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LITHODYNAMICS OF AEOLIAN SANDS IN THE EASTERN 

PART OF THE SILESIAN UPLAND 

 
Pełka-Gościniak J. Litodynamika piasków eolicznych we wschodniej części Wyżyny Śląskiej. Celem pracy jest przed-

stawienie litodynamiki piasków eolicznych na trzech obszarach wschodniej części Wyżyny Śląskiej (Kotlina Biskupiego 

Boru, „pustynie”: Starczynowska i Błędowska (rys. 1). Wybrano je ze względu na ich położenie względem starszej rzeź-

by oraz historię deforestacji. Pod względem litodynamiki wyróżniono obszary z przewagą deflacji, akumulacji oraz przejś-

ciowe (rys. 3). Stwierdzono, że dynamika procesów eolicznych we wschodniej części Wyżyny Śląskiej jest różna. Najbar-

dziej zróżnicowane środowisko piasków eolicznych jest widoczne w obrębie „pustyń”: Starczynowskiej i  Błędowskiej", 

natomiast najbardziej jednorodne – w obrębie Kotliny Biskupiego Boru. To zróżnicowanie zależy od obecności starszej 

rzeźby i roślinności. W miarę przybliżania się do Progu Górnojurajskiego materiał piaszczysty w coraz większym stop-

niu nabywał cechy typowe dla obniżonej aktywności litodynamicznej (akumulacyjnych). Przy rzekach, będących natu-

ralną barierą dla dalszego ruchu piasku, także przeważały obszary akumulacji. Próg Środkowotriasowy nie był tu mor-

fologicznie istotny, gdyż nie stanowił istotnej przeszkody dla wiatrów zachodnich. Brak pokrywy roślinnej spowodo-

wał, że osady piaszczyste mają cechy teksturalne charakterystyczne dla obszarów o wzmożonej aktywności litodynamicz-

nej. Obszary, gdzie wylesianie nastąpiło najpóźniej. cechują się małym zróżnicowaniem i przewagą obszarów akumu-

lacyjnych. 

 

Пэлка-Госьциняк Й. Литодинамика эоловых песков в восточной части Силезской возвышенности. Цель 

статьи – выявить литодинамику эоловых песков в пределах трех ареалов восточной части Силезской возвышен-

ности (Котловина Бискупьего Бора, „пустыни”: Старчиновская и Блендовская (рис. 1). Они были выбраны из-за 

своей локализации относительно старшего рельефа и истории обезлесивания. По литодинамике выделены тер-

ритории с преобладанием дефляции, аккумуляции и переходного типа (рис. 3). Выявлено, что динамика эоловых 

процессов на обсуждаемой территории разнообразна. Наиболее дифференцированая среда эоловых песков на-

блюдается в пределах отмеченных „пустынь”: Старчиновской и Блендовской, тогда как наиболее однородная – 

Котловина Бискупьего Бора. Данная дифференциация зависит от наличия старшего рельефа местности и от рас-

тительности. Чем ближе Верхнеюрского порога, песчаный материал все больше приобретал черты, свойственные 

пониженной литодинамической активности (aккумуляции). У речных долин, являющихся естественным барьером 

последующему движению песка, тоже доминировала аккумуляция. Среднетриасовый порог не имел большего мор-

фологического значения, так как он не выступал существенным препятствием западным ветрам. Из-за отсутствия 

растительного покрова, зерновой состав песчаных отложений отличается свойствами типичными для территорий  

с усиленной литодинамической активностью. На ареалах с более поздним обезлесением наблюдается неболшая 

дифференциация песков с доминированием аккумулятивных площадей. 
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Abstract 

 

