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Update on a classic British field site (February 2013) 

 

Glacial erratic at Norber Brow that sits nicely on a limestone plinth, dues to the erratic’s 
having protected the limestone underneath from erosion. (credit: Wikipedia) 

Few expect Earth scientists to get all sentimental, but they do. My soft spot is for one of the 
most rewarding and least strenuous geological sites in Britain, Norber Brow near Austwick 
on the southern edge of the Yorkshire Dales National Park. As well as the famous glacial 
erratics of Silurian greywackes perched on Lower Carboniferous limestone, 250 m to the SE 
by a well-trodden path is the inverse, the Variscan unconformity at the base of the 
Carboniferous on the very same Silurian formation. I was lucky to be taken there at age 15 
by Roy Happs who taught A-level Geology, and it decided my future, there and then. 

The erratics don’t just site on the limestone, but are on pedestals up to 30 cm above the 
surrounding limestone surface as if carefully balanced by Beowulf’s assailant Grendel. 
Somehow, since the time glacial flow had deposited the Silurian boulders the underlying 
limestone had been dissolved away; but how fast was that? That is the key to the pace at 
which limestone pavement, to most general visitors such a stunning and unexpected feature 
of the Dales, might have formed. And such a delight to hear of its terminology: clints, 
redolent of the former Viking people of the Dales, that stand proud between deep fissures 
known as grikes, a suitably ominous term of unknown derivation. Such superbly fractal 
landforms are, of course, but one part of karst (from the eponymous region of limestone 
country in Slovenia). 

http://www.walkingenglishman.com/dales12.htm
http://en.wikipedia.org/wiki/Glacial_erratic
http://en.wikipedia.org/wiki/Glacial_erratic


 

A classic limestone pavement in the Yorkshire Dales National Park (credit: Wikipedia) 

It is really satisfying to discover that a lot of cutting-edge science has recently been aimed at 
Norber (Wilson, P. et al. 2013. Dating in the Craven Dales. Geology Today, v. 29 (January-
February Issue), p. 16-22; DOI: 10.1111/j.1365-2451.2013.00859.x). The length of time that 
the Norber erratics have been exposed to cosmic-ray bombardment has been determined 
from 10Be, 26Al and 36Cl analyses with a precision of ±1000 years to 17.9 ka, shortly after the 
last glacial maximum (LGM) when warming and glacial melting had just begun in this part of 
Yorkshire. That might seem to indicate an average of 330 mm of limestone had been 
dissolved over that period to form the pedestals, i.e. a dissolution rate averaging about 20 
micrometres per year, which is extremely rapid, geologically speaking. In 1962 when I was 
show the site we were told that elsewhere the limestone pavement had formed since the 
first field systems (Iron Age) were laid out because now useless dry-stone walls cross it. Roy 
Happs somewhat darkly suggested that they had formed since the start of the Industrial 
Revolution because of acid rain. 

He was pretty much wrong on that score, but cosmogenic dating of the clints shows 
significant discrepancies between the age of deposition of the erratics and  and the 
exposure age of the clints. This suggests both chemical dissolution and also periods of frost 
shattering and gravel removal, perhaps by soil creep. Dating of other materials enlivens the 
history of local landform development. Another karstic feature is the presence of sinkholes 
or dolines that are often filled with yellowish silts that show clear textural evidence of being 
windblown sediments or loess. These aeolian sediments have long been regarded as post-
LGM too, but optically stimulated luminescence dating of their quartz grains gives an age 
split between pre- (27.5 ± 2.6 ka) and post-LGM (16.5 ± 1.7 ka). Some loess elsewhere in 
Craven district comes out to be as young as 8.2 ka, to tally with evidence from Greenlandic 
ice cores for sudden climate deterioration along the North Atlantic seaboard during this 
early time in the Holocene. 

