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Abstract	

The	main	 goal	 of	 this	 study	 is	 to	 examine	mechanisms	 controlling	 valley	 asymmetry	
development	at	two	locations	with	distinctly	differing	environmental	parameters	and	to	
develop	a	model	for	the	two	locations.	As	a	secondary	aim	the	knowledge	gained	from	
the	main	goal	is	thought	to	help	understand	the	very	uncertain	glacial	past	of	the	high	
Drakensberg	 as	 it	 can	 be	 compared	 to	 the	 much	 accepted	 glacial	 history	 of	 Abisko.	
Parameters	 studied	 were	 slope	 angle,	 landforms,	 vegetation	 cover,	 block	 abundance,	
available	 moisture,	 bedrock	 characteristics,	 temperature	 and	 soil	 moisture.	 Some	
parameters	were	not	studied	in	the	field	due	to	time	issues;	these	were	instead	gathered	
by	 literature	 study.	 These	 parameters	 were	 structural	 weakness,	 soil	 depth	 and	
glaciation.	

Results	 show	 that	 the	 environmental	 differences	 noted	 between	 each	 sites	 north	 and	
south	facing	slope	are	clear.	The	side	facing	the	equator	is	at	both	locations	less	steep,	
warmer	 and	 has	more	 diverse	 vegetation.	 	 Temperature	 development	with	 elevation	
was	 statistically	 analyzed	 and	 showed	 no	 correlation	 or	 not	 statistically	 significant	
correlation	on	all	slopes.	The	expectation	the	south	facing	side	of	the	Sani	Pass	transect	
showed	where	a	statistically	significant	decline	in	temperature	with	elevation.		

The	main	conclusion	drawn	is	that	valley	asymmetry	development	at	both	locations	is	
controlled	by	 the	 increased	 intensity	of	denudational	processes	on	 the	side	 facing	 the	
equator	as	a	result	of	the	larger	input	of	radiative	energy	there.	It	is	also	suggested	that	
internal	feedback	mechanisms	are	related	to	the	hastening	of	asymmetric	development.					

The	main	constraint	of	the	study	is	that	not	large	enough	data	sets	were	gathered	and	
that	some	important	parameters	like	soil	depth	could	not	be	included	in	the	study.		

More	 research	 is	 needed	 in	 the	 field	 of	 vegetation’s	 role	 in	 interacting	 with	 physical	
processes	 on	 mountain	 slopes.	 The	 role	 of	 vegetation	 as	 an	 enhancer	 or	 retarder	 of	
geomorphic	processes	is	not	sufficiently	understood.	
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Sammanfattning	

Denna	 studies	 huvuduppgift	 var	 att	 undersöka	 de	 mekanismer	 som	 kontrollerar	
uppkomsten	av	dalgångsasymmetri	vid	 två	områden	som	 innehar	vitt	 skilda	naturliga	
förutsättningar	 och	 att	 skapa	 en	 modell	 för	 platserna.	 Informationen	 som	 ges	 från	
huvuduppgiften	 tros	 kunna	 hjälpa	 förstå	 den	 osäkra	 glaciala	 historien	 för	 Sani	 Pass	
eftersom	 den	 då	 direkt	 kan	 jämföras	 med	 Abiskos	 väldokumenterade	 historia.	
Undersökta	parametrar	vid	båda	platserna	är	sluttningsvinkel,	 landformer,	vegetation,	
blockmängd,	 vattenmängd,	 berggrundskaraktär,	 temperatur	 och	 markfukt.	 Vissa	
parametrar	kunde	 inte	mätas	 i	 fält	och	 fick	därför	hämtas	 från	 facklitteratur.	Exempel	
på	sådana	parametrar	är	svagheter	i	berggrunden,	jorddjup	och	glacial	historia.		

Resultaten	 visar	 att	 det	 finns	 tydliga	 skillnader	mellan	 nord	 och	 sydsluttningarna	 vid		
båda	platser.	Den	sida	som	vetter	mot	ekvatorn	har	 lägre	sluttningsvinkel,	är	varmare	
och	har	mer	varierande	vegetation.	Temperaturutveckling	vid	ökande	höjd	över	havet	
undersöktes	 statistiskt	 där	 resultaten	 inte	 påvisade	 någon	 signifikant	 korrelation	
mellan	ökande	höjd	och	lägre	temperatur		vid	alla	områden	utom	en.		Denna	plats	,Sani	
Pass	 nordliga	 sluttning,	 påvisades	 en	 statistiskt	 signifikant	 sänkning	 av	 temperaturen	
med	stigande	elevation.		

Den	 huvudsakliga	 slutsatsen	 som	 utgår	 från	 studien	 är	 den	 att	 utvecklingen	 av	
dalgångsassymetri	vid	båda	platserna	är	kontrollerad	av	den	ökade	 intensiteten	av	de	
nedslitande	processerna	på	den	sida	som	vetter	mot	ekvatorn.	Detta	sker	på	grund	av	
den	större	mängd	solenergi	som	denna	sida	mottar.	Interna	feedback	processer	verkar	
även	vara	kopplade	till	skapandet	av	dalgångsasymmetri.	

Den	 största	motgången	 i	 denna	 studie	 är	 att	 inte	 nog	med	 data	 har	 samlats	 samt	 att	
vissa	viktiga	parametrar	som	jorddjup	inte	kunnat	studeras.	

Mer	 forskning	 behövs	 inom	vegetations	 roll	 i	 interaktionen	med	 fysiska	 processer	 på	
bergssluttningar.	 Om	 vegetation	 intensifierar	 eller	 motverkar	 dessa	 geomorfiska	
processer	är	inte	tillräckligt	förstått.	
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1. Introduction	

1.1	Background	
Valley	asymmetry	is	a	feature	seen	in	mountain	valleys	where	one	side	of	the	valley	has	
a	 generally	 steeper	 gradient	 then	 the	 other	 (Meiklejohn	 1994,	 Melton	 1960,	 Currey	
1964).	 This	 feature	 arises	 from	 processes	 acting	 differently	 on	 either	 slope	 and/or	
differences	in	intensity	of	the	processes	as	a	result	of	variations	in	micro	climate.	Valley	
asymmetry	has	been	studied	in	northern	Europe,	the	Antarctic,	southern	Africa	and	in	
South	 America	 (Meiklejohn	 1992,	 Melton	 1960,	 Currey	 1964,	 Boelhouwers	 1988a,	
Boelhouwers	 1988)	 where	 it	 has	 been	 suggested	 that	 the	 origin	 of	 the	 asymmetric	
features	 in	 a	 valley	 can	 be	 used	 as	 an	 indicator	 of	 past	 prevailing	 processes	 and	
therefore	could	be	used	as	an	approximation	of	past	climatic	conditions.			

Many	 theories	 concerning	 the	 genesis	 of	 valley	 asymmetry	 and	 the	 processes	 that	
control	 it	have	been	suggested	with	 the	emphasis	 lying	 in	 the	 local	 influence	of	wind,	
water,	 radiation	 income	 and	 geology	 resulting	 in	 alternating	 explanations	 for	 the	
feature	based	on	 local	preferences	 (Boelhouwers	1988a,	Meiklejohn	1992,	Meiklejohn	
1994,	Naylor	and	Gabet	2006,	Melton	1960,	Currey	1964).		

The	 goal	 of	 this	 study	 is	 to	 examine	 the	 origin	 of	 valley	 asymmetry	 at	 two	 locations	
which	 are	 distinctly	 different	 in	 elevation,	 temperature,	 moisture	 input,	 latitude	 and	
geology.	 Valley	 asymmetry	 can	 originate	 from	 several	 mechanisms	 active	 at	 both	
locations	and	it	is	the	intent	of	the	author	to	establish	grounds	for	which	processes,	how	
and	why	they	are	active	at	these	locations.	It	is	as	well	the	authors’	intent	to	examine	if	
glacial	erosion	can	cause	asymmetric	valleys	and	whether	such	findings	can	be	used	as	
indicators	 of	 past	 climate.	 There	 has	 been	 much	 debate	 about	 indications	 of	 Late	
Quaternary	 glaciation	 in	 the	 High	 Drakensberg	 in	 Lesotho	 (Grab	 and	 Hall	 1996,	
Boelhouwers	et	al	2002,	Boelhouwers	and	Meiklejohn	2002)	which	provides	the	context	
for	 this	 study.	 Thus,	 the	 aims	 of	 this	 study	 are	 1)	 to	 link	 the	 much	 accepted	 glacial	
history	 of	 Abisko,	 northern	 Sweden	 to	 the	 less	 understood	 glacial	 past	 of	 the	 High	
Drakensberg	and	2)	to	see	if	the	same	asymmetrical	features	seen	at	both	locations	can	
still	develop	by	similar	processes	despite	non‐similar	environmental	conditions.	
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1.2	Objectives	
 To	measure	slope	angle,	landforms,	vegetation	cover,	block	abundance,	available	

moisture	 and	 bedrock	 characteristics,	 temperature	 and	 soil	 moisture	 of	 two	
asymmetrical	mountain	valley	transects,	one	in	Abisko	northern	Sweden	and	one	
in	Sani	Pass	Lesotho	

 To	 analyze	 the	 measured	 variables	 for	 patterns/trends	 that	 either	 confirm	 or	
refute	the	goal	of	providing	answers	for	valley	asymmetry	development	and	the	
glacial	history	of	the	High	Drakensberg	

 To	 build	 a	 model	 on	 the	 mechanisms	 that	 has	 dominated	 valley	 asymmetry	
development	at	each	site.	

