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ABSTRACT

Antarctica is renowned for its extreme cold; yet liquid water occurs at the base of the Antarctic ice sheet, several kilometers beneath the surface. This discovery was first made in the 1970s by researchers using airborne radio-echo sounding measurements. Using both airborne and surface radar, researchers have now identified more than 145 Subglacial lakes, the largest of which is Lake Vostok. The presence of Subglacial lakes on the frozen continent has captured the interest of people, both scientists and nonscientists alike.  These lakes and their connected aquatic systems are among the last unexplored places on Earth.  Moreover, they have been sealed from free exchange with the atmosphere for millions of years, making it possible for unique microbial communities to exist in these environments. Scientists are excited to learn about how hydrologic systems below ice sheets are connected, how they function, and how they impact the flow of Antarctic ice; and to discover if sediments in these lakes contain evidence about the climate of the Antarctic over many millions of years, perhaps even before the continent was covered with ice. Although much can be learned about these environments from remote sensing and ice core data, many of the key questions about these systems require that samples of water, microbial communities, sediments, and underlying rock be obtained.  As of early 2007, no one had yet drilled into a lake; thus, the next challenge in the exploration of Subglacial aquatic environments is to determine the best way of drilling into, sampling, and monitoring these environments.                                                                                 
                                                                                                                                                 INTRODUCTION

To the untrained eye, Antarctica may look like a giant piece of solid ice that rarely changes, but scientists studying the continent have long known better. The icy surface is dynamic, with glaciers and “streams” of ice flowing toward the ocean. Underneath the ice, the picture is equally complex. Thick masses of ice may appear to rest on solid land, but they actually float on water, with scattered islands bumping into their underbellies. Well inland from these ice shelves, the terrain includes mountain ranges and watery basins buried in ice.

Although temperatures may be unimaginably cold on the surface of Antarctica’s ice, they are warmer under the ice. This relative warmth results partly from friction caused by the grinding of ice over the land surface. It is warm enough to allow pools of water to form. These interconnected lakes fill and drain in response to pressure from the overlying ice. 
EVOLUTION OF SUBGLACIAL LAKE ANTARCTIC EXPLORATION
The history of subglacial lake exploration can be considered to have occurred in three stages: discovery and serendipity (1955 - 75), deliberation and assessment (1994 - 2001), and action (2001 to present).
The principal scientific goals to be addressed by subglacial lake exploration are:

(http://salegos-scar.montana.edu/)

· To determine the form, distribution, and activity of life in the lake water, the sediment below, and the ice above.

· To recover climatic information contained in ice overlying the lakes and sediment underlying the lakes.

· To understand the origins of subglacial lakes and their impact on the evolution of life under the ice.

· To determine the extent and hydrological dynamics of the sub-ice lake system.

The following requirements are recognized as essential for the successful implementation of a subglacial lake exploration programme:

1. It must be internationally coordinated.

2. It must be multi- and interdisciplinary in scope.

3. Non-contaminating technologies and minimum disturbance must be fundamental considerations in programme design and execution.

4. The ultimate goal must be lake entry and sampling to ensure the greatest scientific return on investment.
PROGRESS TOWARDS SUBGLACIAL LAKE EXPLORATION
Life Under the Ice
Even though no samples have been recovered from subglacial lakes, our understanding of the potential for life in subglacial lakes has been improved by modelling the physical and chemical                                                                                              environment that may be expected in the lakes, by analyzing accreted lake ice, and by studying analogous settings elsewhere. Progress in predicting the possible forms of life in subglacial lakes has primarily relied on the analysis of accretion ice recovered from the Vostok ice core.

Physical and Chemical Environment
Recent advances in understanding and predicting the physical and chemical environment of the lakes based on modelling efforts have set boundary conditions for various lake attributes. Until actual lake penetration, modelling will be the primary mechanism for predicting lake chemical and physical conditions.

1. Boundaries on the chemistry and biology of Lake Vostok have been predicted by modelling;

2. A gas hydrate model suggests substantial amounts of gas hydrate will reach the lake from the overlying glacial ice and equilibrate with the lake water.

Accreted Ice Studies
Extensive studies of the limited supplies of accreted ice continue to provide insights into the possible chemistry of lake water and the presence and type of organisms that might be expected to be present in subglacial lakes. Extrapolations to lake water properties and possible biological residents have inherent problems but currently remain, the only "window" into the lakes. Results to date include:
1. A range of microbes has been detected in accreted ice, bacterial diversity is low, and the DNA detected is typical of modern DNA.

2. Molecular biological studies of accreted ice suggest that there are few if any microbes in accreted ice. Most microbes detected so far can be related to contamination.

3. A number of viruses have been observed in both glacial and accretion ice. These viruses show a variety of unusual morphologies. DNA studies are underway to identify the origins of viral particles.

