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The Pomerania Grav ity Low is a reg u lar large-am pli tude, oval anom aly of dis put able or i gin lo cated at the East Eu ro pean
Craton mar gin. In the past it has been in ter preted as a Pro tero zoic crustal keel or an Early Pa leo zoic/Perm ian-Me so zoic
depocentre. The or i gin of the anom aly has been re con sid ered based on a re in ter pre ta tion of pre vi ous po ten tial fields, seis -
mic and magnetotelluric data and re cent gravimetric mod el ling re sults. New al ter na tive in ter pre ta tions are pro posed and dis -
cussed, namely a fel sic in tru sion re lated to the Transscandinavian Ig ne ous Belt and a large im pact struc ture dat ing to
~1.6–1.8 Ga. The data as sem bled, to gether with re gional com par i sons, make the im pact or i gin seem more prob a ble. Nev er -
the less, pro longed ero sion, deep burial and a meta mor phic over print ham per test ing of this hy poth e sis, e.g., through find ing
im pact ejecta or shock-af fected min er als.
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INTRODUCTION

The Pomerania Grav ity Low (PGL) at the SW mar gin of the
East Eu ro pean Craton (EEC) is an oval anom aly with a max i -
mum am pli tude of –60 mGal, its lon ger di men sion at tain ing
~200 km. Ex plain ing its or i gin may shed light on im por tant ques -
tions of Eu ro pean ge ol ogy in clud ing the na ture of the Tei -
sseyre-Tornquist Zone (TTZ) at the craton mar gin (Narkiewicz
et al., 2015) and the south ward ex tent of the Paleoproterozoic
Transscandinavian Ig ne ous Belt (Bogdanova et al., 2015). 
Causes for the anom aly are still de bat able, in clud ing lat eral dif -
fer ences in rock-den sity dis tri bu tion (Grabowska et al., 1992;
Królikowski and Petecki, 1995; Królikowski et al., 1998), crustal
thick en ing (Fajklewicz, 1964; Królikowski and Petecki, 2002;
Petecki, 2002; Mazur et al., 2015) or a com bi na tion of both of
these fac tors (Grabowska et al., 1998). Geo log i cal ex pla na tions 
have in ferred the pres ence of a deep Phanerozoic depocentre
(Grabowska et al., 1998) or a crustal keel con nected with the
Meso-Neoproterozoic Teisseyre- Tornquist su ture (Mazur et
al., 2015, 2016). 

Here, we re view avail able data and grav ity mod el ling re -
sults, par tic u larly re gard ing the re cent mod el ling out put
(Petecki, 2019) which help con strain pos si ble ex pla na tions of

the PGL. We show that a re view of the po ten tial fields, seis mic
and magnetotelluric data casts doubt on cur rent geo log i cal hy -
poth e ses re lated to the anom aly. Hence,  new al ter na tive ge -
netic mod els are pro posed, namely a fel sic in tru sive body and a 
large  im pact struc ture, both of Paleoproterozoic age. Such ex -
pla na tions of old bur ied struc tures are never straight for ward,
par tic u larly so in the case of im pact phe nom ena whose orig i nal
to pog ra phy is long gone, and where the rock re cord has been
re moved and/or is in ac ces si ble (Pesonen, 1996). Nev er the -
less, ar gu ments, mainly geo phys i cal, will be pre sented in sup -
port of both hy poth e ses to dis cuss their pros and cons, and
which may even tu ally pro vide a con vinc ing so lu tion.

REGIONAL BACKGROUND

The PGL is lo cated at the south-west ern mar gin of the East
Eu ro pean Plat form (EEP) within a Fennoscandian  part of the
EEC base ment (Fig. 1). In the south-west it is bor dered by TTZ
which cor re sponds to a ma jor dis con ti nu ity in the lithospheric
struc ture of the Eu ro pean Plate (Ernst et al., 2008; Wilde-
Piórko et al., 2010). Its crustal ex pres sion has been doc u -
mented by the re sults of deep re frac tion seis mic stud ies
(Guterch and Grad, 2006). It can be traced as a prom i nent
mag netic-anom aly gra di ent sep a rat ing uni formly low mag netic
sus cep ti bil ity val ues in the SW from a com plex pat tern of gen er -
ally higher val ues in the EEP area (re cently sum ma rized by
Narkiewicz and Petecki, 2017, 2019). The base ment of the Pa -
leo zoic Plat form be tween the TTZ and the in ner Variscan
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Fig. 1. Lo ca tion of the Pomerania Grav ity Low within the geo log i cal frame work of west ern Fennoscandia 
(af ter Krzemiñska et al., 2021) on the back ground of a Bouguer grav ity anom aly map

AMCG – an or tho site-mangerite-charnockite-gran ite in tru sions
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Orogen (Fig. 1) is com posed of Cal edo nian ter ranes of
Gondwanan and Baltican or i gin (Dadlez et al., 2005; Narkiewicz 
and Petecki, 2017). In the study area, the TTZ and an ad join ing
nar row strip of the EEP are over rid den by de formed Lower Pa -
leo zoic strata form ing a fold-and-thrust com plex re ferred to as
the Koszalin-Chojnice Zone (Fig. 2; Dadlez, 1978; Dadlez et al., 
1994).

