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Sammanfattning 

 
Central- och östeuropeiska lössursprung 
Hanna Gaita 
 

Klimatförändringar är idag en av våra högst prioriterade utmaningar. Men för att förstå 

klimatförändringar och kunna göra förutsägelser om framtiden är kunskap om tidigare klimat av 

väsentlig betydelse. Nyckelarkivet för tidigare klimatförändringar kan studeras genom så kallade 

lössavlagringar. Denna artikel undersöker lösskällor i Europa och hur dess avlagringar kan berätta för 

oss om olika ursprung med hjälp av olika geokemiska tekniker och metoder. 

  Sekundära uppgifter om lössavlagringar och källor över Central- och Östeuropa har samlats in och 

undersökts för att testa några av de möjliga huvudsakliga stoftkällområdena för europeiska lössavlag-

ringar som har föreslagits av andra forskare.  

 Olika tekniker och metoder används för att undersöka lössediment när man försöker identifiera deras 

ursprung. Generellt kan tekniker och metoder delas in i några av följande geokemiska och analytiska 

parametrar: XRD (röntgendiffraktion) och XRF (röntgenfluorescensspektrometri), grundämnesför-

hållanden, Sr-Nd isotopanalyser, zirkon U-Pb geokronologi, kombinerad bulk- och enkelkorns analyser 

såväl som mer statistiska tillvägagångssätt.  

 Resultaten är baserade på tre huvudsakligen studerade artiklar och visar att det är mer troligt att 

lösskällor kommer från Högalperna och bergsområden, såsom Karpaterna, snarare än från glaciärer, som 

tidigare varit den mest relevanta idén.  

 Denna avhandling gör därför slutsatsen att lössmaterial i de flesta fall verkar komma från relativt 

närliggande och lokala bergsområden och att endast en liten del tycks ha transporterats längre avstånd. 

 

Nyckelord: lösskällor, lössavlagringar, klimatarkiv, geokemiska tekniker, Central-Östeuropa, 

härkomst 
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Abstract 

 

Central-Eastern European Loess Sources 

Hanna Gaita 

 

Climate change is today one of our highest priority challenges. But to understand the change in climate 

and to be able to make predictions about the future, knowledge about past climate is of substantial 

importance. The key archive of past climate change can be studied through loess deposits. This paper 

examines loess sources in Europe and how deposits can tell us about different origins through different 

geochemical techniques and methods.  

  Secondary data of loess deposits and sources over Central-Eastern Europe have been collected and 

examined in order to test some of the possible major dust source areas for European loess deposits that 

have been suggested by other scientists. 

  Different techniques and methods are used to examine loess sediments when trying to identify their 

origin. Generally, techniques and methods can be divided into geochemical and analytical parameters, 

which are XRD (X-ray diffraction) and XRF (X-ray fluorescence spectrometry), elemental ratios, Sr-

Nd isotopic analyses, zircon U-Pb geochronology, combined bulk and single grain analyses, as well as 

more statistical approaches.  

  The results are based on the three mainly studied articles show that it is more likely that loess sources 

are coming from High Alps and mountain areas, such as the Carpathians, rather than from glaciers, as 

was previously the main idea. 

  This paper therefore draws the conclusion that loess material, in most cases, seems to be originating 

from relatively nearby and local mountain areas and only a small portion appear to have been transported 

longer distances.  

 

Key words: loess sources, loess deposits, climate archives, geochemical techniques, Central-Eastern 

Europe, provenance 
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1. Introduction 
 

Climate and how it has and is changing over time play a role of substantial importance (Smith & Zeder, 

2013). Climate changes in the past are far more extensive than climate changes that we have recorded 

data for, and recent anthropogenically influenced climate changes require framing in the context of past 

climate shifts. Being able to predict characteristics of future climate is thus of great importance. 

In order to understand past climate change in the context of the more recent development it is 

essential to study archives of past climate. This project will therefore focus on a key archive of past 

climate change: loess deposits. The paper examines loess sources in Europe and how deposits can be 

used to study and interpret prehistoric climate conditions and changes, as well as the mechanisms behind 

those alterations, through different geochemical techniques from bulk sediments and through analyses 

of single grains (IEDRO 2012; Smith & Zeder, 2013). 

The study of past climate – or paleoclimate, is conducted by geologists using specific tools to investigate 

the distant past of the Earth, trying to understand what the global environmental conditions were like 

long ago. Looking at past climate records and understanding how the climate behaved and changed 

through time enables projections, plans and preparations for the future (Robinson 2010). Collected 

paleoclimate data combined with climate modelling experiments can help improve model simulations 

of future climate and does also provide a powerful method for discovering and understanding the 

processes connected to gradual and abrupt climate change in terms of feedbacks. When testing and 

improving climate models, this is a very important component, aiding in projecting possible future 

climates (USGS, 2016). Thus, we can use those factors and knowledge and apply them to the modern 

climate change that we are currently undergoing so that we better can understand both the natural and 

anthropogenic forces that influence us right now. 

Because loess is an airfall deposit, coming directly from the atmosphere, it provides a record of 

atmospheric circulation, which in geological studies can be used to reconstruct synoptic-scale 

paleoclimatology. It is because it is deposited directly from the atmosphere that it is one of the most 

usable sources on tracing past climate but also because its alteration post deposition records climate 

impact. Loess may be the source providing us with the most complete terrestrial records of glacial-

interglacial cycles. The fact that loess can be directly dated using luminescence methods that require 

only the sediment itself makes it somewhat unusual (Muhs, 2013). 

Quaternary climatic variations can be studied through continental loess-paleosol sequences. These 

climate-proxy data have been attained through a variety of different methods that are now of major 

significance in loess research. They include granulometry, magnetic susceptibility, magnetic mineralogy, 

micromorphology, amino acid analysis, radiocarbon and thermoluminescence dating, etc. The ones that 

are of most significance in learning about the provenance of loess particles can be surmised from 

granulometric and mineralogical characteristics along with sedimentation features, or with special 

signatures of loess and paleosols coming from geochemical and isotopic methods (Gallet, Jahn, Van 

Vliet Lanoë, Dia & Rossello 1998). 

Loess (or loess-like materials) are among the most common soils on the planet and cover 

approximately 10 % of the Earth’s terrestrial surface. Loess consists largely of terrestrial clastic 

sediments – windblown (aeolian) dust particles composed largely of silt (Pye,1995). Not only can loess 

be used as a possible source of tracing and understanding paleoclimate, but it can also, through 

geochemical data and isotopic analyses (as those mentioned above) be used to understand the 

composition and contexture of the upper continental crust (Újvári, Varga & Balogh-Brunstad, 2008). 

Usually coming from large continental areas, loess deposits are the result of local accumulation and 

windblown dust that contain natural mixtures of erosion products coming from different surfaces on the 

continents. Because of this they have been used to conclude the average composition of the upper 

continental crust (Chauvel et al. 2014). Present study of loess deposits through these techniques indicates 
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that major-element data of these deposits, coming from very different regions from Asia, South America 

and Europe, show a substantial difference in composition. It is likely that at least moderate degrees of 

chemical weathering have affected the source regions of loess particles (Gallet et al. 1998). 

Wind-blown dust material can show very sudden changes that occurred in the past and that can 

potentially be linked to global climate change. Not only does atmospheric dust alter the absorption of 

incoming solar radiation, it also influences cloud formation and affect productivity in the ocean. As a 

result of this, it changes atmospheric carbon dioxide levels. The value of loess lies in the fact that it is 

one of the few terrestrial deposits that contain almost complete records of glacial-interglacial cycles as 

well as past dust activity. Therefore, knowing where the loess material is coming from, how the 

formation process works and how it is deposited are important questions that will assist in providing 

answers to how the dust-climate feed-back loop is manipulating the climate system (Muhs 2013). Dust 

source is an important part of that feedback loop. Gallet et al. (1998) point out that loess origins in 

Europe are indeed not certain but that they may come from many different places. Regarding the Central-

Eastern parts of the continent, high mountains, such as the Carpathians, are a likely source. 

Detailed information on source and the taken pathway can also be determined through analyses of 

variations in the mineralogy composition, concentration and grainsize of the magnetic minerals in 

deposited loess material (Maher & Thompson, 1992). Knowledge of past dust sources is important 

because they can help us discover and understand changes in past dustiness and its potential impact on 

climate, not available from modern observational records. Loess provides us with a better overview of 

the dust-cycle and how it has varied and changed in the past, but it also gives us important hints about 

changes in vegetation cover, atmospheric circulation patterns and wind strengths, only to mention a few 

of its benefits (PAGES 2014). 

The general origin of loess is highly debated, if indeed there can be a universal model. Glacial 

movements have long been viewed as the main process associated with formation of the particles. Even 

though certain answers are yet to be found, ice volume and loess formation seem to have a correlation 

– as much have been scientifically established. Greater volumes of ice give rise to more effective glacial 

grinding that assist continental rocks to more efficiently be comminuted into loess particle size (mode ≈ 

30 µm). However, the issue lies in the fact that glacial grinding is not always seem to be an important 

mechanism, as in the case with the Chinese loess plateau, where there is no clear relation between the 

loess plateau and glacial actions. Instead, mountain loess occurring in tectonically active ranges, such 

as the areas around “High Asia”, may be derived by freeze-thaw conditions that happens on a regular 

scale and thus supply material for large loess deposits (Gallet et al. 1998). That being said, dust sources 

are critical to constrain because by doing so we can understand the environmental controls on dust 

emission and therefore learn how dust and climate change interact with one another.  