Then there are the local caves, renowned in Victorian times for their cave bears and other 
mammal fossils. One bear skull from Victoria Cave in the Craven area gave a 14C age of 14.6 
± 0.4 ka which statistically coincides with that from a cut-marked horse vertebra. More than 

https://www.researchgate.net/profile/Peter_Wilson38/publication/236333867_Dating_in_the_Craven_Dales/links/59de879e0f7e9bcfab240838/Dating-in-the-Craven-Dales.pdf?origin=publication_detail


likely the bears were turfed out when Mesolithic humans reached Craven, but did they 
return when humans fled in the face of the Younger Dryas return to frigid-desert 
conditions? Even earlier ages of 114 ka from U-Th dating of calcite flowstone that embeds 
hippo, elephant, rhino and hyena bones in Victoria Cave date to the previous Eemian 
interglacial. Indeed this speleothem has yielded ages as far back as the limit of the U-Th 
method (500 ka). On a solo expedition in 1964 I had the chance to sleep-over in Victoria 
Cave, but pressed on with goose bumps to the nearby Youth Hostel. 

 

The Grand Greenland Canyon (September 2013) 

One of the properties of radar is that it can pass through hundreds of metres of ice to be 
scattered by the bedrock beneath and return to the surface with sufficient remaining power 
to allow measurement of ice depth. This is related to the time between transmission of a 
microwave pulse and that when the scattered energy returns to the antenna. Liquid water 
simply absorbs the radar energy preventing any return from the subsurface. As far as rocks 
and soils are concerned, any water in them or in the structure of minerals from which they 
are composed limit radar penetration and energy return to, at most, only a few metres. 
While radar images that result from scattering by the Earth’s solid surface are highly 
informative about landforms and variations in the surface’s small-scale texture, outside of 
seismic reflection profiling, only ice-penetrating radar (IPR) approaches the ‘holy grail’ of 
mapping what lies beneath a glacier surface in 3-D. Unlike seismic surveys it can be achieved 
from aircraft and satellites, and is far cheaper to conduct. 

 

Greenland’s topography without the ice sheet. (Photo credit: Wikipedia) 

http://en.wikipedia.org/wiki/Uranium-thorium_dating
http://maps.google.com/maps?ll=71.1725,25.7944444444&spn=0.01,0.01&q=71.1725,25.7944444444%20%28Eemian%29&t=h
http://maps.google.com/maps?ll=71.1725,25.7944444444&spn=0.01,0.01&q=71.1725,25.7944444444%20%28Eemian%29&t=h
http://en.wikipedia.org/wiki/Radioglaciology


It was IPR that revealed the scattering of large lakes at the base of the Antarctic ice cap, but 
a survey of Greenland has revealed something even more astonishing: major drainage 
systems. These include a vast canyon that meanders beneath the thickest part of the ice 
towards the island’s north coast (Bamber, J.L. et al. 2013. Palaeofluvial mega-canyon 
beneath the central Greenland ice sheet. Science, v. 341, p. 997-999; DOI: 
10.1126/science.1239794). At 750 km long and a maximum depth of 800 m it is comparable 
with active canyon systems along the Colorado and Nile rivers in the western US and 
Ethiopia respectively. A less-well publicised feature is an ancient leaf-shaped system of 
buried valleys further south that emerges in a great embayment on West Greenland’s coast 
near Uummannaq, which may be the catchment of another former river system. In fact 
much of the data that revealed what appears to be pre-glacial topography dates back to the 
1970s, though most was acquired since 2000. The coverage by flight lines varies a great 
deal, and as more flights are conducted, yet more detail will emerge. 

The British, Canadian and Italian discoverers consider that glacial meltwater sinking to the 
base of the ice cap continues to follow the canyon, perhaps lubricating ice movement. The 
flatter topography beneath the Antarctic ice cap is not so easy to drain, which probably 
accounts for the many sub-glacial lakes there whereas none of any significance have been 
detected in Greenland. The earliest time when Greenland became ice-bound was about 5 
Ma ago, so that is the minimum age for the river erosion that carved the canyon 

 

Explosive erosion in the Himalaya 

 

The Yarlung Tsangpo River watershed which drains the north slope of the Himalayas. (credit: 
Wikipedia) 

