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Water Exploration: 
Remote Sensing Approaches 

EXERCISE 4: TARGETING AND MAPPING POTENTIAL WATER SOURCES 

Either print the PDF or view it in Adobe Acrobat Reader with the width of the display window 
reduced so that you can view the text with least interference with TNTmips windows.   

Important tip: You should never expect to appreciate all the geological and hydrogeological 
clues provided by any kind of image at first viewing: examine and interpret the data over 
several ‘sittings’ to become thoroughly familiar with every aspect of the terrain and its spectral 
features. 

This set of exercises uses examples of some types of terrain that are common throughout 
Africa. All are from areas that are sparsely vegetated in which geological features are clear 
enough to map easily using techniques provided by the TNTmips software and similar 
commercial packages. Poorly exposed or vegetated areas are more challenging. 

For each study area you are provided with either ASTER or ETM+ data acquired during the 
locally driest part of the year, together with elevation data. 

Using the skills you learned in earlier Exercises to identify important lithological and structural 
features of each area, you will work with the TNTmips spatial data Editor to create simple maps 
of your interpretations. Activities using different test areas will take you progressively through 
the most important vector mapping tools in the software. 

In some sections of the Exercises the higher resolution and perspective viewing offered by 
Google Earth will allow you to understand better some aspects of local geology and hydrology. 
Despite its geologically less-revealing natural-colour images, the zooming and roaming functions 
and detailed perspective views in Google Earth will also allow you to examine the regional 
context of each area and zoom in to resolutions up to ~1 m to see details of terrain and 
geological structure that are beyond the capacity of ASTER or Landsat images: just use its 
Search function set to the decimal latitude and longitude at roughly the mid-point of each test 
area (given after each Section heading). 

Tips for Google Earth: Using Tools/Options make sure that Show Lat Long is set for decimal 
degrees and the Show Terrain button is ticked. Also, you should change Elevation 
Exaggeration to 1.5 which makes subtle features easier to see. The default view is a roughly 
natural colour, almost seamless mosaic of image tiles for the area. The resolution depends on 
whether the tiled images are from SPOT-5 (~2.5 m) or Digital Globe bulk data (~2 m). 
However, later images may be available that have better visual quality (~1 m) which you can 
investigate by selecting the Show historical imagery from the Toolbar and changing the time 
of addition to Google Earth using the slider. Each later image is often in isolated blocks and is 
best used, if available, zoomed in to your area of interest. Navigating using Search will end up 

http://www.google.com/intl/en_uk/earth/download/ge/agree.html
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zoomed in to the selected coordinates, so is best done without historical images. You can turn 
that on when you have arrived to see if there are any. 

Zooming in and out is most conveniently achieved using the mouse wheel (forward to zoom in, 
backward to zoom out) and roaming across the land surface using left-hold-drag, rather than 
the navigation tools at top right. With perspective views, rotate the direction of view using the 
topmost tool on the right. Clicking on the left and right arrows rotates the view clockwise and 
anti-clockwise. Double clicking on the N symbol returns the view to northwards. 

 

Zooming in beyond a certain scale activates Google Earth’s terrain perspective view 
automatically, changing from a vertically downward view to an oblique view. The navigation tool 
at top right also has an up arrow that decreases the viewing angle from vertically downwards 
towards horizontal, the down arrow acting in the reverse sense. Both result in the centre of the 
field of view moving from its original position: to re-find your point of interest you need to use 
the roam function (left-hold drag cursor), the mouse wheel to zoom out or a combination of 
both, which requires some practice. Nonetheless, being able to roam around an oblique 
perspective view gives a unique means of seeing topographic and geological detail. 

 

E4.1 Baraka plains, NE Sudan 

Data. Folder: C:\data/Khor Baraka. Project files: ETM.rvc, ASTER GDEM.rvc. Mid point: 
17.15N 37.40E. 

This case study should take 2 to 3 hours. 

This is a mainly low-relief area with low rocky outcrops on interfluves and alluvium-filled 
drainage courses, flanked to the east by more rugged, uplifted terrain. The dominant bedrock in 
the low-relief area is high-grade crystalline basement of Neoproterozoic age: dominantly 
metasedimentary gneisses, some mafic metavolcanics and small granitic masses. 

The main drainage is Khor Baraka, which rises on the Eritrean Plateau far to the south-east. 
During the summer monsoon highlands adjacent to the Red Sea receive substantial rainfall 
(around 350 mm in June and July). The amount decreases moving westwards towards the 
continental interior. The Baraka Plains have an average monsoon rainfall of around 100 mm and 
evaporation greatly outweighs precipitation. 

Tip: Desktop mapping is quite complicated, with many different functions to master, and often a 
variety of options for each of them. What follows uses the simplest possible approach. Even so, 
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at first you may well become confused; you may find that something you have overlooked stops 
you from proceeding; you may well become fatigued. Whatever, do not lose the will to live! 
Take a break, start again and above all persevere. Producing maps is one of the essences of the 
geosciences, and using software such as TNTmips allows you to do that entirely on your own 
without having to brief a cartographer, or become one yourself. You do not need any artistic or 
graphic skills, just good eye-hand coordination!  

Instead of opening images using Main/Display, use Main/Edit which allows you to create and 
edit vector objects that form the first steps in producing a map. The Baraka area is 
hydrogeologically simple and is therefore a good place to learn the basic procedures in vector 
mapping. 

The View and Layer Manager windows are the same as in Main/Display. Use Add Raster  to 
load the Landsat ETM+ 742 RGB image from Khor Baraka/ETM.rvc. If you have a 1920 x 
1080 pixel monitor you may wish to adjust the default window and pane sizes in the Editor View 
window (Exercise 1, Section E1.1) so that you can view the whole 1000 x 1000 pixel area at full 
resolution (the window sizing is stored for future use in the Edit process). With smaller monitors 
you will need to roam around the full resolution image. 

For many areas with little vegetation and good exposure 742 images are usually the best simple 
option for discriminating different rock types using ETM+ data. In this area, however, there is 
little colour variation in the well-exposed surface. Most is in varying shades of pink to reddish 
brown, apart from some blue-green banding in the SE high-relief area. This is partly because 
most the rocks west of Khor Baraka are gneisses ranging from felsic to intermediate 
compositions (pale to darker respectively) and partly because of pervasive, iron-rich desert 
varnish (Section 3.2.1).  

Sedimentary grains that are regularly moved by flowing water and wind action tend not to 
develop desert varnish and when newly eroded grains are transported any varnish is abraded 
away. So loose, actively moving sediments generally appear lighter than outcropping bedrock, 
unless they formed from mafic parent material. The Baraka area illustrates this well and light-
coloured areas of alluvium in active drainages are picked out sharply as a result. In the SE 
quadrant you can see other clearly superficial sediments, which are somewhat darker than those 
in active drainages. To the east of bottom centre is a large area of blue-grey material that lacks 
signs of drainage channels: this is a thin cover of blown sand deposited by the prevailing 
northerly winds. Just below east centre is a darker, mottled area of blue-grey and pinkish 
material with signs of small drainage channels: this is probably colluvium shed by the high-relief 
area immediately to the east. 

Green on a 742 image signifies living vegetation that generally depends on groundwater. There 
are numerous stands of dense vegetation along the course of Khor Baraka, especially towards 
the north. The smaller drainages that flow across the low-relief, high-grade gneisses in the west 
show far less vegetation. They draw on local rainfall, which is low, whereas Khor Baraka 
receives water in spates during the summer monsoon from the much wetter highlands far to the 
south-east. Consequently there is more likelihood of infiltration from annual floods into the 
alluvium of a river with an extensive catchment than in local drainage basins. Nevertheless, 
there is sufficient sign of vegetation west of Khor Baraka to assume that alluvium underlying its 
small tributaries does store some groundwater. 

The most obvious structural feature of the low-relief, gneissic terrain is the presence of large 
igneous dykes that appear as dark, linear streaks. Zooming into examples shows that the 
streaks are 2 to 5 pixels (60 to 150 m) wide. That is probably the width of colluvial mantles 
flanking the actual dykes and the actual intrusions are probably somewhat thinner (10 to 20 m). 
The dykes have potential hydrogeological significance, as shown in Figure 1.15 and discussed in 
Sections 1.3 and 4.1.10, by slowing sub-surface groundwater flow across ridges formed by them 
beneath alluvium.  

Another important type of structural feature is large-scale fracturing and faulting that may 
produce secondary permeability in otherwise impermeable crystalline rocks, signs of which show 
in the NE quadrant.  

https://h2oexplore.files.wordpress.com/2016/02/f1_15.png
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Commonly important sites for ponding of groundwater beneath drainage basins in arid regions 
are topographic thresholds, as shown in Figures 1.17 and 4.40 and discussed in Sections 1.3, 
1.7.1, 4.1.10 and E1.5. 

