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GLACIERS





Glaciers are bodies of flowing ice formed by compaction, recrystallization and densification of snow (<.1g/cm3) to firn (.4) to ice (.9); form above the regional snowline of an area





Main types, according to the most widely-used criteria:


geomorphic: highland ice field, cirque, valley, piedmont � form in mountainous areas;


ice sheets and ice caps � form in shield areas of lower relief and on Arctic islands;


ice shelves � where continental glaciers spread out and float in coastal bays


dynamic: active � continuous ice movement occurs from the area of snow accumulation to the advancing ice margin; passive � internal ice flow occurs but the margin is stationary or even retreating; dead or stagnant � no flow within the glacier


thermal: warm (temperate, wet based) � ice is at the pressure melting point, meltwater is present and the glacier can slide over its bed and erode; cold (polar, dry based) � ice is below melting point and is usually stuck to the bed, no meltwater, little sliding





Mass Balance: balance of water input (snow and water accumulation) and output (ablation through ice melting, evaporation, sublimation, wind deflation, and calving)


� if the glacier has a net positive mass balance (accumulation>ablation) it is said to be 	active; if negative (accum.<ablation) it is considered passive or dead (stagnant)


� the accumulation zone of a glacier (upper part where accumulation>ablation) meets the ablation zone (lower part where accumulation<ablation) at the equilibrium line (where accumulation=ablation)





Movement: ice is transported from the accumulation zone to the glacier terminus by:


internal deformation � ice defoms under its own weight by shifting and gliding 	between ice crystals or within crystals along basal planes, and subsequent 	recrystallization; results in glacier creep which follows Glen's flow law:


	ė = A tn       where ė = strain rate, t = shear stress, and A and n (~3) are constants


basal sliding � if bed obstacles are less than about 1 m in size, ice tends to melt 	under pressure on the stoss side of the obstacle, meltwater trickles around and 	refreezes on the lee side under reduced pressure � this phenomenon is known as 	regelation; otherwise, ice flows around larger obstacles (enhanced basal creep)


deforming bed - saturated deforming sediment can account for most glacial flow


- glacier flow velocity is highest at the equilibrium line, in the centre of the glacier surface; flow pattern is concave�up and may produce rising shear planes at the terminus


- at uphill slopes on the glacier bed, ice slows, thickens, and undergoes compressive flow; on downhill slopes, ice speeds up, thins, and develops crevasses by extending flow





Ice Structures: can reveal a glacier’s mass balance and flow history


primary � stratification or banding from annual cycles of snow accumulation and 	ablation; produces white winter (snow) and dark summer (airfall) layers


secondary � foliation, faulting, folding mainly by shear during ice flow; ogives probably 	due to annual flow pulses of winter snow accum.; crevasses by extending flow





Meltwater: mainly by surface melting of warm and cold glaciers; also from internal deform.





References: Hooke 2005 in Weldon; Hambrey & Alean 2004 in Weldon; Menzies 2002, Ch 3,4; Siegert 2001 p 23-27; Knight 1999 Ch 3-5,7; Benn & Evans 1998 Ch 4 


�











 





 











