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ABSTRACT

Water is very essential and a major component of all living creatures. Pure water is colourless, tasteless
and odourless, but is generally found in impure state. Water found in oceans, rivers, lakes and ponds
appear of different colour. Suspended and dissolved particles influence the colour of water. Freshwater
bodies sometime appear turquoise (blue-green) and bright sky-blue and catches the attention of people.
Turquoise and bright sky-blue appearing freshwater bodies are found in different parts of the world in
different set of environmental conditions. For example, glacial-fed lakes also appear turquoise, crater
lakes also bears turquoise colour and calcium carbonate rich water bodies also appear turquoise. Recently,
rivers polluted by anthropogenic activities are also seen to bear turquoise color appearance. The turquoise
appearance of water bodies is mainly due to the scattering of light in the blue-green range of the spectrum
by suspended particles present in the water. There is diversity in the causal factor(s) responsible for such
coloration in different set of conditions, but turquoise freshwater bodies originating under similar
conditions in different parts of the world have some common characteristics. Moreover, the information
about turquoise appearing freshwater bodies in different parts of the world are present but are scattered
into pieces. There is a great need felt for compilation of different turquoise appearing freshwater bodies in
the world. In this paper, different turquoise appearing freshwater bodies throughout the world have been
identified. The causal factor(s) responsible for such coloration is also discussed. Since, the turquoise
appearing freshwater bodies originating in similar conditions in different parts of the world bears some
common characteristics, so based on it, a categorisation of turquoise appearing freshwater bodies for the
first time is proposed in this paper for a better understanding. The categorisation has been supported by
examples.

Keywords: Turquoise River, Turquoise Lakes, Blue-Green Water, Polluted Turquoise River, Mining
Pollution

INTRODUCTION

“Water is life's matter and matrix, mother and medium. There is no life without water.” Albert Szent-
Gyorgyi (Szent-Gyorgyi, 1971). Water is very essential and ubiquitous substance that is a major
component of all living creatures (Sharp, 2001). It is the driver of nature and is the basis of all life and is
the soul of earth (Szent-Gyorgyi, 1971). Recent development in water research also suggests that water
has memory (Benveniste et al., 1994). Pure water is colourless, tasteless and odourless, but it is generally
found in impure state (Stroll, 1989). Though pure water is colourless, but water present in oceans, rivers,
lakes and ponds appears of different colour. The colour of water is influenced by suspended or dissolved
particles. Water with dissolved organic matter, such as humus, peat or decaying plant matter, can appear
yellow or brown in colour. Abundance of algal growth in water makes it appear green. Soil run-off in
water produces a variety of yellow, red, brown and gray colours (“CW Team”).

Turquoise (also termed as blue-green) and bright sky-blue colour water bodies are found in different parts
of the world. It might be a turquoise or bright sky-blue river, a lake or even a pond. And they also have
different geographical origin, for example, a turquoise lake fed by a glacier (for example, Lake Louise
and Moraine Lake, Canada and Phoksundo Lake, Nepal) (Kumar, 2013; “Environment Assessment
Report”, 2013) or a turquoise alpine river (for example Soca River, Slovenia) (“WWF Alpine
Programme™) or turquoise lake or river found in the volcanic complex (Kawah ljen, Indonesia) (Lohr et
al., 2005). Hydrothermal Springs also sometimes appear turquoise. Lakes and rivers found in the area rich
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in calcium carbonate may also bear turquoise appearance, for example Havasu Creek, Grand Canyon
appears turquoise as a result of calcium carbonate suspended in water (Melis et al., 1996). On studying
the works done on turquoise and/or sky-blue water bodies, it can be observed that in the phenomena of
turquoise appearance of water bodies, two factors play very important role. The first one is the presence
of suspended particles in a given size range which causes scattering of light in the blue-green range of the
spectrum and second is the bed sediment colour of water bodies (for example, in Rio Celeste, Costa Rica)
(Castello’n et al., 2013). For example, if the river-bed sediment is of white colour as a result of
precipitation of suspended particles present in water then it intensifies the turquoise appearance. In
different turquoise appearing water bodies, suspended particles responsible for this may be composed of
different elements and compounds. The main objective of this paper is to identify different turquoise and
bright sky-blue appearing freshwater bodies worldwide, factor(s) responsible for such remarkable
appearance and to propose a classification of turquoise freshwater bodies based on the factors. On basis of
the origin of causal agents(s), turquoise or sky-blue freshwater bodies can be grouped under two sub-
headings Natural and Anthropogenic as mentioned below.

