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L4, 24 Oct 2019 – Lake Origins & Morphology 

Lake Origins & Morphometry

Last week we finished off on talking about the properties of water and how they can affect water bodies. 

Now we can get more into the wider scope of how these waterbodies are formed and the importances of monitoring them.

Understanding the formation of a waterbody and their history both from a geological and possibly even human perspective, can help us understand its structure and state.



Lakes

Firstly type of water body we’ll be looking at is lakes – defined as a body of water surrounded by land.

They’re an impressive source of freshwater and provide a crucial habitat to a wide range of biodiversity worldwide, as you can find them on every continent on Earth, and in every type of environment.

Found in a wide variety of geographic areas – In mountainous regions, sparse deserts, on plains and near seashores.

Water is brought into lakes by precipitation as rain or snow, could come in as melting ice from higher or surrounding inland elevations, or even from below as groundwater seeps in times where the land is saturated.

Lakes are also described as being either open or closed…
Open – water leaves a lake via a river or other outlet.
Closed – water only leaves via evaporation. Usually become saline/salty, as evaporation leaves behind solid minerals. 



Major Lake Types

There are approximately 6 different types of major lake types found around the world, defined by their geographical location – altitude and latitude, and also the climate of an area.

Glacial lakes – Many of these can be found in the Northern Hemisphere, accounting for approximately 74% of all lakes on the planet. 
Formed by the movement of glaciers that covered large areas of land during the most recent ice age, about 18,000 years ago.
Deep valleys and depressions in the earth were carved from these glacial movements, forming lakes when the glaciers eventually melted.
Apparently Minnesota in particular is nicknamed ”The land of 10,000 lakes” because of the sheer number of glacial lakes it has!
Tectonic lakes – Lake basins formed where plate tectonics change the form of Earth’s crust, making it buckle under pressure (force) and fold, or break apart.
When Earth’s crust breaks, this is where deep cracks called ‘Faults’ can form and these are what fill with water from rainfall or streams to create lakes.
It’s noted that the Caspian Sea (so big that it’s called a sea and was formed by a coastal tectonic movement), that it accounts for about 42% of global tectonic lake area on Earth.

Coastal – Some lakes are formed in dunes systems, becoming bordered by them and as a result consisting of large open bodies of saline or brackish water.
Many of these lakes (or sometimes lagoons) often alternate between being open or closed to the ocean.

Riverine – Mature rivers often wind back and for the across a plain of land in a wide loop called meanders. During flood periods, a swollen rushing river may create a shortcut and bypass this feature.
After the flood has passed, it leaves this body of water in between, and is called an oxbow lake. Resembling the U-shaped frame that fits over an Ox’s neck when harnessed to pull wagon/plough.

Volcanic – After a volcano becomes inactive, its crater can fill with rain or melted snow. Sometimes the top of a volcano is blown off or collapses during an eruption, leaving a depression (Caldera).
Crater Lake in Oregon is one of the deepest lakes in the world, formed about 6,600 years ago when ancient Mount Mazama’s volcanic cone collapsed.
And Miscellaneous…



Major Lake Types (Miscelaneous...)

Sometimes natural processes can set in motion the formation of lakes by landslide or mudslide.
Attabad lake for example was formed due to a massive landslide at the village in Pakistan (2010)



Paleolimnology

For a moment getting more into the wider scope of monitoring water bodies.
Understanding the formation of a waterbody and their history both from a geological and possibly even human perspective, can help us understand its structure and state.

Paleolimnology is a typical form of monitoring and understanding an inland waterbody better in terms of its geological and ecological history – through studying the preserved sediments in the area’s geology.

Chris house – spoken about varves to you? If not, ask him. He loves them. A varved sediment – an annual layer of sediment or sedimentary rock, which can contain all of these clues about a waterbody’s history and structure.
They’re often referred to as geological ‘archives’ of the environment.

This can be studied from waterbodies like lakes, rivers and streams which are all generally freshwater habitats, or even on brackish and saline habitats like wetlands and mangroves.
This type of monitoring is also really useful in helping us understand changes in these environments, effects of climate change on them and human impacts.




Lake Biwa, Japan – Tectonic Lake example

A famous and often studied tectonic lake in Japan, on Honshu Island called Lake Biwa.
It’s actually the largest and oldest freshwater lake in Japan at 22km wide and 68km in length.

Described as being dated to be at least 4 million years old. Long interrupted period allowed the ecosystem to evolve.

