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Kashmir valley receives the rainfall owing to the dominant westerly winds and experiences less impact of
the southwest monsoonal rains (SWM). In this valley, loess and loess paleosols occur as a thin veneer
covering the landscape. The loess paleosols form an important proxy for paleoclimate reconstruction and
understanding the late Quaternary paleoenvironmental shifts. For this purpose, the loess, paleosols
within the loess lithosections were lithologged and the sediment samples were subjected to various grainsize textural and geochemical analysis. The U-ratio of the sediments supported by parameters such as
TOC, CaCO3 content, ratios of Zr/Rb, Rb/Sr, Ba/Sr, K/Ba, K/Rb, chemical index of alteration (CIA)
and clay mineralogy indicate that the loess paleosols have undergone weak to moderate degree of
pedogenesis. The U-ratio and Zr/Sr ratio also reCect variations in the wind velocity ranging from weak to
moderate conditions for the loess deposition. The Ba/Sr and Rb/Sr ratios signify varied precipitation
conditions, particularly with higher precipitation during the paleosol formation. The A–CN–K plot
exhibits weaker to intermediate type of weathering of the loess horizons. TiO2% vs. Al2O3% binary plot
illustarates mostly basaltic to rhyolite/granite type of rock source and the Panjal Traps is one of the
major sources of the loess deposition. The lower end of the exposed Choori and Burzahama lithosections
were dated by OSL method to 54 ± 2 ka at 9.5 m depth and 52 ± 2 ka at 8 m of depth, respectively.
Geochemical analysis and OSL dating of the Choori and Burzahama lithosections reveal that climate
during the marine isotope stage 3 (MIS 3) was dominantly warm and dry (stadial conditions) in Kashmir
valley when the loess layers covered the valley and since then the loess horizons have undergone weak to
intermediate, moderate type of weathering in cool and dry conditions.
Keywords. Loess and loess paleosols; pedogenesis; paleoclimate; weak to moderate weathering; MIS 3.

1. Introduction
Marine isotope stage 3 (MIS 3) represents a period
between 57 and 29 ka and is often considered to be
relatively warmer period during the last glacial
cycle. During this period, several abrupt climate
warm phases known as the Dansgaard-Oeschger
(D-O) events occurred. The warm phases have
been followed by cold stages, so-called the Heinrich

events. The D-O and the Heinrich events aAected
both Coral as well as faunal life and these have been
registered in the Greenland ice core oxygen isotope
record that reveal transitions from cold, stadial
climate conditions to mild, interstadial conditions,
eventually followed by a return to cold stadial
conditions (Dansgaard et al. 1993). It is well
established now that during this period, the Upper
Paleolithic tool technology begins (Antonio 1996)
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Neanderthals disappear (Higham et al. 2014) and
Australia gets populated (Clarkson et al. 2017).
However, it is not yet clear, as to why the D-O
events were so frequent during the MIS 3 period
while being nearly absent around the Last Glacial
Maximum (LGM), i.e., the period between 21 and
18 ka with largest spread of ice sheets of the last
glacial maximum.
The MIS 3 period is an important stage to
reconstruct the behaviour of the climate when
undergoing rapid climatic change and when ‘man’
was migrating and occupying several territories
and populating. It is also important to note as to
what was the climate during this period in the
Kashmir valley when the loess was being deposited
and that the western region of India was already
experiencing arid and semi-arid conditions
(Achyuthan et al. 2007; Singhvi et al. 2010). Was
the Kashmir valley also experiencing the same
environmental conditions or that it did differ?
During MIS 3 what was the spatial extent of the
loess deposits? Some of these questions have still
remained unanswered as not much work has been
carried out in India to understand the paleoclimate, particularly since the MIS 3 barring the work
in the Thar Desert, Rajasthan, Gujarat and parts
in southern India (Achyuthan et al. 2007; Singhvi
et al. 2010; Petraglia et al. 2013).
The loess and the loess paleosols of Kashmir
valley also known as Dilpur Formation holds a
complete record of the late Quaternary climate
change because loess is one of the few types of
sediment that is deposited directly from the atmosphere and hence is an important terrestrial archive
that holds records for the late Quaternary paleoclimate reconstructions (Pant et al. 1985). It is
deBned as the yellowish white or buA coloured,
clastic sediment, and is represented by very Bne to
Bne, silt-sized particles, deposited by the accumulation of windblown dust. A loess lithoproBle exhibits repeated deposition of alternating loess beds
with paleosol development covering almost 10% of
the earth’s surface. The loess-paleosols are a mixture of clay and non-clay minerals such as feldspar,
quartz and mica deposited by windblown dust
(Muhs and Bettis 2003). Applying soil micromorphology tools, most of the mineral components are
easily identiBed in soil thin sections, however, clay
minerals cannot be identiBed under the polarized
microscopes because they are extremely Bne in
grain size (*3.9 to 0.98 lm) and in composition.
There are four groups of clay minerals such as the
Kaolin Group, the Smectite Group, Illite Group
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and the Chlorite Group (Chandra et al. 2016). A
detailed study of clay mineralogy is considered as
one of the most important parameters/tools for
providing information about the depositional history of the sedimentary formation and soil forming
processes (Hardy and Tucker 1998) and can provide
integrated records of overall climatic impacts. Illite
and chlorite are formed during the initial stages of
chemical weathering and their dominance in the soil
indicates relatively fast erosion of the source area
with cold and/or dry conditions. Illite is comparatively less sensitive to chemical weathering; however, during the advanced stages of chemical
weathering smectite and kaolinite are formed
(Muhs 2013). Ali et al. (2019) suggested that the
replacement of chlorite by smectite in loess paleosols of Kashmir valley has been formed owing to
the alteration of clay minerals probably that took
place in cold, dry to warmer climatic conditions in a
low wind regime. On the other hand, Meenakshi
et al. (2019) suggested that the loess has not completely weathered and pedogenised to form loess
paleosols and that the major K+ and Al3+ ionic
loess occurred during the LGM. Chemical variations occur due to the mobilization and accumulation of ions in paleosols and thus geochemical
weathering is often used to infer the degree of
pedogenesis and leaching, palaeoweathering and
paleochemistry (Chandra et al. 2016). During the
weathering of loess horizons elements soluble under
conditions of surBcial weathering (e.g., Ca2+, K+,
Na+) get leached out relative to the stable residual
constituents (Al3+, Ti4+) (Chandra et al. 2016).
Paleosols are often recognised by the accumulation
of CaCO3 (calcium carbonate) within the lower
layers of the loess either in the powdery form or
forming nodules of varying sizes and shapes. This is
a common secondary feature, especially in loesspaleosols all over the world. The carbonate content
in loess-paleosols varies from 1% to 20%, depending
on the environmental conditions and the depth of
the loess paleosols. And thus, there exists an aDnity
relationship between climatic conditions, mineral
assemblages and weathering intensity in the source
area.