Turquoise Freshwater bodies

| |

Natural Anthropogenic

Glacial-fed Volcanic and Hydrothermal

Calcium carbonate
(CaCO3)rich

Figure 1: Chart Showing Classification of Turquoise Freshwater Bodies

Turquoise freshwater bodies can be grouped under natural and anthropogenic on the basis of the origin of
the causal agent(s) responsible for their remarkable appearance. The turquoise freshwater bodies in which
the causal agent are naturally produced can be grouped under Natural Turquoise Freshwater bodies and if
the causal agent is produced as a result of anthropogenic activity then those can be grouped under
Anthropogenic Turquoise Freshwater bodies.

Natural Turquoise Freshwater Bodies

Natural turquoise freshwater bodies can be defined as “freshwater bodies (including rivers, lakes and
ponds) which appear turquoise as a result of natural processes without any human interventions”. The
causal agent of turquoise color in these freshwater bodies is naturally produced. Since under natural
condition also, the turquoise color appearing freshwater bodies are formed in different set of
environmental conditions with different causal agents, so the natural turquoise freshwater bodies can
further be classified into three categories i.e., glacial-fed, volcanic and hydrothermal and limestone
(CaCo3) rich.

1. Glacial-Fed Turquoise Freshwater Bodies

Glacial-fed lakes and alpine rivers bear intense turquoise/sky-blue color. The color is caused by the
presence of glacial flour or rock flour in suspended form in water (Dorrier et al., 2011). Rock flour or
glacial flour is the fine-grained, silt-sized particles of rock which are generated by the grinding of bedrock
by glacial weathering and erosion (Chutcharavan and Aciego, 2014).
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There are so many examples of glacier-fed lakes and rivers around the world which bears turquoise color.
Few lakes and rivers have been discussed below.

Phoksundo Lake, Nepal

Phoksundo Lake is a freshwater oligotrophic lake located in the Shey Phoksundo National Park, Dolpa
district, Nepal at an elevation of 3,611.5 m. The lake has a surface area of 494 ha with a water volume of
409,000,000 m® (Bhuju et al., 2007).

It is Nepal’s deepest and second largest lake and accounts unique trans-Himalayan ecosystem (Kunwar
and Parajuli, 2007). In 2007, the lake has also been designated a Ramsar site (Bhandari, 2009). The lake
is very famous for its magnificent turquoise color (Environment Assessment Report, 2013). However, the
reason behind the turquoise color is not explained. The turquoise color might be due to the presence of
suspended glacial flour or rock flour.

Lake Pukaki

Lake Pukaki is one of the three lakes situated in the Aoraki Mount Cook National Park. It is a glacial-fed
lake (Irwin, 1978). The lake is very famous for its stunning turquoise appearance (Thompson-Carr, 2012).
The turquoise appearance of lake is due to the finely-ground glacial flour (Gallegos et al., 2008).

Figure 2: Different Glacial-Fed Turquoise Freshwater Bodies a- Phoksundo Lake, Nepal (source:
www.wikipedia.org) b- Lake Samiti, India (source: www.questhimalaya.com) c- Moraine Lake,
Canada (source: www.wikipedia.org) d- So¢a River, Slovenia (source: www.feel-planet.com)

Lake Louise and Moraine Lake, Banff National Park, Canada

Lake Louise is a glacial-fed lake located in the Banff National Park, Canada at an elevation of 1,731 m
above the sea level. The lake is 2.4 km long and 0.5 km wide with a maximum depth of 90 m. The lake
was named in 1884 after the fourth daughter of Queen Victoria, Princess Louise Caroline Alberta. The
lake is situated below the Victoria glacier which is named after Queen Victoria. The lake is very famous
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for its stunning turquoise water. The glacial flour or rock flour suspended in the lake water is responsible
for its color (Kumar, 2013).

Moraine Lake is also located in the Banff National Park and bears wonderful blue-green color due to
presence of suspended rock flour particles in the water (Kumar, 2013).