 

2. Project Summary 

 

The purpose of this project is to collect and examine secondary data of loess deposits and sources over 

Central-Eastern Europe. It further seeks to answer the following questions: what methods and 

approaches are being used in the research of its origin, formation and deposition? What techniques are 

being used, and what are the potential sources and source areas prevalent? How can these be interpreted 

in terms of paleoclimate (via understanding transport pathways)? The project also seeks to examine 

geochemical indicators but also provides an extensive background on loess and dust formation based on 

a large literature search. 
According to Fitzsimmons (2012) one of the most comprehensive paleoenvironmental records in the 

continental zone are represented by loess deposits, yet these questions are still to be answered. Despite 

different propositions and ideas about the true nature of the dust cycle, scientists are left with a gap of 
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knowledge and questions still unanswered or unproved. Some of the possible major dust source areas 

for European loess deposits are: 

•The Po plain in Italy 

•The Balkan Mountains 

•The Sahara Deserts 

•The Black Sea Continental Plain 

•The Moravian-Bohemian Massif 

•The Scandinavian Ice Sheet 

•The Alps 

(Referring to figure 5a and 5b in section 5.1.3.) 

 My aim is to test this based on published secondary data from different studies. 

Already in the early 20th century scientists began studying loess deposits and similar materials due to 

their very widespread distribution over the continents, to gain a wider knowledge about Quaternary 

geology and soil science in general (Haase, 2007). The study of loess is important for mainly two 

reasons: firstly, the soil is extremely fertile and due to its rich properties often used as irrigated croplands. 

Secondly, studying loess properties like magnetics and geochemistry also tells us about climate. Loess 

is an important climate archive, where data form proxies (like grain size and chemistry) and sources but 

also accumulation rates can be collected to help us understand the origin and distribution of loess for the 

main purpose of learning about paleoclimate (Smalley & Leach, 1978). Loess is also important from 

other perspectives such as geoengineering (hazards and planning) and as an archive of dust (which helps 

to understand dusts influence on the climate). 

 Paleoenvironmental records from loess deposits, manly from the Pleistocene era, can be found in 

many places on the continent with one of the thickest and most widespread areas located in the central 

to south-eastern part of Europe in the middle and lower Danube basin. It is thus one of the most 

considerable loess deposit areas on the planet and yet it’s origin and paleoclimatic significance is poorly 

known.  

 

3. Background 

 

3.1. Climate Change 

 

According to the IPCC fifth assessment report (2014) climate change refers to “a change in the state of 

climate that can be identified by changes in the mean and/or variability of its properties, and that persists 

for an extended period, typically decades or longer”. The IPCC also states that climate change can occur 

both due to natural processes and external forcing. The human influence is clearly heavy and if not 

altered or adapted to the capacity of the Earth, the risks of facing catastrophic consequences are certain 

and extreme weather events are only one of them.  
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3.2. Loess 

 

 
Figure 1. A loess deposit in Dunaszekcsöi, Hungary. 

Photo: Thomas Stevens, 2018 

 

3.2.1. Definition and General Background 

 

The exact definition of a loess deposit varies slightly between scientists. It is described as a homogenous, 

permeable, pale airfall deposit also referred to as buff coloured, mostly composed of silt sized particles, 

commonly also containing measurable amounts of clay and silt, calcium carbonates and feldspar. It has 

an open metastable structure where the main mechanism for transportation and deposition is wind 

(Fitzsimmons, 2012; Smalley & Markovic, 2017). Muhs (2013) on the other hand claims that loess in 

most cases are non-homogenous sediments, but that most of them contain a certain amount of soil or 

paleosols. The variety and richness of the Quaternary paleoclimate records that can be studied through 

loess is due to the combination of both crude loess deposits and intercalated paleosols. Distinguishing 

between loess and aerosolic dust is sometimes hard because of the fact that both likely have a subtle 

presence within soils and/or sediment, but in the field, loess can be recognized as a distinctive 

sedimentary body. Muhs (ibid, 2013) also further explains that the size of loess deposits has a huge 

variety, ranging from between only a few centimetres in thickness up to as much as several hundred 

meters and it is usually found as a mantle cover over pre-existing landscapes. Loess sediments have 
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primary structures and are subtle to its characters. Clay and/or carbon often makes up interparticle 

bindings in loess and thus result in a strong material and it may also elucidate how these deposits can 

form vertical faces along rivers, stream banks and road cuts. 

The Quaternary Glacial period in Europe created loess as a product resulting from dust accumulation 

ranging from the north-west area over France and Belgium over to the central Europe to the Ukraine 

and Russian plains which has a continental climate (Haase, 2007). 

 

 

 

Figure 2. Loess distribution in Europe 

Source: Loess in Europe – Its spatial distribution based on a European Loess Map, scale 1:2,500,000 (Haase 

2007, p.1310) 

 

Smalley and Leach (1978) suggest that since there is no simple division between loess and not-loess, 

whenever the Central-Eastern European loess is discussed it is extremely important to distinguish 

between several distinct types. In this region a clear distinction between typical loess and loesses derived 

from this as well as possibly loess-like material coming from unexpected and independent derivation is 

needed, such as from glacial action. Even though this is fundamentally correct, true loess must be 

directly made up of deposited air borne dust. Smalley and Markovic (2017) claims that a loess deposit 

has many constituents such as clay, carbonates and other minerals even though the main assumable part 

predominantly is made up by silt sized quartz particles. 

Due to its very rich and fertile properties it has provided some of the world’s most productive soils, 

often used as irrigated croplands (Haase et al. 2007). Loess is deposited as a sediment covering 

landscapes but it also a geomorphological entity and the reason it is widely studied over the world in 

terms of understanding the characteristics of paleoclimate is because it holds a record of climatic and 

environmental change during Quaternary times (Smalley & Markovic, 2017). 

The central-eastern European loess deposit is one of the largest in the world (Rousseau, 2007) but is 

only very generally known and a lot more research is required to understand where the loess is coming 
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from and the mechanisms of how it is deposited. In the geographical distribution of loess deposits in 

Europe, between the Black Sea and the Caspian Sea, loess does exist but has been poorly studied and as 

a result there is a lack of evidence which inhibits the ability to properly examine the spatial distribution 

and formation process (Wolf et al. 2016). It is known that wind transport plays an essential role in the 

deposition but the stages happening before are still not certain (Smalley et al. 2009).  

Muhs and Bettis (2003, p. 67) share the most common view about loess origin, claiming that it is a 

cold climate material and that all loess is essentially glacial. Thus, the material would either come from 

cold mountains or cold continental glaciers (Smalley et al. 2009). However, in more recent years, this 

theory has been widely questioned and opposed by scientists as the only source since it doesn’t make 

sense that loess material of cold origin could explain the occurrence in more southern and warmer 

regions, such as the Sahara Desert in Northern Africa. Even though a sediment can only be described as 

loess if it’s deposited on land, deep-sea cores and islands have also been discovered to hold silty dust 

material and it therefore must be another mechanism to how aeolian silt can be generated in and derived 

from areas where glaciers are non-existent (Crouvi, Amit, Enzel & Gillespie 2010). 

 

 3.2.2. Proposed Loess Particle Formation Theories 

 

Some of the possible mechanisms for silt production are the following: 

 

Glaciers: 

It has long been suggested that glaciers are one of the main sources of loess particles which are 

being produced through glacial grinding in these areas. To begin with, these processes where 

connected mainly with their relation to big ice sheets but today it is known that even smaller 

mountain glaciers can be the chief supplier of the material due to their continuous existence 

(Smalley & Markovic 2017). Depending on the climatic conditions that are prevailing, they can 

supply variable amounts of loess material (Ibid 2017). 

 During the last glaciation the first stage of loess accumulation is believed to have started 

already as early as 50 ka before the Last Glacial Maximum (LGM). Because of rapid 

overgrowth of tundra and/or taiga vegetation or formation of deflation pavements, dust 

deflation from glacial covers was limited. Studies have shown that the youngest, sandy loess 

particles could have been formed from material deflated out of the LGM foreland (Badura, Jary 

& Smalley 2013). However, also according to Badura, Jary & Smalley (2013), depending on 

what deposits are being studied, dust material from glacial sources are not always distinctive. 

 

Desert dunes: 

Deserts as a source of silt production have long been a widely discussed topic among scientists. 

The raised question has been if these course, silt-size quartz grain particles actually can be 

formed in hot deserts where they later agglomerate into deposits (Crouvi, Amit, Enzel, Porat & 

Sandler 2008; Smalley et al. 2009).  

In more recent years, desert loess is occasionally also called mountain loess since most of 

the material is supposedly coming from bordering high mountain areas rather than from the 

desert itself, which role instead is to act as a holding zone or loess material reservoir (Sun, 

2002). Mountain loess in European deposits are coming mainly from the Alpes and the 

Carpathians (Smalley et al. 2009). Crouvi et al. (2010) on the other hand argue that this a 

statement that cannot be called accurate since they argue that dunes themselves are the sole 
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mechanism driving silt production. In an earlier report by Crouvi et al. (2008), a suggestion that 

loess material is able to form in these warm desert conditions through salt and frost weathering, 

deep weathering of plutonic rocks or by fluvial and aeolian abrasion is being discussed. These 

hypotheses though, are only partly established from field-based observations of palaeo-climatic 

records in desert loess, but more so on laboratory experiments. 

 

High mountains: 

It is likely that loess particles are formed in high mountain areas by fine-grained weathering 

material, from where it is later picked up and transported by the wind before deposition occurs 

(Badura, Jary & Smalley 2013). Silt material originating from ice sheet forelands are only found 

in younger loess deposits and can’t therefore explain the origin of loess in the central-eastern 

parts of Europe where the material instead seems to come from high mountains such as the 

Carpathian Mountains and Bohemian Massif surrounding these areas, providing silty material 

that is created by frost chattering and thermal weathering (Buggle et al. 2008). Places that are 

prone to mountain loess deposits in Europe are most common in regions that are located 

between the previous Alpine and Scandinavian ice sheet and in areas situated more to the east 

that instead can be associated with major river systems (Bradely 2014). 

