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Ab stract
The aim of this pa per is to pres ent a mul ti dis ci plin ary proj ect deal ing with analy sis of young crus tal move ments in the
Orava Ba sin, Pol ish West ern Car pa thi ans, on the ba sis of a three year long gra vimet ric, geo detic, geo logi cal and mor -
phos truc tural study. The prob lem con sists in quan ti ta tive in ter pre ta tion of the ob tained gra vimet ric re sults, i.e. in com -
bin ing tem po ral grav ity changes with those of geo dy namic crus tal pro cesses. Grav ity sur veys con ducted in 2004 and
2005 show a de crease in grav ity val ues at bench marks situ ated in the Cen tral Car pa thian Palaeo gene Ba sin and Ma -
gura Nappe, while the cen tral part of the Orava Ba sin re veals the op po site trend. Such changes, if con firmed by suc -
ces sive meas ure ment cam paigns, ap pear to in di cate re cent up lift of the ba sin mar gins and sub si dence of the ba sin
it self.
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IN TRO DUC TION

Neo tec tonic ten den cies of the Car pa thi ans and their
fore land have fre quently been de scribed for many years (see
re views by Zuchiewicz 1995, 1998, Zuchiewicz et al. 2002).
Pre vi ous views on the domi nat ing role of ver ti cal crus tal
move ments are re cently sup ple mented by those un der lin ing
im por tance of hori zon tal dis place ments in shap ing the neo -
tec tonic set ting, in ferred from geo detic stud ies (Hefty 1998)
and bore hole break out analy sis (Ja ro si ñski 1998).

Geo detic and gra vimet ric ob ser va tions have been car -
ried out at the con tact be tween the Cen tral Car pa thian Pala-
eo gene Ba sin (Pod hale Ba sin) and the Pi en iny Klip pen Belt
by the In sti tute of Ge od esy and Geo detic As tron omy, Tech -
ni cal Uni ver sity, War saw, since the end of the 1970s. Reg is -
tered varia tions of the grav ity field amount to 100 mGal
(Makowska, Ja roszewski 1987, Makowska 2000, 2003,
Czarnecki et al. 2002, 2004).

The De part ment of Geo phys ics, AGH Uni ver sity of Sci -
ence and Tech nol ogy in Kraków ini ti ated in 2004 a new re -
search pro posal (£ój et al. 2005), the aim of which is to
com pare the re sults of stud ies through out the Pol ish seg ment
of the West ern Outer Car pa thi ans, show ing dif fer en ti ated
young tec tonic move ments. It is a mul ti dis ci plin ary proj ect;
analy sis of young crus tal move ments will be con ducted bas -
ing on the re sults of three years long gra vimet ric, geo detic,
geo logi cal and mor phos truc tural stud ies. The prob lem con -

sists in quan ti ta tive in ter pre ta tion of the ob tained gra vimet ric 
re sults, i.e. in com bin ing tem po ral grav ity changes with
those of geo dy namic crus tal pro cesses.

NEO TEC TONIC SET TING

Prin ci pal struc tural ele ments of the Outer Car pa thi ans
were shaped in the Palaeo gene and Neo gene, when the study
area rep re sented an ac cre tion ary prism as so ci ated with the
south- directed sub duc tion of the Euro pean Plat form un der
the AL CAPA block (Tomek, Hall 1993, Oszc zypko 1998,
Fo dor et al. 1999). Synsedi men tary short en ing of the Car pa -
thian ba sins started in the Eo cene in the in ner part of the Ma -
gura Nappe, and con tin ued un til the Bade nian–Sar ma tian in
the Zg³obice Unit (Oszc zypko 1998, 2004, Œwierc zewska,
To kar ski 1998, Zo ete meijer et al. 1999; see also Fig. 1). The
last epi sode of thrust ing of the Car pa thian mar gin proba bly
oc curred af ter the Pan nonian (Wójcik et al. 1999).

The Late Mio cene gravi ta tional col lapse re sulted in the
for ma tion of nu mer ous sets of nor mal faults (Decker et al.
1997, Zuchiewicz et al. 2002), some of which be came re ac ti -
vated in the Plio cene and Qua ter nary. A good ex am ple is pro -
vided by the Orava- Nowy Targ Ba sin which is bounded to
the north and south by ca. W–E trend ing nor mal faults of
throws up to a few hun dreds of me tres (Fig. 2). These faults
origi nated in the Late Mio cene (Po mi anowski 1995, 2003),
and some of them have also been ac tive in the Plio cene and



Qua ter nary (Niedziel ski 1971, Birk en ma jer 1978, Baum -
gart-Kotarba 1991- 92, To kar ski, Zuchiewicz 1998), in clud -
ing the Holo cene (Baumgart- Kotarba 1996, 2000).