1.1 A review of the work carried out on loess
deposits of Kashmir valley
Based on lithostratigraphy, magnetic-polarity
stratigraphy and Bssion-track dates, the earliest
work on the Karewa deposits of the Kashmir valley
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was presented by Burbank and Johnson (1983).
They developed a chronology and a geomorphic
model for the Late Cenozoic evolution of the
Kashmir Basin. The Karewa deposits are overlain
and covered by the loess deposits that form a thin
veneer and these sediments show variations in their
thickness and in the number of paleosol developments. The maximum thickness is found on the
southwestern part of the Kashmir valley where the
loss exposures are nearly 22–24 m thick with
almost 10 paleosols interspersed within it (Agrawal
et al. 1989), and the thickness decreases towards
the north-eastern part of the valley and is around
4–5 m thick only with 4 paleosols within (Ahmad
and Chandra 2013).
Loess deposits have been applied as an important proxy material for the reconstruction of
paleoclimate change (Heller and Liu 1986; An 2000;
Geiss et al. 2008), because they continuously and
accurately record the signatures of the environment of deposition and conservation changes after
deposition. The long history of climate change
reconstructed using Chinese loess deposit is dated
up to *25 Ma (Guo et al. 2002; Qiang et al. 2011)
and can be correlated with the d18O record of the
marine sediments. This conBrms that loess is
excellent continental sediment for palaeoclimate
studies. Loess deposits in India have primarily been
reported in Kashmir and the Son Valley in Uttar
Pradesh and the studies focused earlier were on
chronology (Kusumgar et al. 1986; Singhvi et al.
1987), chemical properties (Lodha et al. 1987;
Ahmad and Chandra 2013), mineral magnetic signatures (Gupta et al. 1991), micromorphological
investigation (Pant et al. 1985; Dar et al. 2015),
loess sources (Ahmad and Chandra 2013), and
paleoclimatic records (Gupta et al. 1991; Pant et al.
2005; Dar et al. 2015). Former research revealed
that loess-paleosol proBles could be correlated
throughout the Kashmir valley using magnetic
measurements (Gupta et al. 1991) and micromorphological investigations (Pant et al. 1985), suggesting a similar origin of the source material for
the loess deposition. In addition, environmental
magnetic analysis revealed that the primary magnetic minerals such as the magnetite, maghemite,
and hematite were probably derived from the
central Himalayan loess deposits. Furthermore, the
magnetic susceptibility curve of a loess-paleosol
proBle compared well with the d18O record of sediments from the Arabian Sea (Pant et al. 2005),
thus suggesting that the loess deposits comprise the
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changing history of Indian southwest monsoons
(Gupta et al. 1991; Pant et al. 2005).
The loess paleosols of Kashmir valley are
younger than 85 ka towards the NNE region of the
valley than the SSW loess exposures (Singhvi et al.
1987). The loess paleosol sequences in the SSW
have been dated to about 200 and 80 ka towards
NNE of the valley (Agrawal et al. 1989). Based on
soil micromorphology studies, Pant et al. (1985)
proposed a late Quaternary stratigraphy comparing the two loess paleosols sequences (LPS) both
exposed along the Himalayas and Pir Panjal Canks
and suggested that along the northeastern part of
the Kashmir valley, the older LPS are missing,
probably owing to severe erosion, and in its place,
Cuvio-lacustrine sediments of the Upper Karewa
exist. The spatial and temporal variation of
Kashmir loess deposits have been explained as the
function of palaeotopographical conBguration consequent to the Pir Panjal Range uplift dated at
4 Ma (Pant and Dilli 1986). Pant and Dilli (1986)
identiBed three palaeosurfaces over which the loess
deposited at different time periods and scales. The
loess and the loess paleosols have been age dated
using several methods such as the radiocarbon, TL
and OSL methods. Kusumgar et al. (1980, 1986)
reported carbon ages of 5, 18 and [31 ka by dating
organic matter and carbonate nodules associated
with loess paleosols. Stable carbon isotope ratios of
organic carbon from the loess paleosols, and oxygen
isotope ratios of pedogenic and lacustrine carbonates revealed significant Pleistocene climatic
changes in the Kashmir basin. The d13C values
of 16% and 25% reported by Krishnamurthy
et al. (1982) indicated a shift from arid to subhumid conditions. The d18O values of pedogenic
carbonates (*2%) higher than that of the underlying lacustrine carbonates, suggest that they were
deposited in different climatic conditions (Krishnamurthy et al. 1982). Lodha et al. (1987) presented major and trace element concentrations of a
few representative loess proBles in Kashmir valley
using EDXRF spectroscopy. Principal component
analysis of the XRF data revealed elemental concentration variations in various loess and loess
paleosol horizons. The study revealed that elements related to clay illuviation (K, Rb, Fe, Ti,
Mn) and plant activity (Cu, Zn) were found to be
generally higher in the B horizon of the paleosols,
while Ca and Sr exhibit higher concentration in the
loess layers (C horizons). Further a close association was discerned in the movement of (i) K, Rb,
(ii) Fe, Ti, Mn, (iii) Cu, Zn, and (iv) Ca, Sr. Iron
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and titanium were observed to be higher in loess
proBles along the Pir Panjal mountain Cank;
dominated by basic rocks, compared to proBles on
the Himalayan Cank, reCecting significant contribution to the loess deposits from the nearby rocks.
Singhvi et al. (1987), presented TL ages spanning 130.3–5.1 ka (±15%), 101.3–48.8 ka (±15%)
and 111.0–57.8 ka (±15%) for the Karapur,
Burzahama and Dilpur loess, respectively. The
loess deposits exposed towards the SSW side of the
Kashmir valley have been age dated to 200 and
80 ka towards the NNE side (Agrawal et al.
1979, 1988, 1989; Kusumgar et al. 1980, 1986;
Krishnamurthy et al. 1982, 1986; Bronger and Pant
1985; Pant and Dilli 1986; Gardner 1989), However, using the decay counting C14 method,
Kusumgar et al. (1980) and Agrawal et al. (1989)
presented younger ages for the stratigraphically
older layers and vice versa in the Burzahama loess
section (Meenakshi et al. 2018). The late Quaternary loess like deposits exposed along the margins
of the Manasbal Lake, Kashmir valley was age
dated by OSL method from 14.6 ± 3.8 to
41.7 ± 8.0 ka that spans from MIS 2 to the MIS 3
period (Babeesh et al. 2017). The Burzahama
lithosection was previously dated by Meenakshi
et al. (2018) to 45.2 ka. However, several questions
that need to be answered still exists, for example,
what was the climate during the MIS 3 when the
loess was being deposited and the driving force and
the mechanism? What type and intensity of soil
forming processes enabled to form the loess paleosols and when did the loess deposition terminate
in the Kashmir valley? Not much work has been
carried out on these lines and hence an attempt has
been made in this work to seek answers to the few
questions raised above.

