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Abstract
We investigated the detrital influx, chemical weathering intensity, provenance and pedo-
genesis over the past 2,500  years in the catchment of Pookot Lake, southern India. The 
down-core variations of metal/Al ratios (Na/Al, K/Al, Mg/Al, Ca/Al, Fe/Al, Mn/Al, Zn/Al, 
Ba/Al) of the Pookot sediments indicate changes in the rainfall-induced terrigenous inflow 
to the lake. In contrast, fluctuations in the chemical index of alteration (CIA) and Rb/Sr 
values denote the variability in the strength of chemical weathering in the watershed of the 
lake. The results show that the detrital influx, and hence rainfall, remained steady except 
during 1500–600 cal. years B.P. (high) and 600–300 cal. year B.P. (low) in the Pookot lake 
catchment. However, the periods of high/low chemical weathering intensity in the catch-
ment do not correspond to periods of high/low detrital influx to the lake basin. The simi-
lar shale-normalized rare earth elemental curves point to a uniform provenance. The past 
pedogenic activity is indicated by pedogenic χlf and pedogenic χfd derived from citrate-
bicarbonate-dithionite (CBD) extraction. The data indicate that the fine-grained magnetite/
maghemite formed during the pedogenesis mainly contributes to the magnetic signal of 
sediments. The degree of pedogenesis was strong during 2500–2000  cal. years B.P. and 
moderate throughout 1500–600  cal. years B.P. The pedogenic intensity became stronger 
again during ~ 600 cal. years B.P., which weakened between 600 and 300 cal. years B.P. 
and remained steady thereafter. The present study indicates that detrital influx proxies like 
metal/Al ratios are more suitable for reconstructing past climate in tropical climate rather 
than chemical weathering indices.
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1  Introduction

The indiSediments from the Arabiances of chemical weathering of lake sediments have 
been used widely for deciphering past environment and fluctuations in Asian monsoon in 
semi-arid (Liu et al. 2014; Ao et al. 2010; Jin et al. 2006) and temperate (Sun et al. 2018; 
Xu et al. 2016; An et al. 2011) regions. In the Indian context, relationship between sedi-
ment geochemistry and climate is well established in lakes from Himalayan region (Shah 
et al. 2021; Lone et al. 2020; Shah et al. 2020a, Shah et al. 2020b; Babeesh et al. 2019; 
Bhushan et al. 2018) and north-western India (Sinha et al., 2006; Banerji et al., 2021). Sed-
iments from the Arabian Sea and Bay of Bengal also indicate a climate-silicate weathering 
link on long time scales of glacial-interglacial periods (Miriyala et  al. 2017). However, 
only a few studies have been directed at lacustrine sediments of southern India to estab-
lish chemical weathering-rainfall linkage (Rajmanickam et al. 2017; Warrier and Shankar 
2009). Besides, a few investigations of lake sediments have focussed on source area weath-
ering and provenance (Nair and Achyuthan 2017; Babeesh et al. 2018; Gopal et al. 2020). 
Chemical weathering under high rainfall conditions in tropical regions leads to intense 
leaching of cations and silica (Formoso 2006). The intensity of chemical weathering var-
ies both temporally and spatially in response to climate change. Hence, it is imperative to 
assess whether chemical weathering parameters can be used to reconstruct past climate 
on short time scales in a small catchment (Liu et al. 2014). The response time of chemical 
weathering to subtle changes in rainfall during the Holocene and climate-driven thresholds 
for chemical weathering in tropical high rainfall conditions of southern India also need to 
assessed.

