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In this study, a SEM method was used to analyze the surface morphology of the quartz sand granitic tafoni at Laoshan, 
for the purpose of exploring the weathering process of this tafoni. Present study showed that granitic tafoni at Laoshan, the 
quartz sand roundness was dominated by angular and sub-angular morphologies. Massive Hydrodynamic features had been 
developed on the quartz sand surfaces, as well as wind and chemistry forms, which were more developed. It was determined 
that granitic tafoni at Laoshan, the quartz sand had suffered long-term rainy and windy mechanical erosion, as well as 
chemical dissolution from residual pit water. These findings differed from the earlier views that the tafone was formed by 
the glacial melt water. 
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Introduction 
Rock surface weathering is a major factor which is 

associated with the creation of diversified 
geomorphologies1,2. Weathering can be formed in 
various rock areas, the most typical being granite. 
Some of the original small pits on granite surfaces, 
which had undergone weathering and constant 
expansion, formed into granitic tafoni landscapes. 
Previous research studies have shown that granitic 
tafoni weathering is caused by water ponding. After 
the tafoni becomes saturated with water, the water 
overflows from the lower rock slopes to form outlets, 
which leads to the leaching of the soluble elements in 
the rock. Following the rock decomposition, the 
residual clastic particles tend to remain within the 
granitic tafoni3,4. Among these, the residual quartz 
sand in the tafoni has a strong weathering resistance, 
and retains the obvious microscopic features of the 
surface. At the present time, the debates regarding the 
genesis of this tafoni are fierce, and include various 
theories, such as the pothole, glacial potholes, 
weathering pit, and bubble-like caves (geode) 
theories. In this study, scanning electron microscope 
observation was used to examine the surface 
morphological features of the quartz sand granitic 
tafoni at Laoshan, in order to further explore the 
weathering process of this tafoni. 

Materials and Methods 
Laoshan is located along the banks of the Yellow 

Sea (Fig. 1), which is the highest peak in China’s 
coastal zone. The Laoshan rock mass consists of 
alkaline granite from the late Yanshan movement5,6. 
The Laoshan granite has a strong weathering effect, 
and various differently sized tafoni have developed on 
the rock surfaces. 

In this study, samples were taken from the clastic 
sediments in granitic tafoni located in Lingqi Peak, 
Yangkou Scenic Area, and Qipan Scenic Area at 

 
 

Fig. 1 — Study area 
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sand in the tafoni at Laoshan had been mainly affected 
by the scouring of tafoni water, as well as the rainfall 
from the tafoni at mountain top. During the dry 
seasons, this exposed tafoni water on the top of 
Laoshan was dry, and the clastic particles in the tafoni 
experienced wind actions for re-transport and 
transformation. 

Therefore, aeolian features were clearly maintained 
on the quartz sand particles. Moreover, the 
superimposition of some of the different genetic 
features reflected the effects of multiple wind and 
hydrodynamic actions on the quartz sand. Furthermore, 
affected by the tafoni water and marine climate, the 
chemical dissolution and deposition were relatively 
developed on the quartz sand surfaces. This study’s 
research results are therefore different from the 
previous opinion that the tafoni in this location was 
formed by the high-speed flow erosion of melting 
glacial water. 
 
Conclusions 

In this study, by using a SEM method, the surface 
features of the quartz sand particles in the tafoni at 
Laoshan were studied. The following conclusions 
were obtained: 
 

The quartz sand of the tafoni at Laoshan was 
mainly sub-angular to sub-rounded forms. Also, 
crescent-shaped steps, pockmarked pits, dish-shaped 
pits, and other wind features existed on the surfaces. It 
was found that conchoidal fractures, V-shaped pits, 
underwater smooth surfaces, and other Hydrodynamic 
features were developed. Meanwhile, the features of 
certain chemical dissolution and precipitation effects 
were found to exist. The statistics showed that the 
occurrence frequencies of the hydrodynamic, wind, 
and Chemical features were 68.5%, 22.6%, and 8.9%, 
respectively. Studies have shown that the quartz sand 
particles in the tafoni at Laoshan have not only 
experienced the mechanical effects of water and wind 
actions, but also have been affected by the chemical 

dissolution and precipitation of tafoni water. The 
research results of this study are different from the 
previous conclusion that the tafoni at Laoshan was 
formed by glacial melt water. 
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