re cord ing on pho to graphic pa per. Later,
mag netic tapes were com monly used to re cord an a logue seis -
mic sig nals. Data prep a ra tion and anal y sis were made man u -

ally, draw ing travel-time curves that be came the base for fur -
ther in ter pre ta tion. All such travel-time curves were plot ted as a 
part of doc u men ta tion for in di vid ual pro jects and were sub se -
quently ver i fied in sum mary in ter pre ta tions. Thus, we can as -
sume that re frac tion travel-time curves from the sum mary
documentations are suf fi cient for re-analysis of the re frac tion
data and for iden ti fy ing re fract ing bound aries.

Such in ter pre ta tions were per formed in the years of
1977–1986 for in di vid ual geo log i cal units, and are given in
sev eral un pub lished re ports (Wojas and Hałoń, 1980 — west -
ern Pomerania; Wojas, 1979 — cen tral Po land; Wojas et al.,
1984 — War saw and Lublin troughs; Patyk, 1979 — Carpa -
thians and their fore land; Nowak et al., 1986 — Fore-Sudetic
Monocline). The re sults vary from re gion to re gion.

The pres ent pa per shows some ex am ples of re sults ob -
tained for var i ous re gions of Po land (Figs. 2–4), dis cussed in
re spect to their use ful ness for elu ci dat ing prob lems of re -
gional ge ol ogy.
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Fig. 1.  Seis mic re frac tion pro files in the ter ri tory of Po land
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PRECAMBRIAN PLATFORM

In this area, seis mic re frac tion in ves ti ga tions show their
great est util ity. The deep est re corded re fract ing bound ary, with
bound ary ve loc i ties ex ceed ing 6000 m/s, is un doubt edly as so -
ci ated with the top of  the Pre cam brian crys tal line base ment
(Fig. 2). It closely cor re sponds with re sults from the deep est
bore holes in which the top was drilled at depths down to
approx i mately 5000 m. There fore, we can as sume that the bound -
ary re li ably re flects the top of crys tal line base ment also at the mar -
ginal zones of the plat form, where it de scends to 8000–10 000 m.
There is also a good cor re la tion  with the po si tion of re fract ing
ho ri zons, show ing ve loc i ties of 6000 m/s and more, re corded
on DSS pro files (Guterch et al., 1986, 1994).

Shal lower bound aries, with bound ary ve loc i ties of ap prox i -
mately 5500 m/s, can also be ob served on many pro files in this
area (cf. Fig. 2 — north east ern part; pro file 5a-VI-71/72). They
lie within a thick Si lu rian suc ces sion; how ever, their ex act geo -
log i cal  na ture is un known. In the past, these bound aries were
as signed to diabase in tru sions, but bore holes have not con -
firmed this. The ho ri zons are dis con tin u ous, and so were in ter -
preted to be a re sult of faults with small off sets.

CONTACT BETWEEN PRECAMBRIAN 
AND PALAEOZOIC PLATFORMS

This con tact is dis tinct on the re frac tion pro files. Based on
the in ter pre ta tion of 23 pro files of  a to tal length of 4000 km, it
was pos si ble — ana lys ing travel-time curves — to iden tify two
prom i nent fault zones on the  deep re fract ing bound ary: the

north east ern and south west ern fault zones (Figs. 1 and 2). An
ex cep tion is the lack of the south west ern fault zone on two
neigh bour ing pro files in the Puławy re gion. At the struc tural
step, lo cated be tween these zones, bound ary ve loc ity val ues are 
iden ti cal to those re corded in the  Pre cam brian Plat form. At this 
step oc cur, be neath the De vo nian or Perm ian, folded Older
Palaeozoic de pos its, as shown by bore holes from the north -
west ern sec tor of the con tact. This led to the con clu sion that
these de pos its are thrust over the edge of the Pre cam brian Plat -
form in this area (Dadlez, 1984).