The Pa leo zoic Plat form cover in cludes De vo nian and Car -
bon if er ous de pos its, partly over lain by an ex ter nal Variscan
fold-and-thrust belt (Narkiewicz, 2020). Dur ing the late Perm ian
to Me so zoic a pro nounced depocentre, the Mid-Pol ish Trough,
de vel oped along the TTZ. Al pine com pres sion around the Cre -
ta ceous-Paleogene bound ary led to in ver sion of the depocentre 
and for ma tion of an elon gated antiform, the Mid-Pol ish Swell.
This struc ture is clearly vis i ble as a chain of pos i tive gravimetric
anom a lies par al lel to, and south-west of, the TTZ (Fig. 1). The

com pres sion af fected also the EEC mar gin, mainly the pre-ex -
ist ing Koszalin-Chojnice Zone, caus ing in ver sion of pre vi ously
formed nar row Me so zoic grabens and for ma tion of nar row anti -
forms, such as the Chojnice Anticline (Fig. 3; Dadlez et al.,
1998; Dadlez, 2001). 

The EEP cover in north ern Po land com prises Ediacaran to
Ce no zoic, mostly flat-ly ing strata grad u ally thick en ing from
<0.5 km in the east to ~9 km near the cratonic edge (Kubicki
and Ryka, 1982; Znosko, 1998). The cratonic base ment shows
a gen eral pat tern of SW–NE trending tec tonic do mains re lated
to Svecofennian crustal ac cre tion pro gress ing from the
Sarmatia-Fennoscandia Su ture north-west wards (Fig. 2;
Krzemiñska et al., 2017). The PGL is as so ci ated with the
Dobrzyñ Do main which, based on scarce bore hole data, is
com posed mostly of  synorogenic I-type gran ites, and bi o tite
and gar net-sillimanite-bi o tite paragneisses, lo cally migmatized, 
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Fig. 2. Map of the Pol ish part of the crys tal line East Eu ro pean Plat form  base ment (af ter Krzemiñska et al., 2017, sim pli fied)
show ing the Pom er a nian Grav ity Low (con toured along the 40 mGal isoline), and lo ca tion of the geo phys i cal lines an a lyzed and 

bore hole sec tions cited in the text

A–A’ – the line of gravimetric mod el ling (Petecki, 2019); BF – Bia³ystok Fault; ELD – East Lith u a nian Do main; FSS – Fennoscandia-Sarmatia  
Su ture; OMIB – Osnitsk-Mikashevichi Ig ne ous Belt; TTZ – Teisseyre-Tornquist Zone (af ter Narkiewicz et al., 2015); WLD – West Lith u a nian
Do main; ab bre vi a tion of bore hole names: Ko – Koœcierzyna IG 1, Ma – Malbork IG 1, Ni – Nidzica IG 1, Ol – Olsztyn IG 2, Pr – Prabuty IG 1
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with ages rang ing from 1.82 to 1.76 Ga. The Dobrzyñ Do main
ad joins the Mazowsze Do main (1.84–1.80 Ga) in the
south-east, the lat ter com pris ing mainly para- and ortho -
gneisses and S-type granitoids as well as vol ca nic and plutonic
rocks meta mor phosed to am phi bo lite and greenschist fa cies. In 
the NW the Dobrzyñ Do main  is bor dered by the
Pomorze-Blekinge Belt (1.79–1.74 Ga) com posed mainly of
synorogenic granodiorites, quartz-monzonites and gran ites.
This belt is char ac ter ized by oc cur rence of oval pos i tive mag -
netic anom a lies strik ing WSW–ENE (Krzemiñska et al., 2017).

Su per im posed on the Paleoproterozoic belts are two gen er -
a tions of an or tho site-mangerite-charnockite-gran ite (AMCG)
in tru sions. The older gen er a tion (1.54–1.49 Ga) com prises
subcrops of the Mazury Com plex stretch ing E-W for more than
300 km across the Dobrzyñ and, in part, the Mazowsze do -
mains (Fig. 2). Smaller in tru sions, <50 km in di am e ter, are
known from the Mazowsze Do main and the Belarus-Podlasie
Granulite Belt. The youn ger AMCG in tru sions (1.48–1.45 Ga)
are scat tered  in the Pomorze-Blekinge Belt. Their ir reg u lar
subcrops at tain var i ous di men sions, usu ally <100 km
(Krzemiñska et al., 2017). On po ten tial field maps the AMCG
suites cor re spond to pos i tive and neg a tive anom a lies of vari -
able am pli tude. Dis tinct mag netic anom a lies are re lated to the
dif fer ent groups of in tru sive rocks. For ex am ple, lo cally strong
neg a tive mag netic anom a lies are re lated to the
Mesoproterozoic an or tho site mas sifs of Kêtrzyn and Suwa³ki
(Petecki and Rosowiecka, 2017). The lat ter con sists also of
gab bro-norite, gab bro and diorite, host ing Fe–Ti–V ore de pos -
its (Petecki and Wiszniewska, 2021) with pos i tive mag netic and 
grav ity anom a lies. Pos i tive mag netic and grav ity anom a lies
also co in cide with monzodiorite and granodiorite in tru sions. 

Of sub or di nate re gional im por tance are small gra nitic in tru -
sions, ~1.5 Ga in age but clearly post-dat ing the AMCG
plutonism in NE Po land.  A fur ther ig ne ous phase in the study
area is known from the Mis sis sip pian. Small plutons are rep re -
sented by semi cir cu lar to el lip ti cal subcrops rang ing in size from 
a few kilo metres to ~40 km. They are com posed of var i ous al -
ka line rocks, mainly syenites and gab bros, subordinately al ka -

line ultramafites, whose crys tal li za tion age is es ti mated at 354
to 338 Ma (Demaiffe et al., 2013; Krzemiñska et al., 2017). 
Their de vel op ment was as so ci ated with extensional pro cesses
in the Variscan Fore land of cen tral and east ern Eu rope
(Narkiewicz, 2020).