4. Molecular biology studies identified a strain of bacteria whose DNA is similar to thermophilic bacteria suggesting the possible presence of hydrothermal activity.

ROLE OF SUBGLACIAL LAKES
Throughout Antarctica, broad ribbons of ice known as ice streams shed large quantities of ice into the ocean. Glaciologists try to closely monitor ice streams because their movement ultimately affects sea level. Figuring out Antarctic ice stream behavior is tricky, however, and not just because this continent is so remote. Water influences ice stream flow, but the water lies thousands of feet below the ice surface. Its location and flow cannot be directly observed. Instead, the operation of Antarctica’s subglacial plumbing must be inferred from changes in ice surface elevation that occur when water moves from one subglacial pocket to another.

Water plays a crucial role in ice-sheet stability and the onset of ice streams. Subglacial lake water moves between lakes and rapidly drains, causing catastrophic floods. Subglacial lakes initiate and maintain rapid ice flow through either active modification of the basal thermal regime of the ice sheet by lake accretion or through scouring bedrock channels in periodic drainage events. The role of subglacial lakes needs to be considered in ice-sheet mass balance assessments. The location and influence of subglacial lakes on ice streams are among the processes that scientists must 
understand in order to accurately model ice streams and ice sheets and to predict their contributions to sea level.
It is a system that climatologists studying the impact of global warming on sea-level rise want to understand better. Even though the lakes are not caused by climate change, their role in “greasing the skids” beneath ice sheets and glaciers will have to be factored into models of how the Earth’s icy landscapes will react to global warming.

TECHNIQUES USED IN THE EXPLORATION OF SUBGLACIAL LAKES
Antarctic Subglacial lakes were first identified on radio- echo sounding (Martin J. Siegert_et al.) data in the late 1960s, from the recognition of three characteristics. First, the radio reflections  from  subglacial  lakes  are  strong  and  typically 10–20  dB  greater  than  from  the  ice-bedrock  boundary. Second, the echoes have constant strength along the record track, which is indicative of an interface that is smooth on the scale of the radio wavelength. Third the reflections from a   lake   are   very   flat   compared   with   the   surrounding topography and have a slope which is around ten times, and in  opposite  direction  to,  the  ice  surface  slope  (which  is required  if  the  lake  is  in  hydrostatic  equilibrium). 

Nowadays scientists are finding more advanced and reliable sources for exploring subglacial lakes. Using data from the Moderate Resolution Imaging Spectroradiometer flying on NASA’s Terra and Aqua satellites, researchers have assembled the most detailed map of Antarctica’s snowy surface. Called the Mosaic of Antarctica (MOA), this map shows the continent with unprecedented detail. 
Scientist can study these subglacial lakes by identifying any change in elevation or Colour or brightness by using the Mosaic of Antarctica with the help of “image differencing technique”.
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Image differencing is an image processing technique used to determine changes between images. The difference between two images is calculated by finding the difference between each pixel in each image, and generating an image based on the result. For this technique to work, the two images must first be aligned so that corresponding points coincide, and their photometric values must be made compatible, either by careful calibration, or by post-processing. If they are captured under similar enough lighting conditions, differences in shadows or brightness between two images can verify that the slope of the surface, and therefore its elevation, has changed.

An image of part of the Whillams Ice Stream from 2002 (top) subtracted from an image from 2005 (middle) revealed that a section of the ice stream sank (bottom). Scientists inferred that water had drained from a subglacial lake, which they named Subglacial Lake Engelhardt.

                                                                                                                                                                                                                                                                                                                                                                                           LAKE VOSTOK
Lake Vostok is the largest of more than 145 subglacial lakes found under the surface of Earth's southern-most continent— Antarctica. It is located at 77° S 105° E, beneath Russia's Vostok Station, 4000 meters under the surface of the central Antarctic ice sheet. 
Russian and British scientists discovered the lake's existence in 1996 by integrating a variety of data, including airborne ice-penetrating radar imaging observations and spaceborne radar altimetry. It has been confirmed that the lake contains plenty of liquid water under the more than three-kilometre thick icecap, promising to be the most unspoiled lake on Earth. Its water is very old, with a mean residence time in the order of 50,000 years.
The average water temperature is around −3 °C; it remains liquid below the normal freezing point because of high pressure from the weight of the ice above it. Geothermal heat from the Earth's interior warms the bottom of the lake. The ice sheet itself insulates the lake from cold temperatures on the surface.

In April 2005, German, Russian, and Japanese researchers found that the lake has tides. Depending on the position of the Sun and the Moon, the surface of the lake rises between 1 and 2 cm. The researchers assume that the fluctuation of the lake surface has the effect of a pump that keeps the water circulating, which would be necessary for the survival of microorganisms.
LAKE VOSTOK ICE CORE RESEARCH
A joint Russian, French, and U.S. team drilled and analyzed the core, which is 3623 m long. Microbiological analysis of the ice core has revealed a range of microbiota, including bacteria, fungi, and algae, some of which have been reported to be culturable in the laboratory. Drilling of the core was deliberately halted roughly 91 m above the suspected boundary where the ice sheet and the liquid waters of the lake are thought to meet to prevent contamination of the lake from the 60 ton column of Freon and aviation fuel the Russians filled it with to prevent it freezing over.

