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Abstract

1. Introduction

Information on the factors that influence weathering 
rates due to climatic change can be found in the evolution 
of soil. Thus, weathering rates are regarded as a function 
of climate, and there are variable climatic factors like 
evapotranspiration, weathering, precipitation amount, and 
water percolation, among other properties that change with 
climate (Moshtaha et al., 2025; Al Shamary et al., 2022; 
Al-Shamare and Essa, 2020). Climate is a significant soil-
forming factor that affects the genesis, characteristics, and 
classification of soils. One crucial element that regulates 
chemical weathering processes is the availability of 
water (Merkli et al., 2009; Lybrand et al., 2011; Moazallahi 
and Farpoor, 2012; Fayyadh and Ismail, 2021; Saleh et 
al., 2023; Jimoh et al., 2023). Precipitation driven by 
climate change might influence the dynamics of soil water 
availability. The rates and types of biological, chemical, and 
physical processes are influenced by temperature and 
precipitation, which have a special impact on soil properties. 
The effect of climatic variations on plant groups and soil 
types has been previously studied. The primary mechanisms 
guiding soil development might alter when pedogenesis 
processes alter the geochemical characteristics of the soil.

Through changing the rate and type of chemical processes 
and the consequent chemical characteristics, climate 
change could have a considerable effect on geochemical 
weathering. Changes in soil organic matter, acidity, clay 
content, and exchangeable ions were prevalent trends in 
previous investigations of how climate affects weathering 

and soil (Egli et al., 2006; Lawrence et al., 2015; Fattah 
and Karim, 2021; Razvanchy and Fayyadh, 2023; Ilevbare 
and Adeleye, 2023). The process by which weathering 
modifies the constituents of the parent deposit by removing 
more mobile (i.e., soluble) elements and simultaneously 
enriching less mobile elements, as well as by altering and 
forming new secondary minerals and accumulating organic 
matter, is known as pedogenesis. The lithology of the parent 
material, climatic conditions, topography, time, existence 
of organisms within the strata, vegetation, and time all 
have a significant impact on the rate of pedogenesis. In 
both non-crystalline and crystalline phases, geochemical 
weathering begins with the loss of non-hydrolyzing 
cations (such as magnesium, calcium, and sodium) and the 
concomitant enrichment of aluminum, silicon, and iron ions. 
Geochemical weathering indices, based on the chemistry of 
surface soils, are frequently used to quantify and compare 
the relative intensity and extent of soil pedogenesis. As 
a result, the climate regime has a significant influence on 
the link between chemical weathering and the extent of the 
response to soil evolution. Although their respective roles are 
still hotly contested, climate variability has been considered 
the principal controlling influence on weathering up to this 
point. Gathering as various chemical weathering indicators 
as possible while knowing how to use and apply them to 
the evolution of soil profiles and their properties which 
were examined across various ecosystems is the primary 
goal of this work.
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Rates of weathering and renewable soil production are significantly influenced by climate. To assess the level of soil 
development, geochemical weathering indices are frequentlyutilized. Infinite varieties of soils with different characteristics 
could be created by accounting for the climatic variability of the variables and processes. The impacts of weathering 
are reflected in the concentrations of elements in soils. Yet, the effects of pedogenic losses, transformations, gains, and 
translocations, as well as chemical weathering are prominently reflected in the mineralogical and chemical composition of 
more mature soils. The impact of climatic contrast on soil properties has been demonstrated by studies in humid regions 
with declining temperatures and rising rainfall. Generally speaking, tropical climates produce deeply weathered soils made 
up of stable secondary minerals. The soils, on the other hand, are typically weakly to moderately developed in areas with 
drier climates, such as arid or semi-arid environments. Climate is accountable for the emergence of weakly to moderately 
developed soils. To predict how climate will affect weathering rates, soil- formating processes, and soil evolutionary stages, 
research on the diversity of soils grown under opposing climate conditions might be useful in this regard.
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2. References Review
2.1. Chemical weathering indices

