Geological Quarterly, Vo!. 39, No. 4, 1995, p. 527-538

Ewa FALKOWSKA

Importance of the recurrence of geological structure
of river valleys in the E part of the Polish Lowland to
the assessent of influence of anthropogenic pollution

Some similarity in the geological structures of the Narew, Supraél, and Piwonia River valleys was found when a
study was conducted on selected tracts of these rivers. This similarity is due to the occurrence of structures that
are characteristics for the same scheme of areal deglaciation: a morainic upland subject to strong glaciotectonic
disturbances; fluvioglacial terraces that are adjacent to the upland; and lake basins with distinct evidences of their
drainage that have been adopted by the rivers to flow through during the last stage of development of postglacial
surface features. Deposits from the Narew valley have also been examined in the laboratory with the aim assessing
their sealing capability. In particular, attention was directed to determination of overall adsorption capacity. It was
found that a number of beds under study within the Narew valley may constitute an efficient cover that prevents
the expansion of pollution. With respect to similarity of morphogenesis within the river valley tracts under
consideration a conclusion can be drawn that surficial soils in all three river valleys are of similar physical and
chemical properties and therefore, may be prospective for natural protection of groundwaters as is the case of the
Narew River deposits in the Suraz area.

INTRODUCTION

River valleys are extremely important areas from an economic point of view; however,
the courses of surface runoff from their drainage basins are threatened by pollution. For this
reason, particular care should be exerted when assessing the susceptibility of river valleys
to the effect of anthropogenic wastes.

The objective of the study presented in this paper is to assess the effect of lithology and
origin of different sediment types covering the bottoms of so-called “ancestral” valleys on
their ability to stop pollution. The sediments may form a surficial protective cover for
groundwaters.
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i_ Fig. 1. Location of the study area
| — Suraz — the Narew River, Il — Stodzianki —
the Supras! River, IlI — Parczew — the Piwonia
River

Lokalizacja terendw badas
[—- Suraz — Narew, [T — Studzianki — Supragl, [I]
— Parczew — Piwonia

A few examples from the Narew, Suprasl, and Piwonia River valleys (Fig. 1) are
discussed in this paper,; all three rivers make use of depressions that originated as glacial
melt-out areas.

GEOLOGICAL STRUCTURE AND INITTAL RESULTS
OF LABORATORY STUDY

SURAZ — THE NAREW RIVER

Three primary types of geomorphologic units can be distinguished in the Suraz region.
They include a morainic upland, fluvioglacial terraces, and a valley bottom which is
considered contemporary to the Narew River. Boundaries of these forms are often masked
by deluvial and sometimes colluvial deposits (Fig. 2).

Tentative laboralory examination of deposits accurring in the Narew valley tract under
consideration allowed determination of their sealing ability with respect to pollution. There
is a strong lithologic differentiation within the deposits that are represented in these
geomorphologic units; therefore, the deposits exhibit variable physical and chemical
features, among which adsorption capacity takes a special position.

The morainic upland is a zone of a strong disturbance caused by glaciotectonic action
affecting all the glacial, fluvioglacial, and ice-dammed lake deposits, most often belonging
to earlier glaciation stages. They occur as sands and gravels, clayey sand, and brownish
clay. The upland is made up of elevated terrain whose morphology as well as geological
structure is the result of areal deglaciation (J. E. Mojski, 1967; E. Falkowski ef al., 1988).
In the course of its final stage, the valley was filled with large dead-ice blocks that were lefi
in a stretch of exaration depressions. When f{inal melting of glacial ice was over, a lake
system developed within these exaration depressions (E. Falkowski, 1970). The push of the
dead-ice melting blocks caused extrusion of materials on the upland slopes in the direction
of unloaded upland zones. This resulted in the formation of numerous folds (Figs. 3 and 4)
and discontinuities of beds such as those irregular structures clearly visible in all gravel pits
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Fig. 2. Morphogenetic sketch of the Narew valley in
the Suraz area

