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Summary

This work presents a comparative analysis of inorganic soil properties across two distinct
climate regions: South-Eastern Norway and Coastal Western India. Through a collaborative
effort between University of South-Eastern Norway (USN) and Savitribai Phule Pune
University (SPPU), the study aims to understand how climate conditions have influenced soil
formation processes and altered the base rock in each region. While previous research has
explored and documented this relationship, we present a distinctive methodology. Sampling
locations were chosen based on similar land use patterns across the two study areas and
various techniques to study the texture and chemical composition of the soils were
employed, contributing to understanding how differently the base rock has been altered
across the two different regions.

Our findings on the Indian samples help fill the knowledge gap in soil science of the study
area, laying the groundwork for future investigations, whereas results from the Norwegian
analysis aligns with the existing body of work already produced. The preservation of unique
landscapes and soil resources found in both areas is also advocated in this study.

Overall, this thesis offers an exploration of soil properties, contributing to our understanding
of the complex interactions between climate, geology, and soil formation.
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1 Introduction

Soil is a vital component of the Earth's ecosystem, it is a complex ecosystem in itself, that
changes over time and responds to its environment, playing a crucial role in supporting life
and influencing various environmental processes, leading to some authors stating it as being
“a living organism”. With the current understanding of soil properties, it is evident that soll
holds immense importance for agriculture, food production, and climate change mitigation.

The significance of soil for agriculture and food production lies in its role as a medium for
plant growth, providing essential nutrients, water, and support for root systems. The physico-
chemical properties of soil, such as pH, moisture, and nutrient content, directly impacts the
quality and quantity of food production (Patel et al., 2022).

Beyond its agricultural importance, soil also plays a vital role in mitigating climate change,
through carbon sequestration and reducing greenhouse gas emissions (Tripathi et al., 2021).
Soil plays this role by storing carbon in a stable solid form through fixation in the soil, which
can significantly reduce CO. concentration in the atmosphere (Kavya et al., 2023). Different
management practices, such as reduced used of tillage, application of organic amendments,
cover crops, and biochar application, can contribute to soil carbon sequestration and improve
carbon stabilization (Anand et al., 2022; Moura et al., 2016; T.M. et al., 2023).

However, climatic variables influence the dynamisms of soils, shaping its pedogenic or
formation processes and properties. Soil formation involves a complex interplay of physical,
chemical, and biological transformations that occur over time. It involves the weathering of
parent material, leading to the development of different layers or stratums of soil known as
soil horizons (Chiapini et al., 2023). Soil biota, including microorganisms, soil animals, and
plants, play a crucial role in pedogenesis by regulating biogeochemical transformations and
functions such as nutrient cycling, organic matter turnover, and improvement of soil structure
(Okon & Antia, 2022).

From the polar regions to the tropical latitudes, climatic variations exert profound effects on
soil formation, composition, and fertility. The unigue combination of temperature,
precipitation, and vegetation in different climatic zones creates diverse soil types and
profiles, each with its distinct features and taxonomy.

Soils from colder regions, such as those found in boreal climates, exhibit general
characteristics such as high organic material, explained by the cold temperatures inhibiting
microbial activity and organic matter decomposition rates, leading to the accumulation of
organic material in the superficial soil layers (Kerfahi et al., 2019), this results in distinct soll
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horizons, with layers of undecomposed organic matter known as "peat” or "peaty" layers
(Okon & Antia, 2022). In addition, cold climates often result in acidic soil conditions due to
slow weathering rates and limited leaching of basic cations, low pH levels can affect nutrient
availability and microbial activity in the soil (Okon & Antia, 2022; Patel et al., 2022). When
moving towards the equator, soils show more depth, higher microbial activity and abundant
iron and aluminium oxides resulting in archetypical red coloured soils (Babu et al., 2021; Pal
et al., 2009).

Therefore, soils from different climatic regions exhibit diverse properties and respond
differently to environmental stressors such as drought, extreme precipitation events, and
temperature fluctuations (Kerfahi et al., 2019; Tripathi et al., 2021), which can give insights
about the characteristics making soils more vulnerable or resilient to these stressors.

After examining these considerations, this thesis embarks on a comparative study of soil
properties to investigate the influence of climate on the inorganic factors driving soil
formation processes across two different climatic regions.
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2 Norwegian Study Area

The study area (SA) as seen in Map 1, is situated in Bg, in Midt-Telemark Municipality,
located in continental southeastern Norway at 59 degrees latitude and a height above mean
sea level of 105 m. An area surrounding Evju Mathage farm was selected as our study site,
encompassing 1.13 square kilometres, with a perimeter of 4.62 kilometres.
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Map 1. Location map around Evju Mathage farm, where the sampling locations are marked in red. Samples EV-5 and EV-6, were
selected for soil microbiome investigations, therefore excluded from this study. Generated in ArcGis Pro Version (3.1.0)

Starting with the geology description of the study area, we aim to comprehend the soil-
geology relationship and its connection to soil quality and nutrient availability. We present the
lithological composition and mineralogy of the rocks which is related to the chemical
elements that are released into the soil through weathering action, shedding light on the role
of parent material in shaping soil properties (Chris-Emenyonu et al., 2020).

Furthermore, we first delve into the geological history of Norway that has shaped the current
landscape, rock, and soil composition of the study area. This understanding sets a

Amanda Maria Henriquez Coro 8 A Comparative Study of Soil Properties in South-Eastern
Norway and Coastal Western India: A Collaboration between USN and SPPU



foundational knowledge, providing the basis from which we can then develop a better
understanding of the soils under examination.

Under the layer of superficial sediments, the main rock types present in southeast Norway
are gneiss, granite, sandstone and limestone (Beylich, 2021).

Specifically in our study area, we are under the tectonic division of Telemark lithotectonic
unit, where granitic gneiss predominates as indicated in the National Bedrock Database (1:
250 000) of the Geological Survey of Norway (NGU). This granitic gneiss is of very ancient
origin, dating back from the Mesoproterozoic era (1250-1200 Ma), when the region that is
now Norway was located near the equator as part of the ancient supercontinent Rodinia
(Ramberg, 2008, pp. 62—-120). A picture of this granite can be seen in Figure 1.

Figure 1 Picture of a grain of granite from Norwegian SA taken with a binocular microscope, showing pink
coloured feldspars and black micas.

Advancing in time to the Paleozoic era, the collision between the Baltica and Laurentia plates
took place, during what is known as the Caledonian orogeny. This collision formed the
Scandinavian mountains and generated volcanic activity. It involved deep burial cycles,
metamorphism, deformation events, continental subduction and the exhumation of mantle
rocks from depths exceeding 185 km (Butler et al., 2015; Liu & Massonne, 2019; Roberts et
al., 2006; Van Roermund & Drury, 1998).
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Moving to the Quaternary geology of Norway, where the last glacial period, also known as
the Late Glacial Maximum (LGM) took place. It was a geological time characterized by
extensive ice sheet coverage and climatic fluctuations (Bradley & Bradley, 1999; Quaternary
Geology of Norway, 2013). The Eurasian ice sheet complex, which included the
Scandinavian ice sheet, reached its maximum extent of approximately 5.5 million square
kilometres and a volume of about 24 meters of sea level equivalent around 21,000 years ago
(Hughes et al., 2016), covering the present-day Scandinavian peninsula as well as parts of
northern Europe, including Russia and the Baltic States. This geological event shaped the
topography of northern Europe, the weight of the ice sheet depressed the Earth’s crust,
creating deep basins, it sculpted fjords, valleys, lakes, moraines, and other glacial landforms
with its advance and retreat movements.

The present-day geological and lithological characteristics of southeastern Norway is
therefore linked to these tectonic and glacial events. In Midt-Telemark the presence of
moraine ridges, ice-marginal deposits, and submarine features shapes the region's
geomorphological features as indicated by previous studies on the last Eurasian ice sheets
(Bergstrgm, 1999; Hughes et al., 2016; Wraa, 2020, pp. 4-8).

As temperatures warmed and the climate shifted to a more interglacial phase, our study area
transitioned to a deglaciation period, during which the ice retreat causes isostatic depression,
and subsequent isostatic uplift (Hughes et al., 2016).

As the ice retreated, the isostatic rebound, a process of land rebounding after the removal of
the immense weight of glacial ice, was a gradual process, leading to remnant isostatic
depression. This depression led to the inundation of valleys by the sea, resulting in the
deposition of marine sediments that we can see, represented in blue colour, in the superficial
deposits map shown in Map 2. This marine sediments are the result of the detritus deposited
at the oceanic bottom, where organic matter and calcium carbonate is accumulated, this
sediments were then affected by diagenesis, which is controlled by the quality of the
deposited material and the redox conditions of the sedimentary environment (Bianchi, 2007,
2007; Schilli-Maurer et al., n.d.). Therefore, marine sediments provide important nutrients to
present-day soils, playing a crucial role in the region’s agriculture (Bianchi, 2007; Elvenes et
al., 2019; Schulli-Maurer et al., n.d.).

The subsequent isostatic uplift, caused regression, leading to the retreat of the sea (Stratford
et al., 2008; Wraa, 2020, pp. 4-8). This process facilitated the formation of the meandering
river in the valley seen in Map 1, leading to the sedimentation of the fluvial sediments as
represented in yellow colour in Map 2.
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Map 2. Superficial deposits map, the marine deposits are represented by blue colours. After the retreat of the
sea, a river was formed leaving fluvial deposits, depicted in yellow colour. Extracted from Norges Geologiske
Undersgkelse, n.d. ArcGIS Pro (Version 3.1).

Overall, the landscape of the SA has been shaped by glacial activity during Quaternary
glaciations, which formed glacial landforms such as U-shaped valleys, fjords, and alpine
relief. Subsequently, as the glacier retreated, the marine sea penetrated the area, depositing
marine sediments (Beylich, 2021). The next phenomenon shaping the land was river erosion,
further sculpting the terrain and creating more elevation contrast. This contrast in elevation
makes possible to divide the SA in two categories, the plateau, characterized by higher
altitudes with a maximum elevation of 55 metres, and the lower altitude basin with a
minimum of 16 metres. This elevation distinction can be seen on the elevation profile in
Figure 2 and the slope map in Map 3.
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Figure 2. Elevation profile of the study area, representing various land uses in different colours in the legend. In dark blue is represented
the bog, light blue indicates the river, green represents the forest, yellow depicts the crop land, and red marks housing area. Data retrieved

from Kartverket.no.
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Map 3. Slope map of the Norwegian SA. The
boundary between the plateau and the basin
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from Geonorge.no. ArcGIS Pro (Version 3.1).
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The primary water body crossing the SA, is a tributary river named Kisebekken, that feeds
into the main river of Bg, known as Bgelva. Situated within a valley, the river meanders as a
result of the lower slope of the terrain.

Delving into the climatic characteristics of the area, it shows a temperate oceanic climate
with cool summers and mild winters (Observasjoner Og Veerstatistikk - Seklima, n.d.).

The Koppen climate classification system is widely used to categorize climate zones based
on vegetation types, temperature, and moisture indices (Wang et al., 2021). The Koppen
system can be also used to assess climate change impacts, such as shifts in climate zones
and the spatio-temporal variation of climatic variables (Wu et al., 2021; Yilmaz & Cicek,
2018), making it a valuable tool for understanding climate change (Carlson, 2021). In the
case of Midt-Telemark in Norway, the climate zone falls under the Képpen-Geiger
classification system. This region is in the mid-latitudes (35° to 55°N) and is characterized by
its harsh winters (Straumfors et al., 2021). According to the Képpen classification, Midt-
Telemark falls within the Dfc zone, which corresponds to the continental subarctic climate.

The Dfc climate zone is associated with a boreal climate, featuring relatively short and cool
summers and no dry season, with cold, snowy winters, making it suitable for coniferous
forests and cold-resistant vegetation (Btazejczyk & Skrynyk, 2019). Therefore, the SA
exhibits distinct seasonal variations, with lush greenery in the summer months and snow-
covered landscapes in winter.

Additionally, the terrain around the SA is characterized by rolling hills and forests, which can
influence local weather patterns and microclimates.

