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This study presents glacio-archaeological evidence from the Miyar basin, Lahaul Himalaya, that points
towards the former presence of a well settled agricultural society, within a glacier end moraine complex.
Three high altitude villages (Tharang, Phundang and Patam, now in ruins) with elaborate irrigation
networks thrived within the end moraine complex of Tharang glacier at 3700 m a.s.l. Evidence exists in
the form of dilapidated houses which had an organised internal space, chronologically constrained by
radiocarbon (4C) dating. These settlements occupied the end moraine complex between 980 and 1840
CE, thereby encompassing the majority of Little Ice Age period (1300-1600 CE), as defined elsewhere. The
existence of settlements along with an irrigation system and associate fields at ~3700-3800 m a.s.l. for
almost ~860 years during the late 10" to early 19" centuries suggests more favourable climatic (warm)
conditions that at present. By contrast, present habitation is restricted to areas below ~3500 m a.s.l.
However, the slope controlled irrigation system also suggests moisture stressed conditions during the
980-1840 CE period, similar to present. The available temperature and snowfall proxies for the region
support our proposed timing, and suggest favourable climatic conditions for the survival of these
settlements.
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1. Introduction thisregion.Rowan (2016); Solominaetal.(2016),and Xuand Yi(2014)

summarise the glacial chronology and thereby constrain the timing,

The Himalaya contains the largest concentration of glaciers
outside the polar regions, and are a source of water for ~800 million
people (Bolch etal.,2012). Glacier fluctuations in the region can result
in hazards and associated water shortage issues (Richardson and
Reynolds, 2000). Understanding these glacier fluctuations during the
last two millennia, including the Medieval Warm Period (800-1300
CE) and the Little Ice Age (LIA: 1300-1600 CE), will help us to
understand present day climate variability, and predict future
conditions (Nesje and Dahl, 2003). Prior to work by Mayewski and
Jeschke, (1979), little was known about glacier fluctuations in the
Himalaya over the last two millennia. However, in the last three
decades, many studies have helped in revealing the glacial history of
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extent and frequency of glacier fluctuations. Studies from neighbour-
ing regions suggest one (Sharma and Owen, 1996; Barnard et al.,
2004a; Deswal et al., 2017) or two (Owen et al.,, 1996,1997, 2001;
Taylor and Mitchell, 2000; Barnard et al., 2004b; Orretal., 2018,2017)
episodes of glacier advance during the LIA period. In terms of the
timing, studies suggest glacier expansion at ~800 years BP and ~200
years BP in the Upper Chandrabhaga basin and Zanskar (Owen et al.,
1996, 1997, 2001; Taylor and Mitchell, 2000; Orr et al., 2017, 2018);
during 200-300 years BP in NW Garhwal (Sharma and Owen, 1996;
Barnard et al., 2004a); during 600-140 years BP in the Gori Ganga
basin (Barnard et al., 2004b); and at ~150 years BP in the Miyar Basin
(current study area) (Deswal et al., 2017). These glacier fluctuations
were dated based on sediments within terminal moraines, located
~1-2 km from contemporary glaciers. Other studies also suggest LIA
glacier expansion in the Himalaya, but are mostly based on relative
rather than absolute chronologies (Owen et al., 1996, 1998, 2000,
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2001, 20024, 2002b, 2005; Sharma and Owen, 1996; Derbishyre and
Owen, 1997; Lehmkuhl et al., 1998; Taylor and Mitchell, 2000;
Spencer and Owen, 2004). In the Himalaya, wherever numerical
dating has been applied, there are typically a limited number of dates
(<2) (Iwata, 1976; Richards et al., 2000; Owen et al., 2001). Areas
which have been historically accessible, such as Khumbu (Fushimi,
1978; Iwata, 1976; Richards et al., 2000), Garhwal (Barnard et al.,
2004a; Murari et al,, 2014), Milam (Barnard et al., 2004b), and Gonga
Shan (Owen et al., 2005) have produced most dates. In brief, most of
the glacial chronology of the region is based on the Central Himalaya
(Khumbu and Garhwal Himalaya), and often dictated by the
accessibility of particular well-dated or well-studied sites. Owen
(2009) highlights the limited accessibility and paucity of suitable
material to date recent glacial fluctuations in the region.