The present study focuses on the relationship between chemical weathering, soil forma-
tion and monsoon-induced erosion in surrounding watershed of Pookot Lake, located in 
the south-western part of India. The findings of this investigation may help in assessing 
the response of a particular geochemical proxy to climate change and evaluating a suit-
able chemical weathering proxy for palaeomonsoonal reconstruction under tropical cli-
mate. Warrier and Shankar (2009) documented a positive relationship between rainfall and 
intensity of chemical weathering as interpreted from metal/Al ratios of Thimmannanaya-
kanakere sediments in Karnataka (Fig. 1). The Mg/Al ratio and CIA (chemical index of 
alteration) of Ennamangalam Lake sediments, Tamil Nadu (Fig. 1), do respond to hydro-
logical and precipitation changes (Mishra et al. 2019). Similarly, chemical weathering indi-
ces in sediment cores from Kukkal Lake (Fig. 1) indicated intense weathering in response 
to rainfall (Rajmanickam et al. 2017). However, rainfall in the catchments of these three 
lakes is not high (~ 1500 mm or less) compared to that in the south-western part of India 
along the Western Ghats (~ 3500 mm). The Pookot Lake in Wayanad District of Kerala is 
situated in such a rainfall regime and is ideal to assess the geochemical response and pedo-
genesis under a tropical monsoon climate. Earlier studies on Pookot Lake sediments based 
on environmental magnetism (Sandeep et al. 2015) and pollen (Bhattacharya et al. 2015) 
indicated that the region experienced three broad climatic shifts in the past 3000  years. 
These three phases are 3100–2500  cal. years B.P. (strong monsoon), 2500–1000  cal. 
years B.P. (low but steady monsoon) and 1000 cal. years B.P. to the present (shift towards 
strong monsoonal conditions). In the present study, various metal/Al ratios and indices of 
chemical weathering (chemical index of alteration and Rb/Sr ratio) have been employed to 
assess detrital influx and chemical weathering intensity in the lake watershed. The changes 
in source area weathering and provenance of sediments have been evaluated using rare 
earth elemental (REE) data. We have also employed citrate-bicarbonate-dithionite (CBD) 
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extraction procedure (Warrier and Shankar 2009; Mehra and Jackson 1960) to assess the 
proportion of pedogenic iron oxide minerals in sediments which infer the degree of pedo-
genesis in the Pookot catchment.

2 � Study Area

Pookot Lake (PK) is an elliptical, closed, fresh water lake located in the inter-montane 
region near Vythiri in north-eastern Kerala (Fig. 1). It is situated at a height of 775 m above 
mean sea level and covers an area of ~ 0.09 sq. km.; water depth varies from 6 to 7  m. 
Hornblende-biotite gneiss and charnockite are the main parent rocks in the lake catchment 
(Sandeep et  al. 2015). These rocks are overlain by ferruginous forest loamy soil (Kerala 
Forest Department 1986). The region experiences tropical monsoon climate (Am) as per 
Koppen climatic classification. It receives a mean yearly rainfall of 384 cm and tempera-
ture of 23.2 °C (https://​en.​clima​te-​data.​org/).

3 � Materials and Methods

3.1 � Sampling and Chronology

The core sample from Pookot Lake (2.2 m) was taken from the deep part of the lake by 
inserting a pipe (diameter of 3.8 cm and length 10 m) made up of polyvinyl chloride. The 
pipe was split longitudinally into two halves in the laboratory and sub-sampled at an inter-
val of 5 mm. Organic matter of sediment samples was used for C-14 dating by accelerator 

Fig. 1   Location map of the Pookot Lake: a geographical location of the study area ( source: https://​www.​
gmrt.​org/​GMRTM​apTool/); b satellite image of the lake and its watershed (source: Google Earth) with the 
coring location shown with a black dot; and c photograph of the lake and the surrounding vegetation

https://en.climate-data.org/
https://www.gmrt.org/GMRTMapTool/
https://www.gmrt.org/GMRTMapTool/
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mass spectrometry. Further details of sampling and 14C analysis are given by Sandeep et al. 
(2015).