 To	confirm	morphological	similarities	and	dissimilarities	between	the	two	study	
areas	 in	 respect	 to	 their	 vastly	 differing	 characteristics	 in	 elevation,	 moisture	
input,	temperature	and	geology.		

1.3 Study	area	

1.3.1	Abisko	
Abisko	 region	 is	 a	 part	 of	 the	 Swedish	 Caledonian	mountain	 range	 and	 is	 located	 at	
68°N,	 about	 200	 km	 north	 of	 the	 Arctic	 Circle.	 Abisko	 village	 lies	 about	 400	 m.a.s.l	
(meters	 above	 sea‐level)	while	 peaks	 close	 by	 reach	 almost	 1200	m.a.s.l.	 The	 area	 is	
described	as	a	humid	cold	climate,	which	resembles	tundra	in	many	ways,	classified	as	
Dfc	 in	 Köppens	 climate	 classification.	 Winters	 are	 typically	 cold	 with	 a	 mean	
temperature	 below	 ‐10°C	 with	 thick	 snow	 layers	 while	 summers	 are	 mild	 with	
temperatures	 exceeding	 10°C.	 Precipitation	 in	 and	 around	 Abisko	 varies	 both	 with	
topography	 such	 as	 orographic	 rain	 and	 with	 proximity	 to	 the	 Norwegian	 Sea.	
Measurements	taken	across	Lake	Torneträsk,	which	extends	west	to	east	 just	north	of	
the	Abisko	region,	reports	annual	precipitation	from	1000mm	in	the	west	to	300mm	in	
the	east	 (Ridefelt	2006).	 	Abisko	valley	being	 located	 in	 the	west,	but	having	300mm,	
which	is	one	of	the	lowest	in	Scandinavia	(Andersson	1996,	Ridefelt	2006).	

Geologically	Abisko	 is	 situated	on	 a	nappe,	which	 is	 a	detached	piece	of	 bedrock	 that	
was	 separated	 from	 the	 main	 bedrock	 (Lindstrom	 1955).	 In	 Abisko	 this	 segregation	
took	place	during	the	Caledonian	Orogeny	(540‐490Myr).	The	Abisko	Nappe	is	made	up	
of	a	complex	of	 fine	grained	tectonically	 laminated	crushed	quartzofeldspathic	schists,	
black	 schists	 and	dolomite	marble.	Although	 the	 study	area	 (blue	dotted	on	Figure	1)	
has	a	more	metamorph	micagarnet	schist	with	smaller	interbedded	and	heavily	folded	
zones	of	dolomite	marble	(Lindstrom	1955;	Kulling	1964).		
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1.3.3	Sani	Pass	
Sani	Pass	is	a	small	village	at	the	border	between	South	Africa	and	Lesotho	in	southern	
Africa	ca	200km	west	of	the	South	African	coast	line.	The	village	is	situated	at	29°S	at	an	
altitude	of	2900m	with	peaks	close	by	that	reach	3200m.	Periglacial	conditions	rule	and	
the	 climate	 is	 described	 as	 seasonally	 alpine	 (Grab	 2010).	 The	 dry	 winters	 and	 wet	
summers	 alongside	 high	 altitude	 makes	 Sani	 Pass	 a	 Cwb	 in	 Köppens	 climate	
classification.	 Precipitation	 is	 estimated	 at	 1400‐1600mm	 of	 which	 ca	 70%	 falls	
between	 November	 and	 March	 and	 less	 that	 10%	 from	 May	 to	 August.	 During	 the	
winter	months	about	8	snowfall	events	occur	(Grab	2010;	Nel	and	Sumner	2008).	Mean	
annual	air	temperature	is	not	yet	sufficiently	studied,	but	is	assumed	to	be	in	the	range	
of	3	to	7	°C	(Boelhouwers	1994;	Grab	1997b,	2002).	

The	Lesotho	highlands	 are	made	up	of	 horizontally	 bedded	 flood	basalts,	which	were	
created	during	 the	Karoo	eruptions	of	 Jurassic	age	 (190‐180Myr)	 (Duncan	et	al	1997;	
Schmitz	 and	 Rooyani	 1987).	 Relatively	 small	 remnants	 of	 other	 types	 of	 bedrock	 are	
present	close	by,	but	none	that	are	of	importance	to	this	study.			

Vegetation	in	the	Sani	Pass	area	is	generally	none	homogenous	and	split	up	into	small	
“colonies”	with	dense	vegetation	interchanged	with	areas	of	 low	or	no	vegetation.	The	
high	altitude	excludes	larger	vegetation	and	the	general	vegetation	types	are	herbs	and	
grasses	ranging	from	a	few	centimeters	to	half	a	meter	in	height.	

1.3.4	Sani	Pass	study	site	

The	 Sani	 Pass	 transect	 is	 located	 at	 29°36'42.38"S	 29°16'54.19"E	 (Figure	 2)	 at	 an	
altitude	between	2972	to	3091	m.a.s.l.	Ground	frost	in	the	basalt	bedrock	is	present	ca	
180	days	a	year	and	 this	 allows	 for	 frequent	diurnal	 frost	 cycles	 (Grab	2010,	Nel	 and	
Sumner	2008).	The	vegetation	is	dominated	by	different	types	of	grasses,	most	notably	
for	this	study	are	species	of	small	and	large	Tussocks	and	Helichysum	(Grab	2010).	The	
most	 active	 periglacial	 process	 in	 the	 area	 is	 needle	 ice,	which	 influences	most	 parts	
around	Sani	Pass.	Other	periglacial	processes	noted	are	soil	creep	and	solifluction	(Grab	
2010,	Boelhouwers	and	Meiklejohn	2002,	Kirkby	1967).	In	a	correspondence	paper	by	
Grab	 and	 Hall	 (1996)	 they	 discuss	 the	 genesis	 of	 mountain	 hollows	 in	 the	
Lesotho/Drakensberg	area,	which	is	an	answer	to	the	original	author’s	proposition	that	
they	are	of	glacial	or	nival	origin.	However	Grab	and	Hall	dismiss	the	original	author’s	
glacial	 theory	and	instead	infer	they	are	of	 fluvial	origin.	The	theory	of	the	study	sites	
glacial	 past	 has	 been	 discussed	 at	 length	 by	 authors	 in	 papers	 by	 Boelhouwers	 and	
Meiklejohn	 (2002),	 Boelhouwers	 et	 al	 (2002),	 Grab	 and	 Hall	 (1996),	 Mills	 and	 Grab	
(2005),	Mills	et	al.	(2009)	and	will	be	further	discussed	in	this	study	as	well.	
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evolution	and	 its	role	 in	valley	asymmetry	 it	 is	 important	 to	remove	other	attributing	
factors	 like	 the	 structural,	 as	 discussed	 above,	 and	 glacial	 components.	 Structural	
homogeny	 is	 specifically	 important	 when	 evaluating	 drainage	 since	 fluvial	 expansion	
tends	 to	 follow	 depressions	 (zones	 of	 weakness)	 in	 the	 underlying	 bedrock	 (Melton	
1960).	

Drainage	 asymmetry	 occurs	 when	 one	 side	 of	 a	 valley	 has	 longer,	 more	 numerous	
and/or	denser	tributaries	 than	the	opposing	side	(Wende	1995).	Periglacial	processes	
like	solifluction	and	gelifluction,	which	require	available	soil	moisture	are	intensified	in	
such	an	area	resulting	in	lateral	displacement	of	the	valley	bottom	stream	following	the	
mass	movement	associated	with	the	processes.	The	displacement	of	the	stream	closer	to	
the	opposite	valley	side	will	increase	the	streams	erosional	ability	on	that	side	and	the	
opposing	side	will	be	undercut	by	 the	stream.	The	undercutting	will	 act	as	a	negative	
feedback	 mechanism	 on	 the	 steepening	 sides	 slope	 angles	 (Meiklejohn	 1992,	 Melton	
1960),	which	 hinders	 the	 creation	 of	 tributaries	 as	 a	 result	 of	 the	 smaller	 catchment	
area.		

