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In the recent years, number of studies were carried out to define the timing and extent of Quaternary glaciation throughout
the Himalayan region. Such studies have helped to understand the past climate changes and further develop predictive
futuristic models. There have been 22 research studies that were carried out during the past six years (2010-2016) with
equal contribution from Indian researcher and their international counterparts in terms of research output. Most of these
studies have focused on the north-western Himalaya, with only a few studies being carried out in the eastern part. Recently
published new glacial succession chronologgr(@strial Cosmogenic Nuclidé’Be TCN), Optically Simulated
Luminescence (OSL), Electron Spin Resonance (ESR) and Radiocki@)rir( these studies provide a synoptic picture

of glacial episode for most the Himalayan regions. Major glacial advances occurred during the Last glacial stage and early
Holocene, with minor fluctuations during the mid-Holocene. However, recent study suggests contrary to the earlier
suggestions that a reasonably large valley glacier expansion occurred during the global Last Glacial Maxmium (LGM), likely
in response to global variations in temperature.
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Introduction growing number of chronologic data and studies in

. . ) recent years, yet there is no general consensus
The Hlmal_ayan region alter_ed large-scale climate concerning the timing, extent, and climatic forcing of
systems including theAsian monsoon and glaciations in the Himalayan region (Gillespie and

considerably influenced the regional and global Molnar. 1995- Oweret al. 2008: Scherlest al. 2010:
atmospheric circulation that may have played a keyOwen and Dortch, 2014). This region is fed by two

role in the onset of Quatgrnary glaciation (Molnar dominant climate systems viz. the Indian summer
and”Eng(;and, 1;)90h; Rugdgdzlman and Kugbacga.lggl;monsoon (ISM) and the mid-latitude westerlies. The
ngz_a; Kutz da(é)’ 1 1§§8§y(r)no anl RZ% 0 z'man’influence of these weather systems varies spatially
» Benn and Uwen, L wenal, )_' so much that most of the southern and eastern
Information on the_ggogrgphlc_: extent and magnltudepart of the Himalaya experiences a pronounced
of Quaternary glaciations in this largest glaciated aredg ; mer precipitation which sharply declines
outside the polar region is importantforunderstandingnorthw‘,:lrd across the Himalaya. The mid-latitude
the climatic, grosmnal, and tect_omc evolu.t|on_of this westerlies are responsible for a winter precipitation
glant orogenic system (BrOZO\M:aI.,'1997, Zeitler maximum at the extreme west of the Himalaya,
et aI.,_ 2001.’ Nortoret al, 2010;Willett, 2010). Trans-Himalaya andibet (Benn and Owen 1998;
Practically in the context of contemporary global Yang et al, 2008). Benn and Owen (1998)
yvarming, climate variabilityand associated spcietal hypothesizéd that the relative role of these two
impacts and for a better assessment of regional angyj inant climate systems varied significantly

global forcing factors for future glacier behayibrs throughout the Quaternargsulting in asynchronous

|rEportant too chara;(ggg.zesaa d %ﬁrg'f}{ﬁ ast glamal glaciation across the Himalaya region. In recent years,
changes (Owen, » Sehey )-There is a numerous researchers have undertaken detailed
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studies of the regios'Quaternary glaciation supported Studies on Himalayan Quaternary Glaciations
by better approachabilityatest remote sensing (2010-2016)

techniques and numerical dating that resulted number_l_h 22 articles that h b blished
of publications and allow to provide an inclusive ere are articles that have been published on

overview on Quaternary glaciation of the Himalayan I—:mglalya:jn Q;Jaterngry glac_:l?tlon_lfjhurlng th.lsl pe;:od
region. With this consideration, the study has an thatincludes four review articles. These articles have

objective to synthesis recent studies carried outsinceCOHBCted 217. citations. Most of S‘Pd'es were
last six years i.e., January 2010April, 2016 on concentrated in the north western Himalaya and
Himalayan Quatérnary glaciation to provide an mostly focus in Uttarakhand and Jammu and Kashmir
exhaustive review on Quaternary Glaciation for (J&K) Hlmalaya region (F'g'. 1). The Nepal and
Himalaya region and to examine the role of climate eas“?”! Himalaya neglected in terms .Of Quaternary
and other forcing factors on Quaternary glaciation Glaciation research except three studies were found