Despite these limitations, attempts have been made to under-
stand glacial fluctuations in the region by analysing climatic proxies,
suchastreerings(Singh and Yadav, 2005; Yadav,2011a,2011b,2013),
lake and lacustrine sediment geochemistry (Juyal et al., 2009;
Phartiyaletal.,2009; Wunnemannetal.,2010; Srivastavaetal.,2013;
Mishra et al., 2014; Bali et al., 2017), and speleothems (Sinha et al.,
2011; Sanwal et al., 2013; Liang et al., 2015). However, findings from
these proxies are often contradictory, forexample suggesting weaker
(Gupta et al,, 2003; Sinha et al., 2011; Yadav, 2011b) as well as
stronger monsoon (Liang et al., 2015) conditions during the LIA, and
sometimes suggesting glacier expansion during this period, and
sometimes not. As a result, there is clearly a need for additional
research, based on a robust chronology, in order to improve
undemanding of LIA glacier fluctuations in this region.

Glacial archaeology and historical records (often underutilised)
both allow a better understanding of climate, glacier fluctuations
and human migration (Biagi and Cremaschi, 1988; Zhang and Li,
2002; Brantingham et al., 2003; Meyer et al., 2009; Nussbaumer
and Zumbiihl, 2012; Dixon et al., 2014). For example, Meyer et al.
(2009) used geomorphologic, palaesoenvironmental and archaeo-
botanical data to reveal the earliest evidence of human activities in
the High Himalaya, and made associated links between climatic
change, glacier fluctuations and human migration patterns. Zhang
and Li (2002) used the handprints and footprints of Homo sapiens
on hot spring travertine and the remnants of a fireplace, to suggest
that the Tibetan plateau was not occupied by an ice cap during the
Last Glacial Maximum (LGM).

In brief, existing glacio-archaeological remains along with
historical maps and achieves provide a direct indication of past
climate, glacier fluctuations and human migration. This is
particularly true within the Himalaya, where occupation can only
occur on glacier-free sectors of the landscape, which also provide
access to water, materials for fuel, and productive soils (Meyer
et al., 2009).

Ruins within the Tharang glacier end moraine complex, in the
Miyar basin, Lahaul Himalaya, represents a valuable glacio-archaeo-
logical record. The particular significance of the Tharang glacier ruins
results from their proximity to the Tharang glacier, and the availability
of historic maps that mark the positions of contemporary glaciers and
archaeological remains. In this study, we present glacio-archaeolog-
ical, geomorphological and historical evidence of former settlement
within the Tharang glacier end moraine complex, and discuss our
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Fig. 1. The climatic and topographic characteristics of the study area. ‘a’ Mean annual precipitation (after Hijmans et al., 2005) in the Indian subcontinents along with the
prevailing wind systems (arrows) and location of the study area. ‘b’ Mean annual temperature (after Hijmans et al., 2005) across the Himalayan ranges, and highlighting the
location of the study area. ‘c’ Digital Elevation Model (SRTM, 30 m) of the study area (Miyar basin) along with major glaciers (as in year 2016).



findings in the context of existing glacial and other palaeo-climatic
proxies from the North West Himalaya. In so doing, this study provides
a framework for understanding the history of glaciation and human
occupation in the Lahaul Himalaya during the last 1000 years.