PREVIOUS WORK

The PGL anom aly in N 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
~62 mGal (Królikowski and Petecki, 1995). The or i gin of the
PGL anom aly has been the sub ject of var i ous hy poth e ses and
many an a lyzes us ing 2D grav ity mod el ling and grav ity strip ping. 
Fajklewicz (1964) sug gested that the anom aly is con nected
with the Moho to pog ra phy. 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). Still other au thors have sug gested
that this anom aly may be caused by low-den sity rocks in the
crys tal line EEC base ment (M³ynarski et al., 1982; Grobelny and 
Królikowski, 1988; Grabowska and Raczyñska, 1991; Grabow -
ska et al., 1992; Królikowski and Petecki, 1995; Królikowski et
al., 1998). 

Ear lier grav ity mod els along pro files cross ing the TTZ in
north west Po land (Królikowski and Petecki, 1997, 2002; Pete -
cki 2002, 2008) dem on strated a low-den sity up per most man tle
and a wide zone of crustal thick en ing in the area of the PGL.
More re cently, Mazur et al. (2015) car ried out 2-D/2.5-D grav ity
and mag netic mod el ling along two NE–SW trending re flec tion
seis mic lines, in clud ing the PL1-5400 line run ning across the
PGL (Fig. 2) and dis cussed be low in a more de tail. Based on
the mod el ling re sults they as cribed the PGL to a ~20 km-wide
crustal keel and a Moho step which, ac cord ing to their in ter pre -
ta tion, is as so ci ated with a mod i fied course of the TTZ. This
con cept sparked fur ther dis cus sion (Narkiewicz and Petecki,
2016, 2017; Mazur et al., 2016).
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GEOPHYSICAL DATA

GRAVITY ANOMALIES

The Bouguer anom aly maps (Figs. 1 and 4) show the oval
shape of the Pomerania Grav ity Low, trun cated by TTZ in the
south-west. The lon ger axis of the anom aly is per pen dic u lar to
the NE-SW trending Paleoproterozoic ter ranes of the EEC and
oblique to the E-W trend of the Mazury Com plex in tru sive rocks. 
The mag ni tude of PGL at tains –60 mGal, con trast ing with
lower-am pli tude anom a lies of the ad join ing part of the EEC. 

In the area south-west of the TTZ, the anom a lies re flect the
NW–SE strik ing pat tern of de for ma tion of the Perm ian-Me so -
zoic cover – the Mid-Pol ish Swell (Dadlez et al., 1995). Such a
trend is also shown by elon gated pos i tive anom a lies su per im -
posed on the PGL, re lated to the tec tonic Koszalin-Chojnice
Zone (Fig. 2). These sub or di nate fea tures cor re spond to the
nar row Koszalin and Chojnice anticlines de vel oped in the Me -
so zoic cover dur ing the late Cre ta ceous to early Paleogene in -
ter val (Fig. 4).  

The oval out line of the outer PGL per im e ter on the EEC side  
is flanked by a dis con tin u ous belt (“ring”) of el e vated grav ity.
The larg est con trast is seen to the E and NE, and this may be
partly re lated to the su per im posed mag matic in tru sions of Car -
bon if er ous and Mesoproterozoic age, re spec tively. To the NE

the prom i nent pos i tive anom a lies are caused by Mg-diorites to
gran ites of the Pomerania-Blekinge Belt of vol ca nic arc af fin ity
(Krzemiñska et al., 2021).

MAGNETIC ANOMALIES

The mag netic anom aly pat tern (Fig. 5) re flects two con trast -
ing crustal do mains. The Pa leo zoic Plat form to the SW of the
TTZ dis plays uni formly low val ues of mag netic field anom a lies
in the range –100 to –300 nT. The EEC is char ac ter ized by an
ir reg u lar pat tern of large-am pli tude mag netic highs and lows.
Pos i tive anom a lies whose max ima at tain 500–900 nT are
mostly re lated to the AMCG in tru sive rocks of the Mazury Com -
plex north of the PGL and to the youn ger gen er a tion of AMCG
plutonism in the Pomorze-Blekinge Belt. The elon gated,
NNE–SSW ori ented pos i tive anom a lies east of PGL are re lated 
to granitoids of the Mazowsze Do main (Krzemiñska et al.,
2017). Part of the PGL cor re spond ing to the max i mum grav ity
low shows an ir reg u lar pat tern of lo cal mag netic highs of mod -
er ate am pli tude up to 200 nT, ad join ing the uni form low val ues
typ i cal of the Pa leo zoic Plat form to the SW. The highs are sur -
rounded by a mag netic low (<0 nT) pat tern to the east and north 
while in the north-west they ap pear to be over printed by pos i tive 
anom a lies of the Mazury Com plex. 