There are only three main elements from which most maps are compiled: points such as a well 
or, in this case, a threshold; lines such as a drainage course or, for hydrogeology, a dyke or 
fault; polygons that outline an area exposing a particular lithology, superficial sediment or soil. 
Here you will create points, lines and polygons using TNTmips vector editing tools. The first and 
simplest is to create a series of points that refer to obvious thresholds in the drainage system. 

E4.1.1 Mapping points 

Tip: The Object Editor in TNTmips has a timer that reminds you with a small prompt window to 
save your work at regular intervals. This is important so that you can recover from errors 
without losing all your accumulated work. The default setting is 30 minutes, which can be 
changed using the Layer Manager/Preferences/Save tab, although it is not advisable to set the 
delay too much longer. You shouldn’t turn the timer off, but you can choose to skip the option 
to save when prompted by the timer – do so if the timer appears before you reach an explicit 
prompt in the text that follows advising you to save. If you do not see the timer, you will know 
it has appeared and is hiding somewhere because it stops the editing process from responding – 
you will find it most easily in the Windows taskbar. 

In the Toolbar of the Layer Manager window click on the Create Object icon  and select 
vector from the pull-down, which reveals the New Object Values window (Figure E4.1). Click 
on the Name button at top left and call the object Thresholds. 

 

 

Figure E4.1 New Object Values window 
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The next step is to set the means of georeferencing the Thresholds vector object. Click on the 
band7, band4, band2 entry in the Select Implied Georeference pane – the ETM data are 
already georeferenced. No other entries are needed, so click OK. The new vector object is 
displayed in the Layer Manager in a bold, purple font (to signify that it is now the active object 
and is editable) together with the Vector tools window (Figure E4.2). 

 

 
Figure E4.2 Active vector object (bold purple font) and vector tools used to create and modify 
elements in the object. The icons for tools to draw elements are mainly explicit – placing the 

cursor over each reveals its function 

Tip: If you click on another object the vector is deactivated and the Vector Tools window 
disappears. To restore the tools click on the vector object. 

Set the View window to Stereo using the icon, selecting the DEM object from Khor 
Baraka/ASTER_GDEM.rvc to produce an anaglyph to be used with the red-cyan spectacles. 
You may be asked if you wish to store elevation values in the vector object: answer No. 

Click on the Add Point icon 
+
 in Vector Tools. Now, with the spectacles on not only do you 

see the terrain in 3-D but the cursor too, so that it always ‘sits’ on the terrain surface, as will 
the points, lines and polygons that you create while stereo is activated. 

Tip: To avoid being distracted by DataTips, use View window Options/DataTips/None to turn 
them off for all displayed objects. 

Look for an obvious threshold – the west side of Khor Baraka shows several – position the 
cursor over it and then click. Move the cursor away and you will see a circled yellow cross hair 
at the surface. At this stage you can easily adjust it by using hold-drag. When you are satisfied, 
right click anywhere in the image to fix the point – a small green square appears. 

Tip: The default size for the point and its green colour are not easy to see using an anaglyph, so 
you should change the style so that the point is larger and clearer.  Click on the vector icon for 
Threshold, which brings up the Vector Layer Controls window (Figure E4.3).  
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Figure E4.3 Vector Layer Controls window 

Select the Points tab and the click on the Edit button to the right of the Styles pane, which 
displays the Style Editor for points (Figure E4.4), showing a range of optional shapes. Filled 
shapes are much easier to see than open ones and crosses are a better choice than squares, 
especially if they are outlined in black; the larger the better, within reason. Size can be set in 
pixels – px in the pull-down rather than the other options – using the Height pane, which by 
default makes the width of the symbol the same. You can also select a colour for the point from 
the palette – yellow is quite good (note that in anaglyph view two points appear if you aren’t 
wearing the spectacles, one pink the other pale green that fuse to yellow when you use the 
spectacles). For the moment you can safely ignore the other controls. 

 
Figure E4.4 Style Editor for points set for an 11 pixel (px) outlined yellow cross  

Once you have defined a style, click OK on the Style Editor and OK again on the Vector Layer 
Controls. 

You can now create a few more obvious thresholds; i.e. potential sites for shallow dug wells that 
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may provide good yields of groundwater from the alluvium a short distance upstream from the 
threshold. 

At this point you should save your work on points.  Select Object/Save from the Layer 
Manager menu bar. In the Select output vector object window (Figure E4.5) first ensure that 
it shows the contents of the Khor Baraka folder (i.e. ASTER_DEM.rvc and ETM.rvc). You need to 
create another project file for vectors – this is good data management practice. Type ‘Vectors’ in 
New File Name and something like ‘Hydrogeological features’ in the Description pane. 

 
Figure E4.5 Select output vector object window 

Now click the Create File button. This reveals the name you gave to the new vector object 
Thresholds. You might wish to add a short description line, but the name is probably sufficient. 
Click OK, and the object is saved.  

Important Note: A small Status window appears when an object has been saved or created in 
TNTmips, with an indication of how long that took – click the OK button. If you do not you 
cannot proceed! The window is easily overlooked and becomes hidden if you click on another 
window. So if everything seems to have stopped working in TNTmips this is the most likely 
cause. Check the Windows taskbar at the bottom of the monitor screen to see if a task called 
Status is shown. Click to reveal it and then click OK. 

Tip: In a later work session, if you wish to add more points to or modify existing points in a 

vector object you created earlier use the Open Object for Editing icon   in the Layer 
Manager, navigating to the Khor Baraka folder and then opening the Vectors.rvc project file and 
selecting the appropriate vector object. 

Tip: If you wish to delete a point or move it select the Edit Object tool from the 
Operations pane of the Vector Tools window. To remove a point click on it – the point turns 
magenta – and then click the Delete tool  in Operations and right click in the main image 
pane. To move a point select the Edit Object tool, click on the point then right-click on it. This 
opens an encircled crosshair at the point. Move the cursor at the new position for the point and 
click – the crosshair shifts to that position – then right-click, which edits the point’s position. You 
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can now select another point to edit, if you need to. 

Tip: Sometimes elements that you have selected so that they are marked in magenta – point, 
line or polygon – remain marked. This can cause problems. To deselect click on the Unmark 

All  tool in the View window Toolbar. 

E4.1.2 Mapping lines 

The next vector object to create is to show the dykes as lines. Click on the Create Object icon in 
the Layer Manager Toolbar and select Vector. Name the vector object Dykes and select band7, 
band4, band2 as the Implied Georeference, then OK. 

Dykes automatically becomes the active object signified by a bold font, Thresholds is inactivated 
and set to a normal font and the Vector Tools window now applies to Dykes. Click the Add Line 

icon  and a more extensive set of options opens in Vector Tools, much of which you can 
safely ignore for the moment. The top line of icons in the Add Line Parameters pane is 
important, however. 

The first 3 icons establish which end of a line you are adding. Automatic  by default 
assumes that each time you add a vertex (one of several points that define the line) it is added 

to the end of the line. Add End does the same, but Add Start  allows you to extend the 
line away from its initial start point – this will become clearer when you begin to draw a line 
along a dyke. Before that you need to know about two other icons that define how the line is 
constructed.  

The Draw  mode uses the cursor much as you would use a pencil – a ‘freehand’ line that 
follows exactly the path of the cursor as you click, hold and drag. This is difficult to use, even 
with a very steady hand and, besides, a ‘drawn’ vector object uses much more memory than the 
alternative mode and such fine detail is rarely necessary in mapping. Always choose the 

Stretch  mode that allows you to add vertices that are connected by small straight 
segments of the line. This does not need the same degree of dexterity and it is fairly obvious 
where widely separated vertices will define the line well – long, straight segments – and where 
closely spaced vertices are needed – curves. 

Set the Automatic and Stretch parameters in Add Line Parameters.  

Tip: You will find it easier to produce accurate lines or polygons (Section E4.1.3) if you map 
them with the images zoomed in, although you will need to roam to continue drawing a long 
feature when zoomed in: do that by shifting the yellow box in the thumbnail pane.   

With 742 showing without stereo, choose an obvious dyke and click on one end. What you will 
see is a yellow square containing a magenta circle: the square represents the start of the line 
and the circle will become its end as you proceed. Move the cursor along the dyke to any point 
on it and click again. That point now shows as the magenta circle that is connected to the start 
point by a thin yellow line: you have created a vertex. Now move the cursor further along the 
dyke, click and repeat until you reach what you think is the end of that particular dyke’s outcrop 
– where a series of dyke segments all line up you may decide to consider all of them as parts of 
the same dyke and extend the line across any narrow gaps in outcrop.  