2. Materials and methods
2.1. Study area

The study area is located in the Miyar basin, a major sub-basin of
the Chandrabhaga river (Chenab) of the Lahaul and Spiti district of
Himachal Pradesh, India (Fig. 1). The basin extends from 32°42/36”"N
to 33°15'24"N and 76°40'12"E to 77°1'15"E, covering an area of
~963.85km?, of which ~21.6% (208.2km?) is covered by the
contemporary glaciers (as of 2016). The basin contains a cluster of
92 glaciers of varying dimensions and types, out of which Miyar
glacier is the longest (~27 km) (Saini, 2012; Deswal et al., 2017).
Topographically, the Miyar basin is sandwiched between the lofty Pir
Panjal to the south and High Himalayan Range to the north. The Pir
Panjal constitutes a barrier for the northward approaching Indian
Summer Monsoon (ISM), resulting in a strong moisture gradient of
increasing aridity towards the north (Owen et al., 1996; Bhutiyani
et al,, 2007). Observational records suggest that precipitation and
temperature vary according to aspect, altitude, and prevailing wind
directions (Saini, 2012). The basin is dominated by severe and long
winters that last from September to May. During the winter months,
temperatures fall to -15°C. However, during the summer months
(May-September), daytime temperature rises to 35 °C but can fall as
lowas-2 °Cduring the night time or on any cloudy day of the Summer
(Saini, 2012). Annual precipitation is dominated by snowfall,
controlled by the Mid Westerlies (Benn and Owen, 1998). The
contemporary Equilibrium Line Altitude (ELA) lies between 4900
and 5200 m a.s.l (Saini, 2012; Deswal et al., 2017).

In 2018, the highest sedentary village in the Miyar basin is
Khanjar, situated at 3500 m a.s.l. (Fig. 1) However, during June and
August, the alpine pastures (area above 3500 m a.s.l.) are used for
seasonal grazing. The main valley above 3200 m a.s.l. has an open ‘U’
shaped cross profile, and is broadest (~2 km) at Gumba (3800 m a.s.
1.), with a valley floor filled with Quaternary and Holocene glacial
sediments (Deswal et al., 2017), providing abundant space for
transhumance. The Holocene moraine complex between Khanjar
and Gumba encompasses several sites of ruins, the most prominent
of which are Tharang, Phundang and Patam, located upon the
Tharang glacier forefield, between 3700 and 3800 m a.s.l. Tharang
glacieris one of the major glaciers of the Miyar basin. During the early
Holocene advance (Khanjar stage), the glacier descended to ~3595 m

a.s.l. in comparison to its present terminus position at ~4471 m a.s.l.
Thus, the glacier terminated ~880 m below and ~4.96 km beyond its
current position (Deswal et al., 2017). The ruins of Tharang are
confined within the lateral moraine of this advance, and are
particularly important because of their proximity to the glacier,
and due to their presence on historical maps and documents.

2.2. Mapping

Mapping of the geo-archaeological and geomorphological
features was conducted over the course of five field expeditions
during 2008-2016. The archaeological features such as relict house
structures, agriculture fields and irrigation channels were mapped
at a scale of 1:5000. The geomorphological features such as glacier
margins, ponds, moraines, and hummocks were mapped at a scale
of 1:10,000. High resolution satellite images provided by Google
Earth Pro engine were used to validate and upgrade the field maps.
Google earth 3D visualization of terrain between the scales of 0.1-3
vertical exaggeration was used for mapping features such as
moraines, hummocks, ablation valleys and the settlements,
agriculture fields, water-harvesting ponds and irrigation channels
(locally called “Kuhls”).

The extent and shape of the glaciers on the historical maps (Great
Trigonometric Map 1874 and Harcourt’s Map 1871) has been used as
a reference for the historical positions of the glaciers. The position
and extent of glacier expansion marked on the historical maps have
been verified through field expeditions carried out between 2006
and 2016 for selected glaciers (Miyar, Pimu, Menthosa, Tharang,
Karpat and Uldhampu). The Survey of India topographical sheets (No
52-C-12, 52-C-16, 52-D-09, 52-D-10, 52-D-13, 52-H-1), surveyed
during 1962-1966, were used to derive information about feature
and settlement names within the study area. In order to constrain the
chronology of the settlements, organic rich samples were extracted
from the dilapidated remains of the Tharang end moraine
settlements for Radiocarbon (C) dating. The glacial chronology
of the moraines is based on the Optically-Stimulated Luminescence
(OSL) dates of Deswal et al., 2017.