Important ecologically for more than 1000 species and subspecies living in the lake (60 of which are endemic to the area), not including the 5,000 birds/year that visit.
Culturally, because of how close it was to the former Japanese capital city Kyoto, the lake appears regularly in Japanese literature, especially poetry and historical battle accounts.
Archaeology of part of the lake has become known for its importance to how Japanese people in the Jomon period lived – as they could see how the lake was used for plant and animal food resources, including apparently the importance of nuts in their diet! 



Lake Biwa’s Paleolimnology

On the paleolimnology side of it, we can as suggested tell what states the lake has been through in its lifetime.

We can see for the most part it’s stayed as an oligotrophic lake with medium nutrient activity to support the wide variety of biodiversity throughout time.

Melosira S - Algae
Melosira J – Alage
Steph – Diatom
Steph – Diatom
Fragilaria – Diatom
Pennales – Diatom
Staurastrum – Algae
Fertilised eggs of Flatworms (cocoons!)
Bosmina – Water flea

Algae & diatoms – great for understanding the primary production of the lake during these periods of time.

Flatworm eggs – great for understanding the organic matter production and decomposition (as flatworms are detritivores) of the lake during these periods of time.



Lake Basin Origins

Depending on how they’re formed, lake basins can be created slowly over thousands of years, or rapidly almost overnight in some cases.

Sometimes they can be formed from catastrophic impacts and events, such as extraterrestrial impacts by meteorites or asteroids (Lonar crater lake, India; Lake Elgygytgyn; Pingualuit crater lake, Quebec, Canada.) These kinds of lakes tend to stick around in the environment for a long time, often altering the ecosystem around them (especially if they fill with water, and increase the area’s groundwater/water table levels).

Lakes within the same area are often found to be formed in similar processes when compared with each other, which we can often discover through determining similar characteristics in their biochemistry.

The classification used today to determine waterbody types was created by Hutchinson in 1957, where he classified lakes into 11 major categories and 76 types. 



What Lake Types we’ll be looking at!

Some of the Lake types we’ll be covering during this lecture include 6 key types of Lake.
These are Glacial, Tectonic, Fluviatile, Volcanic, Solution/Karst and Man-made.



Glacial Lakes and Glaciers

Glaciers are formed by years of accumulated snowfall, the snow melts slightly and compacts, hardening in the process. As these layers of what are known as firns built on top of each other, the ice grows thick enough (about 50m/165ft) – where at this point the glacier is able to move under its own weight. Behaving plastically or like liquid where they flow, ooze, slide or uneven surfaces in their path.

Today there are only two ice sheets on the planet – the Antarctic ice sheet and the Greenland ice sheet. The Antarctic being the largest block of ice on earth, containing about 7.2 million cubic miles of water. During the last glacial period (ice age) starting about 2.6 million years ago however, ice sheets covered much of the earth’s surface. 

Many of the US’s lakes were created by these glacial ice sheets centred in Canada during the Pleistocene era, carved out by their movements and then filled as a result of a decrease in Earth’s temperature.

Some glaciers have been found to be up to 2,000 ft thick, such as the Malaspina Glacier in Alaska. To contrast this, during the ice age the sheets covering North America and Europe were estimated to be about 10,000 ft thick at the centre of maximum accumulation (of compacting snow). 

During some of the last advances of these ice sheets, sea levels around North America were about 100m/330ft lower than what they are currently, because a large amount of ocean water was locked up as glacial ice during the Pleistocene. 

Notably, as the ice sheet moved south from Canada, it pushed the climatic zones south – which is why archaeologists found bones of musk ox in Arkansas, caribou in Connecticut and even reindeer bones in the Côte d'Azur region of France where the sheets amazingly reached out as far to.

Over this time, the North American glacial sheets went through cycles of 4 major advances and retreats before the final retreat approximately just over 11,000 years ago.
Worth noting just how much of the continent’s surface was covered by inland freshwater lakes, providing new opportunities for species to settle or even diverge into new, specialised species.

Over here in the UK, evidence of glacial lakes can be seen in the Lake District – where layers of the sediments in the lake basins contain evidence of the rate of erosion, and show us the migration of elements within the soil.

*b.p. - before present.



Continental Ice N. America – Maximum extent

Often referred to as the ‘Last Glacial Maximum (LGM)’, this picture shows the last time during the last glacial period – about 26.5 million years ago – when ice sheets were at their greatest extension south (in this case, across North America). 

This extension greatly affected the Earth’s climate, causing drought, desertification, and the drop in sea levels as mentioned in the slide previous. 



WE’VE GOTTA GO BACK TO THE FUTURE, MARTY!

