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P R E F A C E 

Two introductory chapters hqve been used to give the necessary 

background to the main subject-matter of the thesis. The first of these 

chronologizes the significant steps in the development of aerial photo­

graphic interpretation from the first recorded aerial photogxaph to the 

present day respected position of the art in both military and civiliqn 

professional circles. The second introductory chapter deals with the 
' 

fundamental principles involved in airphoto interpretation and of their 

specific application to soil engineering mapping for road projects in 

Southern Africa. 

This is followed by the major th~me of the thesis, which con­

cerns the direct location by aerial photographic interpretation of the 

various classes of material used in the construction of a modern day road. 

Although aerial photographs have been employed in recent yeqrs for direct 

interpretation and interpolation of certain specific road building mate­

rials, their use in this manner has been limited to a few special cases. 

This thesis sets out to show that under certain conditions, which pertain 

in many regions of the world, airphoto interpretation can be used for the 

direct location of materials possesiing particulqr engineering character-

istics. Further, it sets out to show, thqt this can be done for the full 

range of engineering properties required of materials for all the signifi­

cant layers of construction,despite the fact that the materials involved 

may be of widely differing composition and geological origin. The actual 

interpretation is based on the fundamental ~ecognition of the ~ements of 

form, tone, and texture making up the total photographic pattern. Similar 

features reflected on photographs are shown to be comprised of similar 

materials, not merely geologically speaking, but more especially in re-

spect of their significant engineering characteristics; it is still 

further demonstrated that this is applicable even when such features 

are situated some considerable distance apart. Variations of notable 

engineering importance within one and the same geological occurrence, 

are also shown to be identifiable on the aerial photographs. For major 

road projects in areas subjected to certain environmental conditions, 

these possibilities form the· basis of a new prcispecting technique, 

which incorporates the full use of the science or art of interpreta-

tion. The basic concept governing'the applicability of this technique 

and the steps necessary to ensure the development of the full potential 

of aerial photography in its application, are discussed and illustrated 

by detailed accounts of a number of s~ecific projects. These projects 

ix 
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incorporate both materials appraisals of wide strips of country for 

route location purposas and intensive prospecting along chosen routes. 

The techniques thus developed, constitute a new appro8ch to materials 

investigations for major road projects and in this respect contribute 

to knowledge in this field. 

Finally, conclusions are drawn on the relative merits of 

materials investigation methods in current use in South West Africa 

and on how these methods affect the different organisations involved 

in the planning and construction of major road projects. The use 

made of airphoto interpretation for similar engineering works in other 

countries,as well as the possible future scope for the application of 

the particular method of materials investigation described in this 

thesis, are also covered. 

' 
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1. 

C H A P T E R 1. 

THE HISTORY OF AIRPHOTO INTERPRETATION 

1.1. 1840 - 1887 EARLY AERI~L PHOTOGR\PHY ~ROM B4LLOONS 

1.1.i. The first known suggestion of aeriql photogrqphy, tqken from 

a balloon, appeared as a joke in a French lithographed caricature, 

"Daguerreotypomania", in 1840. This followed closely on the invention 

of the first practical camera, the ttdaguerreo-type 11 , on the 19th August, 

1839; the co-inventors being Joseph N. Niepce (1765 - 1833) and Louis 

J.M. Daguerre (1787- 1851). The invention w~s immedi~tely bought by 

the French Government. Photo interpretation as practised today is 

usually considered to date from this time. 

1.1.2. Between 1840 and 1886 various oblique photographs were taken 

from captive and free balloons, in which houses and other objects could 

be clearly seen. The first such photo in the United States of America 

was taken from a height of 1,200 feet over Boston by Samuel A. King and 

J.1. Black. In 1862 and 1863, the physicists Glaissher, Coxwell and 

Negretti took aerial photographs over England, while Triboulet and 

Desmarets took photographs over Pnris in 1879 and 1880 respectively. 

Shadbolt and Dale in England, in 1883, and Sibberer in Vienna, in 1885, 

made further experiments with aerial p~otography from balloons •. 

1.1.3. The first military use of aerial photographs recorded, was 

during the American Civil War when General McClellan secured the ser­

vices of balloonists La Montaine and Allan to take aerigl photographs 

of Confederate positions. In June 1862 aerial photographs were also 

used by the Union Army, to gather intelligence on .the defences of Rich­

mond. In 1886 experimental aerial photographs were taken during a free 

balloon flight for the Russian Army by Kovanka, the commander of an aero­

stat crew. He took pictures of the fortresses of Kronstadt and Peters­

burg, which demonstrated the military importance of aerial photography. 

1.2. 1887 - 1909 EXPERIMENTAL PHOTOGR!\PHY FROM KITES, ROCKETS 
AND CARRIER-PIGEONS 

1.2.1. Between 1887.and 1909 the development of aerial photography 

was continued through the medium of kites, rockets and carrier-pigeons, 

while the technical apparatus was also being improved. 

1.2.2. The first recorded kite aerial photographs were taken by A. 

Batut, a Russian, from a height of 127 metros. This was followed in 
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1899 by R. Thiele~ a Russian government councillor, who connected 

seven unmanned kites~ and produced a "Panor8mogreph" which proved 

useful for cartographic recordi~g and interpret~tion of remote areas. 

In 1906 the Saxon engineer Alfred Maul demonstrated a rocket 

propelled by compressed air, which rose to 2 9 625 feet, too~ pictures, 

and then parachuted the camera to earth. 

In 1909, Julius Neubronner published a pamphlet describing 

carrier.--pi:seon aeri8.1 photography. He also demonstrated a penorr.:tmic 

and stereoscopic camera and urged its use for strategic purposes. 

1.3. 1909 - 1918 : ADVENT OF THE AEROPLANE AND SUBSEQUENT 
ADVANCES DURING ~ORLD WAR I 

The balloon and kite platforms were not nRvigable in the 

strict sense of the word 9 and this prevented the development of 

aerial photography to embrqce a wider range of scientific uses. A 

piloted aeroplane on the other hand, can carry a camera to any part 

of the earth. It was the advent of the aeroplane which increased 

the scope, and advanced the science and art of aerial photography 

and photo interpretation to wh~t we know it to be today. 

1.3.2. The first recorded photographs teken from an aeroplane, were 

taken by Wilbur Wright on April 24 9 1909. These were motion pictures 

taken over Centocelli, in Italy, but it was not long after this that 

German aviation students training at English flying schools began to 

use cameras. 

The advent of Wo~ld War I saw prodigious development in the 

military use of aerial photography. The first aerial photographs of 

German-held territory were made by Lie'utenant Laws of the R.A.F. He 

found it difficult to convince the authorities that aerigl photographs 

could be put to practical use, until he brought back photographs of 

very obvious intelligence vilue. Almost overnight the importance of 

aerial photographic reconnaissance was recognized, 8nd proper methods 

of photography, processing, and photo interpretAtion, were speedily 

developed. 

Lt. Col. J.T.C. Moore Brabazon in collaboration with Thorn-

ton Pickard Ltd., designed and produced the first prqctical aerial 

cameras, which were put into use by the end of 1915. Prior to 

this ordinary ground cameras had been used. This improved the 

value of aerial reconnaissence and photo interpretation to such an 

extent that the photographic sections of the British armed forces 

grew enormously,until tm R.A..F. alone was producing '3-n average of one 



thousand prints a dqy. The tactics of the w~r were chqnged complete­

lyj as a ~ast amount of militaty informRtion becpme impossible to con-

ceal from the aerial earner~ lens. 

decoys~ and other deceptive devices wera introduced 1 but in general, 

were unable to influence the precise and coldly unbiqsed record of 

aerial photography. 

It was found thqt photo interpreters co~ld preaict the move-

ments of the enemy by observing the varying cmounts of rolling stock 

and the installations. For example, i~ 1917 aeri"l photographs taken 

by the French Army at Dreslincour disclosed the intenti0ns of the Ger-

mans and made it possible to plan countermeasures. In 1918 photo 

interpreters of the United States First Army detected and identified 

90 percent of the German militsry installations opposite their sector 

of the front. This interpret~tion was verified on the ground shortly 

after the armistice. 

1.3.6. Although the value of aerial phctography hRd been amply de-

monstrated during the w~r, military interpret~tion CRme ne~rly t6 a 

standstill after the armistice in 1918. Few tr~in~ng procedures had 

been estgblished and fe1" aircrg_ft .-ond aeri<ll c8mer"'s vJere L\]a.de availsble. 

1.4 1919 - 1939 : CIVILHN DEVBLOFMENTS :SETh'EBN TH:S 11/ARS. 

1.4.1. Despite the lack of further milit~ry d~valopment between 

the ~ars, commercial uses of photo interpretation m8de many advances. 

:Photographs were taken and maps produced by severgl survey compgniesi 

which were formed in the United States of ~merica, and some of these 

companies grew into l8.rge organisations. U.S.A. Government Agencies 

also made extehsive use of aeriol photography. The Agric0ltural 

~djustment Administration photogr~phed farm and ranch land; the 

Ferest Service photogrqphed timber reserves; the Geologicgl Survey 

photographed m8.ny areas f•Jr the production of topogrRphic and geologic 

maps, and so on. State, country and metropolitan pl~nning agencies 
I 

fPllowed closely on the governmdnt lead. 

1.4.2. Several scientific journals begon to speci8lize in photo-

grammetry and photo interpretGticn. Carl Troll, professor at Bonn 

University, publis~ed m~ny pnpers ond nlso tronslqte~ m~ny others 

from Russiqn into German. By 1940, hundreds of p0pers on photo 

interpretation had been published in jo~rnols of archaeology,eco~gy, 

geology, pedology, forestry, engineering~ ~nd gedgraphy. Books too 

begRn to appear; Lee published one of the eorliest works on the sub-

ject in English in 1922. 
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1939 - 1945 MILITARY USES DURING WORLD WAR II 

Neither the stimulus given to photo interpretation, both 

military and civil, during \vorld \liar II, nor its importanC'e in the 

ultimate outcome ·of the war itself, can easily be over-emphasized. 