2.3. Radiocarbon sampling

Fourteen radiocarbon samples, including charcoal (2), wood (7),
horn (1), bone (2) and soil (2) were obtained from the ruins to
establish the chronology of settlement (Tables 1 and 2. Of these
fourteen samples, ten were collected from the Tharang ruins, three
from the Patam ruins, and one from the Phundang ruins (Table 1).
The UBA-30065 sample (bone) was extracted from a hearth

Table 1

Characteristics of radiocarbon ('*C) samples.
SI No. Lab Code material type latitude longitude altitude (m) site location
1 UBA-30075 Wood/charcoal (Hearth) 32°53.750'N 76°53.201E 3739 Tharang
2 UBA-30064 Charcoal (Hearth) 32°53.342'N 76°52.969'E 3681 Patam
3 UBA-30076 Soil (Hearth) 32°53.753'N 76°53.196’'E 3731 Tharang
4 UBA-30077 Soil (Cattle shed) 32°53.760'N 76°53.195’E 3734 Tharang
5 UBA-30074 Wood (hearth) 32°53.756'N 76°53.197’E 3730 Tharang
6 UBA-30078 Horn 32°53.849'N 76°53.210°E 3739 Tharang
7 UBA-30069 Wood (hearth) 32°53.792'N 76°53.197’E 3729 Tharang
8 UBA-30072 Bone (Hearth) 32°53.735'N 76°53.189°E 3735 Tharang
9 UBA-30065 Bone (Hearth) 32°53.499'N 76°53.208’E 3699 Phundang
10 THMCS02 Pine Wood 32°53.342'N 76°52.970'E 3681 Patam
1 THMCS03 Pine Wood 32°53.342'N 76°52.975’E 3681 Patam
12 THMCS04 Pine Wood 32°53.845'N 76°53.210°E 3738 Tharang
13 THMCS05 Pine Wood 32°53.848'N 76°53.210°E 3737 Tharang
14 THMCS06 Pine Wood 32°53.850'N 76°53.210°E 3738 Tharang

Note: Samples were superficially covered with shattered stone, and have been dug out. However, the horn sample was openly exposed on an
animal sacrifice point. The UBA samples were processed at 14CHRONO Centre of Queen’s University Belfast, Northern Ireland, United Kingdom,
whereas the THMCS were processed at Inter-University Accelerator Centre (IUAC), New Delhi.



Table 2
Calibrated radiocarbon dates arranged in chronological order.

Sl. No. Lab Code 14C age lower cal range AD upper cal range AD median age
AD

1 THMCS06 1058 +£44 885 1040 980
2 THMCS04 892 +42 1032 1221 1133
3 THMCSO03 860 +42 1044 1101 1179
4 UBA-30075 838+28 1159 1260 1206
5 THMCSO05 826 +42 1052 1080 1212
6 UBA-30064 654 +21 1283 1317 1358
7 UBA-30076 489422 1412 1444 1429
8 UBA-30077 378 £27 1446 1524 1501
9 THMCS02 393 +41 1462 1642 1556
10 UBA-30074 327+21 1488 1603 1565
11 UBA-30078 212+34 1641 1690 1768
12 UBA-30069 123+22 1681 1739 1836
13 UBA-30072 108 £ 32 1693 1727 1836
14 UBA-30065 101 +27 1684 1734 1840

