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The large neg a tive re sid ual Bouguer grav ity anom aly in north ern Po land called the Pomerania Grav ity Low (PGL) was an a -
lysed us ing Parker’s ideal body the ory. A re sid ual grav ity anom aly along the pro file was in verted to find bounds on the den sity 
con trast, depth, and min i mum thick ness of its sources. As the ideal body reaches the sur face, the great est max i mum neg a -
tive den sity con trast is –0.038 g/cm3, while the body it self has a thick ness of 52 km. If 8 km is taken as a depth to the source
body top, the den sity con trast must cor re spond to at least –0.092 g/cm3, with a max i mum al low able thick ness of 18 km. The
ideal body in ver sions show that the depth to the body top can not ex ceed 15 km. As sum ing a geo log i cally rea son able max i -
mum den sity con trast as small as –0.2 g/cm3, the source body top can be no deeper than 11.5 km, and its thick ness greater
than or equal to 6 km, as sum ing it ex tends up to the Earth sur face, or greater than or equal to 7 km, when its top is be low 8 km
depth. It can be hy poth e sized that the main source of the neg a tive grav ity anom aly is re lated to a pre dom i nance of fel sic
rocks in the Paleoproterozoic Dobrzyñ Do main of the East Eu ro pean Plat form base ment.
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INTRODUCTION AND GEOPHYSICAL
REGIONAL BACKGROUND

The Pomerania Grav ity Low (PGL) in north ern Po land, also
known as the Lower Vistula River de pres sion, is one of the most 
pro nounced neg a tive grav ity anom a lies in Po land with a min i -
mum value of about –62 mGal (Królikowski and Petecki, 1995).
This north west-trending anom aly, el lip ti cal in shape, has the
lon ger di men sion of about 250 km and is about 150 km across.
It ex tends par al lel and close to the Teisseyre-Tornquist Zone
(TTZ) – a ma jor dis con ti nu ity sep a rat ing the thick and cold litho -
sphere of the Pre cam brian East Eu ro pean Plat form from the
much thin ner and hot ter Pa leo zoic Plat form ex tend ing to the
SW (Fig. 1; see the re cent re gional re view in Narkiewicz et al.,
2015). Geo log i cal map of crys tal line base ment in the Pol ish
part of the East Eu ro pean Plat form (Krzemiñska et al., 2017)
shows the Paleoproterozoic gra nitic Dobrzyñ Do main in the
area of the PGL (Fig. 1).

The crust and up per most man tle ar chi tec ture in that area
has been im aged by wide-an gle re flec tion and re frac tion
(WARR) seis mic pro files (Guterch and Grad, 2006). The seis -
mic ve loc ity (Vp) mod els pres ent the three-lay ered crys tal line
crust of the East Eu ro pean Plat form (Fig. 2). The ma jor fea tures 

of the crust struc ture are the in clined top of the crys tal line base -
ment and an as so ci ated re gional thick en ing of Pa leo zoic-Me so -
zoic sed i ments to ward the plat form bound ary, as well as cor re -
spond ing in cli na tions of intracrustal bound aries and the Moho
to ward the TTZ.

The PGL anom aly was in ter preted to be caused by a crustal 
source, with its top lo cated no deeper than 10 km be low the sur -
face, and the thick ness greater than or equal to 2.7 km
(M³ynarski et al., 1982). Ac cord ing to the grav ity data anal y ses,
this anom aly may be caused by lower den si ties of rocks in the
up per crys tal line crust (Grabowska and Raczyñska, 1991;
Grabowska et al., 1992). Fajklewicz (1964) sug gested that the
anom aly is con nected with the Moho to pog ra phy in this area.
Other au thors ar gued that the PGL is due to the su per im posed
grav ity ef fects of the Moho to pog ra phy and the lower-den sity
up per part of the sed i men tary cover (Grabowska et al., 1998).

Królikowski and Petecki (1995) and Królikowski et al. (1998) 
sug gested that this anom aly has been in flu enced by less dense
rocks of the crys tal line base ment. The above au thors ar gued
that the con nec tion of the anom aly with the sed i men tary cover
is con tra dicted by the fol low ing ev i dence: (1) re sults of re moval
of the grav ity ef fect of the Perm ian-Ce no zoic cover from the
Bouguer grav ity anom a lies (Grobelny and Królikowski, 1988);
(2) pres ence of the Lower Pa leo zoic rocks in the deep sed i men -
tary cover, con sist ing mostly of Si lu rian rocks of al most con -
stant, rel a tively high den sity (2.65 g/cm3); and (3) smooth mor -
phol ogy of the top of the Pre cam brian crys tal line base ment ev i -
denced by the seis mic re frac tion data (Fig. 2). Some grav ity
mod els along pro files cross ing the Trans-Eu ro pean Su ture
Zone in north-west Po land (Królikowski and Petecki, 1997,
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2002; Petecki, 2002, 2008), which are pri mar ily based on the
ve loc ity mod els along WARR seis mic pro files, dem on strate a
low-den sity up per most man tle and a crust thick en ing in the area 
of the PGL.