Perhaps the words of the then Chief of the German General Staff, 

General Werner von Fritsch, best sum up aerial photography's place 

in the war effort. In 1938 he is credited with saying : tiThe 

nation with the best photo reconnaissance will win the next war''· 

Towards the end of the war in 1944 with the experience of many 

battles behind him, a Russian front-line commander stated: "Photo 

reconnaissance is our mainstay, for without it we are virtually 

blind. Ground observation cannot furnish 8. commanding officer 

all the information he needs; only when I have before me aerial 

photomosaics showing me not only the front line but also the depth 

of the terrain ahead can I properly make tactic8l decjsions". The 

above two statements convey to some degree the very extensive use 

which was made of aerial photography and photo interpret8tion by.~l 

combatant countries during the course of the war. A few examples of 

this use by each major participant country will be given to illustrate 

further the tremendous progress which took place in this science during 

these relatively few years. 

1.5.2. In the early part of the war it was Germany which led the 

world in military photo reconnaissance. From September 1939 to May 

1940, they ~ere busy on the Western Front photogr~phing all important 

military installations from Norway to the South of Fr?nce. This effec­

tive reconnaissance was one reason for the success of their strikes 

against the Allies during this period. However, qfter the death of 

the German Chief of Staff, General von Fritsch, the qu8lity of their 

photo intelligence declined. In gener~l they were content with se-

cond-rate photo intelligence, and there is even some evidence that 

they failed to make consistent use of stereoscopic pairs. 

The Japane~e, although they hAd gn efficient progromme of 

aerial mapping patterned on the Germgn methods, did not fully qppre­

ciate the value of aerial photogrgphy in milit~ry intelligence. Tmir 

campaigns were carried out without much use of even the photo intel­

ligence available. Towards the end of the war they re~lised that 

their neglect of photo reconnaissance w3s a major defect in their 

intelligence system, but it wqs then too late for much improvement. 

1.5.4. Among the Allies the British were in the forefront in regard 

to photo reconnaissance and photo interpretgtion. In 1941, when the 
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U.S.A. entered the war they sent officers to Britain for initial 

trgining before opening their o'm photogrsphic interprete1tion schools. 

Some notable achievements "by British photo interpreters were 

(i) The detection of German invasion barges in can0ls 

near the coast of FrGnce and the Low Countries in 

the summer of 1940, which constituted the major evi­

dence th~t invasion of England was imminent. It im­

pelled the British to launch such an effective air 

attack that Germany was forced to Dostpone the in­

vasion and finally abandon it. 

(ii) The discovery of German warshj.ps, in ports and on 

the high seas, resulting in several raids which kept 

German naval power crippled throughout the war. 

(iii) The detection of German V-weapons between 1942 and 
' 1945. The V - l rocket at Peenemunde was detected 

twelve months before it was used agRinst England. 

Ninety-six other steel and concrete launching ~ites 

were identified by photo interpreters and subsequent­

ly destroyed by bombing. 

The American photo intelligence developed rather slowly in 

the Pacific because most of the early a·ction was defensive. In fact, 

the landing at Tarawa revealed a major deficiency in &merican photo 

intelligence. The depth of water over the fringing cor-1 reef was 

over~estimated causing many amphibious 1-nding craft to run aground 

far from shore. 'lhen the seriousness of the deficiency '"as realized 

the Naval Photo Interpretation centre began a progromme.of intensive 

research on water depth determ1nation and devised methods of measuring 

water depths on aerial photographs which .was later proved to be accu­

rate to within 7% for depths up to 30 feet. \fter this, and the advent 

of th~ B-29 photographic aircraft, American photo reconnaissance increa­

sed tremendously and highly reliable target information folders were pre­

pared for large areas of continental ~sia and its offshore islands, in-

eluding Japan. At the end of the W8r in the Pacific, in 1945, Admiral 

F.G. Turner,· who had com~anded the American amphibious forces in this 

theatre since 1943, paid this tribute .to photo interpretation: "Photo­

graphic reconnaissance has been our main source of intelligence in the 

P9.cific. Its importance cannot be overemphasised." 

1.5.6. The Russians had experimented with VBrious metho~s of photo­

graphy 9.nd photo interpretation during their war 'ifith Finlg_nd (1939 

1940), so were reasonably 9.dvgnced '"'hen they enterea \..forld '19.r II. 
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Once their offensive commenced in the fall of 1941, a photo recon­

naissance service was est~blished, which distributed annotated maps, 

photographs, and mosaics in quantity to ground and nav~l commRnders. 

Two notable achievements of Russian photo interpreters were: 

(i) The discovery of the disposition of German defences, 

airfields, and river crossings during the battle of 

Stalingrad in 1942. 

(ii) The use of aerial photography in planning the 

counter-attqck which lifted the blockade of Lenin­

grad in January of 1944. Urban areas, railway 

stations, and marshalling yards were photographed 

at night. Large scale photogr8phy wqs used on 

German front line defences,and smaller scales for 

areas some distance from the front. 

In the European theatre of the war the Allies worked large-

ly together on photo reconnaissance missions. Just prior to, and 

after the invasion, their activity in this direction was intense. 

Detailed aerial photography wa.s underte.ken in the following instances: 

(i) The invasion of Sicily, for which over 500 photo 

reconnaissance missions were flown. 

(ii) The invasion of the Italinn m~inlgnd where Allied 

forces flew more than 1,100 photo reconnaissqnce 

missions within a period of three months. 

(iii) All enemy-held ports in the western e.nd central 

Mediterranean were photographed, the largest and 

most important as much as twice dqiiy. 

(iv) Prior to the Normandy invasion, when Allied 

photo interpreters identified installations, 

and constructed accurate terrain models which 

were invaluable in planning amphibious landin~. 

During the assault itself some photo interpret~s 

were attached to group staffs afloat, while others 

went ashore with the landing forces. 

(v) The advance inland towards Germany, when ~llied 

battalions and regiments were issued with annota­

ted, gridded, and enlarged aerial photographs, to 

plan both small and large offensives alike. One 

regimental intelligence officer illustrated the 

extent to which this was done when he remarked : 



"The operation for s·eizing the town of Wurselen was 

conducted entirely with aer i8.l photographs." 

1.5.8. By the end of the war, intensive military research h~d de-

veloped cameras with fast and nearly distortion-free lenses, fast 

and dependable shutters and many other technical improvements. The 

sensitivity of film emulsions had been improved and special types of 

film had been developed for high sensitivity in certain pnrts of the 

spectrum. 

now enjoy, 

described. 

These improvements, and others which photo interpreters 

are attributable to the intensive w~rtime developments 

In addition to this, several· thouspnd men and a few 

women had received training and practice in military photo interpre-

tat ion. Many of these were professional people such as geologists, 

engineers, foresters, geogr~phers, soil scientists end others, 1Jho 

upon their return to civilian life found applications for photo in­

terpretation in their particular professional field. 

l. 6. 1945 - 1964 CIVILIAN AND MILITARY DEVELOPMENTS SINCE 
WORLD 1iJAR II 

1.6.1. Due to the impact on civilian life of the many thousands of 

trained military photo interpreters, the twenty years since the end 

of the war have seen the use of airphoto interpretation mushroom in 

many spheres. Most of the developed countries have complete, or 

near-complete airphoto cover, while many of the underdeveloped coun- ~ 

tries are at least partially covered. South ~frica for example, was 

photographed towards the end of, and immeidately after tha cessation 

of hostilities. It tFw has 95% cover to scales of e:i ther 1 in 30,f'OO 

or l in 36,000. Much of South West Africa has been photogrrphed re­

cently to a scale of l in 36,000 and aerial photographs covering over 

5o% of the land surface now exist. OncG aerigl photogr,.,phy is avail­

able, the variety of scientific uses to which it can be put, increases. 

For example, on many projects which in themselves clo not warr8.nt special 

photography, use is made of aerial photos which happen to be available. 

The extent ~o which airphoto interpretatign is now being used in civi­

lian life can best be illustrated by the many post-war articles which 

have be~n published under one or other of the following sciences: 

Geology, Soils, Engineering, Vegetation, Forestry, Wildlife Manage­

mentj Range Management, Hydrology and Watershed ManRgement, ~gricul­

ture, Urban Area Analysis, Archaeology, Geography, Ice and Oceano-

graphy and Coastal Research. The convenience Qnd versatility of 

aerial photography has only begun to be exploited in these sciences 
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and many futuro adv~ncos can be expected. Although the principles 

on which airphoto interpretation is b~sod, are of long standing, the 

actual methods used in thoir ~pplication to the sciences mentioned, 

have for the most part originqted since the end of World War II. In 

fact these methods havo fbrmod tho subject matter of mRny of the ar-

ticles and theses which have appeared. This prodigious activity in 

the ·application of photo interpret~tion is Rlso reflected in the tre­

mendous increase in tho number and quality of photo interpre~ation 

courses offered at Colleges and Universities throughout the world. 

1.6.2. Military authorities have by no meens been inactive in the 

sphere of airphoto interpretation, as was the case after World War I. 

Research establishments such as the Military Engineering Experimental 

Establishment in Hampshiro 1 England, continue to undertake extensive 

research and are still playing a leading role in this field. Military 

photo interpretation has also played its part in TJost of the armed 

conflicts since the end of ~orld War II. For example, the United 

Nations forces in ~oroa used airphoto interpretation extensively frrm 

the start of tho campaign ~ntil the end of hostilities. 

A 

1.7. THE PhST, PRESENT, AND POSSIBLE FUTURE ROLE OF AIRPHOTO 
INTERPRETA.TION 

1.7.1. In a little more than 120 years, photo interpretation has 

thus advanced from its infancy through stages of 2xperiment to a re-

spected place in military and civilian professional circles. The 

advent of the aeroplan;:; and the t1,vo ''forld \•Iars occupying a period of 

approximately ten years, have in themselves been responsible for much 

of this phenomenal development. Today the methods of 8irphoto inter-

pretation are precise, its results reliable, and its value widely re-

cognized. It can be expected to play an even greater role in the 

future space age. 

X X X X X X X X 



C H A P T E R 2. 

THE FUND;\MENN.LS OF AIRPHOTO INTERPRETATION ~ND THEIR ~PPLI­

CATION TO SOIL ENGINEERING MAPPING FOR ROAD PROJECTS IN SOUTHERN AFRICA. 