Possible	 reasons	 for	 the	 formation	 of	 asymmetric	 drainage	 valley	 are	 according	 to	
Wende	(1995).	(Figure	4):		

1) A	 ”The	position	of	a	channel	relative	to	adjacent	parallel	or	subparallel	drainage	
lines…”		

If	one	side	has	a	larger	amount	and	denser	tributaries	more	water	will	be	available	and	
thus	a	larger	sediment	yield	will	be	able	to	displace	the	main	stream.	
			

2) B	 “Different	 rates	 of	 headward	 erosion	 of	 tributaries	 on	 either	 side	 of	 an	 inter‐
stream	 divide,	 caused	 by	 different	 rates	 of	 downcutting	 of	 their	 parallel	 or	
subparallel	parent	streams…”	

More	potent	erosion	on	one	valley	side	would	shift	 the	watershed	closer	 to	 the	 lesser	
channel	thus	creating	drainage	asymmetry.	
	

3) C	“…on	a	surface	with	low	relief	and	an	initial	slope,	the	tributary	of	a	consequent	
parent	 stream	 that	 runs	 oblique	 to	 the	 original	 terrain	 slope	 will	 extend	 its	
catchment	further	to	the	upslope	side	than	to	the	downslope…”		

The	larger	catchment	and	upslope	on	the	flatter	side	ensures	a	greater	water	input	and	
larger	amount	and	longer	tributaries,	which	would	induce	drainage	asymmetry,	and	in	
time	valley	asymmetry.				
	

4) D	 “Tilting	 of	 an	 existing	 landsurface	 could	 also	 cause	 preferential	 headward	
erosion…”	

Tilting	would	lead	to	more	potent	erosion	on	the	lower	side	of	the	valley	and	a	resulting	
fluvial	asymmetry.	
	
	
	
	
	



 

	
	
	
	
	
	

	Figure	44.	Schematic	pictures	of	thee	processes	de

	

escribed	in	A,	B,	C	and	D.	(W

	

Wende	1995)..	
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2.3 Snow	deposition	
Wind	 is	 not	 a	 very	 potent	 process	 when	 it	 comes	 to	 shaping	 landscapes,	 apart	 from	
deserts.	Rain	can	be	produced	orographically	by	clouds	forced	to	rise	on	mountain	sides	
however	 snow	 is	 gathered	 on	 lee‐sides	 due	 to	 prevailing	 wind	 direction.	 There	 is	 a	
perception	 that	wind	driven	 snow	deposits	 could	 influence	valley	 asymmetry	 (Currey	
1964,	Embleton	and	King	1975,	Summerfield	1991,).	If	the	prevailing	wind	direction	of	
a	valley	 is	 the	 same	 throughout	most	of	 the	 snowy	season	a	periglacial	 environments	
snow	accumulation	will	appear	on	the	same	lee‐sides	each	season.	Such	an	environment	
would	during	thaw	be	influenced	by	an	imbalance	in	moisture	content	owing	to	a	longer	
survival	 of	 the	 lee	 side	 snow	 accumulations	 hence	 a	 longer	 summer	 supply	 of	 melt	
water	compared	to	its	surroundings.	Increased	moisture	availability	would	hasten	mass	
movement	 (gelifluction	 and	 solifluction)	 and	 would	 thereby	 lower	 slope	 angles	 and	
laterally	shift	the	bottom	valley	stream,	which	promotes	undercutting	on	the	opposing	
side	(in	 the	same	way	as	mentioned	 in	2.2).	However	Currey	(1964)	argues	 that	even	
though	a	valley	has	a	prevailing	wind	direction	valley	snow	deposits	tend	to	occur	on	all	
slopes	regardless	of	angle	and	in	all	prevailing	directions.	 	 It	 is	still	very	unclear	if	the	
effects	 of	 the	prevailing	winds	are	 at	 all	 significant	 (Embleton	 and	King	1975,	 Currey	
1964).	

2.4	Radiation	balance	and	valley	climate	
The	 influence	 of	 aspect	 is	 thought	 to	 be	 a	 central	 part	 of	 the	 creation	 of	 asymmetric	
valleys	 (Meiklejohn	1992,	Gabet	2007,	Melton	1960).	Differences	 in	radiation	 input	 to	
valley	 sides	 with	 a	 specific	 aspect	 induce	 changes	 in	 intensity	 and	 abundance	 of	
processes	influencing	slope	characteristics.	Accredited	to	earths	shape	and	position	the	
input	of	solar	radiation	varies	between	the	hemispheres,	with	the	consequence	that	on	
the	northern	hemisphere	south	facing	aspects	receive	a	larger	amount	of	radiation	input	
and	the	opposite	is	true	for	the	southern	hemisphere.	Greater	radiation	input	provides	
more	 thermal	 energy	 to	 the	 specific	 area.	 The	 influence	 this	 has	 on	 areas	 where	
periglacial	 conditions	 rule	 are	 significant	 as	 periglacial	 areas,	 which	 often	 exhibit	
seasonal	 snow	 cover	 are	 influenced	 by	 a	 fairly	 rapid	 snow	 melt	 during	 spring	 and	
summer.	Where	mountains	are	high	and	valleys	well	pronounced	the	areas	of	residual	
snow	and	the	intensity	of	snow	melt	vary	significantly	between	the	equatorial	and	polar	
facing	sides.		Rapid	melting	ensures	faster	influx	of	moisture	to	that	side,	which	leads	to	
intensified	 erosional	 and	 mass	 wasting	 processes.	 While	 the	 subsequent	 lack	 of	 a	
"protective"	 snow	cover	can	expose	 the	bedrock	 to	 secondary	processes	 such	as	 frost	
weathering.	It	is	as	well	suggested	that	the	relative	cold	environment	on	the	pole‐ward	
slope	effectively	hinders	mass	movement	and	erosion,	because	of	the	stabilizing	effect	
of	 frozen	 soil	 (Currey	 1964).	 In	 an	 environment	where	 seasonal	 snow	 is	 not	 present	
valley	asymmetry	develops	by	processes	acting	on	the	side	receiving	more	energy,	due	
to	 increases	 in	 the	 denudational	 processes	 intensity	 such	 as	 weathering	 (Meiklejohn	
2001).		
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facing	 also	 resulting	 in	 the	 characteristic	 terraces.	The	 soil	 creep	 encountered	 at	 Sani	
Pass	by	the	author	was	influenced	by	needle	ice	giving	the	small	soil	terraces	an	open	
non‐vegetated	side	down	slope,	which	was	heavily	eroded	(Figure	5).	

2.6	Glacial	
Glacial	erosion	is	a	very	potent	process	at	carving	valleys	and	local	land	denudation	in	a	
glacially	 active	 area.	 Local	 terrain	 controls	 the	 formation	 and	 propagation	 of	 the	 ice	
mass	at	a	regional	scale	meaning	that	relatively	small	local	properties	can	have	a	major	
influence	 in	 later	glacial	development.	 Interactions	between	ice	and	bedrock	 influence	
each	other	at	different	stages	in	their	evolution.	Bedrock	is	not	generally	flat,	leading	to	
ice	masses	developing	in	low	areas	which	with	time	can	amass	into	ice	sheets.	Ice	sheets	
move	and	shape	the	bedrock	through	ice	motion	and	its	related	processes	meaning	that	
the	 ice	 mass	 itself	 produces	 its	 own	 ideal	 "habitat"	 for	 continued	 expansion	
(Summerfield	1991).		

Glacial	flow	through	a	valley	removes	material	due	to	abrasion,	crushing	and	fracturing	
and	 by	 joint‐block	 removal	 (Summerfield	 1991).	 As	 glacial	 ice	 flows	 through	 a	 valley	
features	like	bedrock	type,	bedrock	lamination	and	valley	curvature	are	of	importance	
to	 the	 subsequent	morphology	 created	 by	 the	 glacial	 erosion	 (Echelmeyer	 and	Kamb	
1987).	 The	way	 in	which	 these	 processes	 and	 the	 resulting	 forms	 are	 altered	 by	 the	
shape	of	the	valley	is	thought	to	be	a	factor	in	the	creation	of	asymmetric	valleys.	