and further to understand the nature of climate changér(_)m these regions_including a ;tudy from ggstern
in the region. Himalaya syntax (Fig. 1). Following the significant

developments in OSL and TCN surface exposure
M ethods dating during the 1990s and early 2000s, respectively

all studies applied either of the techniques/methods
In the past six years, number of attempts have beemng sharing equal percentage i.e. TCN (50 %) and
made to generate numerical ages on the moraingys (50%) with few studies incorporated both of
successions. Thus, to know the status of research Ofechnique including thé*C. However TCN dates
Himalayan Quaternary glaciation, bibliometric (>250) available more in number to the Himalayan
indicators and evidence were analysed to allow theglacial successions than OSL dates (>40) with few
recent research in this area and for this purpose we4c qates (~Besides, another potentially important
used largest database of peer-reviewed literature fro”iechnique, ESR dating has been undertaken in the
following websites e.g. Scopus (https:// eastern Himalayan syntaxes area. Interestingbgt
www.scopus.com/) aneb of Science databases of the OSL dating based studies have been carried
(http://thomsonreuters.com/en/products-services/ gt by the Indian scientists owing to laid-back
scholarly-scientific-research/scholarly-search-and- accessibility of OSL facilities in comparison to TCN
discovery/web-of-science.htmfVe conducted our  tacilities which is in initial stage in the country
study using simple and advance search option availableyithough, the contribution of Indian scientists is almost
in the above mentioned websité¥le restricted  game in terms of sharing the percentage in Himalaya
attention to the past 6 year period i.e. 2010 January Quaternary glaciation studies. It shows steady growth
2016April. For search strategwe used ‘Glaciation’ i scientific output in Himalayan Quaternary glaciation
as a keyword and further include the ‘Himalaya’ and stydies from India counterpart during the last six
‘Glacial’ as an additional keywords in Boolean years, Developing the TCN dating facilities, enhancing
operation mode of search option in the title, topic and he existing OSL dating facilities in the country with
publication name fields for all above mentioned |qgistical, accessibility and financial supports can
web portal (webpage accessed during the period ¥yrther increase the number of contribution on
May to 15 May 2016). Besides, we update here theyjmalayan Quaternary glaciation studies form Indian
results published in recent publications started from counterpart. The age (TCN, OSL, and ESR) clusters
2010 to tillApril 2016 and incorporating inferences o, distributions for the Himalaya are presented
from recent reviews provided Byi and Juyal (2013),  graphically in Fig. 2. It allows us to examine
Dortchet al (2013); Muraret al (2014); Owen and  reasonably clustered or spread/distribution of glacial
Dortch (2014) by combining more than >170Be  expansion ages in the Himalaya. Moregvie
dates. Instead of individual numerical ages of thesegreatest challenge is interpreting the broad spread of
studies, we focus on the search for certain patterngges. Figure 2 demonstrate a decrease in sample
in glacier variations during the Quaternary period and frequency with increasing age. This is essentially a
their potential driverdVe direct readers to the original  fnction of preservation, with younger landforms being
publ_ications for the details and individual dates of petter preserved, more common, less difficult to date
glacier advances. and were more active that might have destroyed the
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Fig. 1: SRTM Digital Elevation Model (DEM) showing area of studies carried out during the last six years (2010-2016) in the
Himalayan region and discussed in detail in this paper. TRMM Precipitation data draped over the SRTM DEM with 30%
opacity showing the trend of precipitation across the Himalayan region (TRMM data source : Bookhagen and Burbank
2006). Note black, blue, red and grey marked text shows studies used TCN, OSL, “C and ESR dating techniques,
respectively and italic black text shows studies in descriptive in nature and not provided chronology.
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Fig. 2: Age distribution of the all complied ages (< 200 ka) from recent studies (2010-2016) across the Himalayan region and
its comparison with the paleo-climate proxy records of the Guliya ice core record (Thompson et al. 1997), NGRIP §80
curve (Andersen et al. 2004) and the simulated 30°N insolation (Leuschner and Sirocko 2003)
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evidence of early glaciations. The age distribution haveZanskar range in north-western India and identified
been sorted into two climatic topographic regions semi-five glacial stages, namely: (i) thehambur glacial
arid western Himalaya dominated by the mid-latitude stage dated to 62.7-38.7ka (MIS-4 to 3); (i) Thagul
westerlies and monsoon-influenced region of Himalayaglacial stage dated to the early part of the Lateglacial
as same grouped by Dortehal (2013), Murariet (17.4-16.7ka); (iii)) thédmantick glacial stage to the
al. (2014)to maintain consistency in review and later part of the Lateglacial (14.3 ka, 12 47ka);