Samiti Lake and Gurudongmar Lake, Sikkim, India

Samiti Lake and Gurudongmar Lake is located in the Sikkim state in India. Samiti Lake is a glacial-fed
lake in the Onglathang valley and is visible while climbing towards Gochala Pass. Samiti Lake is very
famous for transparent turquoise look and mesmerises the travellers with its beauty (Gupta, 2014).
Gurudongmar Lake is located at an altitude of 17,100 ft (5,210 m) and is one of the highest lakes in the
world. It is situated only 5 km south of China border and lies in North Sikkim district. The lake provides
one of the source streams of Teesta River.

The lake remains in complete frozen condition in winters from November to Mid-May (Gupta, 2014).
The lake appears brilliant turquoise during summer.

There are many other examples of glacial-fed lakes and rivers which appear turquoise. For example, So¢a
River in Slovenia is one of the most beautiful alpine rivers. The river is very famous for its wonderful
turquoise to emerald color appearance and many tourists from all over the world visit every year to
behold this beautiful river (“WWF Alpine Programme”).

2. Volcanic and Hydrothermal Turquoise Freshwater Bodies

Crater lakes in the volcanic area have remarkable turquoise to emerald-green color. Crater lakes found in
the active volcano areas bear turquoise color because of high acidity with presence of extremely high
sulphate, aluminium, chloride and other compounds (L6hr et al., 2005).

In some crater lakes (like Yudamari Lake, Japan), the blue component of the blue-green lake water is
attributed to fine colloidal particles of sulphur which causes Rayleigh scattering resulting in blue color
and the green component of the lake is attributed to the absorption of sunlight by dissolved ferrous ions
(Ohsawa et al., 2010).

Dormant volcano crater lakes however also bear the same appearance (turquoise or bright sky-blue) but
the causal agent of the remarkable turquoise color is different than of the active volcano crater lakes. For
example, Blue Lake, Mt. Gambier located in South Australia turns vibrant blue in summer due to
scattering of light in the blue-green range by tiny calcium carbonate crystals suspended in water (“Fact
Sheet”, 2014).

Rivers flowing through the volcanic complex areas also appear sometimes turquoise (or sky-blue) and the
causal agent is again different. For example, Rio Celeste (Sky-blue River) is located in the Tenorio
National Park situated in the Tenorio VVolcanic Complex, Costa Rica appears turquoise or bright sky-blue
because of scattering of light by colloidal aluminosilicate particles suspended in water. The
aluminosilicate particles also precipitate in the form of white sediments which enhances the river water to
appear remarkably bright sky-blue (Castello’n et al., 2013).

Some of the lakes and river found in the volcanic areas having turquoise appearance have been discussed
as example along with their causal agents.

Kawah ljen, East Java, Indonesia

Indonesia accounts for 13% of world’s active volcanoes and contains 129 active volcanoes. There are of
total 21 active volcanoes and seven crater lakes found on Java (Simkin and Siebert, 1994). The most
easterly situated volcanic complex of Java is the ljen complex. The ljen complex consists of a group of
stratovolcanoes found within the 15 km wide ljen caldera.

Kawah ljen is an active stratovolcano located at an altitude of 2,346 m above mean sea level on the rim of
caldera and contains a lake which is one of the world’s largest natural reservoirs of extreme acidic
volcanic water (30-40 x 10° m®) with a surface area of about 1000 x 600 m and maximum depth of 180 m.
The lake bears a turquoise colour.

The turquoise colour might be because of very high acidity with presence of extremely high concentration
of sulphate, chloride, aluminium, and other compounds in the water (L6hr et al., 2005). Kawah
Kelimutu, Indonesia also has turquoise appearance.
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Figure 3: Different Volcanic Area Turquoise Freshwater Bodies a- Kawah ljen, Indonesia (source:
www.infopendaki.com) b- Kawah Kelimutu, Indonesia (source: www.amazing-of-
indonesia.blogspot.in) c- Rio Celeste, Costa Rica (source: Castello” n et al., 2013)

Yudamari, Japan

Yudamari is an active crater lake is located at Mr. Nakadake of Aso volcano, Japan. The lake appeared
turquoise or blue-green before eruption. Rayleigh scattering of sunlight caused by very fine colloidal
sulphur particles result in the particular blue component of the lake water color and the green component
is attributed to the absorption of sunlight by dissolved ferrous ions (Ohsawa et al., 2010).

