
 

 

Appendix G GIS Methodology for Landform 
Factor 

Development of BIF landform boundaries 

The OEPA provided a shape file representing the Mungada Ridge and associated landforms within the 

LAU.  As this shape file was restricted to the LAU, similar BIF landforms in the surrounding regional 

area were derived by Eco Logical Australia through the use of regional contour line data (5 m intervals) 

obtained on 3 April 2015 from Landgate.  A digital elevation model (DEM) was derived from the contour 

data as a raster elevation surface using ArcMap 10.2.  A slope surface was then derived from the DEM 

and all raster cells with a slope ≥5 degrees were extracted, converted to a vector polygon format, and 

used to define potential BIF landforms consistent with the OEPA’s methodology for BIF landforms in the 

LAU.  

The resulting regional BIF landform shape file was simplified by zooming to the extent of the shape file, 

converting to a geo-referenced raster, and then converting back into a vector shape file.  This approach 

was equivalent to buffering areas by 50 to 100m, smoothing the geometry and quickly merging smaller, 

more intricate groups of polygons into larger areas that better represented formations adequate for 

regional visualisation. 

This buffering was required because a slope raster was used as a base for the analytical process. 

When initially identifying areas where the slope was greater than five degrees, a discrete (or a directly 

definable) boundary was created. On the ground, the areas of greater than five degree slope actually 

form more of a continuous (or flowing/transitioning) boundary where values progressively change over 

distance as opposed to definitive cut-off line.  

The process of simplifying/buffering was therefore carried out for three main purposes: 

 As the real world boundary is continuous, the buffering process expands of the discrete 

boundary to encompass transitioning variations in slope across the terrain. 

 As the analysis was based on defining discrete boundaries (greater than five degrees), 

polygons can be fragmented by holes or gaps. The smoothing and buffering removes these 

holes/gaps to create a more defined/single landform area. 

 As the analysis used a raster as a base, the boundaries created follow a jagged pattern of the 

pixel geometry. The smoothing/buffering process removes jagged features and creates a more 

realistic and smoother boundary line. 

 

The potential BIF landforms defined by Eco Logical Australia were refined by comparison to known 

geology units from geo-rectified Geological Survey of Western Australia geological 1:250,000 scale map 

sheets and field magnetic data hosted on the GeoVIEW online search tool by the DMP.  Map sheets 

used included Kirkalocka, Ninghan, Perenjori and Yalgoo.  Potential BIF landforms were manually 

intersected with appropriate geology units (Table G1) and retained in all cases where the potential BIF 

landforms intersected any geological type aligned with iron formations. All others that did not intersect 

these geological types at all, were removed.  Areas retained were further refined by removal of the 

polygons of potential BIF landforms that occurred in lower magnetic intensity areas.  



 

 

Table G1: Geological Survey of Western Australia Mapping Units used to refine potential BIF landforms 

Mapping unit 

symbol 
Mapping unit description 

Ac Banded grey and white chert 

Ah Hematite, magnetite-quartz rock 

Ai Banded iron formation – includes banded chert 

Aia Magnetite (hematite) – amphibole-quartz; amphibole may be pale magnesian type or 

grunerite 

Aic Chert 

Aig Magnetite-amphibole-garnet-orthopyroxene 

Aih Hematite, magnetite-quartz 

Aij Jaspilite – red and black banded iron-formation 

Ail Goethite-quartz 

Aj Jaspilite-banded quartz-jasper rock 

Al Goethite-quartz rock 

Am Hematite, magnetite-quartz-amphibole rock 

 

Naming of BIF landforms 

To assist in the interpretation of characteristics of >300 landforms in the region, each individual polygon 

has been assigned a name according to the general cluster or range within which it is located. For 

example, four smaller BIF landforms occur in the immediate vicinity of Mungada Ridge. Together with 

Mungada Ridge, this group is identified as the ‘Mungada Ridge’ cluster, consisting of five individual 

polygons representing five BIF landforms named Mungada Ridge 1 to 5. The largest polygon, Mungada 

Ridge is identified by ‘Mungada Ridge 1’. A list of the names assigned to each polygon is presented in 

the excel spreadsheet contained in Appendix folder G. 