The re cent grav ity mod els (Mazur et al., 2015, 2016a, b)
show a nar row crustal keel as an im por tant con tri bu tion to the
PGL. The cited au thors pro posed that the mod elled keel is in
fact a trace of the TTZ ac tu ally rep re sent ing a Pre cam brian
intracratonic su ture. Narkiewicz and Petecki (2016, 2017) ar -
gued against this new con cept of the TTZ, stress ing, among
other ar gu ments, that the crustal keel model is not well con -
strained by grav ity and seis mic data.

The above short re view of the dif fer ent in ter pre ta tions of the
PGL dem on strates that the or i gin of this anom aly is a sub ject of
var i ous hy poth e ses and is still far from fi nal so lu tion. In this con -
text, it is worth not ing that den sity in ter pre ta tion of grav ity anom -
a lies is math e mat i cally non-unique and dif fer ent geo log i cal
mod els can fit the ob served data (Blakely, 1995). The grav ity
mod els of the PGL have a strong bear ing on con trast ing in ter -
pre ta tions of the geo log i cal struc ture of north ern Po land. There -
fore, the aim of this pa per is to use a clas si cal ap proach to the
grav ity in ter pre ta tion, which is not re stricted to the spe cific

source ge om e tries. Thus, the the ory of ideal bod ies (Parker,
1974, 1975) has been ap plied to a grav ity pro file cross ing the
PGL anom aly to find bounds on the den sity con trast, max i mum
depth and min i mum thick ness of the anom a lous body, us ing
the al go rithm pre sented by Huestis and Ander (1983).

MATERIALS AND METHODS

GRAVITY DATA

The sim ple Bouguer grav ity anom aly map (Fig. 1) has been
pre pared us ing grav ity mea sure ments with a sam pling den sity
of about 1.6 sta tions/km2. The grav ity data were tied to the grav -
ity da tum based on the IGSN 71 (In ter na tional Grav ity
Standarization Net of 1971). The Bouguer anom a lies have
been cal cu lated us ing a re duc tion den sity of 2250 kg/m3

(2.25 g/cm3), cor re spond ing to a mean den sity of rocks oc cur -
ring in the Pol ish Low land above sea level, and the GRS 80
(Geo detic Ref er ence Sys tem of 1980) for mula for the the o ret i -
cal grav ity (Królikowski and Petecki, 1995).
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Fig. 1. Bouguer grav ity anom aly map of the re search area, and the sketch of main geo log i cal do mains of 
the EEC (bound aries marked by white lines) af ter Krzemiñska et al. (2017)

AMCG – an or tho site–mangerite–charnockite–gran ite suite rock; PGL – Pom er a nian Grav ity Low; TTZ –
Teisseyre-Tornquist Zone af ter Narkiewicz et al. (2015); LT-7, P2, LT-2, P4 – WAAR seis mic pro files
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In or der to re pro duce best the long wave length na ture of the 
PGL, a low-pass fil tered grav ity anom aly with a cut-off wave -
length of 50 km was cho sen for the grav ity in ter pre ta tion. This
cut-off wave length sup presses short-wave length fea tures that
are not a sub ject of the pres ent study, as the main fo cus is given 
to the large-scale re gional struc ture re spon si ble for the PGL.
The re sult ing grav ity anom aly is shown in Fig ure 3, as well as
the lo ca tion of the A–A’ pro file dis cussed in this pa per.

The grav ity data along the SW–NE-trending A–A’ grav ity
pro file cross ing the PGL and per pen dic u lar to the ma jor axis of
the anom aly were ex tracted from the low-pass fil tered
(smoothed) Bouguer anom aly map (Fig. 3). The grav ity pro file
A–A’ is il lus trated in Fig ure 4A.

One of the most im por tant prob lems in the in ter pre ta tion of
grav ity mea sure ments is that of sep a rat ing the grav ity field into
its re gional and re sid ual com po nents. In the case un der study,
the pri mary in ter est was in ob tain ing a re sid ual grav ity anom aly
which would help in de fin ing the bounds on den sity con trast,
depth, and min i mum thick ness of its source. The task is by no
means triv ial due to the broad band na ture of the analysed
anom aly.

