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Ab stract: In ter dis ci pli nary geo physi cal, geo chemi cal and bo tani cal stud ies were per formed to rec og nize the
prob lem of sa lin ity of Qua ter nary sedi ments in the place, where woolly rhi noc er oses were dis cov ered at the
be gin ning of the 20th cen tury. Geoe lec tric meth ods (high reso lu tion geoe lec tric re search with elec tro mag netic
con duc tiv ity me ter) en abled con struc tion of maps of the dis tri bu tion of con duc tiv ity of near- surface sedi ments.
Varia tion of con duc tiv ity with depth was rec og nized with penetrometer- based geoe lec tric meas ure ments. Mea-
s ured con duc tiv ity mainly de pends on the level of min er ali za tion (sa lin ity) of un der ground wa ter fill ing the pores
and voids of poorly con soli dated Qua ter nary sedi ments and partly un der ly ing Mio cene strata. Sev eral sam ples
were taken from geo logi cal bore holes. The analy sis of these cores en abled es ti ma tion of salt (chlo ride ion) con tent
in the solid phase of sedi ments. This con tent var ies from place to place and with depth in an un pre dict able way.
The high est val ues reached 8.5 wt%. Gen er ally, on the ba sis of a quali ta tive com pari son, the sa lin ity data gained
from sam pled cores cor re late with dis tri bu tion of ap par ent con duc tiv ity ob tained with geoe lec tric meth ods. Nev er - 
the less, in some places there is a dis crep ancy be tween geo physi cal and geo chemi cal data, es pe cially for pene tro-
me ter ver sus bore hole data. It may be partly ex plained by an un avoid able dif fer ence in lo ca tion of the geo logi cal
bore hole and pene trome ter site (tech ni cally this can not be the same place). Dur ing bo tani cal field stud ies a group
of vas cu lar plants grow ing on sa line soils (halo phytes) was found. Halo phytes in di cate a higher salt con cen tra tion
in the soil. Their ag gre ga tions are ex tremely rare in the Car pa thian re gion. The pat tern of halo phytes dis tri bu tion
re flected the pres ence of sa line wa ter sources, and their flows and soils af fected by them. Gen er ally, the
dis tri bu tion of halo phytes showed a good cor re la tion with the dis tri bu tion of high- conductivity anoma lies
de ter mined with the sur face geoe lec tric sur vey.
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IN TRO DUC TION

At the be gin ning of the 20th cen tury, rare speci mens of
woolly rhi noc eros and mam moth were dis cov ered at Sta -
runia (Al ex androwicz, 2004 and ref er ences therein), a lit tle
vil lage lo cated near Ivano- Frankivsk in the west ern Ukraine 
(Fig. 1). Al though there was some sci en tific ac tiv ity in the
past fo cused on that area, the more in tense, in ter dis ci pli nary 
stud ies were con ducted at the be gin ning of the 21st cen tury.
His tori cal back ground and re sults of these works are de -
scribed in de tail in a mono graph (Ko tarba, 2005) and in this
vol ume (Ko tarba, 2009). Among the tar gets of the re al ized
sci en tific proj ects was rec og ni tion of the sa lin ity of near-
 surface sedi ments. There are a few as pects of the prob lem:
sa lin ity of un der ground wa ters, salt con tent in sedi ments,

and in flu ence of sa lin ity on con tem po rary vege ta tion. To
study these prob lems, in ter dis ci pli nary geoe lec tric, geo -
chemi cal and bo tani cal stud ies were per formed.

Qua ter nary sedi ments in the area of Sta runia lie on top
of the Lower Mio cene salt- bearing Vo ro tyshcha beds of the
Boryslav- Pokuttya Unit (Soko³owski et al., 2009). De pend -
ing on lo cal hydro geo logi cal con di tions, there were nu mer -
ous sa line and min eral wa ter oc cur rences in the unit (Duliñ-
ski et al., 2005). A sur face out flow of sa line wa ter (chlo ride
ion con tent more than 1,000 mg/l) con nected with Na-
dzieja-1 well is pres ently ob served in the study area. An -
other out flow of brine takes place from “mud vol ca noes”,
an in ter est ing phe nome non, proba bly of neo tec tonic ori gin.