Cor re la tion with other pro files has al lowed a con tin u ous in -
ter po la tion of these two zones (Fig. 1). How ever, this can be a
sim pli fied in ter pre ta tion be cause, when trends of the fault
zones are ana lysed in de tail, three sec tors of con fi dent cor re la -
tion are ob served (Fig. 1):

— northwestern sec tor, from the Bal tic Sea to Vistula
River;

— cen tral sec tor, stretch ing along the Vistula River;
— south east ern sec tor (Lublin re gion).
We can not pre clude the oc cur rence of SW–NE-trending

trans verse strike-slip faults be tween these sec tors (Fig. 1), as
was pos tu lated by Dadlez (1984). How ever, the lack of data
from po ten tially con strain ing, NW–SE trending pro files does
not al low the de lin ea tion of them, be ing based ex clu sively on
re frac tion in ves ti ga tions.

PALAEOZOIC PLATFORM 

In this area, re frac tion in ves ti ga tions have the least util ity.
The deep est re corded re frac tion wave has a bound ary ve loc ity
over 6000 m/s (Fig. 2) and lies in the depth range 6–12 km.
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Fig. 3. Se lected seis mic re frac tion pro files  in the Fore-Sudetic Monocline area

Ex pla na tions as in Fig. 2



This bound ary, how ever, is re corded dis con tin u ously and with
low con fi dence. It also oc curs at dif fer ent depths on neigh bour -
ing pro files. There fore, it is im pos si ble to map this bound ary,
the more so as it pre sum ably rep re sents dif fer ent geo log i cal in -
ter faces in dif fer ent plans. In the Peribaltic area, the bound ary
can be iden ti fied with the top of weakly con sol i dated base ment
on DSS pro files, al though base ment ve loc i ties are lower, in the
range 5700–5800 m/s (Guterch et al., 1994). Fur ther to wards
cen tral Po land, com par i son with DSS pro file TTZ (Grad et al.,
1999) re veals still greater dis crep an cies. In ci den tally, the re -
frac tion pro file grid is very sparse. 

In ad di tion to this deep ho ri zon, we can also ob serve in this
area re fract ing ho ri zons with ve loc i ties rang ing from 5600 to
5900 m/s (Fig. 2 — pro file 5a-VI-71/72), cor re spond ing to
shal lower geo log i cal for ma tions of dif fer ent ages.

FORE-SUDETIC MONOCLINE

Re frac tion in ves ti ga tions in the Fore-Sudetic Monocline were
as so ci ated with pros pects for Zechstein pot ash and cop per ores, as
well as with map ping of the crys tal line base ment top in or der to
pros pect for oil and gas de pos its. Two bound aries were iden ti fied
in this area (Fig. 3): an up per one, with ve loc i ties be tween 5300
and 5600 m/s, sep a rat ing the Perm ian and Me so zoic com plex
from un der ly ing, strongly al tered and de formed Car bon if er ous
de pos its, and a lower one, with ve loc i ties ap prox i mately 6000 m/s, 
orig i nally in ter preted as Lower Palaeozoic strata.

For depth in ter pre ta tion, in most cases com plex ve loc ity
anal y sis was con ducted on the ba sis of data from mean ve loc ity
mea sure ments in bore holes, avail able at that time. The mea -

sure ments were per formed in the Rotliegend (66 bore holes)
and in Car bon if er ous (17 bore holes) sec tions. Ve loc ities to the
base of Zechstein were adopted from poorly con strained re sults 
of the re flec tion seis mic sur veys. 

The re frac tion in ves ti ga tions re vealed a com pli cated wave
im age for this area and sev eral dif fer ent in ter pre ta tional ver -
sions were pos tu lated. Skorupa (1974) was of the opin ion that
the re corded seis mic phases rep re sented div ing waves and,
there fore, he did not con struct a map for this area but, rather, 
pre sented only in di vid ual pro files. Ne glecting div ing waves
but tak ing into ac count in flec tions ob served on the travel-time
curves, we in ter pret sev eral ho ri zons at dif fer ent depths in stead
of one re fract ing bound ary of vari able ve loc ity. The first sum -
mary in ter pre ta tion, by the Pe tro leum Mining Com pany in
1981, also in cluded a multi-layer im age, ne glect ing the pos si -
bil ity of the oc cur rence of div ing waves. 