Con sis tent with this pur pose it was as sumed that the best
es ti mate of the back ground re gional grav ity field for the

low-pass fil tered  PGL anom aly is –5.77 mGal; the value of the
field at the NE end of pro file A–A’. It was also as sumed that the
re gional field has a lin ear trend in clined to the SE (Fig. 4A). This
re gional trend of 0.12 mGal/km was sub tracted from the
smoothed PGL anom aly to ob tain the re sid ual anom aly with a
min i mum value of about –47 mGal.

The re sid ual grav ity anom aly along the A–A’ pro file is an a -
lyzed be low us ing Parker’s ideal-body the ory to ob tain bounds
on the den sity con trast, depth, and min i mum thick ness of the
caus ative body.

GRAVITY IDEAL BODY

In ter pre ta tion of grav ity anom a lies usu ally in volves con -
struc tion of a den sity model that sat is fies the ob served data.
Un for tu nately, this pro cess is math e mat i cally non-unique since
grav ity data are com pat i ble with an in fi nite num ber of den sity
so lu tions (e.g., Blakely, 1995). Parker (1974, 1975) pro posed a
more gen eral ap proach to the grav ity in ter pre ta tion, which is
based on find ing cer tain fun da men tal prop er ties that are com -
mon to the en tire in fi nite set of den sity mod els and that are not
re stricted to spe cific source ge om e tries. Parker’s the ory char -
ac ter izes the ex treme so lu tion with the small est pos si ble max i -

560 Zdzis³aw Petecki

Fig. 2. P-wave ve loc ity struc ture for LT-7, P2, LT-2 and P4 pro files (af ter Guterch and Grad, 2006)

 Num bers in white boxes are ve loc i ties in km/s
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mum den sity con trast that can ex plain the anom aly within a
given mis fit. The cor re spond ing unique so lu tion, the so-called
ideal body, means that any source lo cated at a par tic u lar depth
must some where have a den sity con trast at least as great as
the den sity con trast of the ideal body. In other words, there are
in fi nitely more sources of higher den sity that will ex plain the
anom aly, and none of lower den sity.

How ever, Parker’s an a lyt i cal method is suit able only for two
mea sured data and a ho mo ge neous ideal body with pos i tive
den sity con trast r0 (Parker, 1974). When more than two data
are used, the ideal body an a lyt i cal so lu tion can be ap prox i -
mated by an ex treme so lu tion which has the small est pos si ble
max i mum pos i tive den sity con trast r0 sat is fy ing the ob served
anom aly for given data and their mis fits si in a spec i fied re gion
of so lu tion con fine ment (Parker, 1975; Huestis and Ander,
1983; Huestis, 1986; Ander and Huestis, 1987).

The al go rithms, which are based on lin ear pro gram ming
tech niques, may be used to es ti mate the ex treme so lu tions. In
such an ap proach, it is as sumed that the ob served gravimetric
anom aly is de scribed by a dis crete set of data (gi, i = 1, 2, …, n)
with as so ci ated max i mum al low able mis fits si, and the re gion of 
source con fine ment is di vided into m cells, with m >> n, each of

own con stant den sity rj. It is also as sumed that all ac cept able
so lu tions are nonnegative (rj ³ 0).

The ob jec tive in that case is to min i mize up per lim i ta tion r0

for all rj  pa ram e ters such that rj £ r0 for all j = 1, 2,..., m sub -
jected also to the fol low ing con straints (Huestis and Ander,
1983):

g a ei ij j i
j

m

= +
=

å r
1

          i = 1, 2, ......n

- £ £s si i ie           i = 1, 2, ......n

and 

rj ³ 0          j = 1, 2, ......m

where: rj – the den sity of the jth do main, ei – the as sumed ac cept -
able mis fit for the ith mea sur ing point, and aij – the model grav ity
anom aly at data lo ca tion i cor re spond ing to the jth source do main
with unit den sity at trib uted to it.

Fig. 3 Low-pass fil tered grav ity anom aly map

PGL – Pom er a nian Grav ity Low; TTZ – Teisseyre-Tornquist Zone; LT-7, P2, LT-2, P4 – WAAR seis mic pro files; Bytów
IG 1, Dretyñ 1, Trzebielino 1, Grudzi¹dz IG 1 – bore holes that drilled Si lu rian rocks; Koœcierzyna IG 1, Malbork IG 1,
Nidzica IG 1, Olsztyn IG 2, Prabuty IG 1 – bore holes pierc ing the crys tal line base ment top; A–A’ – grav ity pro file used for
ideal body in ver sion



This pro ce dure is the so-called ideal body in ver sion.
The den sity con trast r0 de pends not only on the data val ues 

and as sumed al lowed lev els of their mis fits but also on the re -
gion of equiv a lent sources con fine ment. Thus, the lim its of this
re gion can be var ied to study the cor re spond ing vari a tion in the
den sity bound. It must be stressed that an ideal body al ways
touch the top of the re gion of sources con fine ment (Ander and
Huestis, 1987).

