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l\BSTRACT 
Chemical and isotopic analyses as well as groundwater level 

monitoring carried out through the years 1987-1989 supp l ied new 
data concerning the Pleistocene-Cretaceous aquifer of the Hel 
Spit. The presence of relic water originating probably from the 
Late Glacial or Earl~~olocene stage of the Baltic Sea development 
is t3stified to by 6 0 and .oo values as low _as -14°/oo and 
-100 /oo, respectlvely. The lncrease of water sal1n1ty dur1ng the 
summer extraction peak may be an indicator of Baltic water 
intrusions, although the mobilization of more saline relic wat e r 
could be another explanation for this phenomenon. 

is a territory• where particularly difficult 

are being faced. Several settlements and 

resorts become crowded during the summer season. The first 

contains some fresh water (Sadurski et al., 

its vulnerability to surface pollution and to the 

intrusions as well as its limited water reserves 

its unreliability. Also another solution of the 

question, namely water transport from the mainland 

serious technical problems. The Hel Spit is here and 

150m (Fig.l) and 

Baltic storm waves is imminent. On the other 

and the highway running along the Spit do no t 

pipeline. 

from the above that water supply for the growing 

ation and seasonal visitors should be based on 

an aquifer deeper than the first one, formed of 

Such an aquifer is the Pleistocene- Upper . 
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Fig.l. Sketch-map of the Hel Spit and adjacent areas. 

A-B- cross-section line 

Cretaceous one. However, being not everyWhere completely isolated 

from the surface and subject to possible contamination by saline 

waters ascending from the older Mesozoic formations along faults 

(Fig.2), this aquifer requires particular care. This was the 

reason why detailed studies have been undertaken in t he SE part of 

the Hel Spit in the years 1987-1989 and are fo reseen to be 

continued. They should result in the establishment of the s afe 
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yield from the aquifer under consideration and. consequently, in 

the limitation of the development programme of the area. 

The data being the object of interpretation were collected 

within the framework of a project being implemented by the 

Geological Enterprise. Warsaw. Stable isotope analyses were 

carried out at the Institute of Physics. Marid Sklodowaka--Curie 

University, Lublin. Tritium was determined at the Radiometric 

Laboratory, OBRTG, Warsaw. Chemical analyses of water were done in 

the Chemical Laboratory of the Geological Enterprise, Gdartsk. One 

of the authors (J.D.) worked under the Programme C.P.B.P . 03.04 

("Indicators and models of the Earth's Crust evolution"). 

OUTLINE OF GEOLOGY AND HYDROGEOLOGY OF THE AREA 

Upper Cretaceous basement of the area under consideration 

of limestones, marls and gaizes underlain by glauconitic 

silts. while the bottom of the Cretaceous series is 

claystones and siltstones. The top calcareous-sil icic 

still found at Jastarnia pinches out to the SE, so that the 

in direct contact with Quaternary deposits . 

the SE an erosional depression filled with Pleistocene 

into the basement by several tens of meters and the 

series deos not appear in the profile (F i g.2). 

Pleistocene within the erosional furrow is developed in the 

boulder clays covering vari-grained sands and gravels 

been drilled-through till the depth of 176m 

et al .. 1990). NW of Jastarnia the Pleistocene is lying 

which forms the top of the Upper 

It consists here of glacifluvial sands with 

and is covered by recent dune sands. 

clay is overlain by a thin (10m or 

of pre-Ancylus sandy silts (Fig.2). 

y deposi~ed in the Baltic Ice Lake and/or in the 

series is covered by Ancylus clays 

decreasing south-east from about 30m in 

than 7m at Hel (Tomczak et al., 1990). 

7 



NW 
Jastarn;a H e l 

SE Jurat a Chatupy KuZntce 

[/] [ '=] 
10 11 

Fig.2. Geological cross- section along the Hel Sp i t (after Tornczak, 
1990, modified and completed) 

1- sand; 2-sand, gravel, boulders; 3-silty sand; 4- cl a yey sand; 
5-silt, siltstone: 6- clay,claystone; 7-boulder clay; 8- marl; 
9-probable boudary between Holocene horizons: 10-fau l t (a ssumed ) ; 
11-piezometric surface. 
Holocene deposits: pt- post- Littorina phase; 1-Littori na Se a phas e; 
m- Mastogloia phase; a~Ancylus Lake phase; pa-pre-An cylus phas es . 
QP-Pleistocene; Tr- Tertiary; K- Upper Cretaceous ; J-Upper Jurassi s 

The upper part of the Holocene including · the Mastog loia , 

Littorina and post-Littorina deposits is sandy and· together with 

recent dune sands reaches the thickness of 80m . lt f orms the 

Holocene unconfined aquifer. The water l~vel stabili zes bet we en 

0.3 to lm a.s.l., its annual fluctuations not exceeding lm. The 

aquifer is recharged directly by atmospheric precipitations (about 

550mm p.a.). Assuming, that, the effective infiltrat ion coefficien t 

for dune sands is close to 0.3, the annual recharge may be 

evaluated at about 170mm (Sadurski et al .. 1987). At Jurata 

intensive extraction ·of water from this aquifer has caused a 

salinity increase (Cl concentration exceeding 1000 ppm) whi ch 

made impossible its domestic use. This is obvious l y due to the 

penetration of Baltic waters into the aquifer. 