discussed in details below (iv) the Lomp glacial stage dated to the Little Ice
Age; and (v) thdanak glacial stage probably dating
Semi-arid Western Himalayan Region to the last few decades. Given the style and timing of

glaciation in the study area, they suggested that climate
There are seven studies has been carried out for thgy the Nun-Kun region is linked to Northern
Semi-arid region during last six years (2010-2016). Hemisphere climate oscillations with teleconnections
For instance, Dortcét al (2010) has been identified  yja the mid-latitude westerlies. Moreoykledricket
three gIaCiaI Stages ViZ., DeShkit'l, Deshkit-2 and al. (20]1) presented g|acia| Chr0n0|ogy for the Puga
Deshkit-3 and were dated to ~45 ka, ~81 ka and ~1444nd Karzok valleys along the south-eastern Zanskar
ka respectivelyin the mid-westerlies dominated Range. In the Puga vallaylaciers advanced >15 km
Nubra-Shyok valley in the Karakoram ranges. They gt ~129 ka and ~10 km at ~46 ka,~4.2 ka and ~0.6
suggested that Deshkit-1 and 2 glacial stages seemga. |n the Karzok valleyglaciers advanced ~1 km at
to be synchronous with regions influenced by -3 .6 ka. Boulder exposure ages from a large moraine
monsoon precipitation during MIS-3 and MIS-5/6 complex in Karzok indicate a glacial advance of ~4
transition. HoweverNagaret al (2013) based on  km from the present ice margin at ~80 ka. The oldest
OSL chronology suggested that the Nubra valley wasmoraine in Karzok, dated to ~Bka, indicated that
extensively glaciated during the LGM and attributes the glaciers advanced >10 km during MIS-9.The
it to the enhanced moisture contribution from the mid- Chr0n0|ogy of g|acia| advances in the two Va”eys
latitude westerlies. In addition, recent studies by Dortch shows asynchronicity and absence of ear|y Holocene
etal (2013) based on exposure dates identified five glaciation and that the pattern of glaciation markedly

new glacial stages for the Ladakh Range viz., thejn these valleys from those in the southern ranges of
Ladakh-4 glacial stage at 81+20 ka; the Ladakh-3 | ghaul and the Ladakh Range.

glacial stage (undated); the Ladalgdietial stage at

22 + 3 ka; the Ladakh-1 glacial stage (undated); and ~In recent studies, Saled al (2016) discussed
the Ladakh Cirque glacial stage at 1.8 +0.4 ka. the genesis of streamlined landformsrimma and
Besides, three local glacial stages are defined for théchandra valley and dated these landforms to ~8-7
Pangong Range, which include: the Pangong-2 glaciaka&, Which is evidence of an early Holocene valley
stage at 85 + 15 ka; the Pangong-1 glacial stage at 4@laciation. In addition, they also reported glacial
+ 3 ka; and the Pangong Cirque glacial stage at 0.4 +2dvances during ~17-15 and ~79-52 ka in the middle
0.3 ka. These authors have further developed the first'unam valley Another recent study based on
regional framework of glaciation by combined new €osmogenié®Be exposure ages from well-preserved
and previously reported chronology across the drylandglacially polished surfaces, combined with published
regions of the Greater Himalay&rans-Himalaya, data, and an improved production rate scaling model
Pamir andTian-Shan at the western end of the allow reconstruction of the LGM ice extent and
Himalayan-Thetan orogenAccordingly suggested subsequent deglaciation in the Chandra valley of NW
that regional glacial stages older than 21 ka are broadiyndia (Eugsteet al, 2016). They support the view
correlated with strong monsoons whereas stages thahat many Himalayan glaciers advanced during the
are 21 ka or youngetorrelate with global ice volume LGM, likely in response to global variations in
given by Marine Isotope Stages, and northernt€émperature.