The set of so lu tions of the ideal body in ver sion are pre -
sented in terms of trade-off di a grams, where the small est pos si -
ble lim i ta tion r0 for the den sity con trast is plot ted as a func tion of 
the as sumed max i mal depth to the top (or as sumed min i mal
thick ness, when the top is fixed) of the caus ative body (Huestis
and Ander, 1983). These trade-off curves de fine the re gions of
pos si ble den sity so lu tions con sis tent with the ob ser va tions
which are lo cated on the con vex side of these trade-off curves.

More over, if the max i mum den sity con trast of the source (a
geo log i cal bound) can be as sumed, the max i mal pos si ble
source top depth or min i mal thick ness of the source (when the
top depth is fixed) can be es ti mated (Blakely, 1995). For ex am -
ple, when at some depth to top, the den sity con trast of ideal
body starts to ex ceed the max i mal al lowed den sity con trast, this 
depth is then the max i mal pos si ble depth to the source. On the
other hand, if the depth to source can be con strained by, e.g.,
the well data, then bounds on the den sity con trasts can be ob -
tained.

The ideal body the ory was ap plied to in ter pret the or i gin of
the PGL anom aly. Bounds on the den sity con trast have been
com puted us ing the ab so lute data val ues of re sid ual anom aly
along pro file A–A’ (Fig. 4B) to sat isfy the non-neg a tive con di tion 

re quired by the in ver sion al go rithm (Huestis and Ander, 1983).
Ten data points sam pled from the re sid ual grav ity pro file have
been in verted to find the subsurface struc tures with the small est 
pos si ble max i mum den sity con trast re quired to ex plain the
anom aly. A mis fit of 0.25 mGal was as sumed for the grav ity val -
ues used in the cal cu la tions. The For tran pro gram of Huestis
and Ander (1983), mod i fied by the pres ent au thor to be ca pa ble
of treat ing the 2.5 D in ter pre ta tion ap proach and up to 1000
cells, has been used to cal cu late ideal bod ies.

The re gion of con fine ment was par ti tioned into rect an gu lar
cells whose hor i zon tal and ver ti cal di men sions along the pro file
were 5 and 2 km, re spec tively, while their lat eral ex tent was
±50 km in the di rec tion per pen dic u lar to the pro file. The cell size 
has been kept con stant for the cal cu la tions, while the num ber of 
cells and the di men sions of the re gion of con fine ment have
been cho sen prop erly in each of the pre sented op ti mi za tion
tasks.

RESULTS

A se ries of optimizations were per formed mod i fy ing ei ther
the depth to the top or the thick ness of the caus ative body to
find the subsurface struc ture of the PGL source with the small -
est pos si ble max i mum den sity con trast con fined to a par tic u lar
re gion (Figs. 5–8). Tak ing into ac count that the re sid ual PGL
anom aly has neg a tive val ues, and there fore the ac tual den sity
so lu tion val ues must be neg a tive, the op po site sign of com -
puted den sity con trast is used fur ther in the text.
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Fig. 4A – grav ity pro file A–A’ (see Fig. 3 for lo ca tion) used to cal cu late ideal body
pa ram e ters, and the sub tracted lin ear re gional trend; B – re sid ual grav ity anom aly

and grav ity data points used in the ideal body anal y sis



DEPTH TO THE TOP OF IDEAL BODY

The ideal body for grav ity pro file A–A’ was first com puted
as sum ing that its up per bound ary is lo cated at the sur face,
while the bot tom depth is not fixed. The re sult points to the
great est pos si ble neg a tive den sity con trast of –0.038 g cm–3

(Fig. 5A), with a max i mum al low able thick ness of 52 km
(Fig. 5B) for the source body. In ac cor dance with the ideal body
the ory, such a re sult in di cates that the PGL anom aly data and
their mis fits can not be fit by any struc ture with larger neg a tive
den sity con trasts, i.e. greater than –0.038 g cm–3.

