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Surface Energy-Mass Balance Modeling

Meteorological data collected from different Automatic
Weather Station (AWS) observatories in the Chorabari
and Dokriani glaciers are compiled and analysed. Based
on available data, an attempt has been made to estimate
the spatial and temporal variability of the surface ice
melting (Energy Mass Balance) on the debris-covered
ablation zone of the Chorabari Glacier for the year
2012-2013. The study provides a physically based, one-
dimensional melt model derived from the collected
meteorological variables. In addition, estimation of
fresh snow accumulation occurred during the winter
and summer (based on snow depth measurements) was
performed for calibrating the total heat budget. The
model calculates glacier surface melt rate including heat
conduction through supra-glacial debris layer.
Preliminary results indicate that during the summer, net
radiation (R ) of 46% was the largest contributor to the

energy available for the surface melt (Q ) followed by

turbulent sensible heat flux (H ) of 11%, latent heat flux

(H ) of 9% and heat flux due to precipitation (H ) of

14%. It is also observed that subsurface heat flux (H )

was the second largest contributor (~20%) after net
radiation (R ) to the total surface melt (Q ) during the

summer. Net shortwave radiation (S ) was the most

dominant energy flux to R , whereas net longwave

radiation (L ) made a negative contribution. The results

also suggest that energy mass balance (EMB) at the
glacier surface was highly influenced by the snow
accumulation and supra-glacial debris characteristics
(Fig. 42).
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Fig. 41: Surface ice melting observed under debris covered and clean ice of Dokriani glacier.

Fig. 42: Daily means of computed energy fluxex for
Chorabari glacier during Nov. 01, 2011-Oct. 31,
2012.
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TAT - 5.2
Assessment of potential hazards in the Glaciated
regions: its causes and consequences

(Vikram Gupta, D.P. Dobhal and Swapnamita C.
Vaideswaran)

The Gangotri catchment is highly glaciarised as the
winter snow line fall down to about 2200 m asl. The
valley is composed of loose unconsolidated glacier
material between 2200 and 4000 m and is plagued by
several hazards like rock-fall, debris flow and flood,
particularly during summer period when the snow/ice
melting is maximum coupled with the monsoon rains.
Above 4000 m asl (present snout of the glacier), the area
is mainly snow covered with ~10-15% permanent
snow/ice cover, and with the presence of numerous
glacial lakes. Considering the outburst hazard potential
of the lakes, an attempt was made to map the glacier
lakes in the Gangotri glacier catchment. The study was
carried out with the help of satellite images for the years
2011-2013 having resolution of 5 m (LISS IV).Atotal of
135 glacier lakes (size >500 sq. m) have been identified,
of these, 130 have been classified as ice-dammed lakes
(supra-glacial lakes) and only 5 are moraine-dammed
lakes. The supra-glacier lakes developed over the
glacier surface where the debris thickness is quite
favourable to store the glacier melt water are commonly
considered to be unstable lake or hazardous lakes.

Landslide mapping has also been carried out in the
lower reaches of the Bhagirathi valley around
Uttarkashi township. It has been observed that in a
stretch of about 28 km between Bhatwari and
Uttarkashi, 23 active landslides were present. These are
mainly deep seated planar debris slides. The
dispositions of the landslides were well correlated with
the river gradient and geological structures of the area. It
has been noted that the river gradient in this stretch is
highly variable ranging between 3.6 m/km to 66.6
m/km, and is marked by three major knick points. These
knick points are well correlated with the disposition of
thrusts and a fault present in the area, and in turn the
presence of landslides. Based on these knick points, the
entire area has been divided into four zones. The area
between Bhatwari and Ganeshpur is marked to be the
zone of transportation, and the area between Ganeshpur
and Uttarkashi to be the zone of deposition of river
sediments. It has been estimated that there is an average
aggradation of about 0.5 m/year in the area around
Uttarkashi. Further, it has been observed that huge
volume of material deposited in the area around
Uttarkashi township is posing serious threat to the slope
stability on either banks of river.

TAT - 5.3
Hydrogeology of Himalayan springs

(S.K. Bartarya and Santosh K. Rai)

In continuation of the study of hot springs in NW
Himalaya, geothermal springs along the Indus and
Nubra valleys of Ladakh region and Satluj and Beas
valleys of Himachal region have been studied. The
major and trace element characteristics along with

stable iso C

degassing. Such

information was also used to infer about the altitude
effect of stable isotopes in the arid Himalaya. Surface

temperatures of these springs varies from 21 to 95 C,

with an average of 56 C, whereas pH ranges from
slightly acidic to alkaline (6.2 to 8.9) with an average of
7. Hydrochemically these springs fall under the
categories of HCO :Cl:SO and Na+K:Mg:Ca types.

Abundance of trace elements in these spring waters,
such as Fe, B, Li, Sr, Mn, Al, Mo, Zn, and As, are found
in considerable amount, possibly due to rock-water
interaction. Springs of the study area contain high ratios
of dissolved inorganic carbon (DIC) with

concentrations of HCO ranging from 1300 to 13400

μE, (with average of 5297μE). The C

O
composition of these springs range from -16 to

As a part of the research programme on geothermal
systems of the Himalaya, geochemical and isotopic

composition ( C O and D ) of thermal

spring waters from Garhwal, Himachal and Ladakh
were determined. This has enabled to retrieve valuable
information about the origin of geothermal fluids and
degassing of metamorphic CO emanating through

these springs. Our results with C in thermal springs

from the Indian Himalaya provide evidence for CO

degassing along the major thrust zones. Carb

C ) in

the geothermal waters show a wide range of variation

from -8.5 to +4.0‰ VPDB. The enriched C

topic compositions (δ , δ O and δD) of

these springs were employed to trace their origin and
process of metamorphic CO

of these

springs varies from -8.4 to +1.7‰ VPDB, which points

towards the deeper source of their origin. The δ
-7.3‰

with corresponding variation in δD varies from -124 to
-45‰ indicating mixing of thermal water with a
meteoric dominated reservoir as most of these samples
fall on the line defined by Local Mean Water Line
(LMWL).