The aim of this paper is to present the lithodynamics of 

aeolian sands of three areas in eastern part of Silesian 

Upland (Biskupi Bór Basin, Starczynów and Błędów 

“Deserts”). These areas were chosen in respect of their 

location in relation to older relief and the history of de-

forestation. In respect of lithodynamics areas with pre-

domination of deflation, accumulation and transitionnal 

were distinguished. It was proved that dynamics of aeo-

lian processes in the eatern part of the Silesian Upland 

is differentiated. The most varied environment of aeolian 

sand is visible within Starczynów and Błędów “Deserts”, 

while the most homogeneous –  within the Biskupi Bór 

Basin. This variety depends on older relief and the presen-

ce of vegetation. As the distance to the Upper Jurassic 
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cuesta decreases, the sandy material increasingly acquires 

the characteristics features of the lowered lithodynamic 

activity (accumulation type). At rivers, being a natural 

barrier to the further development of sand movement, 

also predominated areas of accumulation type. The Mid-

dle Triassic Cuesta was not here morphologically impor-

tant, because it was not the essential barrier for the wes-

tern winds. Lack of vegetation cover caused that sandy 

deposits have textural features typical for areas of in-

creased lithodynamic activity. Areas, which were defo-

rested at the end are the most homogeneous and have 

the accumulation character. 
 

PURPOSE AND SCOPE OF WORK 
 

The eastern part of the Silesian Upland is characterized 

by the accumulation of a huge amount of sandy sedi-

ments. The upper layers of the Pleistocene deposits ha-

ve been remodeled by the wind (e.g. BIERNAT, 1984; 

SZCZYPEK, 1988; SENDOBRY, SZCZYPEK, 1991; PEŁKA, 

1992 and others). Thus, aeolian sands are very com-

mon and are the effect of wind impact on genetically 

diversified substratum. 

The aim of this paper is to present the lithodyna-

mic differentiation of these deposits. For investiga-

tions were chosen sandy areas located within the Bis-

kupi Bór and Mitręga Basins (Starczynów and Błędów 

„Deserts”). These places were selected because of theirs 

different location in relation to older relief (сuestas 

and river valleys) and different history of deforestation.  

The paper is the completed, written in English, ver-

sion of the original elaboration of the author entitled 

„Przestrzenna zmienność cech piasków eolicznych 

wschodniej części Wyżyny Śląskiej” („Spatial variabi-

lity of features of aeolian sands in eastern part of Si-

lesian Upland”), included in the monograph „Formy 

i osady eoliczne” („Aeolian landforms and deposits”), 

edited by Józef Wojtanowicz (PEŁKA-GOŚCINIAK, 2004). 

 

STUDY AREA 
 

In the eastern part of Silesian Upland, adjacent to 

Upper Jurassic Cuesta of Cracow-Wieluń Upland, the-

re is a huge accumulation of sandy sediments  

(SZCZYPEK, WACH, 1989, 1991; SZCZYPEK, WACH, WIKA, 

1994). They reach the largest distribution and thick-

ness in the area of basins, among others of Biskupi Bór 

and Mitręga (fig. 1), which have the character of exten-

sive depressions formed in the “Tertiary” as a result 

of tectonic movements (GILEWSKA, 1972; SZCZYPEK, 

WACH, 1989; SZCZYPEK et. al, 2001). The Triassic bed-

rock was segmented by deep fossil valleys, including 

the largest – the Pra-Biała Przemsza valley (LEWAN-

DOWSKI, ZIELIŃSKI, 1990). These valleys were gradually 

backfilled with fluvioglacial deposits carried out from 

the Cracow-Wieluń Upland during the ice age until 

they were completely filled in. The extensive sand and 

gravel surface was subjected to wind activity (SZCZYPEK, 

WACH, 1989). 