2.2. Calculation of weathering indices

The most significant geochemical proxies frequently 
employed to show soil weathering processes are chemical 
weathering indices (Zhou et al., 2015). (Lybrand etal., 2011; 
Moazallahi and Farpoor, 2012; Egli etal., 2003; Osat et 
al., 2016) They could be utilized to illustrate how climate 
affects soil weathering. The primary function of chemical 
weathering indices is to predict the sources of mobile 
nutrients and changes in metal concentrations, evaluate soil 
fertility, determine the amount of yield of mobile components 
throughout weathering, and improve kinetic element mobility 
in weathering (Dönmez, 2023). The mechanisms and 
intensity of chemical weathering are described by chemical 
indices derived from soil chemical investigations. Mineral 
breakdown causes element breakdown and redistribution 
during weathering. Since various weathering processes have 
varying effects on particular elements, element redistribution 
can follow contrasting patterns (Alsalam et al., 2025). A 
common method for estimating the extent of weathering 
and the behavior of elements throughout weathering is 
the redistribution and mobility of elements within the 
secondary environment (Beyala et al., 2009; El-Hafez et 
al., 2019; Issa, 2022). As they are freed from host minerals 
and leached from the parent rock, the more geochemically 
mobile total elements (MgO, Na2O, CaO, and K2O) will 
generally decrease with weathering grade. There will be 
fewer immobile and mobile oxides, including SiO2, P2O5, 
Al2O3, Fe2O3, MnO, and TiO2 (Baumann et al., 2014). Four 
crucial factors must be considered for the effective use of 

Weathering indices is a technique for digitizing 
weathering. Conventionally, many formulas based on the 
molecular ratios of major-element oxides are used to calculate 
weathering indices. The index values show the chiometric 
variation of the key element oxides throughout weathering. 
The weight percentages of the individual oxides make it 
simple to determine the molecular ratios of each oxide  (Al-
Momani and Alqudah, 2020). For the purpose of describing 
weathering in soils, numerous indices were proposed 
(Harnois, 1988; Nesbit and Young, 1989). All indices share 
a common general premise:the calculation of various ratios 
between basic cations (Mg, Ca, Na, and K) and cations such 
as Si and Al. Some of the most popular indices are shown in 
the examples below.

chemical weathering indices (Haskins, 2006):
1.	 It is best to use just those elements that exhibit 

consistent geochemical behavior throughout weathering. 
2.	 The indices ought to be unaffected by the 

weathered material’s level of oxidation.
3.	 It is best to use just those chemical elements that 

are frequently reported in studies.
4.	 Chemical indices have to be rather simple to use 

and apply.

The type and redistribution of weathered products cause 
the behavior of many chemical elements to be complex, and 
it was determined that chemical weathering indices must be 
chosen based on site-specific behavior  (Haskins, 2006).
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The majority of mobile cations are among the elements 
removed during soil weathering, as measured by the 
weathering potential index (WPI). This index could be more 
dependable compared to a simple index that only depends 
on one or two chemical components, because it incorporates 
a large number of them—the intensity regarding leaching 
and weathering increases with decreasing measured WPI 
value. Stated differently, a declining Product Index (PI) 
indicates a declining silica content, which happens with 
the commencement of weathering, and a falling WIP index 
declines with greater weathering intensity as well as soil 
development (Ng et al., 2001). Ruxton (1968) developed 
the Silica-Alumina Ratio, which measures total element 
loss as a ratio of alumina content (assuming silica loss to 
be equivalent to total element loss). He believed that the 
SiO2/Al2O3 ratio could be used to determine the extent of 
weathering in humid climates on freely draining acidic rocks 
with an acidic weathering environment. The proportions of 
the main alkaline metals and their strength of binding with 
oxygen serve as weighting factors for the Parker Index (p), 
developed by Parker (1970). According to Gupta and Rao 

(2001), this index can be used for basic, intermediate, and 
acidic rocks, in which hydrolysis is the primary silicate 
weathering process. Vogt Ratio (V), developed by Vogt 
(1927) and promoted by Roaldset (1972), assumed that 
potassium remained stable within the soil weathering system 
while attempting to ascertain the ratio of immobile to mobile 
cations. In his evaluation of the weathering regarding acid 
metavolcanics, Vogel (1973) modified Ruxton’s WPI by 
removing the H2O

+ and iron oxidation state from the original 
WPI equation to create the Modified Weathering Potential 
Index (MWPI). Loss on ignition (LOI) has been suggested 
by Sueoka et al. (1985) as a reliable measure of the extent 
of chemical weathering. Just H2O

+-content (in weight) of a 
specimen heated to 900 °C–1000 °C is referred to here as 
LOI, and it rises as weathering progresses due to hydration 
and clay formation. This signal, which is the sum of H2O

- and 
H2O

+, will be referenced frequently in the following.