Fig. 2. Radiocarbon sample sites, and conditions of the settlements at Tharang end moraine complex. ‘a’ shows the place of sacrifice at Tharang, ‘b’ shows the dilapidated
condition of Tharang ruins (lichen covered), ‘c’ shows shattered ruins at Phundang, ‘d’ shows an excavated hearth at the Phundang ruins, ‘e’ shows the shattered walls of the
Patam ruins and a hearth covered with a big boulder, ‘f' shows the place of worship between Phundang and Patam ruins.
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(nomadic) transhumance houses have a single dome shaped room (Fig. 4) and maintain at least 2 km distance from the neighbouring shepherd’s (Gaddi) house, since a large
area is required for the grazing of the sheep-goat flocks (on an average 300 sheep and goats each).

underneath a stone pile at Phundang ruins (Fig. 2), and likely
represents the earliest record of permanent human settlement in
the area. Another bone sample (UBA-30072) was extracted from
the Tharang complex in a similar setting to UBA-30065 (mentioned
above) (Fig. 2).

The wood sample (UBA-30069) was found in a hearth covered by
stone, within the Tharang complex. The Ibex (Capra sibirica
hemalayanus) horn sample (UBA-30078) was from a place of
worship within the Tharang complex (Fig. 2). This sample holds
much significance in interpreting the history, as there is a practice,
within the valley, of placing animal heads/trophies on the walls/tops
of temples. Each village has a separate deity and place of worship,
generally on a prominent landform. A wood sample (UBA-30074)
was extracted from a hearth within the Tharang ruins, after removing
piles of stones. The wood was an integral part of the hearth structure
and found along with small pieces of charcoal. The sample of wood
may be the remnants of fuel wood once stored for use within the fire.

The conditions of the hearths, within each house, were similar.
One soil sample (UBA-30077) was dug-out from the cattleshed (a
separate structure of four rooms) at Tharang. The four room
structure of 20’ x20' is full of organically rich soil, absent in other
rooms. The second soil sample (UBA-30076) was picked up from a
buried hearth in a house. This was burnt (dark) and had carbon
layered on the hearth stone. One charcoal sample (UBA-30064)
was picked from a buried hearth at Patam (Fig. 2). The second
wood/charcoal sample (UBA-30075) is from a living room (the
biggest room) at Tharang (Fig. 3). It was recovered from a hearth,
located in the center of the room, and partially covered by stone
and soil, along with charcoal and small pieces of un-burnt wood. In

addition to the hearth material, five samples of pine wood
(THMCS02, THMCS03, THMCS04, THMCSO05, and THMCS06) were
obtained from these ruins, excavated from the piles of stones
(Table 1). The first two juniper pine samples belong to Patam and
the other three to Tharang.

2.4. Radiocarbon dating

The fourteen Radiocarbon samples were processed following
Reimer et al. (2015). As per the lab protocol, the samples were
processed at three stages; namely pre-treatment, combustion and
graphitization, and finally age determination, using Accelerator
Mass Spectrometry (AMS). At pre-treatment stage, the samples
containing charcoal, wood and sediment (UBA-30064, 30069,
30074, 30075, UBA 30076, 30077, THMCS02, 03, 04, 05, 06) were
placed in a clean 100 ml beaker and immersed in HCL (4%, 30-501).
The samples were heated on a hotplate (80 °C for 2-3 h), and were

Fig. 4. Contemporary nomad (Gaddi) settlement (single dome) at Gumba.
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subsequently washed with deionised water until neutral. The bone
samples (UBA-30065,30072, 30078) were prepared following ABA
treatment, gelatinization (Longin, 1971) and ultrafiltration (Brown
et al., 1988) using the Vivaspin® filter cleaning method (Bronk
Ramsey et al., 2004). Subsequently, the dried samples were
combusted to carbon dioxide at 850°C for 8 h into quartz tubes
with an excess of copper oxide and silver foil, sealed under a
vacuum. At graphitisation stage, zinc with an iron catalyst was
used to remove the oxygen from the carbon dioxide. The #C/'2C
and '3C/'2C ratios were measured by AMS on an NEC 0.5MV
compact accelerator. Sample C/'?C ratios were background
corrected and normalised to the HOXII standard (SRM 4990C;
National Institute of Standards and Technology). The radiocarbon
ages were corrected for isotope fractionation using the AMS
measured 813C which accounts for both natural and machine
fractionation. The fractionation and background corrected quantity
of fractionation '*C were calculated following Reimer et al. (2004).
The value of fractionation *C is for two minute exposure of
caesium on the sample. The Conventional Radiocarbon Ages (CRA)
were determined using the Libby half-life of 5568 years, following
the methods of Stuiver and Polach (1977).The CRAs were calibrated
in the OxCal v4.3.2 (online) radiocarbon calibration program 1986-
2016, using the IntCal13 northern hemisphere calibration curves
(Reimer, 2013). The uncertainties for the calibrated ages are given
up to 20 (Table 2).