Once you are satisfied with the line, right click. A thin white line with two small red squares at 
each end appears – the squares are nodes and they are red to signify that they are not 
connected to any other vector; i.e. they are dangling nodes. A node that connects one line to 
another or to a polygon appears in yellow; a joining node. 

Tip: if you make a mistake during the drawing stage you can reject the whole line by pressing 
the Esc key on the keyboard (or clicking on the Clear icon  in the Add Line Parameters 
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pane). If the mistake is simply a misplaced vertex you can move it using Drag Vertex  
(move cursor to the vertex when a hand icon appears, then drag to a new position) or delete it 

with Delete Vertex .   If you have missed a part of the line’s trajectory, you can use Insert 

Vertex  and click at points that should lie on the line. By selecting the Add Start  icon you 
can extend a line from its start point to cover something that you missed earlier. Returning to 

Add End  allows you to carry on drawing from the end vertex that you had reached before 
noticing a mistake. 

If you notice a mistake after you have accepted a line with right click, select the Edit Object 

tool from the Operations pane of the Vector Tools window. If you wish to remove the 
whole line click on it – it turns magenta – and then click the Operations/Delete tool  and 
right click in the main image pane – the line disappears. To edit any misalignment, after using 
Edit Object and clicking near the line to turn it magenta, right click. The line changes from 
magenta to yellow and you can now use the editing tools introduced in the previous paragraph 
as if the line was in the process of being created. To accept your changes right click and then 
either select another line to edit or click Add Line in the Add Element pane to continue drawing 
new lines. 

Tip: Occasionally, after you have been drawing a long or complicated line, you may discover 
that a significant part of the line is incorrect and that it would take a lot of time to edit. The best 

thing to do in this case is to accept the line (right-click on image), then select Add Node   
from the Vector Tools. Click at the beginning of the unsatisfactory part of the line then right-
click to insert a node. If the error is in the middle of a line between correct segments, insert a 
node at the end of the incorrect segment. This separates the line into ‘OK’ and ‘not OK’ 

segments. Select Edit Element  then left click close to the offending segment of the line – it 
should turn magenta, which means that it is Active – select Delete Element  and right click 
anywhere in the image. The wrong bit of line disappears leaving the parts that are OK.  

Using the Add Line tool click close to the end of a remaining segment. Add vertices away from it 
until you complete the line or reach the start of another remaining segment and create a vertex 
close to it. When you right-click to accept this new segment, it should snap to join the other 
segments.  

Tip:  To enable ends of a new line automatically to snap to others created earlier you first need 

to set up the Snap Parameters using Operations/Snap – this is only necessary for the 
first use of TNTmips, as it remembers such setting. Set the Snap Distance to 5 screen pixels 
(Figure 4.6a). With the Add Line tool activated (Figure E4.6b) the Snap Options pane allows 
you to choose one of several Snap To settings. The Node setting joins one end of a new line to 
the node at the end of a line drawn earlier. This prevents the snap going to any other part of the 
earlier line that lies close to the end vertex of the new line (see Section E4.1.3 for snap settings 
when using lines to create polygons). Snapping is not always easy for beginners to achieve, 
failure being indicated by red dangling nodes where you intended two lines to snap. All is not 

lost! Click on Operations/Snap  if this happens. At the bottom of the pane use Apply 
operation to All to complete incomplete snaps. You could also try increasing the Snap Distance 
to 10 or 20 screen pixels. 

It is worth practicing all these options, by deliberately creating mistakes and then using the 
various Tools above to correct them.  
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a  b  

Figure E4.6 Vector tool options: (a) settings for snapping; (b) line tools including snap options 

Dykes have a definite thickness, unlike a mapped geological boundary, and it is useful to signify 
that by the style of their line. Click on the vector icon for Dykes to open its Layer Controls and 
select the Lines tab. Click on the Style Edit button. 

 

Figure E4.7 Editor for line style 

Figure E4.7 shows the editing options for a simple solid line style, which is quite adequate for 
most geological mapping. A 4 pixel wide style is selected and because the dykes are dark and 
probably mafic in composition, green is an appropriate colour. Use that style. Click OK, then OK 
again in the Vector Layer Controls window and you can see the effect. 

Tip: By default lines may show joining (yellow) and dangling (red) nodes: yellow and red are 
the easiest colours to see on an RGB background. During editing they are best left on as they 
indicate all the segments that you have created. You can turn them on and off using the Show 
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Nodes button in Vector Layer Controls/Nodes tab (Figure E4.8). Nodes are especially useful 
while creating or editing polygons (Section E4.1.3) when it is important that they are easily 
seen: polygons must be closed and red dangling nodes indicate where there are gaps. In their 
default style the yellow and red open squares (3 x 3 pixels) don’t show up clearly. Change the 
height value to 5 and click the = button to create a square, then tick the Box (filled) symbol as 
shown in Figure E4.8. Now click on the Dangling button and edit the symbol to a red 5 x 5 filled 
square. 

 

 
Figure E4.8 Node editor 

Proceed to add other dykes that are obvious at full resolution. Now, bearing in mind why we are 
mapping dykes – they may form thresholds beneath alluvium – with a 30 m resolution any 
dykes that appear on images will be quite substantial bodies that might perform this useful 
function. Click the Zoom In icon in the View window Toolbar to increase the scale – a single 
click is sufficient to reveal several more subtle dykes, which you should map. To cover the whole 
study area, drag the yellow display outline in the thumbnail pane.  

Tip: It is a good idea to save line and polygon vectors every time you are prompted by the 
timer – in the unlikely event of a system crash or your getting stuck you may lose a lot of work. 
The first time you save, you are prompted to create a new vector object Dykes in the Vectors 
Project File (Figure E4.5 and associated text). Thereafter, when you opt to save the vector 
object, a Question window opens asking if you wish to save over the original object. Unless you 
have a strong reason for creating a different object from the one that you started with, you 
should answer ‘Yes’ so that your earlier work is overwritten with your additions, modifications 
and corrections – that saves creating an ever-increasing number of similar objects, which will 
soon lead to confusion.. 

If you answer ‘No’ the default name for a new object in Figure E4.5 will, in this case, be Dykes 
(2).  

E4.1.3 Mapping polygons 

Superficial, unconsolidated aquifers are commonly used for shallow, hand-dug wells. Whether or 
not they yield useful amounts of potable water depends on climate, their degree of sorting, the 
potential infiltration and the surface area and thickness of each deposit. The composition of 
rocks that have contributed debris to superficial sediments is an important factor as regards 
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sorting and the filling of voids by fines (Sections 1.1, 1.2.3). The effort required to manually dig 
a well in even unconsolidated sediment makes it imperative to have a good chance that a target 
area is capable of infiltrating, storing and, most important, yielding water to wells. Interpreting 
ASTER TIR data is an excellent means of highlighting both source rocks and unconsolidated 
sediments that are dominated by quartz and feldspar that often have useful permeability. I have 
omitted such data from this test area to show how Landsat reflected data alone may identify 
some occurrences of quartzo-feldspathic unconsolidated sediments, and also show up materials 
that may be rendered of little use by intergranular clays and other fine materials. You will use 
ASTER TIR data in later case studies. 

 How might quartz- and feldspar-rich sediments appear on a Landsat ETM+ 742 image? 

Comment:  

Pure quartz and feldspar are highly reflective and spectrally flat (Figure 2.12c). So, in most 
RGB renditions of ETM+ bands they will appear white to cream in colour. 

That is true for surfaces that are free of any surface veneer. But in arid and some semi-arid 
terrains desert varnish (Sections 3.2.1, 4.1.11) may darken the exposed surface. Since desert 
varnish is rich in iron oxides and hydroxides even very thin coatings may show in pale pinks or 
browns on ETM+ 742 images. Accumulations of iron-rich varnish from thousands of years of 
exposure render even loose sediment very dark, especially where they have developed an 
armoured surface (Section 1.5). However, if the sediment is continually reworked by flowing 
water or wind, clasts are turned over and smaller grains have any varnish abraded away: this is 
a means of telling whether or not alluvium or aeolian sediment is active. You will see on the 742 
image that some of the alluvial sediment to the west of Khor Baraka is whitish, active quartzo-
feldspathic sediment, whereas some is pinkish (slightly iron stained) but possibly active in the 
recent past. The aeolian sand left of lower centre and probable colluvium east of Khor Baraka 
are distinctly darker, possibly because of desert varnish having accumulated over a longer time. 

 In the 742 image, what other material may show up as pink? Examine Figure 2.12 b 

Comment:  

Spectra of the common metamorphic minerals chlorite, epidote and amphibole, show 
decreasing reflectance from band 7 to band 2. Chlorite, being a soft phyllosilicate may be in 
fine grains that clog pore spaces in the sediment. 