 

Dried up lakes: 

Another possibility of loess particle sources in Europe have been recognized in dried-out plains 

(paleoestuaries) and lakes, for example in the English Channel and in the North Sea where it 

was exposed by lowering of the sea-level. This is also the case at the mouth of the Po River in 

northern Italy. Alluvial fans that were taken up by braided channels during the pleniglacial 

phases of the latest glacial period can also be included in this category, as other sources for 

loess formation (Rousseau et al 2007). These are areas where the fluvial systems, exemplary of 

periglacial environments, where sandy bars and inadequate vegetation very likely were 

subjected to strong aeolian deflation. Some areas in Europe, mainly in the central parts are 

probably originated in such a way, like the Ukrainian loess deposits (ibid 2007). However, this 

could also refer to rivers and sometimes it is therefore hard to distinguish between dried up 

lakes and other water systems.  

 

Rivers: 

According to Smalley et al. (2009) rivers are necessary in the formation of loess deposits. In 

the central and eastern part of Europe the Danube river play the most significant role in this 

process and can be directly related to loess deposit formation. There are occasions where the loess-river 

connection in deposits are obvious, but the European deposits are known for being more ambiguous in 

this sense. Mountains, rivers and ice sheets are all part of the European loess system and may give rise 

to confusion about the formation process. The two major rivers that are carrying out material to the 

deposits of the European continent, most likely coming mainly from the Alps, are the Danube and Rhine. 

The important key here is that these rivers are converged from several smaller rivers. Major tributaries 

such as the Sava, the Drava and Tisza crosses the mainstream of the Danube river and deliver very great 

amount amounts of loess material to central-eastern Europe. While rivers supply geographical regions 

with loess materials from the source area, it is the aeolian transportation and deposition that takes place 

later that will give rise the specific properties of the loess deposits that are formed (Smalley et al. 2009). 
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4. Loess deposits and Atmospheric Dust 

 

4.1. Dust Generation – Step by step 

 

According to Smalley (1995) four factors are necessary in the formation process of dust particles – 1) 

There has to be a source for wind-borne dust to be generated, 2) a strong enough wind to transport the 

dust, 3) vegetation that can capture it and 4) enough time for accumulation to take place. Many loess 

deposits are made up of silt and it is known that silt particles can be generated in huge amount by glacial 

grinding, which is probably the main source of European loess deposits, even though there are other 

possible sources as well. Finely comminuted and uniform material is what loess is composed of, which 

must be the result of extensive and very efficient disintegrating processes, which may perhaps have been 

aqueous, sub-areal or glacial, which is also stated by Smalley (1995). 

 

4.2. The Impact of Dust 

 

Dust has a major impact on the environment in many ways. Schepanski (2018) explains that dust is a 

major and very significant factor in the atmosphere since it adjusts the global energy budget and directly 

affects incoming solar radiation by scattering and/or absorbing it, it indirectly promotes changes in cloud 

and precipitation formation as well as drives changes in oceanic productivity. Wind-blown dust is part 

of a loop where the dust itself impacts and is a major driver of global climate change at the same time 

as environmental conditions impact dust formation. Aeolian dust is locked in a constant cycle. Thus, 

dust deposits may be of major concern to many of the Earth’s major eco systems. McTainsh & Strong 

(2007) claims that it is possible that dust is the only atmospheric aerosol that has the likelihood of either 

increasing or decreasing atmospheric temperatures, by comparable order of magnitude to CO2. A 

mixture of dust, sea salts and both primary and secondary sources of anthropogenic pollutants is the 

constituents of atmospheric dust.  

 The energy balance of the climate system is influenced by many things. For example, terrigenous 

particles are involved through their straightforward radiation effect but also through nucleation 

processes in cloud formation development, that have an indirect radiation effect and impacts 

precipitation. Dust is a major component of the formation of many soils and supplies nutrients and 

buffering capacity to numerous  receiver eco systems (Lequy, Conil & Turpault 2012). 

 

 4.2.1. Deflation 

 

Deflation is erosion and transport in connection with wind. This is the step that occurs before transport 

and deposition is possible. It is the process of loose material coming from flat areas of dry, uncemented 

sediments equal to those that appear in deserts, lake beds, flood plains and glacial outwash plains that is 

called deflation. Particles of varying sizes, everything from clay to silt can be picked up and then be 

transported by the wind, all from very short distances to hundreds of kilometres and it is when they settle 

that they may become loess deposits (Muhs 2013). Places and areas that are affected by deflation could 

lead to something called deflation hollows or blowouts. Their range in diameter can extend from 3 

meters to several kilometres and in depth from less than a meter deep to a couple of hundred meters. 

Deflation may be prevented if an area is eroded as much as down to the present water table, as long as 

the water table is not lowered by evaporation. There are oases in the Sahara that were formed in this 

way and that may be below sea level (ibid 2018). This is mostly relevant to sand. More significant for 

silt is material that was produced in remote alpine and glacial environments and that was later 
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transported by streams and rivers into basins that would potentially be disclosed, as lakes and ponds 

dried up and exposed it. Streams that drains glaciers and dry intermountain basins are where the silt 

particles are readily available to be picked up, transported and then deposited by deflation (Bettis 2012). 

 

 4.2.2. Transport 

 

The most significant mechanism in the transportation process of dust and loess particles is wind strength. 

Stronger winds will allow a larger amount of dust to be eroded and removed as well as give a greater 

chance to bigger grain sizes to travel longer distances (Harrison, Kohfeld, Roelandt & Claquin 2001). It 

is generally the wind-field that regulates which source areas that provides dust to the airstream, the 

transportation path that comes after as well as both the location and nature of their deposition. McGowan, 

Sturman & Owens (1996) explains that local topography is mainly in accountable for the dynamics of 

the wind field that is being observed through topographic alteration of the airstream, by processes 

serving as blocking or channelling, within an alpine environment. Within the landscape, such 

mechanisms could force the airflow into specific areas, at the same time as the airflow down river valleys 

are channelled and could thus, unquestionably (significantly), increase its velocity and erosive power. 

 

 4.2.3. Deposition 

 

Dust is composed of a wide range of mineral particles. As argued by Lequy, Conil & Turpault (2012) 

there are three possible ways in which dust can be deposited after being blown off and then transported 

from emission regions by wind erosion: 1) dry deposition during dry weather under the impact of gravity, 

2) wet deposition during rainfall caused by atmospheric wash-off called Brownian diffusion or Eddy 

diffusion and 3) and occult deposition of caused by particle transfer coming from fog droplets to any 

surface. It is mostly during rainfall that aeolian dust are washed out from the atmosphere. In contrast, 

Pye (1995) claims that there are five ways in which depositions can happen: 1) Gravitational deposition 

of individual particles, 2) gravitational deposition of particle aggregates, 3) downward turbulence, 4) 

advection of air rich in dust or 5) deposition of particles by rainfall. Wet deposition is supposedly much 

more effective, accounting for 80 – 90% of precipitation, compared to dry deposition. Dry deposition, 

however, increases with particle size, which makes it more significant closer to the source (Harrison et 

al. 2001). This can be linked to dust storms which are the major source of larger particles and likely 

make up a lot of the material forming loess. 

The ranges in distances between emission and deposition can be anything from just a few meters to 

several thousand kilometres in the case of a transport that is very long-distant (Lequy, Conil & Turpault 

2012).  

 

4.3. Loess Formation 

 

Most scientist agree that a silt source is required in the process of forming a loess deposit (Smalley et al. 

2009; Smalley & Markovic, 2017; Pye,1995). According to Wright (2001) such a deposit cannot be 

formed at all without a suitable source of silt that provides the most essential material. To be able to 

understand the geographical sources of loess, the possible formation processes of the silt that it is made 

up of itself must be considered and studied. This is a necessary step because the silt can give an 

indication of where sources might be found.  
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Pye (1995) argue that there are three fundamental requirements in the formation process: 1) There 

must be a sustained source of dust available. 2) An adequate wind energy is required to transport the 

dust and 3) An area suitable for deposition and accumulation is necessary for the formation of the soil. 

 

 
Figure 3. Formation of loess deposits through the three fundamental steps necessary. Source: Picture borrowed 

from “The Nature and Origin of Loess” (Pye 1995, p.657). 

 

Loessification is a term that has been widely discussed and is referring to the formation of loess, which 

sometimes have been viewed and interpreted differently. One of the older definitions is “a conversion 

of non-loess ground into loess ground by processes of weathering and soil formation”. Today, however, 

most scientists in the sedimentology field disagree with this definition since its missing an essential part 

in the moment that confers the clastic properties of a loess deposit. Because the key process in the 

formation of loess soil is windblown dust, “loessification” may not be so important after all. Thus, since 

the windblown deposition is critical in the formation some would choose to call the process aeolian 

deposition rather than loessification even though it is referring to the same thing (Smalley & Marković, 

2014).  

The transport and deposition of dust is affected by a few different factors – wind strength and 

direction being the most significant. The amount of dust being eroded and transported is dependent of 

how strong the wind is. Stroger wind will cause bigger dust particles to be transported longer distances. 

According to Harrison, Kohfeld, Roelandt & Claquin (2001) increased wind speed during the Last 

Glacial Maximum (LGM) have been proven from simulations. 

The fundamental necessity of the loess deposit formation process can also be explained by the 

“Siltworm route” as shown in Fig. 4. 

 The course is an event path where the river part (T2) is a key to the process. Formation of a loess 

deposit requires various key events to take place and all those key events, and proper considerations of 

them, are necessary to give an adequate scientific explanation of the formation of such a deposit. Since 

the importance of river transportation has been recognized a somewhat reasonably complete account of 

loess deposit formation can now be constructed. The major events that are shown in the figure are the 

same as the fundamental requirements of less formation as previously mentioned: the formation of the 

particles, sufficient aeolian transportation and river action that can distribute the material across the 

landscape and thus give it the typical properties of a loess deposit and then an area that is suitable for 
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the deposition and accumulation. In this case two main sources for the main silt particles in loess deposits 

are suggested. These are ice-sheets and mountains, where continental ice-sheets produced ice-sheet loess 

while glacial loess was produced by glacial grinding (Smalley et al. 2009).  