The Pleistocene-Upper Cretaceous aquifer is limited t o the 

above- mentioned erosional furrow extending between Jurata and Hel 

and directed probably NNW-SSE. The boulder clay together with the 
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overlying pre-Ancylus and Ancylus clayey and silty deposits are 

the confining layer, while marls (probably of Turonian age) form 

the bottom. The original water head in the aquifer (before the 

intensive water exploitation from Upper Cretaceous sands started 

in Gdartsk and Gdynia) was about 4m a.s.l. The depression cone 

developing southerly results at present in much lower heads at 

Jastarnia, Jurata and Hel (15m, 9m and 4m b.s.l.,respectively). 

The hydrogeological parameters of the aquifer under 

consideration are not uniform as shown in Table 1. 

TABLE 1 

Comparison of hydrogeological parameters of the 

Pleistocene-Cretaceous aquifer in particular areas 

Location 

Hydraulic 

conductivity 

(m s - 1} 

2.3x10-4 -

2.3xl0-5 

2.6xl0-6 -

-4 5 . 3x10 
-5 8.3x10 

129x10-6 

Specific capaci t y 

of wells 

m3 h~l per lm drawdow 

30 - 38 

1 - 1 0 

0.7- 5.5 _j 
aquifer is subject to water extraction since the end of the 

(Hel), since 1910 (Jastarnia) and since 1938 (Jurata) 

of water is 17.000.000m3 (Hel) 

{Jurata). This gives a 

There is no indication till now of 

AND WELL MONITORING 

ts of investigations carried out within the period 

presented on Figs 3,4,5 and may be summarized as 
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Fig.3. Water l eve l . discharge and TDS var iations relating to the 

P leistocene-Cretaceous aquifer 
1-Hel. we ll No 2a; J urata - wel l Jl; Jastarnia- well No 2a 

l)The TDS of water within the Plei e tocene-upper Cretaceous aquifer 

i s not stable and differences may be noted b etween t he winter 

Period of low y ield (low .TDS> and the summer season of high yield 

(higher TDS ) which may be seen on Fig.3. 

2}The proportions between some ions i n particular seasons differ 

as well (Fig.4} 
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compositio~ of groundwater 

composition of oxygen and hydrogen 

results are 1 isted in Tab l e 1 . 

:is presented 

The values 

the Pleistocene-Cretaceous aquifer are much 

of t he Baltic 

in 

for 

more 

Sea 

·al one the a tmospheri c precipi t ation. This is an obvious 
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argument against considering these waters as originating from 

present recharge. The lack of tritium corroborates this argument 

So (o;..) 
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Fig.5. Oxygen and hydrogen isotope composition of groundwater 

within the Pleistocene-Cretaceous aquifer as compared with 
Sea water and atmospheric precipitation 
1- Baltic Sea (Gdansk Gulf); 2-Baltic Sea <Puck 
3-atmospheric precipitation; 4-groundwater 
5,6,7-groundwater (Jurata}; 8-groundwater (Jastarnia) 

Baltic 

Gulf); 
(He 1) ; 

The isotope composition of sulfur in sulfates (Table 2) 

suggests that the groundwater at Hel contains an admixture of 

sulfate of nonmarine origin. Such sulfate might originate from 

fossil fuels burning and its presence could mean the partial 

recharge of the aquifer by recent precipitation (acid rain). At 

Jurata the groundwater contains sulfates with the sulfur isotope 

composition very close to that of the Baltic Sea water. Taking 

into account that marine eulfates during the Quaternary have 

almost identical isotope composition of sulfur. one can assume 

that the sulfates at Jurata are connected with relic marine waters 

of the Lower Holocene. 

Sulfates at Jastarnia contain lees 34s than 

would suggest that groundwater contains here an 
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CONCLUDING REMARKS 

The data collected during the implementation of the project do 

not allow to make a decisive statement concern ing the origin and 

reserves of ' groundwater within the Pleistoc ene-Cretaceous aquifer 

of the SE part of the Hel Spit. It is suggested, however, that 

they conta i n a considerable amount of .water originating from the 

~arlY phases of the post- P leistocene development of the Baltic 

~ea. The ·isotopic composition of oxygen and hydrogen in waters 

· c.;;rlder consideration can only be explained by assuming t hat melting 

the main water source. Consequently , it has to be 

· ~~~~idered as relic water of the Baltic I ce Lake which found its 

way into the Upper Cretaceo~s and Pleistocene sandy deposit s in 

the boulder c l ay does not isolate these deposits 

It has to be pointed out that waters of a similar 

composition were found within the Stripa granite 

at depths exceeding 600m (Moser et al .. 1989). 

n question remains the source of seasonally varying water 

Its surrmer increase might be the result of the 

cone extension and some intrusio n of Baltic water . 

however. would be the mobilization of more 

Their presence might be connected with the 

or, as pointed out by Blaazczyszyn (1982) with 

water ingressions from the .North. Both the 

the isotopic composition of gr9undwater 

. t .recent Baltic water intrusions may play a certain role 
· .. :·. · . 

.... ..,,,,,., ·while a t Jurata and Jastarnia this is l ess probable. The 

li~ity at Jastarni a may be partly connected with brines 

a~ong faults . 

present evidence is concerned fresh water in the 

ceous aquifer is predominantly a relic o ne. I ts 

result in penetration of sa l ine water either from 

or from underlaing .Mesozoi c aquifers. Therefore. 
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extraction 9f t he limited water reserves must be c a rrie d out 

cautiously and the time of their availability is limited . Other 

solutions for water supply must be seriously conside red a nd 

implemented as soon as possible. 
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