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Ab stract: In the early 20th cen tury, rel ics of Pleis to cene mam mals were found near the vil lage of Sta runia.
Grav ity sur veys per formed in the place of the dis cov ery re vealed a low- density bed in the Mio cene Vo ro tyshcha
salt- bearing beds. The low ered den sity re sulted from high hal ite con tent and proba bly an in creased number of
ozo ke rite veins. The lo cal iza tion of zoo logi cal rel ics can be at trib uted to the ex is tence of this bed. Sur face grav ity
sur veys en abled sci en tists to de ter mine its course and hori zon tal range. Grav ity sur veys also con firmed the
ex is tence of the Rinne fault. In the west ern part of the study area grav ity mod el ling showed an in ter face be tween
Mio cene Vo ro tyshcha salt- bearing beds and Slo boda Con glom er ates, dif fer ing in av er age bulk den sity. Geo logic
data in di cate that this in ter face may have the form of an over thust rather than of a fault.
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IN TRO DUC TION

Grav ity sur veys were part of an in ter dis ci pli nary re -
search proj ect fo cused on a study of the Sta runia area. In the 
years 2006–2009 in ter dis ci pli nary in ves ti ga tions were
made in an aban doned earth wax (ozo ke rite) mine in Sta -
runia (Ko tarba, 2009), about 130 kilo me tres south east of
Lviv, Ukraine (Fig. 1), where rem nants of a mam moth and
three woolly rhi noc er oses, and one nearly com pletely pre -
served car cass of rhi noc eros were found in 1907 and 1929.
The dis cov ery of large Pleis to cene mam mals in the Sta runia 
ozo ke rite mine was a spec tacu lar sci en tific event on the
World’s scale. A unique com bi na tion of oil and brine within 
the Pleis to cene clayey mud, into which the ani mal had sunk, 
re sulted in a nearly per fect pres er va tion of this speci men.

Gen eral in for ma tion cov er ing his tory of the area and
de tails about ge ol ogy and re sults of the ear lier re search
works con ducted in the area are de scribed in a spe cial
monograph de voted to Sta runia (Ko tarba, ed., 2005) and re -
cent works (Ko tarba & Stachowicz- Rybka, 2008; Soko-
³owski et al., 2009; Soko³owski & Stachowicz- Rybka,
2009; Stachowicz- Rybka et al., 2009).

Re con nais sance grav ity sur veys in 2004 (Madej &
Porzucek, 2005) en abled de ter mi na tion of the gen eral prop -
er ties of geo logic struc ture of the place where fos sil re mains 
of mam mals had been dis cov ered. The aim of the pres ent
study was a more de tailed de scrip tion of the geo logic set ting 

in this area, es pe cially es tab lish ing the course of the low-
 density bed, which was proba bly a re sult of high hal ite and
ozo ke rite con tent within the Mio cene Vo ro tyshcha salt-
 bearing beds. The rel ics were found above this bed, within
the Pleis to cene clays, there fore, it can be as sumed that the
fos sil ani mals search area can be lim ited to the sub-Quater-
nary sub crop of the layer.

GRAVIMETRIC METHOD

Grav ity sur veys en com pass meas ur ing rela tive val ues
of grav ity, which cor re spond to changes in ac cel era tion of
grav ity with re spect to a ref er ence sta tion. The grav ity is
meas ured with gra vime ters. The meas ured val ues are used
for cal cu lat ing grav ity anoma lies, which il lus trate its
changes as the grav ity value is not con stant. Meas ured grav -
ity val ues (un like other neg li gi ble ele ments) re flect a spa tial
sys tem of masses in a rock for ma tion, cor re spond ing to the
bulk den sity dis tri bu tion, called “den sity” in this pa per.