2.1. INTRODUCTION 

2.1.1. Basic principles : The basic principles of airphoto interpre­

tation are relatively simple, but the prgctical applications thereof can 

be more complex and require training qnd practice. The most important 

principle is that of observation and the technique involved has to be 

mastered before logical modes of thought can be applied to draw correct 

conclusions from all the relevant facts presented on any particular 

airphotos. 

2.1.2. Three fundamental f~cts of aerial photogr~phy explain its unique 

usefulness under many circumstances. First, a large area of the earth's 

surface is pictured on each photograph. At a scale of l in 20,000 this 

amounts to about 9 square miles. The observer has a birds-eye view and 

can thus study a wide area at leisure. The relations between objects 

and their surroundings, as well as significant patterns which might not 

be readily evident from the ground, can be observed. No detail is 

sacrificed in obtaining this advantage, as the photos record the mi­

nutest particulars. Secondly stereoscopic pairs provide three-dimen­

sional images of the earth's surface and the objects on it, but with 

the vertical scale exaggerated to about three times its normal size. 

This enables the measurement of heights and vertical angles to be made 

and makes it easier to detect and identify objects. In fact, the suc­

cess of int9rpretation would be appreciably more difficult, if not im-

possible, were it not for the vertical dimension. The exaggeration 

of this dimension is often an additional help, especially where small 

difference in elevation are important. Thirdly, photogrgphic images 

are a permanent inventory of an area at the time and on the date on 

which they were taken. Photographs taken at different periods, there-

fore, will lend themselves to comparative and historical studies. 

2J.. 3. Vertical exaggorat ion: In stero osc opic pairs of aerial photo­

graphs the exaggerated impression of depth mentioned previously, is 

caused by the larger angle of parallax provided by the air and corres­

ponding photo base, compared with that of the normal eye base. Within 

limits, at a given viewing distg_nce, tho greater the eye base the grea­

ter the angle of parallax and, hence, tho greater the apparent depth. 

When viewing stereoscopically each eye looks at the same image but from 

a slightly different angle corresponding to the relative positions from 
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which each airphoto was taken. The photo base, therofo~e, beciomes a 

much increased oye base relative to the scale of the photography and 

the hei~ht from which the photos are studied. The essential function 

of the stereoscope is to bring Gbout this incrcqsed eye base by ensuring 

that each eye looks at only one photograph of the stereoscopic pair. The 

magnification of the lenses is desirable but not essential. The differ­

once in relative shape between objects and their photographic images 

caused by this exaggeration, must be taken into consideration in inter-

pretation. During training repeated ground observations should be 

made of objects studied on the aitphotos until allowance for this dif­

ference becomes second haturc. Tho ability to obtain stereoscopic vi­

sion, that is to appreciate depth through perception of parallax, is 

however not a skill common to everyone. Those who cannot acq~ire this 

with practice arc at a distinct disadvantage as photo interpreters. 

2.1.4. AdvantagBs and limitations: Photo interpretation, then, has the 

advantages over direct observation of areal scope, perspective, and time 

relations. Like dire6t observation, however, it is dependent on the na­

ture of the scene observed and on the training and sptitude of the obser-

ver, for the amount and reliability of tho information obtained. For 

the best results it is essential that the observer be an expert in the 

particular field for which interpretation is being carried out, as well 

as being in p0ssession of all tho attributes of a good photo interpreter. 

2.2. COMMON TYPES OF AERI~L PHOTOGR~PHS 

2.2.1. Types and their errors: ~irphotos are taken Gither vertically, 

where the tilt is negligible, or obliquely. Oblique photogr~phs are 

classified as either high or low, the former including the horizon while 

the latter does not. All oblique photos show the earth's surface in a 

perspective to which the average person is more accustomed, but entail 

special problems in regard to measurements as well as interpretation. 

Vertical photos on the other hand approximate most closely to maps and 

aro the easiest to work with once the uninitiated has become accustomed 

to the vertical view. To. those who have trained in interpretation of 

engineering and other plans this viow presents no problems. In flat 

country, in fact, th~ difference betwoon a map or plan of an area and 

the corresponding airphoto to the same scale, is very slight. In hilly 

terrain the relief displacement (duo to radial distortion), which in­

creases from the nadir point outwards, is appreciable towards the edges 

of the photos and this tends to make horizontal measurements unreliable. 

2.2.2. Mosaics: Individual airphotos joined togethar along match lines 
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to form a ver..tical picture of a larger area, qre called aeri8l mosaics. 

These should always be produced along straight match lines as irregular 

shapes could be confused with soil boundaries. Only alternate flight 

strip photos are needed on account of tho 60% ~nd overlap. Mosaics are 

normally either uncontrolled, that is made up from unrectified photos; 
I 

or semi-controlled INhere uncontrolled blocks of mosaics are rectified 

and then re-photographed to a reduced scale; or controlled when pro-

duced from fully rectified photos. Uncontrolled mosaics, which are 

mainly subject to tho errors of tilt and radial distdrtion, are satis­

factory for most practical·purposes. 

2.3. INDICATORS. 

2.3.1. Siz~ and shape: The size of an object is often one of the most 

useful clues to its identity. It is thus, an essential first stop to 

familiarize oneself with the relative size of objects on the scale of 

the photographs being studied. When working with photography of 

variable scale, however, care will be required and frequent measure­

ments may become necessary to verify the interpretation. 

2.3.2. Shadow: Aerial photography for general purposes is usually flown 

within two hours of local noon so that the shadows present will be small. 

This is done in order to record as much as possible of the ground surface, 

for the objects on which shadows fall reflect so little light to the aerial 

camera as to be visible only dimly or not at all in the aerial photographs. 

2.3.3. Tone: In black-and-white photographs, distinctions between hues· 

arc lost and objects aro observed in tones of grey. Variations in these 

tones are often major clues to the identity or composition of objects. 

Tho film best suited to recording differences for the range of colours 

of the visible spectrum, is panchromatic, which, with the minus-blue fil­

ter to roduco haze interference, is commonly used for general purpose 

photography. Tho tones of photographic images are, however, influenced 

by many other factors apart from colour, but always remain relative for 

any time of year and under any single condition of photographic proces-

sing. For example, (i) a body of water may appear in tones ranging 

from white to black, depending on the anglo of the sun and tho number 

of wave surfaces reflecting light to tho camera, (ii) a black asphalt 

road may appear very light in tone because of its smooth surface and, 

(iii) a trail may appear whito in dry weather but dark after rain. Once 

the photo interpreter understands these factors tonal variations can be 

used reliably as indicators and are particularly important in stereo­

scopic pairs if the objects of interest have little or no height. The 
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soil scientist uses tone differences to clas~ify soils: the forester to 

distinguish hardwood from coniferous trees; the geologist to map litho­

logy and structure or to prospect for minerals; and so forth. 

For specialized jobs definition of tones can be emphasised for 

particular objects by the use of a different film-filter combination. 

For instance, infrared or modified infrared photography records con­

ditions of plants, soils, and drainage which are of special interest 

to the ecologist and agriculturist. 

2.3.5. Colour : Colour photography may be economically justified in 

special cases where natural colours would play a decisive pqrt in iden-

tification. It is, however, up to twelve times more experlsive than 

black-and-white photography. 

Texture : Texture in aerial photographs is created by tonal 

repetitions in groups of objects which are too small to be discerned as 

individuals. In nature differing materials and veget~tion can both im­

parV textures to the airp~otos distinctive enough to serve as reliable 

clues to the identification of the objects themselves. The size of 

object required to produce texture varies with the scale of photography. 

In large-scale photographs, trees can be seen as individuals; their 
' leaves or needles cannot be discerned separately, but contribute to the 

texture of the tree crowns. In photographs of smaller sc~le the crowns 

contribute to the texture of tho whole stand of trees. 

2.3.7. Patterns : 4ppreciation of tho significance of aerial photo­

graphy is chiefly obtained through a~ understanding of patterns on the 

earth 1 s surface. These patterns may be either natural or cultural, 

large or so small that they would probably be overlooked on the ground, 

but on the airphotos are still detectable. Outcrop patterns provide 

clues to geologic structure, and drainage patterns are associated with 

st~ucture, lithology, and soil texture. Vegetation patterns are asso-

ciated with varying relations between organisms and their environment as 

well as between varying geological formations and surface deposits. Cul­

tural features are conspicuous in aerial photographs because they consist 

of straight lines or other regular configurations. Techniques of camou-

flage attempt to blend this regularity into the ngtural patterns of the 

environment. Most of man 1 s activities leave scars on the earth which 

remain detectable for as long as thousands of years after the activities 

have ceased. Identification of man-made features on aerial photographs 

can often be made without resort to field chocking. ~ road and a rail-

way may look much alike in a photograph but can be differentiated from 

the configurations required by their functions. A road may have fairly 

steep grades, shar~ curves, and many intersections, while a railroad has 



gentle grades~ wide curves and few intersections. 

2.3.8. Regional patterns which formerly could be studied only through 

laborious ground observation can now easily be observed by the use of 

aerial mosaics. 

SOIL ENGINEERING MAPPING BY \IRPHOTO INTERPRET4TION AS 

APPLIED TO ROAD PROJECTS IN SOUTHERN ~FRICA. 

Basic concepts: A soil engineering map aims ~t linking the 

geology ~nd podology of an area to engineering properties, ~nd is 

especially directed towards tho projects envisaged. "Soil" used in 

this eonse is defined as both tho consolidated and unconsolidated rna-

terials to bo used in engineering construction, and should not be 

confused with "soil" as defined in soil mechanics and found8tion engi­

neering, or as defined by the agriculturist. 

Tho principles of airphoto interpretation as applied to soil 

engineering mapping are relatively simple. Basically rocks subjected 

to weathering and erosion, assume characteristic shapes dependent on 

thoif physical and chomic~l properties. The aerial camera records 

those characteristic features which~ to the trained eye, are then dis-
' 

cornible under stereoscopic examination. It is usu~lly possible, there­

. foro, to demarcate accurately on the airphotos themselves, tho contact 

lines between different basic formations ~nd ~lso between variations in 

tho superficial surface deposits. It is stressed~ however, that the 

different typos of rock ~nd surface deposits involved~ must be estab­

lished initially by field inspection and correlated with their airphoto 

indicators~ after which they can be inferred by anqlogy, with a suffi­

cient degree of certainty, in adjoining areas which h~ve been subjected 

to the same or simila~ environmental conditions. 