[ — morainic upland; 2 — deluvium (that masks the
boundaries of the geomorphologic vnits); 3 — lacus-
trine deposits within the morainic upland; 4 —kame
terrace; 5 — outcrop of boulder clay material in the
rivervalley; 6— valley bottom; 7— borchales; A-B,
C-D — geological cross-seclions; ¢w — gravel pit
Szkic morfogenelyczny doliny Narwa w okolicach
Suraza

| — wysoczyzna morenowa, 2 — deluwia masku-
jace gramice jednosiek geomorfologicznych; 3 —
osady jeziome na wysoczyZnie morenowej; 4 —
taras kemowy; § — wychodnia materialu zwalowe-

go, ghniastego w dolinie rzeki; 6 — dna dohay: 7— Surot =
otwery wierinicze; A-B, C-D — linie przekrojéw ey 2 BEda B8 Ghs 28s Y

geologicznych; zw — Zwirownie

in the area, in which beds of lithologically variable material intersect each other. The
existence of a number of complex and sometimes isolated forms of stratal acrangement can
contribute much to limitation of pollution migration by creating low permeability barriers
that cause elongation of a filtration path.

In addition, extrusion of materials of different plasticity resulted in formation of an
upland slope morphology that is diversified by hills and depressions with the evidence of
limnic sedimentation. The depressions take the form of closed basins or flat terrace-like
areas (Figs. 2 and 3), filled with organic-rich mud, organic-rich clay, and organic-rich sandy
clay. They could only be deposited when the lake level was relatively higher. This
phenomenon could have a larger extent in the Narew valley — K. Laskowski (1970, p. 30)
described an organic sediment appearing “...4 m above the recent bottomn of the valley...”
near Uhowo, and M. Domagata (1967) found an organic sediment in the Tykocin area.

A high content of clay fraction (up to 56%) and a very poor permeability, accordingly,
are the main features of soils making up the upland. From a practical point of view, these
soils can be reckoned among impermeable. They show high and medium values of
adsorption capacity with respect to cations (CEC: 19-31 meg/100 g of soil). Illite is the
main component of the clay fraction. A surficial soil zone is enriched in organic matter
(approx. 3%) With respect to this situation, the morainic upland can be, to some extent,
considered as a “zone of natural protection” for groundwaters.

The fluvioglacial terraces occur as “lathes” of kame terraces covering the slope of the
upland; they are confined to the edge zones of the melt-out areas. Fine- and medium-grained
sands, variable in colour {from yellowish to brownish) with hardpan layers dominate the
lithology of the terraces. Also, some beds enriched with clay fraction were found here.

B. Kozerski and Z. Pazdro (1990) were of the opinion that the quartz sands making up
the structure are of medium permeability. Their hydraulic conductivity is of the order of
1075 m/s. Tllite is dominant in secondary beds.



530 Ewa Falkowska

"‘“-*-A SSW NNE masl

127 137

128 128

125 125

124 $2t

123 123

122

22
Uplandg

[rid
120 120

na 112

8 0 s 100m s

"z «- ',Fluvlogléc.’o‘t terrace
AN

w2 B Fda £33« BEgs s £ e TDe Edw M‘n

Fig. 3. Geological cross-section A-B through the slope of the Narew River valley in the Suraz area

[ — surficial soil; 2— peat-earth; 3 — organic lacustrine mud, black; 4 — organic clay, grey; 5 — organic sandy
clay, grey; 6 — deluvium; 7 — lacustrine sands, white; 8 — kame-terrace sands, of variable gradation, yellow; 9
— glacial till, brown; 10 — clay of the morainic upland, brown; {1 — glaciotectonic disturbances evidenced in
the outcrops within the upland area; -6 — boreholes

Przekrdj geologiczny A-B przez stok doliny w rejonie Suraza

1 — gleba; 2 — mursz; 3 — narnu} organiczoy jeziomy, czarny; 4 — il organiczny szary; § — 1 piaszczysty
organiczny, szary; 6 — deluwia; 7 — piaski jeziomne biale; 8 — piaski céznoziamiste tarasu kemowego zolie; 9
— glina zwalowa brazowa, 10 — il wysoczyzny morenowei, brazowy, 11 — zaburzenia glacitekioniczne
obserwowane w odkrywkach na wysoczyinie, /-6 — atwory wierlnicze