In a sub se quent se ries of cal cu la tions, the depth to the top
of the body was in creased to find the great est neg a tive den sity
con trast for var i ous body depths. The val ues of den sity con -

trasts ob tained are shown in Fig ure 5A as a func tion of the
depth to the top of the re gion of con fine ment of the so lu tion
source body. This trade-off curve gives the bound on the in fi nite 
num ber of den sity so lu tions which are lo cated on the con vex
side of this trade-off curve. For ex am ple, if the source of the
PGL is con fined be low 2.7 km depth, the den sity con trast can -
not be ev ery where greater than –0.043 g/cm3, but if it is con -
fined be low 8 km depth the den sity con trast can not be ev ery -
where greater than –0.092 g/cm3. There is no so lu tion if the
ideal body top is deeper than 15 km.

If the den sity con trast is as sumed to be –0.2 g/cm3, then the
max i mum depth to the body top is about 11.5 km.
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Fig. 5A – the small est pos si ble lim i ta tion r0 for the den sity con trast de picted as a func tion
of the as sumed depth to top of an ideal body hav ing its bot tom not lim ited by depth con -
straint (solid line and dots); the so lu tion is pos si ble if the ideal body top is shal lower than
15 km; the max i mum depth is 11.5 km as sum ing a max i mum den sity con trast of 0.2 g/cm3;
shaded area in di cates the re gion of fea si ble so lu tions; B – ideal body den sity cross-sec -
tion for the so lu tion com puted as sum ing that its up per bound ary is lo cated at the sur face,
while the bot tom depth is not fixed
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THICKNESS OF THE IDEAL BODY

In the next step of in ter pre ta tion, the body top has been
fixed at the sur face or at a spec i fied depth, and the depth to the
bot tom has been mod i fied. From these cal cu la tions, the small -
est max i mum den sity con trasts as a func tion of depth to the bot -
tom or thick ness of the body have been ob tained. For this case,
the val ues of den sity con trasts are plot ted for cor re spond ing
val ues of thick ness or depth to the bot tom on the trade-off curve 
pro vid ing bounds on the in fi nite set of den sity so lu tions lo cated
in the con vex re gion of the graph. This curve can be used in a
fash ion sim i lar to that given above (Fig. 5) to de ter mine the min -
i mum thick ness of the source.

Fig ure 6 shows the small est max i mum den sity con trast for
var i ous ideal bod ies which have their tops at the sur face and
which have vari able thick nesses. The curve in this fig ure in di -
cates the great est max i mum den sity con trast of –0.038 g/cm3

(see also Fig. 5), with a max i mum al low able thick ness of 52 km
for the source body. The min i mum thick ness of the ideal body is
6 km for the above as sumed den sity con trast –0.2 g/cm3.

Next, it is as sumed that the av er age depth to the Lower Pa -
leo zoic strata (2.7 km) is taken as the up per limit on the depth to
the top of the ideal body. Fig ure 7 shows the small est max i mum
den sity con trast for var i ous ideal bod ies con fined be low 2.7 km
depth, and which have vari able thick nesses. The curve in di -
cates the great est max i mum den sity con trast of –0.043 g/cm3,
with a max i mum al low able thick ness of 50 km for the source
body. The min i mum thick ness is 6.35 km, as sum ing a den sity
con trast of –0.2 g/cm3.

Fig. 6. The small est pos si ble lim i ta tion r0 for the den sity con -
trast of the ideal body hav ing its top at the sur face, de picted as
a func tion of the body al low able thick ness (solid line and dots)

The min i mum thick ness is 6 km, as sum ing a max i mum den sity
con trast of 0.2 g/cm3; shaded area in di cates the re gion of fea si ble

so lu tions

Fig. 7. The small est pos si ble lim i ta tion r0 for the den sity con -
trast of the ideal body hav ing its top be low 2.7 km depth, de -
picted as a func tion of the body al low able thick ness (solid line
and dots)

The min i mum thick ness is 6.35 km, as sum ing a max i mum den sity
con trast of 0.2 g/cm3; shaded area in di cates the re gion of fea si ble

so lu tions

Fig. 8. The small est pos si ble lim i ta tion r0 for the den sity con -
trast of the ideal body hav ing its top be low 8 km depth, de -
picted as a func tion of the body al low able thick ness (solid line
and dots)

The min i mum thick ness is 7 km, as sum ing a max i mum den sity
con trast of 0.2 g/cm3; shaded area in di cates the re gion of fea si ble

so lu tions



It is fur ther as sumed that the max i mum depth to crys tal line
base ment, i.e. 8 km (Fig. 2), is taken as the limit on the depth to
the top of the ideal body. Un der such as sump tion, the great est
max i mum den sity con trast is –0.092 g/cm3, with a max i mum al -
low able thick ness of 18 km for the source body (Fig. 8). As sum -
ing the den sity con trast of –0.2 g/cm3, the source body can be
no thin ner than 7 km. Thus, con fin ing the body be low 2.7 km or
8 km does not sub stan tially in crease the min i mum thick ness of
the anom a lous body.