The essential differences between mapping with the aid of air-

·photos and airphoto interpretation, and th9t of conventional mapping are 

thus, (f) that the airphotos (which should always be vertical) act as 

the base map and, (ii) that the stereopairs are used for the direct de­

marcation of boundary .lines. The technique accelerates the production 

and increases enormously the accuracy of~ ahd amount of detail in,. maps. 

2. 4. 4. Contact prints and ·their handling : A irphoto negatives for gen­

eral purpose photography are currently 9 inches square in size, and can 

be printed on either single, or double weight paper, with respectively 

matte, semi-matte, glossy, or glossy and glazed~ surfaces. The single 

weight paper is thin and weak, while the double weight is thick and 

stronger. Both tend to curl badly when dry. For soil engineering 
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mapping purposes, double weight paper with matte and semi-matte finishes, 

have proved to be the most useful combinations. 

2.4.5. A set of photographs covering even a limited road project, may 

number 50 or more individual contact prints. Hence before starting 

detaile'd examination of the stereopair:::, it is hiehly desirable to 

institute an orderly method of handling the prints, so that time is 

not wasted in selecting the photographs. The following simple method 

has been found etfective in practice : 

(i) Give consecutive flight strips letters which follow 

a corresponding sequence in the alphabet, i.e. 4, 

B, C, D ••• etc. 

(ii) Number the prints on each flight strip from left to 

right, beginning with the numeral one. 

(iii) Write in the top left hand corner of each print its 

notation, i.e. letter and number. 

(iv) The field and office sets of prints are then distin­

guished from each other by enclosing the print nota­

tions with a circle and a square respectively, or 

visa-versa (2.4.12). 

2.4.6. Indicators : For purposes of conveying information and descrip­

tion of airphoto patterns, it has been recommended that the breakdown 

of elements forming the total pattern on airphotos, 

follows : 

A. Elements af form: 

1. Topographic form 

2. Drainage form 

3. Erosional form 

B. Elements of tone and texture: 

1. Tones and textures of vegetation 

2. Tones and textures of land use 

3. Tones and textures of materials. 

should be as 

An idea of the function of indicators in airphoto interpretation has 

already been given (2.3.1 to 2.3.8). Generalizations on interpretatfun 

and the relative importance of the various indicators, are difficult to 

make, and can be very misleading, due to the wide range of materials and 

conditions encountered on different projects. Sp~cific cases of the 

use of many of the above indicators are given throughout Chapter 3, 

with comments from the experience gained in Chapter 4 (4.5.1 to 4.5.4). 

2.4.7. Scale of photography: Overseas it has been found that a scale 

of photography of from l in 20,000 to 1 in 40,000 is usually adequate 

for general mapping purposes. In Southern Africa experience in the 
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production of soil engineering maps for highway projects, has led to 

the general observation that the higher the rainfall the larger the 

scale required to obtain the same degree of accuracy. The following 

scales have been recommended as a general guide: 

Rainfall exceeding 25 inches per annum, scale. 1 in 10,000 or larger 

" between 10 and 25 " lf " scale 1 in 20,000 

" less than 10 inches II " scale l in 30,000. 

If the scale of the airphotos is too small an appreciable measure of 

accuracy of annotation and detail of information given, will h9Ve to 

be sacrificed; and a greater proportion of the annotation will also 

have to be done under the four magnification stereoscope, thus sacri­

ficing speed of operation as well. The indicators of texture and tone 

of materials, are cases in point where the minimum scale of photography 

is sometimes critical (4.4.1). A disadvantage of large scales is the 

increase in the number of prints that have to be handled in the field 

for a given area of country. However, these factors are not nearly 

as important as the clarity of the prints themselves. For this reason 

reduction ,or magnification in order to obtain the best scale, is never 

considered, ~nd only contact prints giving the maximum clarity possible 

are used. The scale of photography, therefore, has a direct bearing on 

the convenience of operation, the detail given in, and the accuracy and 

speed of, any mapping project based on the use of airphotos. 

2.4.8. If circumstances warrant special photography for any specific 

project, then the line of flight should be parallel to the proposed 

route, thus resulting in a minimum number of photos to handle in the 

field. If the materials investigation is to be based on a soil en-

gineering map, then the most suitable scale should also be adopted. 

2.4.9. Adjustment of stereopairs : Quick adjustment of stereopairs 

in order to obtain stereoscopic vision, is a necessary,accomplishment 

before attempting detailed annotation work. For correct adjustment, 

the segment of the flight line on both photos of the stereopair should 

normally be in straight alignment. To obtain the line of flight, mark 

in the principal and conjugate principal points on each photo, and then 

connect these with a straight line. Having once lined the stereopair 

up in this fashion, the photos are moved parallel to the flight line 

until a sharp stereoscopic focus is obtained. Usually one adjustment 

will not serve for examination of all parts of the overlap. This is 

particularly true in photographs having a short principal distance, 

where radial displacement towards the edges of the photos may neces­

sitate re-alignment for examination of these areas. In such a case, 

the flight line segments on the respective photographs will not form 
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a continuous straight line, but must still remain parallel. 

2.4.10. With a little experience, stereoscopic vision can be obtained 

easily without first establishing the direction•of flight. To do this, 

choose a centrally positioned and prominent feature in the stereopair, 

and then place a finger from each hand on this feature; the fingers are 

then easily merged under the stereoscope, and on removal, the photos 

shouJc1 ho :in reasonably close adjustment.· If the images !He not fused 

perfectly," a slight relative movement, either towards or away from each 

other, or of rotation, may be required until the image and impression 

of depth are clear. It is stressed that careful orientation of the 

stereoscopic pairs in order to minimise eyestrain, is essential for pro­

longed work on the stereoscopic. 

2.4.11. Annotation: For the demaraation of geological boundaries, 

the coloured or grease pencils often used for genergl purpose marking 

of airphotos,are not satisfactory due to their thick traces which can 

obscure important detail. A pencil of medium hardness and a rapido-

·graph pen with black ink, are the usual annotating mediums. A. matte 

finish can be marked easily by both pencil and black rapidograph ink, 

whereas glossy, and glossy and glazed, surfaces, which display greater 

clarity of detail, can only be suitably marked by the latter. Pencil 

marks are readily removed from the photo finish by either an ordinary 

pencil rubber, or by a piece of cotton wool dampened with either benzine 

or water. Black rapidog~aph ink, on the other hand, can only be ~ased 

safely through the medium of a clean piece of water-dampened cotton wool. 

It is usual to use two complete sets of airphotos for any 

major mapping operation. One set, which should be . of semi-matte finish 

for demarcation with both pencil and ink, is used for.on the spot stereo­

scopic examination of the terrain, and for initial detailed annotation. 

The second set should normally have either a semi-matte or a glossy sur-

face providing maximum clearness, and is for use in the office~ This 

set must be kept unmarked during the field work in order not to obscure 

any of the detail. In flat terrain it is only necessary to annotate 

every second photograph in a flight strip. This simplifies the work 

and helps to avoid unwitting duplication of qnnotation. In hilly 

country, however, it may be necessary to use every photo on account 

of the appreciable relief displacement towards the edges. On com-

pletion of the field work and annotation of the field set of photo­

graphs, the demarcation lines are copied in ink on the office set of 

duplicates, from which the map is eventually produced. The advantages 

provided by the stereoscope are mads use of to ensure adequate accuracy 

in copying.· ff 
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stereograms are required for publication in an article, then photos with 

a glossy and glazed finish should preferably be substituted for the semi­

matte office set of duplicates, as these retain greater clarity of detail 

on reproduction. 

2.4.13. Where drainage patterns and watersheds are not very obvious, it 

will sometimes help the later detailed annotation to mark these on the 
' photos before the field work begins. By reversing the stereopairs, the 

drainage areas become high poi~ts which can facilitate their annotation. 

Watersheds should preferably be marked in a different colour (red) to be 

distinctive. The ini.tial annotation of drainage patterns and watersheds 

should only be done, however, if it is likely to be beneficial, and will 

not obliterate detail which may be important later for demarcation pur-

poses. Overlays are sometimes employed where the possibility of dimi-

nishing the clarity of the photos must be avoided, but since the photos 

themselves are far tougher, it is generally more satisfactory to use a 

second set of photos in the manner already suggested. 

2.4.14. Field equipment: The field equipment necessary for successful 

soil engineering mapping by airphoto interpretation, is described in 

paragraph 3.2.9. In addition to these items a heavy duty auger moun-

ted on the back of a 5 ton lorry (or similsr vehicle), and capable of 

boring through considerable depths of sand, gravel, and surface lime­

stone deposits, to the underlying bedroc~, is often essential (2.4.16). 

2.4.15. Procedure : The field procedure adopted for the mapping, can 

conveniently be divided into three major operations, which are normally 

executed in the sequence described below: 

(i) First a field inspection is made of the area to be 

mapped, or portion thereof. The primary objectives 

are, (a) to distinguish the major morphological units; 

that is the major landforms such as hills, plateaus, 

plains etc., (b) to select a key area in each major 

landform which includes all stages of development 

and, (c) to establish the predominant geological 

formation in each landform, from which the lesser 

formations, or variations thereof, are differentia-

ted, and subsequently demarcated, on the airphotos. 

The number of trial holes necessary to determine 

these criteria. should be kept to a minimu~. 

(ii) The second stage comprises detailed field inspec­

tions and airphoto annotation, of all key areas. 

Trial pits are required to provide sufficient in­

formation for full interpretation and annotation. 
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The selection of the positions of these holes, is 

therefore important, and should be intelligently 

determined from field inspections, Rnd from changes 

in the airphoto patterns. Holes should be sunk to 

residual soil or bedrock level, and a description 

of the profiles fully recorded in -8. field note book •. 

These descriptions are then shortened, symbolized, 

and recorded on the back of the field-set 8irphoto 

adjacent to s pin prick marking the exact position 

of the hole. In the process of obtaining this in­

formation, a prelimin~ry legend is prepared, which 

should be fairly detailed, including rather too maey 

than too few mapping units. The mapping units may 

be either composite soil profiles from surface to 

bedrock, or individual soil or ~ock types. The se­

lection of the mappirig units should take into consi­

deration, (a) the proposed scale of the map, which 

fixes minimum unit sizes that can conveniently be 

shown, (b) whether or not the unit is identifiable 

as such on the stereo model and, (c) the practical 

requirements of the project. This preliminary 

legend mg,y h0.ve to be altered or modified, as addi­

tional information is obtained during the course of 

the mapping. 