SEISMIC DATA

The cen tral part of PGL is transected by the high-res o lu tion
re flec tion seis mic line PL1-5400 ac quired in the frame work of
the ION Geo phys i cal PolandSPANTM re gional programme
(Mazur et al., 2015). The cross-sec tion along this line (Fig. 3)
shows an in ter pre ta tion of the EEC plat form cover ac cord ing to
the au thors cited. The north-east ern part is char ac ter ized by a
reg u lar layer-cake ge om e try of the suc ces sive Phanerozoic
sys tems. The thick ness of the Pa leo zoic, par tic u larly Si lu rian,
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Fig. 4. Bouguer grav ity anom aly map of the PGL and ad join ing
ar eas within the geo log i cal frame work of the East Eu ro pean
cratonic crust (af ter Krzemiñska et al., 2017) and show ing lo ca -
tion of geo phys i cal pro files and bore hole sec tions dis cussed in 
the text
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Anticline; KA – Koszalin Anticline; for other ex pla na tions see

Figure 2
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strata, grad u ally in creases south-west wards. A con sid er able
thick ness in crease of the Me so zoic strata is seen near the SW
ter mi na tion of the cross-sec tion mark ing the NE flank of the
Mid-Pol ish Trough. The Perm ian-Me so zoic cover is here
faulted and folded, form ing the Chojnice Anticline. 

The ex tended cor re la tion re pro cess ing of the PL1-5400
seis mic data by Mê¿yk et al. (2019) al lowed these au thors to
ex tend the nom i nal re cord length of the orig i nal data to depths
cov er ing the en tire crust and part of the un der ly ing man tle
(Fig. 6). The re sult ing data re vealed a com plex pat tern of
crustal and sub-Moho re flec tivity in the PGL area. Most of the
subhorizontal to gently in clined re flec tive pat terns were in ter -
preted by the au thors cited as shear zones  formed in the con -
ver gent set ting of a Paleoproterozoic orogen. The cen tral part
of the Mazury AMCG Com plex lacks such deformational struc -
tures, show ing an al most trans par ent im age. No ta bly, the crys -
tal line crust cor re spond ing to the cen tral part of the PGL is also
rel a tively trans par ent, in con trast to both its flanks. The “SI re -
flec tor” (Mê¿yk et al., 2019) pro trud ing to wards the SW at a
depth of ~10 km (Fig. 6) was in ter preted as rep re sent ing
Mesoproterozoic or Car bon if er ous lay ered in tru sive rocks, a
plau si ble ex pla na tion also for other hor i zon tal re flec tors in this
sec tor. The re flec tion-seis mic Moho in the PGL area is poorly
de fined, in con trast to its NE flank. An ir reg u lar re flec tivity pat -
tern in the SW-most part of the pro file may be re lated to the
Paleoproterozoic orogenic fab ric men tioned above or, al ter na -
tively, may re sult from youn ger tec tonic and ig ne ous pro cesses
along the TTZ (Narkiewicz and Petecki, 2019). 

MAGNETOTELLURICS

Ear lier re sults of deep elec tro mag netic soundings in the
study area (Ernst et al., 2008) dem on strated that the TTZ co in -
cides, at up per man tle lev els, with a bound ary be tween the
highly re sis tive EEC and more con duc tive Pa leo zoic Plat form.
By con trast, the Pa leo zoic Plat form crust shows a gen er ally
more com plex con duc tiv ity pat tern than the EEC crust, the lat -

ter dis play ing a vari able but over all higher re sis tiv ity. Nev er the -
less, the dif fer ence be tween the elec tri cal crustal prop er ties be -
tween the geo log i cal re gions was not clearly re solved by deep
magnetotelluric in ves ti ga tions (JóŸwiak, 2013). 

The dis tri bu tion of elec tric pa ram e ters in the crust is clearer
in the shal low (down to 30 km)  magnetotelluric sur vey con -
ducted along the BMT-5 Pro file cross ing the NW part of the
PGL (Stefaniuk et al., 2008, un pub lished re port). This pro file co -
in cides with the POLONAISE’97 P2 deep re frac tion seis mic
pro file (Guterch and Grad, 2006) which en ables com par i sons
with a deep crustal struc ture de duced from the P-wave ve loc ity
dis tri bu tion (Fig. 7). The up per most, 3–8 km-thick con duc tive
layer cor re sponds roughly to low-ve loc ity Meso-Ce no zoic
strata. The deeper re sis tiv ity pat tern seems to be gen er ally con -
sis tent with the crustal blocks de fined by Narkiewicz and
Petecki (2017) in north ern Po land. In par tic u lar, both the Pom -
er a nian Su ture and TTZ ap pear to co in cide with lat eral re sis tiv -
ity gra di ents. The TTZ is marked by a nearly ver ti cal,
15–20 km-wide zone of higher re sis tiv ity ex tend ing to a depth of 
~20 km. To the NE this zone bor ders the flank of a bowl-shaped
zone of mod er ate re sis tiv ity at tain ing 30–50 Ohm*m. This
reaches a depth of 20–25 km and thus is lo cated en tirely in the
mid dle-up per crys tal line crust. Its sub strate as well as its NE
flank are char ac ter ized by less con duc tive crust, with
resistivities up to 300–400 Ohm*m. The con duc tive zone
broadly cor re sponds to the PGL al though its low er most part ap -
pears to be slightly dis placed NE-wards rel a tive to the grav ity
min i mum (Fig. 7). There is a mi nor low-re sis tiv ity “body” at
230 km of the pro file (LRB in Fig. 7), which is dif fi cult to in ter pret
in terms of the re gional ge ol ogy (per haps a small mafic in tru sion 
or min er al iza tion?).

