
Investigating Rock Hardness on a Dolerite Boulder, 
Komga, Eastern Cape, South Africa.
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Introduction 

Rock weathering is an important component of the rock cycle; it generates 
sediment and provides habitats for biodiversity. It is, therefore, important to 
understand the processes inducing rock weathering.  Rock hardness measurements 
(an indicator of weathering) are useful to geomorphologists in helping deduce 
how rock type influences relief, as well as for characterising the deterioration 
of buildings, structures and sites of cultural importance (Viles et al., 2011:321).  

A common indicator of the degree of rock weathering is rock hardness, measured 
with either a Schmidt Hammer or an Equotip, which allows geomorphologists to 
obtain quick and inexpensive in situ surface hardness measurements. Weathering 
generally decreases rock strength and this is reflected in the measured surface 
rebound values. Weathering rates are known to increase with moisture, 
temperature and organic activity; however, no two cases are the same, so deriving 
an exact relationship is a complex problem which is crucial to understanding the 
biogeochemical cycle (Brady et al., 1999:3293). One of the most notable factors 
which acts as a control on rock hardness is aspect as it influences many of the 
previously mentioned processes. 

Aim 
Using rock hardness as a measure, this study aims to investigate the spatial variability 
in weathering, on a dolerite boulder near Komga in the Eastern Cape, South Africa  
(Fig. 1 & 2). 
Objectives 

1. Create a 3D model of the study site;
2. Compare the differences in rock hardness measurements between the    
 Schmidt Hammer and Equotip; and

3. Determine the relationship between rock hardness and aspect.

Methodology

•	100 Differential Global Positioning System (DGPS) points, spaced roughly  
80 cm apart on the surface of the boulder, were collected and marked  
(Fig. 3 & 4). 
•	A further 730 DGPS points were recorded to create a 3D Digital Elevation 
Model (DEM) of the boulder (Fig. 3 & 4).
•	At each of the 100 points,15 Equotip (Fig. 5) and 10 Schmidt Hammer  
(Fig. 6) readings were measured using the single impact method  
(Aoki&Matsukura, 2007). 
•	The presence of lichens was noted and a photo was taken at each point. 

•	The points were entered into a GIS, and the rock hardness data were joined 
as attribute information to the 100 sample points. 
•	 The data were interpolated using Inverse Distance Weighting and draped over 
the DEM (Fig. 7, 8 & 9).
•	Aspect was computed using the ArcMap ® Spatial Analyst Module, this allowed 
for overlay analysis between aspect and rock hardness to be computed for the 
whole surface of the boulder (Fig. 10).
•	The results from the overlay analysis were subjected to an ANOVA test. 
•	A t-test was conducted to test whether there is a significant difference in the 
Schmidt Hammer and Equotip measurements. 

Results 

•	At the 99% confidence level (p-value = 0.6685), there is no significant difference 
between the Equotip and Schmidt Hammer measurements. 
•	Zonal statistics comparing aspect and rebound values show that the North 
East facing side is the softest, and the South side is the hardest for both the 
Equotip and Schmidt Hammer measurements (Fig. 7 & 8). 
•	At  the 99% confidence level for the Schmidt Hammer (p-value = 9.334e-14) and  
Equotip  (p-value = 0.004103) measurements, there is a relationship between  
aspect and rock hardness.
•	Visually a relationship exists between biological cover and rock hardness  
(Figs 7-9). 

Findings

•	Rock hardness differences seen can be attributed to aspect, which directly 
affects the temperature and moisture regimes, as well as the presence of 
biological cover.
•	The Northerly aspects (NE, N, NW) will have the most dynamic temperature 
and moisture regimes that makes them more prone to weathering. 
•	The Southerly aspects (SE, S, SW) will be more homogenous with respect to 
temperature and moisture and, therefore, less prone to weathering. 
•	The biological cover appears to be acting as protection to the rock. 

Figure 3: DEM and Surveyed Points Figure 4: Surveying using a DGPS 

Figure 5:  Taking Equotip measurements

Figure 7:  Equotip Rebound Values Figure 8:  Schmidt Hammer Rebound  
Values

Figure 9:  Biological Covering Figure 10:  Aspects of Prospect Boulder

Figure 6: Taking Schmidt Hammer  
measurements

Figure 1: Location Map Figure 2: The Study Site
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