Having described variables such as base rock, topography, and climate, we can now
examine how these factors contribute to the pedogenesis of the soils found in the SA. The
base rock, composed of granitic gneiss, provides minerals such as quartz, feldspar, and
mica. This mineralogical composition influences soil texture, pH, porosity, and moisture
content, nutrient cycling, and fertility. For example, feldspar can contribute to alkaline soil
conditions when weathered, while certain mica minerals may release acidic compounds,
affecting soil pH accordingly (Cardelli et al., 2017). As indicated in other studies, soils
developed from granitic rocks tend to have low cation exchange capacity (CEC) and are
generally poor in mineralizable nitrogen (MinN), potassium (K), calcium (Ca), magnesium
(Mg) and sulfur (S) (Cardelli et al., 2017; Moore et al., 2022).
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Therefore, the climate present in the region introduces significant challenges for
pedogenesis. The cold temperatures during the winter limits microbial activity and
decomposition rates, hindering dissolution rates, bioturbation and breakdown of rock
materials (Kerfahi et al., 2019). The short cool summers translates into short growing
season, meaning less vegetation cover and limited organic matter input. Additionally, the
freeze-thaw cycles changes soil volume, disrupting soil structure, mixing soil horizons,
increasing erosion and inhibiting its further development (Miranda-Vélez et al., 2023; Sun et
al., 2021). All these factors resulting in the predominance of relatively immature soil classes.

Based on the soil classification map provided in Map 4 (NIBIO, Jordsmonnkart), our SA
presents three main soil classes: Stagnosol, Arenosol and Cambisol. Among these, only
Cambisol shows structure and development of horizons. Stagnosols, present only in the
control sample NS-2, is characterized for their periodic waterlogging by surface water
(NIBIO, Jordsmonnkart, n.d.; Solbakken, n.d.). Meanwhile, Arenosols are characterized by
uniform sand and low gravel content, with poor organic material, resulting in low nutrient
content and water retention capacity (Solbakken, n.d.). In terms of agricultural suitability,
Cambisols are of better quality, according to the soil quality map available in Norsk institutt
for biogkonomi (NIBIO).
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Map 4. Soil classification classes extracted from Norsk institutt for biogkonomi (NIBIO, Jordsmonnkart).
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3 Indian Study Area
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Map 5. Location map of the Indian Study Area, where the sampling locations are marked in red. Generated in ArcGis
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Goa is a state lying on the West Coast of India with a long coastline of 110 km. The
landscape of Goa can be divided into three areas, in the east we find the Western Ghats, a
mountainous region with altitudes above 600 meters. Moving to the interior the topography
softens to a maximum of 200 meters while we approach the mid-land plateaus, lastly, we find
the low-lying river basins and the coastal plains with altitudes below 50 meters above mean

sea level (Sawant, 2022).

Our Study Area in Goa is located in the state’s midland region, where the mid-land plateaus
follows the low-lying river basins (Map 5 and Map 6), specifically at the northern limits of the

administrative division of Salcete, bordering Morugoa to the north.
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Map 6. Digital Elevation Model (DEM) of the Indian study area. Extrated from (OpenTopography, 2021).

The geological history of India is characterized by its movement and collision with other
landmasses. The collision with Asia is an event described in depth in other works such as
Van Hinsbergen et al. (2012), we will not delve into details of these geological processes.
Instead, our focus is on describing the geological background of our study area. This part of
peninsular India belongs to the Basaltic Deccan Plateau (Sawant, 2022) , a large igneous
region in India composed of basaltic lava flows erupted during the Late Cretaceous period,
approximately 66 million years ago (Valdiya, 2016, pp. 447-462).

Several key factors shape the geology we see today. Firstly, its coastal location contributes
to coastal erosion and deposition processes. Also, fluvial action plays a crucial role, with six
rivers that receive their water from the monsoon, transporting sediments from the Western
Ghats into floodplains, estuaries, and coastal areas, creating alluvial plains and coastal
deltas (Sawant, 2022; Sonak, 2014b). The tropical climate and monsoon season further
accelerates chemical weathering as commonly observed in tropical climates (Babu et al.,
2021; Pal et al., 2009).
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The lithology found in Goa is composed of rocks of the Archaean-Proterozoic Dharwad
group, including laterite, granite, chlorite schist, gneiss, conglomerate, and limestone
(Sawant, 2022). Inside the boundaries of our SA specifically, we find alluvium, chlorite schist
and laterite, as can be seen in the geological map provided in Map 7.
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Map 7. Geological map depicting the rock types present in the Indian SA. Generated in ArcGis Pro with data
provided by Vrishali Thorwat, research scholar, SPPU.

Goa is a state known for its mineral resources and exploitation of iron ore, manganese,
bauxite, and limestone (Sonak, 2014b). Specifically in our SA, we find laterite plateaus that
have undergone various degrees of leaching of soluble minerals and concentration of
insoluble iron and aluminium oxides, known as laterization, resulting in iron-rich soils with

magenta colour, characteristic of chemical weathering in tropical climates as seen in Figure
3.
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Figure 3. Lateritic rocks showing red goethite, yellow limonite, and cream gibbsite/bauxite, next to GO-4.

We delve into more detail about these weathering features on the SEM chapter of the Indian
samples, where we can see on the grains surface the marks left by these processes.

The presence of the Western Ghats mountain range acts as a major water divide due to

which the Konkan coast receives 2500mm of annual rainfall and the Deccan Plateau towards

the west receives less than 500mm of annual rainfall. In our SA, these mountains causes
orographic rainfall as moist winds from the Arabian Sea are forced to ascend, leading to
heavy precipitation along the slopes. This causes a gradient in rainfall and temperature as
we move to the sea (Sawant, 2022). Although the mean temperature is between 24°-32°C
with little variation throughout the year, the average rainfall falls between 350-400 cms
showing skewness towards the monsoon season from June to September (Sawant, 2022).
The proximity to the sea contributes to high humidity, reaching up to 90% during the
monsoon (Sarkar et al., 2023). Képpen'’s classification categorizes Goa under the Amw
climatic type, indicating a tropical monsoon climate (Sawant, 2022).

The Zuari River, crossing our research zone, draws a perpendicular line to the coast and it
ends its path into the Arabian sea. The river shows a meandering course with expansive
valleys at its sides. It serves a vital function by depositing nutrient-rich alluvial sediments

sourced from the Western Ghats, supporting fish populations, and sustaining the livehoods of

local fishermen. Also, a tributary originating from the Sal River, running parallel to the
coastline, enters our study area next to sample site GO-2.
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Therefore, pedogenesis in Goa plays under tropical conditions, which promotes mineral
breakdown and the development of specific soil profiles. Intense pedogenic transformations,
indicated by feralization and rubefaction (Ghosh & Guchhait, 2020, pp. 83-94), are observed
in these soils (Pal et al., 2009). Within our SA, we encounter lateritic soils, alluvial soils, and

saline soils, with the latter being particularly fertile and utilized for cultivation after the
monsoon season (Sawant, 2022; Pal et al., 2009).

Figure 4. Khazan lands

In our SA, specifically in samples GO-9 and GO-10, we find the Khazan lands (Figure 4),
these wetlands are coastal agricultural systems managed by local villagers , where
sustainable agricultural practices mainly of salt-tolerant rice varieties, have been crucial to
the livehoods of the local communities (Pombo, 2019; Sawaiker et al., 2022). Khazan lands
are subject to periodic inundation by saline water during high tides, during the dry season

they are utilized for salt extraction (Sawant, 2022), making this lands under the saline soils
classification, mentioned previously.
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4 Contrasting the two study areas

After describing in detail the two study areas, it is important to make connections between
them since this work aims to provide a comparation of soil properties across different climatic
regions.

Norway and India have different tectonic setting and evolutionary pathways, nevertheless,
both are affected by geological processes operating on a global scale like plate tectonics,
mountain building events and the formation of sedimentary basins. Norway was formed from
the collision between the Baltica and Laurentia plates during the assembly of the
supercontinent Rodinia, also known as the Caledonian orogeny (Beylich, 2021).

India, on the other hand, was part of the supercontinent Gondwana. As India moved towards
the Eurasian Plate, it generated intense volcanism that developed the granitic and gneissic
complexes we find in our Indian SA (Valdiya, 2016).

Moving on to the variables affecting pedogenesis, which are as expressed in the soil
formation formula in equation 1, we delve into a comparison between the two regions, which
is synthesized in Table 1.

S= f(CLO,RP,T..)

Equation 1. Soil development is a function of Climate, Organisms, Relief/Topography, Parent material and
Time.

Addressing first the climatic factor, it is known that most of the differences in the velocity of
soil development can be explained by different climate and parent material (Schiilli-Maurer et
al., n.d.). In higher latitudes such as the 59 degrees north where our Norwegian study area is
situated, we find a temperate oceanic climate, contrasting sharply with Goa’s tropical
monsoonal climate. The tropical conditions foster more intense rates of chemical weathering
of the rocks, in contrast with Norway’s colder environment. Also, the parent material in the
Norwegian SA, granitic gneiss, and Goa’s chlorite schist sets a different mineralogical
context.

One significant distinction between soils from tropical and temperate areas lies in the
dynamics of soil organic matter. In tropical soils, the formation of organo-mineral complexes
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contributes to soil structure and fertility (Moura et al., 2016; Ouattara et al., 2017), whereas in
temperate soils, microbial activity is lower due to colder temperature conditions.

Soil pH values in the Norwegian SA ranges from alkaline to slightly acidic values, pH test
was not performed for the Indian soils, nevertheless we expect the Goan soil to show similar
values according to the stablished knowledge about tropical soils pH values (Barman et al.,
2018). Norway’s SA elevation remains relatively low, in the Goan SA the maximum elevation
goes to 180 metres with steeper terrain.

Moving to the soil types present across the study areas, the Norwegian SA has been
surveyed previously providing detailed soil classes of easy online access, in contrast with the
Goan study area, where there is a need for such extensive work to be done. The soil class
provided for the Indian SA are extracted from state-scale soil type maps, which may overlook
interesting particularities of the soils in our SA.

Table 1. Comparison table of factors influencing soil development in Norway and India.

I ) L

Temperate Tropical monsoonal climate
59° Latitude 14° Latitude

(o]-EN[E I E Low microbial activity and Higher microbial biomass and
organic matter decomposition activity
rates
Acidic to neutral Slightly acidic to neutral

\VEELGELLEEN Heavely influenced by Driven by chemical alteration

mechanical glacial dynamics . . i
Higher chemical weathering

rates

GEUE AT GECET ) 55m of maximum elevation 180m
above mean sea level

CETCLIALELCHEIN Granitic gneiss Chlorite schist

LINEE (1l Arenosol, Cambisol, Stagnosol Lateritic soil, Saline soil

The horizons normally found in soils from higher latitudes are the result of a process called
podzolization characterized by the leaching of iron, aluminium, and organic compounds from
the surface horizon (A horizon) to lower horizons (B horizon). This process results in the
formation of distinctive soil profiles with an ash-colored E horizon and an a B horizon

Amanda Maria Henriquez Coro 22 A Comparative Study of Soil Properties in South-Eastern
Norway and Coastal Western India: A Collaboration between USN and SPPU



enriched in iron and aluminum oxides (Kerfahi et al., 2019). Whereas in tropical latitudes a
common soil-formation process is laterization, as previously described.

Focusing on the agricultural context of our study areas (Table 2), both the selected study
areas rank among the most agriculturally productive regions in their respective countries due
to their specific soil properties. In Norway, crop lands are commonly used for wheat
cultivation, whereas the Khazan land are used for rice cultivation. However, both agricultural
lands are subjected to degradation risks.

Specifically in Goa, traditional practices are at risk of disappearing in Khazan lands, the
integration of aquaculture with rice cultivation, creating a mutually beneficial ecosystem
where fish waste fertilizes the rice paddies and rice plants provide of shelter for the fish
(Pombo, 2019; Sawaiker et al., 2022). In addition, the use of composting, crops rotation and
minimal tillage are common practices in Khazan lands (Sonak, 2014b). These practices are
at risk due to the transformation of these lands for tourism needs (Noronha et al., 2002;
Sonak, 2014b). These comparative studies also facilitate the exchange of good agricultural
practices, allowing one country to benefit from the practices of another.
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Table 2. Comparative table of the agricultural context of the study areas and their degradation risks. Khazan
lands refers to the endemic and heritage ecosystem of Goa where low-lying coastal wetlands are used for salt
tolerant rice species and aquaculture.