The MT sur vey by Oryñski et al. (2019) in cluded Pro file III,
stretch ing NE–SW ~20 km to the east and par al lel to the
PL1-5400 pro file (Fig. 2). The in ter pre ta tion of this pro file, ex -
tend ing down to 20 km depth, also shows a con duc tive zone
roughly co in ci dent with the cen tral part of the PGL, al though its
bowl-shaped out line is less clear. Its more re sis tive SW flank
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ex tend ing from the depth of 8 km down wards is nev er the less
much wider than the TTZ in ter preted in the BMT-5 Pro file.
The NE flank, com pris ing the less-con duc tive depth in ter val
from ~4 km to ~18 km, seems to cor re spond to a zone of re -
flec tive pat terns in ter preted as a Paleoproterozoic orogenic
fab ric with su per im posed in tru sive rocks (Mê¿yk et al., 2019).

IDEAL BODY ANALYSIS OF THE PGL ANOMALY

The source of the PGL anom aly was ex am ined us ing
Parker’s ideal body the ory (Parker, 1974, 1975) and a lin ear
pro gram ming tech nique (Huestis and Ander, 1983). The pro -
ce dure con sisted of in vert ing a re sid ual grav ity anom aly
along the pro file transecting the PGL in the NE–SW di rec tion. 
It is based on find ing the ex treme den sity so lu tion with the
small est pos si ble max i mum den sity con trast that can ex plain
the anom aly within a given mis fit in a spec i fied re gion of so lu -
tion con fine ment (Petecki, 2019). 

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 re gion of so lu tion
con fine ment (Petecki, 2019). Con sid er ing that the re sid ual
PGL anom aly has neg a tive val ues, the ab so lute data val ues
were used 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). 

A mis fit of 0.25 mGal was as sumed for the grav ity val ues
used in the cal cu la tions. 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 set of so lu tions of the ideal body in ver sion, shown as
trade-off di a grams (Fig. 8), 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 cave zones of the trade-off curves
shown in Fig ure 8 are con sis tent with the con straints im posed 
in the in ver sion pro ce dure. The ideal body in ver sions also
show that the depth to the body top can not ex ceed 15 km
(Fig. 8A). 

From the ideal body anal y sis, the max i mum pos si ble
source top depth or min i mum thick ness of the source (when
the top depth is fixed) can be found for any as sumed den sity
con trast. Some con straints on the lat ter come from a few
deep bore holes near the PGL (Fig. 2), which sam pled the
top most part of a gran ite, granitoid or AMCG suite, of av er age 
den si ties 2.66–2.71 g/cm3, and a gneiss of av er age den sity
2.79 g/cm3 en coun tered in the Olsztyn IG 2 bore hole
(Petecki, 2019). 

Petecki (2019), an a lyz ing the re sults of the ideal body in -
ver sion of the PGL anom aly to gether with other geo phys i cal
and geo log i cal con straints from pre vi ous stud ies, con cluded
that the source of the PGL anom aly is in the up per and mid dle 
crys tal line crust. Ac cord ing to the den sity data cited above, a
value of –0.2 g/cm3 may be as sumed as a geo log i cally plau si -
ble max i mum den sity con trast re lated to the po ten tial crys tal -
line base ment source of the PGL. Ac cord ingly, the top of the
source body can be no deeper than 11.5 km (Fig. 6), and the
body can be no thin ner than 7 km, when the source is con -
fined be low 8 km depth (Fig. 6). 
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INTERPRETATION

PREMISES AND CONSTRAINTS

The re sults of the mod el ling sum ma rized above (Petecki,
2019) con strain the depth of a PGL source to the in ter val of the
lower-mid dle crys tal line crust rang ing from the base ment top
(~8 km depth) down to ~15 km or more. These con straints are
based on a geo log i cally plau si ble den sity con trast re spon si ble
for the anom aly, not ex ceed ing -0.2 g/cm3. It should be stressed 
that with the as sump tion of a shal lower source, cor re spond ing
to the 4 km-thick Lower Pa leo zoic, the great est neg a tive den -
sity con trast is ~ –0.3 g/cm3 (Petecki, 2019). Such a con trast
ap pears geo log i cally im plau si ble, how ever, as shales and
siltstones con sti tut ing the bulk of the re spec tive strata are char -
ac ter ized by a rel a tively high mean den sity of 2.65 g/cm3

(Petecki, 2019). Fur ther more, the pos si ble grav ity ef fect of the
Lower Pa leo zoic depocentre (Grabowska et al., 1998) is ques -

tion able given that the layer-cake plat form cover above the
base ment top dips at a low an gle to the SW (Fig. 3). More over,
the ear lier mod el ling re sults of Grobelny and Królikowski (1988)
and Petecki (2008) ex clude Perm ian–Ce no zoic strata as a
source for the PGL anom aly.