3.2 � Inorganic Geochemical Analysis

Finely powdered samples (n = 26) were heated with an acid mixture (concentrated 
HNO3, HF, HClO4) in Teflon beakers and digested. The dried residue was heated 
to ~ 110 °C after adding HClO4 and HF. This produced a crystalline paste, which was 
dissolved in 5 ml HCl. The undigested particles were filtered and removed using a fil-
ter paper. Deionized water was added to the filtrate making it up to a volume of 50 ml. 
Inductively coupled plasma mass spectrometers were used to analyse major element 
(Thermo Fisher X-Series II) and trace element (PerkinElmer Sciex ELAN DRC II) con-
centrations. Two geochemical standards, namely SCo-1 and MAG-1 (USGS 1995), were 
employed to examine the accuracy (< 5%). The precision was inside acceptable limits 
(< 1% and 5% for major and trace elements, respectively).

3.3 � Citrate‑Bicarbonate‑Dithionite (CBD) Analysis

The method proposed by Mehra and Jackson (1960) was employed for extracting sec-
ondary iron oxides from ten sediment samples. Four grams of the sample was disaggre-
gated and added into a centrifuge tube with sodium citrate (0.3 M) and sodium bicarbo-
nate solution. The suspension was heated at 75 °C using a water bath after the addition 
of sodium dithionite. The sample mixture was centrifuged, and the supernatant solution 
was transferred to another bottle. The filtrate was dried at 35 °C. The sediments were 
subjected to a four-step CBD treatment, and their magnetic susceptibility (χlf) values 
were determined after the completion of each step. Pre- and post-CBD χlf values were 
measured using a Bartington Susceptibility Meter.

4 � Results

The elemental concentrations in the sediment core decrease in the sequence: Fe, Al, K, 
Mg, Ti, Ca, Na, P, Ba, Zn, Sr, Cu, Pb and Rb. However, we could not measure the abun-
dance of Si and O in the samples. The concentration of Al in the samples varies between 
0.9% and 14.9% (mean = 6%). Elements like K, Na, Mg, Ca, Ti, Cu and Rb exhibit a 
positive correlation with Al (Supplementary Table 1). This indicates their supply from 
a common source (Pattan et al. 2005). However, Fe, Mn and P exhibit a negative cor-
relation with Al. Higher Fe content in comparison with Al may be due to the weathering 
of laterites present in the lake’s catchment. Most of the metal/Al ratio values exhibit 
low but steady values except for the phase 1500 to 300 cal. years B.P. when significant 
changes are documented (Fig. 2). As Sr/Al, Cu/Al, Rb/Al, P/Al and Pb/Al values also 
exhibit a similar trend, they are not plotted. All the metal/Al ratio values exhibit statisti-
cally significant positive correlations amongst themselves (Table  1), except for Ti/Al 
which is negatively correlated with other metal/Al values. The past 2500 years period 
can be divided into four distinct ‘geochemical phases’: GP1 (2500–1500  cal. years 
B.P.), GP2 (1500–600 cal. years B.P.), GP3 (600–300 cal. years B.P.) and GP4 (300 cal. 
years B.P. to present) based on variations in geochemical ratios (Fig. 2). The values of 
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chemical index of alteration (CIA) range from 60.1 to 92.6% (average = 79.2%; Fig. 3). 
The down-core variations exhibited by CIA and Rb/Sr values are opposite to what is 
exhibited by metal/Al values (Fig. 3).

GP1 (2500–1500  cal. years B.P.) A small peak at ~ 2500  cal. years B.P. is docu-
mented for Na/Al, Mg/Al, Ca/Al and Ti/Al. The values remain low and steady thereaf-
ter, except for Ti/Al which exhibits high values. Chemical weathering proxies like Rb/Sr 
and CIA register steady values.

GP2 (1500–600 cal. years B.P.) The Zn/Al, Ba/Al, Ca/Al, K/Al, Mn/Al, Na/Al, Fe/Al and 
Mg/Al values show an increasing trend (Fig. 2). However, Rb/Sr and CIA display a decreasing 
trend.

GP3 (600–300 cal. years B.P.) Zn/Al, Ba/Al, Ca/Al, K/Al, Mn/Al, Na/Al, Fe/Al and Mg/
Al values display a decreasing trend. Rb/Sr and CIA values increase during this phase.

GP4 (300 cal. years B.P. to Present) The metal/Al values exhibit a low but steady trend 
during this phase, similar to that of the GP1 phase. The Rb/Sr and CIA values are constant in 
this phase.