I L L

LY-GITOTEINELERVEEN Fluvial and marine Khazan lands as

sediments paddy fields
Degradation risks Loss of topsoil by Construction projects

road projects,
construction,
intensive agriculture.

Loss of traditional
practices

Marine sediments as
non-renewable
resource key for food
security

By implementing standardized methods and analysis procedures across both regions, we
seek to evaluate the impact of these regional differences on pedogenesis.
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5 Methodology

The methodology employed for both study areas in Norway and India is the same, the
sample locations were selected considering the subsequent analysis, which needs variation
in the samples. The methodology followed for sampling involves two phases: the initial phase
conducted in Norway and the following phase carried out in India. In the Norwegian study
area, soil samples were collected from various land uses, including agricultural, forested, and
water bodies. In the Indian study, the area was chosen to replicate the land use patterns
observed in the Norwegian counterpart. This study design was selected to provide data
variability to the subsequent statistical procedures.

As this study focuses on inorganic analysis, we eliminate excess organic material in situ,
such as wood sticks and vegetation from our samples. Each sample involved digging a hole
of approximately 15 centimetres deep, followed by mixing of the soil following the quartering
methodology, before placing it into a plastic bag.

As for the rest of experimental techniques employed, the maotivation for selecting these
experiments is depicted in the diagram seen in Figure 5. Each to satisfy the objective of the
study, which is to to evaluate the impact of regional differences on pedogenesis.

Similar land use patterns
across the two SA

Ensure variation for
statistical analysis

— Sampling

Textural classification

Sieve analysis

For chemical analysis

Scanning Electron

. el 10 infere erosion patterns
microscopy

Studying soil formation in

Soil chemistry el Agricultural suitability

For mineral
composission

Figure 5. Study design.
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Norwegian Study sites

The initial phase of this study involves sampling in Norway, within the Evju Mathage
farmland. The area's geomorphology features an oxbow lake (Figure 7) and fluvial terraces,
with land use predominantly consisting of wheat crops and forested areas. The sampling was
conducted during late summer, following the harvesting season.

We can group the samples in two categories following differences in geomorphological
features, for instance, EV1, EV2A, EV2B and EV3 fall into the bog environment category,
where the elevation is lower and the river is influencing chemical conditions like pH. EV4 falls
into farm land use, NS1 and NS2 are located on top of the plateau with higher altitude.

The sampling sites details can be found in Table 5.

The following observation were made during the fieldwork for the Norwegian sampling
session. Starting with NS-2, on the highest elevation point, this sample served as the control
sample, located furthest from the study area. NS-1 followed located next to a road path.
From here, we leave the plateau area and move into a more depressive topography, arriving
in the bog environment we sample EV-1, positioned in an oxbow lake seen in figure 9,
surrounded by wetland vegetation such as reeds, a first visual examination we see a
sediment rich in organic materia, sand and silt. EV-2A was collected from shallow waters
near the river shore, these river sediments were carefully taken introducing a plastic tube in
the river bed. EV-2B falls also into wetlands where we observe aquatic vegetation species,
an environment similar to EV-1. Following the river meander to the west, we find an ancient
preserved fluvial flood terrace formation, characterized by dense grass and pine trees,
exhibiting darker brown soil with increased air, roots, and decreased humidity compared to
the previous water-embeded samples. Finally, to include in our study an agricultural land use
pattern, we move to a central location withing a wheat crop field seen in Figure 6, EV-4 was
sampled following the coning and quartering sampling methodology to ensure sample
representativeness.
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Figure 6. Sample EV1 on the left, highlighted in red is the specific spot where the sample was collected. On the right is EV4, located on
the crop field.
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Indian Study Sites

The methodology employed and the criteria for designing the sampling locations were
consistent with those used during the Norwegian sampling session, as previously described
in this methodology chapter. Sampling in India took place after the monsoon season, during
ongoing harvesting activities.

The Samples can be categorized based on the Goan DEM (Map 4). The floodplain and
Khazan lands fall under grey areas, while the plateau is represented in varying shaded of
red, yellow, green and blue. Samples from GO1 to GO-4 and GO7 to GO10 are located on
the first category in lower altitude areas, while samples GO-5, GO-6, GO-11 are situated on
the plateau.

Figure 8. GO-5, Lateritic soil.
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In this section, we provide a description of the observations made during the fieldwork
session in the Indian SA. Most samples exhibited a high porosity and reddish colour due to
granular weathering and oxidation (Sawant, 2022), as seen in Figure 8.

Figure 9. GO-2 sample, Construction site at the left with blue arrow denoting the tributary river location, to the right we
can distinguish in a first visual examination three horizons in this alluvial soil type.

Starting from the south and moving northward, we collected sample GO-1, which showed
high porosity and sandy characteristics. Moving next to a tributary river originating from the
Sal River, where construction work was ongoing, we observed visible differentiation of soil
horizons, falling under the laterite plateau (Figure 9).

Continuing northward, sample GO-4 was obtained from a road cut excavation site, displaying
signs of heavy laterization and iron oxide (Figure 10). On the highest elevation position of our
study area, we sample GO-5 next to the road, observing gravel-size pebbles compared to
previous samples with smaller grain sizes. Descending, sample GO-6 exhibited an orange to
reddish colour and sandy texture. On the eastern side of the plateau, we collected GO-7 in
an area classified as alluvium rock type. Further down in elevation, we reached the low-lying
river basins.
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To parallel the land class of samples collected in a riverbed in Norway, we sample in a
stream bed influenced by tidal waters for GO-8. Both GO-9 and 10 were taken from paddy
fields used for cultivation located in the Khazan lands, with sediments exhibiting a heavy clay
consistency.

Finally, GO-11 was sampled under the chlorite schist area, this rock type comes from the
alteration of pre-existing rocks like basalt under specific temperature and pressure conditions
resulting in chlorite, a green mineral of low-grade metamorphism (Babu et al., 2021). The
alternation between wet and dry conditions typical of monsoonal climates has led to the
alteration of chlorite schist, resulting in the laterization process and high concentrations of
aluminium.

]

Figure 10. Laterite profile exposed on the plateau slope.

N

Amanda Maria Henriquez Coro 30 A Comparative Study of Soil Properties in South-Eastern
Norway and Coastal Western India: A Collaboration between USN and SPPU



Soll texture classification

4760um oy SEM
XRD
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Figure 11. Grain size selection for each experiment.

To prepare the samples for laboratory experiments, we dry them in a hot air oven at a
temperature not higher than 60°C, to ensure that the structure of clay particles remains
unchanged.

Following drying, we conduct sieve analysis to separate grains of varying sizes for laboratory
experiments and classify their texture following the Wentworth grain size classes (Figure 11).

Sieve analysis

The sediment grain size distribution (GSD) and textural characteristics (TC) play important
roles in fields such as Sedimentology, Geomorphology, and Soil Sciences. In the case at
hand, the sieving analysis is important to determine the fractions selected for chemistry
analysis and for the study of GSD and TC, which can give insights about deposition
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environment, water retention properties of soils, pore-
space available for biological activity and other
parameters imporant for agriculture.

The methodology is as followed; The sieves are stacked
from coarser on the top to finer on the bottom, the dried
samples are poured onto the top and then the sample
will be separated in each different grain size. We use a
shaker machine for 20 minutes, and medium to high
intensity, to separate the particles according to its size
(Figure 12).

The material trapped in each mesh size is then removed
from each sieve and weighted in a analytical balance,
the result is recorded in an excel sheet where the
Statistics Package GRADISTAT Version 4.0 is employed
to calculate the percentage of material retained on each
sieve with respect to the total initial sample weight, and
generate grain size distribution curves and terniary
diagrams.

Figure 12. During the sieve analysis, we employed mesh sizes from 4
to 240 on the ASTM U.S. Standard scale representing 4760 to 53um,
and a sieve shaker to speed up the process.

Grain size distribution (GSD) is displayed with distribution histograms, giving information
about the percentage of material retained on each sieve with respect to the total initial
weight. Following the common practice in sediment research, grain size or particle diameter
is plotted on the horizontal axis, both in phi (¢) intervals and microns, while the percentage is
displayed on the vertical axis. The coarsest grain sizes fall on the right side of the graph and
the finest on the left. Phi units are obtained after calculating the negative logarithm of the
diameter in millimetres, following the conversion expression in Equation 2. This conversion is
done to simplify statistical computations and graphic representations (Ruiz-Martinez et al.,
2016).

Equation 2. Phi conversion formula
Phi (¢) = —log, S
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Scanning electron microscopy analysis

The scanning electron microscope (SEM) is a type of electron microscope that generates
high resolution images of the surface of solid samples based on light optics principles
(Mohammed & Abdullah, n.d.). The instrument incidents a beam of high energy or
accelerated electrons that scans the sample surface and stimulates emissions (Mohammed
& Abdullah, n.d.). Detectors receive these emissions, convert them into a light signal, and
produce an image of the material on a computer screen, as seen in Figure 13.

Figure 13. SEM equipment on the left side. On the right side, the Studs with the grains spread ready to be
introduced into the SEM machinery.

These emissions can be X-Rays, Auger electrons, primary backscattered electrons and
secondary electrons. Each of these type of electrons gives different information about the
sample, depending on the atomic structure of the sample material, its atoms will interact
differently to the incident beam from the instrument. The electrons from the instrument beam
are called primary electrons (Holly A. Ewing & Edward A. Nater, 2003; Mohammed &
Abdullah, n.d.).
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Secondary electrons give information about the surface topography of the sample because
they are the product of the interaction between the primary electrons from the SEM beam
and the electrons from the outer layer of the sample’s atoms. Backscattered electrons are
generated more commonly by high atomic number atoms, they are also called reflected
electrons. The emission is of high energy and generates a distinct contrast compared to
other signals, therefore these electrons can help contrasting different materials in the
sample. Overall, epending on these emissions the image generated will be of different quality
(Holly A. Ewing & Edward A. Nater, 2003; Mohammed & Abdullah, n.d.).

The sample must be prepared for the SEM analysis to obtain clean and quality images for an
easier interpretation. Another element that affects the image quality is the charging of the
sample surface, charging effects are caused by the sample accumulating electronical
signals, which generates very bright images of difficult interpretation. To avoid this
phenomenon, a thin layer of conductive material is placed on the sample surface, our sample
is coated with gold. This enables the charged electrons to be dissipated through the
conductive coating material, reducing image brightness and distortion.

In this study, the portions selected for SEM are the coarse fraction derived from the sieve
analysis of each sample, which consist of pebbles from the mesh number 4 with an apeture
of 4.76 mm of space between the mesh openings.

Our interest is to observe surface features on the pebbles, therefore it's important to clean
the samples from organic and clay particles attached on the grains surface. The samples are
first washed with distilled water to decant suspension matter, secondly, we implement 69%
concentrated hydrochloric acid (HCI) diluted in 10ml of distilled water to further eliminate
organic material. To remove clay from our grains, 69% concentrated nitric acid (HNO3)
diluted solution is used. These acids are commonly used for clay dispersion based on ion
exchange interactions.

By examining the surface features of Norwegian sample grains, we aim to identify micro-
texture indicators that can provide insights into the historical processes and environmental
changes experienced by the landscape. The research is particularly focused on identifying
glacial features on grain-sized particles to confirm previous knowledge about the deposition
environment. To achieve this, we received the guidance of Professor Makarand Ganesh Kale
from the Department of Geology (SPPU) and we followed the principles outlined in the "Atlas
of Quartz Sand Surface Textures" by David H. Krinsley and John C. Doornkamp (Krinsley et
al., 2011) (Table 6).