(iii) The final step is the annotation of the photos for 

the whole area by analogy with the correlation ob­

tained in the key areas between airphoto indicatbr 

and soil profile. At this stage it should be pos-

sible to confine the field work to systemq~ic visual 

checks on the photo interpretation. 

2.4.16. The process just outlined is a simplification of what usually 

happens in practice. On most mapping projects undertaken by airphoto 

interpretation, areas are encountered where the indicators are poor, 

or where the. parent rock has no physical expression at all, due to 

alluvium and/or some other superficial deposit having effectively 

obliterRted all surface signs (3.4.2, 3.5.3, 3.6.2 to 3.6.3, 3J.2. 

to 3.7.4, and 3.8.2). The gaps left after direct annotation of the 

airphotos, hav~ to be filled in by tedious field work and an intimate 

knowledge of the probable sequence of events which have resulted in 

the present day conditions. Where thick surface deposits are exten­

sive, lines of de marc at ion between the underlying parent rock formations, 
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have to be established by boring sufficient holes in a series of sec­

tions at right angles to the probable direction of contact. In South 

West Africa such areas are not uncommon~ and surface deposits achieving 

depths of 20 feet or more, are far from rare. A heavy-duty auger thus 

becomes a necessary requisite for the application of this procedure, 

which naturally adds appreciably to the expense of the mapping. 

2.4.17. From the foregoing, it will readily be appreciated that the 

complexity of soil engineering mapping, in common with other allied 

forms of mapping, necessitates the services of a qualified and skilled 

geologist, who in addition~ must also be an expert photo interpreter 

if airphoto interpretation is to be applied. 

2.4.18. Presentation: The soil engineering map is finally compiled 

from the annotated photographs, by normal photogrammetric methods. To 

ensure sufficient accuracy for this purpose, four co-ordinated control 

points per annotated photo are often necessary. The exact number will 

depend on the angle of skew of the flight line, and hence the total 

number of photographs used per flight strip. Apart from the signifi­

cant geological boundaries, and those of their superficial surface de­

rivatives, the map should also show cadastral boundaries, all classes 

of roads including farm roads; ~ailways, farm houses, boreholes, dams, 

the position of all profile holes, drainage channels, areas of slope 

instability, seepage zones, and any other details that may be of ulti­

mate assistance to the road project. 

2.4,19. The scale of the map should be chosen with care for each par­

ticular project, bearing in mind, amongst other factors, the following 

pertinent points; (i) the pattern of the demarcation lines, (ii) the 

total amount of information to be recorded on the map, and (iii) . the 

number and size of small isolated occurrences which should be shown. 

In regard to the latter, these can be illustrated larger than true 

size where only occasional small patches are involved. This will pa~ 

mit. a sm~ller scale to be used than would otherwise have been neces­

sary. However, there is a tendency to choose the scale of the map to 

comply with a predetermined size and an optimum number of sheets, pri-

marily for the sake of convenience in handling. If the scale thus 

choseri is too small~ it will lead either to the quantity of essential 

detail obscuring the map and making it difficult to interpret, or al­

ternatively, to essential detail being omitted for the sake of clarity. 

This should obviously be avoided at all costs, as it detracts from the 
f 

ultimate value of the map. To date most soil engineering maps produ-

ced from airphotos in Southern Africa~ have involved a reduction of 

scale from/that of the aerial photography, scales having ranged from 
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1 in 3o,ooo to 1 in ~o,ooo. 

2o4a20. Basic geological data, such as solid bedrock formations, are 

depicted in colour on the map. The overlying soil profile is indicated 

by means of various standard hatchings. In addition the soil profile 

is given in symbols in each delineated arog,. For example, the formula 

P/SiSd/M refers to a soil profile consistin·g of scattered pebbles on the ... 
surface, overlying silty sand, which in its turn overlies mudstone.bed-

rock, probably in a weathered condition on the top. 

Each map is accompanied by a report giving details of mapping 

units and the indications by which theY were identified on the airphotos. 

The quality of the materials available, as judged from the recordings of 

the detailed soil profiles, possibly substantiated by an occasional test 

result, are inoluded, together with suggestions for possible use of rna-

terials in construction. This information can help with planning the 

prospecting, and also with any centre line soil survey which may possibly 

be necessary. 
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C H A P T E R 3 . 

THE USE OF AIRPHO TO I NT ERPRE TATION AS AN ~ ID TO PROSPECTING 

FOR ROAD BU ILDING MA TERI ALS I N SOUTH WEST AFRICA . 

3 . 1 . CIRCUMSTANCES WHICH LED TO THE INTRODUCTION OF THE USE OF AIRPHOTOS, 

3 . 1 . 1 . Introduction : One of t he basic pro blems in the construction of 

blac k top r ural roads in South West Afri ca, is the most economic usage 

of local materials . In thi s r e spec t the problem does not differ from 

that of similar r oad projects i n South Africa . However , our local 

geo l og ica l and t op ographical conditions, oft en c oupled with those of 

the ve ge t a ti onal cover, pose problems , that if not un ique , are not nor ­

mally encountered in the Republic of Sout h Afr ica today . 

3 . 1 . 2 . Conditions : Metamorphic processes have resulted in the geology 

of ma ny parts being variable , and subsequent weathering, transpor tation 

and depo s ition, have i n addition, created numerous surface gr avel depo ­

sits . These deposits vary in qua li ty from totally unsuitable, to suit ­

able f or use in t he basecourse layer of a bitumen surfaced road . Accu­

rate geo l ogical maps, espec i a lly those indicating such surfac e deposits , 

are n ot available . Due t o this, and t o the fact that South Wes t \fr ica 

is spars ely populated and i s in an ear l y s tage of development , these de­

posits remain virtually untouched, and their ex i s t ence has large ly still 

to be discovered . To complicat e the posit i on still furt her , large r e-

g ions of South West Africa ar e very f lat . In the central and northern 

parts of the t erritor y , whe r e these flat areas a re dense ly covered by 

tr eesand bush, and aft er rain by thick high grass too , visibility is 

reduced to a minimum (see Phcrtos 1, 2 and 3) . In such ar eas as these , 

(Photo by J . H. Caiger) 
Photo l : Flat terrain with dense tree and bush 
cover . (Between Suke es and Otjiwarongo) 



22 . 

deposits are sometimes covered by layer s of sand of up to 6 feet 

thick and more, with very little, if qny , surface sign to betray 

the presence of the gravel (ses Photo 9, page 44) . Prospecting by 

the normal recognized methods under any of these conditions, becomes 

large ly a question of "by gues s s.nd by God" . 

often yielded embarassing results in the past . 

Unfortunately this has 

(Photo by J . H. Caiger) 
Photo 2 : Limited visib ility in flat terr8in 
with dense vegetational cover . (Between 
Sukees a nd Otjiwarongo) 

(Photo by H. Roth) 
Photo 3 : Thick high gr>J.ss after rqin . (Be­
tween Sukses and Otjiwarongo) 

3 . 1.3 . Il l ustrated cases; (a) vJindhoek, (b) Kalkrand : Four cases , 

three from the Windhoek area and one from South of Kalkrand, are cited 

to illustrate the nature and seriousness of the problem faced, and the 

potential of airphoto interpretation in solving this pr oblem . 

3 . 1 . 4 . (a) Windhoek a rea : The three sections being illustrated are as 

follows, (refer to Figs . 1, 2 and 3) : 
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(i) On the 10 . 5 mil e sec tion of road be t we e n Windhoek 

and Brakwater , appr ox imately 6.7 miles of basecour se 

was stabilized with 5% lime i n addition t o mechan ical 

stabilization with a fin e silty so il in tha ratio of 5 : 1 . 

Subsequent prospec ting in the ar ea showe d this rela­

tively expensive process to be unnece ss 8ry, as grave l 

of nat ural basecours e qualit y is available . 

(ii) On the Windh oek - Ka ppa Far m road , 1 . 0 mil es of base 

was stabiliz ed with 4% lime . So on afterwards a l5POO 

cu . yard natural gravel ba se course source was l ocated 

not far fr om the cent re line of the road and clos e to 

the s t abilized sect i on . 

(iii) On the Windhoek - \ r i s rca~ a l ength of 5 . 9 miles of 

subbase was s tabilized wit h 4% lime . Some months 

after this particul ar ro ad was comple t ed and opened 

to traffic , an occ urre nce of gravel wa s located ad­

jacent to the centr e line along which the s ubbase had 

been s t abilized . This source contained 20j000 cubic 

yards of baseco urse qual ity gravel . 

3 . 1 . 5 . Examination of the respective airphotos shows that the unsa tis­

factory r esult s obtained by normal methods of pros pecting , could have 

be e n avoidedj with a consequent saving to the ~dministrati on of thou­

sands of Rand , had the t echniq ue des cribed in section 3 . 2 of this 

the s is be en applied . The exac t l ocalities of th e grav e l source s re ­

ferr ed to , together wit h some other pertinent sources, have been mar ­

ked on t he appropriat e airphotos, so that th ese ar eas can be exa mined 

ster eo scopically in relation t o the surrounding terrain . 

(Photo by H. Roth) 
Phot o 4 : A ground view within area A i n Stere o­
gr am l . A dept h of up to 4 f ee t of gravel over ­
lies the mi ca- sc hist f ormati on (see Tes t Result 
Shee t 1) . 
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3.1. 6 . Wi th i n ar ea A in St ere ogr~m 1 , which shows the road near Brak-

water , a good natura~ basecour se gravel has recently been l ocat ed (see 

Test Result Shee t 1 and Photo 4) . Area B conta i ns sim i lar gravel , as 

yet untested due to the pr ese nt lack of demand . I n fact , suitable 

natural gravel is plentiful in the vic i nity of ar ea B, and extending 

downstream . 