 How would clays and white mica show up on the 742 image? 

Comment: 

Their strong absorption in the SWIR would render them cyan. 

Clay- or mica-rich sediment (cyan on 742) is present on the west side of the aeolian sands at 
lower centre, and some can be seen together with green vegetation along active drainage 
channels in large alluvial areas of the SW quadrant. These may be dried clays left in ponds at 
the end of the last spate that flowed through the alluvial basins.  

The rocks exposed in prominent bare ridges to the east of Khor Baraka are brown and dark 
cyan. They are mica- and chlorite-rich schists that are the source for debris that has 
accumulated in the large area of pink and blue-grey colluvium, which is likely to have poor 
sorting and poor hydraulic properties. Probably composed partly of coarse-grained debris that 
has toppled from the ridges, it may also be difficult to dig wells in the colluvium and drilling may 
also risk damage to drill bits and jamming of the drill stem. 

The most obvious targets for groundwater supplies are in the northern part of Khor Baraka 
itself, where bright green vegetation (some is seasonally planted millet) is abundant along the 
flanks of the main active channel and also in low-lying, straight areas that may be older river 
courses once controlled by major fractures in the basement rocks. There is no need to map that 
terrain as it is so obviously a target. However, spates flowing through regional catchments 
inevitably transport potentially dangerous material, such as dead livestock and human waste 

https://h2oexplore.files.wordpress.com/2016/06/f2_12.jpg
https://h2oexplore.files.wordpress.com/2016/06/f2_12.jpg
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from towns and villages that may contaminate supplies. Besides, flash floods down major 
drainages may destroy wells situated in the channels, unless they are protected by concrete 
plinths: a significant addition to costs. 

Start by mapping the quartzo-feldspathic alluvium west of Khor Baraka. An important point is 
that it would only be worth sinking wells in moderately deep alluvium (several metres). Shallow 
cover is generally indicated by small ridges and knolls of resistant rock poking out of the 
generally flat alluvial cover – good examples can be seen in the north. 

Create a new vector object called Superficial with band7, band4, band2 as the implied 
georeference and activate the Create Extents Box button (see Figure E4.1). This will produce 
an exact boundary for the whole of your map, which has other uses as you will see shortly.  

You will use two vector tools to create polygons: Add Line  and Add Polygon . You 
may find it helpful in this area to create polygons with the Stereo option activated using 
ASTER_GDEM.rvc/DEM. It will help when drawing complex lines if you zoom in and use the 
image thumbnail to set the main view to the SW corner of the area – you can alter the zoomed 
area by this means whenever it becomes necessary. 

The first and the simplest method of constructing polygons uses the Add Line vector tool.  

Tip: Since the the Extents Box forms an outline to the whole map, you can snap lines to it as 
part of your construction of polygons. To do this you need to set the Snap To option in Figure 
E4.6 to Line. 

At the SW corner of the area you should see in several places that an area of alluvium extends 
up to the lines of the Extents Box, and therefore extends beyond them. Select a point where the 
contact of the alluvium with bedrock intersects the map boundary marked by the Extents Box. 
Move the cursor slightly outside the map boundary and click – this sets the Start of the line 
indicated by a large open square (Figure E4.9). Now follow the contact, clicking each time it 
changes direction. When you reach the lower map boundary add another vertex where the 
alluvium/bedrock boundary again crosses the map boundary, then right click to accept the line, 
which should produce a polygon bounded by the line and the map boundary and a yellow joining 
node at each intersection between the two. Then follow the alluvium-bedrock boundary further 
where it crosses the map boundary to separate bedrock areas from alluvium areas.  

Eventually, you will complete a complex polygon that encloses the alluvium in the SW corner 
and is partly bounded by the Extents Box, as shown in Figure E4.9. Use Superficial/Controls to 
change its line style to white. 

 

Figure E4.9 Area of alluvium to be defined by lines linked to the map boundary. The white lines 
enclose polygons underlain by bedrock. The yellow line has its Start and End vertices close to 

the map boundary so that when the line is accepted by a right click they will snap to the 
boundary to complete a polygon underlain by alluvium. 
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The next clearly defined alluvial area to the north doesn’t seem to cross the map boundary. 
However, if you look closely you will see that it connects to the next basin to the north through 
a threshold. The entire area underlain by alluvium does in fact extend to the western map 
boundary, and indeed to the alluvium along Khor Baraka itself that extends to the northern edge 
of the map in the NE quadrant. Mapping this large complex area presents quite a challenge for 
the beginner to draw the entire polygon at one attempt without errors.  

The solution is to use the line tool to trace the intricate alluvium-basement contacts bit-by-bit; 
i.e. draw one line, accept it and then start another close to the end of the previous one. In fact 
you can draw lines anywhere on the contact, and eventually snap them to nodes that end earlier 
line segments. Figure E4.10 shows an accepted line intended to form part of a large, complex 
polygon with red dangling nodes at its two ends. A line extending the previous one further 
around the polygon is shown in yellow, with a large yellow square (the Start) near one of the 
exiting dangling nodes and a magenta circle (End) near the western boundary of the map.  

Provided End and Start points are within 20 pixels of either a node or an existing line, when you 
right-click in the main view pane, the points will snap to join the adjacent node and line, 
becoming new, yellow joining nodes. Try completing this large polygon by building it up with 
successive lines that are snapped to earlier lines. I.e. once you have reached the position shown 
in Figure E4.10, right click to accept the new line segment, then start a new line going 
northwards along the edge of the image and following the alluvium/bedrock boundary when it 
appears again, and so on. 

 
Figure E4.10 Adding a new line segment to an existing one in creating a complex polygon 

In Figure E4.10 you can see two large dark patches within the area of alluvium, which are low 
hills of exposed basement and therefore need to be excluded from the Superficial vector object.  
There are two ways to isolate them by creating polygons around them. The first is to create a 
line that goes around such an exposure until the end point is close to the start point (Figure 

E4.11a). By clicking the Close Line icon  in the Add Line Parameters pane the two ends are 
linked to create a polygon, as in Figure E4.11b. 
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a  b  
Figure E4.11 Creating a polygon by (a) closing a line; (b) using the Add Polygon tool 

The second method is to use the Add Polygon tool  to enclose the other basement patch 
shown in Figure E4.11b. As you add vertices around an exposure you will notice that the start 
and end points are joined by a dashed yellow line. That will become a joining line if you right 
click when the start and end are close to each other (if they are at some considerable distance 
the straight-line link will create a straight-sided polygon that doesn’t completely enclose the 
exposure. The Add Polygon tool is simpler for creating small polygons than the close line 
approach in Figure E4.11a. However, for large polygons I prefer to create them by adding and 
snapping lines, because that tends to reduce the number of mistakes in complicated cases. 

Tip: If you find that you have forgotten to close a line to define a polygon before accepting it – 
i.e. it shows two red dangling nodes when you right click, you can edit the line rather than 
deleting it and starting again. There is a quick way to do this – right click near the line, when a 
small pull-down appears, from which you should select Edit Element. The Start and End 
vertices appear and you can use Close Line in the Vector Tools to remedy the mistake.  

Now add more polygons to Superficial, concentrating on superficial sediments in general without 
making distinctions between alluvium, colluvium and aeolian.  

The next step is to render the polygons in a graphic style. 

In the Vector Layer Control window open the Polygons tab and click the Edit button for Style 
to reveal the polygon Style Editor(Figure E4.12). A polygon needs to be shown at least by a 
Border, with the option for a Fill. A Fill is only appropriate to signify a category of surface, e.g. 
vegetation, alluvium, granite etc. For the moment, ignore the Fill Style option by making sure 

that the ‘None’  button  is depressed. In Border Style (the bounding lines) make sure that 

the Solid button   is depressed. If the border style for some reason is not white then click 
white in the palette and keep a Width of 1 pixel. 
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Figure E4.12 Polygon Style Editor 

Exit the Editor, saving when prompted. 

You can now display the vectors you have created over an ETM 742 image to show all 4 kinds of 
feature that are helpful in well targeting: vegetation, thresholds, unconsolidated sediments and 
dykes that might form subsurface thresholds below the unconsolidated sediments. There is also 
a file Khor_Baraka_vectors.rvc in the folder SDvectors containing objects with the same 
names that you can display, to see how close you have come to my attempt at a 
hydrogeological assessment of the area: note that I have not tried to follow lines and 
boundaries exactly. 

E4.2 Gash-Barka District Eritrea 

Data: Folder: C:\data/Barka. Project files: ASTER_Refl.rvc, ASTER_TIR.rvc, 
ASTER_GDEM.rvc. Mid point: 16.20N 37.24E. 