Rio Celeste (Sky-blue River), Costa Rica

Rio Celeste (Sky-blue River) is located in the Tenorio National Park situated in the Tenorio Volcanic
Complex, Costa Rica. Because of its sky-blue color appearance, the river is one of the most important
tourist sites in the country and gets about 20,000 visitors annually. Rio Celeste originates from the
confluence of two colourless streams, Rio Buenavista and Quebrada Agria. The sky-blue water of Rio
Celeste occurs on the mixing of these two colourless streams at a point known as Tenidero (dye point). A
presence of white sediment can be observed at the bottom of the Rio Celeste River. The river maintains
its sky-blue colour over a distance of about 14 km, including a waterfall and a blue lagoon. A detailed
study was carried out to find the cause of the sky-blue color appearance of river (Castello” n et al., 2013).

The sky-blue color of the river Rio Celeste is due to the phenomenon which involves large proportion of
water as the water sample from the river reveals a transparent appearance. Upon deep investigation, it was
found that due to the presence of colloidal aluminosilicate particles of diameter 566 nm present in the
suspended form in the river water causing Mie scattering of sunlight and resulting in the intense sky-blue
appearance of Rio Celeste.

The transparent water of stream 1 (Rio Buenavista) contains the solid particles of diameter 184 nm and
stream 2 (Quebrada Agria) contains solid particles of diameter <10 nm in suspension. But, upon mixing
of these two colourless streams, the particle size increases in the stream 3 (Rio Celeste). This happens as
when the stream 1 with nearly neutral pH mixes with stream 2 which is acidic, the stream 3 presents an
intermediate pH=5.0. The decreased pH at the dye point favours the protonation of aluminosilicate
particles from stream 1, resulting in the yield of hydroxyl group at the particle surfaces. As the resulting
protonated particles bears a nearly neutral surface, a suppression in the electrostatic repulsion between
particles in caused which leads to their agglomeration and sedimentation. Finally, these submicron sized
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aluminosilicate particles causes Mie scattering of sunlight, thus causing the intense sky-blue color of Rio
Celeste (Castello'n et al., 2013).

Blue Lake, Mt. Gambier, South Australia

Blue Lake is situated in the limestone coast of South Australia. It is a large monomictic crater lake located
in an extinct volcanic maar of the Mount Gambier. It is one of the two surviving lakes of the four crater
lakes on the Mount Gambier maar. The lake has maximum length of 3,566 ft and maximum width of
2,156 ft with a maximum depth of 236 ft with a surface area of 70 ha and shoreline of about 3.5
kilometres. Scientific evidences suggest that the Blue Lake was formed more than 28,000 years ago. The
Blue Lake is very famous for changing its colour from grey in winter to vibrant blue in summer (“Fact
Sheet”, 2014).

The clean water in the Blue Lake turns vibrant blue in summer because of two reasons. First, because of
the higher position of the sun in summer, more light hits the surface of the lake which increases the blue
light that is scattered back from the lake by suspended small particles. Pure water scatter light in blue
range, water with suspended small particles (such as Calcium carbonate crystals, etc) scatter light in the
blue-green range and water with dissolved tannins (organic matter) scatter in the yellow-brown range.
Second, during spring as the surface of the lake warms, dissolved carbon dioxide is released into the air in
gaseous form, the pH increases and the water becomes over-saturated in calcite, as a result it begins to
precipitate out. Tiny crystals of calcite forms and falls to the bottom of the lake and as they fall, they also
capture organic material thus cleaning it from water. By summer the lake is stratified with the warmest
layer in top 15m and the coolest at bottom, below 50m, it is then that the lake looks vibrant blue. A new
layer of calcite about 3mm thick and organic material 1mm thick settles at the bottom of the lake each
year. The highest calcium concentration in the lake has been reported in winter when low clarity is there
and the lowest concentration during summer when the lake appears blue. With the approaching autumn,
the deeper mixing is triggered by the gradual cooling of surface water as there is no longer a defined
warm layer on the top, this brings water with a high carbon dioxide concentration to the surface where it
is released in gaseous form and a second round of calcite precipitation and cleaning occurs. A reduce in
the rate of calcite precipitation occurs by the further deepening and cooling of surface layer. This leads to
a lower clarity as the algae gets dispensed and the colour changes from vibrant blue to grey. The cycle
starts again when the whole lake is well mixed and the temperature is uniform throughout by winter
(Telfer, 2000; Fact Sheet, 2014; Turoczy, 2002).

