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Geomorphological mapping is one of the most important techniques used in geomorphological research 
and differs from topographic mapping, in that the maps produced not only contain information on mor
phology, but also on the genesis and in some cases the age of the landform. The technique is particularly 
effective in the assessment of glaciated terrain since it enables a complex landscape to be subdivided into 
distinct morphostratigraphic units which differ in terms oflandforms present, their age and therefore the 
maturity of the landscape.ln the Macgillycuddy's Reeks, south west Ireland, geomorphological mapping 
has revealed evidence of three distinct morphostratigraphic zones related to three separate phases of 
Late Quaternary glaciation. 

Introduction 
Geomorphological mapping is one of the most im

portant techniques used in geomorphological research and 
also makes an important contribution to environmental 
management, geotechnical engineering and Quaternary 
science (Goudie, 1990; Cooke and Doornkamp, 1990; 
Lowe and Walker, 1997). It differs from topographic map
ping, in that the maps produced not only contain 
information on morphology, but also on the genesis and in 
some cases the age of the landform. Therefore, geomorpho
logical mapping is essentially interpretative and requires an 
appreciation of the complex nature of landforms and a de
tailed knowledge of their formation (Lowe and Walker, 
1997). The most common approach to geomorphological 
mapping involves field mapping onto a base map repro
duced from a topographic ·map or aerial photograph. 
Mapping is carried out at a variety of scales, but as the scale 
increases it becomes necessary to omit information in order 
to maintain clarity (Cooke and Doomkamp, 1990). 

One of the most effective ways geomorphological 
mapping can be employed is in the mapping of glaciated 
landscapes since it can reveal information on the former ex
tent of glaciers, flow direction and importantly, the relative 
age of both glacial and non-glacial landforms (Lowe and 
Walker, 1997). Relative age can be established because gla
cial ice destroys pre-existing landforms and prevents the 
formation of non-glacial landforms, whereas outside the 
glaciated area pre-existing landforms survive and non
glaciallandforms can develop. Therefore, following glacial 
ice retreat geomorphological mapping would enable two 
distinct landscapes to be recognised which differ in terms of 
landforms present, their age and therefore the maturity of 
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the landscape. This subdivision of a landscape on the basis 
of relative age is known morphostratigraphy. A morphos
tratigraphic unit 'is a body of rock that is identified 
primarily from the surface forms it displays' (Wilman and 
Frye, 1970). Although the concept of morphostratigraphy is 
not unique to glacial studies, this definition was originally 
used following glaciallandform assemblage mapping in Ill
nois, USA and has subsequently played a major role in the 
development of palaeoglacier models and concepts (Rose 
and Menzies, 1996). 

Once morphostratigraphic units have been estab
lished by geomorphological mapping they can be fixed to a 
chronological framework by dating component landforms. 
For instance, in the forelands of glaciers which have experi
enced prolonged retreat since the Little Ice Age glacial 
maxima, lichenometry and aerial photograph analysis of re
cessional moraines has enabled a remarkable short term 
record of geomorphic change to be reconstructed, the accu
racy and precision of which is rarely equalled by any other 
stratigraphic method (Rose and Menzies, 1996). In older 
glacial regions such resolution is not possible, but dating 
glacial landforms is equally as important since it allows 
temporal correlation with other glaciated regions and with 
known episodes of climatic change. 

In the Macgillycuddy's Reeks, south west Ireland 
(Fig. 1) there is a series of well developed glaciallandforms 
which offers the potential to establish a detailed record of 
glacial activity in response to Late Quaternary climatic 
change. Accordingly, a research project was initiated with 
three principle aims. 

1. Establish the geomorphic and morphostra
tigraphic relationships of glacial and non-glacial 
landforms in the Macgillycuddy's Reeks, south 
west Ireland. 

2. Establish the age of these glacial land forms. 

3. Reconstruct the glacial extent, dynamics and 
palaeoclimatic significance of former glaciers in 
this area. 

However, it is not the intention of this paper to pres
ent evidence and discuss in detail the glacial history of the 
Macgillycuddy's Reeks. This research is presented else
where (Anderson, et al. in press). Instead the purpose of the 
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paper is to outline the methods and procedure used to con
struct the geomorphological maps which provided the basis 
for morphostratigraphic subdivision of this area. 