The	past	glacial	presence	in	mountainous	regions	is	most	often	very	notable	as	valleys	
tend	to	attain	a	clear	U‐shaped	form	as	a	result	of	heavy	glacial	erosion.	Fluvial	valley	
erosion	on	the	other	hand	tends	to	result	 in	V‐shaped	valleys	(Benn	and	Evans	1998).	
There	 are,	 however,	 a	 number	 of	 other	 methods	 of	 deducing	 glacial	 past.	 Typical	
features	to	search	for	are	striations	in	bedrock,	glacial	and	glacifluvial	deposits	such	as	
moraines.	However	Hall	 (2010)	 has	 proposed	by	 reexamining	works	 by	Mills	 (2006),	
Grab	 (1994,	 1996),	Nel	 and	 Sumner	 (2008)	 and	others	 that	 in	 extreme	 cases	 glaciers	
could	exist	 in	an	area,	melt	away	and	not	notably	change	morphological	 features.	Hall	
proposes	 that	 if	 a	 glacier	 is	 relatively	 thin	 and	 cold‐based	 its	 entire	 lifespan	 it	 never	
enters	 the	warm‐based	erosional	phase,	which	would	 create	 the	 identifying	 remnants	
explained	above.	This	is	relevant	to	this	study	as	there	has	been	debate	for	years	among	
scientists	 regarding	 the	 glacial	 past	 of	 the	 Sani	 Pass	 area	 and	 the	 whole	 Lesotho	
highlands.	Unlike	northern	Sweden	where	striations,	moraines	and	still	active	glaciers	
are	present	to	indicate	present	and	past	glacial	activity	the	Lesotho	highlands	lack	such	
remnants.	Boelhouwers	(2003),	Boelhouwers	et	al	(2002),	Hall	(2010),	Grab	(1994)	and	
Grab	 and	 Hall	 (1996)	 discuss	 features	 like	 mountain	 hollows,	 block	 streams	 and	
asymmetry	 with	 suggested	 glacial	 implications,	 but	 find	 no	 irrefutable	 evidence	 of	
glaciation	 in	 the	 high	 Drakensberg	 during	 Late	 Quaternary	 times.	 In	 a	 paper	 by	
Echelmeyer	 and	 Kamb	 (1987)	 they	 explore	 how	 the	 influence	 of	 valley	 curvatures	
affects	valley	asymmetry.	In	their	findings	they	show	that	unlike	a	bending	river,	where	
asymmetry	shows	low	slope	angles	on	the	inside	bank	and	stepper	on	the	outside	bank,	
glacial	flow	in	beds	tend	to	show	the	opposite	pattern.			
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2.7	Vegetation	
In	 a	 mountain	 valley	 vegetation	 is	 controlled	 by	 environmental	 features	 like	
temperature,	 moisture,	 soil	 depth,	 radiation	 input.	 Certain	 types	 of	 plants	 are	 more	
resistant	to	harsh	conditions	than	others	as	can	be	seen	in	a	periglacial	area	as	Abisko	
when	looking	at	plant	diversity	with	increasing	elevation	(Koziowska	and	Raczkowska	
2002).	 Locally	 vegetation	 tends	 to	 be	 denser	 and	 in	 greater	 diversity	 on	 valley	 sides	
receiving	 a	 greater	 input	 of	 solar	 radiation	 and	 it	 is	 as	 well	 there	 that	 vegetation	 is	
assumed	 to	 have	 greatest	 impact	 on	micro	 climate.	 The	 effect	 vegetation	 has	 on	 the	
valley	sides	is	that	it	insulates	the	underlying	material	from	both	heat	and	cold	and	acts	
as	a	binding	agent	to	soil.	Dense	vegetation	can	also	impact	fluvial	properties	as	runoff	
and	water	retention.		

Most	vegetation	in	periglacial	environments	consists	of	small	plants	like	mosses,	grasses	
and	herbs	and	they	are	quite	susceptible	to	soil	altering	processes	like	cryoturbidation	
and	 needle	 ice,	 which	 can	 disrupt	 the	 vegetation	 cover.	 Vegetation	 cover	 may	 be	 a	
crucial	 component	 for	 allowing	 the	 formation	 of	 valley	 asymmetry	 as	 vegetation	
changes	 both	 radiation	 income	 and	moisture	 input	 to	 the	 soils,	which	 both	 affect	 the	
intensity	 of	 periglacial	 processes	 like	 solifluction	 (Embleton	 and	 King	 1975,	
Summerfield	1991).	Strong	 feedback	mechanisms	are	also	connected	to	the	aspect	(as	
discussed	 in	2.4)	as	 it	has	a	profound	 influence	on	radiation	input	 that	 in	 term	affects	
vegetation	density.		

2.8	Landscape	development	
Valley	 landscapes	are	 created	by	 the	effect	of	not	one,	but	a	number	of	 the	described	
processes	and	depending	on	environmental	features	the	processes	influence	each	other	
differently.	 	 For	 example	 a	 valley	 bottom	 stream	 can	 be	 influenced	 by	 lateral	
displacement	 if	 the	 soil	 processes,	 solifluction	and	gelifluction,	 on	 that	 valley	 side	 are	
potent	 enough.	 The	 valley	 side	 soil	 processes'	 intensity	 is	 in	 turn	 controlled	 by	 the	
amount	 of	 water	 present	 in	 the	 system,	 which	 can	 be	 related	 to	 slope	 aspect	 and	
bedrock.	 This	 displacement	 of	 the	 stream	 results	 in	 the	water	 present	 in	 the	 stream	
eroding	 at	 a	 greater	 intensity	 on	 the	 non‐equatorial	 side	 resulting	 in	 a	 steepening	 of	
slope	 angles	 on	 that	 side	 with	 time.	 However	 if	 one	 of	 these	 components	 like	 water	
availability	 would	 change	 the	 whole	 geomorphology	 of	 the	 valley	 might	 change	
accordingly.			
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	3.	Methods	
Two	different	areas	were	chosen	to	do	a	 transect	 in,	one	 in	the	Kåppasjåkka	valley	ca	
5km	north	west	of	Abisko,	Sweden	and	the	other	in	a	valley	ca	3km	south	west	of	Sani	
Pass	village	in	Lesotho,	southern	Africa.	The	two	locations	show	significant	differences	
in	 altitude,	 latitude,	 climate	 and	 vegetation	 although	 both	 have	well	 developed	 valley	
asymmetry.	Field	work	was	carried	out	at	Abisko	in	August	of	2009	and	at	Sani	Pass	in	
October	 of	 2009.	 Weather	 conditions	 during	 measurements	 were	 stable	 at	 both	
locations	 in	 respect	 to	 temperature	and	precipitation	ensuring	 locally	accurate	values	
throughout	the	study.		

The	 method	 of	 measuring	 a	 transect	 was	 chosen	 to	 be	 able	 to	 examine	 small	 scale	
differences	 in	 certain	 parameters	 throughout	 a	 whole	 valley	 with	 micro‐climatically	
differing	valley	sides.	Parameters	that	were	considered	having	a	possible	link	to	valley	
asymmetry	were:	

 Landforms	
 Topography	
 Slope	angle	
 Surface	block	abundance	
 Vegetation	cover	
 Temperature	
 Available	moisture	(surface	water,	soil	moisture)	

It	was	as	well	considered	that	other	factors	would	have	impact	on	the	development	of	
asymmetry,	 but	 due	 to	 limited	 time	 and/or	 knowledge	 these	 were	 not	 measured	
directly.	 Instead	 data	 was	 gathered	 from	 previous	 studies	 and	 theoretical	 models.	
Examples	of	such	 factors	are	bedrock,	aeolian	deposition	environments,	soil	 thickness	
and	glacial	erosion.		

3.1	Landforms	
Landforms	which	change	slope	morphology	and	are	related	 to	mechanism	relevant	 to	
this	study	(periglacial)	and	can	move	material	(mass	wasting)	sufficiently	to	account	for	
valley	 asymmetry	were	 recorded	 in	 type,	 lateral	 extent	 and	activity.	Different	 aspects	
were	described	depending	on	which	kind	of	landform	was	present.	Landform	properties	
noted	were:		

 Blocks	–	size	
 Needle	ice	affected	soil	–	intensity,	abundance	
 Solifluction	lobes	–	furrow,	riser	and	tread	extent	
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3.4	Surface	block	abundance	
The	 same	 method	 as	 used	 on	 slope	 angle	 was	 as	 well	 used	 with	 surface	 block	
abundance.	 The	 slope	 was	 by	 visual	 inspection	 broken	 up	 into	 segments	 that	 had	 a	
homogenous	amount	of	loose	surface	blocks.	This	area	was	then	interpreted	with	some	
generalization	on	the	amount	of	surface	area	covered	by	loose	rocks.	Four	classes	were	
created	based	on	surface	block	abundance:	

 None	 ‐	none	to	5%	loose	rocks	
 Low	–	5	to	30%	loose	rocks	
 Medium	–	30	to	60%	loose	rocks	
 High	–	over	60%	loose	rocks	

3.5	Vegetation	cover	
With	the	help	of	previous	studies	by	the	author	in	the	Abisko	region	and	by	an	ecologist	
P.C.	Le	Roux	at	Sani	Pass	broad	classifications	of	the	plant	life	could	be	created	at	both	
areas.	The	same	kind	of	methodology	was	used	with	vegetation	as	with	slope	angle	 in	
that	the	length	of	each	uniform	vegetation	segment	was	classified.	Since	most	areas	had	
not	 one	 single	 species,	 but	 numerous	 species	 a	 classification	 by	 dominance	 and	
subordinate	was	implemented.	For	example;	if	the	surface	of	a	studied	area	was	made	
up	 of	 60%	moss,	 30%	 grass	 and	 10%	Erica	 then	 it	would	 be	 classified	 as	moss	with	
grass	 and	 Erica	 (moss	 +	 grass	 +	 Erica	 in	 the	 diagrams).	 Only	 species	with	 a	 relevant	
amount	of	presence	in	the	area	would	be	noted	at	all.	Due	to	the	large	amount	of	classes	
this	method	achieved	on	some	slopes	the	diagrams	were	color	coded	into	larger	groups	
with	the	dominant	specie	as	the	one	representing	the	color	(Figure	10).		