The dis tri bu tion of grav ity anoma lies cal cu lated from
grav ity can be cor re lated with the site of geo logi cal struc -
tures and forms, dif fer ing in bulk den sity from the neigh -
bour ing rocks. Gra vimet ric method is ap pli ca ble in all
places where a den sity con trast be tween stud ied ob jects and
the sur round ing rocks can be ob served. Geo logi cal ele ments 
made of rock ma te rial hav ing a nega tive den sity con trast are 
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Fig. 1. Sketch map of the Starunia palaeontological site and sur round ing area (Carpathian re gion, Ukraine) show ing the lo ca tion of the
grav ity sur veys



visi ble in the form of rela tively nega tive grav ity anoma lies;
the posi tive con trast re sults in rela tively posi tive anoma lies
for ma tion. The am pli tude and hori zon tal range of anom aly
com ing from a stud ied geo logi cal ele ment de pends on the
den sity con trast, size of the ele ment, and depth of its depo si -
tion.

Grav ity sur veys in Sta runia area were made with a
Scin trex gra vime ter Auto grav CG-3 with the high ac cu racy
of ±0.01 mGal and re peat abil ity of ±0.005 mGal.

FIELD MEA SURE MENTS

The first stage of grav ity rec og niz ing geo logi cal set ting
of the re gion where zoo logi cal rel ics were found near Sta -
runia, Ukraine were per formed in 2004 (Madej & Porzucek, 
2005). Five pro files 700 to 1200 m long were made there
(G1–G5) (Fig. 1). These meas ure ments re veal the ex is tence
a con sid er able rela tively nega tive grav ity anom aly, which
was re lated to the ex is tence of the low- density bed. For
closer rec og niz ing the course of the struc ture and shal low
geo logi cal set ting in more de tail grav ity sur face sur veys
were made in two stages. In 2007 the sur veys cov ered an
area of ca. 10 ha and meas ure ments were made in a grid of
12.5 m mesh; in 2008 ca. 10 ha of area was sur veyed in a
lat tice of 10 m mesh (Fig. 1). Ad di tion ally the sixth pro file
G6 530 m long, trans versely cut ting the ana lysed struc ture,
was es tab lished.

RE SULTS AND DIS CUS SION

The de tailed grav ity sur veys per formed in 2007 to 2008 
in re la tion to the base sta tion of 2004 en abled link ing of
both mea sure ment se ries. Nu mer ous bore holes were drilled, 
reach ing the top of the Mio cene se ries at a maximum of
17 m of depth (Soko³owski et al., 2009). The geo logic data
en able pre cise as sess ment of the av er age bulk den sity of
near-sur face de pos its, i.e. 2.1 g×cm–3. The den sity was as -
sumed for cal cu lat ing the Bouguer cor rec tion, ac count ing
for at trac tion of flat and par al lel plate be tween grav ity sta -
tion and the as sumed ref er ence level. Mea sure ments of
2004 were also re-cal cu lated us ing the above den sity value.

By com bin ing meas ure ments of 2004 and 2007–2008 it 
was pos si ble to find a more ac cu rate dis tri bu tion of Bou guer 
grav ity anom aly in the analysed area (Fig. 2). The ob tained
dis tri bu tion of Bou guer anom aly gen er ally cor re sponds to
the dis tri bu tion of 2004 (Madej & Porzucek, 2005). The
main re main ing ele ment is the rela tively nega tive grav ity
anom aly of am pli tude more than 1 mGal. The re con nais -
sance sur veys of 2004 re vealed that the anom aly is gen er -
ated by a sig nifi cantly tilted low- density bed. The tilt ing
cor re sponds with geo logic in ves ti ga tions made by Mi tura
(1944). This bed be longs to the Mio cene Vo ro tyshcha salt-
 bearing beds, and its low ered den sity (as com pared to the
neigh bour ing rocks) may have two causes. The first one is a
high hal ite con tent, and the other one the ex is tence of ozo -
ke rite veins in its near- surface area.