This case study should take you 1 to 2 hours 

This area is centred about 100 km SSW of the Khor Baraka area and is in the same high-grade 
metamorphic terrain. But in this case ASTER reflected VNIR/SWIR and emitted TIR data are 
available, as well as elevation data from ASTER GDEM. From your study of Chapter 5 you should 
therefore expect to be able to map a greater variety of lithologies than with Landsat ETM+ data.  

Restart or continue using the TNTmips Editor after closing all reference images and vectors 
(saving work if prompted). 

Based on what you learned in Chapter 5 open in Main/Edit what you expect to be useful RGB 
images of ASTER VNIR, SWIR and TIR bands (use Normalize stretch) as reference images. Then 
set up the display for stereo viewing with anaglyphs based on the GDEM elevation data: you can 

turn anaglyphs on or off using the stereo icon . 

Allowing for some vertical exaggeration, stereo viewing indicates a low relief area with a few 
hillocks. Whichever RGB combination you examine, it soon becomes clear that the metamorphic 
basement hereabouts is structurally very complex, with a variety of large folds, some of which 
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show signs of polyphase deformation. This becomes even more apparent if you quickly roam 
around the surroundings of the area with Google Earth using maximum resolution (about 5 m in 
this remote area as only SPOT data are available). 

Metamorphic basement generally poses difficulties as regards groundwater in bedrock aquifers 
because of the crystalline nature of all rock types: most are aquicludes. In high-grade basement 
primary deformation has been plastic, so syn-orogenic faults take the form of ductile shear 
zones rather than fractures, irrespective of their sense of relative movement. They too retain 
‘tight’ crystallinity. However, much younger deformation will have produced brittle structures 
that may create secondary porosity and permeability. Also, while rocks that formed deep in the 
crust rise to the surface to be exposed by erosion their rheology will have changed from ductile 
at depth to brittle when closer to the surface. Near-surface unloading may have resulted in joint 
and fracture systems to create secondary permeability (Section 1.2.2). In shear zones steeply 
dipping to vertical compositional banding and/or foliation will control jointing and may 
encourage infiltration to depths of several tens of metres. The strike of compositional banding in 
the central and eastern parts of the Barka area is unaffected by relief, which suggests steep to 
vertical dips in wide shear zones.  

Igneous dykes in highly sheared metamorphic terrains may form groundwater dams where they 
intersect vertical shear zones at high angles as well as beneath superficial sediments. However, 
even on 5 m resolution Google Earth SPOT images no obvious dykes show up in this area 

 Which metamorphic rocks are most likely to show enhanced secondary permeability? 

Comment: 

Rock types whose mineral constituents are prone to chemical weathering, especially 
through volume reduction during dissolution by rainwater, most commonly in carbonate-
rich rocks, such as marbles. 

You should find that the NW quadrant of an ASTER 468 image shows some bedrock exposures in 
yellow-orange, a clear indication of marbles (Section 5.1.2). There are also areas with a distinct 
green hue. In this band combination green suggests low band 4 and 8 and relatively high band 
6 reflectances, which may also suggest a carbonate component. The green surfaces on 468 
show in red on 631, which suggests that they may be rich in iron carbonate (siderite or 
ankerite) or calcite with heavy hematite staining. On a 568 image, with some saturation 
enhancement using Color Balance, most of the yellow-orange and green areas on the 468 image 
show in yellow, strengthening the hypothesis that both are underlain by marbles of some kind. 

Alluvial or colluvial sediments derived from the marbles may also give useful groundwater 
supplies. 

 Outside of the man, vegetation-rich drainages are there any extensive superficial 
sediments? 

Comment: 

Flat areas with dendritic drainage are widespread and are more reflective than areas of 
obvious basement exposures. They are potentially underlain by unconsolidated sediments. 
On 568 and 468 only parts close to probable marble outcrops show as carbonate-rich 
sediments, even with enhancement of colour saturation (Section E1.7.3). Close scrutiny of 
Google Earth imagery reveals that, except along their main drainages, the flat areas at 
centre do contain low outcrops, so superficial cover there is generally thin. Likewise, 
vegetation is sharply limited along drainages. This suggests that the flat areas are unlikely 
to have useful groundwater. They show signs of being part of an earlier peneplane that 
has been incised by the larger drainages. 

Although there are many examples of small thresholds, the lack of thick alluvium suggests that 
most are of limited significance for water supplies. A more promising one is at the western 
margin of the scene with apparently thick sediment cover to the west. Several others occur 2 to 
3 km west of the Barka drainage on the east side, but their upstream sediments show in bright 
cyan on 631, so they are probably dominated by clays. Prominent dense vegetation along the 
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two large drainages covers ribbon-like deposits of alluvium. They lie slightly below the area’s 
general elevation, suggest that they have the best potential for water supplies.  

 Using TIR data (bands 14,12,10 as RGB; Normalize) assess the quartz+feldspar content 
of the basement and areas of possibly thick superficial cover.  

Comment:  

Aside from greens coinciding with marbles and vegetation, the bulk of the area appears in 
dark-red to pink colours on a 14 12 10 image. Basement outcrops are quartz- and 
feldspar-rich, and so too is the alluvium in the main drainages which should be a useful 
aquifer. The sediment upstream of the threshold at west centre is probably quarto-
feldspathic. Pale pink to white coloration in places shows the influence of iron-oxide rich 
desert varnish. 

Vectors you should draw: points showing thresholds associated with quartz-rich superficial 
sediment; polygons showing occurrences of carbonate rich material using both 468 and 568 
images; lines showing the flanks of large shear zones in the area. For the last you will need a 
distinctive line style to distinguish these from brittle faults.  

Once you have created line vectors to mark extents of shear zones, which will be shown as thin 
white lines, open Controls for the vector object and select the Lines tab. Now click on the style 
Edit button. Instead of selecting the Solid line style in the Style Editor window for lines (Figure 

E4.6), press the Pattern button  The Sample column will be blank, but you can select a line 

pattern by clicking the Insert Patterns  button. From the scrollable window that opens 
(Figure E4.13) select 2 or 3 distinctive patterns using Ctrl-click then OK. The styles now appear 
in the sample column in the Style Editor. Select one by clicking the box next to the sample. You 
need the newly styled lines to stand out clearly, so choose a line width of 3 pixels (px). You can 
now decide which line style is most effective (Note: a small sample of the style is shown 
beneath the vector’s entry in the top side pane). 

 

Figure E4.13 Line pattern window 

Barka _vectors.rvc in the folder SDvectors contains vector objects (shear zone boundaries; 
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marble polygons) for this area that I made as rough guides. 

E4.3 Mekele basin, northern Ethiopia 

Data: Folder: C:\data/Tigray. Project files: ASTER_Refl.rvc, ASTER_TIR.rvc, SRTM.rvc. 
Mid point: 13.84N 39.20E. 

This case study should take you 3 to 4 hours 

This area contains Mesozoic to Cenozoic sediments and volcanics that were deposited in a small 
rift basin. They rest unconformably on deformed and lightly metamorphosed Neoproterozoic 
basement rocks. The basin has been uplifted as a result of the Neogene opening of the Red Sea 
and the Afar Depression. As a result it shows evidence of faulting and some tilting. Erosion has 
left Phanerozoic rocks in an elevated area of high relief and has penetrated the underlying 
unconformity to reveal an extensive area of basement. The benefit of cooler temperatures, 
orographic monsoon rainfall and, perhaps most important, decreased insect-borne disease 
encourages habitation in the uplands in preference to lower ground. 

Your task is to assess the nature of Precambrian and Phanerozoic lithologies and their 
favourability as aquifers and aquitards, map some important stratigraphic boundaries and faults, 
and suggest some sites for exploratory drilling for groundwater. 

You can refer to Google Earth to assess the location of habitations and roads, and to view the 
terrain obliquely and in detail. 

Use an appropriate selection of ASTER images and stereo viewing to discriminate different rock 
types and identify various major structural features. Then use the editing tools that you worked 
with in Section E4.1 to map the following: 

 The unconformity (line) at the base of the Mesozoic sequence; 
 Potential sandstone aquifers (polygons) (there are three at different stratigraphic levels); 
 Potential carbonate aquifers (polygons); 
 Outlier of Cenozoic basalts (polygons); 
 Possible springs and spring lines (points and lines); 
 Large faults in the Mesozoic sequence (lines). 