The above con straints are con sis tent with the ear lier re sults
of 3-D gravimetric strip ping, point ing to a pos si ble greater sig nif -
i cance of “light” crys tal line base ment rocks rel a tive to plat form
sed i men tary strata (Grobelny and Królikowski, 1988;
Królikowski and Petecki, 1997; Królikowski et al., 1998). Nev er -
the less, in ter pre ta tions re lat ing the PGL to thick en ing of the
lower crust (Królikowski and Petecki, 2002; Petecki, 2002;
Mazur et al., 2015, 2016) also ap pear in con sis tent with the re -
cent mod el ling out come (Petecki, 2019). More over, the pres -
ence of a crustal keel pro posed by Mazur et al. (2015) is not
sup ported by the deep seis mic re frac tion and re flec tion re sults
(Majdañski, 2012; Mê¿yk et al., 2019). In their dis cus sion,
Narkiewicz and Petecki (2016) ques tioned the con cept of a
crustal keel, con sid er ing it as a mod el ling ar ti fact not sup ported
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by any fac tual data. They stressed that the mod el ling pro ce dure 
in cluded poorly sub stan ti ated as sump tions such as over sim pli -
fied crustal struc ture, i.a. ne glect ing the ex is tence of a dis tinct
dis con ti nu ity re lated to the TTZ. Other draw backs in cluded the
poorly con strained rock-den sity dis tri bu tion re sult ing in bi ased
mod el ling in put. The re ply by Mazur et al. (2016) did not dis pel
the doubts raised by the pres ent au thors (see their fur ther com -
ments in Narkiewicz and Petecki, 2017).

The reg u lar oval shape of PGL, ori ented per pen dic u lar to
the NE–SW strike of the Paleoproterozoic ter ranes
(Krzemiñska et al., 2017), speaks against a re la tion ship to the
Svecofennian accretionary pro cesses in the Dobrzyñ Do main.
Thus, the pos si ble in ter pre ta tion of the anom aly as e.g., an
orogenic root  com posed of fel sic metasedimentary rocks,
seems scarcely pos si ble. Such an ex pla na tion was put for ward
for the elon gated Bouguer anom aly lows in the Moldanubian
Zone, par al lel ing the Variscan orogenic struc tures of the Bo he -
mian Mas sif (Guy et al., 2011).

Re gard less of the geo log i cal cause (-s) of the PGL anom -
aly, its age may be con strained us ing some in di rect geo log i cal
pre mises and a re gional con text. The lower age limit is de fined
by the age of the Dobrzyñ Do main ter ranes (1.82–1.76 Ga)
con sti tut ing the PGL sub strate (Krzemiñska et al., 2017). The
up per limit is set by the em place ment of the AMCG in tru sive
rocks, par tic u larly those re lated to the Mazury Com plex,
1.54–1.49 Ga in age (Krzemiñska et al., 2017). This con clu sion
seems sub stan ti ated in view of the ap par ent over print ing of the
PGL mar gin by the grav ity and mag netic ef fects of the Meso -
proterozoic in tru sions (Figs. 4 and 5). Thus, it may be as sumed
that the geo log i cal source of the PGL came into ex is tence dur -
ing the Statherian Pe riod (~1.6–1.8 Ga). 

The above con sid er ations lead to the con clu sion that the
pre vi ous geo log i cal ex pla na tions of the PGL do not sat isfy the
geo log i cal ev i dence, and in par tic u lar, the geo phys i cal data and 
mod el ling re sults dis cussed above. Thus, other  pos si ble ge -
netic mod els should be con sid ered, which are con sis tent with,
or at least not con tra dic tory to, the con straints pre sented.

ALTERNATIVE INTERPRETATIONS

The den sity con trast of ca. –0.2 g/cm3 ex plain ing the Pom -
er a nian anom aly may be re lated to a low-den sity fel sic body
flanked by denser meta mor phic rocks. Such in ter pre ta tion is
sup ported by the oc cur rence of Paleoproterozoic gran ites in the 
Dobrzyñ Do main and the pres ence of a gneiss en coun tered in
the Olsztyn IG 2 bore hole (see sec tions on re gional back ground 
and ideal body anal y sis). In gen eral, the con cept of a gra nitic
mas sif be low the EEC plat form cover is com pat i ble with the
mod el ling re sults al though these do not con strain the 3-D ge -
om e try of such a caus ative body (Petecki, 2019). 

The hy po thet i cal pluton may have formed a part of the
Transscandinavian Ig ne ous Belt (TIB). The age of its early
phase, TIB-1, is es ti mated as 1.76–1.81 Ga (Högdahl et al.,
eds., 2004) roughly cor re spond ing to the age of the Dobrzyñ
Do main. Ac cord ing to Bogdanova et al. (2015) the belt may
con tinue south wards to north ern Po land. The hy po thet i cal
TIB-1 in tru sive rocks in the PGL area would be sep a rated from
the south ern most out crops of the TIB rocks in south Swe den by
the dis tinct Pomorze-Blekinge Do main (Krzemiñska et al.,
2017, 2021). The base ment of Pomerania and the ad join ing
Bal tic Sea to the NW of the Dobrzyñ Do main dif fers from typ i cal
TIB-1 rocks in dis play ing per va sive de for ma tion and is thus
sim i lar to the de formed Blekinge bed rock in SE Swe den
(Krzemiñska et al., 2021). The iso lated oc cur rence of this hy po -
thet i cal PGL-re lated TIB batholith is in ac cor dance with the dis -
con tin u ous na ture of the TIB out crops in Scan di na via (Fig. 1).

More over, the TIB gran ites are char ac ter ized by den si ties of the 
or der of 2.66–2.69 g/cm3 (Pascal et al., 2007), com pat i ble with
the “light” source of the PGL.  The over all lack of seis mic re flec -
tivity (Fig. 6) may be re lated to the pres ence of a batholith with a
seis mi cally ho mo ge neous struc ture. Ac cord ing to Juhojuntti
and Juhlin (1998) the mid dle to lower crust dis plays a no ta bly
weak re flec tivity as so ci ated with the TIB, in con trast to an ad -
join ing more re flec tive Svecofennian crust.