Overall adsorptios capacity of deposits in the kame terraces (medium-grained sands,
predominantly) is in the range of 13-14 meq/100 g of soil. The presence of hardpan zones
(or horizons that are cemented with Al, Fe, and Mn oxides as well as Si0,) is an essential
element in the geological structure of this geomorphologic unit, since they conslitute an
important barrier that counteracts the migration of pollution. Their importance consists in
decreasing the vertical ability of solutions to flow down through the soils; in addition, they
exhibit an increased chermical activity with respect to these substances. It should be noticed
here that all laboratory examinations dealt with disturbed samples; this resulted in worse
results than in reality. Therefore, the appearance of illuvial zones in the form of hardpan
horizons should be considered exiremely positive.

The slope of the upland and the fluvioglacial terraces are both covered by deluvium
with slightly clayey saud, clayey sand, and fine-grained sand on a local scale. Solifluction
of muddy deposits was also found (Fig. 4); they are composed of brownish clay, light
brownish clayey sand, and light brownish clayey sand interfingering with sand. Their most
common position is overlying the deposits of the kame terraces.

The slope deposits are composed of granular soils (fine- and medium-grained sands) as
well as cohesive soils with the clay fraction in the range of 2-17% (slightly clayey sand,
clayey sand and clayey and sandy silt). Illite is 2 dominant mincral in the clay fraction.
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Fig. 4. Geological cross-section C-D through the slope of the Narew River valley in the Suraz area

1 — surficial soil; 2 — deluvial sand of vaniable gradation; solifluction: 3 — slightly clayey sand, brown, 4 —
clayey and sandy silt, brown; 5 — organic lacustrine clay, greenish-grey; 6 — kame terrace sands of variable
gradation; 7 — glacial till — clayey sand, brown; 9-13 — boreholes; other explanations see Fig. 3

Przekrdj geologiczny C-D przez stok doliny Narwi w rejonie Suraza

1 — gleba; 2 — piasek réznoziarnisty deluwialny; sptyw blotny: 3 — piasek gliniasty brazowy, 4 — glina brazowa;
5 — it organiczny jeziorny zielono-szary; 6 — piasek r6znoziarnisty tarasu kemowego; 7 — glina zwalowa
piaszczysta, brazowa; 9—/3 — otwory wientnicze; pozostale objasnienia jak na fig. 3

Withrespect to hydraulic conductivity, the deposits under consideration can be reckoned
among soils of medium and weak permeability; they even may be considered semiper-
meable (B. Kozerski, Z. Pazdro, 1990). Consequently, migration of pollution through these
deposits is limited. An overall adsorption capacity is in the range of 13 to 30 meq/100 g of
soil. Some portion of the deposits is enriched with the organic matter (up to 2% and even
more), which forms irregular interlayers. Due to this arrangement, the sealing ability of
deposits develops vertically.

In principle, lacustrine deposits make up the valley bottom. They are represented by
organic mud, organic clay, and peats with intercalated sands taking the shape of embank-
ments. Extent of the valley, braided river channel (Fig. 2), and organic character (to some
extent) of the deposit are evidence that since its origin was the lake basin first, it was adopted
to be a river valley as the youngest post-glacial form of the land surface here.

A high content of organic matter, up to 23%, is the characteristic feature of the lacustrine
deposits occurring in the valley bottom. For the most part they are semipermeable or
practically impermeable. Only organic fine-grained sand exhibit mediuim permeability.
Tllite takes a dominant position in the clay fraction (up to 57%). Overall adsorption capacity
is from 15 to 46 meq/100 g of soil. Based on such features, a conclusion can be drawn that
behaviour of soils in the vailey bottom is not neutral in refation to pollution of different
types and can restrict migration of pollution to alarge extent. Participation of sandy alluvium
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r ) Studzianki

Fig. 5. Morphogenetic sketch of the Suprasl valley
in the Studzianki area

1 — the morainic upjand; 2 ~— ice-dammed basins
within the upland area; 3 — deluvium; 4 — tribu-
tary valleys (of intermittent tributaries to the
Supradl River); 5 -— kame terraces and kames; 6
— valley bottom

Szkic morfogenetyczny doliny Suprasli w okoli-
cach Studzianek

1 — wysoczyzna morenowa; 2 — zasloiska na
wysoczyZnie; 3 — deluwia; 4 — dolinki boczne

1 mz 3 54 @ 5 6 (okresowych doplywdw Suprashi); 5 — tarasy

kemowe i kemy; 6 — dno doliny

is unimportant (low percentage only) and therefore, it was never subject to special study
before.