3. Calcium Carbonate (CaCO3) Rich Turquoise Freshwater Bodies

Water bodies rich in the calcium carbonate also appear turquoise or sky-blue in color. The source of the
calcium carbonate in water can be because the area is rich in calcium carbonate or can also be from the
springs (travertine). The water appears turquoise because of the scattering of light caused by the
suspended calcium carbonate particles.

There are many examples of calcium carbonate rich turquoise freshwater bodies, some are discussed
below.

Bear Lake, Utah

Bear Lake is one of the oldest lakes in North America and has been a point of interest for researchers
since the lake has survived during the extended warm and dry climates, unlike the other lakes. The exact
age of the lake is unknown, but the longest sediment bottom extracted from the bottom of lake indicates
that the lake is at least 250,000 years old. Therefore, Bear Lake can help researchers understanding the
past climates and environment of the area.

The lake bestrides the Utah-Idaho border, and more than half of it lies in Utah. The lake lies at the surface
elevation of 5,923 feet and is 20 miles long and more than 7 miles wide. The lake has a shoreline length
of around 48 miles and has a maximum depth of 208 feet. It is situated in the southern half of the Bear
Lake Valley, which is nearly 50 mile long and 5 to 10 mile wide. The Bear Lake has been a site of
attraction for local people and also national and international tourists because of its intense turquoise-blue
colour. As per the Utah Geological Survey report on Bear Lake, the lake contains abundant suspended
microscopic particles of calcium carbonate (lime) that reflect the water’s natural blue color back to the
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surface, thus, giving the lake its intense turquoise-blue color. It is because of this color, the lake is also
known as the “Caribbean of Rockies” (Davis and Milligan, 2011).

Figure 4: Different Calcium Carbonate Rich Turquoise Freshwater Bodies a- Havasu Creek,
Grand Canyon (source: www.wikipedia.org) b- Bear Lake, Utah (source: Davis and Milligan, 2011)
c- Plitvice Lakes, Republic of Croatia (source: www.worldfortravel.com)

Havasu Creek, Grand Canyon

Havasu Creek is the second largest tributary of the Colorado River located in Grand Canyon National
Park with a number of water-falls (Havasu Falls, Beaver Falls, Mooney Falls and Navajo Falls). It attracts
many visitors each year due to its spectacular blue-green appearance. Because of the travertine feature of
the stream channel, there is deposition of calcium carbonate sediment at the bed. The presence of high
concentration of calcium carbonate in suspended form in water leads to the scattering of light and gives
water turquoise colour appearance (Melis et al., 1996).

Plitvice Lakes, Plitvice Lakes National Park, the Republic of Croatia

Plitvice Lakes National Park is one of the largest national parks in the Republic of Croatia and is one of
the oldest national parks in southeast Europe. It was founded in the year 1949 and was listed under the
UNESCO World Heritage List in 1979. Plitvice lakes are specific geological and hydrological karst
phenomena. A chain of lakes connected by waterfalls which is created by the biodynamic process of tufa
development is its basic feature. There are of total sixteen larger and smaller lakes interconnected with
foaming cascades and waterfalls placed within the forested karst landscape. The lake is considered of high
importance due to continuous deposition of tufa. Tufa (a freshwater calcium carbonate) precipitation takes
place very intensively at the bottom of the lake (Horvatin¢ic¢ et al., 2006). The Plitvice Lakes attract many
tourists from different parts of the globe because of its majestic turquoise appearance. The turquoise
appearance of the lakes can be related to the presence of calcium carbonate in water.

Anthropogenic Turquoise Freshwater Bodies

Anthropogenic turquoise freshwater bodies can be defined as “turquoise freshwater bodies in which the
causal agent(s) or factor(s) responsible for the remarkable turquoise colour is not naturally produced and
is result of human activities, for example mining, industries, etc. All turquoise appearing freshwater
bodies which are as a result of anthropogenic activities can be listed and discussed under this group.
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For example, two rivers have been discussed below which appear turquoise as a result of anthropogenic
activities.