According to Krinsley et al, typical micro-texture features associated with glacial erosional
features are subconchoidal fractures, Arc-shaped semiparallel steps, Striations and polished
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surfaces. An area subjected to glacial activity leaves specific erosive and transportation
patterns on its surface and landforms. The sediments a glacial carry on its bottom layer
scratches and grinds the surface of the base rock beneath it, leaving a set of recognisable
marks such as; striations, parallel lines with consistent orientation and direction, in relation to
the movement of the glacier flow. Another distinctive feature is the polished surface resulted
from glacial ice scraping and smoothing the rocks surface. Semiparallel arc-shapes and
subconchoidal fractures are typical from quartz grains subjected to cracking from ice
pressure.

Weathering leaves marks on the surface of the Norwegian grains, with specific features like
triangular pits, dissolution, Hacksaw terminations, V-shaped indentations and pitted surface.
Hacksaw terminations, also known as denticulated margins, are indicative of low-
temperature aqueous corrosion origin in silicate minerals (Velbel & Losiak, 2010).

Pitted surfaces are related to the time the rock has been exposed, reflecting the extension of
the weathering conditions over time, with pit depth increasing with exposure age (Hall &
Phillips, 2006).

Dissolution rates of rocks serve as an important indicator of diagenetic conditions, factors
such as mineral structures, chemical compositions, and the presence of secondary minerals
influence dissolution rates, impacting the overall chemical degradation and weathering of
rocks (Lo et al., 2017)..
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X-Ray analysis

To study the mineralogical composition of our samples, we perform X-Ray diffraction
analysis (XRD). XRD is a widely used technique used for crystallographic and material
characterization (Jenkins & Snyder, 1996). In the case at hand, XRD results can give light on
the different mineral genesis and metamorphism that the rocks experimented in such
different geological and climatic environments. Under different temperature, pressure, pH or
humidity conditions, the structure of certain minerals have different stability which then
determines its crystal structure or mineral phases (Singh, 2023).

This technique is based on the Bragg’s Law expressed in Equation 3 , which determines the
angle at which X-rays are diffracted by the crystal lattice of a mineral, different minerals will
display a characteristic reflected angle of the X-rays with respect to their specific atomic
structure, allowing for their identification (Jenkins & Snyder, 1996; Singh, 2023).

nA = 2dsin()

Equation 3. Where,('n ) represents the diffraction peak's order, ( 1, lambda ) is the X-ray wavelength, (d) is the
distance between crystal lattice planes, and (6, theta ) stands for the angle of incidence relative to the crystal
lattice planes.

We selected two samples from each study area. For the Norwegian study area EV1 and EV4
were selected under the following criteria: EV4 is utilized for agricultural purposes, showing
higher mud concentration than EV1 and, EV1 is interesting to explore the mineralogical
composition under the bog environment. For the India study area, we choose GO9 and
GO10 to investigate into the mineralogical composition of the clays in Khazan lands.

The portions from the mesh sizes 16-240/ 1190-53um are mixed for each sample and were
prepared them for the analysis by grinding into a powder using an automatic Agate mortar, to
achieve a consistent particle size distribution.

The powdered sample is then placed onto a sample holder designed for XRD analysis and
evenly spread to ensure a flat surface. Once the sample is in the XRD instrument, the
sample will be exposed to X-rays and scattered waves will be reflected at a specific angle
known as the 20 angle, representing the angle between the incident and scattered beams.
After applying Bragg’'s Law and interpreting the peaks on the graphs generated, we can
determine mineral phases present in the sample and their crystalline structure.
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Soil chemistry

The Norwegian samples were sent to Vasantdada Sugar Institute (VSI) to be analysed
following the standard laboratory methodology for each experiment. Test were performed for
the following parameters, pH, Organic carbon, Organic matter, Electrical conductivity,
Available Nitrogen, Phosphorus and Potassium or NPK test.

We then perform with the data generated, a multiple regression model using the Python
programming language with a software library called Pandas ( McKinney, 2010). This
method allows us to investigate the research question of whether the elevation and terrain
characteristics may influence or not the distribution of these chemical variables across the
landscape.

Due to time and resource limitations, this analysis was performed only on the Norwegian
samples.

We've strategically placed our sampling sites along the X axis, according to their location
from west to east and north to south, following the convex shape that the elevation profile
shows (Figure 2).

By aligning the sampling sites with the elevation profile, we can begin to explore the potential
correlation between topography and the various chemical variables presented in this chapter.
The study design is graphically summarized in Figure 14.
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Figure 14. Diagram synthetizing the study hypothesis. Using a multiple regression model, we explore whether
terrain characteristics affect the distribution of these variables across the landscape.

Amanda Maria Henriquez Coro 37 A Comparative Study of Soil Properties in South-Eastern
Norway and Coastal Western India: A Collaboration between USN and SPPU



It is important to consider the limitations of multiple regression testing on a small sample size
(n<10) which is associated with low confidence estimations, leading to unreliable and
inaccurate conclusions (Armstrong, 2019). This study consists of a small pool of six samples
per variable, for further studies is recommended to amplify the sample size, in addition, other
authors have suggested alternative techniques like Jackknife and Bootstrap to be better
suitable for small sample sizes (John Michael , 2019).
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6 Results

Sieve Analysis

Norway

As a result of the sieving analysis of the Norwegian samples, we generate ternary diagrams
to study the textural characteristics (TC) of the sediments, a selection can be seen at Figure
15 and the rest at Table 9. Ternary diagram of the soil textural groups for the Norwegian
samples. We found that the TC all are of sandy texture ranging from gravelly muddy to
muddy sandy gravel as can be seen represented on the study area on Map 8. These results
are congruent with the soil classification provided on Map 4 where our samples fall under
Arenosol soil class like NS1 or Cambisol like EV4, both soil groups having high sand content.

The interpretation of the Grain Size Distribution (GSD) histograms (Figure 16) show that our
samples are polymodal, bimodal and trimodal, varying from moderately sorted to very poorly
sorted. All GSD diagrams for the rest of the samples can be seen in Table 8.

Sample EV-1 exhibits a polymodal grain size distribution and very poorly sorted, with gravel
composition of 11.8%, sand 68.5%, and mud 19.7%. In contrast, sample EV2A displays a
bimodal distribution with moderate sorting, showing compositions of gravel at 1.5%, sand at
92.9%, and mud at 5.6%. Similarly, sample EV-4 also shows bimodal distribution, however
with very poorly sorted conditions, with gravel representing 0,1%, sand 59.9%, and mud
40.0%. Lastly, sample NS-2 shows a polymodal distribution, with very poorly sorted
conditions as well, comprising 32.9% gravel, 58.4% sand, and 8.7% mud.

These results highlight the variability in textural groups and grain size distributions across the
studied samples.
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India

In our analysis of the texture classification of the Indian samples, we relied on the base rock
map (Map 6) and soils classifications maps provided in previous works such as “Goa's
Landscape Through Maps” by N. Sawant. Due to time limitations, we focused our analysis on
samples from GO-1 to GO-5, which distribution across the study area can be seen in Map 9.

Textural groups in Goa study Area >

=

5@0-;1-, Gravelly Sand
ecarih GO=2: Slightly Gravelly Sand:

Map 9. Textural groups in Goa study area.

These samples exhibit different texture classification (TC) and grain size distribution (GSD)
patterns depending on the nature of the parent material and depositional environment as
explored in more detail in the discussion. TC and GSD for GO-1, not included in this chapter,
can be seen in Table 10.

Sample GO-2 presents a bimodal grain size distribution, classified as poorly sorted, with
gravel representing 4.5%, sand 95.5%, and no mud content. In contrast, Sample GO-3
displays an unimodal distribution but also poorly sorted, with significant gravel component of
71.2%, 28.8% of sand and no mud. GO-4 demonstrates a polymodal distribution and is
poorly sorted, with a hight content of 88.6% in sand, gravel comprising 11.4%, and no mud.
Lastly, sample GO-5 shows a bimodal distribution, presenting a high gravel content of
71.6%, sand at 28.4%, and no mud.
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Scanning electron microscopy analysis

Norway

The coarse fraction derived from the sieve analysis of all the Norwegian samples were
selected for the SEM analysis in two sessions. The sediments showed micro-texture features
such as subconchoidal fractures, arc-shaped semiparallel shapes, striations and polished
surfaces depicted in Figure 19, more detailed description of these features is available in
previous chapters.

Figure 19. Picture a) Illustrates characteristic micro-texture features linked with glacial erosion
patterns, including angular edges, polished surfaces, and arc-shaped semiparallel shapes. In Figure b),
parallel striations are visible, with additional striations depicted in Figures c) and d), resulting from the
abrasive action of moving glaciers against the bedrock surface.
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Chemical weathering also left distinctive marks on the Norwegian grains surface that can be
observed in Figure 20.

Figure 20. Series of images indicating various weathering processes. The first image (a) shows irregular depressions likely
from acid dissolution, (b) displays a pitted surface indicating ongoing weathering, (c) exhibits hacksaw terminations along
cleavage planes, indicating low-temperature aqueous alteration, and (d) reveals V-shaped indentations.

Following the acidic treatment undergone by the sample, the external walls, or frustules of
some diatoms remained intact. As these walls are primarily composed of silica, various
morphologies of diatom external walls are observable after the sample treatment.

A selection of some of the diatom’s pictures generated during the SEM analysis is provided
in Figure 21, the rest of the pictures can be accessed in Table 6.
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This study is not focus on an extended diatom analysis nor in an advanced identification,
however, we provide a simple note on the most noticeable species observed, we see two
different species, one is Fragilaria species, falling into the family classification of
Fragilariaceae, which includes diatoms characterized by elongated and straight frustules, the
second species is Navicula sp, which belongs to the family of Naviculaceae, inlcuding
diatoms with boat-shaped frustules. Both are classified under the class Bacillariophyceae,

which includes diatoms with a wide range of morphological diversity (Wendy Guiry in Guiry,
M.D. & Guiry, G.M., n.d.).

Figure 21. In image a), frustule corresponding to Fragilaria sp. is highlighted by the red arrow. In image d),
Navicula sp. is observed at the right corner.

Amanda Maria Henriquez Coro 47 A Comparative Study of Soil Properties in South-Eastern
Norway and Coastal Western India: A Collaboration between USN and SPPU



India

Figure 22. Micrographs showing diverse surface features observed on the Goan samples: On the first image a grain with
precipitation marks on its surface, the darker areas are fractures. In picture c) by the red arrow we observe step-like
cleavage of highly weathered chlorite, revealing the effects that weathering has on the mineral’s aspect. The distinct
platy and flaky crystalline morphology of gibbsite can be seen in pictures b) and d), in the last picture the red arrow
points where we see fibrous minerals.

The selected grain sizes from samples GO-6 to GO-9 of the Goan samples were individually
spread on the four studs within the SEM instrument in one session. Additional SEM pictures
generated can be accessed in Table 7.
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As a result, several key features are found in the pictures generated in Figure 22. These
includes the crystallization of aluminium hydroxide (Al(OH)s), also known as gibbsite, the
presence of highly porous clay surfaces, and the observation of cleavage planes and
unidentified fibrous minerals.

Gibbsite, is a mineral commonly found in soils from tropical regions (Gasparini et al., 2022).
Its physical characteristics typically show laminar shapes, as seen in picture b) from Figure
22. The genesis of gibbsite involves the alteration of primary aluminosilicate minerals by
weathering elements like water and carbon dioxide, the aluminium ions dissolved by this
action react with hydroxide ions (OH-) present in the soil solution to precipitate as gibbsite
(Gasparini et al., 2022).
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Figure 23. EDS reports for samples GO-8 confirms the high composition of Aluminium (Al) and Iron (Fe), characteristic of
Laterite. Whereas the results for sample GO-9 aligns with clay, as expected. Gold (Au) values are due to this element being used
for the coating material spread on top of the samples acting as a conducting surface for the SEM experiment.