3. Results

3.1. Settlements and irrigation system at Tharang end moraine
complex

A number of abandoned settlements (in ruins) are located
between Khanjar and Gumba. Most are concentrated within the
Tharang glacier end moraine complex area (Fig. 3), where three
abandoned village sites (Tharang, Phundang and Patam) were
identified and dated. Based on mapping, it is apparent that Tharang
was the largest village (with a group of ~50 rooms spread over

~1700m?) (Fig. 3), followed by Patam (5 separate groups of
settlements having 6 rooms on an average) and Phundang (3
separate settlements having 7 rooms on an average) (Fig. 3). In
terms of size, number and proximity, these settlements differ from
nomadic type structures.

Based on field mapping, the study identified three Kuhls
(irrigation channels marked as Kuhl-I, II, Ill), draining into the
villages and fields (Figs. 3 and 5). Kuhls were constructed to divert
water from the streams for domestic and irrigation needs. Kuhl-I,
originates at the Darjeyang stream, runs along the crest of the
highest lateral moraine (LM-I) in the north, and extends up to the
open yard of the Tharang ruins (Figs. 3 and 5). The Kuhls are well
bounded by two-sided stone bunding (Fig. 5). Before reaching the
settlement, Kuhl-I debouched into two sequential lakes (upper and
lower lakes), within the recessional end moraine complex (Figs. 3
and 5).

We presume that when the upper lake reached its threshold,
water overflowed to the lower lake and thus sufficient water
storage and secure supply was ensued for both domestic and
irrigation purposes. A distributory channel was constructed from
the lower lake to feed the irrigation needs of the field further down
the ridge.

Kuhl-II is located on the left flank of the Tharang channel (Figs. 3
and 5). It originates from the eastern edge of LM-I, marked on the
left flank of the Tharang channel. This Kuhl flows through the
ablation valley between LM-I and LM-II, feeding Phundang ruins
and associated fields. Kuhl-III is located in the center of the
outwash plain, and anabranches water from Tharang stream, and
feeds a few settlements along the hummocks (Figs. 3 and 5). Two
sites for performing religious rituals, one at Tharang and another
between Phundang and Patam, are still present, indicating
religious and cultural practices (Fig. 2).

3.2. Chronology

The Radiocarbon 'C chronology suggests that the ruins of the
Tharang end moraine complex were occupied between 980 and
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Fig. 7. Patches of trees at Gumba (a) and Pimu base (b).

1840 CE (Table 2, Fig. 6). The calibration of the first six dates
indicates lower ages of 885, 1032, 1044, 1075, and 1052 CE, and
upper ages of 1040, 1212, 1101, 1260, and 1080 CE (Table 2). The
median age of these samples varies from 980 CE to 1358 CE (Table 2
and Fig. 6), encompassing the majority of the Medieval Warm
Period (i.e., 800-1300 CE; Mann, 2002). These calibrated dates are
based on the charcoal (firewood in hearth) and excavated pine
wood samples. The soil samples (UBA 30076 and 30077), extracted
from the cattle-shed and hearth (Table 1) are important as they
indicate settled human activity at these sites. At 95% confidence
level, the sample UBA-30076 suggests a median date of 1429 CE,
with a time span lasting between 1412 and 1444 CE (Table 2).