Surficial soil forms a continuous cover that supplementarily protects groundwater from
pollution. Its thickness is small (0.3 m only); however, the combined effect of organic
matter, weak permeability, the CEC value up to 30 meq/100 g of soil, and continuity in
appearance may be significantly efficient in intercepting pollution. Special care in future
studies should be directed toward the surficial soil; attention should also be directed toward
the Narew River alluvium.

STUDZIANKI — THE SUPRASL RIVER

A constricted gorge zone between the two lake basins was found in the Studzianki village
area; both lake basins have been adopted to be a river valley (E. Falkowska, T. Falkowski,
1994). Similar to the area discussed so far, this region also has a morainic upland (Fig. 5)
adjacent to the Supra$l River valley, with a very complicated geological structure and
morphology. The area was affected by intensive glaciotectonic and glaci-isostatic pro-
cesses, similar to those acting in the Suraz area, that resulted in formation of a number of
extruded forms and disturbances. They are evidenced in many outcrops (Fig. 6). The
material which makes up these complex, contact forms of dead-ice is differentiated and
consists of gravel, sand, and silt through clayey and sandy silt, and clay.
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Fig. 6. An example of glaciotectonic disturbances in the glacial upland deposits in the Studzianki area (E.
Falkowska, T. Falkowski, 1994)

1— sands, 2 — gravels, 3 — surficial soil

Przyklad zaburzed glacitektonicznych w osadach wysoczyzny lodowcowej w okolicach Sidzianek (E. Falkowska,
T. Falkowski, 1994)

1 — piaski, 2 — dwiry, 3 — gleba

Attention should be directed toward a number of forms filled with clay and silt (Fig. 5)
that are not large in size and occur among the hills. These are ice-dammed basins originated
as the result of melting-out of dead-ice blocks that calved from the glacier. A broad and flat
bottom is a feature typical of these forms. Today, they are fragments of “...intermittent water
course valleys — tributaries to the Supras] River ...” (E. Falkowska, T. Falkowski, 1994, p.
48). Stagnant forms were developed as the proglacial terraces of cohesive soils were built-up
within the contact zone between the extruded hills and the dead-ice blocks when an
undrained lacustrine-postglacial system was still in its early stage.

A “lath” of fluvioglacial terraces was found within the upland slope. Lithologically, the
terraces are composed of fine-, medium-, and coarse-grained sands that are in places
enriched with gravel fraction. In many locations the fluvioglacial beds are covered with
deluvial deposits of variable grain-size composition depending on their origin.

Fluvioglacial deposits occurring within the valley bottom are built-up of sands and
gravels; they are overlain by peaty muds and peats. Strong glaciotectonic disturbances were
also found in the channel zone (E. Falkowska, T. Falkowski, 1994). Recent alluvium of the
Suprag] River represents a small portion of deposits occurring here.

PARCZEW — THE PIWONIA RIVER

The valley bottom of the Piwania River is filled with typical lacustrine sediments such
as peats and organic mud (Fig. 7). Alluvium is of Recent age and fills in the recent river
channel insignificantly. Also, lacustrine deposits connected with sedimentation in a shal-
low water environment were found covering the beds in the “lath” of kame terraces. They
created a terrace system (Fig. 8), the arigin of which is closely connected with dratnage of
lakes left as the result of melting-out of dead-ice blocks.