Rare earth elements reveal identical flat shale-normalized patterns (with values < 1; Fig. 4). 
The various REE ratios like (LREE/HREE)N, (La/Yb)N, (Gd/Yb)N and (La/Sm)N exhibit val-
ues ranging between 0.70 and 1.47 with mean values close to one. Eu anomaly values vary 
between 1.23 and 1.50 (mean = 1.37), whereas Ce anomaly varies between 1.07 and 1.57 
(mean = 1.26). All the REE’s investigated display similar down-core variations (Fig. 5) with 
high ‘r’ values among themselves (Supplementary Table  2). The down-core variations of 
REE’s are similar to those of Al2O3, Rb, Rb/Sr and CIA % with high values during the period 
2400–1500 cal. years B.P.

The CBD extraction procedure was carried out on ten sediment samples with different ini-
tial magnetic susceptibility values. Following the first step of CBD extraction, the initial sus-
ceptibility values decreased (4% to 93%; average = 40%; Fig. 6). There was an average of 74% 
decrease in χIf values after the fourth step.

The pedogenic χlf and pedogenic χfd are calculated as below (Vidic et al. 2000):

Fig. 2   Down-core variations of Al-normalized elemental concentrations. Most of the metal/Al ratio val-
ues, except Ti/Al, exhibit similar down-core behaviour with an increasing trend during the phase GP2 and 
decreasing trend during GP3
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The three samples exhibiting high initial χlf values (Nos. 11, 13, 14) show a reduction 
of about 89% after the extraction. The average initial susceptibility values of these samples 
declined from an average of 108 to 11 (× 10–8 m3  kg−1; Fig. 6). Sediment samples with 

Pedogenic�lf =

(

pre − CBD�lf

)

−

(

post − CBD�lf

)

Pedogenic�fd =

(

pre − CBD�fd

)

−

(

post − CBD�fd

)

Fig. 3   Down-core variations of sand %, clay %, Al2O3, Rb, Rb/Sr ratio and chemical index of alteration 
(CIA). Note their reverse trend compared to that of metal/Al ratio values (the sand and clay percentage data 
from Bhattacharyya et al. 2015)

Fig. 4   Shale-normalized rare 
earth element (REE) patterns for 
Pookot Lake sediment samples. 
Note their similarity, which 
points to a constant source region 
of sediments
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Fig. 5   Variations of rare earth element (REE) concentrations (in ppm) in Pookot Lake sediment samples of 
the past 2500 years. Note the high values during the 2400–1500 cal. years B.P. period

Fig. 6   Magnetic parameter data 
obtained during the four-step 
CBD treatment for select samples 
of Pookot Lake sediments. a 
Magnetic susceptibility (χlf); b 
frequency-dependent magnetic 
susceptibility (χfd). The values 
above every bar group denote 
the decline (in percentage) in 
χlf or χfd after the fourth step of 
treatment
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initial low χlf values (Nos. 2, 3, 4, 7, 8, 10 and 12) exhibit a decrease of 71% (93 × 10–8 
m3  kg−1 to 15 × 10–8 m3  kg−1), which is only marginally low compared to the high-χlf 
samples. The initial pre-CBD χfd values decreased from an average of 4 to 0.02 (× 10–8 

Fig. 7   Biplots of magnetic parameter values. a χlf vs. χfd; b pedogenic χlf vs. χlf; c χfd vs. pedogenic χfd d 
pedogenic χlf vs. pedogenic χfd (p < 0.01 level; * units of 10–8 m3 kg−1)

Fig. 8   Down-core variations of 
pedogenic χlf and pedogenic χfd 
in PK sediments during the past 
2500 years
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m3  kg−1). A similar trend is also exhibited by frequency-dependent susceptibility. Pedo-
genic χlf values exhibit very high correlation coefficient values like 0.97 and 0.93 with χlf 
and pedogenic χfd, respectively (Fig. 7). Between themselves, χfd and pedogenic χfd are 
strongly correlated with a correlation coefficient of 0.99. The pedogenic χlf and pedogenic 
χfd values exhibit significant down-core variations (Fig. 8). The pedogenic χlf values range 
from 9.4 to 139 × 10–8 m3 kg−1, whereas pedogenic χfd values range between 0.3 and 12.4 
(× 10–8 m3 kg−1).