Dis tri bu tion of wa ter in the Qua ter nary sedi ments de pends
on their li thol ogy and com pact ness, which show dis tinct
varia tions in that area (Moœcicki & Soko³owski, 2009). An
im por tant role is also played by an thro po genic trans for ma -

tions of the near- surface strata con nected with former earth
wax min ing ac tiv ity in this area (Al ex androwicz, 2004).

Halo phytes are good in di ca tors of an in creased con cen -
tra tion of salt in soil or wa ter. This is due to their salt tol er -
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Fig. 1. Lo ca tion map of the study area. Nadzieja-1 – old well



ance. Obliga tory halo phytes can colo nize places in ac ces si -
ble for most of vas cu lar plant spe cies. Up to now, the know- 
ledge about sa line vege ta tion in the Car pa thian re gion is in -
suf fi cient be cause of the rar ity and small ness of ar eas of ap -
pro pri ate habi tats, as well as lack of com pre hen sive stud ies.
In the Pol ish Car pa thi ans they are ex tremely rare, and their
spe cies com po si tion is much poorer than in other in land and 
coastal sa line habi tats (Kor naœ, 1966). The same situa tion
takes place in the Ukrain ian Car pa thi ans and the south-
 western part of the Ukraine, where only sin gle lo ca tions of
the halo phytic vege ta tion are known (Zapa³owicz, 1911;
Kor naœ, 1966; Trzciñska- Tacik & Woch, 2005; Dubyna et
al., 2007). There was only one halo phyte spe cies re ported
so far from the ozo ke rite mine in the Sta runia area – Sper gu -
laria sa lina J. Presl & C. Presl (as Le pigo nium salinum Ser.
wide spread on the spoil heaps; £om nicki, 1914).

METH ODS OF THE RE SEARCH

Geo phys i cal meth ods

The re sults of two geoe lec tric meth ods were used in this 
study: elec tro mag netic ter rain con duc tiv ity meas ure ments
(ETCM) and penetrometer- based re sis tiv ity pro fil ing.

The first one is a sur face method uti liz ing the phe nom e -
non of elec tro mag netic (EM) in duc tion in fair con duc tive
geo log i cal me dia. ETCM method is rec og nized as valu able
geo phys i cal tool for study ing un der ground wa ter pol lu tion
(e.g., Moœcicki & Antoniuk, 2002). In the Starunia area,
elec tric re sis tiv ity (re cip ro cal of con duc tiv ity) of sed i ments
is very low (Moœcicki, 2009), which guar an tees a strong in -
duc tion sig nal, i.e. con di tions are gen er ally fa vour able for
the method (within some lim its). In this study EM mea sure -
ments were car ried out with the Geonics EM31 equip ment
(www.geonics.com). Two modes of coils ori en ta tion were
ap plied: hor i zon tal di pole (HD) and ver ti cal di pole (VD).
They dif fer in depth of in ves ti ga tion and depth-sen si tiv ity
char ac ter is tics. The HD mode en ables an es ti ma tion of
mean con duc tiv ity of sed i ments to the ap prox i mate depth of 
3 m, while for VD mode it is about 6 metres. In the Starunia
case, there are a few places with ex tremely high con duc tiv -
ity su per fi cial soils/sed i ments. In such cases the value of
con duc tiv ity mea sured with EM31 may be un der es ti mated
be cause the up per limit of the mea sur ing range of the equip -
ment is 1000 mS/m (= 1 Wm). Ap par ent con duc tiv ity mea -
sure ments were made along 42 lines ori ented east-west,
most of them 300 m long and sep a rated from each other 5 to
10 m. The dis tance be tween ad ja cent mea sur ing points
along the lines was 2.5 m. Each line was re peated twice:
first with HD mode and then with VD mode.

Penetrometer- based re sis tiv ity pro fil ing is an in va sive
method used for meas ur ing varia tions in elec tric re sis tiv ity
of loose sedi ments with depth (e.g., An to niuk & Moœcicki,
1994). A spe cial geoe lec tric probe is pro gres sively pushed
(or ham mered) into the ground and re sis tiv ity is meas ured in 
a nearly con tinu ous man ner. A mo bile GEO PROBE (www.
geoprobe.com) sys tem with small size Wen ner ar ray probe
(76 mm to tal length) for meas ur ing sedi ments re sis tiv ity
was used in this study. High ver ti cal reso lu tion can be

achieved as the meas ur ing depth step is less than 2 cm. The
method was ap plied in 30 sites se lected af ter ana lyz ing the
re sults of sur face geoe lec tric sur veys and fol low ing sug ges -
tions in ferred from the ear lier geo logi cal and geo chemi cal
works. The pene tra tion depth de pended on lo cal con di tions. 
In most sites it was of about 14–16 m, and in each case the
pene tra tion fin ished proba bly in Mio cene sedi ments
(Moœcicki & Soko³owski, 2009).