Fol low ing sub duc tion and col li sion, struc tural de vel op -
ment of the Pol ish Outer Car pa thi ans pro ceeded mainly in an
ex ten sional re gime. Within in tra mon tane ba sins, this ex ten -
sion sur vived un til the Late Qua ter nary (cf. dis cus sion in
Zuchiewicz et al. 2002).

Analy sis of de formed lon gi tu di nal pro files of ter races of
the main Car pa thian riv ers points to the pres ence of sev eral
ele vated and sub sided zones, whose strike is nearly par al lel
to that of prin ci pal thrusts. The maxi mum of Qua ter nary up -
lift (150 m) was found to char ac ter ize the south ern part of the
Pol ish seg ment of the Outer West Car pa thi ans (Starkel 1972,
Zuchiewicz 1984, 1998). Epi sodes of in tense ero sional dis -
sec tion of straths, largely in duced by up lift, oc curred in the
fol low ing in ter vals: 800–470 ka (0.15–0.21 mm/yr), 130–90

ka (0.18–0.40 mm/yr), and 15–0 ka (0.2–2.0 mm/yr; cf.
Zuchiewicz 1991).

The rates of re cent ver ti cal crus tal mo tions in the Pol ish
Outer Car pa thi ans range be tween 0 mm/yr in the west ern and 
me dial seg ment to ca. +1 mm/yr in the east (Wyrzykowski,
1985), whereas those in the Pi en iny Klip pen Belt do not ex -
ceed 0.5 mm/yr (Z¹bek et al. 1993, Czar necki 2004). The re -
sults of re cent GPS cam paigns point, in turn, to NNE- direc-
ted hori zon tal mo tions through out the area (Hefty 1998).

Re cent seis mic ity con cen trates along the south ern mar -
ginal fault of the Pi en iny Klip pen Belt and along some nor -
mal and strike- slip faults, trans verse to the former (Pro chaz-
ková et al. 1978, Baumgart- Kotarba, Hojny- Ko³oœ 1998,
Guterch, Lewandowska- Marciniak 2002, Guterch 2005).
Lo cal mag ni tudes do not ex ceed 4.3 on the Rich ter scale,
aver ag ing be tween 2.5 and 3.4 (Pa gac zewski 1972, Pro chaz-
ková et al. 1978, Guterch, Lewandowska- Marciniak 2002).
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Fig. 1. Geo logi cal sketch- map of the Pol ish West ern Car pa thi ans show ing lo ca tion of the stud ied tran sect (ge ol ogy af ter ̄ ytko et al. 1989; 
sim pli fied). OB – Orava – Nowy Targ Ba sin.



ORAVA BA SIN

From the geo dy namic point of
view, the Orava- Nowy Targ Ba sin is an
ex tremely in ter est ing struc ture. This is a 
bi- partite ba sin, formed in Mio cene
time and su per im posed on struc tural
units that build the con tact be tween the
In ner and Outer Car pa thi ans, namely:
the Cen tral Car pa thian Palaeo gene Ba -
sin, Pi en iny Klip pen Belt, and Ma gura
Nappe (Fig. 2). The maxi mum drilled
thick ness of sedi men tary in fill of the
Orava Ba sin is 950 m, in clud ing 922 m
of fresh- water Neo gene mo las ses (Wa-
tycha 1976). The thick est Qua ter nary
sedi ments (117 m) are con fined to the
Wróblówka Trough, in the north ern
part of this ba sin (Watycha, 1973).

The Orava Ba sin is a tec tonic
trough which is bounded to the north
and south by a sys tem of lon gi tu di nal
nor mal faults of throws up to a few hun -
dred me tres. These are cut by sev eral
trans verse, mostly strike- slip faults that
are ori ented NNW–SSE and NE–SW
(Po mi anowski 1995, 2003; cf. also Fig.
2). The basin- bounding faults be came
re ac ti vated in Qua ter nary times (Nie-
dzielski 1971, Birk en ma jer 1976,
Baumgart- Kotarba 1996), and their re -
cent ac tiv ity is in di cated by earth quakes 
of mag ni tudes up to 4.3 (Guterch 2005,
Guterch et al. 2005). The most re cent
earth quakes in the west ern part of the
Orava Ba sin oc curred in Sep tem ber and
Oc to ber 1995 (M = 3.3; I = 6–6.5; fo cal
depth 2–3 km), and in No vem ber 2004
(M = 4.3; I = 6–7; fo cal depth 5 “ 2.5 km; 
cf. Baumgart- Kotarba, Hojny- Ko³oœ
1998, Guterch 2005, Guterch et al.
2005).