Terrain analysis 

Terrain analysis was undertaken by associating various ecological datasets with a three-dimensional 

DEM with a cell size of 50 x 50 m.  The DEM was generated in ArcMap 10.2 as a Triangular Irregular 

Network (TIN) file representing the raw, pre-development surface morphology of the development 

envelope and surrounding landscape (using the regional contour line data at 5 m intervals obtained on 3 

April 2015 from Landgate), which was then modified by incorporation of contour line data (1 m intervals) 

for existing and proposed infrastructure provided by SMC.  A high resolution aerial image of the area 

was ‘draped’ over the TIN file and visualised in three dimensions using ArcGlobe 10.2. 



 

 

Slope 

Slope represents the rate of change of elevation between each cell of the DEM and each adjacent cell.  

A slope raster was generated using the Slope tool in ArcMap 10.2 and the DEM developed for the 

terrain analysis, with a resulting output cell size of 50 x 50 m.  Slope was output in the measurement 

unit ‘degree rise’, which represents slope in degrees.  This unit ios zero for a flat surface and increases 

up to 90 degrees for a vertical surface. 

Shade 

Shaded relief was generated using the DEM derived for the terrain analysis and the Hillshade tool in 

ArcMap 10.2.  This tool creates a shaded relief surface representing shaded areas within the terrain and 

considers illumination source angle and shadows.  Separate morning (9:30 AM), midday (12:00 PM) 

and afternoon (3:30 PM) shaded relief surfaces were derived using bearing values of 66°, 1° and 294° 

degrees respectively. 

‘Highly shaded’ areas were created from each shaded relief surface by selecting values ≤130 degrees 

as these consistently represented highly shaded areas.  This range of values was extracted into new 

reclassified rasters and then converted into polygon data.  These polygons were then selected and 

intersected in the following manner: 

 Morning to lunch intersection 

 Lunch to afternoon intersection 

 Morning to afternoon intersection. 

 

These intersections were merged to form the separate polygon layer ‘areas of prolonged shade’. 

Hydrology 

Impacts to drainage were assessed both before and after proposed development.  This was achieved 

using the ‘Arc Hydro Tools 10.2’ tool package provided by ESRI.  The final output from this process was 

a dataset of drainage pathways before and after proposed development.  The process was as follows: 

 The ‘Topo to Raster’ tool was utilised to create a ‘Surface’ DEM from the before and after 

proposed development contour lines generated.  This DEM was required to generate drainage 

flow direction and accumulation datasets used to derive drainage data 

 Each DEM was inspected and corrected for ‘sinks’.  Sinks are defined as any raster cell 

surrounded entirely by higher elevation cells.  Failure to remove sinks causes an inaccurate 

model output as simulated water collects in these sinks and prevents accurate flow 

accumulation modelling.  Sinks were pre-screened and evaluated using the Arc Hydro tools 

Sink Pre-screening, Sink Evaluation, Depression Elevation, and Sink Selection.  Sinks, once 

highlighted, were fed into the Fill Sinks tool and filled 

 Flow direction was generated using the ‘Flow Direction’ tool and each DEM as input.  Flow 

direction is a key component of deriving hydrological characteristics of a surface.  Every raster 

cell (representing elevation) in the input DEM was inspected in relation to each surrounding 

raster cell, ultimately creating a raster of flow direction values from each cell to its steepest 

downslope neighbour cell 

 Flow accumulation was generated using the ‘Flow Accumulation’ tool with each flow direction 

raster used as input.  This tool calculates accumulated flow as the accumulated weight of all 

surrounding cells flowing into each downslope cell.  Cells with a high flow accumulation value 

represent areas of concentrated flow and were used in the model to identify drainage pathways 



 

 

 Flow direction and accumulation rasters were used as inputs into the Stream Definition tool with 

the default number of cells used as a third input (1% of the overall area being defined).  This 

tool was used to identify significant drainage networks from within the flow accumulation raster 

(i.e. to remove minor and insignificant drainage line offshoots from major drainage) 

 Finally, drainage line data were developed using the stream definition and flow direction rasters 

using the ‘Drainage Line Processing’ tool.  This resulted in a polyline vector representing 

significant drainage lines for the development envelope and surrounds. 

 