Given that feldspars are the most prevalent reactive 
minerals in the earth’s upper crust, Nesbitt and Young (1982) 
discovered that aggressive soil solutions typically remove 
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sodium, calcium, and potassium from the feldspars 
during weathering. They suggested that the aluminaratio-
toalkalis ratio might normally increase in the weathered 
product as weathering progressed and that the Chemical 
Index of Alteration (CIA) may provide a reliable indicator 
of the extent of weathering. Although they were leached 
throughout weathering, Harnois, (1988) proposed that 
potassium cations could be adsorbed onto other clays in 
the weathered profile through ion exchange, potentially 
disrupting K+ geochemical trends. As an alternative to 
WPI, p,V, MWPI, and CIA, he suggested the Chemical 
Index of Weathering (CIW), which excludes K2O, as a 
more accurate indicator of weathering. Since plagioclase 
is common in silicate rocks and dissolves rather quickly, 
PIA could be used as an alternative to the CIW index in 
cases where just plagioclase weathering needs to be studied 
(Fedo et al., 1995). As soil changes and weathering intensity 
increase, so do the indicators. Since potassium has a high 
exchange capacity and can be adsorbed onto other clays 
in the weathering profile, obscuring its mobility, Harnois, 
(1988) argued that using K2O as a mobile component in 
WPI, CIA, and MWPI restricts their application to soils 
where potassium has leached. In contrast to evidence that 
potassium is frequently leached, the Vogt Ratio treats K2O 
as an immobile component.

CaO should be limited to that obtained from silicate 
minerals (CaO*) in such indices. The carbonates Ca 
have been subtracted from total Ca to estimate CaO*. 
Depending on the supposition that feldspar and mica are the 
most prevalent minerals in the soil, CIW, CIA, and PIA are 
regarded as indicators of the degree of feldspar and mica 
conversion to clay (Baumann et al., 2014; Osat et al., 2016). 
All such authors agree that knowledge of the geochemical 
composition, processes, and trends of specific material of 
interest is necessary for the successful application of any 
weathering index for chemical weathering indices to be 
effective. Through their investigations of metamorphic 
rocks in Sri Lanka, De Jayawardena and Izawa (1994) 
suggested the silica-titania index for chemical weathering 
and concluded that there may be correlations between 
SiO2, Al2O3, and TiO2. There has long been disagreement 
over whether the different weathering indices apply to 
other materials and weathering conditions. It is possible to 
ascertain the mineralogy (primary or secondary minerals) of 
soils by their chemical composition. The degree of chemical 
weathering is estimated by the index of compositional 
variability (Cox et al. 1995). The ratio of major cations to 
Al2O3 is higher in primary minerals than in pedogenic 
clay minerals. As a result, primary minerals have a higher 
ICV. ICV values greater than one are therefore indicative of 
young, immature soils that contain a significant proportion 
of primary silicate minerals. Conversely, ICV values below 
1 should be observed in highly weathered soils that contain 
primarily secondary clay minerals formed under intense 
weathering (Cox et al. 1995).

The degree of decomposition regarding rocks containing 
feldspar is indicated by the mobiles index (Imob) (Aristizabal 
et al., 2005). Since it incorporates information from both the 

weathering products and their fresh parent materials, the 
index provides useful insights and evaluates the variation in 
the concentrations of mobile cations (Na2O, K2O, and CaO). 
Thus, it shows how soil composition  varies as a result of 
weathering. The more intense the weathering, the greater 
the difference in the number of mobile cations in fresh and 
weathered soils (Ng et al., 2001). The insoluble oxides Al2O3 
and Fe2O3 are represented by the sesquioxide content (SOC) 
of a sample. According to Ng et al. (2001), a higher SOC 
suggests either a intensity of leaching or oxidation driven by 
the enrichment of ferric iron from the oxidation of ferrous 
iron. The degree of mineralogical weathering is assessed 
using the mineralogical index of alteration (MIA). Incipient 
(0–20%), moderate (40–60%), weak (20–40%), and intense 
to extreme (60–100%) weathering are all indicated by the 
MIA value. A value of 100% indicates complete weathering 
of parent rock as well as the formation of a primary mineral 
into its corresponding weathered product. To overcome the 
carbonate biases mentioned above, Feng (1997) factored out 
Ca and added Mg and P as crucial factors. Throughout the 
weathering and soil development processes, this index rises. 
Since Al and Na are the best elements to reflect weathering 
intensity, CPA seeks to avoid the biases of carbonate Ca and 
K-fixation that have been previously addressed (Buggle et 
al., 2011). Because K phases, like the K-feldspar and clay 
minerals, have a higher susceptibility to weathering, the 
overall K release is less than the Na release. This analysis 
suggests that K has a negligible impact in cold climates, 
which makes this WI a useful substitute for our study.