From this core, specifically from ice that is thought to have formed from lake water freezing onto the base of the ice sheet, evidence has been found, in the form of microbes, to suggest that the lake water supports life. Scientists suggested that the lake could possess a unique habitat for ancient bacteria with an isolated microbial gene pool containing characteristics developed perhaps 500,000 years ago.

HIGH PRESSURE AND HIGH OXYGEN CONCENTRATION
Lake Vostok is an oligotrophic extreme environment, one that is supersaturated with oxygen, with oxygen levels 50 times higher than those typically found in ordinary freshwater lakes on Earth. The sheer weight of the continental icecap sitting on top of Lake Vostok is believed to contribute to the high oxygen concentration. Besides dissolving in the water, oxygen and other gases are trapped in a type of structure called a clathrate. In clathrate structures, gases are enclosed in an icy cage and look like packed snow. These structures form at the high-pressure depths of Lake Vostok and would become unstable if brought to the surface.
Due to this high-pressure extreme environment, if water were to be released from Lake Vostok (from drilling, for example), it could gush like a popped carbonated drink can and, if not contained, open the lake to possible contamination and pose a potential hazard to scientists. The circulation  of  pure  (non-saline)  water  in  Lake  Vostok  will  be driven  by  the  differences  between  the  density  of  meltwater  and  lake  water.  Geothermal heating will warm the bottom water to a temperature higher than that of the upper layers. The water density will decrease with increasing temperature because Lake Vostok is in a high-pressure environment, resulting in an unstable water column. This leads to convective circulation conditions in the lake in which cold meltwater sinks down the water column and water warmed by geothermal heat ascends up the water column. The implications of freezing and melting zones within Subglacial lakes and of possible gas hydrate persistence outlined above should also equally apply to these smaller systems.

RECENT RESEARCH
Subterranean Rivers
It is suspected that the Antarctic subglacial lakes may be connected by a network of subterranean rivers. Glaciologists Duncan Wingham (University College, London) and Martin Siegert (University of Bristol, now University of Edinburgh) published in Nature in 2006 that many of the subglacial lakes of Antarctica are at least temporarily interconnected. Subterranean rivers carry freshwater into the ocean in quantities far larger than previously suspected
 Cryobot 
To probe the waters of Lake Vostok for life without contamination, plans were initiated by the Jet Propulsion Laboratory to start with a melter probe- the so-called “Cryobot” – which melts down through the ice over Lake Vostok, unspooling a communications and power cable as it goes. The Cryobot carries with it a small submersible, called a “hydrobot”, which is deployed when the Cryobot has melted to the ice-water interface. The hydrobot then swims off and “looks for life” with a camera and other instruments.
The Cryobot is a surface-controlled, nonrecoverable instrumented vehicle that can penetrate polar ice sheets down to 3600 m by melting. It can be used to measure temperature, stress, ice movement, and seismic, acoustic and dielectric properties. It can also be used for other investigations with remote instrumentation. The probe consists of a hot point for melt penetration, instrumentation for control and measurement functions, two supply conductor coils to link the probe with the surface for transmission of power and measurement signals, and a reservoir section. The probe is filled with a dielectric fluid.

Cryobots are being tested in Antarctica as prototypes for a space probe that may someday penetrate the icy surface of Europa, a moon of Jupiter, and explore the liquid water ocean thought to be present below the ice, which may harbour extraterrestrial-life.












     CONCLUSION
The exploration of subglacial aquatic environments is in its initial stages, with fundamental questions remaining to be answered about these unique environments. Much debate and speculation have occurred based on the limited data available; no definitive answers will be forthcoming until these environments are sampled directly. For this scientists have to develop entry and sample retrieval protocols that do not alter the nature of lakes. Also they have to develop methodologies to return non contaminated samples and decontamination protocols for handling samples once retrieved.

Two questions still remain unanswered are (1) do subglacial lakes contain life, if so, what form of life exist and how do they function? (2) Do sediments exist along the floors of subglacial lakes and if so, what records of paleoclimate, hydrology, chemical substances and numerous other records do they contain?
The management of Subglacial aquatic environments requires responsible environmental stewardship while allowing field research in accordance with the Antarctic Treaty. International Polar Year (IPY) will be the best platform for scientists across the world to coordinate and work on these pristine lakes which were in isolation from humanity for so long and should get the much needed attention to be factored in the global climatic modals for better future predictions of sea level rise and climate change.  
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