The hills within the morainic upland and those surrounding the lake basins are made up
of variable sediments: medium- and coarse-grained sands and gravels through clayey sand
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Fig. 7. Morphogenetic sketch of the Piwonia River
in the Parczew area

c | — moraintc upland; 2 —deluvinm; 3 —ributary
Parczew valley (of the intermittent tributary to the Piwonia
River); 4 — valley hottam; § — geological cross-
seclions: 6 — borehole

Szkic mosfogenetyczny doliny Piwonii wokolicach

Parczewa
0 05 tkm 1 — wysoczyzna morenowa; 2 — deluwia; 3 —
. A B dalinka boczna (okresowego doptywu Piwonii), 4
B 2 3 L +—=5 2-B — dno doliny; §— linia przekroju geologicznego;

6 — otwér wiertniczy

and clayey and sandy silt. They appear to be strongly affected by glaciotectonic disturban-
ces. A system of flat terrace-like areas developed among elevations; they form so-called
“tributary” valleys (similar to those occurring in the Studzianki area described above) and
are filled in with fine-grained sediments.

Deluvium occurring in the Parczew region is a very characteristic deposit. It appears as
a relatively thick cover (up to approx. 2 m) taking the shape of terraces (Fig. 8). A high
degree of intermingling is observed within the deluvium material. Included in this material
are small, though numerous, beds enriched in organic matter.

RECAPITULATION

Despite different extent of stadials and glacial stages, there is a good similarity of the
geological structure of the three pan-like tracts of the river valleys under consideration. This
1s due to their origin which was restricted to the same mechanism of areal deglaciation (E.
Falkowski et al., 1988) that followed a repeatable sequence of events. In all three regions
structures developed that are characteristic for the following order of morphogenesis: the
morainic upland originated as extruded contact forms of dead-ice blocks, with very common
strong glaciotectonic disturbances; the fluvioglacial terraces that are adjacent to the upland;
and a series of lake basins with distinct evidences of drainage. Noteworthy is the fact that
there are organic sediments occurring high above the valley bottom, which suggests that
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Fig. 8. Geological cross-section A-B through the slope of the Piwonia River valley

1 —surficial soil; 2 —alluvial sand of variable gradation: 3 — peat-earth; 4 — well-decomposed pear, 5 — weak-
and medium-decomposed peat with organic debris; 6 — organic lacostrine mud; 7 — finc-grained sand, white, of
the early phase of the lacustrine sedimentation; 8 — older deluvial laminated sands of variable gradation; 9 —
organic sandy silt; 10— younger deluvial fine-grained sands, yellowish-grey; 11 — kame-terrace medium-grained
sands, yellow; 12 — sands of variable gradation mixed with gravel, variable in colour, as the deposits within the
morainic upland; /-5 — boreholes; I, I1, 11l — extents of lake surface; other explanations sec Fig. 2

Przekrdj geologiczny A-B przez stok dolioy Piwonii

1 — gleba; 2 — piaski ré2noziamisie aluwialne; 3 — mursz; 4 — torf dobrze rozlozony; 5 — torf slabo 1 §rednio
roztoiony z detrytusem organicznym; 6 -— namul organiczny jeziorny; T — paseX drobny jasnoszary wezesnej
fazy sedymentacji jeziornej; 8 — piaski réznoziarniste laminowane deluwialne starsze; 9 — pyl piaszczysty
organiczny; 10 — piasck drobny Zdltoszary deluwialny miodszy; 11 — pissek frednioziarnisty 26ty tarasu
kemowego, 12 — piaski ré2noziamiste ze zwirem rdzoej barwy — osady wysoczyzny morcnowej; /-5 — otwory
wiertnicze; 1, 11, [1], — zasiggi zwierciadel wody w jeziorze, pozastale objasnienia jak na fig. 2

the lakes originally had a large extent. Bottoms of pans filled with stagnant-water sediments
were adopted as flow-through lakes, and such a situation exludes erosional character of the
exemples of river valleys described herein. Only in the final phase of post-glacial land
surface development were the lake pans utilized by recent rivers to flow through and build
up alluvium amongst the peats and organic muds. In no case was evidence of meander-like
shifting of ariver bed observed from aerial photographs. The slope deposits, whose lithology
is closely connected with the morphogenesis of the valleys are site-specific and very
common within all the three valleys of the Narew, Supra$l, and Piwonia Rivers. Their
lithology is closely connected with the morphogenesis of the valleys.
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CONCLUSIONS

1. Results of laboratory examination provide evidence that the sediments of the Narew
River valley can be an efficient protective cover counteracting expansion of pollution. There
is close similarity between morphogenesis of the two valley tracts under consideration to
morphogenesis of the Narew River valley in the Suraz area; based on this similarity, it can
be concluded that surficial soils are also of similar physical and chemical properties and
therefore, similarly prospective for the protection of groundwaters in a natural way.