2. The study area
The Kashmir valley covers an area of nearly
5000 km2 and is oriented in the north-northwest–south-southeast direction, surrounded by the
Himalayan ranges towards the north-eastern
region and the Pir Panjal ranges towards the
southwestern side (Kusumgar et al. 1980). The
geological formations in the Kashmir valley range
from Precambrian to the Quaternary period and
include the igneous, metamorphic and sedimentary
rocks mantled by unconsolidated materials.
Structurally, the Kashmir valley forms a Graben
bounded by the Panjal thrust and the Zanskar
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thrust trending parallel to northwest–southeast
direction comprising the Palaeozoic–Mesozoic
marine rocks of limestone and sandstone. Most of
the valley is covered by Panjal complex and Triassic Limestone underlain by the Archaean
metasedimentary rocks (Salkhala Formation). The
Precambrian rocks of Kashmir valley are called
Salkhala Formation and are considered as the
oldest metasedimentary unit of northern Himalaya, representing the basement complex. The
lower agglomerate slates and the Panjal lava Cows
are the two well-marked horizons of Panjal traps
(Dar et al. 2014, 2015). The Kashmir valley has
preserved a sequence of glacial and interglacial
events in the form of Karewa which rest on these
older rock formations (Burbank and Johnson 1983)
with a distinct unconformity. These Karewas are
represented in the three main structural units; the
lower and upper Karewa deposits are glacioCuviolacustrine in nature, while the remaining two
Karewa deposits are capped with the loesspalaeosol layers called the Dilpur Formation.
Owing to the rapid upliftment of the Pir Panjal,
the lower Karewa deposits in the southwestern
region of the valley are tilted and folded. These
Cuvio-lacustrine deposits of Karewa basin represent the remnants of an ancient Karewa Lake
formed by the several hundred meters rises of the
Pir Panjal during the early Pleistocene period
which blocked the drainage and gave rise to a large
lake. The further rising of the Pir Panjal during the
Pleistocene period resulted in the shifting and
shrinking of the lake towards the Himalayan range.
This Bnally resulted in the exposure of the lake
sediments called the Karewa sediments (Ahmad
and Chandra 2013). After the exposure of the
Karewa sediments, the loess started depositing on
these sediments forming a blanket with a sharp
contact (Bgure 1). Most of the precipitation in the
valley takes place in winter and spring season
because of the western disturbances; however,
there is very little rainfall in the months of summer
because of the monsoon but autumn mostly
remains dry in the valley. The Kashmir valley
receives an annual average precipitation of 710 mm
and the annual average temperature is around
13.5°C. On an average, 71% of the rainfall in the
valley is caused due to the western disturbances
and the remaining 28% occurs due to the southwest
monsoon (Jeelani et al. 2017). However, there is a
huge difference between maximum and minimum
temperature. The maximum temperature in valley
reaches to 31°C during the summer, while the
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Figure 1. The study area map of Kashmir valley with Choori and Burzahama lithosections (after Dar et al. 2014).

temperature reaches a minimum of 12°C in
winters during the night.