In con trast, Nowak et al. (1986 — Seis mic doc u men ta tion
of the Fore-Sudetic Monocline area) did take into ac count the
pos si bil ity of such waves and there fore his in ter pre ta tion shows 
fewer bound aries, but is more re li able. The im age in cludes over 
3000 km of re frac tion pro files from 23 source documentations.
De spite their age, re cords are of good and very good qual ity.
Good first ar riv als are re corded up to 60–70 km or more away
from the shotpoint. Reliability of the re sults de pended mostly
on ob ser va tion schemes. The best re sults  were ob tained on
pro files made in the 1970s,  regarding both waves re fract ing at
the top of Car bon if er ous and the wave with Vg ~ 6000 m/s, cor -
re spond ing to deeper-seated de pos its.

Three re frac tion bound aries can be dis tin guished be neath
the Me so zoic on the ba sis of  the in ter pre ta tion cited above
(Fig. 3):
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Fig. 4.  Se lected seis mic re frac tion pro files in the Carpathian area

 Mt — Mio cene; other ex pla na tions as in Fig. 2



1. A bound ary cor re lated with the erosionally trun cated top
of folded Car bon if er ous strata, ve loc i ties 5200–5700 m/s. It
seems that the bound ary cor re sponds rea son ably well to the
bound ary of ve loc i ties 5800–5900 m/s re corded on the DSS
pro file (Jensen et al., 1999). The wave im age in di cates a lack of 
sig nif i cant fault ing along this ho ri zon. This re frac tion re cord is
a valu able ad di tion to re flec tion seis mic data, which have
yielded sat is fac tory re sults down to the base of the Zechstein
only, whereas the iden ti fied bound ary ap prox i mately cor re -
sponds to the base of Perm ian.

2. A bound ary which is con ven tion ally cor re lated with
Lower Palaeozoic de pos its, with ve loc i ties 5800–5900 m/s (lo -
cally lower). This is the most com pli cated group of phases, not
al ways de tected as the first-arrival. In some cases it was the
third phase ar rival. The anal y sis of travel-time curves in the for -
ward and re verse di rec tions for this phase in di cated that this is
not a div ing wave. Its geo log i cal na ture is un clear. If it is re ally
the top of the Lower Palaeozoic, it would rep re sent the lower
struc tural level, overthrust — ac cord ing to thin-skinned tec ton -
ics — by Car bon if er ous strata.

3. The low est bound ary, de tected partly as first-ar riv als and
partly as later ones, is char ac ter ised by ve loc i ties over 6000 m/s 
with ex treme val ues of 6300–6500 m/s (Fig. 3 — pro file
1-X-69/76K.). The geo log i cal na ture of this bound ary is un -
known. 

The two lat ter bound aries find no equiv a lent among the
bound aries iden ti fied on the P1 DSS pro file (Jensen et al., 1999).

CARPATHIANS

The ob jec tives of re frac tion seis mic sur veys in the
Carpathians were to il lu mi nate the base ment of the Flysch
Carpathians, thrust over its foredeep. The ob tained re sults were 
un sat is fac tory for this pur pose; how ever, they are use ful for re -
gional in ter pre ta tion of geo phys i cal data.

A sum mary in ter pre ta tion was per formed for this area by
Patyk (1977 — Seis mic doc u men ta tion of the Carpathians area).
It in cludes in ter pre ta tion of 15 seis mic sec tions with
re-interpreted travel-time curves from crit i cally ana lysed in put
data. As com pared with orig i nal stud ies, this re-interpretation
showed a very rough im age  of  seis mic bound aries. It seems that
such an ap proach, lim it ing the re cord ing of re fract ing bound aries 
mainly to the north ern sec tors of pro files, was too cau tious.
Travel-time curves from the orig i nal doc u men ta tion al low —
per haps with slightly lower con fi dence — iden ti fi ca tion of re -
frac tion bound aries also in south ern sec tors of some pro files.
The anal y sis of ba sic ma te ri als (seismograms) shows that they
are of vari able qual ity, de pend ing on both sur face and subsurface 
con di tions. It is also clear that seis mic shoot ing per formed from
the north-southwards and from the east-westwards pro vided
better qual ity re sults than shoot ing in the op po site di rec tion. 