2. The occurrence of glaciotectonic disturbances decreases migration of pollution, since
due to such processes a number of irregular and isolated bed arrangements appeared; such
arrangements create barriers of very low permeability that elongate a filtration path.

3. Of particular importance for groundwater protection is the large extent within the
valleys of lacustrine sediments enriched in organic matter of very high chemical activity
with respect to different pollution types.

4. Recurrence of the same type of origin and geological structure of the valley tracts in
the areas of Studzianki, Parczew, and Suraz suggests that there is need for further study of
this phenomenon; substantial economic value of the phenomenen is not excluded.

5. Based on the recurrence of features appearing within exemple cases of the three river
valley tracts from different regions in NE Poland, it can be further concluded that the same
type of geological structure may be common in the Polish Lowland too; therefore, applied
geology should focus on this issue.

Translated by Zdzistaw Siwek
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Ewa FALKOWSKA

ZNACZENIE POW’}'ARZALNOSCI BUDOWY GEOLOGICZNEJ DOLIN RZECZNYCH
WSCHODNIEJ CZESCI NIZU POLSKIEGO DLA OCENY WPLYWU ZANIECZYSZCZEN
ANTROPOGENICZNYCH

Streszczenie

Przedstawiono badania wybranych przykladowo 1zw. ,,odzicdziczonych® odcinkéw dolin rzecznych. Prowa-
dzono je dla okreglenia wplywu litologii i genezy wystepujacych tam typéw osadéw na ich zdolnodci do
ZalrZYMyWwania zanieczyszezen.

Stwierdzono powtarzalne$é budowy geologicznej trzech wytlypowanych obszaréw, kiére obejmowaly doling
Suprasli w rejonie Studzianek, doling Piwonii w okalicach Parczewa oraz doling Narwi w okolicach Suraza.
Wyniki pozwolily stwierdzié, ze opisane kotlinowate odcinki dalin charakteryzujq si¢ bardzo podobng budowg
geologiczng, zwigzang z tym samym typem deglacjacji arealnej, We wszystkich oméwionych rejonach powstaly
typowe dla tego modelu morfogenezy struktury:

— wysoczyzny morenowe jako wypigtrzone formy kontaktowe martwych lodéw z bardzo pawszechnymi,
silnymi zaburzeniami glacitektonicznymi;

— tarasy fuwioglacjalne;

— misy jeziome z wyraZnymi $ladami drenazu, wykarzystane w korcowym clapic rozwaju postglacjalnej
rzeiby lerenu przez rzeki jako trasy przeplywu;

— pokrywy deluwialne.

Nalezy podkreslié, e osady organiczne, wystgpujace wysoko ponad drem, §wiadczg o duzym pierwolnymn
zasiegu jezior. Dna dolin wypelnione csadami wéd stofacych tworzyly przeplywowe jeziora, co wyklucza erozyjny
chorokler opisanych przyktadowa dolin rzecznych,

Osady z ckolic Suraza zostaty wstgpnie przebadane laboratoryjnie w celu okreslenia ich whadciwosci
izolacyjnych. Szczegdlng uwagg zwrdcono na wyznaczenie ogélrej pojemnosci socpeyjne]. Stwiesdzono, Ze szereg
utwordw wysi¢pujacych na omawianym odecinku doliny Narwi moze stanowié skuteczny plaszcz ochronny
zapobiegnjacy rozprzestizenianiu si¢ zanieczyszczef.

Dzigki podobieiistwu morfogenezy omawianych odcinkéw dolin nalezy spodziewaé sig, Ze ich grunty
pokrywowe bedy wykazywaé zblizone cechy fizykochemiczne i dlatego, podobnie do esadéw z rejonu Suraza,
bedg perspektywiczne przy naturainej ochronie wéd.