  

 
 

Fig. 1. Study area:  

   T2 – Middle Triassic cuesta, J3 – Upper Jurassic cuesta 

Rys. 1. Obszar badań:  

   T2 – Próg Środkowotriasowy, J3 – Próg Górnojurajski 

Рис. 1. Исследуемая территория: 

   T2 – Среднетриасовавя куэста, J3 – Верхнеюрская куэста 

 
The genesis of sands in the eastern part of the Si-

lesian Upland can be determined a very complicated, 

i.e. in different parts of the unit can occur sediments 

of different genesis: glaciofluvial, fluvial-proluvial, 

fluvial, proluvial-deluvial (e.g. LEWIŃSKI, 1914; KOZIOŁ, 

1952; KRZYŻKIEWICZ, 1952; RÓŻYCKI, 1972; SZCZYPEK, 

WACH, 1989; LEWANDOWSKI, ZIELIŃSKI, 1990; ZIELIŃSKI, 

LEWANDOWSKI, 1990; SENDOBRY, SZCZYPEK, 1991). In 

the geomorphological development of Biskupi Bór 

Basin and “Deserts” of Starczynów and Błędów it is 

possible to distinguish two main morphogenetic fac-

tors: wind and human activity. Aeolian factor at the 

end of the Pleistocene and in Holocene caused here, 

like in others parts of Poland, the transformation of 

the Vistulian sandy deposits and the origination of 

many accumulation landforms (e.g. BALIŃSKA-WUTTKE, 

1963; MYCIELSKA-DOWGIAŁLO, 1978; GOŹDZIK, MY-

CIELSKA-DOWGIAŁLO, 1982; BIERNAT, 1984; SZCZYPEK, 

1988; JERSAK, SENDOBRY, 1991; KLATKOWA, 1991; 

SENDOBRY, SZCZYPEK, 1991; GOŹDZIK, 1992; PEŁKA, 

1992 and others). Until the twelfth century, this area 

was covered with dense forests (RAHMONOW, 1999; 

RAHMONOV, 2007). Human activity by deforestation 

due to timber obtaining to burn the medieval silver 

and lead smelters located in the vicinity of Olkusz 

led to the uncovering of sandy deposits and intensi-

fication of aeolian processes (SZCZYPEK, WACH, 1991; 

RAHMONOW, 1999; 2007; DULIAS, PEŁKA-GOŚCINIAK, 
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SZCZYPEK, 2008; PEŁKA-GOŚCINIAK, 2013, PEŁKA-GOŚ-

CINIAK, RAHMONOV, SZCZYPEK, 2014). This caused the 

remodeling of an earlier aeolian relief and the conti-

nuous evolution seen in relief and lithology up to the 

present times. This process was additionally strengthe-

ned by the dry substratum due to the construction of 

drainage galleries (for intensified colour metal mining 

in the sixteenth and seventeenth centuries), and thus 

lowering of the groundwater horizon. Therefore Star-

czynów and Błędów “Deserts” are not typical climatic 

dry areas but they are results of human impact into 

the natural sandy environment (SZCZYPEK et al., 

2001). 

The area of Biskupi Bór Basin has been virtually 

deforested in the early 1950s, when this terrain was 

subjected to intense anthropogenic activities resulting 

in sandpit formation (PEŁKA-GOŚCINIAK, SZCZYPEK, 

2014). 
 

RESEARCH METHODS  
 

Sandy material was sampled from the depth of 70 cm 

in a series of knot points of square net. The whole ma-

terial was subjected to laboratory investigation, which 

included standard analyses of grain size distribution 

according to equation of R. L. FOLK and W. C. WARD 

(1957). The obtained data were statistically smoothed.  

In order to present lithodynamics of sandy deposits 

the author used the deciding table, compiled on the ba-

sis of the analysis of deviations from the confidence in-

terval (at α = 0.05) of smoothed averages of main in-

dices of grain size distribution – anomalies of these pa-

rameters (based on BARANIECKI, RACINOWSKI, 1996). 