A re frac tion pro file from the east ern Carpathians with an
un am big u ously iden ti fied bound ary of ve loc ity from 5600 to

5700 m/s, shown in Fig ure 4 (9K-VI-72) serves as an ex am ple.
The bound ary is re corded by first ar riv als in the off set in ter val
20 to 40 km. As on other pro files from the east ern Carpathians,
the wave im age of the south west ern sec tor of the pro file is dis -
turbed and com plex, and there is the pos si bil ity of the oc cur -
rence of div ing waves. Nev er the less, a re frac tion bound ary of
ve loc i ties 6000–6200 m/s, which de scends to wards the SW
and reaches a depth of ap prox i mately 10 km at the end of the
pro file, can be iden ti fied here with lower con fi dence.

The most typ i cal re frac tion pro file of the west ern
Carpathians is shown in  Fig ure 4 (pro file  4K-VI-69). A much
better im age of seis mic bound aries, as com pared with the east -
ern area, is ob served here. Two bound aries can be iden ti fied: a
shal lower one, with ve loc i ties of 5800 m/s, and a deeper one,
with ve loc i ties of 6000–6200 m/s. The shal lower bound ary is
very dis tinctly pro jected on travel-time curves, in par tic u lar in
the north ern part of the pro file. In the mid dle sec tor, the re cords
are of slightly lower qual ity due to a poor shoot ing pat tern, and
travel-time curves from dif fer ent shotpoints do not cor re late
well. Nev er the less, the in ter pre ta tion is rel a tively sim ple. In the
south ern sec tor, the anal y sis and in ter pre ta tion of travel-time
curves al lows only a hy po thet i cal iden ti fi ca tion of this bound -
ary, due mainly to the lack of re cords with dis tinct first ar riv als.

The shal lower bound ary, tied to bore hole data, cor re sponds 
to the base of thrust flysch nappes, and si mul ta neously to the
top of base ment of var i ous ages. The deeper bound ary, in the
north ern sec tors of both these pro files, used to be as so ci ated
with the top of Pre cam brian base ment. It is prob a ble that, in the
south ern sec tors, the bound ary rep re sents the same sur face;
how ever, this prob lem, due to the lack of drill ing con trol, re -
mains an open ques tion.

CONCLUSIONS

1. Travel-time curves, in cluded within sum mary seis mic
documentations, are a ba sis for re-interpretation of old re frac -
tion data. Their anal y sis, with the use of new ve loc ity data
which have re cently been ob tained, al lows in fer ence of a high
qual ity depth im age that can be used for geo log i cal ex plo ra tion
in Po land. Using com puter tech niques, this can be achieved at
rel a tively low cost. Such data taken to gether can be a valu able
ad di tion and sup ple ment in elab o rat ing the large DSS seis mic
ex per i ments: POLONAISE ’97 and CELEBRATION 2000.

2. In ar eas where re frac tion bound aries are well tied to geo -
log i cal data (Pre cam brian Plat form and Carpathian Fore land),
re li able in for ma tion about the mor phol ogy of the top of Pre -
cam brian base ment is in ferred. In the Carpathians, the base of
thrust flysch nappes can also be iden ti fied.

3. The anal y sis of fault zones en ables de ter mi na tion of the
con tact be tween the Pre cam brian and Palaeozoic plat forms.

4. An in ter est ing im age of the mor phol ogy of some re frac -
tion bound aries in the Fore-Sudetic Monocline re quires fur ther
in ves ti ga tion.
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