To further confirm the lithological characterization and relative abundance of elements in the

samples, we performed energy-dispersive X-ray spectroscopy (EDS) analysis. Due to budget
limitations, we selected GO-8 taken from a stream shore as representative of the lateritic soll
type samples, and GO-9 as representative for the samples falling in the Khazan lands, as we
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expect the rest of the samples to have similar composition. The plots seen in Figure 23 show
that the major elements composition for sample GO-9 are oxygen (O), silicon (Si) and
aluminium (Al) with atomic abundance percentages of 54.4%, 17.7%, and 16.5 %
respectively, aligning with the most abundant elements present in clay minerals. Other trace
elements present in these clays are carbon, potassium, magnesium and sodium, providing
insights of the specific type of clay and its environment.

In contrast, for GO-8 a composition of 21.1% iron (Fe) and 11.4% of Al was observed, as
expected for lateritic samples. Notably, the oxygen abundance of 51.7% in GO-8 might be
related to the weathering rate, the aquatic environment from which the sample was collected,
or the microbiological activity involved (Amrutha et al., 2021; Coto Pérez et al., 2013; Ghosh
& Guchhait, 2020; Roshan et al., 2022).

From these results, we can confirm the lateritic nature of sample GO-8 and clay composition
of GO-9.
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X- Ray analysis

The X-ray diffraction (XRD) results reveal notable differences between the samples from
India and Norway. The X-ray diffraction plots for the Indian samples shows more complex
spectra patterns, meaning more mineralogical diversity and weathering products (Figure 25).

In contrast, the Norwegian X-ray plots displays less mineral diversity, in Figure 24 we can
see that the main mineral composition of both the samples EV1 and EV4 is Kaolinite.
However, in sample EV4 there is six orders of magnitude higher intensity of Kaolinite crystals
than EV1. A trace amount of quartz crystals can be seen as the smaller peaks.
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Figure 24. X-Ray diffraction plots for sample EV1 in orange colour, and sample EV4 in black, with EV4
exhibiting significantly higher intensity of Kaolinite crystals compared to EV1. Minor peaks corresponding to
quartz crystals are also discernible in the spectra.
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Figure 25. X-Ray diffraction plots for sample GO9 in blue colour, and sample GO10 in orange, revealing
prominent peaks of quartz, minor kaolinite peaks and subordinate peaks of illite.

In Norway, the plagioclase present in the granitic gneiss from the base rock, transforms into
kaolinite as a weathering product. Slower weathering rates due to the colder climate
conditions can be related to the less mineral diversity found in the Norwegian samples.
Conversely, in India the chlorite schist is exposed to tropical conditions and heavy rainfall,
coupled with the rock porous texture, which can result in the formation of more complex
weathering products.
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Soil chemistry

As a result of the different laboratory experiments performed on the Norwegian soil samples,
a table with the data generated is presented in Table 3.

Table 3. Soil chemistry values for Evju study area. Provided by Vasantdada Sugar Institute (VSI).

6.03 1.84 3.18 0.2643 483 411.42 784.29
6.84 1.23 2.12 0.3904 263.4 143.37 470.57
4.85 3.48 6.01 0.2028 354 10.87 442.32

5.2 2.5 4.31 0.1329 549 12.43 446.21
4.15 3.69 6.36 0.4517 254 1.98 467.65
6.89 1.33 2.3 0.2161 267 305.45 477.39

The pH results (Figure 27 , a) show varied values across the different samples. Sample NS1
presents a pH of 6.03, indicating a slightly acidic to neutral soil environment, similarly,
sample NS2 shows a value of 6.84. Samples EV1 and EV3 displayed lower pH values of
4.85 and 4.15, respectively, indicating a more acidic soil condition which can be related to
the denser vegetation cover present in both samples and the possible higher microbial
activity. Sample EV4, from the crop field, recorded a pH of 6.89, leaning towards a more
alkaline to neutral soil environment. Sample EV2B falls within the acidic range with a value of
5.2 but closer to neutral compared to EV1 and EV3. These pH values, ranging from neutral
to slightly acidic soils are considered of good suitability from the agricultural perspective
(Barman et al., 2018).

Moving to the organic carbon (OC) and organic matter (OM) results (Figure 27, c), samples
EV1, EV3, and EV2B shows relatively higher levels of both OC and OM compared to the
other samples, this is related to the thicker vegetation cover on those sites. EV4 shows
relatively low levels of OC and OM from an agricultural point of view (Bardalen et al., n.d., pp.
40-50), which might have an influence from its intensive agricultural use, this soil may
benefit from organic amendments to improve fertility and soil health.

Regarding the electrical conductivity, samples NS2 and EV3 shows the highest values.
Moving to the available nitrogen (Figure 26), of crucial importance for plant growth, we find
that EV2B exhibits the highest value (549 Kg/ha) whereas EV4 has a nitrogen content of 267
Kg/ha. The available phosphorus, also important for agricultural productivity, shows big
variations, NS1 and EV4 having high values of 411,42 Kg/ha and 305.45 Kg/ha respectively,
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while EV3 has a content of 1.98 Kg/ha. Finally, available potassium, also important for plant
growth, shows that NS1, NS2 and EV3 presents the highest concentrations of this crucial
element, in significant higher levels for NS2.

Available Nitrogen (Kg/ha) Available Phosphorus (Kg/ha)

4
= U o 1pf
NS 1 EV4 EV1 EV2B EV3 NS 2 NS 1 EV4 EV1 EV2B EV3 NS 2
Available Potassium (Kg/ha)
7 9
4 7
NS 1 EV4 EV1 EV2B EV3 NS 2
Figure 26. Graphical representation of the NPK results.
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Figure 27. Plots representing; a) pH values, b) Electrical conductivity and c) organic matter values on the green line, and
organic carbon on the blue line.

With the data provided, we generate a correlation matrix that can be seen in Figure 28. The
results show that available Potassium (K), Phosphorus (P) , Electrical conductivity (EC) and
pH values might be correlated to the elevation of the terrain. Other variables showing
correlations with values higher than 0.600 can be seen at Table 4.
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Figure 28. Correlogram or correlation matrix. Positive correlations are displayed in blue and negative
correlations in red colour.
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Table 4. Correlations with values higher than 0.600.

Electrical
conducti
Organic |Organic |vity Available |Available Available
carbon |matter [(mmhos/ |Nitrogen [Phosphorus |Potassium
Elevation [pH (%) (%) cm) (Kg/ha) |(Kg/ha) (Kg/ha)
Elevation 1(0.600 0.657 0.600 0.771

pH 1 0.086 0.829 0.657

Organic
carbon (%) 1 1

Organic
matter (%) 1 1

Electrical

conductivity
(mmhos/cm) |0.657 1
Available
Nitrogen
(Kg/ha) 1

Available

Phosphorus

(Kg/ha) 0.600 0.829 1|0.829
8

Available
Potassium
(Kg/ha) 0.771 0.657 0.829 1
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7 Discussion

In this discussion chapter, we delve into the significant findings, discuss their implications
and explore potentials for future research and soil management strategies in these different
geographical settings.

Norway

Understanding the characteristics of fluvial and marine sediments is important when studying
their textural classifications, fluvial and marine sediments have different grain size distribution
(GSD) as a result of different mode of transportation, marine sediments usually have a lower
sedimentation rate due to longer transport distances, being transported by currents and tides
which can result in a wider range and mixing of grain sizes and less sorting (Kumar Maity &
Maiti, 2018). In contrast, sedimentation rate in river is usually faster. In addition, fluvial
sediments are influenced by hydraulic sorting due to particles being transported by the river
flow and deposited according to its size, density and energy of the water flow (Kumar Maity &
Maiti, 2018).

Typically, marine sediments show finer grain sizes than the fluvial sediments because of
lower energy transport (Abdulkarim et al., 2021), our results show coarser marine sediments
compared to the fluvial sediments, this can be related to the original location of the
sediments within the marine environment, the shelf, slope or marine basin show different
grain size distribution (Ohta et al., 2015), for instance, NS-2 being Muddy Sandy Gravel
(Figure 15) can indicate these sediments were located under the sand-rich shelf or the basin
floor where both sand-rich and mud-rich sediments can be found (Jia et al., 2020). These
findings are congruent with the superficial sediments detail description available in Norges
geologiske undersgkelse (NGU), where it is specified that the areas under light blue colour in
the sediments map are of marine beach sediments. Additionally, in areas characterized by
low-energy river flow like the meander and oxbow-lake found in our area, a low slope and
widening of the channel means low river competence, meaning the maximum size of
sediment particles that the river flow can transport will be smaller and lighter particles. There
is growing concern regarding the loss of topsoil in Norway, where only three percent of the
country’s land is arable (regjeringen.no, 2017), scarce agricultural land is being discarded
and used for road projects, industrial development, construction of railways and cottage
fields (Stranden, 2024). Efforts should be done to preserve the marine sediments for its
fertility and national food security importance, as they are a non-renewable resource from
which food production relies heavily in this country.
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It is worthy of mention the differences obtained in GSD and TC despite most of the samples
having in common the fluvial sediments characterization, for instance, EV-4 has the highest
proportion of mud (40.0%) among the samples, indicating a significant fine-grained
component compared to EV-1 and EV-2A despite falling inside the same fluvial sediments
category. Also, EV-2A is moderately sorted, with a more uniform distribution of particle sizes
compared to the very poorly sorted distributions of EV-1 and EV-4 (Figure 16Figure 15).

It is also interesting to mention that we find two different soil classes developed on top of the
same superficial sediments’ classification. Arenosol and Cambisol are found on the fluvial
sediments. The differences in soil class and texture within samples from the same superficial
sediments might be driven by different factors such as; different proximity to the river,
vegetation distribution, soil moisture , changes in the river dynamics, such as spatial
variations in sediment deposition, erosion and floodplain formation can lead to differences in
soil class and texture within a similar environment.

Regarding the SEM results, the observed micro-texture features on the SEM analysis are
associated with glacial erosion patterns, which aligns with previous literature findings,
suggesting ice sheet coverage from the Eurasian ice sheet (Hughes et al., 2016; Bergstrgm,
1999). The chemical weathering rates observed between the two sample sites serves as a
vehicle for understanding how climatic conditions can affect rocks differently. The images
from the Goan samples reveal evidence of higher chemical weathering, characteristic of
tropical climates compared to the chemical weathering rates observed on the Norwegian
grains.

As EV-1 is the only sample in which diatoms frustules were observed, it may be related to
the specific habitat of its collection. EV-1 was collected from the bog, characterized by
sediments of organic origin and surrounded by typical wetland vegetation. As water from the
oxbow lake is pumped to the surrounding agricultural lands, conducting further research
regarding metagenomics can offer insights into the microdiversity present in both the water
and soil samples from the oxbow lake habitat. This research can help elucidate the role of
the oxbow lake when irrigating the Evju Mathage farm and other adjacent agricultural lands.
This distinctive micro-habitat deserves preservation efforts for its ecosystem services and
habitat importance.

Although this work is focused on inorganic variables, attention can be given in future studies
to the relationship between grain size and soil microbiome diversity (Lin et al., 2023).
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India

We now delve into the connections between tropical soil characteristics and their textural and
geological setting for the Indian SA. Soils developed from laterite, are expected to present a
coarse-grained texture, as indicated in previous studies (Amrutha et al., 2021; Roshan et al.,
2022). In our case, samples GO-3 and GO-5 present the coarsest GSD as seen in Figure 17,
where the histogram is skewed towards the right, with a textural classification of sandy
gravel, with gravel composition of 71,6% as illustrated in Figure 18.

For soils developed from alluvium, TC and GSD vary depending on factors such as water
flow velocity, carrying capacity, and topography (Kumar Maity & Maiti, 2018; Sharma et al.,
2000). Sample GO-2 exhibits a bimodal GSD, suggesting a mixing of sediments of two
distinct sizes, with 95,5% of gravel and 4,5% of sand. This might indicate the influence of
multiple sedimentary processes, with periods of changing environmental conditions and the
action of different sediment transport mechanisms (Kumar Maity & Maiti, 2018).

Sample GO-4 baserock is chlorite schist, showing a GS polymodal distribution, which may be
a result of redeposition processes.