Wilge River, South Africa

Wilge River is a tributary of Vaal River in the central South Africa. It originates near Leandra. It flows
into the Bronkhorspruit River downstream of Bronkhorspruit town and drains the eastern part of the
region (“Department of Water Affairs and Forestry”, South Africa, 2004). As a result of extensive coal
mining and acid mine drainage (AMD), a turquoise or milky-blue colour was observed in the river in the
month of June. The occurrence of milky-blue colour could be due to gypsum precipitation, which is a
common by-product of lime neutralisation, and may originate from the Brugspruit Mine Water Treatment
plant (Dabrowski et al., 2013). It is also believed that the colour might be due to the precipitation of
aluminium compounds as a result of neutralisation reactions in pH-neutral waters (McCarthy and
Pretorius, 2009). However, the actual mechanism behind the coloration in the river remains unknown.

o 2 '> : -

Figure 5: Two Turquoise Appearing Rivers as a Result of Anthropogenic Activities a- Wilge River,
South Africa (source: McCarthy and Pretorius, 2009) b- Lukha River (Wah Lukha), India (source:
Author)

Lukha River (Wah Lukha), Meghalaya, India

Lukha River, also known as Wah Lukha which means “The Serene River” in Jaintia language is located in
the southern part of the East Jaintia Hills, Meghalaya. The river is very famous in the area as it turns sky-
blue during the months of winter as a result of water pollution. This has been happening since last 7-8
years. As it turns blue, fishes are also found dead, floating on the surface of the water. The effluents from
coal and limestone mining areas and also from the cement industries are blamed for the change in the
color of the river. As per the result of physicochemical analysis, the river water is characterized by very
high sulphate content and low pH. However, no clear-cut relation has been established between the
change in colour and physicochemical properties of the river water and the mechanism as well as the
agent responsible for such coloration still remains unknown (Lamare and Singh, 2016).

Conclusion

It can be concluded from the paper that turquoise (blue-green) and bright sky-blue freshwater bodies
present in the different regions of the world have diverse causal factor(s) responsible for such coloration.
The turquoise freshwater bodies originating under similar conditions in different parts of world have some
common characteristics and are categorised accordingly for the first time in this paper. In general, we can
conclude that in glacial-fed lakes, the causal agent for turquoise appearance is mainly rock flour or glacial
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flour whereas in active volcano crater lakes, the turquoise appearance is mainly attributed to high acidity
and presence of extremely high concentration of sulphates, iron, chloride, aluminium and other
compounds and, in dormant volcano crater lakes, these factors doesn’t seem to cause turquoise
appearance. In calcium carbonate rich freshwater water bodies, the turquoise appearance is mainly
attributed to suspended calcium carbonate present in water. But in anthropogenic turquoise freshwater
bodies, the causal factor(s) varies and cannot be established due to limitations of data. Hence, there is a
need to study anthropogenic turquoise freshwater bodies in more details.

ACKNOWLEDGEMENT

The author is very much thankful to his supervisor, Dr. O. P. Singh for his guidance in the completion of
this paper. The author is also thankful to Dr. D. Walia for his invaluable suggestions. The author is
thankful to everyone who has directly or indirectly helped in the completion of this paper.

REFERENCES

Benveniste J, Ducot B and Spira A (1994). Memory of water revisited. Nature 370(6488) 322-322.
Bhandari BB (2009). Wise use of Wetlands in Nepal. Banko Janakari (Special Issue) 10-17.

Bhuju UR, Shakya PR, Basnet TB and Shrestha S (2007). Nepal Biodiversity Resource Book.
Protected Areas, Ramsar Sites, and World Heritage Sites. (International Centre for Integrated Mountain
Development, Ministry of Environment, Science and Technology, in cooperation with United Nations
Environment Programme, Regional Office for Asia and the Pacific. Kathmandu, Nepal). ISBN 978-92-
9115-033-5

Castello'n E, Marti'nez M, Madrigal-Carballo S, Arias ML, Vargas WE et al., (2013). Scattering of
Light by Colloidal Aluminosilicate Particles Produces the Unusual Sky-Blue Color of Ri'o Celeste
(Tenorio Volcano Complex, Costa Rica). PLoS ONE 8(9) 75165 doi:10.1371/journal.pone.0075165.
Chutcharavan P and Aciego S (2014). Surface Area Characterization of Suspended Sediments in
Glacial Meltwater using "Nano-BET" (Doctoral dissertation), Department of Earth and Environmental
Science, University of Michigan.