 Desert loess and its origin have for long been a subject prone to discussion among scientists and one 

of the more radical ideas was that the particles were actually formed in the dessert itself where they 

eventually agglomerated into what is now considered “desert loess”. More recent research, however, 

suggest that the deserts connection to loess is to serve as a holding zone or a so called ´loess material 

reservoir´ and that the material isn’t at all produced in the dessert but rather in bordering mountains, 

which is also why it nowadays is called just that – mountain loess. Chinese deposits are coming from 

High Asia, while it is the Andes that supply the South American deposits and the Alps and Carpathians 

that provide material in Europe. The same report by Smalley et al. (2009) is stating that as it is very 

likely that the Carpathians are a major source of loess in Europe it is an interesting theory that it could 

also potentially provide silt for the Sahara Desert. Since it is possible for silt particles to be carried far 

by wind transportation it could conceivably be transported across the sea and reach the dry, semi-arid 

regions in the north of Africa. However, appear a somewhat protracted opinion. Instead it might be more 

likely that desert loess deposits are made of both local and long-distance material.  

The idea of loess coming from deserts are still both current and valid, but it appears that where the P 

event is a desert event or in other words where loess deposits are derived from deserts, are in most cases 

likely to be very small or even obscure deposits (Ibid. 2009) 

Figure 4. ”The Siltworm Route” – The sequences of loess deposit formation from the initial making of the material 

to final event leading to deposition.  

P = Particle formation, T = Transport, D = Deposition.  

Source: Rivers and loess: The significance of long river transportation in the complex event-sequence approach 

to loess deposit formation (Smalley et al. 2009). 

 



12 
 

5. Sources, chemical composition and characteristics 

 

5.1. Loess Sources 

 

When discussing the origin of loess, it is important to distinguish between its primary source – where 

sediment is first generated - and its secondary source – what makes the loess material “available” - 

such as for example the Danube in the central-eastern part of Europe.  

 

5.1.1 Primary Loess Sources 

 

A significant amount of primary silt-size mineral material must first be produced for a loess deposit to 

be possible. Primary sources are sediment particles derived from erosion of bedrock (e.g., in high 

mountains, by glaciers etc). The particles can be directly transported by wind from these areas and made 

into loess but could also be moved, as larger particles or silt, to other areas (like deserts, moraines, river 

systems etc) and then be reworked and transported by wind to form loess (Sun, 2001).  

 One example of primary source is silt that is produced from granite. This is a possible start of the 

complete progression of loess origin through is formation and production (Smalley 1995).  

 

5.1.2 Secondary Loess sources 

 

A secondary loess source is different from reworked loess and it is important to distinguish between the 

two. “Reworked loess” is loess that is deposited by wind and then reworked after deposition in situ by 

another process, like slope wash, for example. Secondary loess sources are sources of loess deposits that 

are not primary granite rocks, meaning places like floodplains, desert sands etc, where sediments get 

blown away and later becomes deposited as loess. The Po Plain in Italy is an example of such a place, 

where sediment has already been transported there from a primary source, like the Alps. Another 

example is the Danube river which is the main secondary source influencing and providing the Central-

Eastern part of Europe with loess material from the Alpes as far as to Romania and Bulgaria (Smalley 

1995). 

 

5.1.3 Possible Prevalent Sources 

 

Because one of the most traditional views of loess origin is that particles are produced by glacial grinding 

in crystalline rocks (Muhs 2013), it is easy to assume that a fair share of the material is potentially 

coming from high Alps or large mountain areas around Europe that are known to be cold territories. 

While loess formation coming from glacial sources appears to have been minimal, the Danube river 

seems to have played a more significantly important role where materials are carried by glacial 

floodwater, mountain weathering products from the Carpathians and Suedeten (Újvári, Varga & Balogh-

Brunstad, 2008). These regions fit into the picture of the loess-cycle, where after being deposited, the 

material is modified by fluvial processes as outwash (by melting glacial water), before being picked up, 

transported and then deposited again by the wind. From these areas the loess particles could easily have 

been carried all the way to the Central-Eastern parts of the continent before accumulation at their final 

destination. 

Other suggestions, based on geochemical data from bulk sediments and loess accumulation rates, 

where the proposed sources instead are from felsic, northern and western mountain sources also prevails 

(Újvári et al. 2012). In the Central-East Europe Saharan dust have been observed. This may influence 
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the very finest grains, but most people think it is unlikely that the coarse silt particles can come from 

here (Ibid 2012). 

The possible prevalent sources that was briefly mentioned in the ´Project Summary´ will here be 

discussed shortly in more details. 

 

The Po plain in Italy: 

There is an area in northern Italy called the central-eastern Po Plain. It is a decreasing sedimentary basin 

with an area covering about 38, 000 km2 where the sediments consist mainly of sediments of Alpine and 

Apennine origin (Carminati & Martinelli 2002). The loess deposits of the Po Plain basin most likely 

formed during cold and dry climates which is indicated by seasonal soil frost cycles and a steppe or 

shrub-steppe vegetation. Environmental conditions that have been reconstructed endorse wind deflation 

and dust mobilization, which is also previously agreed upon (Cremaschi et al. 2015). In the same study 

by Cremaschi et al. (2015) it is said that the existence of a wide loess basin in the Upper Pleistocene, 

that stretches from the southern front of the Alpine glaciers to the northern fringe of the Apennines, is 

confirmed by OSL dating that proves that the sedimentation in this area was contemporary wind-blown 

deposition of dust in the northern part of the Po Plain Basin. However, this was vastly extended in the 

area when sea levels were lower, and the continental shelf was exposed. 

 

The Balkan Mountains: 

The Balkan Mountain range is a 560 km long mountain chain located in the eastern part of the Balkan 

Peninsula. In this area loess deposits can be found along the Adriatic Sea, on the Dalmatian Islands, in 

the neighbouring area of Zadar as well as near the lower part of the Neretva valley in present day Bosnia 

and Herzegovina and Croatia but they can also in Macedonia and in the northern parts of Greece. This 

loess is rich in silt fraction and the material is most of the time ascribed to direct cryoclastic processes. 

This theory is indicating that material and sediment was picked up by winds and colluviation from the 

ridges of the mountains where periglacial morphogenesis was active and deposited at the areas 

surrounding the piedmont. Glacial and fluvioglacial deposits are often mentioned as the source to the 

aeolian deflation that has given rise to the loess deposits in this area (Coudé-Gaussen 1990). 

 

The Sahara Desert: 

As silt particles are known to operate more efficiently in cold environments there seem to be no feasible 

mechanisms for large quantities of silt to be produced in hot desserts (Wright 2001). This was also 

supported by the fact that there has been a considerable lack of loess deposits that could be associated 

with large deserts, such as the ones in the Sahara and Australia (Smalley & Krinsley 1978). This does, 

however, also raise the question about why some desert areas have significant loess areas associated 

with them while others do not?  

Over the central-eastern part of Europe, intermittent Saharan dust has been discovered and proven 

over the Mediterranean area using backward trajectories and particle chemistry and can thus be linked 

to cyclogeneses over this part of the continent (Újvári et al. 2012). 

Indeed, the recent episodic appearance of Saharan dust over East-Central Europe has been observed 

and proven using backward trajectories and particle chemistry and is linked to cyclogenesis over the 

Mediterranean (Ibid 2012). 

 

The Black Sea Continental Plain: 

The Black Sea in the Balkans is one of the largest, semi-enclosed, inland seas in the world with only 

one connection to the oceans of the outside world through the narrow Bosphorus Channel, covering a 

huge area of 4,2105 km2. Nearly one third of the entire continental Europe land area channel out in it. 

Three out of the four largest rivers in Europe, the Danube, Dniper and Don, all discharge into the Black 
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Sea (Bakan & Bűyűkgűngör 2000). The surrounding areas of the Black Sea consists mainly large, folded 

and very high mountain chains which is represented by the Balkanides-Pontides belts both to the south 

and south-west. The Great and Little Caucasus are located in the east and the Crimea Mountains in the 

north. Four physiographic provinces make up the basin. Of the total area almost 30% is made up by the 

shelf, around 27% by the basin slope, the basin apron with a little more than 30% and the abyssal plain 

around 12%. According to geologists, the Black Sea is considered a back-arc marginal extension basin. 

A very progressive development with large sediment accumulation has been taking place throughout the 

surroundings of the Black Sea for the past 120 Ma that the area has been a marine basin (The Black Sea 

Commission 2007). During sea level low stands all this sediment was exposed and this area can therefore 

be considered a potential loess source for the central-east part of Europe. 

 

The Moravian-Bohemian Massif: 

The Bohemian-Moravian massif is big highland plateau in central Europe. Moravia, located in the 

eastern part of the Czech Republic, is more than 20 % covered by loess and loess-like sediments. These 

are called Würmian loess and has a thickness of 1 to 1,5 half meters. According to a report by Lenka & 

Pavel (2006) one loess study were based on mineral associations that separated these loess and loess-

like materials into five essential source areas. The article states that the material consists mainly of quartz, 

feldspars, calcite and dolomite and that predominant winds from the west, north-west and south-west 

are registered by the location of loess banks and the occupancy of particles from rocks in the nearby 

area.  

The Bohemian-Moravian massif may also act as a place where silt could be generated. 

 

The Scandinavian Ice Sheet and the High Alps: 

Another school of thought suggests that rather than perglacial/mountain erosion and comminution 

processes generating large quantities of silt particles in cold climate, glacial erosion might have another 

key role – to remove and rework regolithic material and thus releasing materials of silt-size which later 

would have been available for sorting, concentration and lastly deposition on outwash plains of 

fluvioglacial meltwater systems that have geomorphologically active (Wright 2001). This can be linked 

to moraine and is therefore a likely candidate as source for the loess deposits in central-eastern Europe. 
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Figure 5a. Map of Europe showing the areas possible prevalent loess sources discussed above. Also showing a 

small part of the northern Sahara Desert. 