It was assumed that parameters within this interval 

characterise the average conditions of the analysed 

sand, while these beyond the interval (positive or ne-

gative anomalies) indicate a relative predomination  

of deposition or redeposition. It is estimated that re-

deposition is described by positive anomalies of Mz 

(mm), δ, KG and negative anomalies of Sk, while the 

opposite anomalies of these parameters indicate the 

deposition (fig. 2). On the basis of these coded anoma-

lies it is possible to conduct the dynamic interpreta-

tion of the given environment, distinguishing areas 

with high activity of sand (strong blowing out), tran-

sitional regions, and areas with low activity (i.e. areas 

or weak blowing out or deposition) (PEŁKA-GOŚCI-

NIAK, 2000) (fig. 2, tab. 1). In the end – maps of spa-

tial distribution of particular parameters of grain size 

distribution and their anomalies were drawn by means 

of program Surfer (function – Linear Interpolation) 

and CorelDRAW. 

Material to investigation was collected in the years 

1991–1993. Archival studies on aeolian deposits inclu- 

 

 
 

Fig. 2. Anomalies of parameters of grain size distribution: 

   1 – increased lithodynamic activity, 2 – lowered lithody-

   namic activity  

Rys. 2. Anomalie wskaźników uziarnienia:  

   1 – podwyższona aktywność litodynamiczna, 2 – obni-

   żona aktywność litodynamiczna 

Рис. 2. Аномалии показателей зернового состава: 

   1 – усиленная литодинамическая активность, 2 – по-

   ниженная литодинамическая активность 

 

Material to investigation was collected in the years 

1991–1993. Archival studies on aeolian deposits inclu-

ded in works of Z. KRAWCZYK and J. TREMBACZOWS-

KI (1988), J. PEŁKA (1989, 1992), J. WYDERKA (1989), 

and T. SZCZYPEK, J. WACH (1991, 1993) and J. PEŁKA-

GOŚCINIAK (1999, 2000, 2004) were also applied. 

 

GRAIN SIZE DISTRIBUTION OF AEOLIAN 

COVERSANDS 

 
In aeolian sands of Biskupi Bór Basin prevails medium-

grained deposit, which contribution reachs here to 

51% on average (at the spread of 22.9–79.2%) and 

fine grains – 27.1% (1.1–50,9%). Fraction > 1.0 mm is 

relatively small and amounts on average to 0.6% 

(0–4.7%). The admixture of silt fraction is small, its 

amount is in the range 0–6% (average 1%). The value 

of mean grain diameter Mz ranges from 0.18 mm to 

0.5 mm (Mz = 0.33 mm). The sorting degree of sand 

here is moderate δ = 0.64 (0.27–0.87). The average va-

lue of skewness amounts to 0.07, whereas of kurto-

sis – 1 (tab. 2, 3). 

Aeolian sands of Starczynów “Desert” consist ma-

inly of medium-grained material, its content is here 

of 55.4% on average (with spread 35.3–70.1%) and 

fine – 26% (14.8–43%). Fraction > 1.0 mm is small and 

reaches 0.64% (0.05–2.6%). Admixture of silt fraction 

has a similar, low contribution, its quantity is within 

the range 0.05–8.6% (average 1.01%). The value of Mz 

ranges from 0.2 to 0.43 mm (mean value of Mz = 

0.32 mm). The samples’ sorting degree is moderate: 

the parameter δ reaches its mean value 0.62 (0.49–

0.91). The remaining mean values of indices are:   

Sk = 0.06 and KG = 1.06.  

The main core of aeolian sands in Błędów “De-

sert” is made of medium- and coarse-grained depo- 

sits, their contribution in total is here almost 68% 
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Table 1. Decision table enabling distinguishing type of lithodynamic activity on the base of  parameters of grain size dis-

   tribution (made by the author on the base of BARANIECKI, RACINOWSKI, 1996): 

   Аreas of lowered lithodynamic activity: 1 – accumulation, 2 – moderate accumulation, 3 –  weak accumulation; 4 – tran-

   sitional areas; 5 – areas of changing lithodynamic activity; areas of increased lithodynamic activity: 6 – deflation, 7 – mo-

   derate deflation, 8 – weak deflation 

Tabela 1. Tabela decyzyjna służąca do określenia typu aktywności litodynamicznej na podstawie wskaźników uziarnienia 

   dla piasków eolicznych (opracowanie własne na podstawie: BARANIECKI, RACINOWSKI, 1996): 