hemisphere climatic events (Dortehal, 2013)

Monsoon-influenced Himalayan Region
Leeet al (2014) reconstructed late Quaternary

glacial history of the Nun-Kun massif, located on the During the last few years, most of the Quaternary
boundary between the Greater Himalaya and theglaciation studies focused in the monsoon dominated
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central Himalaya and provide number of glacial ice volume during the BGS-III glaciation. Moreoyer
succession ages from this region. For instance,Murari et al. (2014) reported that glacial landforms
Scherlert al (2010) based olBe dating of lateral  in central Garwhal are present only within a few
and terminal moraines in the uppBns valley in kilometres of the present glaciers and all date to less
western Garhwal (Uttarakhand) identified a total of than ~12.5 ka. They dated prominent latero-frontal
five glacial episodes that occurred after the LGM i.e. moraines to the Lateglacial, the Early Holocene, and
16 ka. Following this, four glacial episodes of tothe Neoglaciatioccordingly they suggested that
decreasing magnitude have been dated betwelen ~1 the Lateglacial and/or Holocene glacial advances were
12 ka, ~8-9 ka, ~5 ka and <1 ka. The study observedmore extensive than their predecessors and hence
that although there was a significant change in thedestroyed or buried evidence for earlier glaciation or
glacier coverthe ELAwas depressed nganally that other processes, such as intensive fluvial erosion
(Scherleret al 2010). By comparing the glacial and/or hillslope mass movements, have destroyed
chronologies from the western Himalaya with other evidence of earlier glaciation.

palaeoclimatic proxythey suggested that long-term
changes in glacial extents are controlled by glacial-
interglacial temperature oscillations related to the o _ _
waxing and waning of the large northern-hemispherenorth a”?' the sub-humu;i Hlmglayan climate in the
ice sheets, while the timing of millennial-scale advance-SOUt_h’_AII .et al. (2013) |de_nt|f|ed fou_r events_ of
and-retreat cycles are more directly related to glaciation i.e. Stage-I to IV with decreasmg_me_lgnltude.
monsoon strength. Mehgaal. (2014), based on OSL The oldest and longest Stage-I glaciation was

ages, has reported five episodes of glacier advancefélttribu'[eOI to the lowered tempe_rature and marginally
in the UppefTons, at 20 + 3 ka, 16 + 2 ka, 8 + 1.2 ka, enhanced I_SM and was assigned to MIS-3. The
6 + 07 ka and 3 + 0.6 ka and demonstrated a>tage-!! optically dated between ~25+2 ka and ~22 +
parallelism between the OSL and the TCN%Fe of 1 ka which implies significant glacier expansion during

Scherleret al (2010). They suggested that two of the global LGM which is ascribed to a combination of

the most extensive phases of glaciation were duringthe lowered temperature and enhanced mid-latitude

the early and later parts of MIS-1, which attributed to westerlies. The undated younger glacial e_vents v_iz.
the lower temperature and enhanced the mid-IatitudeStage'III and IV are speculated to be deposited during
westerlies Another study by Mehtet al (2012) the mid-Holocene weak ISM, and the cool and moist

based on moraine stratigraphy supported by OSLLiﬁIe IceAge (LIA), re_spe(_:tiv_e_IyBali etal (2013) ,
dating, identified four major events of glaciations with also observed that glacier significantly advanced during

decreasing magnitude dated to 13 + 2 ka (RGS), 9 ithe MIS-3, LGM and mid to late Holocene (6 ka, and

1ka (GhGS), 7 + 1 ka (GGS) and 5 + 1 ka (KGS) in 3 ka) inthe Eindari valleanother rgcent study fr_om
the Chorabari glacier valley (Kedarnath). upper Dhauliganga vallegentral Himalaya by Bisht
et al (2015) suggested four events of glaciations with