 

 
Figure 5b. Showing the same areas as figure 5a, only with a different kind of map. 

Accessed from: https://www.freeworldmaps.net/europe/  

https://www.freeworldmaps.net/europe/
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5.2. Loess Deposits – Chemical Composition 

 

Loess material consists mainly of silt and the major elements that make up silt are O and Si, which by 

far are the most dominant ones, together with Ca, Fe, K, Mg, Na and Al, with minor parts constituent of 

Mn, P and Ti. The chemical composition of a deposit may help in determining source areas as different 

source rocks and sediments may have differing chemical compositions. (Sheldon & Tabor, 2009).  

Muhs (2013) give a general description of the most common mineralogy and geochemistry of loess 

deposits, saying the main constituents are made up from quartz, plagioclase, K-feldspar, mica, calcite 

(sometimes dolomite), and phyllosilicate clay minerals (smectite, chlorite, mica, and kaolinite). Smaller 

amounts of heavy minerals are usually also present even though they are somewhat less common. The 

preeminent component has through bulk geochemical studies been concluded to be SiO2, which ranges 

from ,45% to 75%, but is typically 55–65%. These high values, together with lesser amounts of feldspars 

and clay minerals also contributes to reflect the supremacy of quartz. When SiO2 have been plotted 

against Al2O3 the results have shown a general composition of loess deposits that settles between that of 

an average shale and quartz dominated sandstone (Muhs and Bettis 2003). Loess has more Al2O3, Fe2O3, 

and TiO2 if the clay mineral essence is higher, while it contains more CaO and MgO if the content of 

carbonates (calcite and dolomite) are higher. 

 In Central-Eastern Europe, the young loess deposits from the Pleistocene consists mainly of silt-

sized quartz, feldspars, carbonate minerals and lesser amounts of micas and heavy minerals. Illite and 

chlorite make up the most significant part of the clay-mineral assemblage, where the smaller proportions 

are coming from smectite, kaolinite, mixed-layer Illite/smectite and uncommon mixed-layers of 

chlorite/smectite. There’s a high value of carbonate content in these deposits – nearly as much as 25 % 

in certain areas, where also the dolomite content is remarkably high with a calcite/dolomite ration of 1:2. 

Other loess deposits around the world has comparatively a calcite/dolomite ratio of 2:1 or 3:1. This 

suggests that dolomite content is primary and can be traced back to special composition of source rock 

(Újvári, Varga, & Balogh-Brunstad 2008).  

Loess from Hungary has a predominantly homogenous chemical composition consisting mainly of 

the following elements: SiO2, Al, K, N and a few more. 

Loess coming from this part of the continent is likely a mix of transported material from the Danube 

River and sediments coming from mountains in the surrounding area (Schatz, Siebel & Zöller 2015; 

Újvári, Varga, & Balogh-Brunstad 2008). 

 Because loess deposits are composed of a mix of material from many large areas on the continent, it 

is sometimes similar in content to the upper continental crust (UCC) which therefor can be used to give 

an overview of its overall composition (Gallet et al.1998). According to Oskar (2017) the composition 

varies between areas and compared to UCC some of these elements are enriched while others are 

reducing where the content of Ca holds the largest variations between different loess deposit areas. 

 Weathering can have an impact on the material and how it is affected depends mainly on its chemical 

composition. It can also influence the composition itself and may therefore in some cases mask the 

source signature of a material so much that it hardly will be recognisable from the original deposit (Yang, 

Ding &Ding 2006).  

The solubility of an element will be affected differently and are influenced by the binding strength 

of the ions and the chemical relationship of the environment. Mobile elements such as Ca, Mg and P 

that weathers easily very likely leaches within loess material, while in felsic source areas there is a 

relatively low degree of chemical weathering (Oskar 2017; Újvári, et al. 2008).  
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6. Area description and regional settings 

 

In terms of possible loess regions in Central-Eastern Europe, the area around the Danube basin is 

especially investigated. Some definitions of the countries belonging to Central-Eastern Europe are 

Poland, the Czech Republic, Romania, Albania, Bulgaria and the nations that used to be part of former 

Yugoslavia which today is split into Bosnia and Hercegovina, Croatia, Kosovo, Macedonia, Montenegro, 

Slovenia and Serbia (Smalley & Leach, 1978).  

 Extensive and thick loess deposits dominate the lowlands of the Danube River catchment (Haase et 

al. 2007). The geological formation observed in today’s Danube catchment can be traced back as far 

back as to the Cretaceous collision and of the Eurasian with the African continental plates which caused 

the following elimination of the Tethys Sea throughout the Tertiary time. Various large mountain ranges 

and basins were formed as a result of collisions between several microplates in the Paleogene Alpine 

orogeny which within the Central and South-eastern Europe, involved both compression and extension 

dynamics. In reaction to former Quaternary glaciation events, large moraine systems and glaciofluvial 

terraces were formed in local areas around the Alpes (Marković et al. 2016). Tectonic activity sometimes 

generates new continental crust and because loess is a great representation for the average upper 

continental crust Nd isotopic ratio these can be linked together (Chauvel et al. 2014). Loess is made up 

from continental material and so the origin and thus also how loess is generated may partially be 

investigated by looking at the trace elements and REE (Rare Earth Elements) that the deposits in Central-

Eastern Europe contain. Tectonic and atmospheric influences can be linked to loess generation through 

analysis of geochemical indicators such as Nd isotopes or REE composition. If a geochemical 

provenance indicator demonstrates a loess source in a tectonically active region, such as the Alps, 

variations in the influence of that source over long timescales may reflect changes in tectonic activity in 

the region. Furthermore, if loess provenance indicators point to a particular source area as the main 

source for a loess deposit, this can be used to infer past atmospheric transport direction, which may be 

related to wind patterns. The activity of past sources themselves is a function of environmental change 

in these source regions, and as such variation in contributions from dust sources in the past may reflect 

changes in these conditions (Schaetzl et al. 2018). 

 The European continental, Atlantic, Mediterranean and central Asian atmospheric systems all impact 

the climate around the Danube basin but the climatic conditions and how they’ve been influenced have 

varied along a large distance within its reach of more than 2800 km and have also changed through time. 

Approximately 350 mm of precipitation fall in the region of the Dobrogea and Danube delta every year 

which makes the area one of the driest in Europe. Across large parts of the basin, dominant wind regimes 

persist, coming from the west. However, minor winds coming from the southerly and easterly parts have 

also been recognized, while closer to the Black Sea, northerly components have a more significant role 

(Ibid 2016).  

 

7. Techniques and Methods 

 

7.1 Data types 

 

Different techniques and methods are used to examine loess sediments in order to try to identify their 

origin. This is done either by analysing geochemical data from elemental and isotopic samples, 

sometimes along with clay minerality, from bulk sediments taken in different places or by inspecting 

single grains such as zircons, rutile or garnet that have been isolated from loess and source area samples. 
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While bulk sediments give a more general overview of the origin, single grains can give a lot more 

information about further specific primary sources, and if data is available from secondary sources, it 

can also give an indication about the whole transport history. 

 Even though bulk sediments in most cases are easier to study than single grains they sometimes 

provide slightly misleading results that does not give a full picture of the studied deposit as a whole. 

Bulk sediments may give a general overview of the most common components of a loess deposit and 

hint where these are originating from. However, as a single method of determining the sources it can 

only provide so much information and other important components may be missed. What we know for 

certain is that no method is good enough alone to provide a complete credible source of the loess origin 

and yet, even when the sediments are examined by multiple methods, they still sometimes have trouble 

distinguishing between different probable provenance sources. A combination of bulk and single-grain 

analyses seems to be the best approach in tracking and properly assess dust sources (Újvári et al. 2012). 

 

 7.1.1 Geochemical data – Bulk sediments 

 

The main minerals of bulk sediments of loess deposits are quartz and carbonates (Újvári et al. 2012). 

Bulk sediment analysis methods can be divided into three main parts: 

 

- Elemental data - Ratio differences: 

Elemental data can be looked at by comparing different ratios of mineral in a sediment, such as Si/K 

(both are stable), Al/Ti, Fe/Ti, Al/Fe, etc. What can be shown from this method is, for instance, 

provenance, weathering and elemental composition of the upper continental crust.  

 In studies that involve sediment provenance through geochemical characterisation, element ratios 

and ternary diagrams can successfully be applied as a rendering technique. Composition of macro-

elements, regarding discrimination of loess sites, different ratios can be studied. As an example, given 

by Buggle et al. (2008), Fe2O3/TiO2 vs. Al2O3/TiO2 plot and the Al2O3–(CaO*+Na2O)–K2O ternary 

diagram, where CaO* is referring to CaO in silicate minerals was studied in the Vojvodina region of 

south-eastern/eastern Europe. While in this case, the Al2O3/TiO2 ratio was suggested to reflect the clay 

content, the Fe2O3/TiO2 ratio was meant to signify the iron-enriched material and clay content variations. 

When element ratios are concerned, an appropriate denominator is titanium (Ti). This is because the 

intermediate iconic potential of Ti4+, during weathering processes, makes Ti a low mobility element. At 

pH values above 4.5 and in oxidising environments, also Fe and Al, respectively, are barely mobile 

(Schatz, Qi, Siebel, Wu & Zöller 2015). Due to this reason, selective element removal during weathering 

should not be significantly affecting the ratio of these elements (Buggle et al. (2008). These techniques 

can help in providing information about initial composition of the sediments examined. 

 The most common minerals belong to the major oxides and they are the primary mineral forming 

elements while trace elements, on the other hand, are rarer and can give more specific information if 

they change with specific source rocks or sediments.  

 

- Isotopic data: 

With this method the isotopic composition of elements in sediments can be studied and thus it can give 

information about source and weathering history. Whether the isotopes are affected by weathering or 

not can also be of value in the research of loess sediment sources. 

 Sr – Nd isotopic data have been used to trace dust globally from many possible loess deposit sources. 