The folder SDvectors contains vector objects for this area that I made as rough guides. After 
saving your newly created vector objects, close them all and then open all those in 
SDvectors/Tigray_vectors.rvc, above a suitable reference image of the area. Three of the 
objects (sandstone; limestones; basalts) are made up of polygons, which have been styled to 
appear distinctly if they are opened ‘on top’ of a raster object, i.e. they have an outline, a fill 
and a degree of transparency so that terrain detail also shows. Polygon styles are created as 
follows: 

Open the vector objects Layer Controls window and select the polygons tab, then click on the 
Style Edit button. Figure E4.13 shows the style settings that I chose for my attempt to map 
limestones. 
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Figure E4.13 Style Editor for polygons in the Tigray ‘limestones’ vector object 

The simplest way to use this is to define the border Style, as for line styles, and select a colour 
for the Fill Style, making sure the Solid button is depressed. So that you can see topographic 
details on images beneath the polygon fill you can select the Transparency of the fill by 
changing the value in the box from 0 to a higher value: 60% is good. 

Tip: You may find when displaying a styled vector object consisting of polygons that the styles 
assigned to them do not show. To remedy this select the vector’s Controls and the Polygons tab, 
and then look at the bottom of the window. Polygon Filling will show Disabled: simply use the 
pull-down and change the status to Enable for 2D and 3D, when styles will show after clicking 
the OK button. 

Repeat for the other objects in SDvectors/Tigray_vectors.rvc to see how I styled them using 
the points, lines and polygons tabs and the Style Edit button. 

Now style your own vector objects in ways you prefer. 

E4.4 Damas basin, eastern Eritrea 

Data: Folder: C:\data/Damas. Project files: ASTER_Refl.rvc, ASTER_TIR.rvc, ASTER 
GDEM.rvc. . Mid point: 15.6N 39.2E. 

The Damas case study should take you 2 to 3 hours 

This section encourages you to work with both TNTmips – and Google Earth if you can access it 
– to familiarise yourself with an area that is hydrologically and geologically challenging: it is a 
reconnaissance exercise. The Damas area includes a fault-bounded basin at the foot of the Red 
Sea escarpment; one of many found in eastern Eritrea, NE Ethiopia and the East African Rift 
system. It formed during Neogene to Recent extensional deformation related to evolution of the 
Red Sea, and guides the course of the powerful Damas river at its exit from the steep 
escarpment below the main Eritrean-Ethiopian Plateau. Consequently it is characterised by 
patchy alluvial sediment deposition above faulted bedrock. In this area much of the underlying 
bedrock is Neoproterozoic basement. It comprises steeply dipping, deformed and 
metamorphosed sedimentary and volcanic rocks, together with high-grade gneisses of similar 
age that have been uplifted from deeper crustal levels. This sequence was intruded after 
deformation by elliptical granitic masses that follow the regional strike. In a few places there is 
an unconformable cover sequence of Mesozoic to Palaeogene lateritic palaeosol (Fe-rich upper 
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part above a pure clay saprolite) overlain by mid-Oligocene flood basalts then Miocene 
terrestrial sediments. 

A useful beginning to this exercise would be to display ASTER band 1 (Normalize contrast) in 3-
D using the ASTER GDEM to get an overview of the terrain, noting broad variations in albedo of 
the land surface. Then concentrate on looking for major faults, which help control landforms, 
and low-relief areas that may be underlain by Recent alluvium. 

The most obvious fault trends NNW-SSE and divides the area into two geologically different 
domains. To the west, lower relief (except for the SW corner) is associated with somewhat 
higher albedo and several large flat areas that are light coloured. This basin comprises a 
complex, sub-parallel series of major drainages that flow to the NNW. There are also several 
sets of parallel ridges in the western part of the basin formed by rocks with distinct layering that 
dips steeply to vertically. The main fault is marked by a sharp linear escarpment that has 
several long, straight segments offset by short oblique segments: probably transfer faults. For 
most of its length the main fault juxtaposes erosionally resistant rocks to the east against what 
appear to be flat alluvial plains along the Damas river: the easternmost of the SSE-NNW 
drainages. 

The darker domain immediately to the east of the main fault is underlain by erosionally resistant 
rocks of three kinds: mid grey and rugged, but structurally featureless; much darker rocks with 
a clear linear fabric and a paler, variegated sequence in the NE, also with parallel features. 
Some of the linear features – distinct ridges and valleys – cross from the first rock unit into the 
second and are probably large faults parallel to the main boundary fault of the Damas Basin. 

The drainage system has interesting features. The elevated domain immediately to the east of 
the main fault forms a local watershed. Several of the larger drainages on it cut across the 
strike of the topographic ‘grain’ after trending NNW or SSE close to the watershed. 
Interestingly, part of the Damas drainage in the northern part of the basin swings from a NNW 
flow direction through two thresholds to cross the elevated ground east of the main fault where 
it flows roughly eastwards. This eastward segment is antecedent drainage incised into the dark 
domain to allow continued flow to the east while the crust on that side of the fault system was 
rising. 

Google Earth is a useful complement to ASTER data for understanding the geology of the Damas 
area, through its 3-D portrayal of relief in oblique views that show up faults and drainages. 
Enter 15.54N 39.27E in the Google Earth Search box and press the Return key which shifts the 
view to a close up of the destination. Then zoom out (the location pin will remain in place) to 
reveal the full N-S extent of the Damas basin. You will be looking at its western and eastern 
flank in greater detail than shown by the ASTER data.  

Tip: Use the Show historical imagery tool in the Google Earth Toolbar and move the slider on 
the date bar at top left to 9/11/2011 (11 September 2011). Some of the later, high-resolution 
images are poorer quality for key areas than earlier ones. 

On a regional scale, the Damas basin is backed to the west by a profound escarpment. The 
basin-bounding bounding fault and the uplifted area that flanks the basin to the east interrupts 
and diverts most of the regional drainage northwards rather than directly from the Eritrean 
Escarpment towards the Red Sea. The entire Damas system eventually drains eastwards 
through a series of major thresholds to the north of the study area, each of which is probably 
controlled by active uplift of the eastern flank of the main fault. 

Use the cursor and the location indicator at the bottom of the Google Earth window to position 
the cursor over a point on the main fault at about 15.60N 39.17E, then use the mouse wheel to 
zoom in until trees and large bushes at the surface appear sharp. Now click-hold on the upward 
arrow of the ‘Look around’ tool at top right, until the horizon appears. This reveals the best 
exposed part of the basin boundary fault scarp in oblique perspective (Figure E4.14).  
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Figure E4.14 Oblique Google Earth view of the Damas Basin main bounding fault (larger 
version). 

Many of the spurs on the escarpment appear to be faceted and are possibly relics of the actual 
fault surface with a shallow westwards dip: a low-angled normal or extensional fault, with 
alluvial sediments in the hanging wall and resistant older rocks forming the footwall. The 
footwall rocks are high-grade Precambrian gneisses of roughly tonalitic composition. 

Now zoom out and navigate to centre on the location pointer at 15.54 N 39.27 E which lies in 
the domain east of the main fault near two of its characteristic, smaller linear features noted 
earlier, and zoom in. Use the right-pointing arrow of the ‘Look around’ tool to rotate the view 
anti-clockwise until the view direction is roughly parallel to one the ridges that form the linear 
features (one to the east and another west of the location pin). By roaming you should see that 
the west side of each ridge is a medium dark surface, while the east side of the crests is very 
light and gives way downslope to a ‘feather edge’ of a dark unit; a relationship that is 
maintained along the extent of the ridge and is present on several others (Figure E4.15). The 
light and dark units are clearly dipping eastwards. In the field the west side of each ridge is 
gneiss, the crest is occupied by a pale clay-rich palaeosol developed by weathering of a former 
land surface, which is overlain by the base of a thick sequence of Oligocene basalt lavas. Each 
ridge is a tilted fault block, the faults being west-dipping extensional structures that have 
rotated the once horizontal basalts and palaeosol above the gneisses. The faults outcrop at each 
gneiss – basalt boundary as irregular lines that result from their gentle westward dip. Each of 
the pale patches – there are more north of the location pin, on the opposite bank of the 
prominent alluvium-filled drainage, which show a similar structure. Further east in an area 
dominated by basalts, the pale palaeosol does not crop out, but the basalt sequence is repeated 
by yet more west-dipping faults. 

https://h2oexplore.files.wordpress.com/2017/06/image098.png
https://h2oexplore.files.wordpress.com/2017/06/image098.png
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Figure E4.15 Tilted fault block (larger version) 

In summary, the Damas area to the west of the main fault involves alluvium above steeply 
dipping layered rocks (Neoproterozoic metasediments and metavolcanics), and gneisses, clays 
and basalts occur to the east in an extensional fault complex. With this information you can now 
use TNTmips to look at the Damas ASTER data to interpret lithologies and structures in the 
context revealed by Google Earth. 