3.6	Temperature	
Temperature	was	measured	by	a	digital	thermometer	with	a	resolution	of	0.1°C	which	
was	 inserted	 ca	 5cm	 into	 the	 soil.	 The	 thermometer	 was	 left	 in	 the	 soil	 for	
approximately	20sec	and	 if	 it	did	not	 fluctuate	after	 this	 time,	 the	 reading	was	noted.	
Measurements	were	taken	in	Abisko	at	every	5m	difference	in	altitude	and	in	Sani	Pass	
every	 50m	 of	 distance.	 Measurements	 were	 carried	 out	 in	 a	 single	 pass	 which	 took	
approximately	1.5	to	2h	from	valley	top,	to	bottom	to	top	again	during	midday.		

3.7	Available	moisture	
Available	surface	water	was	observed	in	the	field	by	stepping	on	an	area	and	seeing	if	
water	 was	 expelled	 from	 the	 compressed	material	 as	 well	 as	 by	 visual	 inspection	 of	
available	surface	water.	The	observations	were	classified	into	seven	categories:	
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 Non‐saturated		‐	not	enough	moisture	to	get	wet	while	compressed	
 Saturated	 soil	–	 soil	moist	 enough	 to	 expel	water	when	 compressed	

while	not	revealing	free	surface	water	
 Marsh	–	saturated	conditions	with	thick	vegetation	mat	
 Puddles	–	small	stationary	bodies	of	water	
 Sheet	 flow	 –	 downslope	 movement	 of	 a	 very	 shallow,	 a	 few	

centimeters		deep	at	most,	but	wide	stream	
 Stream	–	downslope	movement	of	a	laterally	confined	water	body	
 Snow	–	snow	

Apart	 from	 visual	 inspection	 soil	 moisture	 was	 also	 measured	 with	 a	 soil	 moisture	
measuring	device.	Measurements	were	carried	out	 in	a	single	pass	 from	valley	 top,	 to	
bottom	to	top	again	during	midday.	This	was	done	to	insure	that	soil	conditions	had	as	
little	time	as	possible	to	change.	Measurements	on	soil	moisture	were	carried	out	with	
the	DeltaT	TDR	at	three	different	spots	in	a	ca	50x50cm	and	an	average	was	calculated	
of	the	three	measurement	points.	The	DeltaT	TDR	integrates	soil	moisture	values	for	the	
top	6cm	of	the	soil	along	its	three	6cm	long	measuring	pins.	Soil	composition	was	very	
varied	in	Abisko	while	Sani	Pass	had	mostly	mineral	soils.		

		

4.	Results	

4.1	Site	description	
	

4.1.1	Abisko	

The	Abisko	transects	south	 facing	side	showed	a	terrace	 like	morphology	with	 longer,	
flatter,	 wetter	 and	more	 lushly	 vegetated	 (Figure	 9,	 10)	 segments	 interchanged	with	
short	 steep	 and	 dry	 segments.	 Along	 the	 transect	 landforms	 such	 as	 mudboils	 and	
solifluction	 lobes	were	 present.	 The	 age	 and	 activity	 of	 both	 forms	 vary	 greatly	 from	
very	active	to	relict.	Vegetation	wise	the	south	facing	slope	is	very	varied	with	the	four	
major	 constituents	 being	 cryptogamic	 crust	 (CC	 in	 Table	 1),	 grass,	 moss	 and	 water	
plants	(Figure	12).		

On	the	north	facing	side	the	slope	is	much	more	homogenous	both	in	inclination	(Figure	
9)	and	in	vegetation	(Figure	11),	the	dominating	vegetation	being	grass.	Some	mudboils	
can	be	found	as	well	as	solifluction	lobes.		
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To	avoid	producing	 too	many	classes	and	creating	very	colorful	and	unclear	diagrams	
sub‐groups	 of	 dominant	 vegetation	 constituents	 were	 granted	 the	 same	 color	 as	 the	
principal	constituent,	the	same	is	true	for	the	continuous	slope	strips	such	as	Figure	12.	

Table	1a	Abisko	

Abbreviated	name	 Full	name(designation) Designated	color
CC	 Cryptogamic	crust 	
Betula	+	empetrum	 Betula	nana	and	Empetrum	nigrum 	
Betula	nana	 Betula	nana 	
Carex	 Carex	livida Not	dominant
Erica	 Erica	vulgaris (Heather) 	
Grass	 Poaceae 	
Lycopodium	 Lycopodium	clavatum Not	dominant
Moss	 Moss 	
Salix	 Salix	herbacea Not	dominant
Waterplants	 Various	water	plants 	
	

Table	1b	Sani	Pass	

Abbreviated	name	 Full	name(designation) Designated	color
BG	 Bare	ground 	
BR	 Bare	rock 	
CD	 Trichophorum	alpinum	(Cotton	Deergrass) Not	dominant
CH	 Helichrysum	sessiloides Not	dominant
ER	 Erica	(family) 	
HH	 Herbaceous	Helichrysum Not	dominant
LT	 Large	Tussocks 	
MH	 Mat‐forming	Helichrysum Not	dominant
RU	 Juncus	(Rush	family) 	
ST	 Small	Tussocks 	
THC	 Tall	Herbaceous	Helichrysum Not	dominant
		

4.2.2.1	Abisko	

South‐facing	side	

Notable	 vegetation	 characteristics	 and	 vegetation	 location	 differences	 on	 this	 slope	
were	 related	 to	 morphology	 and	 altitude.	 No	 vegetation	 was	 present	 in	 the	 bottom	
valley	area	that	was	dominated	by	blocks.	Beyond	the	block	field,	where	the	slope	was	
steeper,	 the	 major	 constituent	 was	 CC.	 Further	 upslope	 areas	 of	 grass	 and/or	 moss	
interchanged	 with	 areas	 of	 water	 plants	 in	 accordance	 to	 slope	 morphology.	 Water	
plant	areas	were	found	close	to	the	bottom	of	steeper	part	of	slope	where	surface	water	
was	more	abundant.	In	the	late	high	valley	an	area	of	residual	snow	on	top	of	steep	talus	
was	found	which	incorporated	no	vegetation.		
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	Figure	 10.	 Vegetation	 cover	 amount	 of	 the	 Abisko	 transects	 south‐facing	 side.	 Vegetation	 has	 been	 sub‐
grouped	into	five	classes	depending	on	dominating	specie.	Groups	are	portrayed	in	a	clockwise	motion.				

North‐facing	side	

The	 north‐facing	 slope	 was	 dominated	 by	 grasslands	 with	 several	 other	 species	
incorporated	into	 it.	Water	plants	were	noted	close	to	the	bottom	stream	and	close	to	
the	 bottom	 part	 of	 steeper	 segments	 of	 slope.	 Vegetation	 cover	 was	 considered	
homogenous	 throughout	most	of	 the	slope	with	exceptions	 in	 the	early	and	 late	slope	
(Figure	12).		

	

Figure	 11.	 Vegetation	 cover	 amount	 of	 the	 Abisko	 transects	 north‐facing	 side.	 Vegetation	 has	 been	 sub‐
grouped	into	six	classes	depending	on	dominating	land	cover.	Groups	are	portrayed	in	a	clockwise	motion.	
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Figure	13.	Vegetation	cover	amount	of	 the	Sani	Pass	 transects	south‐facing	 side.	Vegetation	has	been	 sub‐
grouped	into	six	classes	depending	on	dominating	land	cover.	Groups	are	portrayed	in	a	clockwise	motion.				

	

	

	Figure	14.	Vegetation	cover	amount	of	 the	Sani	Pass	 transects	north‐facing	side.	Vegetation	has	been	sub‐
grouped	into	five	classes	depending	on	dominating	land	cover.	Groups	are	portrayed	in	a	clockwise	motion.				
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Correlation	 between	 temperature	 and	 altitude	 was	 low	 on	 the	 south‐facing	 side	
(R²=0.29)	and	no	correlation	on	the	north‐facing	side	(R²=0.0),	neither	are	statistically	
significant.	 The	 south	 facing	 slope	 had	 an	 area	 of	 residual	 snow,	which	 temperatures	
were	 removed	 and	 the	mean	 temperature	 of	 the	 slope	 inserted	 instead	 as	 they	were	
clearly	not	representing	the	general	lapse	rate.	