5 � Discussion

5.1 � Chemical Weathering and Catchment Erosion

Ratios like Mg/Al, K/Al, Fe/Al and Na/Al are effective indicators of detrital input (Sun 
et al. 2008; Wei et al. 2006; Bertrand et al. 2012). A high rainfall would lead to increased 
soil erosion in the catchment, resulting in high contents of these elements in lake sediments 
(Mackereth 1966). Elements such as Ca, Na, K, Mg and Sr that are derived from chemi-
cal weathering as a result of heavy precipitation are more soluble and mobile (Mackereth, 
1966; Mischke and Zhang 2010; Sun et al. 2010). On the contrary, Al is commonly a ter-
restrial element which is insoluble and resistant under oxic and anoxic conditions (Zhong 
et al. 2012; Brown et al. 2000). During periods of increased chemical weathering, surface 
water of lakes becomes enriched in these mobile elements. The increase in stream- and 
overland-water flow into the lake results in a higher total content of these elements in lake 
sediments (Minyuk et al. 2014). Normalization to Al was carried out in the present study to 
account for the variable dilution in the element records and to evaluate chemical solution, 
hydrolysis and migration relative to Al (Zhong et al. 2012). The extreme chemical weather-
ing of mica and feldspars would lead to high values of Na/Al and K/Al in lacustrine sedi-
ments (Felton et al. 2007). Although these metal/Al ratios of sediments are predominantly 
used in lakes situated under sub-tropical to semi-arid climates (Minyuk et al. 2014; Ber-
trand et al. 2012; Zhong et al. 2012), they have also been employed in lakes with tropical 
climate (Warrier and Shankar 2009;  Rajmanickam et al. 2017; Veena et al. 2014). Hence, 
higher ratios in PK lake sediments should indicate the relative variations in soluble and 
mobile element input to the lake as a result of strong chemical weathering and vice versa.

As most of the metal/Al ratios exhibit similar down-core variations and significantly 
correlated among themselves (Fig. 2; Table 1), it can be argued that they possess identical 
detrital origin and came from silicate fraction. The CIA values indicate intermediate to 
extreme silicate weathering in the lake catchment. We assume that the CaO content of the 
sediments came from the silicate fraction only, because of the absence of carbonate rocks 
in the surrounding area, the low CaCO3 content in sediments (average =  ~ 5%; Sandeep 
et al. 2015) and the high correlation of Ca/Al with other metal/Al ratios like Na/Al and K/
Al (Table 1). Even after re-calculating the CIA values by adopting the CaO content of sili-
cate fraction, the down-core variations of the former remain unchanged.