Sample UBA-30077 suggests a life span ranging between 1446
and 1631 CE, with a median date of 1501 CE (Table 2 and Fig.6).
Samples THMCS02 and UBA-30074 indicate a time span of 1462-
1642 and 1488-1641 CE, respectively, with median dates of 1556
and 1565 CE. The Ibex horn (UBA-30078) yielded a time span of
1641-1949 CE, with a median calendar age of 1768 CE, at a 95%
confidence level (Table 2). Samples UBA-30069, 30072 and 30065
yielded the most recent dates i.e. 1836, 1836 and 1840 CE (median
age), respectively. These samples contained wood and bone
materials extracted from the hearths in Tharang and Phundang,
and suggest the time period when the inhabitants probably
abandoned these villages. Since the dates suddenly end at 1836,



Fig. 8. The Great Trigonometric Survey (GTS) Map (1874) of the Miyar basin and surrounding regions. Modern glaciers and the study site of the Tharang glacier end moraine

complex are also shown.

1836, and 1840, this suggests that the people of these villages left
together, and likely for the same reason.

4. Discussion
4.1. Implications of charcoal and irrigation networks

This study reports nine samples of charcoal and wood from
hearths, that suggest the settlements used firewood for the
purpose of cooking. At present, the tree line of pine is located at
3650m a.s.l, almost 5km down-valley from the ruins (Fig. 1). In
these high altitude regions, firewood is a daily use item, required
for cooking and heating throughout the year. Given this daily
requirement, it is probable that wood was obtained locally (rather
than from 5 km away), and that the area proximal to the Tharang
end moraine complex had vegetation cover that differed from the
present day. In the modern landscape, Juniper and Birch trees are
found, but only in small patches at Tharang (32°53'25.38"N &
76°54'18.26"E), Gumba (32°56'35.45”"N & 76°52'56.17”E) and Pimu
base (32°59'32.11”"N & 76°50'24.79"E) (Fig. 7). The inference that
vegetation in this region differed significantly in the recent past, is
generally supported by temperature and precipitation data for the
Western Himalaya over the past millennium (Yadav, 2011a, 2011b;

Yadav et al., 2011; Yadav and Bhutiyani, 2013). For example, Yadav
et al. (2011) report periods of protracted warmth from the 11%" to
15 centuries, and a decrease in mean summer temperatures since
the 15" century; with the 18" and 19" centuries being the coldest
interval of the last millennium. It is quite possible that during these
warm periods, the Miyar basin (even at the altitude of the Tharang
moraine complex) contained extensive vegetation cover, which
included trees and shrubs.

Itis also possible that the treeline in the area has changed due to
non-climatic factors (Holtmeier and Broll, 2005). For example, the
agricultural and domestic use of wood may have led to scarcity, and
a decline of forest cover, as has been reported in other parts of the
world (Etter and Villa, 2000; Caldararo, 2002; Ringrose et al., 2002;
Miehe et al, 2009). However, Borgaonkar et al. (2011) have
suggested that the tree growth in parts of Himalaya has strong
control of temperature than precipitation.

The present study indicates that within settlements of the
Tharang end moraine complex, irrigation practices were common.
For example, the settlements had at least three major irrigation
channels (Kuhls) to serve domestic and agricultural needs. These
channels likely indicate that people lived in moisture stressed
conditions, similar to present day. The available tree-ring
precipitation records for the north west Himalaya support our



findings, and suggest that the 1300-1600 CE period was drier than
present in parts of the adjacent regions of the study area (Singh and
Yadav, 2005; Yadav, 2011a, 2011b; Yadava et al., 2016).