Sati et al (2014) based on optical and decreasing magnitude which are termed as Purvi
radiocarbon dating of lateral moraines in the monsoonkKamet Stage-la (PKS-la), PKS-Ib, PKS-II, PKS-
dominated Dunagiri valley of the Central Himalaya || and PKS-IVrespectivelyThe oldest PKS-la and
provide evidence for three major glaciations during |b are assigned the Marine Isotopic Stgae-3 (MIS-3),
the past ~12 ka, namely the Bangni Glacial Stage-lthe PKS-II to the LGM (MIS-2), PKS-IIl dated to
(BGS-l) at (12-9 ka, followed by the BGS-Il glaciation 7.9 + 0.7 ka and broadly coincides with the early
between 7.5 and 4.5 ka and the BGS-IlI glaciation atHolocene cooling event (8.2 ka), and the PKS-IV is
~1 ka.According to the authors, the valley glacier of dated to 3.4 + 0.3 ka and 1.9 + 0.2 ka during the late
oldest BGS-I glaciation responded sensitively to Holocene cool and moist climate. In addition, ¢tu
decreased temperature and increased precipitatiorl. (2015)reported most extensive glacial advance in
during the early Holocene. The second glacial advancehe Basongcuo (BSC) catchment in the eastern
(BGS-II) attributed to low temperatures caused by Himalayan syntaxis, is consistent with the LGM in
increased cloudiness and evaporative cooling asmonsoon-dominated central and eastern Nepal (Zech
suggested by Ruppetal (2009) A warm and moist et al, 2009Ali et al, 2013; Owen and Dortch, 2014
climate at ~1 ka was responsible for a reduction inand references therein) that started at ~30 ka, during

In Goriganga valleytocated in the transition zone
between the dry steppe of thibetan plateau in the
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the late MIS-3, a period of low effective moisture of the Himalayan-ibetan orogen to develop a regional
(Herzschuh, 2006) and the beginning of LGM cooling framework for glaciation across these dryland regions.
(Thompsoret al, 1997) According them, the glacial They recognized nineteen regional glacial stages and
advances in the BSC catchment were sensitive tonamed as the semi-arid western Himalayédrefan

global cooling. stages (SWHTSAccording them the glacial stages
older than 21 ka are correlative with the strong
Discussion monsoons, whereas, those around 21 ka or younger

broadly correlate with global ice volume and northern
In the Himalaya, previous studies suggested stronthemisphere climatic events (Oldest Dryas, Older
sensitivity of glaciers to variations in precipitation Dryas, Younger Dryas, Roman Humid Period, and
gradient from eastern Himalaya to the Karakoram |jttle Ice Age). Using the methods of Dortet al
ranges in the west and thus to orbitally driven Monsoon(2013), Murariet al (2014), with the help of new
intensity (Owen and Dortch 2014; Eugstdral  10Be-ages defined the timing of glaciation in SW
2016). In the central and eastern Himalaya, it hasgarhwal and recognized 29 regional glacial stages
been suggested that glaciers expanded predominantihroughout the monsoon-influenced regions of the
during strengthened phases of the ISM with minorHjmalaya, which they called monsoon-influenced
advances during weak phases of the ISM (OwenHjmalayan-Tbet stages (MOHITS).They suggested
2009; Dortctet al, 2010b; Owen and Dortch 2014;  that there are strong correlations with both periods of
Satiet al, 2014). While in the western Himalaya strong monsoons and northern hemisphere events
westerlies seem to dominate the post LGM glaciationsthroughout the entire chronologic range. They have
(Dortchet al, 2013; Eugsteet al, 2016). Oweret  dentified 16 stages linked to the monsoon ahd 1
al. (2005) proposed that the glaciers in humid areasstages linked to the mid-latitude westerlies (two
advanced due to changes in precipitation, whereasynassigned) with a complex pattern of glaciation
glaciers in more arid areas are temperature drivennfluenced by two climatic systems since the mid/late
and advanced synchronously with northern QuaternaryMoreover Owen and Dortch (2014) by
hemisphere ice sheets. In contrast, Zatcl. (2009) analysing more than >1700 ages reported that
recently suggested that glaciers situated inHimalayan-Tbetan glaciers in arid regions during the
orographically shielded areas are more sensitive toast glacial cycle reached their maximum extent early
changes in precipitation; whereas, glaciers that receivgn the cycle and that global LGM glacier advances
high amounts of precipitation are more sensitive to \yere significantly less extensive. Howe\apng the
changes in temperature. Rupperal (2009) had  more monsoonal-influenced Greater Himalaya, there
reported that the increased snow accumulation dugs increasing evidence to suggest that glaciation was
to high precipitation, during the mid-Holocene, was more extensive later in the last glacial cycle and has