3 .1. 7 . Areas A i n St ereogram 2 show where the 15 , 000 cubic yards of 

basec ourse qualit y quartz grav e l was obtained for the roqd to Kapps 

Farm (see Tes t Result She e t 2) . The centre line of t he new bitumen 

surfaced ro a d over this section 1 is c l ose to that of the old road whb h 

can be seen in thi s Stare ogram . I n St ereogNJ m 3 , A shows ye t another 

place whe r e sub base qual i ty grav e l wa s located by normal prospecting 

meth ods at such a late s tage of the construction, that it was not 

possible to pl an the most economic usage of the source (see Test Re ­

sult Shee t 3) . 

3 . 1 . 8 . In Stereo gram 4, A is t he sit e whe r e 20 1 000 cubic yards of 

basecourse qualit y grav el was l ocated ~ft er t his particular sect i on of 

the r oad betwee n Windhoe k and Ar i s, had already been opened to traff i c 

(see Test Result Shee ts 4 and 4 A) . B i s ano ther similar area, which 

fortunately was locat ed in tim e to be used in the bas ecours e . A and B 

i n Stereogram 5~ are th e l ocalities fr om which most of t he lime - stabi­

l ized subbas e gravel was derive d . Th e t est r esul ts of the natura l 

grave l were simil a r to those re corded on Tes t Resu l t Shee t 5. These 

are the t es t results of a wor kabl e depth of plastic gravel, from a 

locality indicated by the arrow B i n St er eogram 3 (3 .1. 10) . 

3 . 1 . 9 . A br i ef geo l ogical description of the 1¥indhoek region is neces ­

sary to indicate the basis for airph ot o i nterpretati on of good quality 

road building quartz grav e ls . The r egi on , which enjoys an average 

annual rainfall of about 14 . 5 inc hes (370 mm . ), c onsis t s mainly of 

mica- s chists and q uartzit es fr om the Khomas Seri e s of the Damara Sys ­

tem. Within these format1ons 1 veins and l enses of quartz occur . I t 

is gene rally accep t ed thatthis quartz was developed dur ing t he me tamor ­

phic processes whi ch resul ted i n the formati on of t he mica - sch ists and 

quartzites, a nd was not an i gneo us in t rus i on . This quartz 1 be ing more 

durabl e tha n either t he mica- schists or t he quartzites, has weathered 

at a considerably slower rate , thus f orming r es i dua l and transported 

quartz gravel sources, which, in vary i ng thic knes se s , cover practically 

the whole surface area . The so il f ines portion of these gravel occur­

rences, fluctuat es considerably i n plastic ity . Mo st of the soil fines, 

whet her plastic or n ot , a r e deriva tiv es of t he predominant mica- sch i st 

formations . The fluct uation i n their pl asticity is caused primari l y 
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by variations which were est~blishe d in the pgrent mqteri~l during the 

formative metamorphic period, and to a lesser degree by the present 

state of weathering and decomposition . Soil fines produced from the 

occasional quartzitic formati o ~ s ar e all of low plasticity . 

3 . 1 . 10 . The general r equirements for a good quality gravel source, 

apart from the more specific s pecifications, are that it be of rela­

tively low plasticity and not too finely graded . Further, practical 

considerations dictate that a minimum average depth of 12 inches and 

a guaranteed minimum quantity of 3,000 cubic yards 9 is required under 

the prevailing topographical conditions, before the source cgn be sa-

tisfactorily and economically worked . Over much of the surface area , 

the gravel layer is far too thin to be workable, and in many placeswhere 

it is sufficiently thick, it contains soil fines which are too plastic . 

So, despite the fact that practically the whol e surface area is covered 

with quartz gravel, the vital occurre nces of such economic importance to 

the construction of rural roads in the area, are relatively few in nu~er 

and are often difficult to locate by normal methods . 

3 . 1 . 11. However, the requirements for good grav e l sources, also provide 

superior water absorption and r e t~ntion qualities to t hose generally per­

taining in the surrounding terrain . This fosters the growth of vegetation, 

resulting in a greater size and intensity of growth, of both trees and 

scrub bush . To the trained observer, such areas are readily discernibm 

on the airphotos , from their distinctive surface textural appearance 

(2 .3. 6) . A close stereoscopic study of the areas embracing good gra-

vel occurrences, in relation to the surrounding terrain, and more spe ­

cifically, in relation to area B in Stereogram 3 and areas A and B in 

Stereogram 5, all of which contained inf erior gravel of workable depth, 

(Photo by H. Roth) 
Photo 5 : A ground view at the point of arrow 
C in Stereogram 1 . Despite the surface signs 
the gravel is no more than a few inches thick 
at this site . 
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will illustrate the degree of difference which can be expected in 

texture of vegetation (see Stereogramsl to 5 and Test Result Sheets 

1 to 5). It is stressea that the vegetation is not of a different 

type, but varies only slightly in size and intensity of growth. Such 

variations are sometimes difficult to distinguish from the ground, 

where the view may be limited (compare Photos 4 and 5). They can 

thus easily be missed by normal prospecting methods, even when the 

terrain has been adequately covered. 

3.1.12. The transported material in flood ~lain areas of drainage 

channels., often provides more favourable conditions for growth, than 

even those of the good quality gravel occurrenc·es described above. 

Such areas also contain larger trees and more intensive growth than 

that of the surrounding terrain. The material in these flood plains; 

however, is usually too finely graded to too great a depth, to make the 

working of a possible coarser gravel layer underneath, an economic pro­

position. Due to their topographical/location, such areas can easily 

b\ spotted on the airphotos, and immediately discarded as possiblerourres 

of high q1,1ali ty natural gravel. 

Other areas which result in a similar textural appearance ori 

the airphotos, cannot be discarded without a field check. The dotted 

areas B in Stereogram 2, are a case in point. These areas are actually 

densely covered with a small scrub bush, and contain no large acacia 

trees as do the adjacent areas A, which demarcate good sources of gra­

vel. The thick scrub bush cover has formed over the surface contact 

between mica-schist and quartzite formations. 

3.1.14. (b) South of Kalkrand: (refer to Figs. 1, 2 and 4): On the 

contract between Kalkrand and Mariental, preliminary investigations 

indicated that it would be necessary to crush calcrete, or calcrete 

conglomerate, for an appreciab+e length of the basecourse layer. The 

contract was based on this information and only a nominal quantity 

of natural gravel for basecourse was added to the bill of quantities, 

in order to obtain a price. The contractors priced without giving 

serious consideration to this latter item, which was naturally assumed 

to be relatively unimportant. Some months after the contract began, 

and after the first calcrete had already been crushed, the Resident 

Engineer's staff located extensive quartz gravel deposits, which 

occur from Kalkrand southwards for a distance of approximately 14 

miles, but only on the western side of the dotted line X - Y (see 

Figure 4). This gravel was found to be suitable for use in the 

basecourse layer, either as stock-piled, pr after the addition of 

a small percentage of non-plastic dune sand. It was eventually 

' 



used in the base for approximately 27 miles, which was more than half 

the contract distance. 

layer. 

It was also used for many miles in the subbase 

Had the contract documents reflected the true significance 

of this gravel, then the pricing of the bill of quantities would in 

all probability have been affected appn~ciably and might even h·ave led 

to the contract being awarded to a different firm. ~s it was, the 

successful tenderer had underpriced the small quantity shown against 

this item. The much larger amount of approximately 40~000 cubic 

yards, eventually used in the 'basecourse, was instrumental in putting 

this firm under judicial management, and consequently causing both the 

Consultant and the Administration anxiety, as to whether or not the 

contract would be completed. The completion date was in any case de-

layed, due, amongst other things, to the dislocation of construction 

activities caused by the late discovery of these deposits. 

3.1.16. The lack of full information in the planning phase, probabzy 

affected the location of the road as well. At this stage a route run-

ning West of Kalkrand was seriously considered, and would almost cer­

tainly have been adopted, had the full facts been available (se€ Stereo­

gram 6). The route could then have continued along the eastern boundary 

of the quartz gravel deposits, thus resulting in an appreciable saving 

on haul distance, especially over a six mile length of road, where the 

dead haul, which varied between 1 and 1! miles, could have been reduced 

to practically zero. 

is negligible. 

The difference in length between the two routes 

3.1.17. The ba~is on which airphoto interpretation could have been 

used to advantage in this case, will be more readily followed after 

consideration of the general geology of the area. Contemporarily 

this region receives an average annual rainfall of about 8.5 inches. 

It is a marginal area of the Tertiary Kalahari System, from which the 

sand has been removed by erosion, exposing surface limestones and quartz 

pebble gravels. The quartz pebbles are rounded, and were obviously de-

posited during an earlier wet period. Percolating calcium carbonate 

solutions have subsequently coated these pebbles at many localities, to 

form calcrete conglomerates. Where quartz gravel deposits of three 

foot or more in thickness occur, these have tended to protect the un­

derlying Stormberg basalts or lava (Karroo System) from erosion, and 

weathering has been most severe where the pebble covering was either 

thin or non-existent. The good deposits of low plasticity are, there-

fore, generally to be found on high ground or capping ridges. Quartz 

gravel has naturally also collected in the low "swallow-hole" areas, 
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which form the typical internal drainage pattern of this type of sur­

face limestone occurrence (see Stereogram 7). However, the gravel in 

these "swallow-holes" tends to be variable in layer thickness and con­

tains plastic fines often in relatively high percentages, which have 

accumulated in the low spots through a process of dovmward leaching. 

3.l.l8. In Stereogram 6, the position of a large quartz gravel de­

posit due West of Kalkrand is indicated by arrow A. The approximate 

boundaries of this deposit can be demarcated on the airphotos from a 

slight change of tone, caused by the preponderance of surface quartz 

pebbles within the borrow pit area. The indicator is not very well 

defined; and it is stressed that the marked boundaries are approxi-

mate rather than exact. The tonal change ~an possibly be noticed 

best under a small magnification stereoscope which provides a reason­

ably wide areal view. In Stereogram 7, the loc~lity of a long quartz 

gravel deposit, in which four separate borrow pits were establi~hBd, 

is indicated by a dotted line, following the watershed of a prominent 

ridge, from which a distinctive local parallel drainage pattern has -

developed. This pattern is in marked contrast to the general calcrete 

swallow-hole pattern of internal drainage, and is also in marked con­

trast to an adjacent local sub-dentritic drainage pattern, which has 

formed in the basalt underlying a relatively thin layer of calcrete. 