Ac cord ing to Baumgart- Kotarba
(1991-92) and Bac-Moszaszwili
(1993), the Orava Ba sin is an Early
Mio cene pull- apart ba sin, formed due to 
sin is tral dis place ment along one of
trans ver sal faults. On the other hand,
Po mi anowski (1995, 2003) specu lates
about a re leas ing bend- type struc ture,
as so ci ated with left- lateral dis place -
ment along the Pi en iny Klip pen Belt
dur ing re gional Neo gene tran spres sion.

The Do mañski Wierch al lu vial fan
se ries, nearly 500 m thick and situ ated
in the south ern part of the Orava Ba sin,
is com posed of ter res trial para con glom -
er ates al ter nat ing with sands, clays, and
lig nites. The south ern part of this fan is
of Sar ma tian age (Birk en ma jer 1979,
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and pa pers cited therein), whereas the north ern one, ca. 220
m thick, is paly no logi cally dated to the Early and Mid dle
Plio cene (Oszast 1973, Oszast, Stuchlik 1977). Clasts of
para con glom er ates within the Plio cene Do mañski Wierch
se ries are com monly frac tured (To kar ski, Zuchiewicz 1998,
Ku ku lak 1999), and domi nat ing frac tures trend to form two
sets in ter sect ing at an an gle of 20–25°, whose acute bi sec trix
is aligned N35–40°E, par al lel to the maxi mum hori zon tal
stress (To kar ski, Zuchiewicz 1998). This ori en ta tion is com -
pati ble with that of re cent hori zon tal com pres sion, docu -
mented in the Car pa thi ans by bore hole break out analy ses
(Ja ro si ñski 1998).

The re sults of geo physi cal sound ings point to the pres -
ence of sev eral, W–E trend ing Qua ter nary faults north of the
Do mañski Wierch Mt. The great est throws (128–112 m) re -
veal faults bound ing the Wróblówka Trough (Baumgart-
 Kotarba 2001, Baumgart- Kotarba et al. 2001, 2004).

To po linea ments visi ble on a digi tal ele va tion model of
the study area are largely co in ci dent with ma jor faults bound -
ing in di vid ual struc tures, in clud ing those sur round ing the
Orava Ba sin (Fig. 3).

MA TE RIAL

Our stud ies con cen trate along a ca. 40- km- long, N–S
trend ing, tran sect, which cuts the con tact be tween the In ner
and Outer Car pa thi ans, show ing con trast ing ten den cies of
young (Plio cene–Qua ter nary) tec tonic move ments (Fig. 1).
The Wróblówka Trough, situ ated in the me dial seg ment of
the tran sect (Fig. 2), re veals Late Pleis to cene and Holo cene
sub si dence, while the south ern por tion of the Ma gura Nappe, 
in the north ern por tion of the tran sect, dis plays mi nor up lift
(Baumgart- Kotarba 1991- 92, 2001).

The lo ca tion of sta tion ary points was se lected in such a
way that each of them rep re sents a dif fer ent struc tural unit
(Cen tral Car pa thian Palaeo gene, Pi en iny Klip pen Belt,

Orava Ba sin, Krynica and Bystrica subunits of the Ma gura
Nappe; Fig. 1). The con struc tion of in di vid ual bench marks
en ables for both grav ity and geo detic meas ure ments (£ój et
al. 2005).

METH ODS

Grav ity sur veys across the pro file will be car ried out at
yearly in ter vals. The choice of such meth od ol ogy re sults
from the fact that we want to study changes of the grav ity
field sta tis ti cally, tak ing into ac count the ex pected small val -
ues of tem po ral anoma lies of the grav ity field and, first of all,
their changes with time.

In July 2004 and July 2005, the first and sec ond se ries of
grav ity meas ure ments were made at fixed bench marks of the
pro file, us ing three gra vime ters (two CG-3 SCIN TREX, and
one La Coste&Rom berg (LCR)).

To se cure great ac cu racy of grav ity ob ser va tions, the
meas ure ments are taken by the dou ble chain method. In this
method, the ob ser va tion is made twice at each outer point of
the chain and three times at the in ner point (ABABCBC; cf.
Fig. 4). This ap proach en ables for the cal cu la tion of grav ity
field changes be tween sta tions on a tri ple increment-
 measurement ba sis, which con sid era bly raises the pre ci sion
of their cal cu la tion. It is the op ti mal method of the gra vime ter 
drift elimi na tion. Us ing this method, it is pos si ble to cal cu late 
grav ity field dif fer ences be tween ob ser va tion sta tions de ter -
mined with great ac cu racy (£ój et al. 2005).

Ac cord ing to the rules ac cepted in grav ity sur vey, all re -
sults are pre sented as dif fer ences be tween neigh bour ing ob -
ser va tion points, i.e. the so- called net work legs val ues.