much smaller than reductions in ablation caused byto be fully assessed (Owen and Dortch 2014).
lower temperatures attributed to increased cloudiness

and evaporative cooling. Thus, despite agreementon ~ However despite a rich collection of >1700
the importance of monsoon strength for glacier COSMOgenic exposure ages that mostly stem from
behavior in the Himalayan realm, the exact moraines (Dortclet al, 2013; Murariet al, 2014;
mechanisms, timing, and geographic extent of Owen gnd Dortc_h, 2(_)14), it has proven dlfflc_:ult t_o
monsoonal influence is debatable (Schedesl unambiguously identify the nature of the climatic

controls on glacier fluctuations during the late

2010). :
Quaternary period. For example, robust data on
Recent reviews and studies by Dorehal advances of Himalayan glaciers during the global

(2013), Murariet al (2014) and Owen and Dortch LGM, defined as the time period of maximum global
(2014) have utilized th&Be TCN dating and have ice volume from ~19 to 23 ka during MIS-2, are limited
shown a complex pattern with some regions having (Eugsteret al, 2016). This particularly applies to the
evidence for glacial advances at times when othersmonsoon-influenced sectors of the Himalaya where
show no advance. Despite this compleXigrtchet early last glacial, late glacial, and early Holocene
al. (2013) examined the glacial successions'éae advances are commonly recognized (Sharma and
ages across the semi-arid regions at the western en@wen, 1996; Barnaret al, 2004; Owen, 2009;
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Scherleret al, 2010:Ali et al, 2013; Murariet al, glaciers of Bhut basin retreat from 1962 to 2001 in
2014; Owen and Dortch, 2014; Settal, 2014; Bisht  the Jammu and Kashmir (J&K) Himalaya at 10%
et al, 2015). Howeverecent studies throughout the (~0.3% al), retreat inWarwan basin at 21% (~0.6%
Himalayan region including the semi-arid mid- a?) and retreat in Zanskar at 9% (~0.3%.an the
westerlies regions e.g. Nubra-Shoyk valley (Nagar Himachal Himalaya, Kulkarrét al. (2007) reported
et al, 2013), Ladakh region (Dortaoét al, 2013), a glacier retreat rate of 21% (~ 0.5%)an Chenab
Chandra valley (Eugstet al, 2016) and monsoon basin, 22% (~0.6%3 in Parbati, a sub-basin of Beas
dominated regions e.g. Goriganga valley @lal, and 19% (~0.5%3) in Baspa, a sub-basin of Sutle;j.
2013), Pindari valley (Bakt al, 2013),Tons valley In addition, there were noticeable variations within
(Mehtaet al, 2014; Scherleet al, 2010), upper sub-basins of Chenab as glaciers in the Bhaga, sub-
Dhauliganga valley (Bislet al, 2015) and Basongcuo basin of Chenab, retreated at 30% (~ 6'Bwahereas
(BSC) catchment in the eastern Himalayan syntaxisin the adjoining sub-basin of Chandra and Miyar (for
demonstrate that contrary to the earlier suggestions111 glaciers), glaciers retreats were 20% (05 a
a reasonably large valley glacier expansion occurredand 8% (0.2 &), respectivelyfrom 1962 to 2001/
during the LGM which is ascribed to the eastward 2004 (Kulkarni, 2012) based on the Survey of India
penetration of the mid-latitude westerlies. (Sol) topography map and LISS IIl images (spatial
_ _ resolution 23.5 m). Mirt al (2013) reported a
The another most extensive glacial advance noticeable deglaciation of 26.1% (~ 0:8)dor the
occured during early Holocene in the Himalayan mapped 34 glaciers ffirungkhad sub-basin of Sutlej
region and particularly also applies to the mMoNso0N-qyring 1966-201 using the Sol toposheets and
influenced areas. This advance is represented by gndsat satellite images. Howeyétandey and
impressive suites of sharp-crested moraines whichy/enkataraman (2013) reported a comparatively lower
have been dated by numerous researchers usingatreat rate of 2.5% (~0.T % for the 15 glaciers in
radiocarbon, OSANdTCN methods to betweent.b Chandra and Bhaga sub-basins of Chenab (1980-
and 8.0 ka (Scherlet al, 2010; Meht@t al, 2012;  2010) using the remote sensing datasets of Landsat
Murari et al, 2014; Mehtaet al, 2014a; Satet al, MSS/TM and IRS LISS-III/AVFIS. Morever the
2014, Bishtet al, 2015). Howeverthe extent of ecent study by (Chand and Sharma (2015) also
glacial advances and ELA depressions during the ea”)feported lower recession rate of 4.6 + 4.1% for Ravi
Holocene varies considerably between regions.pasin glaciers of Himachal Himlaya using high to
Besides, Glacial advances during the LIA in the medium resolution datasets of CoronarldView-2
Himalayan region are not well defined. However anq Landsat 8 OLI/TRIS. In addition, Bhamétil
Dortchet al (2013) showed that a significant regional (2011) estimated comparatively less glacier loss at
glacial stage is recognized across the semi-aridg g + 2 894 (~0.1 +0.19%} based on high resolution
western end of the Himalayan region at 0.4 + 0.1 ka.corona and Cartosat-1 imageries from 1968 to 2006
Since the end of the LIA (~1850s), Himalayan in the Bhagirathi and Saraswati/Alaknanda basin of