   Obszary o obniżonej aktywności litodynamicznej: 1 – akumulacja, 2 – umiarkowana akumulacja, 3 – słaba akumulacja; 4 – 

   obszary o zachowanej równowadze litodynamicznej (typowe); 5 – obszary o zmiennej aktywności litodynamicznej; ob-

   szary o podwyższonej aktywności litodynamicznej: 6 – wywiewanie, 7 – umiarkowane wywiewanie, 8 – słabe wywie-

   wanie  

Таблица 1. Таблица принятия решений по определению типа литодинамической активности на основании показа-

   телей зернового состава эоловых песков (составлено автором по: BARANIECKI, RACINOWSKI, 1996): 

   Ареалы с пониженной литодинамической активностью: 1 – аккумуляция, 2 – умеренная аккумуляция, 3 – слабая 

   аккумуляция; 4 – ареалы с сохраненным литодинамическим равновесием (типичные); 5 – ареалы с переменной ли-

   тодинамической активностью; ареалы с усиленной литодинамической активностью: 6 – дефляция, 7 – умеренная 

   дефляция, 8 – слабая дефляция  

---------------------------------------------------------------------------- 

 
of whole sediment. Medium sands deal 35.7% (at spread 

of 5.9–52.9%) and the coarse ones – 32% (3.5–69.7%) 

respectively. Fine particles participate in 30.4% of se-

diment (7.5–73.5%). Fraction higher than 1.0 mm is low 

and reaches 0.4% on average (0–6.2%). The admixtu-

re of silt fraction is within the range 0–11.3% (on ave-

rage 0.9%). The value of Mz ranges from 0.03 to 0.52 

mm (Mz = 0.31 mm). The sorting degree of sand he-

re is moderate, the parameter δ = 0.62 (0.45–0.89), 

Sk = 0.16 and KG = 1.01 (PEŁKA-GOŚCINIAK, 2004) 

(tab. 2, 3). 

 
Table 2. Contribution of particular fractions in aeolian sands in the eastern part of the Silesian Upland 

Tabela 2. Zawartość poszczególnych frakcji w piaskach eolicznych wschodniej części Wyżyny Śląskiej  

Таблица 2. Содержание отдельных фракций в эоловых песках восточной части Силезской возвышенности  

 

 

 

 
Table 3. Values of grain size distribution  parameters for aeolian sands of the eastern part of the Silesian Upland  

Tabela 3. Wartości wskaźników uziarnienia piasków eolicznych wschodniej części Wyżyny Śląskiej   

Таблица 3. Значения показателей зернового состава эоловых песков восточной части Силезской возвышенности 

 

 

Site 

Mz (mm) δ Sk KG 

min mean max min mean max min mean max min mean max 

Biskupi Bór 0.18 0.33 0.5 0.27 0.64 0.87 -0,05 0.07 0,24 0.86 1 1,38 

Starczynów „Desert” 0.2 0.32 0.43 0.49 0.62 0.91 -0.1 0.08 0.35 0.93 1,06 1,28 

Błędów „Desert” 0.03 0.31 0.52 0.45 0.62 0.89 -0.11 0.16 1,39 0.76 1,01 1,24 
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THE LITHODYNAMICS OF AEOLIAN 

SAND COVERING THE EASTERN PART  

OF THE SILESIAN UPLAND 
 

Taking into account the lithodynamical analysis of the 

selected sandy areas it is necessary to add that the Bis-

kupi Bór Basin is characterized by a predominance of 

the deposition of lowered lithodynamical activity, so 

of accumulation character, while the Starczynów and 

Błędów “Deserts” are characterised by the existence 

of deposits from three lithodynamical types: transition-

nal, of lowered and increased activity (fig. 3). Areas 

with a deflation present the environment of increased 

lithodynamic activity and are characterized by the pre-

sence of deposits which are coarser, less sorted, with 

low values of Sk, indicating of enrichment material in 

coarser fractions and elimination of finer material and 

high values of KG representing homogeneous dynamic 

conditions (fig. 2, 3). In turn, accumulative areas where 

lowered lithodynamic activity predominates, are cha-

racterized by the presence of the finer material, well 

sorted, forming at the pulsatory changes in the envi-

ronment energy during the material deposition (RA-

CINOWSKI, SZCZYPEK, WACH, 2001). 