Er rors were cal cu lated af ter each se ries. The cal cu la tion
er ror was de ter mined for each grav ity value be tween the sta -
tions and for the av er age grav ity value. The meas ure ment
pre ci sion was ca. 0.01 mGal, or 0.005 mGal dur ing cy cling
meas ure ment. An analy sis of er rors showed that in sev eral
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Fig. 3. Digi tal ele va tion model based on SRTM data of the me dial por tion of the West ern Car pa thi ans, show ing lo ca tion of ma jor to po -
linea ments. Ab bre via tions: OB – Orava Ba sin, NB – Nowy Targ Ba sin, Ta tra Mts. – Ta tra Moun tains, NS – Nowy S¹cz Ba sin.



cases only, i.e. for the meas ur ing date, the er ror was larger
than 0.005 mGal, and the over all er ror credi bil ity limit at -
tained a value of 0.01 mGal.

The av er age grav ity er ror had a lit tle higher value, al -
though not ex ceed ing 0.01 mGal. This could be a re sult of too 
small number of gra vime ters used. There fore, the tem po ral
grav ity analy sis was done bas ing on grav ity meas ure ment
val ues for each gra vime ter, and not for the av er age grav ity
value.

The er ror of value de ter mi na tion was smaller than the ac -
cu racy of the ap pa ra tus used. It can be con cluded that the
grav ity sur veys were per formed with high pre ci sion and in
very sta ble meas ure ment con di tions.

PRE LIMI NARY RE SULTS

The first meas ure ment se ries made in July 2004 is a base
se ries, to which meas ure ments of suc ces sive se ries will be re -
ferred. Ad di tional meas ure ments were con ducted at points
situ ated 1 km apart along the pro file steps. These re sults,
com bined with geo logi cal data, will be used in grav ity mod -
el ling aim ing at de ter min ing mu tual con nec tions be tween
grav ity anoma lies and geo logi cal struc tures. This mod el ling
will also be help ful in de scrib ing the source of changes of the
grav ity field.

The sec ond meas ure ment se ries, con ducted in July 2005, 
en ables for the first com pari son be tween grav ity changes
meas ured in 2004 and 2005 (Figs. 5, 6).

The re sults of grav ity sur veys in 2004 and 2005 were
used to cal cu late first pe ri odic grav ity changes for each net -
work legs. Fig ure 5 pres ents cal cu la tion re sults for both gra -
vime ters (Auto grav CG-3 and La Coste&Rom berg) and the
av er age value.

Dif fer ent course of grav ity changes at in di vid ual net -
work legs could be ex plained by the in flu ence of at mos pheric 
con di tions (hu mid ity and at mos pheric pres sure) on the grav -
ity elec tronic sys tem dur ing meas ure ments.

How ever, some ten den cies are worth to be taken into ac -
count. The mid dle part of the pro file, situ ated in the Orava
Ba sin close to the Wróblówka Gra ben, has a dif fer ent char ac -
ter than the south ern and north ern seg ments of this pro file,
rep re sent ing the Cen tral Car pa thian Palaeo gene and Ma gura
Nappe, re spec tively (Fig. 6). The ten dency marked at the
north ern and south ern ends of the pro file can ten ta tively be
ex plained as re sult ing from re cent up lift, while that char ac -
ter is ing the mid dle part of the pro file can be in dica tive of re -
cent sub si dence. Such a trend is com pati ble with the re sults
of geo logi cal and geo mor phic stud ies. One should bear in
mind, how ever, that grav ity changes ob served af ter two se -
ries of an nual ob ser va tions can be af fected by a number of
fac tors, in clud ing at mos pheric con di tions, dif fer en ti ated
com pac tion of un der ly ing sedi ments, soil mois ture, equip -
ment sen si tiv ity, and oth ers. There fore, any re li able con clu -
sions can only be drawn when a se ries of fu ture meas ure ment
cam paigns con firm the ob served trend.
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Fig. 4. Scheme of grav ity sur vey by the dou ble chain method.

Fig. 5. Dif fer ences in grav ity val ues and re spec tive er ror bars meas ured be tween in di vid ual bench marks in 2004 and 2005 years. See Fig.
1 for bench mark lo ca tion.



CON CLU SIONS

Grav ity sur veys con ducted in 2004 and 2005 show a de -
crease in grav ity val ues at bench marks situ ated in the Cen tral
Car pa thian Palaeo gene Ba sin and Ma gura Nappe, while the
cen tral po rtion of the Orava Ba sin re veals the op po site trend.
Such changes, if con firmed by suc ces sive meas ure ment cam -
paigns, ap pear to in di cate re cent up lift of the ba sin mar gins
and sub si dence of the ba sin it self.
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Fig. 6. Periodic gravity changes: first comparison of gravity changes measured between individual benchmarks in 2004 and 2005 years.
See Fig. 1 for benchmark location.
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