As the Yalung-Tsangpo River on the northern flank of the Himalaya approaches a huge, 
tectonically controlled bend, it progressively rotates its flow direction by almost 180 degrees 
to become the Brahmaputra to enter one of the world’s largest canyons. Over the 200 km 
length of the Tsangpo Gorge the river descends by two kilometres between peaks that 

http://www.youtube.com/watch?feature=player_embedded&v=ENg9Hci9y3M
https://www.researchgate.net/profile/Martin_Siegert/publication/256291545_Paleofluvial_Mega-Canyon_Beneath_the_Central_Greenland_Ice_Sheet/links/547331c90cf216f8cfaeb1d5/Paleofluvial-Mega-Canyon-Beneath-the-Central-Greenland-Ice-Sheet.pdf?origin=publicatio
https://www.researchgate.net/profile/Martin_Siegert/publication/256291545_Paleofluvial_Mega-Canyon_Beneath_the_Central_Greenland_Ice_Sheet/links/547331c90cf216f8cfaeb1d5/Paleofluvial-Mega-Canyon-Beneath-the-Central-Greenland-Ice-Sheet.pdf?origin=publicatio
http://earth.imagico.de/large.php?site=bramaputra12


tower 7 km above sea level. Since the area is rising tectonically and as a result of the 
unloading that attends erosion, it has been suggested that the Tsangpo has maintained its 
eastward flow through an average erosion rate of 3 to 5 km per million years, maintained 
continuously over the last 3 to 5 Ma. However, new information from the sediments 
downstream of the gorge suggests that much of the gorge’s depth was cut during a series of 
sudden episodes (Lang, K.A. et al. 2013. Erosion of the Tsangpo Gorge by megafloods, 
Eastern Himalaya. Geology, v. 41, p. 1003-1006; DOI: 10.1130/G34693.1). 

It has become clear from a series of mountain-side terraces that during the Pleistocene 
glaciers and debris from them often blocked the narrow valleys through which the river 
flowed along the northern flank of the Himalaya. Each blockage would have impounded 
enormous lakes upstream of the Tsangpo Gorge, containing up to 800 km3 of water. Failure 
of the natural dams would have unleashed equally spectacular floods. The researchers from 
the University of Washington in Seattle examined the valley downstream of the gorge, to 
find unconsolidated sediments as much as 150 m above the present channel. They have 
similar grain size distributions to flood deposits laid down some 30 m above the channel by 
a flood unleashed in 2000 by the failure of a temporary dam caused by a landslide. The 
difference is that the higher level deposits are densely vegetated and have well-developed 
soils: they are almost certainly relics of far larger floods in the distant past from the lakes 
betrayed by the terraces above the Tsangpo Gorge. 

By measuring the age of zircons found in the megaflood deposits using the U/Pb methods 
the team have been able to show that the sediments were derived mainly from 500 Ma 
crystalline basement in the Tsangpo Gorge itself rather than from the younger terranes in 
Tibet. There are four such deposits at separate elevations above the modern river below the 
gorge. Like the 2000 AD flood deposit, each terrace is capped by landslide debris suggesting 
that flooding and associated erosion destabilised the steep slopes so characteristic of the 
region. Because the valleys are so narrow (<200 m at the bottom), each flood would have 
been extremely deep, flows being of the order of a million cubic metres per second. The 
huge power would have been capable of moving blocks up to 18 m across with 1 m boulders 
being carried in suspension. It has been estimated that each of the floods would have been 
capable of removing material that would otherwise have taken up to 4000 years to erode at 
present rates of flow. 

Related article: Massive Himalayan gorge partly carved by Lake Erie-sized floods 
(arstechnica.com) 

 

https://www.researchgate.net/profile/Katharine_Huntington/publication/257200145_Erosion_of_the_Tsangpo_Gorge_by_megafloods_Eastern_Himalaya/links/004635249e37f38197000000/Erosion-of-the-Tsangpo-Gorge-by-megafloods-Eastern-Himalaya.pdf?origin=publication_de
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http://arstechnica.com/science/2013/08/massive-himalayan-gorge-partly-carved-by-lake-erie-sized-floods/