On the ASTER 631 image the palaeosol is picked out in bright cyan, being dominated by clay 
minerals (Figure 2.12c). It is repeated by the faulting described earlier in a series of NNW-ESE 
ridges. The 568 image with some saturation enhancement shows yellow areas in the western 
basement terrain – probably marbles – whereas the Tertiary sediments in the east show patches 
of yellow that may be limestone beds. Much of the alluvium, both west and east of the basin 
boundary faults, shows in red on a TIR 14 12 10 image, and is probably dominated by quartz 
and feldspar. This image clearly shows basal sandstones of the Neogene sediments in the NE 
that rest unconformably on the extensional fault duplex that affects the gneisses and basalts 

E4.5 Refugees in Ethiopia and Kenya 

Data: Folders: C:\data/Kobe and C:\data/Dadaab. Project files: ETM.rvc, SRTM.rvc, 
camps.rvc . Mid points: Kobe: 4.46N 41.78E, Dadaab: 0.14N 40.3E. 

These two case studies should take an hour each 

The area along the SW flank of the Genale River in SE Ethiopia (Ogaden), around 25 to 75 km 
NW of the border with Somalia is one in which 5 large camps host about 180 thousand Somali 
refugees who fled conflict in the southern part of their home country. The world’s largest 
concentration of refugees, also Somalis, is in the Dadaab area of NE Kenya where 6 camps host 
over half a million displaced people (Section E4.6). The two areas are contrasted in their 
situation as regards potential water supplies. 

Use the data to discuss the extent to which remote sensing might help assess new water 
sources in the two areas 

E4.6 Assigning attributes to vector elements: the first step to producing 

https://h2oexplore.files.wordpress.com/2017/06/image100.png
https://h2oexplore.files.wordpress.com/2016/06/f2_12.jpg
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a map 

This section should take you between 1 to 2 hours. 

So that you can assign each element in a vector object (point, line or polygon) to a particular 
geoscientific attribute you need first to create a table divided into the different attributes that 
you might assign to the elements. For instance, in a vector object consisting of points the 
attributes might be spring, well, threshold etc. A table for linear features might contain the 
attributes fault, unconformity, dyke etc. In the case of an object made up of polygon elements 
that represent occurrences of different rock types you might assign elements to sandstone, 
limestone, shale, basalt, gneiss etc. 

E4.6.1 Attribute tables 

Try what follows with the sandstone vector object that I created for the Mekele Basin (Section 
E4.3). If you are confident with your own lithological vectors, you may repeat the procedures for 
them. Using Main/Display add the Tigray 631 and 14 12 10 RGB images (Normalize stretch) and 
the vector object called sandstones in SD_Vectors/ Tigray_vectors.rvc.  

In the View window, if you click on the small + sign to the left of the vector object’s name, a 
zigzag line and a box appear. These are samples of the style for the lines (white) that define 
polygons (black outline with orange fill), which I created. The polygons appear in the view as a 
semi-transparent overlay to the TIR image. No white lines appear because by default polygons 
overlie lines, unless you turn the polygons off. If there were lines that do not outline a polygon 
they would appear in white.  

Open the Controls for sandstones and select the Polygons tab.  Select None in the Show pane 
and click OK. The polygon style disappears from the object list and the image, to reveal the 
white lines used to map sandstones. Now go back to Controls/Polygons and Show/All. 

Initially I mapped sandstones using reddish shades on the TIR image that suggest a high quartz 
content. However I found 3 sandstone units at different stratigraphic levels in the hilly terrain in 
the SE part of the scene that are subtly different on the TIR image. Each shows up distinctly on 
the 631 image and a range of other VNIR and SWIR images, due mainly to different albedo and 
iron content. Because each occurs at a different stratigraphic level the three sandstones need to 
be distinguished on the map.  

In this section you will create styles for each of these sandstone units, but first you must 
become familiar with managing the polygons in the vector object sandstones using several 
TNTmips tools. 

Moving to the Display Manager window click on the + sign next to sandstones. Information on 
the numbers of lines and polygons that make up sandstones appears below the object name i.e. 
there are 29 lines making up 18 polygons (Figure E4.16). Each is marked by a red arrow with a 
cross through it, showing that they are disabled. Each line of information also has a + sign. If 
you click on that referring to polygons you will see a named table, called POLYSTATS, while the 
lines are associated with a table called LINESTATS.  

 

Figure E4.16 Attribute tables associated with vector object sandstones in the Tigray area 
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These are Attribute Tables that were created automatically while I was mapping lines and 
polygons. Each line and polygon is an element in the appropriate table. All that these two 
default tables contain is information about the geometry of each line element and each polygon 
element, together with other automatically created entries for them, but nothing about what 
they actually represent, i.e. a geological interpretation. Use Controls for sandstones, select the 
lines tab and change Show from All to None: in this exercise you are concerned only with 
attributes for polygons. The entry for lines disappears from the Display Manager. 

Here is important information about selecting different vector elements. The Select  button 
in the View window Toolbar enables you to select and highlight individual elements in different 

ways using one of several icons  in the Toolbar: the first marks only one element 
(Mark Exclusive), turning it off when another is selected; the second allows you to turn the 
marking on and off for one element (Toggle Marked); the third, Marks by Query, is not 
useful in these exercises and can be turned off. Several other useful selection tools are hidden 
and you need to reveal them. 

Select Options/Customize from the View window menu bar and click on the + symbol next to 
Mark Toolbar to reveal the various marking options (Figure 4.17). To avoid clutter and confusion 
turn off Mark by Query, Previous Marked and Next Marked, which you will not be using 

here. Now tick Mark Additional  which adds elements to those previously marked, very 

useful when selecting elements that all have the same geoscientific attribute, and Unmark  
which deselects individual elements that have been marked by mistake. Now click OK, noting 
that the Mark area of the Toolbar changes.  

   
Figure E4.17 Customising the Mark Toolbar 

The Unmark All tool  removes all previously marked elements, which is useful once a set of 
elements have been assigned to one attribute and you want to select those for another 
attribute.  

Tip: Options/Customize, if present in a menu bar, can be useful for reducing or extending the 
Toolbars of any TNTmips process 

Activate the Select tool and the Mark Exclusive tool. If in the Display Manager polygons are 
disabled, click on the associated crossed-out diagonal red arrow to enable them. Clicking within 
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a polygon highlights it in magenta – it becomes the active element. The POLYSTATS attribute 
table for that polygon also appears (see the Windows task bar if it is hidden and then move the 
table to where it isn’t obscured) through which you can scroll horizontally to see all its assigned 
attributes that, apart from area and boundary length, are not useful. Clicking on another 
polygon turns off the first and activates the next, and shows its attributes in POLYSTATS. 
Experiment with the Toggle Marked and Unmark tools. When you are familiar with them use the 
Unmark All button to clear your previous choices. It also clears the POLYSTATS table. 

Now try the Mark Additional tool to select several polygons, noting that the last element marked 
is always the active, magenta element, those selected earlier showing in red: they are referred 
to as marked elements, the significance of which will become clear later. Entries for each 
marked element also appear in the POLYSTATS table. Use Unmark All before proceeding to 
Section 4.6.2. 

Tip: The same tools and selection procedures operate in the same manner for lines and points.  

E4.6.2 Creating an attribute table 

By referring to the Tigray TIR and 631 images you will be dividing the sandstones polygons into 
the three sedimentary stratigraphic units that you should have noted in Section E4.3. First you 
need to remove the current styling through Controls/Polygons and Style Edit. In the Fill Style 
pane change Transparency to 100, so that you can see the underlying image clearly, and in 
Border Style click on a cyan in the palette, which will stand out on single-band or RGB images.   

You need to create another Attribute Table set up specifically for lithological attributes. 

In Display Manager right-click on the polygon entry and select New Table from the menu that 
appears. This takes you through a wizard, in the first part of which you need to select User 
Defined then Next. Give the table a name – sandstones is OK – and then give a description – 
Tigray area is fine – then Next.  

You are now asked how you want to relate records to elements (a record here means 
attribute); there are several options revealed by the pull-down. Select one record to multiple 
elements, and then Next twice, which takes you to defining how the new Table should be set 
up.  

In the Table Properties window click the Add Field icon  in the Fields tool bar. You will be 
giving text descriptions to the various records/attributes, so select ASCII Text for the new 
Field. Moreover this is to be a Primary Key field, set by clicking on the small blue key icon in 
the Fields tool bar – this will be the only one needed in this table. Change the Size from 100 to 
16, i.e. words for the various records/attributes can be up to 16 characters long. Check that the 
Table Properties window is the same as in Figure E4.18.  
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Figure E4.18 Table Properties window for a new lithological Attribute Table 

The sandstones table now appears under the POLYSTATS entry in the Display Manager. Click on 
the button for sandstones, when the table will now appear: move it somewhere that is not 
obscured. 