Geo chem i cal meth ods

As an in di ca tor of to tal sa lin ity (de gree of sa lin ity) of
the sedi ments, the con tent of chlo ride ions was used. Dur ing 
the field cam paign, 113 sam ples of sedi ments were taken
from 23 geo logi cal bore holes. The depth of sam pling was in 
the range from 0.2 to 12.9 m. The sa lin ity of the sam ples
was de ter mined on the ba sis of a chemi cal analy sis. The
Mohr method with the limit of de tec tion 0.15 wt% was ap -
plied. The de tailed pro ce dure of sam ple prepa ra tion and
analy ses was pre sented in an other pa per (Ko tarba et al.,
2009).

Bo tan i cal meth ods (veg e ta tion stud ies)

Field in ves ti ga tions were car ried out in the area of the
aban doned ozo ke rite mine in Sta runia in May and August
2008. The study area is part of the Ve lyky Lu kavets River
val ley (ca. 0.25 km2; Fig. 1). Most of the area is oc cu pied
by post- industrial an thro po genic habi tats (e.g., waste heaps, 
rem nants of mine shafts) with spon ta ne ous vege ta tion af -
fected by brine springs, and mud vol ca noes with oil and sa -
line wa ter flows. Con tem po rary vege ta tion has de vel oped
since the early 1960s, when the mine was closed (Al ex -
androwicz, 2005), and around mud vol ca noes, since their
for ma tion in 1977 (Ada menko et al., 2005).

In the study area, a list of vas cu lar plants was made and
the con tri bu tion of halo phytes was es ti mated. The halo -
phytes were in di cated ac cord ing to Wilkoñ- Michalska
(1963), Lin dacher (1995) and Zarzycki et al. (2002), and
their salt tol er ance was given ac cord ing to Lin dacher
(1995). They were clas si fied into habi tat groups (phy to so -
cio logi cal classes) ac cord ing to Ma tusz kiewicz (2001) and
Zarzycki et al. (2002). In the se lected habi tats phy to so cio -
logi cal relevés were made ac cord ing to the stan dard Braun-
 Blanquet method. The sim pli fied map of vege ta tion with
dis tri bu tion of halo phytic habi tats was pre pared. The no -
men cla ture of plant names fol lows Mirek et al. (2002) and
phy to so cio logi cal units are given ac cord ing to Ma tusz -
kiewicz (2001) and Wilkoñ- Michalska (1963).

RE SULTS AND DIS CUS SION

Geoelectric data

The first geo physi cal sign of prob able high sa lin ity of
near- surface sedi ments were the re sults of re con nais sance
DC re sis tiv ity sound ings (Moœcicki, 2005). This sur vey re -
vealed dis tinct low- resistivity pat tern (LRP), well visi ble on 
ap par ent re sis tiv ity maps. This re sis tiv ity anom aly was con -
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firmed and more pre cisely con toured dur ing later geoe lec -
tric field works (Moœcicki, 2009).

It should be em pha sized that very low elec tric re sis tiv -
ity is not a di rect in di ca tor of sa lin ity/min er al iza tion, as the
elec tric re sis tiv ity may be low in the case of clayey rocks,
too (Kobranova, 1989). Nev er the less, ac cord ing to avail -
able hydrogeological in for ma tion, the pres ence of sa line
wa ters in the re gion is ob vi ous (Duliñski et al., 2005) and in
such a case the sa lin ity of un der ground (or pore) wa ter fill -
ing un con sol i dated Qua ter nary sed i ments may be the most
im por tant rea son for their low re sis tiv ity (high elec tric con -
duc tiv ity). In the fol low ing text the term con duc tiv ity will
be pre ferred rather than re sis tiv ity, as con duc tiv ity is pro -
por tional to pore-wa ter con duc tiv ity (min er al iza tion or sa -
lin ity). If sed i ment is well-sorted quartz sand in sat u ra tion
zone, it is pos si ble to es ti mate an ef fect of pore wa ter sa lin -
ity on sand con duc tiv ity. For ex am ple, if brine has NaCl
con cen tra tion of 100 g/l it may have a spe cific con duc tiv ity
(sbrine) above 104 mS/m. Then, on the ba sis of the Maxwell
model (McNeil, 1980) of well-sorted (uni form grain-size)
sand, the con duc tiv ity of the sand is sbrine/(2.4 to 5.3), de -
pend ing on po ros ity fac tor. For clayey sed i ments re sul tant
con duc tiv ity might be even higher.