Sani	Pass	

	

Figure	32.	Temperature	plotted	versus	altitude	at	Sani	Pass.	Blue	markers	portray	temperatures	measured	
on	the	north‐facing	side	and	red	markers	temperatures	measured	on	the	south‐facing	side.	

Correlation	 between	 temperature	 and	 altitude	 on	 the	 north‐facing	 side	 was	 low	
(R²=0.36)	however	a	p‐value	of	0.37	concludes	that	it	is	not	statistically	significant.	The	
south‐facing	slope	shows	a	 fairly	strong	correlation	(R²=0.66)	with	a	p‐value	of	0.018	
meaning	 it	 is	 statistically	 significant.	 Important	 to	note	 that	even	 though	both	 show	a	
fair	amount	of	correlation	 they	also	exhibit	opposite	correlation,	 the	north	 facing	side	
showing	 increasing	 temperatures	 with	 elevation	 and	 the	 south	 facing	 side	 showing	
decreasing.	
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4.2.7	Soil	moisture	
	

4.2.7.1	Abisko	

Average	soil	moisture	conditions	are	very	similar	at	both	aspects,	the	south	facing	slope	
showing	 59%	 and	 the	 north	 facing	 56%.	 Notable	 is	 that	 both	 valley	 sides,	 although	
especially	the	south	facing	one,	exhibit	high	values	followed	by	low	values	in	a	periodic	
manner	(Figure	29).	Very	 low	soil	moisture	values	are	noted	on	the	south‐facing	high	
valley	slope,	these	are	connected	to	the	snow	covered	area.	If	the	snow	is	removed	and	
the	 average	 soil	moisture	 of	 the	whole	 slop	 is	 inserted	 instead	 of	 the	 snow	value	 the	
average	 soil	 moisture	 percentage	 of	 the	 south	 facing	 slope	 is	 increased	 to	 62%.	 No	
correlation	 between	 soil	 moisture	 and	 altitude	 could	 be	 found	 on	 either	 side	 of	 the	
valley.	

	
Figure	33.	Soil	moisture	and	elevation	diagram	of	the	Abisko	transect,	soil	moisture	for	the	south	facing	side	
in	blue	and	temperature	for	the	north	facing	side	in	red.	

4.2.7.2	Sani	Pass	

Unlike	the	Abisko	region	the	Sani	Pass	transect	has	a	distinct	asymmetry	in	measured	
soil	moisture,	the	south	facing	slope	showing	29%	and	the	north	facing	46%.	The	north‐
facing	side,	the	equatorial	side,	shows	drier	conditions	than	its	opposing	side.	This	side	
as	well	shows	a	much	more	uniform	distribution	of	soil	moisture.	The	south‐facing	side	
had	 generally	 ca	 15%	 more	 water	 content	 and	 much	 greater	 variability	 in	
measurements	(Figure	34).	No	correlation	for	soil	moisture	and	elevation	on	the	north	
side	and	weak	correlation	R²=	0.15	on	the	south	side,	neither	are	statistically	significant.	
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5.	Discussion	

5.1	Valley	asymmetry	
The	main	goal	of	this	study	is	to	find	which	processes	are	responsible	for	the	apparent	
valley	asymmetry	visible	at	the	two	studied	locations	and	if	one	can	draw	conclusions	
regarding	Sani	Pass’s	glacial	origin	based	on	the	results.	Principal	components	(bedrock,	
water,	 vegetation,	 landforms	 etc)	 studied	 will	 be	 analyzed	 on	 how	 they	 affect	 each	
other.	 This	 is	 done	 by	 examining	 each	 component	 individually	 and	 trying	 to	 link	
knowledge,	theoretical	and	practical,	with	the	rest	to	construct	a	general	developmental	
model	of	the	studied	valleys.		

5.2	Abisko	

5.2.1	Bedrock	

The	 bedrock	 present	 in	 the	 Abisko	 area	 consists	 of	 easily	 weathered	 schist	 with	 the	
occasional	 intrusion	 of	 other	 rocks.	 Blocks	 close	 to	 sheer	 cliffs	 seem	 to	 be	 heavily	
influenced	by	frost	action	as	many	of	the	larger	blocks	are	pushed	away	from	each	other	
in	a	 radial	manner.	On	 the	surface	 the	bedrock	 is	broken	up	 into	blocks	ranging	 from	
centimeters	 to	 several	 meters	 in	 size.	 Looking	 at	 Figure	 16	 one	 can	 note	 a	 marked	
difference	 in	 surface	block	abundance	between	 the	 two	valley	 sides.	The	 south	 facing	
slope	having	generally	higher	amounts	of	surface	blocks	as	well	as	more	than	twice	the	
amount	of	segments	classified	as	more	than	60%	of	surface	covered	by	blocks.		

Upon	examining	 the	bedrock	maps	 (SGU	Ba	NR	19)	no	 fault	 lines	or	areas	of	bedrock	
weakness	could	be	found	in	conjunction	with	the	examined	asymmetric	valley.	However	
the	measured	dip	of	the	lamination	in	the	bedrock	could	account	for	valley	asymmetry	if	
it	 was	 not	 for	 the	 fact	 that	 the	 strike	 of	 the	 dip	 is	 in	 the	 opposite	 direction	 of	 the	
expected	 bedrock	 weakness	 zone.	 As	 seen	 in	 Figure	 3	 the	 bedrock	 weakness	 zone,	
where	the	laminations	are	perpendicular	to	the	surface,	is	not	facing	south	in	Abisko	as	
is	 to	 be	 expected	 if	 it	 would	 account	 for	 the	 observed	 asymmetry.	 Thus	 with	 a	 fair	
amount	of	certainty	it	can	be	ruled	out	that	the	Abisko	valleys	asymmetric	features	are	
remnants	of	structural	components.	

5.2.2	Glaciation	

The	curvature	of	Kåppastjåkka	valley,	that	the	transects	are	located	in,	makes	this	study	
with	regard	 to	glacial	 flow	very	 interesting.	 Ice	sheets	are	known	to	have	covered	the	
whole	of	northern	Sweden	during	the	last	glacial	maximum	(Berglund	et	al	1996).	This	
ensures	 that	 at	 some	 point	 in	 time	 the	 studied	 Abisko	 valley	 was	 entirely	 glaciated.	
When	examining	a	body	of	 flowing	water	as	 it	 is	 forced	 to	navigate	 through	a	bend	a	
process	of	erosion	and	deposition	is	evident,	meandering.	The	flowing	water	erodes	the	
outside	of	the	bend	and	deposits	material	on	the	inside.	If	the	same	flow	of	events	would	
be	applied	 to	a	glacial	valley	bend	one	could	 imagine	 that	 the	 similar	result	would	be	
shown,	a	steep	eroded	outside	bend	and	a	more	flat	inside.	Although	material	deposited	
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on	 the	 inside	 bend	would	 likely	 be	 removed	 by	 the	 flowing	 glacier	 leaving	 no	 inside	
bend	material	unlike	in	a	fluvial	stream.	When	temperatures	increase	and	the	glacial	is	
removed	a	valley	that	has	the	same	morphometric	features	as	an	asymmetric	valley	of	
other	genesis	would	remain.	However	according	to	Echelmeyer	and	Kamb	(1987)	this	is	
not	the	case	with	glaciers.	A	bending	glaciers	stress	point	is	shifted	to	the	inside	of	the	
bend	 giving	 rise	 to	 more	 intense	 glacial	 erosion	 there.	 The	 resulting	 asymmetry	 in	
respect	to	slope	angles	showing	steeper	angles	on	the	inside	bends	and	lower	angles	on	
the	outside	bend.	They	also	deduce	that	this	effect	is	increased	with	increasing	angle	of	
the	 bend.	 No	 other	 scientific	 papers	 except	 for	 Echelmeyer	 and	 Kamb	 were	 found	
analyzing	 the	 connection	between	valley	 asymmetry	and	glacial	 valley	 curvature	 thus	
the	asymmetric	properties	of	the	Kåppastjåkka	valley	in	Abisko	are	very	unlikely	be	of	
glacial	erosion	origin.	