. : . _Garhwal Himalaya which is similar to Chand and
glaciers have been in a general state of recessio

o o
(Mayewski and Jeschke 1979; Bhambri and Bolch%harma (2015) (0.1 + 0.1%7. For the Sikkim

2009). Himalayan glaciers studies indicate that many:j)lsrga;asyZ'nB:rsen; ?):‘ 6:‘3" :(32813 )8r02po~rt%d2t hf gli%ef

glaciers show an increased, receding-trend over thebetween 1989/90 and 2010. In contrast. there was

past few decades (Kulkarei al, 2007; Bolctet al, . ) , )

. . eterogeneity found in glacier response in Karakoram
2008), and many glaciers have stable fronts since 200(?egion For example, based on space imagery
(Bhambriet al, 2013; Bahugunat al, 2014). Bhambriet al (2013) reported an overall slight area

Glaciers in the Karakoram region, show long-term __. 0 L
irregular behavior with frequent advances and possiblegam 0f 0.1 £3.5% forthe glaciers in the upper Shyok

slight mass gain since 2000 (Hewitt 20Bolchet valley from 1973. o 20]]'. This s_uggests that the
e i ] Karakoram area is showing a different response to

al., 2012; Kadlet al, 2012; Gardellet al, 2013; climate change than other parts of the Himalaya

Bhambriet al, 2013). For instance, on the basis of 9 P ya.

Sol topographic maps and Indian remote sensing The long term rate of retreat for the past four
satellite (IRS) images, Kulkarni (2012) estimated decades is available for around 100 glaciers in the
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Himalaya (Kulkarni and Karyakarte 2014; Bolet Moreover in monsoon-influenced regions, predicted
al., 2012). The reported mean loss of glacial lengthincreased snowfall and increased cloudiness may lead
over four decades is approximately 621 + 468 m, with to positive glacier mass balances. Consequesutiye
large variations across the Himalayan region (Kulkarni glaciers may thicken and advance and it needs
and Karyakarte 2014). Morovethe recent studies exhaustive research (Owen and Dortch, 2014).