And this (represented by the lighter blue) is what the resulting meltwater created post-11,700 years ago across North America and Canada.

Darker blue is what currently still remains! Including the great lakes on the boarder.
Lake Superior by Winnipeg, right of that is Lake Michigan and Lake Huron, Lake Erie, and Lake Ontario.



Types of Glacial Lakes

Four of the key lakes that a glacier could carve out, which will be looked at in the following slides…







U-Shaped Valley Lakes

A very characteristic feature created by glaciers, U-shaped troughs or valleys have steep straight sides and a flat or rounded bottom.
Formed by glaciers travelling across and down a slope, carving the valley in a motion known as Scouring.

Examples of these types of valleys are found in mountainous regions, like the Alps, Himalaya, Rocky mountains, Scandinavia, New Zealand, the Scottish Islands, or closer to home (sort of..!) Nant Ffrancon Valley in Snowdonia, Wales.

Geologists didn’t always believe that glaciers could be responsible for these kinds of dramatic U-shaped valleys, and other glacial erosion features.
It was unbelievable to many that it could be responsible for the severe carving of bedrock. It wasn’t till about the 1970’s and 80’s that the mechanisms of glacial erosion in these valleys through models proposed by various scientists and numerical models eventually began to shape our understanding of these amazing processes.

The picture above shows Grinnell Valley, Montana. The small glaciers that can be seen today in the area still sculpt the land in much the same way as the larger, ice-age glaciers once did. However the National Park Service notes that this landscape could soon change, with scientists predicting that under the current warming trends all of the parks glaciers will be completely gone by 2030. 

Of course, this will undoubtable have immense effects on the area’s habitats and the survival of plants and animals throughout the whole national park.



Cirque Lakes

Found within Idaho’s Sawtooth National Recreation Area, is Cirque Lake. An example of a lake basin formed by a small glacier’s erosion. 

Cirque – deriving from French for ’circle’, geologists describe a semi-circular, bowl-shaped depression created by alpine glaciers. Often Amphitheatre-like in the shape of it’s valley. 
Other names for these formations which can be found in both Scotland and Wales, include Corrie coming frim Gaelic to mean ‘Pot’ or ‘cauldron’; and Cwm, the welsh word for ‘valley’.

Because glaciers must originate above an area’s snow line, surveys of the elevations of ancient cirques provide us with important information on climate change, and on the former positions of the snow line of an area.



The Nordfjord

Home to Europe’s deepest lake (Hornindalsvatn) at 1,686ft below sea level, the Northern fjord sits within the peninsula to the Jostedal Glacier (Josterdalbreen) – Europe’s largest mainland glacier.
It’s this glacier that’s formed these three lakes, carving out their U-shaped underwater valleys, with dramatic mountainous scenery either sides of them.
The glacier itself is large enough that it has multiple ‘arms’ that carve into various parts of the fjord. 
Culturally, the word fjord means ‘where one fares through’, making sense as the area is also home to numerous old fishing communities which date back to pre-Viking times.



Kettles on the Outwash plains

Kettle lakes – also sometimes called ‘pothole lakes’, are shallow, sediment-filled bodies of water formed by retreating glaciers or draining floodwaters.

Formed as a result of blocks of ice calving (separating) from glaciers, and becoming wholly or partially submerged in the sediment on the outwash plain.

Most kettle holes are less than 2 kilometres (1.2 miles) wide, however some in the US Midwest exceed 10km.



Kettle Formation

Here you can see a closer look at how these lakes are formed, as dead ice is broken off (calved) from the major glacier when its retreating.

Scientists at NASA use satellite imaging of these lakes that are dotted along the Northern Hemisphere of America, Canada, Russia and northern Siberia, to measure water clarity for environmental assessments. From these they can determine rates and effects of climate change. 

E.g. Researchers have reported that some glacial kettle lakes in Northern Siberia have drained over the past 30 years, as the region as warmed and permafrost beneath the lakes has ‘cracked’, allowing lake water to drain out into the water table.



Permafrost Lakes & Formation

Permafrost lake – Also known as Thaw, alas or thermokarst lakes, consist of icy soil beneath the frozen depths of the Arctic. 
Formed when a large amount of ice in the deep soil melts, creating a sinkhole. As water takes up less space than ice, the lakes have room to collect water from other sources such as rain and snow.

Estimated to store 1.5 trillion tons of carbon – methane and other hydrocarbons – twice as much as is found in the atmosphere. 
As such, they’re important stores of these greenhouse gasses, with this type of frozen ground water covering 24% of exposed land in the high latitudes of the Northern Hemisphere, as well as parts of Antarctica and the Patagonian region of Argentina and Chile in the Southern Hemisphere. 