DISCUSSION

Anal y sis of the grav ity data for the A–A’ pro file us ing the
ideal body the ory de fines the al lowed ranges of pa ram e ters of
fea si ble so lu tions for the source of the PGL. All so lu tions ly ing
within con vex zones of the trade-off curves shown in Fig -
ures 5–8 are con sis tent with the con straints im posed in the in -
ver sion pro ce dure. Ac cord ingly, tak ing into ac count that the
real den sity so lu tion val ues must be neg a tive, the great est
den sity con trast of the source body has a max i mum value of
–0.038 g/cm3 (Fig. 5A) and the body it self is no thicker than
52 km, as sum ing that it touches the sur face (Fig. 6). If the
source is con fined be low 2.7 km depth, the den sity con trast
can not be ev ery where greater than –0.043 g/cm3, while the
body has a thick ness less than or equal to 50 km (Fig. 7).
When the body is as sumed to be be low 8 km, the great est
den sity con trast is –0.092 g/cm3, with a max i mum al low able
thick ness of 18 km (Fig. 8). The ideal body in ver sions also
show that the depth to the body top can not ex ceed 15 km
(Fig. 5). Thus, the ideal body top is re quired to be within the up -
per to mid dle crust and can not be deeper. This re sult pre -
cludes ex clu sively the deep or i gin of the anom aly, pro posed by 
some au thors (e.g., Fajklewicz, 1964), be cause any den sity
model for the PGL source body en tirely lo cated at the lower
crustal level is not pos si ble.

Pre vi ous in ter pre ta tions ques tion the pos si bil ity that the
anom aly may be caused by thick en ing of the sed i men tary cover 
only. One of the ar gu ments for this con clu sion is that the
long-wave length grav ity anom aly re lated to the PGL is ap par ent 
on the re sid ual maps af ter re moval of the grav ity ef fect of ei ther
the Zechstein–Ce no zoic cover (Narkiewicz and Petecki, 2017:
fig. 7) or the Perm ian-Ce no zoic cover (Grobelny and
Królikowski, 1988) from the Bouguer grav ity data. The other ar -
gu ments are the flat, layer-cake plat form ge om e try of the Lower 
Pa leo zoic sed i men tary rocks and the smooth mor phol ogy of the 
Pre cam brian crys tal line base ment dip ping south wards along
pro file A–A’ from 2.7 km at the Olsztyn IG 2 bore hole (Fig. 3) to
about 8 km at the TTZ (Fig. 2). These pre clude the Lower Pa -
leo zoic struc tures, like a ba sin or a graben, filled with low-den -
sity sed i men tary rocks.

The den sity of rocks is of es sen tial sig nif i cance for grav ity
data in ter pre ta tion. In this study the den si ties of rocks of the

pre-Perm ian sed i men tary cover across the PGL re gion and its
sur round ing were ana lysed based on pub lished (Królikowski et
al., 1988; D¹browski, 1976; Grabowska et al., 1998; Modliñski,
2007; Leszczyñski, 2011; Podhalañska, 2012) and un pub -
lished data col lected in the Pol ish Geo log i cal Ar chive. These
data in di cate that the Si lu rian rocks have den si ties typ i cally
greater than 2.65 g/cm3 (Ta ble 1).Thus, the Lower Pa leo zoic
rocks are not the source of the PGL anom aly. In deed, the great -
est neg a tive den sity con trast ex pected for, e.g., 4 km thick ideal
body rep re sent ing the Lower Pa leo zoic strata is  –0.3 g/cm3

(Fig. 7), which would be an un likely geo log i cal sit u a tion, given
our pres ent knowl edge of the East Eu ro pean Plat form sed i -
men tary cover.

The Bouguer PGL anom aly can be ac counted for in part by
den sity con trasts in the post-Perm ian sed i men tary crust (e.g.,
M³ynarski et al., 1982; Grobelny and Królikowski, 1988;
Grabowska et al., 1998), and in part by the low-den sity zones in
the deeper zone of the crust, in clud ing the Lower Pa leo zoic
strata and crys tal line crust. Since the Lower Pa leo zoic rocks
are not the im por tant source of the PGL anom aly due to their
high den si ties, the other sources must ex ist in the deeper part
of the crust. It fol lows from the above con sid er ations that the
anom a lous body must also be within the crys tal line base ment.