4.2. Analysis of settlement chronology

The consistent and overlapping ages (Fig.6) of the ruins suggest
that the settlements thrived during 980-1840 CE (Table 2), a part of
the Medieval Warm Period (800-1300 CE) and peak of the Little Ice
Age period (1300-1600 CE) in the other parts of the world (Mann,
2002; Xu and Yi, 2014; Rowan, 2016). In the Miyar basin, present
day conditions only allow permanent settlement at lower altitude
sites, suggesting that climatic conditions were warmer during
periods of settlement within the end moraine complex. These
findings are consistent with palaeo-temperature (Yadav et al,
2011) and snowfall (Yadav and Bhutiyani, 2013) proxies, which
suggest that the 1300-1600 CE period was generally warmer than
the present day. By contrast, the period between the 18 and 19"
centuries was the coldest interval of the last millennium, and
coincided with increased snowfall. The snowfall proxy (Yadav and
Bhutiyani, 2013) is based on the tree ring studies from the lower
parts of the study area (Kukumseri, Udaipur, Madgram, Ratoli,
Khursad and Tindi), but trends are considered characteristic of the
wider study area.

The Great Trigonometric Survey (GTS) map (1874) of the basin
(Fig. 8) further supports these results, as it marks the Tharang end
moraine complex as ruins during the 1840s-1860s period. The
GTS map along with map of Harcourt (1871) also shows Tharang
glacier in an advanced position (relative to present) that appears to
relate to the evidence of increased snowfall (Yadav and Bhutiyani,
2013) and other precipitation records from similar moisture
stressed settings in north west Himalaya (Yadav, 2011a, 2011b;
Yadava et al., 2016). These climate proxies, our radiocarbon
chronology, and map records, show settlement abandonment
occurred during a time of reduced temperature and increased
snowfall, in the late 18th and early 19" centuries, when the basin
also experienced a period of glacier advance. This glacier advance
was likely driven by the increase in solid precipitation (Yadav and
Bhutiyani, 2013) and reduction in temperature (Yadav et al., 2011).
Glaciers from other parts of the Himalaya and Tibetan Plateau are
also reported to have advanced during this period (Xu and Yi,
2014).

The GTS map suggests that, at the time of survey (i.e.,1840-
50), the settlements were already abandoned. It is likely that the
increased snowfall and decreasing temperature had an impact
on crop production, given that barley and buck-wheat require
comparatively stable temperatures and limited precipitation,
and are the traditional crops still grown within the basin
(though at lower altitudes than the ruins). Folk history in the
contemporary villages of the Miyar valley also refers to the
repeated failure of crops (cursed by the Flying Lama of Gumba)
for years on an end, and mention of the last people surviving on
boiled animal skin before finally migrating to lower areas within
the Miyar basin. Two families with a lineage (six generations) to
Phundang (Phun Phundang Pa) and Tharang (Chhe Chung Garad)
continue to inhabit Tingret (3230 m a.s.l) and Urgos (3300 m a.s.
1.) villages.

5. Conclusions

Glacio-archaeological records from the Miyar basin indicate
settled colonization within the Tharang glacier moraine complex
(>3500m asl) between the late 10th and early 19" centuries.
Three, now abandoned, sites (Tharang, Phundang and Patam)
suggest a prolonged period of settled agriculture that coincided
with relatively warm temperatures and limited snowfall in the

region. Although, the exact reason for abandonment of these sites
is unknown, our study (supported by evidence from historical
maps and published paleoclimate data) reveals a synchronicity
between the timing of abandonment and a period of increased
snowfall, reduced temperatures, and glacier expansion. Since this
period, the settlements have remained uninhabited, despite an
increase in the population and the expansion of market
infrastructure for commercial crops in the basin. This likely
indicates that the prevailing climate continues to restrict
agricultural productivity in areas such as Tharang. We also
suggest that there was almost no glacier expansion during the
peak of the Little Ice Age (1300-1600 CE). However, further
investigations are required, both in the basin and in the
surrounding regions of the Himalaya, to better constrain the
period of human colonization, and test the hypothesis of limited
glacial expansion.
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