The picture shows an example of a permafrost lake in the tundra’s Arctic Circle, Canada.


Permafrost Lakes in the Arctic

Despite its name though, permafrost lakes aren’t’ always permanent. Deep in the arctic, these permafrost lakes have stayed frozen for tens of thousands of years, unlike those further away from the arctic which can melt on a semi-regular basis – till now.

The Arctic itself holds one of the largest natural reservoirs of organic carbon in the world, locked up in the ice and in lakes such as these.

However when it slowly melts, the microbes in the soil eat the carbon – producing Co2 and methane which enter the atmosphere and contribute to global warming.

It’s estimated by some scientists that we won’t have 200 or 300 years for these large releases of permafrost carbon to happen – more like within a lifetime, a few decades.



Tectonic Lake Basins

Onto the next type of Lake Basin Type – Tectonic.

As touched upon earlier with Lake Biwa, Japan, Tectonic Lakes are formed by the deformation and resulting lateral & vertical movements of the Earth’s crust (tectonic plates).

This can include movements known in geology as faulting, tilting, folding and warping, capable of creating some of the largest lakes on the planet we know today.
In some elevated places, land may have depressions that eventually form lake basins when there’s uplift of ocean floor surrounding that land.

A good example of this is Lake Okeechobee in Florida.
These tectonic movements (especially uplift) can interfere with natural land-drainage patterns in such a way that produce new lake basins, such as The Great Basin of South Australia.

Earthquake activity can also contribute to the formation of tectonic lakes, creating new depressions in land – many tectonic lakes having been formed this way within the last 300 years.

Finally faulting is one of the other large contributors to forming lakes (gentle fractures in the rock of Earth’s curst). A good example of this is Lake Baikal – one of our deepest lakes in the world.










Fault Scarps (not scrapes)

Fault scarp – a small step or offset on the ground surface, where one side of the fault has moved vertically compared to the other.
These features are often short-lived (estimated at a few millennia at best), leaving one area of the fault higher than the other.
For those that can form the basins of new lakes, they can occur in two ways:

Through creating parallel faulted troughs, creating a graben – a depressed block of the crust which is boarded by parallel faults (just like the uppermost image on this slide).
A good example of a graben is Death Valley, which formed from the sinking of a great expanse of rock parallel to two faults.
Death Valley’s graben did once house a freshwater lake called Lake Manly, however the area’s climate became dry at the end of the last ice age and turned into what we know of it today.  

Occasionally the lake reforms to a degree after heavy rains, however not to the extent it once was. 

As the lake evaporated after the ice age however, it did leave under the surface of the lake basin, one of the world’s largest underground reservoirs (aquifer).

The second is tilted fault troughs, where blocks of crust are being pushed by lower crust flow, upward at a tilted angle (sometimes referred to as rotation). 
Often this form of fault creates a domino-style stacking of fault blocks.



Lake Manly, Death Valley - Visual

Lake Manly, Death Valley CA – Once 800ft deep now.. sometimes sort of deep. Sometimes not so much..!



Lake Tahoe - Visual

Lake Tahoe is another great (and currently still with us) example of a lake created by tectonic forces, formed by vertical motion faulting.

With block tilting (half-grabens) created the lake basin in between parallel faults.


Rift Zones – Central Africa

The greatest concentration of tectonic lakes on Earth today can be found clustered together in Central Africa, including Lake Victoria – the third-largest lake in the world (by area).
Collectively they contain 31,000km3 of water; more than Lake Baikal or the North American Great Lakes.

Considering this, the region makes up about 25% of the planet’s accessible, unfrozen surface freshwater.
Ecologically, these lakes are of key importance to fish biodiversity as they are home to 10% of the world’s fish species.

These lakes formed it’s estimated around 12 million years ago by the separation of two tectonic plates, resulting in a graben which was named the “Great Rift Valley”.
The basins that resulted from the geological uplifts filled with water that now flows North.



Lake Tanganyika 

Second largest of the lakes in this region of Africa, and the second oldest freshwater lake in the world. It’s divided among four countries - Democratic Republic of Congo (DRC) possessing the majority of the lake –about 40%).

From the image, you can clearly see why it’s dubbed the longest freshwater lake in the world – stretching on for an impressive 410 miles.



Lake Baikal

Hiking it over to Russia, now.
The Lake Baikal in Russia, an ancient, massive lake located in the mountainous Russian region of Serbia.