From the afore men tioned trade-off curves, the max i mum
depth to the top or the min i mum thick ness of the source can be
found for any as sumed den sity con trast. How ever, there is no
di rect ev i dence for the den sity con trast as so ci ated with the PGL 
anom aly. In for ma tion on the dis tri bu tion of Pre cam brian rock
types in the PGL anom aly area is lim ited be cause of the rel a -
tively few bore holes that have pen e trated into the base ment
and be cause of the com plex ity of the Pre cam brian ge ol ogy in
the area (Ta ble 2; Krzemiñska et al., 2017).

The deep bore holes that pen e trated the crys tal line base ment 
are lo cated in the mar ginal part or out side the anom aly. Six bore -
holes en coun tered 17–58 m of base ment rocks such as gran ite,
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Borehole Depth [m] Den sity [g/cm3]

Bytów IG 1    1481–2569.7 2.58

Dretyñ 1 1488–2001 2.68

Grudzi¹dz IG 1     3029–3070.5 2.66

Koœcierzyna IG 1 2097.5–4490   2.65

Malbork IG 1 2004.5–3187.5 2.64

Olsztyn IG 2    2155–2376.5 2.61

Prabuty IG 1 2487–3355 2.67

S³upsk IG 1 1150–4 490 2.68

Trzebielino 1 1377.5–2015    2.63

T a  b l e  1

Av er age den sity of Si lu rian rocks

Borehole Rock type Den sity [g/cm3] Thick ness [m] Chronostratigraphy

Koœcierzyna IG 1 charnockitoid (AMCG) 2.71 58 m Mezoproterozoic

Malbork IG 1 monzonite (AMCG) – 17.3 m Mezoproterozoic

S³upsk IG 1 granitoid – 42 m Paleoproterozoic

Prabuty IG 1 gran ite 2.68 35.4 m Paleoproterozoic

Olsztyn IG 2 meta mor phosed gran ite 2.79 53.8 m Paleoproterozoic

Nidzica IG 1 granitoid 2.66 30 m Paleoproterozoic

T a  b l e  2

Crys tal line base ment rocks

https://gq.pgi.gov.pl/article/view/25595
https://gq.pgi.gov.pl/article/view/8507
https://gq.pgi.gov.pl/article/view/8507
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granitoid or AMCG (an or tho site–man geri te–charnockite–gran -
ite) suite rock with av er age den si ties in the range of
2.66–2.79 g/cm3 (Ta ble 2). One of them, lo cated ad ja cent to the
PGL and close to the A–A’ pro file, the Olsztyn IG 2 bore hole
(Fig. 3) sam pled a meta mor phosed gran ite (gneiss) with an av er -
age den sity of 2.79 g/cm3.

There fore, a min i mum neg a tive den sity con trast re lated to
the PGL can be as sumed for a low-den sity fel sic body, e.g.
gran ite, flanked by a denser meta mor phic rock, such as gneiss,
en coun tered in the Olsztyn IG 2 bore hole. It may be spec u lated
that the –0.2 g/cm3 is a good ap prox i ma tion of this den sity con -
trast. Tak ing this value into con sid er ation, the ab so lute value of
den sity so lu tions for the source of the PGL is lo cated within the
shaded zones marked in Fig ures 5–8, in ac cor dance with the
as sump tions used in the in ver sion pro cess. Ac cord ingly, the
top of source body can be no deeper than 11.5 km (Fig. 5), and
the body can be no thin ner than 6 km, as sum ing it touches the
sur face (Fig. 6), or no thin ner than 7 km, when the source is
con fined be low 8 km depth (Fig. 8). The shal lower depths and
greater thick nesses are in di cated by adopt ing greater neg a tive
den sity con trasts.

It is im pos si ble to check pre cisely the va lid ity of the pre vi ous 
mod els (Grabowska and Raczyñska, 1991; Grabowska et al.,
1992; Królikowski and Petecki, 1997, 2002; Petecki, 2002,
2008; Mazur et al., 2015, 2016a, b) by plot ting their min i mum
den sity con trast in Fig ures 5–8, be cause these mod els pres ent
the re sults of grav ity for ward mod el ling, fo cus ing on the com -
plex struc ture of the crust and up per most man tle across the
TTZ. Nev er the less, the grav ity mod els ex plain ing the PGL
anom aly by the lower crustal thick en ing only (Królikowski and
Petecki, 2002; Petecki, 2002; Mazur et al., 2015, 2016a, b) are
not con firmed by the pres ent re sults. Fur ther more, the depth to
the top of source body (less than or equal to 10 km), as pre -
dicted by M³ynarski et al. (1982), is lo cated within the ac cept -
able range of so lu tions (shaded zone in Fig. 5), con sis tent with
the geo log i cal and geo phys i cal con straints im posed on the data 
in the ideal body in ver sion pro ce dure. Nev er the less, the min i -
mum thick ness of the body (2.7 km), es ti mated by M³ynarski et
al. (1982), is in con sis tent with these con straints (Figs. 6–8).