Once the exact position of a portion of this deposit had baeri fixed 

in the airphotos, it was possible to indicate the northern and southern 

extremities of the source from the watershed of the parallel drainage 

pattern. Indicators for exact eastern and western boundary demarca-

tion of the relatively narrow depo~it, are not definitely distinguish-

able. It is possible that a larger scale of photography might have 

shown some change of tone and/or texture, making more exact demarca­

tion possible (4.4.1). 

3.1.19. Since most of the quartz gravel deposits are, to a greater 

cir lesser extent, impregnated with calcrete, they have tended to lose 

their individuality, and 9 as far as airphoto indications are concerned, 

have in effect become part and parcel of the surface limestone forma-

tion. In general, such surface limestones have proved to be the most 

difficult of formations, in which to achieve results of the high degree 

of dependability, which can normally be expected from the use of photo 

interpretation as a direct aid to prospecting (4.5.2). Despite this 

difficulty, there are still sufficient airphoto clues, as illustrated 

above, to have ensured the discovery of the true materials position in 

the planning phase of the project, had the technique described in sec-

tion 3.2 been applied. ~s it was, the preliminary investigations did 
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bring to light small deposits of quartz gravel, but, without the aid 

of airphotos, these were thought to be only isolated pockets of no 

practical importance, and their true signific~nce was missed, with 

the unsatisfactory consequences already described. 

3.1.20 Airphoto interpretation introduced: Incidents such as those 

recorded above~ must obviously be avoided. If this is to be achie-

ved using conventional methods of prospecting; then large teams head­

ed by trained technical personnel, will be necess8ry for most projects, 

so as to ensure that the field work is completed within a reasonable 

time. Technical petsonnel, however, generally in short supply, are 

at a premium in South West Africa, and are certainly not available in 

the numbers that would be required for the more difficult projects. 

Airphoto interpretation, using two distinctly different approaches, 

was introduced as an aid to materials investigations for road pro­

jects, in an attempt to solve these difficulties (4.1.1 to 4.1.2). 

THE TECHNIQUE OF USING AIRPHOTO INTERPRETATION AS AN AID 
TO ROUTE LOCATION AND DETAILED PROSPECTING. 

3.2.1. Basic concept: The technique of using airphoto interpretation 

as an aid to route location and detailed prospecting, has been developed 

in South West Africa to overcome the difficulties caused by the environ­

mental conditions and to fulfill the needs of the following basic con­

cept, which concept holds true for conditions over much of South West 

Africa (3.1.2) : 

As a road is built entirely out of materials, it follows 

that the theoretical minimum possible cost of construction 

is governed by the most economic usage of the materials 

supplied by nature, whether these be processed or not. 

The primary objective of the materials investigation 

should always be to establish this criterium as closruy 

as possible, and not merely to arrive at a satisfactory 

solution. The cheapest materials solution is often go­

verned in its turn by the availability of low-cost subbase 

and basecourse sources. This question is of much more 

importance, than attempting to estimate the cover re­

quired by the in situ material throughout the length 

of the road (i.e. centre line soil surveys). This is 

especially true in flat terrain, where drainage condi­

tions in any case often dictate an imported cover of 18 

inches or more, and a centre line soil survey for design 
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purposes becomes unnecessary. In other cases, an 

increase of a few inches in the cover requirements 

supplied from cheap sources, would not influence the 

total cost of the work as much as the use of expen­

sive subbase and basecourse materials, with perhaps 

a ~lightly smaller overall cover (texts of sections 

3.3 to 3.8 inclusive). 

3.2.2. Adaptability : Before describing the general operationa~ 

technique of using airphotos and airphoto interpretation, as an aid 

to extablishing the most economic route and also as an aid to detail­

ed prospecting along the chosen location, it is stressed that the best 

sequen~e of operations.may often vary from job to job, depending on lo-

cal conditions and special requirements. Thus, the technique must 

remain adaptable if full benefit is to be derived from airphoto inter­

pretation. 

3.2.3. Route location : Where topographical, drainage, military, or 

other local considerations do not dictate a particular location between 

two fixed points, the distribution of low-cost subbase and basecourse 

materials will be the deciding factor in the final location of theroute 

(3.2.1). This is by no means an uncommon occurrence in South West 

Africa; and such conditions necessitate a preliminary materials ap­

praisal of a wide strip of country effectively covering the area of 

possible location (3.3.1, 3.5.6 to 3.5.10, 3.7.15, 3.8.4 to 3.8.7). 

Speed is often essential, as detailed work on the project must be 

delayed -until a.decision on the location has been reached. It is 

here that the airphotos are of inestimable value. The technique in 

this case, is to note all prominent features on the airphotos, and 

then field checi at least two or three different lo6alities for each 

similar type of feature. \ny likely sources of base or subbase ma-

terial should be noted, and if time allows, sqmpled for laboratory 

testing. With practice and the application of ones local knowledge, 

the potential of large areas of country can be appraised quickly and 

fairly reliably, thus enabling a decision on the most economic loca­

tion to be made with a reasonable amount of confidence. 

3.2.4. Detailed prospecting : After the location has been determined 

the detailed prospectirig is undertaken. A 6 mile wide strip of coun-

try9 that is approximately 3 miles on each side of the centre line, is 

investigated initially. Detailed stereoscopic study of the airphotos 

should now become a daily routine. From these studies the long term 

and the day-to-day work of the prospecting operations, can be systema-

tically planned. Experience has shown that the girphotos can be 
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studi~d to the best advantage under good artificial lighting in the 
-

evenings, when the following day's work can also be planned. If 

this practice is followed, a surprisingly short time is required to 

gain a really intimate ~nowledge of the area being investigated. 

3.2.5. Prospecting for subbase borrow pits at economic haulage dis-

tances is normally the first step. This usually amounts to sampling 
~ 

all likely sources close to the centre line and Rt approximately 5 to 

6 mile intervals, and to locating the exact sampling points i~ the air-

photos. Provided the sources sampled display distinctive physical 

characteristics, their boundaries can be demarcated accurately on the 

airphotos (2.4.2). After the test results become available, the road 

building potential of these sources and, by interpolation, of similar 

sources within the full area embraced by the 6 mile wide strip, can 

be gauged with a reasonable degree of reliability. This has been 

put to the test by sampling gravel from the same general feature .but 

at different localities and also by sampling gravel £rom a similar 

feature but in a different area. Test results gene~glly have been 

surprisingly consistent (3.5.9, 3.5.14, 3.5.16, as well as ·other exam-

ples in the texts of Chapter 3). Formations which obviously hold out 

no prospects, can now be completely avoided, and the prospecting effort 

concentrated in the more likely areas. In other words, it is now pos­

sible to plan the prospecting operations with a good degree of certainty 

that the borrow pits sampled will give the most economic usage of the 

local materials. 

3.2.6. In the next stage the prospecting operations develop largely 

into a routine process of borrow pit sampling, which can be speeded up 

considerably by increasing the field party, provided the laboratory 

facilities are available for handling and storing large numbers of 

samples. The exact positions of all base, subbase, and shoulder 

borrow pits sampled, should still be marked on the airphotos. This 

information is needed for ~he annotation of the mosaics and later, for 

the detailed planning of the use of borrow pits, and for the prepara­

tion of localfty diagrams for those borrow pits situated at some dis­

tance from the centre line. On projects where this latter number is 

appreciable, the airphotos can be very useful, as accurate local~ty 

diagrams can be traced from them in a matter of minutes. If this 

technique is followed, the chance of missing any significant deposit 

within the 6 mile wide strip is considerably reduced and, after prac­

tice, becomes negligible. 

3.2.7. The use of mosaics: Mosaics of the whole region to be inves­

tigated, should be prepared at the outset and should then be used in 
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conjunction with the stereopairs. In flat terr~in unrectified mosaics 

will serve adequately for this purpose. General information, such as 

the position of farm boundaries, camp fences; ~nd water points etc., 

can conveniently be added to the mosaics which can then sefve as a 

base map for the planning of the oveJnll field operations. The exact 

position of sampled borrow pits must be copied on the mosaics from 

tho stereopairs~ and the deposits which those represent, should then 

be delineated. Significant occurrences will be readily apparent from 

the test results, and by analogy with their airphoto indicators, it 

will be possible to demarcate other similar likely sources. On com­

pletion of the annotation in this fashion, the materials position will 

be available in a form which can be seen and appreciated at a glance; 

and if a centre line soil survey is necessary, this can be intelligent­

ly and economically planned from these annotated mosaics. 

3.2.8. Personnel : No additional personnel over and above those nor­

mally used in materials investigations, are required for the application 

of this technique. However, either the person in charge of tho field 

operations, or the engineer directing the work in general, but prefer­

ably both, should possess the following attributes : 

(i) be observant and inquisitive; 

(ii) have undergotie training in airphoto inter­

pretation; 

(iii) 

(iv) 

( v) 

have had many hours of practice in the use 

of stereoscopes; 

have a basic knowledge of g~ology; and, 

be an expert in the materials field of rural 

road engineering. In this regard familiarity 

with materials specifications and the ability 

to relate construction practices to the work­

ability of prospective sources, is particularly 

important. 

3.2.9. Equipment : Items (i) and (ii) below, are essential additions 

to the equipment nbrmally used for prospecting, while item (iii) may 

be very useful under certain circumstances: 

(i) A large stereoscope is required for detailBd study 

and annotation of the airphotos in the office. While 

annotating a stereopair, movement of the stereoscope 

itself is obviously undesirable. The stereoscope 

should therefore, either be capable of scanning the 

full overlap, or the table on whicb the airphotos 

are placed for examination, should be fitted with 
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some mechanism, such as runners, to allow free 

movement along directions both parallel 8nd ver­

tical to the line of flight, thus enabling all 

parts of the overlap to be studied and annotated 

under one set-up. A further essential require-

ment of the stereoscope is that ·it should incor­

porate magnifications of the order of 1! and 4, 

so that wide coverage on a small scale and small 

cover'l.ge but on a luger scale, are both readily avail-

able. The relative use made of the respective 

magnifications for any particular job, will depend 

on a variety of factors, but especially on the scale 
-

of the photDs and the nature of the significant road 

building materials • 

(ii) A field stereo-set is also necessary and should con-

sist of a pocket stereoscope with magnetic feet, and 

a light metal table capable of taking one stereopair 

of photos. The photos are kept in position on the 

metal table by 6 small magnets. The set can easily 

be handled in a vehicle, and is required for stereo-

scopic studying of the terrain on the spot, and for 

ensuring that the exact' location of each relevant sam­

pling point or borrow pit site is correctly marked on 

the airphotos. 