3. Materials and methods
For the present study, two main lithosections of
Kashmir valley were studied in detail in order to
understand the climatic conditions during the
deposition of loess in the region. The Choori
lithosection is located on the outskirts of the
Choori village, near Pattan, Baramullah district
about 40 km from Srinagar along the Baramullah
road at an altitude of *1600 m, latitude of
N34°13.8030 and longitude of E74°27.8380 (table 1).
The Burzahama lithosection is exposed at the
Burzahama village in Srinagar district at an altitude of *1629 m (latitude of N34°10.2810 ; longitude of E74°52.2180 ) (Bgure 1, table 2). Both the
lithosections were scraped clean for studying the
sedimentary texture, features and structure
description using the Munsell Color Chart, and
following the soil Taxonomy, classiBcation of the
United States Department of Agriculture (USDA)
(1999) of the loess and paleosols. The loess deposits
and the paleosols were sampled at close intervals of
every 10 cm.
Geochemical analyses of the loess and loess
paleosol samples were analysed using the X-Ray

Fluorescence (XRF) powder method. For this
purpose, 30 samples covering the entire lithosections were Brst dried in an oven at 40°C for 2–3 hrs.
The samples were then powdered in an agate motar
in order to get the size of 63 lm. The samples were
analysed at the Department of Geology, Savitribai
Phule Pune University for further analysis. The
international standards (MAG, SDC, SCO, SDO,
GSP-2, MBH, BHVO-2) were run as the unknown
samples for comparison during the major and trace
element analysis.
In order to calculate the U-ratio, the Malvern
Mastersizer 2000E laser particle size analyzer was
used to evaluate the particle size distribution down
the vertical lithosections for the particle size analyses, distilled water was Blled in 500 ml beaker and
the beaker was continuously stirred by a turbine at
2500 rpm on the laser diAraction unit. The particle
size of the sediments was measured by the laser
scattering pattern using the Fraunhofer model, and
applying Mie theory (Miller and Schaetzl 2011).
The data retrieved was then used for interpretations. The TOC and CaCO3 content were measured using the titration method put forward by
Walkley and Black (1934) and Carver (1971). The
clay minerals were analysed using the X-Ray
powder diAraction method with an X-Ray
DiAractrometer Bruner D8 XRD machine, with a
maximum rotational speed of 1500/min with the
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Table 1. Lithostratigraphy of the Choori loess and loess palaeosol lithosection.
Depth
(m)

Layer
thickness (m)

0–0.4

0.4

0.4–1
1–1.6
1.6–2.9
2.9–4.2
4.2–5.4
5.4–5.9
5.9–6.9
6.9–7.4
7.4–8.4
8.4–10

0.6
0.6
1.2
1.2
1.2
0.5
1
0.5
1
1.6

Lithological details
Apvo horizon, the lithosection from 0 to 3 m of depth contains cut and Bll
structure Blled with recent material with colour code of 10YR, 4/6
Yellowish buA coloured loess layer (C horizon), 2.5Y, 8/6
Fine silt layer (C horizon) 2.5Y, 7/2
Paleosol horizon (Bca horizon), 2.5Y, 7/6
Paleosol horizon (Bca horizon) 2.5Y, 6/6
Fine silt, light brownish silt (C horizon), 2.5Y 7/3
Loess layer (C horizon) 2.5Y, 8/6
Paleosol horizon (Bca horizon)
Yellowish buA coloured loess layer (C horizon) 2.5Y, 8/6
Paleosol horizon (Bca horizon)
Alternate layers of grey sand cross bedded with yellowish orange
silt representing lacustrine deposit

Table 2. Lithostratigraphy of the Burzahama loess and loess palaeosol section.
Depth
(m)

Layer
thickness (m)

Lithological details

0–0.4
0.4–2.7
2.7–3.1
3.1–3.5
3.5–3.8
3.8–4.1
4.1–4.5
4.5–5.2
5.2–6.8
6.8–7.2
7.2–8.3
8.3–8.7

0.4
2.3
0.4
0.4
0.3
0.3
0.4
0.7
1.6
0.4
1.1
0.4

Apvo horizon with small roots
Yellowish brown Bne silt layer (C horizon), 10YR, 5/4
Dark brown coloured Bca horizon, 10Y, 5/3
Yellowish buA coloured loess layer (C horizon), 2.5Y, 8/6
Pale brown Bne silty sand with clay (C horizon), 10R, 5/4
Bca horizon Dark brown coloured, 10YR, 4/6
Yellowish brown Bne silt layer, 10YR, 6/4
Yellowish buA coloured loess layer (C horizon), 2.5Y, 8/6
Bca horizon with presence of blocky texture
Bca horizon with dark black colour, 7/5YR, 4/3
Bca horizon with Bne silty clay with peds, 10YR, 6/2
Laminated, Bne silt with blocky texture probably of lacustrine origin

smallest angular step size of 0.0001° and scanned
from 5° to 30° range; attached with CuKa at the
Department of Chemistry, Indian Institute of
Technology, Chennai. The OSL dating method was
applied for age dating the loess deposits and loess
paleosol formations. For this purpose, the samples
were collected in metal tubes (of nearly 9 inches
long) and were analysed at IISER, Kolkata. The
material sampled for dating was rich in clay and
very Bne silt and hence, a polymineral Bne grain
dating method of optical dating technique was
applied. For this purpose, 4–11 lm size fraction of
the sediment sample was separated using Stoke’s
law. The detection window of the optics of BG-39
and Corning 7–59, and standard SAR protocol was
applied using the IR as a stimulating source for
luminescence. A value of 0.086 was assumed for
a-value, for dosimetric calculations (Durcan et al.