on individual glaciers also suggest that most of the _

glaciers are in retreating phase although the rate ofconclusion

retreat varies from one glacier to another (Medtta
al., 2011; Azamet al, 2012; Bhambret al., 2012;
Pandey and Ghosh 2012; Dobbkgél, 2013; Mehta
et al, 2013; Pandey andenkataraman 2013; Mehta
et al, 2014bAzamet al, 2014; Chand and Sharma

In recent years, number of studies has been carried
out to understand the nature, timing, and extent of
Late Quaternary glaciation in the Himalayan region
specifically aided by improvements in remote sensing
and dating methods. There has been 22 studies carried

2015b; Chancet al, 2016; Nainwalet al, 2016; ;4 on Himalayan Quaternary glaciation during the
Chand and Sharma 201&uch complexity and o six years (2010-2016) with equal contribution

variations invites a rigorous and systematic analysisfrom India counterpart in terms of total output. Most

of the Himalayan glaciers instead of direct ,¢nase studies are concentrate in the north-western

comparisons and extrapolations of results from well- | ;5 aya with few studies from eastern part. Recently
studied glaciers in some of the basin to others poorlypublished new glacial succession chronoldgg,

observed glacierized basin (Chand and SharmaOSL’ ESR and“C) suggest complex patterns of
2015a)Besides, the earlier studies on the eSt'mat'onglaciation that are emerging imply that glaciation

of glacial area and recession for the Indian Himalayathroughout the Himalayan region reflects temporal
are based on Sol maps (1960s-70s) and COars€land spatial variability of forcing by the different
resolution satellite images (Kulkaret al, 2007, ;jimatic systems that dominate the region. Moreover

Meht?‘et al, 2011, Panglewt al, 201 Miretal,  j shows that throughout most Himalayan regions,
2013; Mehteet al, 2013; Pandey andenkataraman  gjgniicant glacier advances occurred during Last

2013; Mehtaet al, 2014b). Howeverthe recent  g15.ia) and early Holocene, with minor advances in
studies suggests that earlier estimations pnmarllySome regions during the mid-Holocene. However

based on Sol maps are highly erroneous andigcont study in the throughtout Himlayan region
overestimate glacial change, and therefore yomgngirate that contrary to the earlier suggestions,
reassessment and recalculation based on high, re450nably large valley glacier expansion occurred

reolustion images, if possible, are required for more during the global LGM, likely in response to global
accurate and pragmatic results (Chand and Sharmg_.-+ions in temperature

2015b; Chand and Sharma 2015a; Cledrad, 2016).

Moreoverthe irregular behavior of Himalayan glaciers Moreover there is a growing concern to
fluctuation in general could be attributed to local/ comprehend the pattern of deglaciation following the
regional topography (Haeberli 1990), local/regional LIA is important for understanding the role of natural
climatic system (Kargekt al, 2005), glacier  versus anthropogenic contribution in glaciers response,
hypsometry (Furbish andndrews 1984), the particularly considering significant debate pertaining
characteristics and thickness of supraglacial debristo the rising global temperature and its likely impact
cover on the glacier surface (Boleh al,, 2008; on the mountain glaciers (IPCC 2007, 2013).
Scherlert al, 2011; Chand and Sharma 2015a), the However the pattern of glacial dynamics is complex
glacier size and ratio of accumulation area to total and asynchronous during the climatostratigraphic times
area (Kulkarniet al, 2007), contributions from including recent period. Thus in view of the studies,
tributary glaciers (Nainwaét al, 2008) and their  to draw a conclusion, it is important to map glacial
geometrical/morphological properties (Mektaal, succession in different climate zones, especially for
2014b). In addition, increased deposition of black those poorly investigated areas of the Himalaya e.qg.
carbon on glaciers and reported climate warming Eastern Himalaya field record and supplemented with
across the Himalayan region, is supposed to enhancéigh resolution remote sensing datasets in order to
melting (Menonet al, 2010; Gertleet al, 2016). examine the interlinkages between climatic, non-
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climatic and glacial systems in implication to regional

water balance, recharge of river-fed aquifers and

hydrological regime for hydro-poweagriculture,
ecosystems of the high altitude and foreland areas i
the densely populated spaces of Sdigia.
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