2.3. Soil development response using chemical weathering
 The stages of soil development are associated with 

characteristic soil features, namely typical geochemical 
properties, which were researched in the South China Sea, 
including Hainan Island, which experiences a tropical 
monsoon climate. The study found that whereas Mg, Ca, 
Na, K, and Si all significantly vanished throughout rock 
weathering and soil formation, Al and Fe were comparatively 
enriched. The degree of sequential weathering over 
successive time periods was not adequately reflected in 
indicators based on soil microelements, such as the silicon-
aluminum ratio of the alteration, the chemical index of 
alteration (CIA), and the chemical index of weathering 
(CIW). As a measure of soil formation, the weathering index 
(WI) shows a strong correlation with soil formation stages 
(Zhang et al., 2007). The concept of geochemical weathering 
indices is introduced in Southeast and Eastern Europe. 
It stands for the records of Late and Middle Pleistocene 
climate shifts in the area. The best index for silicate 
weathering is the Chemical Proxy of Alteration (CPA). The 
CIA, CIW, and PIA were examined under regularly used 
climatic conditions. At the same time, biases brought on 
by K-fixation or uncertainties in distinguishing carbonate-
Ca from silicate-Ca might affect (PIA, CIA, CIW). Against 
such impacts, the CPA is insensitive. It also offers the 
same advantages as other Na-type indices (Buggle et al., 
2011). Understanding the relationships between climate, 
chemical weathering, and pedogenic processes in a variety 
of semi-arid ecosystems in southern Arizona. The data show 
that climate and chemical weathering have a significant 



interactive effect on soil development rates (Lybrand et 
al., 2011). The intensity of chemical weathering in certain 
weathering profiles is assessed using Parker’s WIP and 
CIA. To anticipate chemical weathering in China, which is 
affected by the humid subtropical climate, the concentrations 
of key oxides were investigated and gathered. The steady rise 
in CIA, the decline in WIP values, and the drop in altitude 
all point to an increase in weathering intensity. In China, 
the main determinants of chemical weathering are surface 
runoff and precipitation. This work illustrates that suitable 
geochemical proxies can be used to quantify the carefully 
applied concentration of integrated chemical weathering 
(Shao et al., 2012). The main soils formed on igneous 
rocks in the semi-arid northwest of Iran were evaluated for 
weathering intensity. The soil profiles formed on volcanic 
rocks are more weathered than those on plutonic igneous 
rocks, according to the research area’s weathering indicator 
data (Yousefifard et al., 2012). Pedogenic oxide ratios (POR) 
and Weathering indexes (WI) were employed in China 
to characterize patterns of soil development and climate 
weathering intensity, especially during the climatic period 
along gradients of elevation that are most impacted by the 
varied influences of the Asia-India Monsoon. Although 
specific soil moisture (SM) conditions result from certain 
climatic factors, topography and climate are always linked 
to them. They discovered that WI might vividly show 
weathering tendencies under climatic variations. The 
most suitable is the CIA (Baumann et al., 2014). Surface 
soil samples have been -collected from a range of profiles 
(2000–3600 m) in a humid zone in northwest Ethiopia. The 
chemical weathering of the soils was investigated. Principal 
component analysis (PCA) was used to determine the 
mineral alteration assemblage and the formation throughout 
pedogenesis, and several chemical weathering indices were 
used to assess the degree of change in CIA and CIW. CIW 
and CIA could be more readily identified when comparing 
weathering indices computed in this work, and they could 
provide information regarding the formation of the initial 
rock composition. Furthermore, the degree of pedogenesis 
is known to be influenced by weathering factors, such as 
precipitation, which are linked to the CIA index. Information 
from traditional chemical weathering indices can be 
supported by the CIA index, which could help us better 
understand the processes that occur throughout weathering 
(Le Blond et al., 2015). To demonstrate the relationship 
between soil development indices and soil taxonomic classes, 
this work was carried out in a hilly area of northern Iran. To 
assess soil development, geochemical weathering indices are 
commonly used. Those indices indicated reduced weathering 
intensity in more developed soils, even though there 
were substantial relationships between mostgeochemical 
weathering indices and the Soil Taxonomic Classes; the Vogt 
index had the greatest coefficient of correlation. The reason 
for these connections was that low-gradient slopes, where 
weathering products from upper slopes accumulate and 
their parent materials are carbonatic, tended to have better-
developed soils (Osat et al., 2016). Assess the sequential 
effects of climate on soil pedogenesis and weathering 
rates. Geochemical signals were directly linked to notable 

