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ABSTRACT 

This paper presents results of the application of techniques of landforms mapping for the reconstruction of the 

evolution of the environments of deglaciation on the Dragon glacier, Martel Inlet, King George Island, South 

Shetlands. The reconstruction of the changes on the glacier extension was created through moraine positions 

mapping and historical satellital images. The geomorphological mapping generated contributes to identify 

processes that influence the formation of glacial geomorphology in relation to glacial dynamics and paraglacial 

modifications as aeolian action and debris flow. Furthermore the geomorphological mapping serves as a support 

to monitor environmental changes against the retreat processes as effects of climate variability verified in the area 

of study. This study presents geomorphological application of the glacier reconstruction modeling method. This 

approach can be used to validate geomorphological interpretations of marginal deglaciation.  
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GEOFORMAS E PADRÃO DE DEGLACIAÇÃO DA GELEIRA 

DRAGON, ILHA REI GEORGE, SHETLANDS DO SUL, ANTARTICA 
 

RESUMO 

Este trabalho apresenta resultados da aplicação de técnicas de mapeamento de geoformas para a reconstrução da 

evolução dos ambientes de deglaciação da geleira Dragão, enseada Martel, ilha Rei George, Shetlands do Sul. A 

reconstrução das mudanças na cobertura glacial da geleira Dragão foi realizada por meio do reconhecimento das 

posições morainicas e utilização de imagens de satélites de diferentes anos. O mapeamento geomorfológico 

possibilitou análises dos processos atuantes na área de estudo, tais como processos erosivos e fluxo de encosta 

causando retrabalhamento dos depósitos. Diante dos processos de retração glacial constatados na área de estudo, 

como efeito da variabilidade climática destes ambientes, o mapeamento geomorfológico serve como subsídio para 

monitoramento de mudanças ambientais. Este estudo demonstra a aplicação da geomorfologia glacial na geração 

de um modelo de reconstrução glacial. O mapeamento elaborado pode ser usado para validar interpretações 

geomorfológicas relacionadas a deglaciação.  

Palavras-chaves: reconstrução glacial, mapeamento geomorfológico, sensoriamento remote.
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INTRODUCTION 

 Analyzing the spatial distribution of glacial landforms, as moraines, constitute the main 

record for glacial reconstruction of the extension, thickness, thermal basal conditions, ice 

direction and velocity flow and revealing pattern of glacier retreat process (BENN & 

BALLANTYNE, 1994; BENNETT & GLASSER, 1996; CLARK, 1997; BOULTON ET AL., 

2001; GLASSER & HAMBREY, 2001; EVANS & TWIGG, 2002; ADAM & KNIGHT, 2003; 

ETIENNE ET AL., 2003; KLEMAN ET AL., 2006; BENN & EVANS, 2010).  

 This paper proposes the geomorphological mapping of glacial ice-free areas of the glacier 

Dragon, located on King George Island, South Shetlands, and aims to infer the extent and 

position reached by the glacier in its various stages of retreat, and thus contribute to understand 

the evolution of its deglaciation. 

 Several studies have provided evidence of glacial retreats in the Martel inlet since 1956 

(SIMÕES & BREMER, 1995; BREMER, 1998; PARK ET AL., 1998; SIMÕES ET AL., 1999; 

BRAUN & GOSSMANN, 2002). The role of glacier reconstruction as a source of 

palaeoclimatic information has long been recognized through the analysis of empirical 

relationships between glaciers and climate (SISSONS & SUTHERLAND, 1976; 

SUTHERLAND, 1984; OHMURA ET AL., 1992; PATERSON, 1994). The retreat processes 

of those glaciers are related to the present atmospheric warming recorded over the most recent 

years (Blindow et al., 2010). According to Blindow et al. (2010) the annual mean temperature 

on the island rising by 1°C during the past three decades. Over the past 30 years, the number 

of days with liquid precipitation has increased in the summer. These processes accelerated the 

snowmelt and increased the negative mass balance of local glaciers (BRAUN ET AL., 2001; 

FERRANDO ET AL., 2009). Thus, this analyze is interest for monitoring glaciers and their 

adjacent proglacial areas because these regions are sensitive to climatic conditions and may be 

greatly impacted by recent patterns of accelerated climate change.  

 

STUDY AREA 

 The Dragon glacier, located in King George Island, South Shetlands archipelago between 

61 54’- 62 16’S and 57 35’- 59 02’W, off the Antarctic Peninsula northwestern sector (Figure 

1 and 2), is characterized by its proglacial front.  

 Several studies have provided evidence for a general glacial retreat in the Martel Inlet 

since 1950 (SIMÕES & BREMER 1995, PARK et al. 1998, BREMER 1998, SIMÕES et al. 
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1999, AQUINO 1999, BRAUN & GOSSMANN 2002, VIEIRA et al. 2005, ROSA et al. 2009). 

The retreat processes of those glaciers can be related to the present regional atmospheric 

warming recorded (Blindow et al. 2010). For the past 30 years, the number of days with liquid 

precipitation has increased in the summer.  

 There is exposure of several landforms and proglacial deposits as a consequence of the 

glacier retreat. These processes were evidenced by Arigony Neto (2001), who signaled a 

substantial glacier area loss between 1988 and 2000. The substrate of the South Shetlands 

islands’ are largely volcanic in origin (CURL, 1980). 