2015). All the measurements were carried out on
the Lexsyg Research Device in Luminescence
Dating Laboratory at IISER, Kolkata. Dose rate
calculations were carried out using the DRAC
online calculator. The annual dose rate was calculated by using elemental concentration of uranium
(U), potassium (K) and thorium (Th). The concentration of U, Th and K was measured by using
XRF method. The age of the sample was calculated
by using the formula
Age ¼ De=Dr;
where De = equivalent dose measured in laboratory by producing the same amount of luminescence as received on natural radiation expressed in
gray units (Gy). Dr = annual dose rate received by
crystal, expressed in Gy/ka (table 3).
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Table 3. OSL ages of the loess palaeosols at Choori and Burzahama lithosections.
Sample name
Choori
Choori
Choori
Burzahama
Burzahama
Burzahama

Depth (m)
5.50
6.50
9.60
2.25
6.30
8.00

U (ppm)

Th (ppm)

K (ppm)

2.2
2.6
2.6
2.6
2.8
2.8

9.1
12.7
12
13.2
13.2
13.2

2.0
1.7
2.0
2.2
2.4
2.3

±
±
±
±
±
±

0.1
0.1
0.1
0.1
0.1
0.1

±
±
±
±
±
±

0.5
0.6
0.6
0.7
0.8
0.9

4. Results
4.1 Lithostratigraphy of Choori lithosection
The exposed Choori lithosection of nearly 10 m
thick exhibited four paleosol horizons (Bca), and
three loess horizons (C horizons) and an Apvo
horizon near the surface. The lithosection from the
depth 10–8.4 m consists of alternate layers of grey
(5Y, 8/1) with yellowish orange (7.5Y, 8/4) silt
deposit of 1.6 m thick cross bedded followed by a one
meter thick paleosol (Bca horizon). The paleosol
(Bca horizon) is followed by a little yellowish buA
(2.5Y, 8/6) coloured loess layer (C horizon) about
0.5 m thick. The depth 6.9 up to 5.9 m is represented by a dark brown (5Y, 4/1) paleosol layer
nearly 1 m thick (Bca horizon). This horizon is followed by a yellowish buA coloured, loose silt, the
loess layer of about 0.5 m thick (C horizon). However, within the depth 5.4–4.2 m, a dark brownish
yellow silt layer (C horizon, 2.5Y, 7/3) of about
1.2 m thick occurs, which is once again followed by a
0.20 m thick brownish paleosol layer (Bca horizon?).
This paleosol layer is overlain by 0.6 m thick yellowish buA (2.5Y, 8/6) Bne silt layer (C horizon)
from the depth 1.6–1 m from the surface. The Apvo
horizon of nearly 0.4 m thick occurs at the top of the
lithosection forming the surface horizon.
4.2 U-ratio and geochemical parameters
of the Choori lithosection
The U-ratio is calculated by dividing the amount of
coarse silt and medium silt from the Bne silt
(Vandenberghe et al. 1985) using the sediment
particle size data. The inferences drawn are supported by the Zr/Rb ratio, which is also dependent
on grain size of the sediments. It was noted that the
Zr/Rb ratio increases from Bne to coarse sediments
as Zr is enriched in coarse sediments and Rb is
enriched in Bne sediments (Chandra et al. 2014).

±
±
±
±
±
±

0.1
0.1
0.1
0.1
0.1
0.1

Dose rate (Gy/ka)
4.04
4.38
4.46
4.91
5.48
5.33

±
±
±
±
±
±

0.15
0.16
0.17
0.18
0.21
0.20

De (Gy)
145.62
226.59
242.02
181.08
251.32
225.33

±
±
±
±
±
±

6.22
5.38
3.22
4.02
9.50
3.50

Age (ka)
36 ± 2
52 ± 2
54 ± 2
37 ± 1.5
46 ± 2.5
52 ± 2

The ratio of Rb/Sr and Ba/Sr reveals a direct
relationship with precipitation because the concentration of Zr/Sr and Ba/Sr increases with an
increase in precipitation (Chandra et al. 2014). The
duration of weathering, climate conditions and
composition of the source rock directly aAect the
chemical weathering intensity of the source rock.
Not only temperature, but precipitation is also
responsible for the weathering of the source rock.
There are a number of methods which are used to
estimate the degree of weathering in sediments, but
of them, chemical index of alteration is the most
important and eAective method and is carried out
globally. The percentage of CIA below 50% indicates no weathering has occurred in the region. The
CIA value that falls between 50 and 5% indicates a
weaker degree of weathering; however, the percentage of CIA between the values of 65 and 85%
indicates a moderate degree of weathering and the
CIA value of 85–100% indicate a strong degree of
chemical weathering in the region. In the present
study, the CIA values were computed to understand the state of chemical weathering intensity in
the loess-paleosol sediments of Kashmir valley. The
CIA was calculated using the formula put forward
by Nesbitt and Young (1982):
CIA ¼ Al2 O3 =ðAl2 O3 þ Na2 O þ CaO þ K2 OÞ
 100:
The Choori lithosection is divided into Bve
different phases written as P1, P2, P3, P4 and P5
on the bases of geochemical study (Bgure 2). The
CIA ranges in the lithosection between 60 and 85%.
The Phase 1 (P1) in the bottom of the lithosection
is a lacustrine deposit, mostly contains low Zr/Rb
ratio, TOC content and higher concentration of
CaCO3 and CIA values and all other parameters
are varied. The CIA in this phase varies from 60 to
75%. In Phase 2 (P2) U-ratio, Zr/Rb, CaCO3
decrease towards the top from loess to paleosol,
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Figure 2. Depth-wise sand, silt, clay, TOC, CaCO3 content, U-ratio, Zr/Rb, Ba/Sr, K/Rb, K/Ba, Rb/Sr, and CIA variations of
the Choori loess lithosection.