Pre cise es ti ma tion of the hor i zon tal ex tent of the men -
tioned LRP was pos si ble by means of de tailed elec tro mag -
netic in duc tion pro fil ing with EM31 equip ment (Moœcicki,
2009). The data ob tained with EM31 en abled con struc tion
of ap par ent con duc tiv ity maps cov er ing the most in ter est ing 
part of the study area. These maps are shown in Fig. 2A, B.
Map in Fig. 2A rep re sents con tours for hor i zon tal di poles
(HD) mea sur ing mode of EM31. In this case “mean” con -
duc tiv ity of sed i ments (which de pends on spa tial dis tri bu -
tion of spe cific con duc tiv ity and on mea sur ing char ac ter is -
tics of the method used) are mea sured to the depth of about
3 m. The map in Fig. 2B was con structed for ver ti cal di pole
(VD) mode mea sure ments and depth of in ves ti ga tion of
about 6 m may be as sumed for that case. The high est val ues
of ap par ent con duc tiv ity, sa, were ob served for HD mode in
the places, where sur face oc cur rences of salt wa ter out flows 
were no ticed. Mea sured val ues were higher than 700–800
mS/m in the vi cin ity of “mud vol ca noes” and in NE sur -
round ings of the Nadzieja-1 well. The comparison of these
two maps is indicative of general rise of conductivity with
depth.

Vari a tions of sed i ment con duc tiv ity with depth was es -
ti mated from the pen etrom eter-based re sis tiv ity pro fil ing.
Mea sured re sis tiv ity data (in Wm) were trans formed to con -
duc tiv ity val ues (mS/m), which are more con ve nient for dis -
cuss ing the sa lin ity prob lems. Ver ti cal pro files of con duc -
tiv ity were pre sented in Fig. 3 to gether with geo log i cal and
geo chem i cal data.

 Geo chem i cal data

The con tent of Cl- ion in the whole pop u la tion of sam -
ples dis plays vari abil ity in the range from 0 to 8.54 wt%. In
al most one third of the sam ples, chlo ride is be low the limit
of de tec tion (0.15) (Fig. 4 and Ta ble 1). These sam ples can
be rec og nized as Cl-free. Most of the Cl-free sam ples be -
long to bore holes Nos 1, 4, 4’ and 25, which are lo cated in

the north-east ern and cen tral part of the study area (Fig. 2A,
B). Their lo ca tion cor re sponds to the area of the low est ap -
par ent con duc tiv ity. Other Cl-free sam ples mainly come
from the bore holes 4N, 7 and 8, which are lo cated in the
south-east ern part of the area where con duc tiv ity is rel a -
tively low, too. As to the other bore holes, only in a few sam -
ples Cl- ion presence was not detected.

Most of the sam ples, in which Cl- ion con tent was
above the de tec tion limit, show val ues be low 1 wt% (Fig.
4). It is worth men tion ing that val ues higher than 2 wt%
were ob served in all 13 sam ples taken from bore hole No.
22, where the high est val ues (8.54 and 7.13 wt%) were no -
ticed, too. The re main ing sam ples with Cl- con tent above 2
wt% were taken from bore holes: 32N (3 sam ples), 7 (2 sam -
ples) and 28 (1 sample).

Ex cept the bore holes, in which sam ples do not have
chlo ride ion above the limit of de tec tion, the re main ing
bore holes show large di ver sity of mean con tents in the
range from 0.16 to 4.11 wt% (Ta ble 1). In most of them, the
mean value does not ex ceed 1 wt%. There are sam ples with
mean value above 1 wt% from 7 bore holes only (namely,
Nos 7, 22, 27, 28, 31, 32N and 43). These bore holes are lo -
cated along the NW–SE belt of high elec tric con duc tiv ity
zone (Figs 2A, B and 6).