5.2.3	Aspect	

Aspect	related	differences	on	the	Abisko	valley	slopes	are	prominent.	The	south	facing,	
equatorial	 side,	 is	much	 longer	 and	 flatter,	 has	 a	more	 non‐homogenous	morphology	
and	 exhibits	 more	 varied	 vegetation.	 The	 south	 facing	 side	 exhibits	 a	 terrace	 like	
morphology	which	allows	for	pools	and	wetlands	to	be	present	during	extended	periods	
of	time	during	the	summer	months.	These	water	gatherings	are	potentially	important	in	
the	 development	 of	 this	 valley	 side	 as	 it	 promotes	 certain	 types	 of	 denudational	
processes	 like	 chemical	 and	 frost	 weathering,	 which	 are	 regarded	 as	 having	 strong	
positive	feedback	mechanisms.	It	is	as	well	suggested	by	Currey	(1964)	that	increased	
input	of	moisture	on	the	equatorial‐ward	side	can	increase	the	mass	movement	of	that	
side.	If	the	lowering	of	the	slope	angles	is	extreme	enough	it	can	halt	mass	movement	by	
solifluction	 altogether,	 creating	 a	 fairly	 flat	 surface.	 If	 this	 process	 is	 then	 duplicated	
further	 upslope	 as	 denundation	 proceeds	 a	 terrace	 like	 morphology	 would	 emerge.		
Looking	at	the	Abisko	area	this	would	account	for	the	notable	morphology	of	the	south	
facing	Abisko	slope.	However	more	research	is	needed	in	the	areas	of	mass	movement	
and	landform	process	activity	in	Abisko	to	better	understand	this.		

5.2.4	Temperature	

Temperature	measurements	show	that	at	the	time	they	were	taken	the	south	facing	side	
had	a	mean	temperature	of	1.2	°C	higher	than	the	north	 facing	side.	Longer	and	more	
detailed	temperature	measurements	would	be	of	greater	reliability	although	this	does	
show	 that	during	a	 sunny	August	afternoon	 temperatures	are	not	equally	distributed.	
Soil	moisture	 readings	 explain	 that	 the	 south	 facing	 side	has	more	available	moisture	
and	 more	 variable	 values.	 This	 can	 be	 related	 to	 the	 fact	 that	 there	 was	 still	 snow	
present	on	the	south	facing	side	giving	it	a	constant	local	input	of	melt	water	while	no	
snow	 remained	 on	 the	 north	 facing	 side.	 The	 north	 facing	 side	 showed	 very	 uniform	
findings	in	most	regards	compared	to	the	south	facing	side.	
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5.2.5	Drainage	

Water	 content	 is	 linked	 to	 soil	moisture	 and	 the	presences	 of	 bodies	 of	water	 on	 the	
surface	as	well	as	the	whole	water	runoff	network	on	each	side.	As	described	in	section	
2.2	 drainage	 can	 be	 directly	 linked	 to	 the	 occurrence	 of	 valley	 asymmetry	 as	 it	
propagates	 differently	 with	 angle	 and	 input.	 Water	 being	 a	 central	 part	 of	 most	
denudational	processes	active	on	a	valley	side	its	availability	and	heavy	feedback	nature	
allows	 for	 substantial	 change	 with	 time.	 In	 the	 Abisko	 valley	 marked	 differences	 in	
moisture	could	be	seen	while	comparing	the	opposing	sides.	In	addition	an	asymmetry	
in	 drainage	 network	 complexity	 is	 also	 evident.	 This	 feature	 was	 unfortunately	 not	
studied	 sufficiently	 to	 draw	 sound	 conclusions,	 but	 personal	 observations	 inferred	 a	
greater	 number	 and	 longer	 fluvial	 channels	 on	 the	 south	 facing	 side	 leading	 to	 faster	
denudation,	which	is	expected	in	a	drainage‐induced	asymmetrical	valley.	

5.2.6	Vegetation	

The	vegetation	of	the	Abisko	transect	are	clearly	not	identical	at	both	aspects.	The	south	
facing,	warm	side,	has	greater	diversity	in	species,	but	a	more	irregular	and	less	dense	
vegetation	 then	 its	 opposing	 side	 (Figure	 10,	 11	 and	 12).	 The	 types	 of	 specie	 which	
inhabits	a	certain	piece	of	slope	on	the	south	facing	slope	seems	to	be	controlled	by	the	
slope	angle	as	 the	occurrence	of	certain	vegetation	types	 like	grasses	and	waterplants	
seem	to	most	often	be	in	close	proximity	to	each	other	(Figure	12)	in	areas	of	low	slope	
angles	where	saturated	conditions	were	present.	The	south	facing	slope	has	a	majority	
of	grasses	as	well	as	large	portions	of	mosses,	waterplats	and	CC.	The	north	facing	slope	
has	much	more	 dense	 vegetation	 and	 is	 to	 a	 very	 large	 extent	 dominated	 by	 grasses	
(Figure	11).	As	the	north	facing	slope	does	not	show	a	terrace	like	morphology	the	only	
structurally	controlled	vegetation	feature	seen	was	that	close	to	the	summit	of	the	slope	
a	sheer	cliff	face	had	increased	moisture	content	at	its	base	with	supported	waterplants	
(Figure	12).													

Soil	 is	not	a	primary	contributor	 to	 the	development	of	valley	asymmetry,	but	 it	does	
host	the	environment	for	other	potential	contributors.	Processes	active	in	a	periglacial	
environment	are	often	sensitive	to	certain	factors,	enhancers	or	retarders	such	as	water,	
temperature,	bedrock	and	soil.	For	example,	neither	most	vegetation	nor	processes	like	
solifluction	can	exist	in	an	environment	without	soil	as	they	are	as	well	confined	by	the	
thickness	of	the	soil	present.	Soil	thickness	was	not	measured	in	this	study	due	to	time	
issues,	but	nonetheless	the	intricate	relationship	between	soil	depth,	soil	processes	and	
vegetation	are	of	all	over	importance	to	this	study.	

5.2.7	Aeolian	

No	relation	between	valley	asymmetry	and	wind	driven	factors	could	be	deduced	from	
carried	out	field	work.	
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5.2.8	Summery	

In	 regard	 to	 properties	 studied	 the	 differences	 in	 aspect	 between	 the	 valley	 sides	 in	
Kåppastjokka	 seem	 to	 drive	 the	 local	 denudational	 processes	 and	 mass	 transport	
processes	 more	 intensely	 on	 the	 aspect	 receiving	 most	 insolation	 resulting	 in	 lower	
slope	angles	and	longer	valley	side	as	more	material	is	removed	faster.	There	also	seems	
to	be	strong	 feedback	mechanics	 linked	to	 the	 flattening	and	elongation	and	moisture	
input	 as	 well	 as	 negative	 feedback	 resulting	 from	 the	 shortening	 of	 the	 north	 facing	
slope	 due	 to	 valley	 stream	 displacement.	 It	 is	 very	 unlikely	 that	 the	 Late	 Quaternary	
glaciation	 in	 Abisko	 has	 created	 the	 studied	 asymmetry	 as	 either	 bedrock	 weakness	
zones,	 lamination	dip	nor	glacial	bend	erosion	accounts	 for	bedrock	asymmetry	in	the	
area.	

	

5.3	Sani	Pass	

5.3.1	Bedrock	

The	 bedrock	 at	 Sani	 Pass	 has	 very	 different	morphometry	 compared	 to	 Abisko.	 Both	
exposed	 bedrock	 as	 well	 as	 loose	 blocks	 are	 well	 rounded.	 Since	 the	 bedrock	 is	
deposited	 horizontally	 no	 lamination	 or	 zones	 of	 structural	 weakness	 could	 be	 seen.	
Further	 examination	 of	 the	 bedrock	maps	 provided	 by	 Pretoria	 University	 could	 not	
infer	any	fault	adjacent	to	the	study	area.	

As	mentioned	 in	part	5.2.2	 the	 vegetation	 is	 segregated	 into	 "islands"	with	 less	 or	no	
vegetation	in	between,	which	leaves	more	exposed	soil	and	bedrock	at	Sani	Pass	then	in	
Abisko.	Unlike	Abisko	the	average	block	abundance	was	virtually	identical	between	the	
two	 sides.	 This	 suggests	 that	 chemical	 and	 physical	 weathering	 on	 the	 bedrock	 is	
homogenous.	 Incised	 gullies	 in	 the	 bedrock	were	 present	 at	 several	 locations	 on	 the	
north	facing	side	which	were	3‐4m	deep	and	contain	fine	grained	colluvium.	Although	
no	research	was	conducted	on	them	one	could	suggest	they	are	of	fluvial	origin	created	
during	the	heavy	summer	rains.	