The dis tri bu tion of Bou guer anom aly also en ables the
dis tin guish ing two high grav ity hori zon tal gra di ent zones (I

and II). The char ac ter of grav ity dis tri bu tion in these zones
shows the ex is tence of an in ter face of rock de pos its, con sid -
era bly dif fer ing in den sity. Zone I is re lated with the Rinne
fault de scribed by Mi tura (1944). Traces of zone II should
be at trib uted to the Vo ro tyshcha salt- bearing beds and Slo -
boda Con glom er ates in ter face, which may have a char ac ter
of an over thrust. The Mio cene strata are sand stone-clay-
stone brec cia with hal ite, potassium- salt, gyp sum and cal -
cite lay ers, and veins of ozo ke rite (Mi tura, 1944; Ko rin,
2005). The den sity of Vo ro tyshcha salt- bearing beds is
lower than that of Slo boda Con glom er ates built of sand -
stones and con glom er ates. The ex is tence of zone II can be
proved by in creased hori zon tal grav ity gra di ent, and also
has a char ac ter is tic dis tri bu tion of grav ity anom aly typi cal
of a situa tion when two faults are merg ing. A simi lar dis tri -
bu tion of grav ity anoma lies had been ob served and mod -
eled, and then con firmed by bore holes dur ing grav ity sur -
veys used for rec og niz ing sul phure ous de pos its (Fajk le wicz 
et al., 1994). A char ac ter is tic dis tri bu tion of anoma lies can
be seen in the NW part of the ana lysed area, be tween pro -
files G2 and G4, and proved by meas ure ments in pro file G5. 
The bound ary of the east bank of the Ve lyky Lu kavets
River is con gru ent with the ob served course of zone II.

For de ter min ing pa rame ters of the low- density bed and
lo cal iza tion of Vo ro tyshcha salt- bearing beds and Slo boda
Con glom er ates con tact, a quan ti ta tive in ter pre ta tion was
made. Gen er ally, the in ter pre ta tion en ables find ing a re la -
tion ship be tween the meas ured dis tri bu tion of grav ity
anom aly and the mag ni tude, lo ca tion and bulk den sity of the 
searched geo logic form or struc ture re spon si ble for the
grav ity ef fect (Fajk le wicz, 2007). The pa rame ters were de -
ter mined on the ba sis of grav ity mod el ling in a se lected pro -
file.

Sur face sur veys en able de ter min ing the strike of the
bed, thanks to which the grav ity val ues could be se lected for 
mod el ling from a pro file cut ting the bed per pen dicu larly.
The pro file was so situ ated as to make it long est and thus the 
ob tained dis tri bu tion of anoma lies most in for ma tive. The
se lected pro file is run ning SW to NE (Fig. 2), and the dis tri -
bu tion of grav ity anoma lies in the pro file is pre sented in
Fig. 3. The asym met ric dis tri bu tion of anoma lies shows to
the tilt ing of the mod elled bed.

As the re sults of quan ti ta tive in ter pre ta tion are evi -
dently equivo cal, there fore Mi tu ra’s geo logic data (Mi tura,
1944) have been em ployed to make the re sults more pre cise. 
Mod el ling was also based on re con nais sance sur veys of
2004 (Madej & Porzucek, 2005). The above ma te ri als re -
veal that the pro file is cut ting the sys tem of beds tilted to the 
west. On this ba sis a grav ity model was con structed, Fig. 3.

The mod el ing im proved the model of 2004 and in -
creased its ac cu racy (Madej & Porzucek, 2005). This con -
firmed the ex is tence of a low-den sity bed, which prob a bly
re sults from a high ha lite and light ozokerite con tent. The
den sity of the bed is lower than that of the neigh bour ing for -
ma tion by –0.24 g×cm–3. Bas ing on the re sults of mod el ling
(Fig. 3), the prob a ble course of lines de ter min ing the range
of the sub-Qua ter nary subcrop of the bed was es tab lished.

The dis tri bu tion of the grav ity ef fect from this bed
would not co in cide with anom aly val ues in Fig. 3. The
south west part of the anom aly would be fit ted. To fit the
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north eastern part of the anom aly it was nec es sary to add to
the model a bed hav ing a higher den sity than that of the
neigh bour ing for ma tion by +0.10 g×cm–3. Geo log i cally, the
bed should be long to the Sloboda Con glom er ates, which are 
built of more dense ma te rial than the Lower Mio cene Voro-
tyshcha salt-bear ing beds. The in ter face may have a form of
an overthrust, which has been marked in Fig. 2. The locali-
zation of the overthust may be slightly dif fer ent in re al ity,
and this is due to the too short NE pro file and the re sult ing

dif fi cul ties in mod el ling. Un luck ily, elon ga tion of the pro -
file would not be pos si ble be cause of the ter rain con di tions
(hilly area overgrown with for est).