Chlorite schist is a metamorphic rock with fine-grained texture compared to laterite. This
difference in TC between the two rock types can be explained by their different geological
origins. Laterite undergoes laterization, which involves the breakdown of primary minerals
and the concentration of iron and aluminion, this can lead to the formation of coarse-grained
aggregates, such as concretions or nodules (Ghosh & Guchhait, 2020, 2020; Roshan et al.,
2022) while the metamorphism of chlorite schist involves recrystalization of minerals that
might result in smaller and compact minerals formed under intense pressure condtitions
(Babu et al., 2021).

Therefore, chlorite schist-derived soils may contain higher proportion of fine particles,
consistent with our findings. For example, sample GO-4 only contains 11% of gravel,
whereas GO-5, under lateritic parent material, has a composition of 70% of gravel.

Future research could focus on soil mapping at the specific scale in our study area, creating
a soil classification dataset and map following the nomenclature system of the World
Reference Base (WRB) for soil classification. This would contribute to the detailed
understanding of the specific soil horizonation found in this area. In addition, we could better
compare the Indian soil classes with the classification provided by the Norwegian Institute of
Bioeconomy (NIBIO) for the Norwegian soils.

Comparing the two study areas

The chemical weathering rates observed between the two sample sites serves as a vehicle
for understanding how climatic conditions can affect rocks differently, the environment affects
rocks through both mechanical and chemical forces, such as ice movements and dissolution
respectively. The SEM images from the Goan samples reveal evidence of higher chemical
weathering, characteristic of tropical climates compared to the chemical weathering rates
observed on the Norwegian grains.
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In glacial environments low rate of alteration is influenced by the lower temperatures (Brown,
2010) where certain minerals may be more resistant to weathering and erosion due to the
stability conferred by these conditions resulting in lower rates of mineral breakdown. In
addition, lower biological activity also slows down reactivity, the alteration that does occurs is
normally in subglacial settings, where acids dissolved in melted waters under ice sheets
interacts with the underlying rock (Beylich, 2021).

In contrast, in tropical conditions, rocks are more exposed to the open atmosphere, higher
temperatures and stronger precipitation leading to accelerated chemical reaction, a higher
decomposition rates from microbial communities by producing organic acids (Kerfahi et al.,
2019; Pal et al., 2009). In addition, a denser vegetation translates to stronger root
penetration and bioturbation (Okon & Antia, 2022).

The Norwegian soils are mainly of sandy texture, which due to the high drainage tendency
will need more irrigation during the growing season. Overall, Arenosols may not be ideally
suitable for agricultural purposes, nevertheless, in less favourable climates, Arenosols are
considered productive despite its limitations (Bardalen et al., n.d.). Whereas soils from
Khazan lands in India are highly productive due to a combination of factors such as the
organic matter and nitrogen provided by the alluvial and loamy soils (Sonak, 2014a, pp. 15—
31) in addition to the sustainable traditional farming practices, the aquaculture practices and
the salt-tolerant rice varieties used (Sawaiker et al., 2022; Sonak, 2014Db).

Both agricultural lands of the study areas are under degradation risks, Norwegian fertile soil
is at risk of erosion and permanent loss due to construction projects, while Khazan lands in
Goa are often in conflict between the region’s industrial and touristic development. Also,
Laterites from Goa are a good medium for housing and other development projects, despite
being declared as a Global Heritage Stone (2023). We suggest finding a win-win solution that
both answers the demand for housing and economic dynamism while taking care of natural
resources crucial for national and global food security.

As per climate change vulnerabilities, perturbation in the El Nifio Southern Oscillation
(ENSO) could potentially disrupt temperature and precipitation patterns in tropical India,
posing risks to livelihoods (lizumi et al., 2014). Whereas Norway’s weather is vulnerable to
perturbations of the North Atlantic Oscillation (NAO) (Tsanis & Tapoglou, 2019).

In contrast to the well-documented soil profiles and established research in Norwegian soll
science, our study in India provides novel insights and data about the particular geology and
soils of the study area. This can contribute to fill the knowledge gap in contrast to the
abundant and easy acces soil data and literature available in Norway.
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Regarding the limitations of this piece of work, the initial objective was to study the factors
driving the diverse soil formation processes despite similarities in parent material. However,
during fieldwork in India we discovered that the base rock differs from the initial assumption.
Therefore, for future research, it might be beneficial to focus on a common variable between
the two study areas, amplifying the sample size and delving deeper into a single experiment,
facilitating more robust comparisons and pattern identification.

On the other hand, there is potential to further study key drivers shaping soil formation
across different climates when performing statistical analysis with a bigger sample size.

Overall, understanding soil properties and their variations across geographical regions is a
step towards advancing sustainable agricultural practices and fostering interdisciplinary
collaboration. This approach aligns with the concept of 'One Health,' as advocated by the
World Health Organization (WHO), which works for an integrated approach to the health of
people, animals, and the environment.

This research is the culmination of collaborative efforts between the University of South
Eastern Norway (USN) and Savitribai Phule Pune University (SPPU), under the umbrella of
the NIWASmM project. The NIWASmM project, focusing on the Norway-India Water-Soil
Microbiome nexus, emphasizes blended mobility and interdisciplinary research. As a
demonstration of its collaborative intentions, in this study participates different departments
such as Environmental Science, Geology, and Statistics from SPPU, in conjunction with the
Department of Natural Sciences and Environmental Health from USN.

Through this project, we hope to contribute to collaborative research methodologies to tackle
global environmental challenges. By bringing together knowledge and expertise from multiple
disciplines and geographical regions, we hope to fill knowledge gaps and contribute to study
the intricate interactions between soil, geology, landscape, and human interactions to work
towards sustainable land management practices.
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8 Conclusion

In conclusion, this comparative study between Indian and Norwegian soils manifests the
complexity of soil formation processes in diverse geographical settings. From all
pedogenesis factors, this work has focused on the parent material and climate variability,
with the purpose of describing how climate conditions have altered the base rock, setting the
base ground from which pedogenic processes keeps developing.

The methodology employed has shown inherent limitations such as, the small sampling size.
In addition, the different parent material found between the study areas represented a
challenge to establish a common variable from which develop comparisons. The influence of
climate on pedogenesis is already well studied and documented in previous works, however,
the methodology employed in this study is unique. Also, our work in the Goan study area is a
new contribution to the specific soil description of the area, serving as a foundation for future
research.

Our findings from the Norwegian sieve analysis and SEM surface observations align with
existing knowledge of the sediment’s deposition environment, also confirming the
congruence with previous soil surveys. We found variability in texture and soil class within
the same category of fluvial sediments, suggesting localized influences, possibly driven by
the different proximity to the river.

We also encourage the preservation of the oxbow lake habitat, given its distinctive
characteristics and the ecosystem services it provides.

Moving to the Indian samples, a revision of the base rock of the area was done, specifically
chlorite schist, which corrected previous identification efforts. The soil properties vary based
on the geological setting, with laterite-derived soils displaying coarser textures compared to
the chlorite schist-derived soils and alluvial soils presenting diverse grain size distributions.

Intense pedogenic transformations, such as laterization, are evident in Goan soils,
contrasting with the less mature soils and weak horizon development observed in the
Norwegian study area.

Ultimately, our work highlights the importance of understanding and preserving soil
resources in both countries, in the face of ongoing environmental changes. We also
emphasize the need for sustainable land management practices informed by interdisciplinary
and collaborative research efforts. Also, it is important to support the implementation of
sustainable soils practices where it is not developed such in Norway, or its preservation
where it is already practiced and in danger of disappearing, like in Goa.
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List of tables and charts

Table 5. Sampling sites

Picture

Site Coordinate | Comments
numbe | s
r
NS-1 Latitude | Sampling
59° 24" | |ocation is
30'0.6" N next to a
Longitude
9° 10' road path
23.592" E
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NS-2 Latitude This sample
59° 23' is the control
49.416" N | sample
Longitude
9° 10
55.92" E

Inreditis

highlighted
the specific
spot where
the sample

was collected
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EV-1 Latitude
59° 23'
34.704" N
Longitude
9° 09' 54"
E

This sample
cite is
located in an
oxbow lake ,
surrounded
by wetland
typical
vegetation
such as
reeds, the
sediments
are located in
the organic
origin and
are rich in
sand and silt.
Inreditis
highlighted
the specific
spot where
the sample
was collected
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In the left
shows the
moment the
sampling
was collected
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EV-2A

Latitude
59° 24’
14.868" N
Longitude
9° 10’
05.45" E

This sample
consist of
river
sediments,
taken at the
river bed in
shallow
waters, right
next to the
shore.

For sampling
in these
conditions,
once we are
inside the
water, we
wait until the
water calms
so there is no
mud or other
sediments
contaminatin
g our
sample. The
sample tube
was

Amanda Maria Henriquez Coro

77

A Comparative Study of Soil Properties in South-Eastern

Norway and Coastal Western India: A Collaboration between USN and SPPU



introduced
into the river
sediment all
the way
through, after
that the tube
is carefully
pulled back
to allow the
air in the
tube to
escape and
then the tap
was put on
top when still
inside the
water.

EV-2B

Latitude
59° 24"
15.732" N

Longitude
9° 10’
5.664" E

Sample
taken in
wetlands with
aquatic
vegetation
such as
reeds
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EV-3

Latitude
59° 24'
14.4" N

Longitude
9° 09'
48.816" E

This sample
cite is in an
ancient
preserved
fluvial flood
terrace
formation
with dense
grass and
around pine
trees.
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The soil from
this sample
presents
more air,
more roots, a
darker brown
colour, and
less humidity
content,
since it not
embedded in
water.
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EV-4

Latitude
59° 24"
21.348" N

Longitude
9° 09'
56.808" E

This sample
was taken in
a centric
location
inside a
wheat crop
field.

The
methodology
used to get
representativ
e sample is
called
Coning and
quartering
sampling.
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Table 6. Scanning electron microscope descriptions of Norwegian samples.

NS-2

Seria
I no

Grain no

Description

G1_1_001

Sub-angular
grain with
subconchoid
al fractures
and adhering
clay particles
around its
surface

Inference

G2_1_003

Sub-rounded
fluvial grain
with rounded
edges

det

re | HPW | mag ] sp T —— 500 pm ————

4Pa | 207 mm | 200x | 3. . Nova NanoSEM NPEP303

HFW ————— 500 ym

09PM ETD  10.00 k! 4Pa | 2.07 mm | 200 x 8 Nova NanoSEM NPEP303
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3 G2_1_004

Detail of the
chemical
weathering
probably
from acid
dissolution
leaving
irregular
depressions
around the
surface of
Grain 2

4 G3_1_005

Very angular
grain

det v
ETD | 10.00 kv

3.42e-4 Pa

pressure

3.20e-4 Pa

HF

414 pm

HFW
1.04 mm

mag [
400 x

7 mm

WD
5.3 mm

100 um
Nova NanoSEM NPEP303

——— 200 ym ———

Nova NanoSEM NPEP303
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5 G3_1_006 | Deatil of
weabhering
6 G3_1 007 | Solution

det
ETD

HFW | mag [ spot | WD —————— 100 pm
414 ym | 1000 x 5.3 mm Nova NanoSEM NPEP303

"' i
- \

mag ] | spot | WD — 10 ym —
5000x 3.5 |5.3mm | Nova NanoSEM NPEP303
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7 G5_1 015

Conchoidal
breakage
pattern with
arc-shaped
semirapallel
shapes

8 G5_1_016

Striations
with V-
shaped
indentations

5

v — 10 pym —
5.0 mm Nova NanoSEM NPEP30]

spot wD
3.5 | 5.0 mm Nova NanoSEM NPEP3(|
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9 G8_1 023 | Semiparallel
groove
marks

10 G8_1 024 | Hacksaw
terminations,

as indicators
of
weathering
conditions

ETD

HV pressure v
10.00 kV | 2.28e-4 Pa | 414 pm X .5 [ 5.2mm Nova NanoSEM NPEP303

— 100 ym ———

HV ] i HFW — 10 m —

ma
10.00 kV | 2.28e-4 Pa | 82.9 pm | 5000 x 8 5.2 mm Nova NanoSEM NPEP]
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11

G11 2 01

Arc-shaped
semiparallel
shapes

12

G11_2 03

Arc-shaped
semiparallel
shapes

10/4/2023
3:46:44 PM

det
ETD

pressure HFW mag [J | spot WD ——— 100 pm
10.00kV | 7.69e-4 Pa | 414 pm | 1000x | 3.5 | 5.3 mm Nova NanoSEM NPEP303

pressure HFW mag [J | spot WD ——40 pm
10.00 kV | 5.13e-4 Pa | 166 ym | 2500 x | 3.5 5.3 mm Nova NanoSEM NPEP303
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13 G11_2_05 | Deformed
cleavage
14 G15 2 01 | V-shaped
7 indentations

ETD

—5um—

P
10.00 kV | 4. Nova NanoSEM NPEP3(]

HRW mag ] Wi — 10 pm —
829pum | 5000x | 3.5 | 5.3 mm | Nova NanoSEM NPEP3(
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7 PM

15 G16_2 02 | Parallel
0 striations
mag [] | spot W — 10 ym —
ETD | 10.00kV ' 2.44e-4Pa | 829 pm | 5000x | 3.5 | 5.1 mm Nova NanoSEM NPEP303
NS-1
16 G23_3_00 | V-shaped
3 indentations

det | p i a | ot. WD '—Srum—'
ETD ' 10.00 kV | 5.37e-4 Pa 3.5 [ 5.2mm Nova NanoSEM NPEP303
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17

G39 4 01
2

Groove
marks

det
ETD

HFW mag [ | spot v
10.00 kV | 3.27e-4 Pa | 41.4pm | 10000x | 3.5 | 5.4 mm Nova NanoSEM NPEP303
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Table 7. Scanning electron microscope descriptions of Goan samples.