Bo tan i cal data

The area of the aban doned ozokerite mine in Starunia
has a typ i cal post-in dus trial spon ta ne ous veg e ta tion, with
a mosaic of ruderal, semi-nat u ral and nat u ral hab i tats (Fig.
6). Most of the area is oc cu pied by anthropogenic hab i tats:
waste heaps, rem nants of mine shafts and bore holes. In the
most dis turbed cen tral part, ex cept for ar eas not col o nized
by vas cu lar plants, two types of hab i tats are widely dis trib -
uted: dry hab i tats on waste heaps were col o nized by com -
mu nity with Calamagrostis epigejos, while moist places
were oc cu pied by reed swamps (Phragmitetum aus tra lis),
which oc curred along the Rinne Stream and Velyky Luka-
vets River as well. Other plant com mu ni ties oc cu pied small
ar eas and were scat tered (e.g., patches of sedge or Typha
swamps, fens, wet mead ows), how ever, fresh mead ows and
pastures dominate on the slopes of the valley.

Among the most in ter est ing hab i tats are halophytic
plant com mu ni ties, in clud ing ag gre ga tion of salt-tol er ated
vascular plant spe cies. Con tem po rary flora of vas cu lar
plants in the stud ied area counted 230 spe cies. Among
them, 80 spe cies are con sid ered in Eu rope as salt-tol er ant
(Wilkoñ-Michalska, 1963; Lindacher, 1995; Zarzycki et al., 
2002). They showed dif fer ent salt tol er ance and fre quency
in sa line hab i tats. Halophytes in di cat ing higher salt con cen -
tra tion in the soil are given in Table 2.

The most salt-tol er ated veg e ta tion is rep re sented by
com mu ni ties from the or der Glauco-Puccinellietalia and
Asteretea tripolium class: Puccinellio-Spergularietum sali-
nae with Spergularia sa lina, Puccinellia distans, and Lo tus
tenuis, and com mu nity with Triglochin maritimum con -
nected with flows and wet ter parts of halophytic hab i tats.
Dips filled with wa ter in the vi cin ity of salt wa ter sources
were oc cu pied by Scirpetum maritimi with dom i nat ing
Schoenoplectus tabernaemontani from the Phragmitetea
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class. Com mu ni ties from the Molinio-Arrhenatheretea
class, oc cur ring on the soils af fected by salt wa ter, are rep re -
sented by Blysmo-Juncetum compressi from Trifolio fragi-
ferae-Agrostietalia stoloniferae or der, and Arrhenathe-
retum elatioris lotetosum tenuifolii from the or der Arrhena-
theretalia.

To char ac ter ize the dis tri bu tion of halophytic plant
com mu ni ties, the stud ied area was di vided into two parts: I
and II (Fig. 6). In part I, halophytic plant com mu ni ties from
the class Asteretea tripolium oc cur around Nadzieja-1 well,
other bore holes and old shafts, in the vi cin ity of the brine
spring east of the Nadzieja-1 well, and along salt-wa ter
flow ing from these sources be tween spoil heaps to the
Rinne Stream and Velyky Lukavets River. In part II, halo-
phytic hab i tats form a mo saic with mead ows from the Moli-
nio-Arrhenatheretea class, Phragmites aus tra lis swamps
(class Phragmitetea), and ruderal plant com mu ni ties (e.g.,
com mu nity with Calamagrostis epigejos), where halo-
phytes are also pres ent (es pe cially in the mead ows and pas -
tures). Halophytes are light-de mand ing spe cies and, there -
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Fig. 4. His to gram of the chlo ride ion con tent in the sam ples

Ta ble 1

Re sults of chem i cal anal y ses of sam ples from bore holes

Borehole Depth (m) Cl- (wt%) Borehole Depth (m) Cl- (wt%) Borehole Depth (m) Cl- (wt%) Borehole Depth (m) Cl- (wt%)

1

1.40 0.00

7

5.20 2.62

25

1.00 0.00

32N

1.00 0.17

1.80 0.00 6.55 2.04 1.70 0.00 2.00 1.31

2.60 0.00 9.30 0.00 2.30 0.00 3.00 2.09

3.80 0.00 10.40 0.00 2.60 0.00 4.00 3.09

4

3.50 0.00

8

0.50 0.18
27'

8.00 0.85 5.00 2.57

4.00 0.00 1.50 0.18 9.50 1.43

33

1.80 0.00

5.00 0.00 2.50 0.17

28

3.40 0.70 4.00 0.33

4'