Detrital input to the lake increased during GP2 (between 1500 and 600 cal. BP), but 
decreased subsequently, i.e. during GP3 (between 600 and 300  cal. BP) and remained 
steady during GP1 (2500–1500 cal. years B.P.) and GP4 (300 cal. years B.P. to Present) 
(Figs. 2 and 3). The increased rainfall in the Pookot Lake catchment as indicated by higher 
terrigenous input is evident during 1500–600 cal. years B.P (Fig. 2). This may be due to 
high rainfall which led to an increase in catchment erosion. The rainfall reduced during the 
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600–300 cal. years B.P. phase and remained uniform afterwards (Fig. 2). The rainfall was 
slow but steady before 1500 cal. years B.P. excluding a small peak at ~ 2500 cal. years B.P. 
as exhibited by some metal/Al ratios. However, the chemical weathering intensity does not 
follow this trend. In fact, periods of high detrital influx are characterized by low chemi-
cal weathering intensity as denoted by the low CIA and Rb/Sr ratio values and vice versa 
(Fig. 3). Hence, periods of high chemical weathering intensity in the catchment do not cor-
respond to periods of high detrital influx to the lake basin and vice versa. There may be two 
reasons for this: (1) the lag in geochemical response to a particular climatic event, and (2) 
variations in chemical weathering indices may, in fact, be controlled by the influx of ter-
rigenous clay-sized particles. Investigations of arid to semi-arid regions in southern China 
have revealed that high rainfall and the resulting increased intensity of chemical weathering 
led to enrichment of lake surface water in elements with high mobility (Sr, K, Ca, and Na). 
In this context, low CIA, CIW, PIA, and Rb/Sr values indicate a high intensity of chemical 
weathering and vice versa (Minyuk et al. 2014; Sun et al. 2018). As per Liu et al. (2014), 
“CIA was primarily employed to evaluate the intensity of in situ weathering”. This origi-
nal interpretation is reversed when applied to lacustrine sediments because with increased 
chemical weathering, labile elemental oxides (like Na2O, K2O and CaO) are easily carried 
to lakes, decreasing the CIA (An et al. 2011). Hence, high oxide percentages and metal/Al 
ratios along with low Rb/Sr and CIA values may be indicative of a high degree of chemi-
cal weathering (Liu et al. 2014). A similar explanation was offered for Lake Xingkai (Sun 
et  al. 2018), Daihai Lake (Jin et  al. 2001a, b), Heqiong Paleolake (An et  al. 2011) and 
Barkol Lake (Zhong et al. 2012). Earlier studies (Sandeep et al. 2015; Bhattacharya et al. 
2015) have indicated that the period 2500–1000 cal. years B.P. was typified by low mag-
netic susceptibility values and absence of pollen grains, indicating the drying of the lake. 
The period 1000–600 cal. years B.P. was exemplified by a high pollen percentage, which 
decreased between 600 and 300 cal. years B.P. (Bhattacharyya et al. 2015). Bhattacharyya 
et al. (2015) also documented a high proportion of sand and a low proportion of clay dur-
ing GP2 but the opposite during GP3 (Fig. 3).

Periods of high (low) pollen abundance and increased vegetation in the catchment corre-
spond to high (low) metal/Al ratio values in sediment. In such a scenario, chemical weath-
ering indices like CIA and Rb/Sr ratio of sediments weathered significantly in a tropical 
climate may not be suitable for the reconstruction of chemical weathering intensity/rainfall 
in the catchment. The geochemical parameters indicative of detrital influx may be more apt 
for tropical regions like the south-western part of India to reconstruct past rainfall. Phases 
GP2 and GP3 may correspond, respectively, to the Medieval Climatic Anomaly (with high 
rainfall) and the Little Ice Age (with low rainfall). However, signatures of these two short 
climatic events are not well documented in the southern India (Mishra et al. 2019; Basu 
et al. 2017; Veena et al. 2014) except by Warrier et al. (2017).

5.2 � Provenance

Variations in REE’s may be used for provenance studies because of their low mobility dur-
ing weathering and transportation (Das and Haake 2003). The identical, flat shale-normal-
ized REE patterns (with values < 1; Fig. 4) suggest invariable source rocks and provenance 
during the past 2500 years (McLennan 1989). Fractionation among LREE’s and HREE’s 
as well as between them is insignificant. The persistence of the same REE pattern in all the 
samples indicates that the source lithology has not varied much during the past two millen-
nia. Also, the REE distribution is not affected by weathering (McLennan 1989) during the 
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past 2500 years. The REE signature may have been derived from gneissic and charnockitic 
rocks in the catchment.

All the REE’s investigated have a close relationship and point to a common provenance 
as REEs are not affected by chemical changes during their transportation from source area to 
lake basin (Fleet 1984). They also show similar down-core variations as do Al2O3, Rb, Rb/
Sr and CIA % with high values during the 2400–1500 cal. years B.P. period (Fig. 5). Further, 
clay percentage and Al content are also high during this period. The REE values are high 
during GP1 but low during GP2. This may be because rare earth elements are usually con-
centrated in the clay portion. This statement is corroborated by the good correlation (r = 0.72) 
between ΣREE and Al.