GO_001,
Highly
porous,
angularto
subangular
laterite that
was
redeposited.
Grain size

from silt to
fine sand.

3/15/2024 t pressure [ HPw mag [] | spot — 300 uﬁl J—
11:39:18 AM | ETD | 15.00kV | 1.15e-3Pa | 1.66 mm | 250x | 3.0 | 5.2 mm Nova NanoSEM NPEP303

GO_004,
Subangular
laterite.

3/15/2024 det HV pressure HFW mag [] — 100 pm —
11:43:51 AM | ETD | 15.00 kV | 4.19e-4 Pa | 829 pm | 500 Nova NanoSEM NPE
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GO_005,
Step-like
cleavage of
highly
weathered
quartz.

"WHE’E}T Jdet [ W] presswe | HRW t| wo E T R—
® | 11:44:27 AM | ETD | 15.00 kV | 3.92e-4 Pa | 166 ym | 2500x | 3.0 | 5.0 mm |  Nova NanoSEM NPEP303

GO_006, Sub-
rounded
Gibbsite with
hametite
coating.

.2& 3/15/2024 det 5\ pressure HFW mag [] | spot — 200 ym ———
% | 11:45:10AM | ETD | 15.00kV | 3.66e-4 Pa | 1.04 mm | 400x | 3.0 | 5.0 mm Nova NanoSEM NPEP303
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G0O_009,
Gibbsite
crystals
deposited,
showing a
flaky aspect.
a.gi 3/15/2024 det pressure HFW mag [] | spot WD — 10 ym —
4F | 11:47:08 AM | ETD | 15.00kV | 3.20e-4 Pa | 829 ym | 5000x | 3.0 | 5.3 mm Nova NanoSEM NPEP303
GO_011, ST
Fiber "
minerals.
Gibbsite with
flaky and
platy aspect.
5 h L e £ £ e G N 3
3/15/2024 | det | HV l pressre | HFW | mag [J |spot| WD |  —1lpm— |
11:50:06 AM | TLD | 15.00kV | 2.79e-4Pa | 829 ym | 50000 x | 3.5 | 5.4 mm Nova NanoSEM NPEP303
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GO_014,
Subconcoidal
fracture on
the right
corner.

det HV pressure HFW mag [] | spot — 100 pm —
5AM | ETD | 15.00kV | 2.61e-4Pa | 829 ym | 500x | 3.5 | 5.4 mm Nova NanoSEM NPEP303

GO_015,
Cleavage
plane with
gibbsite
precipitation

3/15/26274 | detr [ » Vpresszjre ] rﬁaé l:l -;pbt I WD —30 um E—
11:54:01 AM | ETD | 15.00kV | 2.61e-4 Pa | 166 ym | 2500x | 3.5 | 5.3 mm \ Nova NanoSEM NPEP303
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GO_017,
Angular grain
with
precipitation
on the
surface.
Darker areas
show location
of the
fractures.

GO-
POWDER_001
, Highly
porous clay.

3/15/2024
11:56:00 AM

[ det [

ETD

HV
15.00 kV

pressure

2.44e-4 Pa

essure

Pa

HFW
829 ym

HFW
829 uym

mag [
500 x

mag []
500 x

spot

3.5

spot
3.5

WD
5.3 mm

/D
.2 mm

— 100 pm —
Nova NanoSEM NPEP303

——— 200 pm

Nova NanoSEM NPEP303
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GO-
POWDER_007
, Gibbsite.

e

3/15/2024 det HV pressure mag [] | spot wo | — 4 ym —
12:07:08 PM | ETD | 10.00 kV | 3.20e-4 Pa | 20.7 ym | 20000x | 3.5 | 5.3 mm Nova NanoSEM NPEP303

GO-
POWDER_008
, unknown
fibrous
mineral.

& | 3/15/2024 | det W
12:11:10 PM | ETD | 10.00 KV | 2.79e-4 Pa | 41.4 pum | 10000 x | 3. Nova NanoSEM NPEP303
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GO-
POWDER_006
, Diatom
frustule.

GO-
POWDER_012
, Diatom
frustule.

12:14:57 PM

det

ETD

10.00 kV

HV
10.00 kv

230
pressure
3.42e-4 Pa

pre SLH‘E;
2.44e-4 Pa

HFW 7mag [j spoi wo 4 urﬁ —
20.7 pm | 20000x | 3.5 | 5.3 mm Nova NanoSEM NPEP303

HFi’\ | ] spot
41.4pym | 10000x | 3.5 | 5.3 mm Nova NanoSEM NPEP303
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Table 8. Grain size distribution of Norwegian sample sites.

EV-1: GRAIN SIZE DISTRIBUTION
Polymodal, Particle Diameter (¢)
Very Poorly 5,0 3,0 1,0 -1,0 -3,0 -5,0 -7,0
Sorted 16,0 A __
14,0 ]
12,0 - __
g 10,0 + o —
£ 80 1 —
(@]
© ||
= 6,0 ||
7]
<
6 4,0 n
2,0 4
0,0
10N 10NN 10NN 10NN
Partirla NDiamatar
EV-2A: GRAIN SIZE DISTRIBUTION
BImOdaI’ Particle Diameter (¢)
Moderately 50 3,0 1,0 -1,0 -3, -5,0 7.0
Sorted ]
250 —
20,0
9_§ 15,0
2
2
o 10,0
50
0,0 —l_l—i_l—l‘.—.—. : ‘
100 1000 10000 100000
Particle Diameter (um)
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EV-2B: GRAIN SIZE DISTRIBUTION
Trimodal, Particle Diameter (¢)
5,0 30 1,0 -1,0 -30 -5,0 7.0
Very Poorly 140 . . ) ‘ ‘
Sorted —
12,0 ]
10,0 ] ]
T 801 ]
E
5
2 60
[} —
&
o —
4,0 -
2,0
0'0 —T1r—
T | |
100 1000 10000 100000
Particle Diameter (um)
EV-3: GRAIN SIZE DISTRIBUTION
Bimodal, Particle Diameter ()
50 30 1,0 -1,0 -30 -5,0 7.0
Very Poorly . ‘ ‘ ‘ .
30,0 _
Sorted
250
20,0
S
.'E’ 15,0 1 |
[F]
=
w
s
O 100
50
0,0 | o s ‘ \
T T
100 1000 10000 100000
Particle Diameter (um)
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EV-4: GRAIN SIZE DISTRIBUTION
Bimodal, Particle Diameter (¢)
50 30 1,0 -1,0 -3,0 5.0 7.0
Very Poorly ‘ ‘ : ‘ ‘
30,0 —
Sorted
25,0
20,0 -
Ew 15,0 - —
2
w
&
0 10,0 4
50 -
0.0 — | |
100 1000 10000 100000
Particle Diameter (jum)
NS-1: GRAIN SIZE DISTRIBUTION
Trimodal, Particle Diameter (¢)
50 3,0 1,0 -1,0 -3,0 5,0 -7.0
Poorly . ‘ ‘ . .
Sorted 25,0 | —
20,0 -
= 150 ]
=
k=
2
w0
© 10,0
o
5,0
0.0 i ——y | ‘
100 1000 10000 100000
Particle Diameter (jum)
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NS-2: Very GRAIN SIZE DISTRIBUTION
Coarse Sllty Particle Diameter (¢)
. 5,0 3,0 1,0 -1,0 -3,0 5,0 7,0
Sandy Fine : : : : :
30,0 | I
Gravel '
25,0 -
20,0 -
g
g 15,0 B
W
2
9 100
5,0
0,0 ﬂ
T | |
100 1000 10000 100000
Particle Diameter (um)
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Table 9. Ternary diagram of the soil textural groups for the Norwegian samples.

EV' 1 . Gravel Gravel: 11.8%
SAMPLE EV-1 o
Grave” IDENTITY: Sand: 68.5%
Mud: 19.7%
Yy TEXTURAL Gravelly Muddy Gravel
GROUP: sand

Muddy

Very Coarse Gravel:
SEDIMENT Fine Gravelly Coarse Y

Sand NAME: Sty Medium Sand Coarce Gravel
Medium Gravel:

(S;?;\?eﬁ Fine Gravel:

Gravel % Muddy Grave M”dgryaf;"dy Very Fine Gravel:

Very Coarse Sand:
Coarse Sand:
Medium Sand:

Fine Sand:

30%
Very Fine Sand:

Gravelly .
Gravelly Mud Gravelly Muddy Sand and Very Coarse Silt:
. Coarse Silt:
5% i e
° _— Siightly Medium Silt:
ightly Gravelly
Slightly Gravelly Slightly Gravelly - .
Grﬁﬂy Sandy Mud Muddy Sand Sand Fine Silt:
Trace sand Very Fine Silt:  3.3%
Mud Sandy Mud Muddy Sand
Mud Sand Clay:
ay:
19 Sand:Muli Ratio 91 v

EV' 2A Gravel Gravel: 1,5%

SAMPLE EV-2A

Slightly | | ioenmiry:

Sand: 92,9%

Mud:  5,6%

Gravell TEXTURAL Slightly Gravelly
GROUP: sand
y Sand

Gravel

SEDIMENT Slightly Very Fine Very Coarse Gravel:

NAME: Gravelly Fine
Sand

Coarse Gravel:

Medium Gravel:

Sandy
Gravel

Fine Gravel:

Muddy Gravel Muddy Sandy

Gravel

Very Fine Gravel:

Gravel %

Very Coarse Sand:
Coarse Sand:
Medium Sand:
Fine Sand:

30%

Very Fine Sand:

Gravelly

Gravelly Mud Gravelly Muddy Sand Very Coarse Silt:

Coarse Silt:

9 : e
5% Siightly Medium Silt:
Gravelly

sand Fine Silt:

Slightl N
Grg?venyy Slightly Gravelly Slightly Gravelly

Mud Sandy Mud Muddy Sand

Trece sang Very Fine Silt: 0,99
Mud Sandy Mud Muddy Sand
Mud

Sand Clay:
o Sand:Mub Ratio 91 y:
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EV-2B:
Slightly
Gravell
y
Muddy
Sand

SAMPLE
IDENTITY:

TEXTURAL
GROUP:

SEDIMENT
NAME:

EV-2B

Slightly Gravelly
Muddy Sand

Slightly Very Fine
Gravelly Very Coarse
Silty Medium Sand

Gravel%

Gravel

Gravel

Muddy Gravel

Muddy Sandy
Gravel

Sandy
Gravel

30%

5%

Gravelly Mud

Gravelly Muddy Sand

Gravel: 1.3%
Sand: 75.0%

Mud: 23.7%

Very Coarse Gravel:
Coarse Gravel:
Medium Gravel:

Fine Gravel:

Very Fine Gravel:
Very Coarse Sand:
Coarse Sand:
Medium Sand:
Fine Sand:

Very Fine Sand:

Gravelly
and

Slightly
Gravelly
Mud

Slightly Gravelly
Sandy Mud

Slightly Gravelly
Muddy Sand
L ]

Slightly
Gravelly
Sand

Trace,
/ Mud /

Sandy Mud

Muddy Sand

Mud
1:9

Sand:Muli Ratio

Sand

Very Coarse Silt:
Coarse Silt:
Medium Silt:

Fine Silt:

)( sand Very Fine Silt:

Clay:

4.0%

EV-3:
Slightly
Gravell
y
Muddy
Sand

SAMPLE
IDENTITY:

TEXTURAL
GROUP:

SEDIMENT
NAME:

EV-3

Slightly Gravelly
Muddy Sand

Slightly Very Fine
Gravelly Coarse
Silty Very Fine
Sand

Gravel %

Gravel

Muddy Gravel

Muddy Sandy
Gravel

Sandy
Gravel

30%

5%

Gravelly Mud

Gravelly Muddy Sand \

Gravel: 0,9%
Sand: 74,7%

Mud: 24,4%

Very Coarse Gravel:
Coarse Gravel:
Medium Gravel:
Fine Gravel:

Very Fine Gravel:
Very Coarse Sand:
Coarse Sand:
Medium Sand:

Fine Sand:

Very Fine Sand:

Gravelly }
and Very Coarse Silt:
Coarse Silt:

Medium Silt:

Slightly
Gravelly
Mud

Slightly Gravely
Sandy Mud

Slightly Gravelly
Muddy Sand

Slightly
Gravelly

Sand Fine Silt:

Trace,
/ Mud /

Sandy Mud

Muddy Sand

sand Very Fine Silt:

Mud
19

sand:Muli Ratio

Sand Clay:

4,1%
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EV'4: Gravel Gravel: 0,1%
SAMPLE EV-4

Slightly IDENTITY:

Sand: 59,9%

Mud: 40,0%

Gravel

Gl’avell TEXTURAL Slightly Gravelly
GROUP: Muddy Sand
SEDIMENT Slightly Very Fine
M Uddy NAME: Gravelly Very Coarse
Silty Very Fine Sand
Sand

Very Coarse Gravel:
Coarse Gravel:

Medium Gravel:

Sandy
Gravel

Fine Gravel:

Muddy Gravel

Muddy Sandy
Gravel

Very Fine Gravel:

Gravel %

Very Coarse Sand:
Coarse Sand:
Medium Sand:

Fine Sand:

30%

Very Fine Sand:
Gravelly

Gravelly Mud Gravelly Muddy Sand and Very Coarse Silt:
Coarse Silt:
5% _ Slightly Medium Silt:
ightly . Gravelr
Gravely sighty Gravely Shanty Crevely Sand” Fine Sit:
Mud Yy ly San
7’37 / sand  Very Fine Silt: 6,7%
Mud Sandy Mud Muddy Sand
Mud . Sand Clay:
19 Sand: Mt Ratio o1
NS'l: Gravel Gravel: 0,9%
. SAMPLE NS1 ) o
Slightly IDENTITY: Sand: 79,4%
Mud: 19,7%
Gravell TEXTURAL Siightly Gravelly Muddy Gravel

GROUP: sand

y 80%

SEDIMENT NAME: Slightly Very Fine Gravelly
Muddy Coarse Silty Very Fine Sand

Sand

Very Coarse Gravel:
Coarse Gravel:

Medium Gravel:

Sandy

Gravel Fine Gravel:

Muddy Gravel Muddy Sandy

Gravel

Very Fine Gravel;

Gravel %

Very Coarse Sand:
Coarse Sand:
Medium Sand:

Fine Sand:

30%
Very Fine Sand:

Gravelly ;
Gravelly Mud Gravelly Muddy Sand and Very Coarse Silt:
Coarse Silt:
5% - Slightly Medium Silt:
ightly i Gravell
Gravelly S"gz‘r% Gﬁ::”y S‘,ﬂ‘gé’ Gsraved\\y é&;vnedy Fine Silt:
Mud y v San
Tra7 / hd \ )K sand Very Fine Silt: 3,3
Mud Sandy Mud Muddy Sand
Mud Sand Clay:
1:9 Sand:Muti Ratio o1
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NS-2:

Muddy
Sandy
Gravel

SAMPLE Ns2
IDENTITY:

TEXTURAL Muddy Sandy
GROUP: Gravel

SEDIMENT Very Coarse Silty
NAME: Sandy Fine Gravel

Gravel %

30%

Muddy Gravel

Gravel

Muddy Sandy
Gravel

Gravel: 32,9%
Sand: 58,4%

Mud: 8,7%

Very Coarse Gravel:

Coarse Gravel:

Sandy

Gravel Fine Gravel:

Very Fine Gravel:

Very Fine Sand:

Tra7

Gravelly .
Gravelly Mud Gravelly Muddy Sand and Very Coarse Silt:
Coarse Silt:
5% Slightly Medium Silt:
Slightly Gravelly
Slightly Gravelly Slightly Gravelly H o
/ Gravelly Sandy Mud Muddy Sand Sand Fine Silt:
Sand Very Fine Silt:
Mud / Sandy Mud Muddy Sand AK

Mud
1:9

Sand:Muti Ratio

Sand

Medium Gravel:

Very Coarse Sand:
Coarse Sand:
Medium Sand:

Fine Sand:

Clay:

15%
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Table 10. Grain size distribution of Goan sample sites.

GO1: GRAIN SIZE DISTRIBUTION
Polymodal Particle Diameter {¢)
50 3,0 1,0 -1,0 -3,0 5,0 7,0
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GO2: GRAIN SIZE DISTRIBUTION
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GO?Z GRAIN SIZE DISTRIBUTION
Unimodal, Particle Diameter(sq))
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GOS5:
Bimodal,
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Sorted
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GO1: GRAIN SIZE DISTRIBUTION
POlymOdal Particle Diameter (¢)
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GOa: GRAIN SIZE DISTRIBUTION
Unimodal, Particle Diameter(sq))
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GO5:
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Table 11. Ternary diagram of the soil textural groups for the Goan samples.

GO
SAMPLE GO1
1 IDENTITY:

TEXTURAL Gravelly Sand
GROUP:

SEDIMENT Fine Gravelly Fine
NAME: Sand

Gravel %

Gravel

Gravel

Muddy Gravel

Muddy Sandy
Gravel

Gravel: 15,2%
Sand: 84,8%

Mud: 0,0%

Very Coarse Gravel:
Coarse Gravel:

Medium Gravel:

Sandy

Gravel Fine Gravel:

Very Fine Gravel:

Very Coarse Sand:
Coarse Sand:
Medium Sand:

Fine Sand:

30%

5%

Gravelly Mud

Gravelly Muddy Sand

Very Fine Sand:

Gravelly
Very Coarse Silt:
Coarse Silt:

Medium Silt:

Slightly
Gravelly
Mud

Slightly Gravely
Sandy Mud

Slightly
Gravelly

Slightly Gravelly Sand

Muddy Sand Fine Silt:

Trace
/ Mud /

Sandy Mud

sand Very Fine Silt:  0,0%

Muddy Sand

Mud
19

Sand:Mubl Ratio

o1 Sand Clay:

SAMPLE GO2
2 IDENTITY:

TEXTURAL slightly Gravelly
GROUP: sand

SEDIMENT slightly Fine Gravelly
NAME: Fine Sand

Gravel %

Gravel

Gravel

Muddy Gravel

Muddy Sandy
Gravel

Gravel: 4,5%
Sand: 95,5%

Mud: 0,0%

Very Coarse Gravel:
Coarse Gravel:

Medium Gravel:

Sandy

Gravel Fine Gravel:

Very Fine Gravel:

Very Coarse Sand:
Coarse Sand:
Medium Sand:

Fine Sand:

30%

5%

Gravelly Mud

Gravelly Muddy Sand

Very Fine Sand:
Gravelly .
and Very Coarse Silt:
Coarse Silt:

Medium Silt:

Slightly
Gravelly
Mud

Slightly Gravelly
Sandy Mud

Slightly
Gravelly

Slightly Gravelly Sand

Muddy Sand Fine Silt:

Trace,
/ Mud /

Sandy Mud

sand  Very Fine Silt: 0,0%

Muddy Sand

Mud
1.9

Sand:Muli Ratio

Sand Clay:

Amanda Maria Henriquez Coro

112

A Comparative Study of Soil Properties in South-Eastern

Norway and Coastal Western India: A Collaboration between USN and SPPU



SAMPLE GO3
IDENTITY:

TEXTURAL Sandy Gravel
GROUP:

SEDIMENT Sandy Fine Gravel
NAME:

Gravel %

30%

Muddy Gr:

Gravel

Gravel

avel

Muddy Sandy
Gravel

Gravel: 71,2%
Sand: 28,8%

Mud: 0,0%

Very Coarse Gravel:
Coarse Gravel:

Medium Gravel:

Sandy

Gravel Fine Gravel:

Very Fine Gravel:
Very Coarse Sand:
Coarse Sand:
Medium Sand:

Fine Sand:

5%

Gravelly Mud

Gravelly Muddy Sand

Very Fine Sand:

Gravelly .
and Very Coarse Silt:
Coarse Silt:

Medium Silt:

Slightly
Gravelly
Mud

Slightly Gravelly
Sandy Mud

Slightly
Gravelly

Slightly Gravelly Sand

Muddy Sand Fine Silt:

Tra7

Mud

Mud /

Sandy Mud

sand  Very Fine Silt:

Muddy Sand

19

Sand:Muli Ratio

Sand Clay:

0,0%

SAMPLE GO4
IDENTITY:

TEXTURAL Gravelly Sand
GROUP:

SEDIMENT Fine Gravelly Medium
NAME: Sand

Gravel %

Muddy Gravel

Gravel

Gravel

Muddy Sandy
Gravel

Gravel: 11,4%
Sand: 88,6%

Mud: 0,0%

Very Coarse Gravel:
Coarse Gravel:

Medium Gravel:

Sandy

Gravel Fine Gravel:

Very Fine Gravel:
Very Coarse Sand:
Coarse Sand:
Medium Sand:
Fine Sand:

30%

5%

Gravelly Mud

Gravelly Muddy Sand and

Very Fine Sand:

Gravelly
Very Coarse Silt:
Coarse Silt:

Medium Silt:

Slightly
Gravelly
Mud

Slightly Gravelly
Sandy Mud

Slightly
Gravelly

Slightly Gravelly Sand

Muddy Sand Fine Silt:

Trace
/ Mud /

Sandy Mud

sand Very Fine Silt:

Muddy Sand

Mud
1:9

Sand:Muli Ratio

Sand Clay:

0,0%
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SAMPLE GO5
5 IDENTITY:

TEXTURAL Sandy Gravel
GROUP:

SEDIMENT Sandy Fine Gravel
NAME:

Gravel %

30%

Muddy Gravel

Gravel

Gravel

Muddy Sandy
Gravel

Gravel: 71,6%
Sand: 28,4%
Mud: 0,0%

Very Coarse Gravel:
Coarse Gravel:

Medium Gravel:

Sandy

Gravel Fine Gravel:

Very Fine Gravel:
Very Coarse Sand:
Coarse Sand:
Medium Sand:

Fine Sand:

5%

Gravelly Mud

Gravelly Muddy Sand

Very Fine Sand:
Gravelly .
and Very Coarse Silt:
Coarse Silt:

Medium Silt:

Slightly
Gravelly
Mud

Slightly Gravelly
Sandy Mud

Slightly

i Gravelly
Slightly Gravelly : i
Muddy Sand Sand Fine Silt:

Trace
/ Mud /

Sandy Mud

Sand Very Fine Silt: 0,0%
Muddy Sand

Mud
1:9

Sand:Mull Ratio

d .
91 San Clay:
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