1.00 0.00 3.50 0.00 4.70 0.86 6.00 0.17

1.30 0.00 3.80 0.00 6.00 0.94 8.10 0.64

1.40 0.00

15

0.20 0.33 9.80 3.46 10.35 0.33

2.00 0.00 2.00 0.51

30

1.40 0.68 11.80 0.32

3.00 0.00 4.00 0.65 2.05 0.52

36N

0.60 0.34

3.70 0.00 6.00 0.43 2.60 0.00 2.20 0.00

4.00 0.00

22

1.00 4.17 4.60 0.16 4.00 1.06

4.65 0.00 1.10 8.54 5.80 0.00 6.00 1.98

4.85 0.00 1.40 2.70 6.80 0.18 37 6.00 1.06

4N

1.40 0.17 2.50 2.46 7.20 0.59
38

11.00 0.51

2.50 0.00 3.40 2.89

30N

2.90 0.42 12.90 0.00

3.50 0.00 3.55 4.66 4.60 0.68

42

3.70 1.85

4.15 0.00 3.90 3.26 5.00 0.68 3.80 0.76

6.30 0.00 4.00 2.80 6.00 1.03 4.60 0.77

6.40 0.51 4.50 3.97 7.20 0.51 6.45 0.70

5N

2.10 0.16 4.80 3.24 7.30 0.69 8.40 0.00

2.70 0.20 5.50 4.61 8.20 0.00 8.50 0.17

3.70 0.00 6.60 3.02 8.80 0.68

43

3.30 1.68

4.70 0.37 7.90 7.13
31

3.00 1.67 4.50 0.86

5.50 0.93

23

2.00 0.34 4.00 1.94 5.40 1.02

6.50 1.18 3.15 1.24 6.70 1.04

4.00 0.99 7.70 1.39



398  W. J. MOŒCICKI ET AL.

5 .gi
F

.
 ni

w htped tn ere ffid rof n
ward sa

w pa
m hca

E .selo herob del p
mas fo noi ta col hti

w atad tne tnoc noi edi rolhc dna s
wo dni

w htped edi
w 

m 1 ni stne
 m ides fo 

yt ivi tcu dnoc nae
m fo sruo tno

C 
 

-
elo herob nevig a 

morf sel p
mas lla rof se ulav nae

m – atad 
yt ini la

S .
wod



fore, swamps with ex tremely ex pan sive and tall Phragmites
aus tra lis can re duce their dis tri bu tion on the soils with
lower salt con cen tra tion. Smaller patches of halophytic veg -
e ta tion in the up per part of the slope were con nected with
sa line spring (the most west ern patch), as well as old bore -
holes (Jadwiga, Kaufmann 1), and the big gest one oc curred
around main mud vol cano. Gen er ally, the pat tern of halo-
phytes dis tri bu tion re flect pres ence of salt wa ter sources,
and their flows and soils af fected by them. The Rinne
Stream col lects sa line wa ter flowing from the above
mentioned sources, but no water halophyte was noted.

Veg e ta tion of sa line soils rep re sent three types of dis tri -
bu tion: (i) con cen tric (around sa line source, e.g., around
mud vol cano in part II, springs on slopes of the val ley in
both parts of the study area, and places in un dated by sa line
wa ter), (ii) lin ear (along nar row salt wa ter flows me an der -
ing be tween waste heaps in part I), and (iii) scat tered (on
dry waste heaps in part I). On the veg e ta tion map (Fig. 6),
ar eas oc cu pied by all types were marked to gether as com -
mu ni ties from the class Asteretea tripolium. In the first two

types of veg e ta tion dis tri bu tion, char ac ter is tic zonation of
plant com mu ni ties de pend ing on the sa lin ity of soil was ob -
served. In the lin ear type of dis tri bu tion, a stream of sa line
wa ter was oc cu pied by com mu ni ties with Triglochin mariti- 
mum and other oblig a tory halophytes, on the edges appea-
red sin gle non-halophilous plants to gether with halophytes,
and the next were plant com mu ni ties with dom i nance of
non-halophilous plants. In the con cen tric type of dis tri bu -
tion, there was a char ac ter is tic area with the lack of plants
lo cal ized in the clos est sur round ing of sa line flow, es pe -
cially wide around the mud vol cano and old shafts in part II, 
and much smaller around sa line springs in both parts. Be -
cause of the mo saic char ac ter and small-area patches of sa -
line veg e ta tion, places un cov ered by plants are not marked
within halophytic patches in Fig. 6. The size of the area un -
oc cu pied by plants was re lated to sa lin ity of wa ter and ca -
pac ity of the sa line source. Vas cu lar plants were not able to
col o nize this area be cause of too high sa lin ity of out flows
and soil. The sa lin ity of wa ter sam pled from se lected sa line
sources in Sep tem ber 2008 show value up to 178 g/l Cl- ions 
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Fig. 6. Veg e ta tion map of the study area. I and II – two main ar eas of dis tri bu tion of halophytes, 1–6 – lo ca tion of wa ter sam ples an a -
lyzed for chlo ride ion content