Figure 3. Depth-wise sand, silt, clay, TOC, CaCO3 content, U-ratio, Zr/Rb, Ba/Sr, K/Rb, K/Ba, Rb/Sr, and CIA variations of
the Burzahama lithosection.

while as Ba/Sr and Rb/Sr increase towards the top
of this phase. The CIA percentage of CIA does not
show any major variation within this phase. In case
of Phase 3 (P3) U-ratio, Zr/Rb and CaCO3 are
higher while as there is a moderate concentration of
TOC and variable concentration of Ba/Sr and Rb/
Sr. The Phase 4 (P4) shows lower concentration of
U-ratio, Zr/Rb and higher concentration of TOC,
Ba/Sr, Rb/Sr ratios and CIA percentage. In Phase
5 (P5) all the parameters except U-ratio and Zr/Rb
show a lower concentration in sediment samples.
The CIA values in Phase 4 and 5 vary between
65 and 85%.
4.3 Lithostratigraphy of Burzahama lithosection
The exposed lithosection around Burzahama is
nearly 8.7 m thick with Bve paleosol layers (Bca
horizons), two loess layers (C horizons) and one
Apvo horizon. In this lithosection from 8.3 to
8.7 m thickness, a Bne silty layer (7/5YR, 6/2)
occurs with blocky textures (C horizon). There is

one paleosol layer (Bca horizon) of 1.1 m thick
from the depth of 7.2–8.3 m. On this paleosol
layer, there is one dark brown coloured (7/5YR,
4/3) paleosol layer of 0.4 m (Bca horizon) thick is
subsequently overlain by another paleosol (Bca
horizon) of 1.6 m thick. The yellowish buA
coloured (2.5Y, 8/6) loess layer (C horizon) of
0.7 m thick is present within these paleosol layers.
From 4.1 to 4.5 m depth, an yellowish-brown Bne
silt (10YR, 6/4) layer of 0.4 m thick occurs, followed by a paleosol layer (Bca horizon) of dark
brown colour (10YR, 4/6). The paleosol layer is
followed by a pale brown (10R, 5/4), a Bne silty
layer containing traces of Bne silt and clay. A
yellowish buA (2.5YR, 8/6) loess layer (C horizon)
occurs (0.4 m thick) at the depth of 3.1–3.5 m
followed subsequently by a Bca horizon of dark
brown colour (10R, 5/3), (a paleosol layer). At the
depth between 0.4 and 2.7 m, a thick yellowishbrown (10YR, 5/5) Bne silt layer of nearly 2.3 m
thick occurs. An Apvo layer of nearly 0.4 m thick
conceals this lithosection at the top.
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Figure 4. A–CN–K diagram with CIA values (after Nesbitt
and Young 1982).

Rb/Sr decrease within the layer, but increase
towards the top horizons. The CIA values are
slightly higher in this phase and falls within
65–80%.
The A–CN–K type diagram (Bgure 4) was plotted
between A = Al2O3, CN = CaO+Na2O and K =
K2O in order to present the weathering trend in
loess-paleosols of Choori and Burzahama sections
(Bgure 4). The CIA values of 60–80% in the diagram
fall in the weathering trend dipping plagioclase
towards illite signifying weaker and intermediate
weathering. The binary plot between TiO2 and
Al2O3 fall between basalt, basalt+rhyolite/granite
source material (Bgure 5). Both the lithosections
show positive correlation with MnO, K2O, Fe2O3,
TiO2, MgO, P2O5, CaO and Na2O, when plotted
against Al2O3 (Bgures 6 and 7).
4.5 Chronology

Figure 5. A binary plot of TiO2 vs. Al2O3 values of loess and
loess paleosol sediments analysed from different regions (after
Amajor 1987).

4.4 U-ratio and geochemical parameters
of the Burzahama lithosection
Based on the U-ratio calculated and geochemical
investigations, the Burzahama lithosection is
divided into two phases, namely P1 and P2
(Bgure 3). In Phase 1, both U-ratio and Zr/Rb
varies from low to medium; however, Zr/Rb
increases from the bottom of the lithosection
towards the top within the paleosols. The CaCO3
decreases towards the top of the lithosection and
TOC shows a peak within the paleosols. However,
in Phase 1, both Ba/Sr and Rb/Sr ratios are
mostly constant throughout. In Phase 1, the CIA
values fall within 60–76%. The U-ratio and Zr/Rb
values in Phase 2 are low, although Ba/Sr and