δ , δ δ

δ

on isotope

measurements in dissolved inorganic carbon (δ

δ
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Hydro-geochemistry of hot water springs

Degassing of CO flux to atmosphere2
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compositions are indicative of a process of degassing of
volatiles from the region, which has been illustrated
with suitable model. This model suggests that when
degassing takes place, carbon isotopes fractionate and
the degassed CO becomes lighter leaving the remnant

water enriched in C . Such enriched C values

have been found from several hot springs of the
northwest Himalaya, which indicate their
deeper/magmatic origin. These results are similar and
consistent with observations from the central Nepal
Himalaya. One of the interesting results from this study
suggests that the thermal spring having the highest

enriched

C values of thermal springs
may be used as a proxy to depict their origin in terms of
meteoric versus magmatic source. The thermal springs
of Garhwal, Himachal and Ladakh regions, Northwest
Himalaya have been extensively sampled and analysed
for their major ions and carbon stable isotope
composition. These measurements have led to the
following observations and conclusion:

Degassing of metamorphic CO from the Himalayan

region is one of the important contributors to the
global carbon budget in the atmosphere.
Isotopic compositions of dissolved inorganic carbon

( C ) in the thermal spring waters of Garhwal,

Himachal and Ladakh regions show a wide range of
variation from -8.4 to +4.1‰. Such highly enriched

values of C are indicative of metamorphic de-

carbonation reaction for contributing CO to the

fluids.
The metamorphic CO flux from 40 thermal springs

from the Northwest Himalaya is estimated to be ~2

x10 mol/year.
CO flux from the Northwest Himalaya is higher by

two orders of magnitude compared to the Tibetan
plateau.
Combining all the studies in the Himalayan region
(NW Himalaya, Nepal Himalaya and Southern Tibet

region), a total CO degassing flux of ~2x10

mol/year could be assigned.

Major and trace elemental characteristics of stream
sediments of Udham Singh Nagar showed wide
variations all along the studied area. As the piedmont

2

DIC DIC

2

DIC

DIC

2

2

2

2

δ δ

δ C (Tapoban) has also elevated surface

temperatures. Therefore, δ

δ

δ

13 13

13

13

13

13

8

10

�

�

�

�

�

(P.P. Khanna, N.K. Saini and R. slam)

TAT - 5.4
Geochemical investigation of stream and soil
sediments of piedmont regions/plane south of
Kumaun Siwalik Himalaya

regions show wide variations, it is difficult to identify
their dominant contributing provenance or lithounits
based on major and trace elemental abundances alone.
An attempt was therefore made to use REE
geochemistry tools to further characterize the source of
soil and stream sediments in this area. Representate
samples (15) of the piedmont transverse stream
sediments of the studied area were analysed for their
rare earth element concentrations. The samples are
characterized by a nearly flat HREE ((Gd/Yb) 1.29 to
2.11) and moderately fractionated LREE pattern
(La/Sm) 3.75 to 4.13) with a moderate negative Eu

anomaly (Fig. 43). Barring couple of low REE isolated
samples, REE abundances are relatively uniform with

REEs ranging between 122 and 221ppm. The
moderate range of Eu-anomaly (Eu/Eu*= 0.48 to 0.66),
fractionated LREEs and high (La/Yb) ratios ((La/Yb)

=8.1 to 13.8) of the stream sediment samples together

N

N

Σ

N

Fig. 43: Chondrite (C1) normalised REE patterns for the soil
and stream sediments from Udham Singh Nagar area
showing typical flat HREEs and fractionacetd LREE
pattern.
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with major and trace elemental characteristics sugget
dominant contribution from felsic source.

Though the effect of proximal Bhawali-Bhimtal
mafic lithounits is clearly visible in variation maps of
Ca, Mg, Fe and Ti, it is not very distinguishable in REE
patterns. Siwalik hill ranges being in the proximity, the
obvious provenance for the piedmont stream sediments
and the Siwalik sediments in turn herald its source in the
Lesser and the Higher Himalayan lithounits. However,
the felsic lithounits are predominately reflected in the
geochemical landscape of the piedmont regions of the
Kumaun Himalaya. Mafic contributions from Bhawali-
Bhimtal volcanics are reaching to the central part of
piedmont area through antecedent river system such as
Gola river cutting through the Siwalik barrier.

Climatic influence on the stream sediments and on
the source rocks are generally reflected in their
chemical compositions due to weathering of the silicate

to clay minerals. The chemical index of alteration
(CIA) and chemical index of weathering (CIW) of
Udham Singh Nagar sediments range between 36 and
69 (average=55.4) and 40 and 83 (average = 64.6),
respectively, which indicate low to moderate
weathering conditions. Correlation coefficient of Al
with Ni, Cu, Zn and Fe is high and statistically
significant. This is suggestive of association of these
elements with clay fractions and show inherent relation
with alumina-rich silicate phase particularly clays.

Though this area has seen tremendous industrial
activity for last couple of decades, our study suggests no
appreciable and detectable degradation of the surface
environment. A comprehensive geochemical datbase of
the studied area is now available allowing us to
reasonably define base line with respect to which the
future environmental changes can be quantified.
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