in the mud vol cano out flow (Fig. 6), whereas the oblig a tory
halophytes noted in Starunia were able to grow on soil with
much lower sa lin ity. Spergularia sa lina col o nized the most
sa line soils (more than 23 g/l Cl- ions; Ta ble 2), form ing the
first zone of veg e ta tion. Next was the zone of Puccinellio-
Spergularietum, where S. sa lina co-oc curred with Pucci-
nellia distans, Lo tus tenuis, and other spe cies, mainly fac ul -
ta tive halophytes, and the last was zone of meadows,
swamps or ruderal com mu ni ties with halophytes. The num -
ber of halophytes grad u ally de creases with dis tance to sa -
line source, while the num ber of non-halophilous species
increases. Besides above mentioned types of distribution,
halophytic vegetation also shows mosaic of patches with
different plant communities.

COM MENTS

Al though three dif fer ent meth ods were ap plied in this
study, the tar get was the same: doc u ment the sa lin ity of sed -
i ments, un der ground wa ter and soils (veg e ta tion). There -
fore, the re sults of in di vid ual meth ods, de spite more or less
ob vi ous dif fer ences, complement one another.

In Fig. 2 ap par ent con duc tiv ity con tours based on elec -
tro mag netic in duc tion pro fil ing method are set to gether
with sa lin ity re sults ob tained from chem i cal anal y ses of
core sam ples. Fig. 2A pres ents the dis tri bu tion of con duc -
tiv ity and sa lin ity within top 3–3.5 metres of the near-sur -
face sed i ments, while Fig. 2B gives a com par i son of data
from deeper strata. There is gen er ally a good cor re la tion be -
tween sa lin ity and con duc tiv ity data, es pe cially for deeper
sed i ments, i.e. for sVD and sa lin ity for depth > 3.5 m (Fig.
2B). When an a lyz ing dif fer ences one should bear in mind
that sa lin ity data from cores are “point data”, while ap par ent 
con duc tiv ity from sur face pro fil ing are “spa tially av er aged
data”, so only qual i ta tive com par i son can be made for these
data sets. The sit u a tion is a bit dif fer ent in the case, where
re sults of bo tan i cal stud ies (Fig. 6) are com pared with shal -
low con duc tiv ity data (Fig. 2A). Both data are pre sented in
the form of sur face maps, al though depth range for both
types of in for ma tion is dif fer ent. There are places of good
cor re la tion be tween pres ence of halophytes and higher ap -
par ent con duc tiv ity of near-sur face sed i ments. This mainly
oc curred in the vi cin ity of the mud vol cano and north of that 
point. In no other parts of the study area such ob vi ous re la -
tions can be ob served. There fore, it may be guessed that in
other places, ex cept mud vol cano and its vi cin ity which are
col o nized by halophytes, the higher amount of salt is pres -
ent only in the thin top soil layer. Such local soil enrichment 
in salt can be an effect of local intense outflows of brines or
seasonal floods.

Dis tri bu tion of sa lin ity with depth can be as sessed from
Fig. 3, where ver ti cal pro files of con duc tiv ity, re sults of
sam ple anal y ses and lithostratigraphy of sed i ments are set
to gether. Gen er ally higher Cl- ion con tent is con firmed by
higher con duc tiv ity value. For most places where Cl- ions
pres ence was not de tected the con duc tiv ity is rel a tively low, 
too. Nev er the less, there are many ex cep tions to these
“rules”. The main rea son lies in a dif fer ent lo ca tion of the
bore holes and pen e tra tion sites (tech ni cally it is not pos si ble 
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Ta ble 2

Halophytes noted in Starunia with their sa lin ity tol er ance,
ac cord ing to Lindacher (1995)