A geo log i cal ex pla na tion of the ideal body re lated to the
PGL is be yond the scope of this pa per. More over, we have only
lim ited knowl edge of the crys tal line base ment ge ol ogy in the
stud ied area (as sum ma rized by Krzemiñska et al., 2017) due
to the lack of an ad e quate  bore hole con trol. There fore, a con -
vinc ing in ter pre ta tion of the pos si ble struc ture (-s) re spon si ble
for the PGL is hardly pos si ble. It can be merely hy poth e sized
that the main source of the neg a tive grav ity anom aly is re lated
to a pre dom i nance of fel sic rocks in the Dobrzyñ Do main of
Paleoproterozoic age (Petecki and Rosowiecka, 2017;
Krzemiñska et al., 2017). Gran ites, found be low the base ment
top in a few deep bore holes in the NE part of the PGL, are con -
sis tent with such a gen eral and ten ta tive sup po si tion.

How ever, as the re sults of ideal body in ver sion (Figs. 5–8)
al low for ideal body oc cu py ing the whole crys tal line crust, the
PGL anom aly may rep re sent a tec tonic fea ture of the EEC
bound ary zone in this re gion, e.g. the in cli na tion of crys tal line
base ment strata.

CONCLUSIONS

The ab so lute value of grav ity anom aly along the pro file
cross ing the PGL was in verted us ing Parker’s ideal body the ory
to find some pa ram e ters of the source body with the small est
max i mum den sity con trast that sat is fies the data and their as so -
ci ated er rors. In the ideal body in ver sion pro ce dure, it was not
pos si ble to de fine the ge om e try of the caus ative body, but this
anal y sis pro vided lim its on the den sity con trast, depth, and min -
i mum thick ness of the caus ative body.

The ideal body in ver sion clearly shows that the top of the
source of the PGL is bur ied no deeper than 15 km (Fig. 5A). As -
sum ing the geo log i cally rea son able min i mum den sity con trast
of –0.2 g/cm3, the max i mum depth of the source top is 11.5 km
(Fig. 5). Even shal lower depths are in di cated by as sum ing
greater neg a tive den sity con trasts. In ad di tion, the pres ent re -
sults dem on strate that the am pli tude of the PGL is too high to
be con nected only with a re gional thick en ing of Pa leo zoic–Me -
so zoic sed i ments.

The PGL re sid ual grav ity can be ex plained partly by a set of
sources lo cated in the up per sed i men tary crust and partly by a
low-den sity zone at the crys tal line crustal level. This model is
con sis tent with in for ma tion from bore holes, den sity mea sure -
ments, and other geo phys i cal in ter pre ta tions (M³ynarski et al.,
1982; Grobelny and Królikowski, 1988; Grabowska et al.,
1998).

The ideal body op ti mi za tion re sults in di cate the crustal or i -
gin of the PGL, i.e. pres ence of a low-den sity body lo cated in the 
crust. The pres ent study also dem on strates that the PGL anom -
aly can not be ex plained by a nar row crustal root (Mazur et al.,
2015) or a wide zone of crustal thick en ing (Fajklewicz, 1964;
Królikowski and Petecki, 2002; Petecki, 2002) alone, be cause
any geo log i cal model of the PGL in volv ing only a lower crustal
level is inacceptable. In view of the pres ent re sults, the neg a tive 
re sid ual grav ity anom aly may be re lated to a pre dom i nance of
fel sic rocks in the Paleoproterozoic gra nitic Dobrzyñ Do main
shown on the geo log i cal map of crys tal line base ment in the Pol -
ish part of the East Eu ro pean Plat form (Ryka, 1982;
Krzemiñska et al., 2017). This con clu sion does not rule out the
pres ence of a low-den sity zone in the whole crys tal line crust,
which may rep re sent a tec tonic fea ture of the EEC bound ary
zone in this re gion.

The cur rent re sults nei ther sup port nor ex clude the pres -
ence of a sub or di nate grav ity con tri bu tion from ad di tional
sources, e.g. from a hy po thet i cal crustal keel. Fu ture in ves ti ga -
tions of pos si ble com plex i ties of the ac tual den sity dis tri bu tion
re lated to the PGL will re quire ap pli ca tion of other geo phys i cal
meth ods, e.g. tra di tional grav ity mod el ling com bined with the
ideal body anal y sis.

Ac knowl edge ments. The au thor is grate ful to M. Bielik and 
L. Krysiñski for their con struc tive com ments and im prove ments
to the text. Prof. M. Narkiewicz is warmly ac knowl edged for
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