Al ter na tively, the reg u lar oval pat tern of the gravimetric PGL 
anom aly may be sug ges tive of a large Paleoproterozoic im pact
struc ture su per im posed on the Svecofennian crustal orogenic
fab ric. In this case, the orig i nal cir cu lar anom aly out line typ i cal
of im pact struc tures (Pilkington and Grieve, 1992) may have
been oblit er ated given the long in ter val post-dat ing the im pact
(Pesonen, 1996). In par tic u lar, the PGL dis plays an oval to
semi cir cu lar shape ap par ently trun cated by TTZ in the NE.
Thus, it seems plau si ble that tec tonic pro cesses con nected
with the TTZ de vel op ment and evo lu tion  (Narkiewicz et al.,
2015) may have mod i fied the orig i nally cir cu lar out line of the
struc ture (Fig. 4). If the ex tent of the grav ity low gives an es ti -
mate of the crater di am e ter, the lat ter may cor re spond to
~200 km, com pa ra ble to the Chicxculub, Vredefort and Sud -
bury struc tures (Grieve et al., 2008; Osinski et al., 2022). The
anom aly ob served at tains –60 mGal whereas the re sid ual
anom aly, af ter re mov ing the re gional back ground, is –47 mGal
(Petecki, 2019). This value ex ceeds 30–35 mGal re garded as a 
gen eral max i mum for large struc tures, al though a crys tal line
tar get may pro duce larger anom aly. The anom aly may re sult
from a den sity con trast be tween im pact-frac tured and un af -
fected tar get rocks, which, for a crys tal line base ment, is on av -
er age 0.18 g/cm3 (Pilkington and Grieve, 1992: tab. 1), and thus 
close to the den sity con trast sug gested by scarce bore hole data 
and the mod el ling out come. In the PGL ex am ple this ef fect may 
have been en hanced by the “light” gra nitic li thol ogy of the tar -
get.

The cen tral part of PGL cor re sponds in the mag netic anom -
aly map (Fig. 5) to an area of vari able but over all rather low
mag netic sus cep ti bil ity – a fea ture char ac ter is tic of most im pact 
crat ers (e.g., Muundjua et al., 2007; Gilder et al., 2018). Nev er -
the less, the pat tern is less clear than in the grav ity map, partly
due to over print by Mesoproterozoic and Car bon if er ous in tru -
sive rocks. 

The seis mic re flec tivity pat tern of the crust in the PGL area
(Fig. 6) may re sult from a large pro jec tile dis rupt ing the orig i nal
crustal orogenic fab ric. Brecciation and frac tur ing caused by an
im pact lead to in co her ent re flec tions, par tic u larly in the cen tral
part of a struc ture (Therriault et al., 2002). Ter mi na tion of
crustal re flec tivity to wards the cen tre of an im pact struc ture was 
ob served e.g. in the case of the Vredefort and Siljan struc tures
(Henkel and Reimold, 1998; Juhlin and Pedersen, 1987). This
was in ter preted as tran si tion to “plas tic crust” re sult ing from
shock com pres sion. 

The in creased elec tric con duc tiv ity (Fig. 7) is con sis tent with 
a large im pact struc ture (Masero et al., 1997). In the case of the
Siljan im pact, the en hanced con duc tiv ity doc u mented by a MT
sur vey was in ter preted as a con se quence of fluid mi gra tion
through the frac tured bed rock (Zhang et al., 1988).

DISCUSSION

The Småland-Värmland granitoids of the south ern TIB ter -
mi na tion in Swe den dis play an E–W to ESE–WNW struc tural
strike as well as in ter nally com plex, ir reg u lar struc ture
(Gorbatschev, 2004: fig. 3). More over, their mapped grav ity ex -
pres sion is more ir reg u lar than the oval NW–SE trending ge om -
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e try of the PGL (Fig. 1). Also, the TIB granitoids show in creased 
mag netic sus cep ti bil ity (Juhojuntti et al., 2001) which is ob -
served only in the outer part of the area of the PGL anom aly. In
Pomerania, the re flec tion seis mic re sults in di cate a trans par ent
crust down to Moho bound ary, dis play ing merely local ised re -
flec tions at trib ut able to Mesoproterozoic and/or Mis sis sip pian
in tru sive rocks (Fig. 6). Such a pat tern dif fers from the seis mic
re cords of the TIB in tru sive rocks, char ac ter ised by weak re flec -
tivity in the mid dle to up per crust (Juhojuntti and Juhlin, 1998).

By constrast with the fel sic TIB in tru sion hy poth e sis, the im -
pact struc ture con cept is better sup ported by the reg u lar ge om -
e try of the neg a tive grav ity anom aly. When com pared to the
larg est-di am e ter ter res trial im pact struc tures, the hy po thet i cal
Pom er a nian one dif fers in dis play ing an ap par ently uni form in -
ter nal struc ture, with out sev eral cir cu lar anom a lies char ac ter iz -
ing large multi-ring crat ers (Grieve et al., 2008). Also, a cen tral
dome of up lifted tar get rocks is not clear, par tic u larly in the grav -
ity anom aly pat tern. Mod er ate pos i tive mag netic anom a lies cor -
re spond ing to the cen tral part of the PGL (Fig. 5) may rep re sent 
a weak ex pres sion of the struc tural cen tral high (Henkel and
Reimold, 2002), but such a pos si bil ity re mains hy po thet i cal.
The mag netic prop er ties may be partly ob scured by post-im -
pact phe nom ena, such as ther mal remagnetization and met al -
lif er ous hy dro ther mal min er al iza tion (Henkel and Reimold,
1998).