Macgillycuddy's Reeks, SW Ireland 
The Macgillcuddy's Reeks is situated in the south 

west corner of Ireland and is a high relief, Devonian sand
stone massif which rises to a maximum elevation of 1 039m 
at the summit of Carrauntoohil, the highest the mountain in 
Ireland (Fig. 2). The flanks of the massif are dissected by 
deep valleys and several well-developed cirque basins, 
which reflect the legacy of repeatedly glaciation during the 
Quaternary. During the glacial maximum of the last cold 
stage, approximately 22-18 ka BP, the Macgillcuddy's 
Reeks was covered by a large ice sheet and only the summit 
peaks of the highest mountains were exposed (Warren, 
1979, 1991). However, little is known about the extent of 
this ice sheet and the subsequent glacial history of the area. 
This is unfortunate because there is a detailed geomorphic 
record of glacial flucuations imprinted on the landscape of 
these mountains. This geomorphic record is a response to 
three factors. Firstly, glacial ice is extremely sensitive to 
climatic changes and responds to even minor perturbations 
in prevailing weather conditions. Secondly, during the tran
stition from the last cold stage to the present mild 
conditions, the climate of the North Atlantic region 
changed rapidly from cold to warm conditions on several 
occasions in response to the unstable nature of the North At-
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!antic Deepwater formation (Lowe and Walker, 1991). 
Lastly, since the Macgillycuddy's Reeks is located close to 
the Atlantic Seaboard of south west Ireland the environ
ment in this area would have been be particularly sensitive 
to climatic changes driven by North Atlantic thermohaline 
circulation changes. 

Methods 

Rational 

The geomorphology of the Macgillycuddy's Reeks, 
as with all formerly glaciated landscapes, is complex. Map
ping the landforms of such terrain poses a significant 
challenge to geomorphologists since it is critically impor
tant that geomorphic maps not only accurately reflect the 
spatial and genetic complexity of a glaciated landscape, but 
also summarise the geomorphology in a sufficently simpli
fied form to enable the viewer to readily comprehend them .. 
To achieve this aim two important points have to be consid
ered. Firstly, mapping every landform as a distinct entity is 
time consuming and the final map would be too complex. 
Consequently, genetically similar landforms need to be 
mapped collectively as landform assemblages, though 
some individual landforms have to be represented as dis
tinct entities to avoid oversimplification or to fulfill 
research aims. Secondly, appropiate cartographic symbols 
need to be designed to realistically represent each land form 
assemblage and associated landforms. In this study five 
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Fig. I Macgillycuddy's Reeks: location and major topographic features 
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Fig. 2 Location map or cirque basins containing local glaciation landrorms (basin name in bold) 
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landform assemblages and thirteen associ
ated landforms were recognised and the 
cartographic symbols used to represent 
each are summarised as follows (Fig. 3). 

Rockwall 

Rockwalls are in situ outcrops of 
rock. Cartographic symbols used to define 
rockwall were designed to illustrate two 
characteristics of rockwall in glaciated re
gions. Bedrock which has been glaciated 
displays smoothed or polished surfaces and 
surface striations and cresentic fractures 
are testament to the passage of abrading 
clasts at the base of a glacier. In contrast, 
rockwall outside the glaciated area will be 
affected by intense frost weathering. 
Therefore lines delimiting the spatial ex
tent and form of glaciated rockwall were 

Fig. 3. Key sheet or landform and morpho

logical cartogaphic symbols 
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dra":n with si?ooth corners and superimposed arrows re
fl~tmg the onentation of subglacial scours, whereas lines 
wtth sharp angles were used to define areas of frost shat
tered rockwall. 

Drift 

. Drift is the c~llective term used to describe a range of 
s~tments and sedtmentary landforms deposited by a gla
cter, or of glacigenic origin. This landform assemblage is 
often defined cartographically by white triangles (c.f. Bal
lantyne and Harris, 1994 ), and this approach was adopted 
here. Two other glaciallandforms were also recognised for 
the purpose of mapping; moraine ridges and meltwater 
channels. Moraine ridges are ridge or ramp shaped accumu
lations of glacial diamict and glaciotectonised sediment 
and, depending on their position with respect to a glacie; 
they ar~ defined as terminal or lateral moraines. On the geo
morphtc maps presented here their margins are delimited 
by thick line and if a ridge crest is present, by a dashed line. 
Meltwater channels are erosional scars incised by streams 
draining a glacier. Here they are represented by curved lines 
and an arrow indicating the direction of flow. 

Talus Slopes 

Talus slopes are accumulations of coarse, angular 
debris beneath rockwalls. They exhibit a range of forms, in
cluding single or coalescing cones, or expansive sheets. 
Talus slopes develop in many environments, but in cold cli
mate areas their accumulation is attributed to the 
mechanical breakdown of in situ rock by periglacial weath
ering which eventually leads to gravitational instability. 
Three other tal us related landforms were recognised for the 
purpose of this research; rock avalanches, protalus ramparts 
and protalus rockglaciers. Rock avalanches are irregular 
shaped masses of coarse debris and are formed by the ca
tasphrophic collaspe of rockwall. Protalus ramparts are 
ridge or ramp shaped accumulations of tal us and form at the 
base of a perenial snow or firn bank as a result of the accu
mulation of frost shattered debris. Protalus rock glaciers are 
tongue or lobate shaped accumulations which often extend 
beyond the base of a talus slope and display steep frontal 
snouts. Their origin is controversial (Whalley and Martin, 
1992), but it is generally agreed that they developed 
through the deformation of thick, ice-rich tal us. 