The Choori lithosection was dated by OSL dating
method to 54 ± 2 ka at 9.5 m depth, 51.70 ± 2 ka
at the depth of 6.5 m, and at the depth of 5.3 m dated
to 36 ± 2 ka. Further, the Burzahama lithosection
was dated to 52 ± 2 ka at depth 8 m, the depth of
6.3 m was age dated to 46 ± 2.5 ka and 37 ± 1.5 ka
at the depth of 2.2 m. It is to be mentioned here that
these age estimates are setting respective lower
bounds, as fading correction was not carried out.
Based on the above OSL dates, it is clear that these
sediments were deposited during MIS 3 period
between 57 and 35 ka. The exposed lithosections
both at Burzahama and Choori are at least 54 ka.
The Burzahama lithosection was also dated previously by Meenaskhi et al. (2019) to 45.2 ka (table 3).
4.6 Clay mineralogy
The clay mineralogy was carried out in order to
compare it with the results obtained from the
A–CN–K plot. The lithosection contains different
clay minerals identiBed during XRD (X-Ray
DiAraction) analysis, such as illite (i), Quartz (Q),
illite/mica (i/M), kaolinite, sulphur and calcite.
The lithosection also contains smectite in loess
paleosols and chlorite in loess layers in both the
lithosections. The clay mineralogy reCects that
there is a shift in clay formation in loess and
paleosols. The ‘d-spacing’ value for smectite was
observed at 14.9 
A, illite+mica at 10 
A, quartz at
3.33 
A, illite at 3.18 
A, calcite at 3.003 
A, chlorite
at 14.2 
A and kaolinite at 7.2 
A (Bgures 8 and 9).
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Figure 6. Bivariant plots of the major oxides and Al2O3 content of the Choori loess lithosection.

5. Discussion
MIS 3 spanning from 57 to 29 ka is important for
understanding the current and the past glacial/
interglacial events and for quantifying the range of
possible future climate change. European terrestrial pollen and magnetic susceptibility records
(Thouveny et al. 1994; Frogley et al. 1999) suggest
an unstable climate for the last interglacial period
with large changes occurring within a few hundred
years. Although the amplitude of change may vary
over time, millennial-scale variability is a pervasive
characteristic of the climate record, occurring
during both glacial and interglacial intervals (Bond
et al. 1993). It is known that intermediate climate
conditions such as the MIS 3 and 4 were climatically unstable than full interglacials and extreme
glacials (McManus et al.1999). However, very few
terrestrial records span MIS 3 period in the Indian
subcontinent that are well correlated with marine
records (Achyuthan et al. 2007; Singhvi et al. 2010;
Petraglia et al. 2013).
Choori and Burzahama loess lithosections exhibit the occurrence of various loess horizons and
paleosols of varying thickness, probably indicating
differences in the intensity and duration of the
wind regime that Cuctuated since 54–35 ka and

subsequent soil pedogenesis. Based on geochemical
ratios and its variations and U-ratio, the loess
lithosections have been classiBed into several phases of deposition. Phase 1 of the Choori lithosection
represents a low concentration of U-ratio, and the
Zr/Rb reCects that the valley experienced weaker
winds during loess deposition (Chandra et al.
2014). The variation in concentration of Rb/Sr and
Ba/Sr evidently reveals that there were variations
in the precipitation intensity from low to high
(Bgure 2) (Edwards et al. 1996). The varying CIA
varies from 60 to 75% in this phase indicates that a
weak to moderate weathering occurred after the
loess deposition (Vandenberghe et al. 1985). Phase
2 also reCects weaker winds with a moderate type
of alteration, probably owing to increased
precipitation.
The calcium carbonate content increased
towards the lower end of this horizon as it leached
from the above layers towards the lower end of the
Phase 2 horizon. Phase 3 reveals strong glacial/
stadial winds depositing loess with low precipitation resulting in weak weathering. The upper end
of the Phase 3 is represented by a Bca paleosol
indicating that it was formed during the interglacial/interstadial period. Phase 4 displays very
low U-ratio and Zr/Rb signiBes that the winds in
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Figure 7. Bivariant plots of the major oxides and Al2O3 content of the Burzahama loess lithosection.

the valley were weaker during its deposition. This
is supported by higher Rb/Sr and Ba/Sr ratios
indicating higher precipitation accentuating paleosol formation. Higher CIA values (up to 80%)

suggest a moderate type of weathering during this
phase. Phase 5 exhibits little higher U-ratio and
Zr/Rb as compared to Phase 4 demonstrating
intensiBed winds during this phase; however, low
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Figure 8. X-ray spectra of the clays from the Choori loess lithosections.

Figure 9. X-ray spectra of the clays from the Burzahama loess lithosections.

Rb/Sr and Ba/Sr from the lower end to the top of
this phase indicates low to moderate precipitation.
The low CIA values (62.84–65.37%) also support
low intensity of weathering.
The Burzahama lithosection was divided into
two major phases depending on geochemical variation of the lithosection. In Phase 1 of the Burzahama lithosection from 8 to 3 m of the depth,
uniform concentration of Ba/Sr, Rb/Sr, U-ratio,
CaCO3% and TOC% was found. The Ba/Sr and
Rb/Sr ratio does not exceed 5.3 and 1.38 within
this phase. However, the Ba/Sr and Rb/Sr in this

phase is higher than Phase 2 and is constant
throughout the lithosection indicating humid conditions than that of Phase 2. The U-ratio and Zr/
Rb demonstrate peak concentration between 3 and
5 m of depth indication stronger winds during its
deposition. The CIA in this phase ranges between
60 and 75% indicating weak to intermediate
weathering within this phase of the lithosection. In
Phase 2, Ba/Sr, Rb/Sr and CIA reach its lowest
concentration (1.8, 0.38 and 65%, respectively)
between 3 and 1.7 m of depth indicating low
precipitation and weak weathering within the
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Figure 10. A correlation of the loess lithosection of Xifeng region, China (after Linpei et al. 2012) with the Choori loess
lithosection of the Kashmir valley.