Dabrowski J, Oberholster PJ, Dabrowski JM, Le Brasseur J and Gieskes J (2013). Chemical
characteristics and limnology of Loskop Dam on the Olifants River (South Africa), in light of recent fish
and crocodile mortalities. Water SA 39(5) 675-686.

Davis J and Milligan M (2011). Why is Bear Lake So Blue? 96, Utah Geological Survey. [Online]
Available: http://files.geology.utah.gov/online/pi/pi-96.pdf [Accessed 20 November 2015].

Department of Water Affairs and Forestry, South Africa (2004). Olifants Water Management Area:
Internal Strategic Perspective. Prepared by GMKS, Tlou and Matji and WMB on behalf of the
Directorate: National Water Resource Planning, DWAF Report No. P WMA 04/000/00/0304.

Dorrier C, Jordan K, Koo A and Polamreddi V (2011). Geochemical differences between glacier-fed
and snow-fed lakes near Mt. Conness, Sierra Nevada, California. GEOLOGY 72H, 1, [Online]. Available:
http://www.geosci.unc.edu/files/documents_PDF/Geology_72H_journal.pdf [Accessed 13 March 2016].
Environmental Assessment Report (2013). Ministry of Forest and Soil Conservation, Department of
National parks and Wildlife Conservation. Government of Nepal. 13. [Online]. Awvailable:
http://dof.gov.np/image/data/publicnotice/PPCR-5_EA-Report.pdf [Accessed 10th January 2016].

Fact Sheet (2014). Everything You Ever Wanted to Know About the Blue Lake- A Comprehensive
Resource. Government of South Australia. Available:
http://www.naturalresources.sa.gov.au/files/sharedassets/south_east/water/blue-lake-comprehensive-
guide-fact.pdf [Accessed 12 Jan 2016]

Gallegos CL, Davies-Colley RJ and Gall M (2008). Optical closure in lakes with contrasting extremes
of reflectance. Limnology and Oceanography 53(5) 2021.

Gupta S (2014). Ground Water Scenario of Himalayan Region, India. Central Ground Water Board,
Ministry of Water Resource. Government of India [Online]. Available: http://www.cgwb.gov.in/Ground-
Water/Himalayan%20Report%20Al1%20Pages.pdf [Accessed 13 March 2016].

© Copyright 2014 | Centre for Info Bio Technology (CIBTech) 127


http://www.nepjol.info/index.php/BANKO/article/view/2206
http://books.icimod.org/demo/uploads/ftp/Nepal%20Biodiversity%20Resource%20Book.pdf
http://books.icimod.org/demo/uploads/ftp/Nepal%20Biodiversity%20Resource%20Book.pdf
https://en.wikipedia.org/wiki/Special:BookSources/9789291150335
https://en.wikipedia.org/wiki/Special:BookSources/9789291150335
http://files.geology.utah.gov/online/pi/pi-96.pdf
http://www.geosci.unc.edu/files/documents_PDF/Geology_72H_journal.pdf
http://dof.gov.np/image/data/publicnotice/PPCR-5_EA-Report.pdf
http://www.naturalresources.sa.gov.au/files/sharedassets/south_east/water/blue-lake-comprehensive-guide-fact.pdf
http://www.naturalresources.sa.gov.au/files/sharedassets/south_east/water/blue-lake-comprehensive-guide-fact.pdf
http://www.cgwb.gov.in/Ground-Water/Himalayan%20Report%20All%20Pages.pdf
http://www.cgwb.gov.in/Ground-Water/Himalayan%20Report%20All%20Pages.pdf

International Journal of Geology, Earth & Environmental Sciences ISSN: 2277-2081 (Online)
An Open Access, Online International Journal Available at http://www.cibtech.org/jgee.htm
2016 Vol. 6 (1) January-April, pp. 119-128/Kumar

Review Article

Horvatin¢i¢ N, Brianso JL, Obeli¢ B, Baresi¢ J and Broni¢ IK (2006). Study of pollution of the
Plitvice Lakes by water and sediment analyses. In The Interactions between Sediments and Water 111-
121. (Springer Netherlands).