First of all, click the Show all records tool  from the Table tools. Now use the Mark 
Additional tool In the View window and mark all the polygons that correspond to the lowest of 

the three sandstone units. Then click the New Record tool  in the table Toolbar, which 
brings up options for attaching the elements to the new record/attribute: use Attach to 
Marked elements (Figure E4.19). 

 

Figure E4.19 Adding a new record/attribute to the sandstone table 

A line in the table is now highlighted in pink: type in sandstone1 – the name of this record. 
Unmark all the marked polygons assigned to this record, then mark all those where the second 
sandstone occurs and repeat the process to add a second record called sandstone2. Finally, add 
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the third, youngest sandstone as sandstone3. The table should now appear as in Figure E4.20. 

 
Figure E4.20 Completed table for Tigray sandstones 

To check, right click on each of the records in the Table and select Toggle Elements to mark all 
the polygons with that record, and again to unmark them. As a final check, you can set up the 
DataTips for sandstone – right click on sandstones in the Display Manager and select Setup 
DataTips and the Polygons tab. Choose Show/Select Attribute... and then choose Table 
sandstone from the choices. OK twice. Now when you move the cursor over a polygon in the 
View window each will be highlighted in yellow and its record/attribute will appear. 

This may seem a long procedure, but once you have mastered it you will be on the way to 
creating geological maps of publication quality. 

E4.6.3 Assigning styles to attributes 

To move a step closer to a useful map, you need to assign fill styles to each attribute so that the 
three sandstones are easily distinguished. To do this select Controls for sandstones and open 
the Polygons tab. In the Style pull-down menu, choose New – by Attribute. This first opens 
the Style Assignment Table window and immediately afterwards a New Style Assignment Table 
window (Figure E4.21), showing the Tables associated with sandstones. Click on sandstone, 
which shows the associated Field, which you should click to highlight it. Since this is the first 
Style Assignment Table you have created you need to choose the New (embedded with style 
assignment table) option, then click OK.  

 

Figure E4.21 Creating a new style assignment 
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This takes you back to the New Style Assignment Table window (Figure E4.22) in which you 
should select the Manual tab. 

 

Figure E4.22 New Style Assignment Table window 

Your three sandstone attributes chosen in sandstones (Section E4.6.1) appear on the right in 
the Style Assignment Table. They have all been assigned the default style which you defined in 
Section E4.3 and then redefined in Section E4.6.2 – a cyan outline and an orange  fill with 100% 
transparency. So you need to create 3 different styles for sandstones 1, 2 and 3. The simplest 
approach is to use just solid colour with some level of transparency. 

In the Styles pane click on the New Style  button. New_Style_1 appears in the pane. 
Change its name to something more memorable, such as sst1.  In the Fill Style pane click on a 
colour with Transparency set at 60 and change the Border Style to black. The sample box next 
to sst1 changes. Repeat for sandstones 2 and 3 using Style names sst2, sst3 and different 
colours.  

To assign a style to a record click on sst1 and then the double blue arrow next to sandstone1 in 
the Style Assignment Table (Figure E4.22): its sample changes. Repeat the assignment for 
sandstone2 and sandstone3 using sst2 and sst3. Now click OK to name the new Style 
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Assignment Table – edit the default name to Style_sandstones, i.e. keep things simple and 
memorable. This takes you back to the Controls window for sandstones; click OK and the new 
styles will appear on the View display. The transparent styles may not look very good overlaying 
the TIR RGB image so you can turn that off and add a single-band image or the hill-shaded DEM 
from Tigray/SRTM.rvc (Figure E4.23). 

 
Figure E4.23 Mesozoic sandstones in the Tigray area overlain with transparent styles on hill-

shaded SRTM elevation data (enlarged version) 

As well as using solid colour as a fill for a polygon style, various patterns can be selected by 

choosing the Bitmap button  in the Style Editor. This activates two further buttons  
Create or Edit Pattern and Insert Pattern respectively. Insert Pattern gives you the option of 
selecting different patterns from three sets: General is an assortment of quite complex 
patterns, and few are suitable for geological styling; Geology_1 is a set of patterns appropriate 
for igneous or metamorphic rocks; Geology_2 consists of standard patterns for many 
sedimentary lithologies (Figure E4.24). 

https://h2oexplore.files.wordpress.com/2017/06/image139.png
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Figure E4.24 Bitmap patterns for use in styling polygon fills. 

Selecting one adds it to the Fill Style sample pane, from where it can be edited using the Create 
or Edit Pattern button. In the Bitmap Pattern Editor you first have to select a pattern that you 
have added to the Fill Style sample pane, using Pattern/Open. The left pane of Figure E4.24 
shows a standard pattern for a limestone made up of pixels that are either transparent (Ts) or 
assigned a variable colour (Vs) that can be changed by one of four tools, the most useful being 
Replace. 
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Figure E4.24 Bitmap Pattern Editor 

Add the vector object in SD_Vectors/Tigray_vectors.rvc called limestones, which may still be 
shown as a solid, partly transparent colour after you worked with the object in Section E4.3. 
Select its Controls and the Polygons tab, then click on Edit. Suppose you want to represent a 
limestone by the standard brick pattern picked out in dark blue. First click on the Bitmap icon 
and then Insert Patterns. Search in Pattern Set Geology 2 for a simple limestone pattern, 
highlight it and click OK. Assign the pattern to limestones.  

Select Create or Edit Pattern and using Pattern/Open, open this pattern by highlighting it in 
Select Pattern and clicking OK. Choose a blue from the palette, and then select 
Tool/Replace. Click carefully on one of the V pixels – all the Vs are replaced by blue. Now 
select Pattern/Close and save the changes. The edited pattern now appears in the Fill Style 
pane of the Style Editor window. Use the OK buttons to return to the main View window, where 
the new style (blue bitmap and transparent background) will be used for limestones, so you can 
see underlying topographic detail. 

A useful reference for editing bitmap styles (Bitmap Pattern Editor) can be found using 
Help/Browse documentation under the heading Display/Style Editor, along with other useful 
documentation on styles. 

Conclusion 

While working on this exercise you will probably have experienced some frustration, confusion 
and maybe even irritation. You will have made mistakes and left some features incomplete, such 
as gaps in the boundaries of polygons. Undoubtedly you will have spent several hours of your 
time. Yet you will probably have accomplished a great deal more in that time than you would 
have were you to have spent it merely contemplating images, and definitely so if you were in 
the field on foot or even in a vehicle.  

Having completed just a few of the water-related objectives of the Exercises, were you to go 
into the field area covered by the images your initial desktop findings would provide a plan of 
action: things to check, locations to visit and areas to which you could assign a low importance 
thereby saving time you might otherwise have spent fruitlessly. Most important, with field 
verification and amplification of your preliminary office-based interpretations a second look at 
the images would benefit from your increased confidence in your powers of observation. As a 
result you can refine your maps and begin to make recommendations to a drilling crew or to 
local people.  
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Armed with prints of images and preliminary maps (better still, with the digital files and 
TNTmips Free on a ruggedized laptop or tablet), make sure that when you are in the field you 
discuss them with local people: they know their own requirements and the whereabouts of 
existing water sources, and in drylands will have some skills in locating new ones. Liaising and 
working with them you may learn a great deal and so will they. As well as being a useful tool, 
remote sensing has much to offer in developing fruitful public relations! Point out their village on 
an image and you will have their attention. 

After working fully through the Exercises and perhaps trying the techniques on other areas in 
the Data folder, you should now have sufficient grasp of the way TNTmips ‘works’ to learn far 
more. You can do this by reference to the software documentation and the library of sample 
data provided by MicroImages that cover a comprehensive suite of Tutorials on all the GIS and 
digital mapping topics that in TNTmips in more technical detail. 

Access to the documentation is via Help/Browse Documentation in the start menu of 
TNTmips which helps you access Quick Guides, Tutorials and Tech Guides for all topics. 
Help/Search takes you to a Search function for key words or short phrases that results in 
various options for answering your query. A helpful Glossary of general IT, GIS, remote-sensing 
and other terms mentioned in the documentation is at: 

C:\Program Files\MicroImages\TNT_2015\doc\html\glossary.htm 

MicroImages have a Support team who answer queries from both professional and free licence 
users through Help/Contact Support, and they support a User Group (Help/TNTtalk User 
Group) through which you can ask questions and receive guidance from experienced users. 

Take it further... Appendix 1 shows you where to seek free or low-cost data for your own 
areas of interest, and how to prepare them for use in TNTmips Free 
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