Figure 11. A correlation of the well dated loess lithosection from the Xifeng region, China (after Huang et al. 2012) with the
Burzahama lithosection of the Kashmir valley.

portion. The Ba/Sr, Rb/Sr and CIA, however,
reaches its peak concentration of 5.8, 1.58 and 80%
within the top of the lithosection from 1.7 m of
depth indicating that there was an increase in
precipitation and the pedogenesis of the soil
improved from weak to intermediate. Hence, it is
clear from Burzahama lithosection that the climate
of the region varied between cold, arid to warm,
arid which resulted in weak to intermediate type of
weathering of the soil (Nesbitt and Young 1984).
The loess deposits of the Kashmir valley fall
within the subtropical zone and hence a

comparison of loess deposits as exposed in Tajikistan, Dankowice, Poland and Qinling Mountains,
central China, and indicates that loess paleosols of
Kashmir valley are more maBc in nature while the
loess from other European and central China sites
dominantly felsic in their mineral composition.
This further explains that loess-paleosols are
dominant in maBc minerals pointing towards their
local source of origin from the Panjal traps in
Kashmir valley. Major oxides from both the sites
studied (MnO, K2O, Fe2O3, TiO2, MgO, Na2O,
CaO and P2O5) display a positive correlation with
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Al2O3, suggesting their primary source of origin
from weathering.
During the initial stage of chemical weathering,
minerals like illite and chlorite are formed. Their
dominance in sediments indicates a fast erosion of
source area during cold/dry climatic conditions
(Vandenberghe et al. 1985). The advance in
chemical weathering leads to the formation of
smectite and kaolinite. The occurrence of kaolinite
in paleosols indicate the high-water, rock ratio and
well drained steeper slope during warm and humid
climate conditions (Chamley 1989). The dominance of smectite and kaolinite indicates slow but
intense mineral alteration over a long period of
time and slower rate of erosion of the source area.
The clay mineralogy of the loess and loess paleosols
do not exhibit much variation. However, the incidence of chlorite in loess indicates cold/dry period
in Kashmir valley. Chlorite getting replaced by
smectite in paleosol samples signiBes that the cold/
dry period shifted to a warm and humid climate
conditions. Illite is mostly concentrated in weakly
developed paleosols and decreases with increasing
intensity of pedogenesis. Hence, the presence of
illite in loess paleosols indicates that they are not
completely pedogenized forming mature paleosols
(McLennan 1993). Thus, clay mineralogy supported by U-ratio and geochemical parameters,
indicates low precipitation leading to the low
intensity of weathering in the valley during the
loess deposition signifying that the Kashmir valley
experienced cold, dry and windy climatic conditions during the deposition of loess. The weak
winds and moderate precipitation led to moderate
type of weathering resulting in mild pedogenesis
forming the loess paleosols. However, some paleosol horizons are more intensely pedogenized such
as the paleosol at the top of lithosection (Phase 4 in
Choori section) as revealed by its high CIA values
and high Rb/Sr and Ba/Sr ratio, indicating that
the climate was warmer and humid during the
pedogenesis of this loess horizon (Gallet et al.
1996). The higher U-ratio and high Zr/Rb in some
paleosols indicate that they were deposited during
glacial periods and later pedogenized during the
interglacial period.
The study in general reveals that the deposition
of the exposed loess and paleosols in the Kashmir
valley probably started around 54 ka, i.e., beginning of the MIS 3 period. The different geochemical
parameters of both the lithosections reveal that the
climate was highly variable when the loess deposition occurred. The winds were much stronger
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during the deposition of the loess layers than during interglacial periods; however, most of the
paleosols were formed during the interglacial period. The loess paleosols were formed owing to
subsequent pedogenesis. However, from chronological studies, it is evident that alternate warm
and cold phases over variable times occurred during the MIS 3 period. The warm phase during 36 ka
in the Kashmir valley is synchronous with similar
climate conditions in the Xifeng region of China
(Huang et al. 2012) (Bgures 10 and 11). The loess
deposits in both the regions have undergone
moderate pedogenesis giving rise to weak to moderately weathered loess paleosols. The 51.7 and
48.39 ka, i.e., during early MIS 3 which were warm,
dry and windy in Kashmir valley, was also
experienced in large parts of China (Huang et al.
2012).

6. Conclusions
MIS 3 spanned a time period from 57 to 29 ka and
during this time several stadial and interstadial
palaeoenvironment events occurred (DO and H
events). The loess lithosections studied (Burzahama and Choori) display signatures of loess
deposition during the stadial events and moderately weathered loess paleosol formation during the
interstadial events. The parameters such as the
CIA and TOC show that there has been weaker to
intermediate type of weathering in cold/dry to
semi-arid type of climate in the valley. However,
some of the paleosols are comparatively more
intensely pedogenized. The U-ratio and Zr/Rb
conBrm that wind intensity varied from moderate
to weaker during different times of loess deposition.
The present study, higher U-ratio and Zr/Rb ratio
indicating they were deposited during the glacial
period and subsequently pedogenized during the
short interglacial period. The parameters like Ba/
Sr and Rb/Sr suggest that precipitation was
mostly low during the loess deposition. Low
U-ratio and Zr/Rb data also corroborate to the low
intensity of pedogenesis forming weak to moderate
loess paleosols. A–CN–K diagram supports weaker
to intermediate types of weathering. The binary
plot of TiO2 plotted against Al2O3 reveals basaltic
to ryolite/granite type of bed rock source. The
clay mineralogy points to warm, dry to cold, dry
conditions for loess deposition. The OSL dates
indicate a minimum age of 54 ka for the exposed
loess sections at Choori and Burzahama, i.e.,
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during the beginning of MIS 3 period. And the
paleoclimate was a warm, dry to cold, but drier
in condition.
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