5.3 � Pedogenesis in the Catchment Area

The intensity of pedogenesis in a lake catchment is estimated based on the proportions of lith-
ogenic and pedogenic iron minerals in sediments determined using citrate–bicarbonate–dith-
ionite extraction procedure. The procedure dissolves and extracts fine grained magnetite/
maghemite and haematite, whereas the coarse grained lithogenic component remains unaf-
fected (Vidic et al. 2000). According to Maher and Thompson (1991), the palaeorainfall signal 
is associated mainly with the pedogenic constituent of sediments. In this study, pedogenic χlf 
and pedogenic χfd have been employed to assess the proportion of pedogenic constituent in 
the bulk susceptibility values. The technique was applied on Thimmannanayakanakere Lake 
(situated in Chitradurga, Karnataka) sediments by Warrier and Shankar (2009) who proposed 
that the amount of fine-grained magnetite produced in soils is directly related to the amount of 
rainfall in the catchment.

The CBD data indicate that χlf is dominated by the CBD-extractable fraction and that fine-
grained pedogenic magnetite/maghemite makes a significant contribution to the magnetic 
signal of PK sediments. The influence of lithogenic grains is low even in the initial low-χlf 
samples. The strong correlations documented between pedogenic χlf and χlf and pedogenic 
χfd (Fig. 7) confirm that the magnetic properties of Pookot sediments are mainly influenced by 
the pedogenic magnetic minerals produced during soil formation. Periods of high production 
of pedogenic magnetite in the lake catchment are typified by high values of pedogenic χlf and 
pedogenic χfd and vice versa. Ultra-fine grained pedogenic magnetite may be inorganically 
produced in situ (Maher and Taylor 1988; Taylor et al. 1987) during alternate wetting and dry-
ing cycles in soils (Dearing et al. 1996). The production of fine grained pedogenic magnetic 
minerals depends on the intensity of chemical weathering and the degree of pedogenesis in the 
catchment. Previous studies have demonstrated that magnetic minerals with a coarse grain size 
(MD) are transformed into secondary magnetic minerals with a fine gran size (SP and SSD) 
during pedogenesis in the lateritic soils of southern India (Ananthapadmanabha et al. 2014; 
Sandeep et al. 2012; Amrutha et al. 2021).

The 2500–2000 cal. years B.P. period (GP1) was typified by a high degree of pedogenesis 
as indicated by peaks in pedogenic χlf and χlf (Fig. 8). Phase GP2 exhibits moderate values 
though fluctuating. High values are displayed at ~ 600 cal. years B.P., which decrease within a 
short span of 300 years (600 to 300 cal. years B.P.; Phase GP3; Fig. 8). The degree of pedo-
genesis revealed by pedogenic magnetite corresponds to what is suggested by the metal/Al 
ratios as well.
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6 � Conclusions

The conclusions we drew from the geochemical and CBD analyses of Pookot Lake sedi-
ments are:

•	 A high detrital influx is documented during the period 1500–600 cal. years B.P., which 
decreased between 600 and 300  cal. year B.P. This indicates that the rainfall was, 
respectively, high and low during those periods, but it was, by and large, steady during 
the Late Holocene.

•	 Periods of high/low chemical weathering intensity in the catchment do not correspond 
to those of high/low detrital influx to the lake. Such a mismatch may be due to a longer 
response time of chemical weathering to climatic changes and/or terrigenous clay-sized 
particles influencing chemical weathering indices.

•	 Pedogenesis was strong during 2500–2000  cal. years B.P. and moderate from 1500 
to 600 cal. years B.P. Strong pedogenesis is documented during ~ 600 cal. years B.P., 
which weakened within 600–300 cal. BP and remained steady.

•	 Metal/Al ratios that indicate detrital influx, rather than chemical weathering indices like 
CIA and Rb/Sr ratio, are more suitable for reconstructing the past climate under tropi-
cal high rainfall conditions as in south-western India.
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