Irwin J (1978). Bottom sediments of Lake Tekapo compared with adjacent Lakes Pukaki and Ohau,
South Island, New Zealand. New Zealand Journal of Marine and Freshwater Research 12(3) 245-250.
Kumar A (2013). Geology and Scenery of The Banff National park, Canada. Earth Science India Popular
Issue VI(1V) 1-19.

Kunwar RM and Parajuli RR (2007). Good governance in natural resource management: a case study
from Dolpa district, Nepal. Banko Janakari 17(1) 17-24.

Lamare RE and Singh OP (2016). Seasonal Variation in Water Quality of Lukha River, Meghalaya,
India. Current World Environment 11(1).

Lohr A, Bogaard T, Heikens A, Hendriks M, Sumarti S, Van Bergen M and Widianarko B (2005).
Natural Pollution Caused by the Extremely Acid Crater Lake Kawah ljen, East Java, Indonesia
7. Environmental Science and Pollution Research 12(2) 89-95.

McCarthy TS and Pretorius K (2009). Coal mining on the Highveld and its implications for future
water quality in the Vaal River system. Abstracts of the International Mine Water Conference, 19-23
October 2009, Pretoria. Proceedings ISBN Number: 978-0-9802623-5-3.

Melis TS, Phillips WM, Webb RH and Bills DJ (1996). When the blue-green waters turn red:
Historical flooding in Havasu Creek, Arizona (No. 96-4059), (US Department of the Interior, US
Geological Survey, Open-File Reports Section [distributor].

Ohsawa S, Saito T, Yoshikawa S, Mawatari H, Yamada M, Amita K and Kagiyama T (2010). Color
change of lake water at the active crater lake of Aso volcano, Yudamari, Japan: is it in response to change
in water quality induced by volcanic activity? Limnology 11(3) 207-215.

Sharp KA (2001). Water: Structure and Properties. eLS (Johnson Research Foundation, Philadelphia,
Pennsylvania, USA) [Online]. Available: http://crystal.med.upenn.edu/sharp-lab-
pdfs/sharp_EncLifeSci.pdf [Accessed 13 March 2016].

Simkin TL and Siebert L (1994). Volcanoes of the World, (Geoscience Press, Tuscon, AZ) 349.

Stroll A (1989). What Water Is or Back to Thales. Midwest Studies in Philosophy 14(1) 258-274.
Szent-Gyorgyi A (1971). Biology and pathology of water. Perspectives in Biology and Medicine 14(2)
239-249.

Team CW (Online). Color of Water Fact Sheet. State Water Resources Control Board. FACT SHEET
3.1.5.9. [Online]. Available:
http://www.swrch.ca.gov/water_issues/programs/swamp/docs/cwt/guidance/3159.pdf  [Accessed 16
January 2016].

Telfer AL (2000). Identification of processes regulating the colour and colour change in an oligotrophic,
hardwater, groundwater-fed lake, Blue Lake, Mount Gambier, South Australia. Lakes and Reservoirs:
Research and Management 5 161-176.

Thompson-Carr A (2012). Aoraki/Mt Cook and the Mackenzie Basin’s transition from wilderness to
tourist place. Journal of Tourism Consumption and Practice Volume 4(1).

Turoczy N (2002). Calcium chemistry of the Blue Lake, Mount Gambier, Australia, and relevance to
remarkable seasonal colour changes. Archives of Hydrobiology 156 1-9

WWEF Alpine Programme (online). SAVE THE SOC4 RIVER. World Wildlife Funds (WWF) [Onling].
Available:
http://www.wwf.at/de/view/files/download/showDownload/?tool=12&feld=download&sprach_connect=2
600 [Accessed 12 March 2016].

© Copyright 2014 | Centre for Info Bio Technology (CIBTech) 128


http://crystal.med.upenn.edu/sharp-lab-pdfs/sharp_EncLifeSci.pdf
http://crystal.med.upenn.edu/sharp-lab-pdfs/sharp_EncLifeSci.pdf
http://www.swrcb.ca.gov/water_issues/programs/swamp/docs/cwt/guidance/3159.pdf
http://www.wwf.at/de/view/files/download/showDownload/?tool=12&feld=download&sprach_connect=2600
http://www.wwf.at/de/view/files/download/showDownload/?tool=12&feld=download&sprach_connect=2600