 Studies on these environments are widely recognized for their importance in monitoring 

environmental changes related to the climate variability registered in the area of study. 

 

METHODS 

 The analysis of the geomorphological transformations and the geographical distribution 

of moraines was carried out through an interpretation of the QUICKBIRD image obtained in 

2006. This imagery has a spatial resolution of 0.61 meters in panchromatic mode which allows 

both moraines ridges to be mapped accurately. Enhanced techniques were applied to improve 

the visual interpretation. In this study, we have used Quickibird and SPOT satellite images 

obtained in 1988, 1995 and 2000 with a spatial resolution of 10 meters in panchromatic mode 

and 20 meters in multispectral mode. This data was accompanied by fieldwork in the Dragon 

glacier proglacial area during the summers of 2007 and 2011.  

 The geomorphological mapping allowed the reconstruction of historical information on 

the dynamics and evolution of the Dragon glacier. To reconstruct the pattern and style of 

deglaciation, we have focused specifically on mapping the distribution of the moraines.  

 

RESULTS 

 The mapping is an effective form of geomorphological analysis generated by the recent 

glacial activity phase. The features mapped include glacial moraines, meltwater channels and 

paraglacial landforms as debris flow (Figure 3). This glacier transports sediments towards 

Admiralty bay through channels. 

 Moraine systems identified in the mapping have their origin associated with retreat 

pauses of the Dragon glacier and thus reflect the shape of the side and front margins of the 

glacier. 
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 With the generated mapping and the recognition of the positions of lateral and frontal 

moraines of recession, we inferred the extent and position reached by the glacier in its various 

stages of retreat, contributing to understand the evolution of the deglaciation of the glacier 

(Figure 3). Results show the degree of shrinkage of the glacier over the last decades (Table 1). 

 

Figure 1 – Satellite image of the Dragon glacier and located map of the glacier in King George 

Island, South Shetlands, Antarctica.  
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Figure 2 – Dragon glacier.  

Table 1 – Glacier Dragon total area and retreat rate since 1979 obtained for historical satellite 

images. 

Area in 

2006 (km²) 

Lost ice area (km²) 

2006 - 2000 2000 - 1995 1995 - 1988 1988 - 1979 

0.43 0.06 0.06 0.08 0.28 

 

DISCUSSION 

 The mapping allowed investigations on the deglaciation processes and landscape 

evolution of ice-free areas as a result of the shrinkage processes of the glacier. 

 The data indicate that Dragon glacier comprising 0.43 km² (based in a Quickbird image 

obtained in 2006) has a thin glacier front. The Dragon glacier has presented a significant loss 

of ice area (0.48 km²), without advances in recent decades. The largest loss ice area recorded 

was between 1979 and 1988. 

 Moraines of exposed proglacial area of Dragon glacier are linked to events of 

stabilization of retreats. By reconstructing the evolution of the glacier, the Dragon glacier 

became proglacial terminus at the end of the '70s. Landform records indicate probable low tide 

phases before the '80s. The pattern of ice flow appears to be influenced by local topography. 

The steep topographic gradient may have influenced the accelerated ice flow towards the inlet 

Martel during its tide phase. Thus, with the likely negative balance, the glacier retreat has 

accelerated together with loss of ice thickness at the front of the glacier. Currently, the glacier 



 

Revista de Geografia (UFPE) V. 30, No. 2, 2013 

  
Da Rosa et al., 2013   11 

is suspended in a circus-shaped valley with accelerated supraglacial ablation processes. The 

lack of recent deposition of till on the front shows that the ice flow is now apparently stagnated. 

 The glacier retreat processes have exposed a landscape susceptible to rapid post-

depositional change. Free-ice areas recently exposed, mainly moraine deposits, are reworked 

by aeolian processes and flows of meltwater from seasonal snow. Ridges in shoreline which 

indicate the presence of moraines of recession on the front of the glacier are often discontinuous 

due to paraglacial reworking. River erosion and wave action characterize the area of study. 

Debris flow in accumulation of moraine deposition in steep slopes was observed in proglacial 

area (Figure 4 and 5) and these reworking processes difficulties of reconstruction due to the 

lack of correlation between moraine features.  

 

Figure 3 – Geomorphic mapping and reconstruction of the former the Dragon glacier during a 

pauses in the retreat of the Dragon glacier. 
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Figure 4 – Debris flow in steep slopes is observed in proglacial area. 

 

Figure 5 – Slopes is observed in proglacial area. 
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The previous work discussed above has shown the potential use of high spatial resolution 

satellite image for geomorphological mapping. The geomorphological mapping made possible 

for the reconstruction of the past of the area of study.  

Techniques of visual interpretation of satellite imagery and geomorphological and field 

knowledge were critical to the development of the mapping.  

 

CONCLUSION 

 This study presents a geomorphological application of glacier reconstruction modeling. 

This approach can be used to validate geomorphological interpretations of marginal glaciation, 

this provides key glacier dynamic information to examine different geomorphological 

signatures of former glaciation. 

 The spatial distribution of the landforms, such as side and front moraines, has contributed 

for ice-marginal glacial reconstruction. The geomorphological mapping provided an important 

approach to better understand landform genesis and to reveal patterns and relationships of 

glacial landforms at various scales and glaciological processes.  

Furthermore the geomorphical mapping may be used as support to monitor environmental 

changes related to the climate variability registered in the area of study. 
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