5.3.2	Glaciation	

Glacial	influence	in	the	Drakensberg	has	been	discussed	at	length	by	authors	previously	
named,	but	 is	 currently	not	proven	or	disproven	 to	have	altered	 the	 landscape	 in	 the	
study	area.		Hall’s	(2010)	argument	about	stationary	cold‐based	thin	glaciers	being	able	
to	 maintain	 a	 full	 “lifecycle”	 without	 exerting	 the	 typical	 glacial	 erosional	 and	
depositional	 fingerprints	 expected	 infer	 that	 stationary	 glaciers	 do	 not	 erode	 or	 alter	
landscapes	thus	cannot	be	responsible	for	the	asymmetric	features	seen	in	the	Sani	Pass	
area.	
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5.3.3	Aspect	and	temperature	

Aspect	related	differences	are	like	in	Abisko	quite	clear.	The	aspect	differences	are	less	
distinguishable	 than	 in	 Abisko	 with	 respect	 to	 morphometric	 features	 although	 the	
slope	angle	difference	is	far	greater.	The	steepness	difference	also	seemed	to	impact	the	
radiation	 absorption	 as	 readings	 gave	 the	 average	 temperature	 being	 markedly	
different	between	the	aspects.	Not	only	distinct	temperature	dissimilarity	between	the	
aspects,	 but	 as	 well	 a	 contrast	 in	 temperature	 development	 with	 altitude.	 The	 south	
facing	 non‐equatorial	 side	 showed	 an	 average	 of	 4.7°C	 lower	 temperatures	 than	 its	
opposing	side	and	had	a	negative	temperature	development	with	altitude.	This	was	the	
exact	 opposite	 of	 the	 temperature	 development	 of	 the	 north	 facing	 side	 (Figure	 30).	
Statistical	 analysis	 did	 however	 only	 find	 that	 the	 temperature	 development	 of	 the	
south	 facing	 slope	 showed	 statistically	 significance	 between	 decreasing	 temperatures	
and	 increasing	 altitude	 and	 that	 the	 increasing	 temperatures	 of	 the	 north	 facing	 side	
with	elevation	not	significant	even	though	an	increase	was	seen.	It	is	suggested	that	this	
increase	 in	temperature	on	 the	north	 facing	side	with	higher	elevation	 is	a	product	of	
the	slope	angel’s	efficiency	 in	 intercepting	the	Sun’s	rays	higher	up	in	the	slope	as	the	
normal	of	the	slope	becomes	closer	to	the	insolation	angle	of	the	Sun’s	rays	and	that	the	
environmental	lapse	rate	is	reason	behind	the	lowering	temperatures	with	elevation	on	
the	south	facing	side.		

5.3.4	Drainage	

Moisture	at	Sani	Pass	was	very	scarce.	Apart	from	the	bottom	valley	stream	very	little	
saturation	 was	 detected	 and	most	 of	 the	 saturated	 areas	 were	 in	 close	 proximity	 to	
either	 the	 bottom	 valley	 stream,	 exposed	 bedrock	 or	 sheer	 cliff	 faces.	 There	 was	 a	
marked	 asymmetry	 in	 soil	 moisture	 distribution	 between	 the	 aspects	 resulting	 in	 ca	
15%	more	available	soil	moisture	on	the	south	side.	As	the	equatorial‐ward	north	facing	
side	receives	greater	input	of	energy	it	is	expected	that	soil	moisture	measurements	are	
lower	on	that	side	as	a	result	of	evapotranspiration.	It	is	also	expected	that	the	inherit	
fluctuations	in	measurement	values	are	lower,	which	the	data	confirms	(Figure	30).	

5.3.5	Vegetation	

Unlike	 the	 often	 thick	 and	 homogenous	 vegetation	 mat	 in	 Abisko	 the	 Sani	 Pass	
vegetation	 is	 segregated	 into	 "islands"	 consisting	 mainly	 of	 a	 single	 or	 a	 couple	 of	
species	 in	 a	 close	 confined	 area	 (Figure	 8).	 The	 "island"	morphology	 is	 consistent	 on	
both	 sides,	 but	 is	 more	 pronounced	 on	 the	 north	 facing	 side	 as	 it	 is	 more	 densely	
vegetated	by	large	tussocks	which	"islands"	are	most	obvious	(Figure	8).	Large	tussocks	
become	more	 frequent	 closer	 to	 the	 bottom	 valley	 stream.	 Noteworthy	 a	 fairly	 large	
area	of	rush	 is	 located	 in	 the	mid	 to	high	slope	of	 the	north	 facing	side	with	seems	to	
correlate	 pretty	 well	 with	 a	 slight	 flattening	 of	 the	 slope.	 As	 well	 as	 in	 Abisko	 the	
vegetation	seems	to	be	greatly	influenced	by	aspect	and	slope	morphology	in	regard	to	
density	and	versatility.	
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As	mentioned	above	there	was	much	more	exposed	bare	soil	at	Sani	Pass	then	in	Abisko.	
An	 attributing	 factor	 to	 this	 is	 the	 ample	 influence	 of	 needle	 ice	 on	 vegetation	 free	
surfaces.	Close	to	the	research	area	several	herds	of	non‐endemic	livestock	were	noted	
(personal	observations).	These	animals	left	evidence	of	their	presence	in	the	area	in	the	
form	of	grazing,	manure	and	trampling.	 	The	trampling	of	hoofed	animals	disrupts	the	
vegetation	 cover	 leaving	 it	 susceptible	 to	 needle	 ice	 growth	 and	 thus	 vegetation	
destruction.	Needle	ice	not	only	destroys	the	in	situ	vegetation,	but	further	deteriorate	
vegetation	 stability	 and	 increasing	 erosion	 rates	 as	 it	 spreads	 from	 vegetation	 free	
surfaces	to	vegetated	ones	(Figure	22).	

5.3.6	Aeolian	

Like	Abisko	no	aeolian	influences	could	be	linked	to	valley	asymmetry.			

5.3.7	Summery	

Studied	variables	in	Sani	Pass	shows	like	Abisko	that	aspect	is	also	the	controlling	factor	
in	the	development	of	valley	asymmetry	here	despite	differing	parameters	like	needle‐
ice,	 different	 environmental	 and	 vegetation	 regimes.	 The	main	 driving	 forces	 at	 Sani	
Pass	appear	to	be	the	chemical	weathering	derived	from	greater	energy	 input	and	the	
mass	 movement.	 Greater	 erosion	 rates	 can	 be	 expected	 at	 Sani	 Pass	 due	 to	 the	
observable	 vegetation	 destruction	 of	 needle‐ice	 in	 the	 area	 however	 it	 was	 not	
sufficiently	studied	to	draw	reliable	conclusions.	The	role	of	glacial	erosion	in	creation	
of	 valley	 asymmetry	 at	 Sani	 Pass	 is	 very	 unlikely	 as	 no	 irrefutable	 evidence	 of	 any	
glaciation	in	the	area	was	found.	

6.	Conclusions	
Even	though	Abisko	and	Sani	Pass	have	distinctly	differing	climatological	conditions	the	
ultimate	 driving	 factor	 in	 creating	 valley	 asymmetry	 seems	 to	 be	 the	 same	 at	 both	
locations.	Incoming	radiation	budget	controls	the	intensity	of	weathering	and	therefore	
the	amount	of	material	available	for	transport	via	mass	movement	and	fluvial	processes.	
As	 the	 solar	 radiation	 income	 is	 not	 equal	 on	 both	 aspects	 of	 a	 north‐south	 oriented	
mountain	valley	the	side	facing	equatorially,	will	receive	a	larger	input	of	radiation.	An	
increase	 in	 radiation	 input	 hastens	 denudational	 valley	 side	 processes.	 Radiation	
budget,	hence	aspect,	is	the	current	controlling	and	driving	factor	of	valley	asymmetry	
development	at	both	Abisko	and	Sani	Pass.	Although	radiation	is	the	main	driving	force	
in	 asymmetric	 development	 local	 factors	 like	 bedrock	 structure,	 drainage	 regime,	
vegetation	 and	 glacial	 erosion	 could	 have	 implications	 on	 asymmetry	 development	
speeds	 now	 and	 in	 past	 times.	 The	 underlying	 feedback	mechanisms	 of	 drainage	 and	
mid‐valley	stream	displacement	as	discussed	earlier	are	suggested	to	be	of	importance	
in	forming	current	valley	morphology	at	both	sites.	Vegetation’s	role	in	the	development	
of	 valley	 asymmetry	 is	 very	 hard	 to	 distinguish	 by	 current	 results.	 More	 research	 is	
needed	 on	 how	 physical	 processes	 and	 vegetation	 interacts,	 but	 it	 is	 clear	 that	
vegetation	binds	soil	and	hinders	erosion,	which	 in	 turn	alters	runoff	and	active	 layer	
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thickness.	The	prominence	of	vegetation	and	drainage	development	and	its	role	in	the	
creation	 of	 asymmetric	 valleys	 is	 still	 not	 sufficiently	 understood	 and	 requires	 more	
research.		

Although	no	certain	link	between	glacial	activity	and	valley	asymmetry	at	both	locations	
were	 found	 Hall’s	 (2010)	 theory	 of	 stationary	 glaciers	 in	 Sani	 Pass	 would	 efficiently	
refute	the	suggestion	that	Sani	Pass	asymmetry	is	of	glacial	origin.	More	understanding	
of	glacial	erosion	and	the	glacial	past	of	Kåppastjåkka	valley	needs	to	be	done	to	draw	
sound	conclusions	regarding	the	glacial	aspect	of	valley	asymmetry	creation	in	Abisko	
as	 results	 in	 this	 study	 show	 no	 connection	 between	 asymmetry	 seen	 in	 Abisko	 and	
glacial	erosion.	
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