Species Phytosociological unit *

> 23 g/l Cl- ions

Spergularia salina J. Presl & C.
Presl

Asteretea tripolium
(Puccinellio-Spergularietum

salinae)

16–23 g/l Cl- ions

Triglochin maritimum L. Asteretea tripolium

12–16 g/l Cl- ions

Puccinellia distans (Jacq.) Parl.
Asteretea tripolium

(Puccinellio-Spergularietum
salinae)

Juncus gerardi Loisel. Asteretea tripolium

7–9 g/l Cl- ions

Carex distans L.
Molinio-Arrhenatheretea

(Blysmo-Juncetum compressi)

5–7 g/l Cl- ions

Lotus tenuis Waldst. & Kit. ex
Willd.

Asteretea tripolium,
Molinio-Arrhenatheretea **

Trifolium fragiferum L.
Molinio-Arrhenatheretea

(Blysmo-Juncetum compressi)

3–5 g/l Cl- ions

Schoenoplectus tabernaemontani
(C. C. Gmel.) Palla

Phragmitetea

Triglochin palustre L.
Molinio-Arrhenatheretea

(Blysmo-Juncetum compressi)

0.5–3 g/l Cl- ions

Melilotus altissima Thuill. Artemisietea vulgaris 

0–1 g/l Cl- ions

Achillea millefolium L. Molinio-Arrhenatheretea

Blysmus compressus (L.) Panz. ex
Link

Molinio-Arrhenatheretea
(Blysmo-Juncetum compressi)

Carex cuprina (I. Sándor ex Heuff.) 
Nendtv. ex A. Kern.

Molinio-Arrhenatheretea
(Blysmo-Juncetum compressi)

Carex nigra Reichard Scheuchzerio-Caricetea nigrae

Centaurium pulchellum (Sw.) Druce
Molinio-Arrhenatheretea

(Blysmo-Juncetum compressi)

Juncus articulatus L. emend. K.
Richt.

Scheuchzerio-Caricetea nigrae

Juncus compressus Jacq.
Molinio-Arrhenatheretea

(Blysmo-Juncetum compressi)

Potentilla anserina L.
Molinio-Arrhenatheretea

(Blysmo-Juncetum compressi)

Sonchus arvensis L. subsp.
uliginosus (M. Bieb.) Nyman 

Phragmitetea

Typha angustifolia L. Phragmitetea

Typha latifolia L. Phragmitetea

For the last group (0–1 g/l Cl-
 ions) only ex am ples are given. * – ac cord ing 

to Matuszkiewicz (2001) and Zarzycki et al. (2002), ** – in the study area 



to make two holes in the same place) and high het er o ge ne ity 
of the geo log i cal me dium. For more gen eral as sess ment of
depth/sur face vari abil ity of sed i ments, elec tric prop er ties
the con duc tiv ity val ues were av er aged in 1 m wide depth
win dows for each pen e tra tion site. Then, these mean val ues
of con duc tiv ity were used for mak ing maps of dif fer ent
depths – depth slices, shown in Fig. 5. Information about
core samples salinity was added to these maps.

CON CLU SIONS

Three dif fer ent meth ods were ap plied in the area of the
aban doned ozokerite mine at Starunia to as sess sa lin ity of
the sed i ments, un der ground wa ter and soils (veg e ta tion).

Elec tro mag netic ter rain con duc tiv ity mea sure ments
with Geonics EM31 en abled the de ter mi na tion of the sur -
face ex tent of high-con duc tiv ity Qua ter nary sed i ments,
which may be iden ti fied with sed i ments filled with saline
water.

In the vi cin ity of sa line wa ter out flows spe cific veg e ta -
tion was noted, with halophytes in di cat ing in creased salt
con cen tra tion in the soil. Their range partly cor re lates with
sur face dis tri bu tion of ap par ent con duc tiv ity of the near-
sur face sediments.

The dis tri bu tion of sa lin ity with depth was in ves ti gated
di rectly by chem i cal anal y sis of sed i ment sam ples taken
from bore holes and in di rectly by pen etrom eter-based con -
duc tiv ity mea sure ments. The high est chlo ride ion con cen -
tra tion re ported in sam ples reached nearly 8.5 wt%. Both
near-sur face sed i ments and deeper strata (in clud ing Mio -
cene) are highly sa line, what is quite vis i ble on the conduc-
tivity maps for different depths.
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