Grav ity sur veys of 2007 to 2008 also en abled more de -
tailed rec og ni tion of the course of a bed gen er at ing the rela -
tively nega tive grav ity anom aly (Fig. 2). Start ing from the
Rinne fault, the bed axis was run ning NW to SE, and turned
south wards, just like the Ve lyky Lu kavets River val ley
does.
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Fig. 2. Sur face dis tri bu tion of the grav ity anom a lies (sur veys 2004–2008)



Fig. 4 gives a dis tri bu tion of grav ity anom aly ob tained
from the re sults of meas ure ments of 2007 to 2008. The sur -
face grav ity sur veys en abled find ing a lo cal grav ity anom -
aly. The sur face range and den sity of grav ity sta tions en -
abled trac ing the rock for ma tion to a few tens of me tres of
depth. Five lo cal grav ity anoma lies A to E can be dis tin -
guished (Fig. 4). All these anoma lies are con nected with the
ex is tence of a salt- bearing bed hav ing lower den sity as com -
pared to the neigh bour ing rocks. Anoma lies B, C, D and E
fol low the low- density bed’s axis, whereas anom aly A is at
its bor der, near the Rinne fault. All these anoma lies are rela -
tively nega tive, which speaks for their lower den sity rock
for ma tion in the anoma lous ar eas.

The shape and am pli tude of lo cal anom a lies B, C and E
are very sim i lar. These anom a lies have a rel a tively great
sur face range, and their am pli tude does not ex ceed 0.04
mGal. Such anom a lies are prob a bly formed from small den -
sity changes in the sur face part of rock for ma tion (a dozen
metres of depth).

The shape of lo cal anom aly D is more elon gated than
this of the pre vi ously dis cussed ones, and its am pli tude is
slightly higher. This re veals the ex is tence of a shal low
low-den sity bed in the place of the anom aly; the low er ing is
big ger than in the case of anom a lies B, C and E. Anom aly D 
may be re lated with the ex is tence of a closed “Nadzieja 3”
well in its cen tre. Ac cord ing to oral com mu ni ca tions, there

were fail ure in ci dents ac com pa ny ing oil pro duc tion from
this well, and they may be the cause of rock loose ness and
dis in te gra tion of the near-surface zone.

Anom aly A in the NW part of the grav ity sur face dis tri -
bu tion has a dif fer ent char ac ter than other de scribed anom a -
lies. It is lo cated in the zone of in creased hor i zon tal gra di ent 
re lated with the Rinne fault. This anom aly is vis i ble in the
form of low ered hor i zon tal gra di ent of grav ity, and af ter re -
mov ing the re gional fac tor it would as sume a con cen tric
shape. The range of the anom aly does not ex ceed ca. 40 m,
which is an ev i dence of the near-surface cause of its origin.

CON CLU SIONS

Grav ity sur veys per formed in 2007 to 2008 greatly con -
trib uted to a de tailed de scrip tion of the fos sil mam mal find -
ing sites. The sur veys re vealed the ex is tence of a low-den -
sity bed, de ter mined its range and sub-Qua ter nary range of
the subcrop. The rel ics were found above this bed, within
the Pleis to cene clays, there fore it can be as sumed that the
fos sil an i mals search area is per spec tive in the sub-Qua ter -
nary subcrop of the layer. Grav ity sur veys con firmed the ex -
is tence of the Rinne fault, and also lo cal ized the Voro-
tyshcha salt-bear ing beds and Sloboda Con glom er ates in ter -
face, which may have the char ac ter of an overthrust. Rel a -
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Fig. 3. Grav ity mod el ling of ge ol ogy. Lo ca tion cf. Fig. 2



tively neg a tive grav ity anom a lies were lo cal ized within this
bed, which are in dic a tive of loosening in the shallow near-
sur face geological setting.
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