A geo phys i cal re cord of a cen tral dome and peak-ring is not
al ways con vinc ingly doc u mented in geo phys i cal stud ies of 
large im pact struc tures. For ex am ple, the well-pre served
Popigai Crater with a di am e ter of ~100 km, 35.7 Ma in age, dis -
plays an an nu lar grav ity high ~45 km in di am e ter con nected
with the peak ring but at the same time the struc ture shows a
cen tral grav ity low sug gest ing the lack of a cen tral up lift
(Pilkington et al., 2002). Ac cord ing to Masaitis et al. (2019) the
cen tral de pres sion with in sig nif i cant cen tral up lift is filled with
thick low-den sity brecciated ma te rial. Al ter na tively,  Pilkington
et al. (2002) ex plained the ap par ent lack of a cen tral grav ity
high by a uni form dis tri bu tion of bed rock den sity re lated to a uni -
form crustal li thol ogy. Such lat eral den sity con trasts are pres ent 
e.g. in the Chicxculub Crater show ing a cen tral grav ity high re -
lated to the base ment up lift. 

An un clear ex pres sion of the in ter nal fea tures of a hy po thet -
i cal im pact struc ture in po ten tial field pat terns may re sult also
from deep ero sion cou pled with a thick post-im pact sed i men -
tary cover. The time in ter val post dat ing the PGL for ma tion in the 
Statherian was dom i nated by up lift and ero sion of the EEC
base ment, last ing for ~1 Ga un til the Ediacaran.  The mag ni -
tude of de nu da tion may have been com pa ra ble to that of the
Vredefort struc ture in which 8–10 km of es ti mated ero sion re -
moved ejecta and crater-fill, ex pos ing a deep sub struc ture
(Therriault et al., 1993; Osinski et al., 2022). As a re sult, the
struc ture lacks ex pres sion of the peak ring found in other large
struc tures such as Chicxculub (Osinski et al., 2022) Apart from
the ero sional re moval, any di rect ev i dence of the im pact in the
base ment rocks may have been ob scured by the wide spread
meta mor phic ep i sode as so ci ated with the AMCG magmatism
(Krzemiñska et al., 2017).

Based on the geo phys i cal ob ser va tions and mod el ling re -
sults, the im pact hy poth e sis seems to ex plain the or i gin of the
PGL anom aly better than do other ge netic con cepts, in clud ing
that of a fel sic TIB in tru sion (Ta ble 1). Nev er the less, it is clear
that an ap proach based prin ci pally on re mote sens ing, al though 
im por tant in find ing and study ing im pact struc tures, can not al -
low their un ques tioned iden ti fi ca tion (French and Koeberl,
2010). Such iden ti fi ca tion will de pend on fu ture dis cov er ies of
di rect ev i dence of shock-meta mor phic fea tures, im pact brec cia
or dis tal ejecta (Reimold, 2007; French and Koeberl, 2010;
Osinski et al., 2022). 

CONCLUSIONS

The re sults of geo phys i cal in ves ti ga tions and grav ity mod el -
ling con tra dict hy poth e ses stress ing the sig nif i cance of a thick
plat form cover and/or crustal keel of the East Eu ro pean Craton
for the Pom er a nian Grav ity Low for ma tion. These re sults point
to the mid dle-up per crys tal line crust as a source of the PGL.
More over, re gional pre mises con strain the age of PGL to the
Statherian Pe riod (1.8–1.6 Ga), post dat ing the Paleopro -
terozoic ac cre tion in NE Po land but pre-dat ing the em place -
ment of the Mesoproterozoic AMCG intrusives.  

Two new al ter na tive in ter pre ta tions of PGL are pro posed
and dis cussed: (1) a large fel sic in tru sion form ing a south ern
ex ten sion of the Trans-Scan di na vian Ig ne ous Belt, and (2) an
im pact struc ture, ~200 km in di am e ter, partly oblit er ated by pro -
longed de nu da tion, Mesoproterozoic in tru sions and meta mor -
phism, and Ediacaran-Phanerozoic tectonism. 

In the light of the re sult dis cussed and re gional com par i sons 
the “im pact model” seems to be more com pat i ble with geo log i -
cal and geo phys i cal PGL at trib utes (Ta ble 1). Nev er the less,
con clu sive ev i dence for such an im pact may be pro vided only
by deep bore holes prob ing di ag nos tic struc tures in the crys tal -
line base ment, such as shock-meta mor phic fea tures or im pact
brec cia.
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At trib ute TIB in tru -
sion

Im pact
struc ture

Re gional set ting – +/–

Ge om e try (map) – +

Mod elled depth + +

Grav ity anom aly pat tern + +/–

Mag netic anom aly pat tern – +/–

Mod elled den sity con trast (~0.2 g/cm3) + +

Seis mic re flec tivity pat tern – +

Magnetotelluric data (re sis tiv ity pat tern) +/– +

(–) in com pat i ble; (+/–) neu tral; (+) com pat i ble

T a  b l e  1

Com par i son of two al ter na tive in ter pre ta tions of the PGL with
re spect to their com pat i bil ity with var i ous at trib utes dis -

cussed in the text
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