Talus slopes are often defined on geomorphological 
and Ordnance Survey topographic maps by a series of 
aligned dots with a larger dot to mark the downslope mar
gin, and this approach was also used here. In contrast, rock 
avalanches are illustrated by random pattern of large dots, 
since rock avalanche debris is coarser and displays a more 
chaotic arrangement than talus slopes. A similar random 
pattern of dots is also used to illustrate protalus rock gla
ciers, but since the margins or these landforms are more 
distinct than the disperse, and often vague margins associ
ated with rock avalanches, their spatial limit is defined by a 
line. In addition, black triangles pointing downslope and 
curved lines are used to reflect the steep frontal slope and 
surface flow structures displayed by protalus rock glaciers. 
Protalus ramparts also possess a pronounced frontal slope, 
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?ut since it is less steep than a rock glacier lee slope they are 
tllustrated by a white triangle pointing downslope. 

Mountain-top Detritus 

Mountain-top detritus is the term used to describe 
the frost weathered regolith which covers the summits and 
s~opes of mountains in cold climate regions. This perigla
ctallandform assemblage can be divided into two distinct 
types (Ballantyne and Harris, 1994). 

a. Blockfields and blockslopes: spreads of open 
framework boulders (b max>200mm) with little or no inter
stitial fine~ and a lack of surface vegetation. They are 
formed by mtense frost weathering of in situ rock. 

b. Debris mantled plateaux and slopes: a mantle of 
angular clasts and fine grained matrix formed by frost 
weathering of a surface layer of diamict. These plateaux 
and slopes usually support a complete vegetation cover and 
are mantled by a range of solifuction landforms, including 
stone and turf banked lobes, solifluction sheets and boulder 
lobes and boulder sheets in areas with a higher concentra
!ion oflarge blocks. Both types of mountain-top detritus are 
tllustrated by short, randomly orientated black lines, with 
thicker lines used to define blockfields and blockslopes. 

AUuvial Fans and Debris Cone Complexes 

Alluvial fans are fan-shaped accumulations of allu
vial and debris flow sediment which develop at stream 
tributaries and the base of incised slopes. Debris flows are 
also fan shaped accumulations of sediment, but differ in 
that they are exclusively composed of superimposed debris 
flow deposits and are steeper, with average gradients typi
cally in the range of 15-25°. Various cartographic symbols 
have been used to represent these land forms on geomorphic 
maps. Here alluvial fans are defined by a detritic pattern of 
interconnecting lines reflecting the braided nature of allu
vial fan streams and debris cones by a pattern of white 
circles. The spatial extent of singular hillslope debris flows 
are usually drawn with a black infill and this approach was 
adopted here. 

In addition to the cartograph designs outlined above, 
symbols are also required to define other key geomorphic 
features, such as streams, lakes, break of slope and vegeta
tion. Symbols used are similar to those used by other 
workers (c.f. Cooke and Doornkamp, 1990). 

Procedure 
The geomorphic and morphostratigraphic relation

ships of the Macgillycuddy's Reeks was established 
throu~h de~il~ geomorphological mapping of an area of 
44km , whtch mcorporates most of the central massif of the 
region, and extends from Lough Iochtair in the west to the 
Alohart in the east and Lislebane in the north to Black Val
ley in the south (Fig. 2). Field mapping was carried out 
using enlarged base maps reproduced from the 1: 25000 
I~ish Ordance Survey map. The accuracy of the field map
pmg was checked by inspection of computer enhanced 
images of aerial photographs which were enlarged to the 
same scale as the topographic base maps (Fig 4). To over
come the problems of distortion between topographic maps 
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Fig. 4 Aerial photograph of Lough Callee and adjacent terrain. This photograph was 
used to construct the geomorphic map opposite (Fig. 5) 

Fig. 5. Geomorphology of Cummeenmore and Cummeengrin and surrounding area \ 



and aerial photographs a system of grid corrections was 
used to realign to aerial photograph images until an accept
able fit was achieved. The geomorphological maps were 
then redrawn, scanned and digitised using Freehand 5.5 
software on a Macintosh Power PC. 

A number of problems were encountered using this 
approach to geomorphic mapping. Firstly, an enormous 
amount of time was required to complete the maps. Field 
mapping spanned several months and then a further six 
months was needed to redraw and digitise the maps. Sec
ondly, field based research in high moutainous areas is 
hazardous and demands a fair degree of personal stamina. 
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Thirdly, the accuracy of the maps and degree of 
geomorphic detail was constrained by the scale of the base 
maps and clarity of the aerial photographs (Fig. 4). 