Sandy deposits in the Biskupi Bór Basin of lowe-

red lithodynamical activity are surrounded by sands 

with granulometric features typical for increased ac-

tivity and transitional areas. This environment is the 

most homogenous. In the Starczynów “Desert” wes-

tern and north-eastern parts have deposits of lowered 

lithodynamical activity, while its central and eastern 

parts have deposits of increased activity or transition-

nal. The Błędów “Desert” is characterised by the pre-

sence of areas of increased lithodynamical activity 

in the west, of lowered lithodynamical activity – in 

the south and its central part, whereas transitional 

areas predominate in its central and eastern parts 

(fig. 3). 

 

CONCLUSIONS 
 

Basing on the analysis of the obtained results it can be 

concluded that the lithodynamics of aeolian sands in 

the eastern part of Silesian Upland is diverse. The most 

varied environment of aeolian sand transport is visi-

ble within Starczynów and Błędów “Deserts”, while 

the most homogeneous – within the Biskupi Bór Ba-

sin. This changeability should be associated with  the 

presence of older relief and vegetation cover. The Star-

czynów and Błędów “Deserts” in the past were areas 

devoid of vegetation in result of deforestation connec-

ted with medieval metallurgy of silver and lead ores, 

therefore they were active fields of deflation. As the 

distance to the Upper Jurassic cuesta decreases, the  

 
 

Fig. 3. Lithodynamics of selected sandy areas of eastern part 

   of Silesian Upland:   

   1 – areas of increased lithodynamic activity (deflation), 

   2 – transitional areas, 3 – areas of lowered lithodynamic 

   activity (accumulation) 

Rys. 3. Litodynamika wybranych obszarów piaszczystych 

   we wschodniej części Wyżyny Śląskiej:  

   1 – obszary o podwyższonej aktywności litodynamicz-

   nej (deflacyjne), 2 – obszary przejściowe, 3 – obszary o ob-

   niżonej aktywności litodynamicznej (akumulacyjne) 

Рис. 3. Литодинамика избранных песчаных территорий 

   восточной части Силезской возвышенности: 

   1 – ареалы с усиленной динамической активностью (де-

   фляционные), 2 – территории переходного типа, 3 – аре-

   алы с пониженной динамической активностью (аккуму-

   лятивные) 

 

sandy material increasingly acquires the characteris-

tics features of the lowered lithodynamic activity. At 

rivers, being a natural barrier to the further develop-

ment of the transport function of wind and sand mo-

vement, also predominated areas with accumulation. 

In western part of “deserts” prevail deposits of defla-

tion character. This tendency is not observed in Bis-

kupi Bór Basin (deposits have mainly accumulation 

character), which is located in a front of morphologi-

cally lower Middle Triassic Cuesta. This cuesta was 

not the barrier for the western winds. Additionally, 

in the past the wind activity there was limited by a 

dense vegetation cover. Therefore, the earlier formed 

accumulation landforms almost completely kept their 

lithodynamical code. One should also add that at first 

the deforestation took part in the eastern part of the 
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study area, whereas in the Biskupi Bór Basin – deci-

dedly later, so the deposits are here the most homo-

genous. 

Results obtained confirm the purposefulness to 

apply the method of anomalies of grain size  distribu-

tion parameters in the lithodynamical analysis of aeo-

lian sands in the eastern part of the Silesian Upland. 

The areas of potential deflation and accumulation dis-

tinguished in the paper can be the base of monitor-

ring of sandy material, what can be especially helpful 

in forestry and vegetation management. 
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