However, these methods have been proven not to be able to distinguish between two competing 

hypothetical origins for Greenland dust. In the study made by Újvári et al. (2015) these sources were of 

East Asian and/or European origin. It has been revealed that Sr–Nd isotopic compositions of < 5 μm 
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grains of Hungarian LGM loess samples in east central Europe partly overlap with those of coeval dust 

samples from the Greenland GISP2 and GRIP ice cores. These inconsistencies have made it really 

important to systematically test between the various possible dust sources relevant for Greenland during 

the last glacial period. In contrast, Hf isotopes show large differences between the potential source 

regions of loess samples.  

 

- Clay mineralogy:  

Even though geochemical or mineralogical examinations of bulk sediments, particularly those of Sr and 

Nd isotopes, have been typically used to learn more about dust sources, clay mineralogy is also used to 

segregate these sources. Clay mineralogy data is one of the methods giving insight to the loess 

provenance of the Carpathian Basin. 

 Clay mineralogy can indicate different source sediments and the difficulty with this method is that it 

sometimes provides us with too similar data which makes it tough to distinguish between these sources 

(Újvári et al. 2015). 

 An example of where clay mineralogy might be extra useful is as a tracer of ice core dust provenance, 

in Greenland, but also in Central-Eastern Europe when examining whether there are traces of elements 

coming from the Sahara that could help pinpointing a more precise source. This is because its 

distribution over the continents is a first order functioning of weathering. Clay and other trace mineral 

distributions are to some degree latitude dependent. The ratio kaolinite to chlorite, K/C, have turned out 

to be the most sensitive indicator of this latitude dependency, which is an implication of the relative 

intensities of chemical to physical weathering processes (Újvári et al. 2015). 

 

 7.1.2 Single Grains  

 

Single-grain techniques have gained a huge upswing during recent years, because of their capacity to 

give very specific source results, meaning that they have the ability to resolve multiple different sources 

from a single sample of sediment and therefore can be specific about which exact source rock type, age 

and location (depending on the technique) are contributing with silt to loess (Újvári et al. 2012). 

However, what is important is the understanding that one grain indicates one source and the sediment 

in a loess deposit may of course come from multiple sources and therefore results can be misleading if 

only a few grains are analysed and studied. It is also important to point out that, especially to the more 

fine-grained fractions, where more thorough investigations on provenance issues are being conducted, 

many single-grain techniques enforced and simultaneous consideration of the isotopic characteristics of 

more than one mineral (heavy or light) is necessary (Ibid. 2012). 

 

- Zircons: 

Identifying the sources of loess in Central-Eastern Europe and around the Carpathian Basin is likely 

done by methods examining the mineral zircon (ZrSiO4) which probably is one of the most widely used 

minerals for looking into loess sources (Újvári et al. 2012). These are heavy minerals and are resistant 

to weathering.  

 So far research has aimed most attention to U – Pb ages of multiple zircon grains in nearly all surface 

and crystal surfaces they act as geochemically closed systems (Schaetzl et al. 2018). Zircons crystallize 

at very high temperatures from meltings that are rich in silica and during high grades of metamorphism 

while U and Pb are maintained up to approximately 900°C. There is a large variety of apparent formation 

ages of their protosource terranes and because of the often-distinctive zircon U – Pb age dispersion in 

different detrital sediments and rocks, the zircon U – Pb ages can therefore be highly demonstrative of 

sediment sources. This is also the reason this technique is one of the most broadly used provenance 
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methods as the zircon U-Pb age data is sufficient for many probable loess source areas (ibid. 2018). Sr-

Nd isotopic and detrital zircon U-Pb age data from the Carpathian Basin have been used to propose 

proximal magmatic, metamorphic and reworked sedimentary sources situated northwest of the area 

(Újvári, 2012). 

 

- Rutile: 

In addition to zircon, rutile has been examined. While zircon only tells us about zircon bearing source 

rocks, rutile mainly tells us about metamorphic sources which can be ranging from greenschist to 

eclogite and granulite facies (Újvári, Klötzli, Kiraly & Ntaflos 2013). The same study also explains that 

the reason rutile has become an important tool for evaluating demonstrative information about 

provenance of sediments is because of its detrital geochemistry (containing Cr and Nb) that makes it 

possible to segregate different rutile source lithologies such as rocks of metapelitic and metamafic kind 

when it is combined with Zr in rutile thermometry.  

 Rutile is present in both modern and very old sediments of clastic formation and is also one of the 

most stable heavy minerals in the sedimentary cycle and it is also broadly dispersed as an accessory 

mineral, according to Meinhold (2010). This method has for example been used Austrian loess deposits 

in an attempt to identify and understanding the origin of its metamorphic contents (Újvári et al. 2013).  

 

- Garnet: 

 Garnet is a mineral formed by metamorphic processes and its geochemistry is defined by its 

composition in the source rock. Garnet is useful in the study of loess provenance because of its indicative 

characteristics of the source rock. Fenn et al. (2018) in their report saying that when these geochemical 

characteristics are combined with their rarity in igneous rocks, identification of the metamorphic setting 

is enabled. The same report also explains that the geochemistry of garnet complements zircon datasets 

because of how the minerals maintain information on two different source rock types, these being 

metamorphic (garnet) and igneous/high pressure-temperature metamorphic (zircon) and thus this can 

help in contribute to an extensive overview of different potential source areas of loess deposits. 

 In the Hungarian loess deposit, garnet is one of the most common detrital heavy minerals that are 

examined in the section and it is also comparatively resistant to weathering, burial or mechanical 

abrasion (Thamó-Bozsó, Kovács, Magyari & Marsi 2014; Fenn et al. 2018).  

 

8. Combined results and discussion 

 

The data and findings of three main articles (mentioned in the table 1 below) have been carefully 

studied and compared in this results section.  

 

Table 1. The three mainly studied articles and its authors, whose findings have been used to compile the result 

section. 

Article Authors Year 

 

Tracing the Origin of Loess in Hungary  

with the help of heavy mineral  

composition data 

 

Edit Thamó-Bozsó, Lajos Ó. 

Kovács, Árpád Magyari,  

István Marsi 

 

2014 

Origin, weathering, and geochemical 

composition of loess in southwestern 

Hungary 

Gábor Újvári 

Andrea Varga 

Zsuzsanna Balogh-Brunstad 

 

2008 



21 
 

Evaluating the use of clay mineralogy, 

Sr–Nd isotopes and zircon U–Pb ages in 

tracking dust provenance: An example 

from loess of the Carpathian Basin 

 

Gábor Újvári, Andrea Varga 

Frank C. Ramos, János Kovács, 

Tibor Németh 

Thomas Stevens 

 

 

2012 

 

Hungary and the Carpathian Basin is the area of focus in these reports and the data collected and 

presented in them can be found in the annex section of this paper. 

 One of the general findings discovered after studying secondary sources is that there is a major 

challenge in reconstructing loess origin, not only in Europe but anywhere in the world. This is partially 

because of the similarities they display in geochemistry. A single technique is never enough to determine 

the source of a deposit and a combination of different ones must be applied for the best result. Nearly 

all loess deposits are made up of the same essential material, and so it is the amounts these components 

present in the samples, rather than the presence of the elements themselves that tells us about the source. 

 The mineralogy of examined rock types give information about whether it is of orogenic, basaltic or 

felsic origin and it can also provide knowledge about how freshly eroded it is which in turn can give an 

age indication on the deposited loess material. Major oxides are primary forming elements and belong 

to the most common minerals whilst trace elements are rarer and can give more distinctive information 

if found in specific locations. Some of the examined secondary data shows results that indicate that 

European loess in certain areas share a similar origin overlap from somewhat different places around 

the globe, for example Mongolian dust. 

 Distinction between primary and secondary sources is of major significance when trying to define 

the exact origin of a loess deposit. While secondary loessification effectively is a soil forming process 

(rivers, sedimentary basins, deserts etc) the primary source is where the silt-sized material that makes 

up loess if formed, for example through glacial grinding in the high Alps or other cold regions. 

 

8.1. Techniques and Methods  

 

Many extensive techniques were used in the aim of finding loess sources in the studied articles by 

Thamó-Bozsó et. al (2014) and Újvári et. al (2008 & 2012). Generally, techniques and methods can be 

divided into geochemical and analytical parameters, which are XRD and XRF, elemental ratios, Sr-Nd 

isotopic analyses, zircon Ub-Pb geochronology, combined bulk and single grain analyses, etc, and 

statistical approaches, instead focusing on cluster analyses, principal component analyses, multiple 

discriminant analyses and discriminant analyses. A brief summary of some of the most common ones 

mentioned in these papers, used to analyse soil samples, are presented below, along with their potential 

weaknesses.  

 

XRD and XRF analyses: 

The three major articles all had in common that they used X-rays to examine their samples. In geological 

analyses, X-ray can be used to study materials either by diffraction (XRD) or fluorescence (XRF) 

spectrometry. The former was used both in the study by Thamó-Bozsó et al. (2014) and by Újvári et al. 

(2012) while the latter was used in an earlier study, also by Újvári together with Varga and Balogh-

Brunstad (2008). 

 XRD was used to single out and determine clay minerals utilizing XRD diagrams acquired from 

parallel-oriented specimens that had been presented on glass slides. The measurements were initiated 
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by using a diffractometer (Philips PW 1710) with CuKα radiation at 45 kV and 35 mA. A 

semiquantitative approached was then used to declare the compositions of the examined clay minerals. 

 XRF is instead using a Rigaku 3370 XRF Spectrometer to examine the samples for significant trace 

element abundances. Újvári, Varga, & Balogh-Brunstad (2008) are in their paper stating the following: 

“The concentrations of major and trace elements in the unknown samples were measured by comparing 

the X-ray intensity for each element with the intensity for two beads each of nine USGS standard samples, 

and two beads of pure vein quartz used as blanks for all elements except Si.” 

 Limitations in X-ray measurements lie in the quantity, where the limit usually range between 10-20 

ppm (parts per million), which normally is the lowest amount of particles required for a precise reading. 