Results 
Detailed discussion of the results is reported else

where (Anderson et. al. in press), and only a relevant 
summary will be reported here. Land forms assemblages de
tailed on the geomorphic maps (Figs 5-l 0) reveal three 
morphostratigraphic zones related to three distinct glacial 
phases (Fig. 11). 

• 110 

Fig. 6. Geomorphology of Cummeenagearagh and surrounding area 
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Maximum glacial extent. Glacial landforms assem
blages associated with the period of maximum glaciation 
(22-18ka BP) comprise thick till drift sheets and subdued 
moraine ridges. Since this morphostratigraphic zone was 
de glaciated prior to the cessation of cold climate conditions 

associated with this stage, the area also features well devel
oped periglacial landforms, including mature talus slopes 
and mountain top detritus and extensive frost shattered 
rockwall. 

Fig. 7. Geomorphology of Coomloughra Glen and surrounding area 
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Glacial readvance. The decay of the main ice sheet 
between 18-13ka BP was interrupted by a major glacial 
readvance. The moraine ridges associated with this phase 
are very large and display relief features up to 120m in 
height. They were formed by glacial deformation and bull
dozing of pre-existing glacial drift and periglacial sediment 
and their upvalley extent provides approximate position of 

Fig. 8. Geomorphology of Coomcallee and surrounding area 
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where the glacial ice had retreated to before it readvanced 
again. This morphostratigraphic zone also features a range 
of well developed periglacial landforms, including talus 
slopes, rock avalanches, protalus rockglaciers, protalus 
ramparts and mountain top detritus. Their presence demon
strates that prolonged cold climate conditions affected the 
area after the decay of the readvance glaciers. 

SoC Bulletin Vol 30 No 2 



Local glaciation. This episode of glaciation repre
sents the final time glaciers formed in the Macgillycuddy's 
Reeks and is reflected by a series of small moraine ridges at 
the front of cirque basins. There are four lines of evidence to 
suggest that this phase of local mountain glaciation oc
curred after the complete decay of the main ice sheet and is 

Fig. 9. Geomorphology of Coomgoogh and surrounding area 
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therefore Younger Dryas (11-10 ka BP) in age. Firstly, local 
records of Quaternary environmental change demonstrate 
that climatic conditions during the Younger Dryas were 
sufficiently cold to trigger cirque glaciation in the Macgil
lycuddy's Reeks (Watts, 1977, 1985; Andrieu et al.., 1993; 
Walker et al.., 1994). Secondly, periglacial landforms 
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Fig. 10. Geomorphology of Curraghmore and surrounding area 
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formed by severe frost weathering, such as mountain-top 
detritus, talus slopes, rock glaciers and protalus ramparts, 
are absent or poorly developed inside the limits of local gla
ciation, but are well developed outside and similar 
landforms of Younger Dry as age have been documented 
from elsewhere in Ireland (Gray and Coxon, 1991; Wilson, 
1990a & b). This suggests that the absence of periglacial 
features from within the high level cirque basins during the 
Younger Dry as was because the basins were occupied by 
glacial ice at this time. Thirdly, Schmidt Hammer rebound 
values (R-value) demonstrate that the surface strength of 
glacially moulded in situ rock within the limits of local gla
ciation are higher than equivalent bedrock exposures 
outside, indicating that R-value contrasts can only be attrib
uted to substantial temporal weathering differences. Lastly, 
peat basins outside the limits of local glaciation contain 
sediment deposited during the Lateglacial interstadial ( 13-
11 ka BP) and Younger Dryas sediment, wheres inside the 
glacial limits only Holocene (10-0 ka BP) sediment is 
found. 

Conclusion 
In the Macgillycuddy's Reeks, south west Ireland, 

geomorphological mapping has revealed evidence of three 
distinct morphostratigraphic zones related to three separate 
phases of Late Quaternary glaciation. 

1. Till sheets and subdued moraine ridges deposited 
during the period of maximum glacial extension (approxi
mately 18 ka BP). This zone is also features well developed 
periglacial landforms associated with the prevalence of 
cold climate conditions during ice sheet decay. 

2. Till sheets and large moraines ridges deposited 
during a major glacier readvance which interrupted the de
cay of the main ice sheet (18-13 ka BP). This zone also 
features well developed periglacial landforms associated 
with the prevalence of cold climate conditions during the 
decay of the readvance glaciers. 

3. Small moraine ridges at the front of high level cir
que basins deposited by the last glaciers which formed in 
the Macgillycuddy' s Reeks. Four lines of evidence suggest 
that this phase of glaciation was triggered by Younger 
Dryas ( 11-1 Oka BP) climatic cooling. 
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