variations in the soils’ morphological, chemical, and physical 
characteristics. Higher soil development in moist places was 
to be a significant factor in defining the soil properties in 
the study area, notwithstanding the influence of climate 
on weathering. Over successive climates, the intensity of 
weathering transformations has changed dramatically. The 
soil profiles in the moist region had the highest weathering 
densities (Silva et al., 2016). The reliability of various 
mineralogical and geochemical weathering proxies as 
climatic indicators is tested, and the relationships between 
provenance and climatic controls on soil composition are 
examined using complementary geochemical datasets on 
soil collected along the Atlantic margin of subequatorial 
southwestern Africa. These proxies are more accurate 
climate estimators in the geological context of SW Africa 
than traditional weathering indices, such as WIP or CIA 
(Dinis et al., 2017). Used geochemical data, specifically 
the CIA, CIW, Base/R2O3 Ratio, WIP, and PIA, to assess 
the extent of soil weathering in semi-arid and arid climatic 
zones in Turkey. The findings unequivocally demonstrated 
that gradual progressive weathering is the cause of soil 
development at the Altınova State Farm in Konya, Turkey’s 
Central Anatolia region. The primary signs in this instance 
are weak structural development and secondary calcium 
carbonate illuviation, with a weathering ratio of silicon 
to aluminum larger than two in every profile (Tunçay et 
al., 2019). This investigation was carried out in Turkey’s 
mountainous, humid regions. Four representative profiles 
were dug at various heights for this purpose. Four soils were 
transected between elevations of 1139 and 1809 meters, and 
soil samples were collected for geochemical analysis from 
each horizon. Pedogenic processes for climate across various 
elevations are compared using the Mineral Alteration Index 
(MIA), WIP, PIA, and CIA. Soil Taxonomic Classes were 
strongly impacted by climosequene characteristics. The 
findings indicate that as elevation increases, the rate of 
chemical weathering of the CIA, PIA, CIW, and MIA 
indicators decreases. On the other hand, the WIP value 
increased at higher altitudes. Thus, the region’s elevation-
dependent climatic factors were sufficiently effective to 
affect soil formation, and the elevation difference between 
the profiles has increased precipitation, leading to intense 
weathering and leaching. The main factors influencing 
weathering intensity are the availability and flux of water 
through the soil, which are also decisive factors and 
sufficient to distinguish the profiles. According to this 
research, climatic conditions had a considerable impact on 
soil qualities and processes (Alsalam et al., 2020). 
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3. Conclusions

 This study has shown how different types of chemical 
weathering indices can be used to evaluate soil evolution as a 
function of climate according to their degree of weathering. 
Previous studies clearly indicate that climatic conditions are 
an essential factor in weathering since climate determines the 
weathering products of soil horizons. Water availability is a 
critical factor that controls chemical weathering processes. 
The speed of chemical reactions increases with increasing 
water availability. In other words, increased precipitation 
is linked to leaching processes and thus affects chemical 



weathering indicators.

According to previous results, the rate of chemical 
weathering of CIA, CIW, PIA, CPA and MIA indicators went 
up with ncreased rainfall leaching, leading to the formation 
of more developed soils. In contrast, WIP value increased 
in climates with less leaching and therefore less developed 
soils formed. The availability and flux of water through the 
soil are the prime factors in chemical weathering intensity, 
and they have a decisive role in profile differentiation and 
the formation of different types of soils. This study indicated 
that soil properties and processes were strongly related to 
water availability, which determines the leaching regime and 
chemical weathering rates. This shift in climate produced 
appreciable changes in different types of soils.
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