And despite the fact that method in theory has the ability to detect X-ray emission from many elements, 

in reality, however, accurately measured abundance of elements in earth materials poses challenges. X-

ray can also not distinguish variations among isotopes and elements nor between ions of the same 

element in different valence states (Ibid. 2008). 

 

Sr-Nd isotopic analyses: 

This is a method used to study Sr-Nd isotopic signatures in different grain size fractions of loess material 

and other potential source substances. Újvári et al. (2012) explains that gravity sedimentation taking 

place in water helped to separate the grain fractions of different sizes, respectively, in accordance with 

Stoke’s Law to divide them using a syringe. To be able to compare very small fractions of loess Sr-Nd 

isotopic signatures to mineral dust transported long distances, all the way from North Africa, analyses 

of 5μm grains and under were conducted. 

 A limit to this technique is that provenance interpretations can be compromised when only relying 

only on Sr isotopic signatures as grain size dependency, and this is the reason why Sr-Nd isotopic 

signatures of the same grain size fractions of loess materials are analysed together. Another weakness is 

the fact the content of Sr coming from secondary carbonates can hide the isotopic signatures of the 

original materials and thus make it difficult the identify the source. Citing Újvári et al. (2012) we receive 

an explanation on how to get around this issue: “To eliminate these effects and to ensure analysis of only 

detrital fractions of loess, sand, and river particulates, samples were leached in acetic acid (0.5 mol/L) 

at room temperature for 8 h. The only negative effect of this treatment is the potential removal of detrital 

calcite thereby losing some provenance information if detrital calcite is present. At the same time, acid 

leaching with stronger acids and for longer times would attack clay minerals as well.” 

Looking at isotopic data, it is a method that generally is more diagnostic for the composition of the 

upper continental crust.  

 

U-Pb geochronology – Single Grains: 

This is a method analysing the single grains of the mineral zircon. To apply this technique, zircon must 

be separated from bulk loess and sand samples. This is done by washing the materials in water and 

acetone. In the experiment conducted by Újvári et al. (2012), there was a big range in the zircons found 

in the loess material, the grains differing from well-rounded to euhedral prismatic shapes with aspect 

ratios up to 1:5. The studied grains showed a variation of abrasion and surface pitting. Most of the 

detrital zircons turned out to be colourless while a lesser amount showed a diversity of pink, yellowish 

to orange crystals. Fig.6 below shows plots of zircon U–Pb ages for loess and fluvial sand samples from 

that report. 
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Figure 6. (For illustrative purposes only) 

“Probability density function plots of zircon U–Pb ages for loess and fluvial sand samples. Loess samples: Pa-L1, 

Me-L1, Zm-L1, Bh-L3; Sand samples: Bh-Fs, Dp-Ps. ‘n’ indicates the number of concordant ages. Abbreviations: 

Var = Variscan/Hercynian orogeny, Cal = Caledonian orogeny, Cad = Cadomian orogeny. Gray bars denote these 

orogenic phases. Dots indicate main events of zircon growth from the Carpathians (red circle in the colored version, 

black circle in the black and white version), Bohemian Massif (blue/white circle), Alps (orange/light gray circle) 

and the Mecsek Mts in Hungary (turquoise/dark grey circle).” As quoted by Újvári et al. in the article “Evaluating 

the use of clay mineralogy, Sr–Nd isotopes and zircon U–Pb ages in tracking dust provenance: An example from 

loess of the Carpathian Basin” from 2012. 

 

Elemental ratios: 

The chemical composition of sediments helps in deciphering the elemental ratios in the samples. 

Parameters such as these then assist when characterizing the geochemical features and to assess the main 

components that affected their chemical composition in the first place. 

 “The potential origins of the loess deposits were determined by including the chemical composition 

of the possible parent materials, such as flysch sediments and granite from the Western Carpathians, 
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and molasse sandstones from the Central Alps, representing a natural mixture of rocks derived from 

Alpine provenance area (Austroalpine sedimentary cover, Austroalpine crystalline rocks and Penninic 

ophiolites) in the comparison process.” As explained by Újvári et. al (2008) in their study. 

 

Cluster analyses: 

Thamó-Bozsó et. al (2014) points out this method as a means to identify the resemblance among the 

detrital heavy mineral composition of the samples. This is done by “performing a hierarchical 

classification based on the Euclidean distance and the weighted pair-groups method with arithmetic 

average”. As a result of this successful technique to determine provenance (or paleo-transport 

directions), it was proveen that resembling detrital heavy mineral composition occur in samples within 

a specific cluster or sub-cluster. 

 

 
Figure 7. (For illustrative purposes only) 

“Transport directions based on the heavy mineral composition of fine sand fraction of loess, loess-like sediment 

and paleosol samples with the accumulation areas of these sediments and aeolian sands”. Figure by Thamó-Bozsó 

et. al (2014). 

 

 In this experiment the method turned out be lucrative, however, it is a technique where there generally 

are great uncertainties regarding the statistical aspect of the analysis’s calculation. The same article by 

Thamó-Bozsó et. al (2014) says that what makes this method questionable is the fact that the data might 

be partially related simply by chance, rather than by certain factors in the mineral composition.  
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Principal component analyses: 

These techniques were also used by Thamó-Bozsó et. al (2014) to conduct their experiments. Citing 

their paper, the following is described: “Principal component analysis calculates the principal 

component coordinates and plotting these coordinates against each other provides the optimum way of 

viewing the data, enabling both sample classification and variable interpretation. The results indicate 

which detrital heavy minerals are the most important in separating sample groups. On the other hand, 

in the plots samples closer to each other have more similar detrital heavy mineral compositions than 

distant samples. Principal component analysis was successfully used in many sedimentological 

applications.” 

 The issue here is that these components are less readable and more difficult to interpret than original 

features. It is explained that if the “principal components will be biased towards features with high 

variance, this may lead to false results.” 

 Fig. 8 below comes from the same report by Thamó-Bozsó et. al (2014) where the first three principal 

components were used to make a plot. 75% of the total variance is represented which gives them a good 

enough representation of the whole data set. Each plot is showing five different sediments, those being 

loess with loess-like sediments, paleosols, recent fluvial sands, Cenozoic sands and sandstones, where 

the figure is showing that they don’t create separate groups. This is because the detrital heavy mineral 

composition in these sediments are not essentially contrasting each other. 

 

Figure 8. (For illustrative purposes only) 

Results of the principal component from the report “Tracing the origin of loess in Hungary with the help of heavy 

mineral composition data.” by Thamó-Bozsó et. al (2014). As mentioned above “PC1, PC2 and PC3 are the first, 

second and third principal components with the main contributing minerals in brackets.” 

 

Discriminant analyses: 

Predetermined groups of samples are in this case studied and examined comparably to provide 

discriminant functions, generating the best possible separation of these groups. Then, the groups’ 

separation can be statistically deduced, depending on the pace of misclassification (Thamó-Bozsó et. al, 

2014).  

Values that are inherent of the data set, are the only ones that can be detected by discriminant analyses. 

Even though other more important discriminating gradients, that are not evaluated with the use of chosen 

variables, may exist, those predominant and undiscovered gradients could alter or mislead any 

connection peculiar to the data. 
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Clay Mineralogy: 

Commonly there is a variation of 10 – 20% in the amounts of micas and clay minerals while in the bulk 

loess samples there is only a 2 – 5% variation in the swelling clay mineral content. There is an argument 

regarding bulk silicate samples, claiming that the Sr isotopic compositions are mainly controlled by the 

quantity of clays. However, the supply of clay in loess deposits are relatively small compared to other 

components and therefore this influence seems to be somewhat limited. However, when combining bulk 

and single-grain analyses this allows for a valuable approach in tracking dust sources. In terms of loess 

in the Carpathian Basin, this method can be of help in answering questions about whether the finest clay 

fractions found in these sediments are coming solely from local/proximal parent material, or if there are 

also any North African input in the clay fraction (Újvári et al. 2012). The same report also states that 

studies on loess sources in and around the Carpathian Basin have a significant variety of clay content. 

Where the amount of micas and clay minerals may vary between 10-20%, there is only 2-5% swelling 

clay mineral content of bulk sediments. The study showed that finer loess sample fractions have a higher 

content of clay minerals. 

 

8.2. Central-Eastern European Loess Characteristics  

 

8.2.1 Loess Deposits – Chemical Composition Single Grains 

 

A study by Újvári, et al. (2008) shows that samples from Hungary on average include a somewhat 

narrow range of SiO2, from 61.8 ± 2.8 wt% from their first sample section (Majs 2/a) to 67.2 ± 2.6 wt% 

in the second section (Majs 2/b), where wt% is indicating the volatile-free element concentration. A 

more restricted extent of the Al2O3 content was displayed from 12.8 ± 1.0 wt% (Majs 2/a) to 14.2 ± 0.6 

wt% (Majs 2/b). While these amounts aren’t sufficient enough to fully characterize the loess deposits, a 

comparatively high content of TiO2 (0.9–1.0 wt%) in these samples gives a better indication of its 

character and therefore also origin. A larger variation of the CaO content, ranging between 5.3 ± 3.0 and 

12.0 ± 3.9 wt% was seen in the study while the samples, on the other hand, had a small content of Na2O 

from 1.3 ± 0.2 wt% from a third sample section (Nagynyárád) to 1.6 ± 0.1 wt% (Majs 2/b). K2O also 

had low concentrations from 2.2 ± 0.2 wt% to 2.6 ± 0.1 wt%. Except for Na2O, analytical uncertainties 

for preeminent elements in this study is ± 2%.  

 

8.3. Potential sources 
 
The results from the examined secondary data indicates multiple sources for the loess material in 

Central-Eastern Europe, likely coming from high Alps and/or large mountain areas around Europe. 