It was created by the Baikal Rift Zone, where the Earth’s curst is slowly being pulled apart – similarly to how the lakes in central Africa were formed.

Estimations of it’s age range between 25-30 million years ago, making this the most ancient lake in geological history.

Fed by as many as 330 inflowing rivers, it’s no wonder the lake is estimated to contain nearly 20% of the world’s freshwater.

Much of the flora and fauna can’t be found anywhere else on Earth too – with about 80% of the lake’s plant and animal species are endemic to the area. That’s an immense amount of specialised biodiversity in one region!















Fluviatile Dammed Lakes 

That’s all your Tectonic lakes – now to look at some other types of lakes we missed out…

Fluviatile Dam Lakes – Lakes formed by a backup of flowing water behind sediment produced by a converging river tributary, whose sediment dams up the main river.
In the image you can see how Lake Pepin, a 21-mile-long lake in Minnesota was created by the sediment deposits of Chippewa river’s delta.

In recent decades, it’s been determined that the lake’s natural flora in particular are threatened by increased rates of sedimentation from Chippewa River’s upstream sources - calling the phenomenon a ‘wet desert’.
Some scientists believe the lake is filling at a rate up to 10x greater than pre-colonisation, largely due to increased run-off from farms along the Minnesota river. 
Other research suggests sediment is coming from a more diverse and complex set of processes going on upstream – including man-made restrictions to river flooding and forced straightening and deepening of river channels.
Along with increased precipitation in recent years because of climate change, research suggests this issue is just becoming more compounded in this lake.



Floodplain Lakes

Created by the Columbia river, Sturgeon Lake is one of the floodplain lakes from which the river floods out into at certain times of the year.

Because of this, the depth and lake surface of floodplain lakes like Sturgeon rise and fall with the stages of the river.



Oxbow Lakes

Oxbow lakes are U-shaped lakes formed when a wide meander from the main flow and stem of the river is cut off, often during floods when the river will naturally take the shorted course through the neck of the river.

This process creating a free-standing body of water. This formation is so named after its distinctive curve shape which resembles the bow pin of an oxbow.



Does anyone know of an oxbow river in South Wales…?

Name some of the most popular beaches…
Do any have a river running through it that could become an oxbow lake in hundreds of years’ time…?
Right on our doorstep, the River Ilston at Three Cliff’s Bay is an Oxbow river. In it’s early stages of its potential in creating an oxbow lake/waterbody, flowing out into the Bristol Channel.


Volcanic Lake Basins

Next is volcanic lake basins, which are formed from volcanic activity but vary greatly depending on the nature of the volcanic activity.

As volcanic material (including magma) discharge out of a volcano, empty depressions or cavities form within its structure.

Because some of these depressions can’t drain and become sealed holes on the top of the volcano (otherwise known as Calderas), rainfall and runoff eventually fill the depressions with water - forming a new lake.

The largest volcanic lake in the world is Lake Toba, occupying the caldera of a Supervolcano. 



Crater Lake

Fed by rain and snow, Cater Lake is the USA’s deepest lake. Formed by violent eruptions of the stratovolcano called Mount Mazama some 7,700 years ago (not too long ago in geological history).



Karst Lakes/Sinkhole Lakes

Also called sink holes, Karst lakes are identified by their underground drainage systems with sinkholes and caves.

Karst lakes are sink hole depressions in the land’s surface, their size depending on local geology.

Formed by the dissolution of underlying bedrock – carbonic acid that causes karstic features formed as rain passes through the atmosphere picking up Carbon Dioxide which dissolves into the water. Once the rain reaches the ground passing through the soil which provides possibly more co2, a weak carbonic acid solution is formed.

Studying the formation and distribution of karsts is deemed important by scientists in the geology of petroleum, where apparently 50% of the world’s hydrocarbon reserves sit; in these porous karst systems.

These sinkholes are a natural component for many places, including Florida’s high-water table landscape. Not so much here of course, however the UK has a considerable amount of Calcareous Limestone bedrock, especially here in South Wales - which makes it no surprise that not too far from Dan-Yr-Ogof, a network of limestone caves and cavern systems, sink holes on the odd occasion occur. Just not so often in the car park of a countryside park…!

That’s all Folks!
We’ll continue next week by finishing off our close look at the types of lakes with how higher animals create and affect lakes.
Till then, take a little look around on the internet and papers on…
· Morphological characteristics of lakes (i.e. the shapes they come in and how).
· Dams - Why Have Dams & Reservoirs? Their purposes, pros and cons.