When tracing the loess origin in Hungary with the support of heavy mineral composition data, Thamó-

Bozsó et. al (2014) suggests a local source coming from reworked aeolian flood-plain sediments from 

the Danube and other rivers around Transdanubia, where metamorphic minerals and former recycling 

of older (Cenozic) sand are the main materials dominating the area. Some of the loess in South 

Transdanubia, that are rich in biotite and tourmaline and sediments on the North Hungarian Range that 

have a high content of pyroxene also have material coming from close sources from weathered 

granitoids and volcanic rocks, either separately or sediments coming from regional rivers in the area that 

have carried the detritus of these rocks. They also suggest that the Pannonian sediments of the 

Transdanubian Central Range and the Transdanubian Hilly Region, which are rich in chlorite are a likely 

source of the loess sediments found there. 

 Újvári et. al (2008) has an akin opinion about loess in Southwestern Hungary originating locally 

from the Pannonian. Potentially, the source rocks of these loess deposits may also spring from an area 



27 
 

north of the Moravian Depression. They also concur that fluvial and aeolian transport have played a 

major role in the transport and sedimentation and the source material of the Pleistocene sediments must, 

to some degree, have been at least moderately recycled and well homogenized through these processes. 

However, Újvári et. al (2008 & 2012) argues more than once, that some of the more well-known 

sedimentary units in the Pannonian Basin have been very hard to establish the dust provenance areas for 

because geochemical analyses and descriptions have not been completed in this region yet. What they 

do argue for, on the other hand, is an approximately similar alteration history for these loess deposits, 

since almost all loess samples taken from Southwestern Hungary have a somewhat uniform chemical 

composition. The study supports the idea of a felsic source area in the region and when zircon is 

embellished in the sediment it gives a hint about a well-mixed and recycled dust source. Results are also 

indicating that when aeolian sedimentary transport processes and loess formation are connected it 

generates considerable heavy mineral enrichments. Újvári and his colleagues mean that the rivers (the 

Danube, Tisza and others) are of upmost significance since they have been supporting the primary fluvial 

transport, moving weathered material from the Alps and Carpathian Mountains into the Pannonian Basin, 

from the Northwest and Northeast, respectively. 

 In the later publication by Újvári et. al (2012) it is mentioned that another theoretical paper (Smalley 

et al. 2009) is claiming that the glacial influence on loess formation in Central-Eastern Europe, is likely 

have been rather small and that Danube loess instead are more probable to be mountain loess sourcing 

from areas in the Alps, Carpathians and Sudeten. Thus, we can see that even though there are some 

diverse opinions regarding the sources, there is a general assumption that loess in these parts of Europe 

is coming from mountain areas rather than ice sheets. However, there is also evidence of slightly more 

distant sources where the material probably came from a background atmospheric dust load that was 

transported a long way by upper level flow. The samples examined in the paper by Újvári et. al (2012) 

shows that zircon was generated in all potential proximal source regions of the areas that were 

investigated which are indicating sources that can be connected with rocks from Hercynian/Variscan, 

Caledonian and the Cadomian. An interesting fact is that Carpathian loess lies close to Greenland loess 

in its isotopic composition (Ibid. 2012). This means that methods used to investigate loess origin not 

always are adequate to exclude non-probable source regions and therefore prevailing hypothesis to 

Greenland dust must be re-evaluated. 

Based on the loess zircon U-Pb spectra, Újvári et. al (2012) comes to the same conclusion as the two 

previously cited articles in this section, claiming that zircons from loess in the Carpathian Basin likely 

have multiple sources and that material are coming from locally eroded rocks in mountains surrounding 

the area and other primary sources (e.g. the Transdanubian Range) which might have experienced only 

short-term transport. When following the dominantly northerly-north-westerly paleo wind track that 

likely dominated in the area, features of the zircon samples indicate that a compelling amount of the 

material are directly originating from the Western Carpathian or Bohemian Massif. This tells us that the 

loess forming material probably was eroded from the mountain belts in these areas. Alluvial fans of the 

Danube River are also probable contributors to the loess material together with the amount originating 

directly from eroded uplands and local rocks inside the basin. The clay fraction of the material also 

suggests a more Central European source to be more likely due to the long-distance material have been 

transported and because of prevailing wind systems. 

 

8.4. Reflection 
 

It is interesting that despite the large amount of studies that have been conducted in the area, most 

scientists still face the same difficulties with identifying the true loess sources and how the actual 

formation process takes place. With so many secondary sources indicating the same thing, like the 
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studies conducted by Újvári et. al (2012 & 2008) and Thamó-Bozsó et. al (2014) with others, I consider 

it safe to say that it can be concluded that the most likely origin of loess material that is found as deposits 

in Central-Eastern Europe do come from high Alps and mountain areas around the continent. There 

seem to be a consistent conclusion among scientists these days, claiming the glacial contribution is 

smaller than initially imagined, if having contributed at all, and that Danube loess instead are more likely 

to be mountain loess sourcing from areas in the Alps, Carpathians and Sudeten.  

What methods and techniques that are most convenient and prone to give good results seem to vary 

depending on place, expected findings and how easy they are to conduct. One single method alone is 

never enough to determine a loess source, but some techniques have given better results than others in 

the areas of Central-Eastern Europe.  

Since isotopic data is discussed as one of the main methods to look at loess sources it is important to 

raise the question whether this is a parameter that is sufficiently able to give a proper diagnose or if it is 

a tool that simply isn’t powerful enough to distinguish where true source areas are to be found. Újvári 

et. al (2012) explains that in their study, when looking at Sr-Nd isotopes, observations need to be 

thorough and the data must be studied very carefully to avoid missteps in researching the loess origin 

since some data have been found to be inconclusive. In most cases a number of different methods needs 

to be used as a compliment to each other to give a result that is trustworthy and usable, for example in 

the study of paleo climate. Isotopic data is therefor of importance nonetheless and should keep being 

examined and used in studies of loess sources. 

 A difficulty that always seem to occur is that sediment from multiple different source areas are well 

mixed together to form loess and deciding on a specific source and origin is therefore very hard. In such 

cases the study of single grains is likely a good solution. In fact, the study of the single grain zircon has 

been proven to be one of the most effective techniques in terms of studying loess sources. In the same 

study by Újvári et. al (2012) they found that zircons of similar age had been produced in all potential 

and adjacent source regions in the investigated area around the Carpathian Basin. By using zircons, 

source evidence has become clearer than when looking at material through bulk sediment samples only. 

When studying age variations in these samples, it pointed to regional differences because of the variation 

in local rocks that have been provided. Even so, there have been occurrences where the true origin of 

zircon samples has not fully been reflective. It is sometimes easier to rule out sources rather than to 

confirm them in a conclusive way and there are many mixed factors that can complicate the 

interpretation of the material. Knowledge of the characteristics of the sediment sources is important if 

provenance is to be assessed from loess. If the origin of a material is to be confirmed, the knowledge 

and distinct difference in composition of all other major source areas is a requirement. Unless there is a 

very characteristic and distinct composition, a geochemical approach cannot detect minor sediment 

sources. 
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Figure 9. (For illustrative purposes only) 

Figure from the report “Evaluating the use of clay mineralogy, Sr–Nd isotopes and zircon U–Pb ages in tracking 

dust provenance: An example from loess of the Carpathian Basin” by Újvári et al. (2012).  

As quoted from their report the figure illustrates “87Sr/86Sr versus εNd(0) plot of LGM and present-day dust samples 

from Greenland in the context of potential source areas (PSAs) isotopic composition. The Carpathian Basin loess 

samples (bulk and different fractions) are LGM/full glacial loess samples (Me-L1, Pa-L1 and Zm-L1), all acetic 

acid treated” 

 

 Elemental ratios where being analysed from its chemical composition and geochemical analyses 

where used in all main studied articles. X-rays were also used in most cases, assisting in interpreting 

mineral compositions of bulk sediments. All recent studies about loess origin in Central-Eastern Europe 

agree that a combination of bulk sediment and single grain analyses is the best approach to receive the 

most trustworthy result. 

Loess of the Danube Basin, Dobrudja and the Dnieper areas represent characteristic samples of the upper 

continental crust. If they share such strong similarities to the UCC, it must be hard to geochemically 

separate them. That must therefore imply either that they have the same source (these loess areas) or 

that their source areas are indistinguishable based on the characteristics examined. 

Loess in the same region can be of varying age but still of similar composition. When this is the case 

and the deposit is rich in garnet, this indicates that the sediment might originate from aeolian processes 

– reworking of floodplains and therefore sediments coming from the Danube and other rivers of 

Transdanubia, local Cenozoic sands from the Transdanubian Central Ragne uplifting and the 

Transdanubian Hilly Region and around (Thamó-Bozsó et al. 2014).  

In almost all loess deposits the same elements will always be present. It’s more what amounts they 

are present in that is telling us about the source. 
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9. Conclusion 

 

The study of major loess sources through secondary sources have been challenging. There is so much 

material and it is hard to sort through and decide what is relevant and what is not without actually going 

out in the field and to make my own observations and experiments. However, from most studies that 

have been done in the area of Central-Eastern Europe, there is a common agreement that loess material 

mainly has its origin in the high Alps and large mountain areas around Europe. Based on the result from 

the studies conducted by Thamó-Bozsó et al. (2014) and Újvári et. al (2008 & 2012), my conclusion is 

that loess material, in most cases, seems to be originating from relatively nearby and local mountain 

areas and only a portion appear to have been transported longer distances. When looking at the structure 

of the landscapes in Central-Eastern Europe this a logical explanation. It makes sense in regards of the 

mountains surrounding the Carpathian Basin, which are available sources of provenance material. When 

considering the Carpathian Basin specifically, it is highly certain that alluvial fans of the Danube River 

contribute with the material together with a relative amount coming directly from eroded uplands and 

other local rocks throughout the basin, as well as primary sources providing the source loess from the 

Transdanubian range (Újvári et al. 2012). However, there are still no completely sure answers and there 

are still more speculations than actual true facts that have been proven in this area. Therefore, a lot more 

studies needs to be conducted. 
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