A pair of stereo-spectacles can be substituted 

for the pocket stereoscope. However, experience has 

shown that these have one or two serious disadvantages 

for this type of work. One's head is inclined to move 

out of focus very easily when scanning the stereopair. 

This results in an undu~ strain being placed on the 

operator's eye~.· As long hours of stereoscopic work 

are necessary, this is regarded 8S a s~rious disadvan­

tage. Sufficient practice in the use of th~ spectacles 

might however, go a long way to eliminqting this com-

plaint. In flat bushveld country another disadvantage 

of the particular pair used, was the small vertical exag­

geration. This made it more difficult to distinguish 

slight depressions and rises, which are often signifi­

cant from a materials point of view. In hilly country, 

of course, the small vertical exaggeration would not 

necessarily be detrimental, and might even prove to be 
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an advantage in certain cases. 

(iii) Various hand augers are often useful, especially 

where sand of vari~blG thickness covers suitable 

gravel. The augers can be used to establish 

quickly areas of minimum sand cover, as well as 

those where the sand layer is uneconomically 

thick. The digging of unnecessary heles can 

thus be avoided, resulting in an appreciable 

savina of time and labour. 
~ . Under extremely 

dry conditions, such as those prevqiling in 

most parts of South West Africa, successful 

augering in sand, silts, or clays, requires 

the regular addition of small quantities of 

water. These augers have other limitations 

as well, and local experience is the best guide 

as to whether or not benefit will accrue from 

their use on any particular project. 

SEE IS OMITARA 

3.3.1. Terms of reference : The location of the Trunk Road over a 

distanc~ of approximately 27 miles between Seeis and Omitara, revolved 

round the selection of one of two main possiblities, designated re-· 

spectively as the Northern and Southern Routes. The Northern pos-

sibility follows more or less the existing road, while the Southern 

Route runs along tho boundary fences between the farms Bodenhausen 

191 and Excelsior 286, Okatumba Slid B and A (192 and 197 respective~) 

and Muambo 130, to a point on the boundary fence between Silversands 

and Safari.l29. From this point the route runs approximately north­

east, traversing the farms Silversands and Orumbo 19~ and then running 

immediately South of the mountains on Otjivero 202, finally to cut 

across Omitara II/ est 203' and join the existing road and Northern Route 

on the farm De Hoop 110 (see Figs. 1 and 5). This location is about 

I! miles shorter than that of the Northern possibility. This fact, in 

conjunction with the drainage and other considerations, made the selec-

tion of the latter Route an uneconomic proposition, unless the cost of 

the road building materials was to be appreciably less than that of the 

Southern Route. A materials appraisal of a strip of country effective-

ly covering the significant area along bot~ Routes, was therefore under-

taken. The area of country involved was of· the order of 150 to 200 

square miles extent. 
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3.3.2. Geology : The region under consideration forms part of the 

Damara System. The annual average rainfall and significant geolo-

gical occurrences are similar to those described for the Windhoek 

area (refer to 3.1.9 and Fig. 2). In this region however, sand 

deposited during flood periods often blankets both gravel sources 

and basic geological formations. This is especially true of the 

area adjacent to the Southern Route. 

3.3.3. Topography and vegetational cover The terrain is mainly 

flat, but does contain occasional hills and undulations (see Stereo­

grams 8, 9 and 10). In the eastern section,the Southern Route skirts 

a quartzitic mountain range, which then runs in a general north-easterly 

direction out of region investigated (see Fig. 5). The whole area is 

covered by stunted acacia trees and, in certain locblities by scrub 

bush as well. In places where thick sand occurs, yellow wood (Termi-

nalia Sericea) and larger acacia trees may be found. After rain the 
" grass forms a thick carpet on the otherwise bare ground between the 

trees and bushes. 

3.3.4. Appraisal, both Routes: The general technique adopted for this 

type of appraisa~ has be0n described in paragraph 3.2.3. Using this 

approach, an abundance of good quality road building material was found 

to exist along both Routes (see Test Result Sheet-6 and Fig. 5). The 

most significant deposits usually occur on high ground and straddle many, 
• but not all, of the hills. They consist of quartz gravels, which occur 

in large quantities in layers from 18 inches to 3 feet thick, and are 

often exposed, or found under a thin layer of sand only. Deposits lower 

down the slopes and on the fl~ts, generally underlie a thicker sand 

cover, and tend to occur in relatively thin lqyers containing markedly 

more-plastic fines, due to the process of downward leaching. On ac-

count of the abundance of readily available high quality gravel along 

the Southern Route, this location became the obvious financial selec­

tion, and was hence recommended for final approval (3.3.1). 

3.3.5. Photo interpretation: Stereogram 8 (stereotriplet actually) 

shows where gravel samples were taken from holes A, B, C, D, and E 

along the Southern Route (see Test Result Sheet 6 and Fig. 5). The 

boundaries of the sources sampled were demarcated from their topo­

graphic position, texture of vegetation, and lighter tone generally 

but not always, exhibited by the less plastic gravels (3.1.11). This 

change in tone is illustrated by th~ respective positions of the ho~s 

B, C, and D and the corresponding sample test results, which show the 

tendency of the plasticity to increase on the lower reaches.. The 

dotted areas were marked by analogy with those qctually sampled, and 
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a few of the former, which were field checked, were found to contain 

visually similar quartz gravel. No attempt has been made to demarcate 

all likely sources, due to the wide-spread nature of the gr~vel occur-

rences. Holes F and G in Stereogr0m 9 (stereotriplet) are two furtrer 

localities sampled along the Southern Route.- The deposit represented by 

F, is primarily identifiable in the airphotos from its relief and tex­

ture of vegetation, while that represented by G is similar to some of 

the sources demarcated in Stereogram 8, although it is not quite so 

well defined. Test results of samples from hole G illustrate again 

the tendency to downward ·leaching of plastic fines, resulting in an 

increase in the Plasti6ity Index with depth. ~ few areas where simi• 

lar gravel de~osits can be expected, have been demarcated with dotted 

lines. Stereogram 10 (stereotripiet) shows a section of the proposed 

Northern Route along the existing road 8nd adjacent to the Nossob River. 

Test results of samples from hole K and th~ qirphoto iridicators of the 

encompassing demarcated. source, illustrate the similarity of the gravel 

1 occurrences along bo~h Routes. Dotted areas qgain indicate some of 

the other possible gravel sources. 

3.3.6. Time factor: Using the technique developed and the experience 

gained under similar environmental conditions in the Windhoek area, a 

period of two days was all that was required for the field identifica­

tion of significant airphoto variations, and for the sampling of typi­

cal potential road building gravels (3.2,3, and 3.1.4 to 3.1.13). 

After the test results became available, it was possible to annotate 

a mosaic 'showing both Routes, with detailed materials information 

similar to that shown in Stereograms 8, 9 and 10. This information 

was available within a relatively short time, to those responsiblefor 

the final decision on the location of tho route. 'Had conventional 

methods been used, a muc0 longer period of field work would have been 

necessary to accumulate the same amount of information with an equi­

valent degree of reliability. 

KLEIN OMATAKOS SUKSES 

3.4.1. Introduction: The initial investigations and planning of the 

road from Okahandja to Sukses, a distance of 66.5 miles, was undertaken 

by a firm of consulting engineers (see Fig. 1). For the last 15.5 

miles, that is from the Klein Omatako Mountains to Su~ses, the Consul­

tants recommended, (a) that shoulder material be transported for a 

distance of up to 13.5 miles and, (b) that the basecourse be either 

constructed from crushed natural gravel for the full distance, which 
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recommendation would have involved leads of up to 15.5 miles; or 

alternatively, that the crushed natur~l gravel be used for approxi­

mately 9 miles, followed by 6.5 miles of experimental base constructed 

from lime- and/or bitumen-stabilized sands (see Fig. 6). These propo­

sals would have resulted in an expensive ro~d and were not immediately 

acceptable to the Administration. The Consultants were not prepared 

to carry out any further work, being convince1 that they had already 

recommended the best financial solution under the circumstances. The 

Roads Branch of the ~dministration thus undertook a materials apprais~ 

of the area, using the method of prospecting developed from the qid of 

airphoto interpretation (3.2.4 to 3.2.6). 

3.4.2. Environmental conditions (refer to Fig. 6) : The Omatako and 

Klein Omatako Mountains, situated in the extreme South of the area un­

der consideration, are formed of shales and sandstones from the Storm­

berg Series of the Karroo System, and of intrusive dolerite, usually 

in sheet form. They owe their present day existence as mountains to 
' a concentration of this dolerite, which has proved more weather resis~ 

tant than either the shales or the sandstones, and has tended to protect 

these latter formations. The foothills are littered with boulders and 

pebbles of quartzitic and sandstone origin, deposited around the same 

period. To the North, the sandstones and shales have weathered con-

siderably faster, and have subsequently been covered by thick sand to 

form a very flat topography. Auger holes were sunk to 20 feet and 

more at various places over a wide area in this plain, without encoun-

tering rock formations. Immediately South of Sukses the basic geology 

changes to that of the Damar~ System, but there is no corresponding 

change in the flat nature of the topography (3.5.2. to 3.5.5.). The 

depth of the sand cover, however, is considerably reduced, and is often 

as little as 5 to 6 feet. Surface limestones have formed in this area, 

as well as in the vicinity of the Klein Omatako Mountains; but in the 

intermediate area no such deposits occur, due in pArt no doubt, to the 

extreme1y thick sand cover which is not so conducive to the development 

of calcretes. The .area is traversed by three rivers, the Omurambo 

Omatako, the Ebuameno River, and the Sukses OmurAmbo, which flow in a 

general easterly direction. The annual average rainfall is of the 

order of 360 mm. (14.1 inches), and ~fter rqin 1 the whole areq is co­

vered by thick grass in addition to the permanently estqblished acacia 

trees (see Fig. 2). Scrub bush is encountered in isolated localities 

and is often associated with surface limestone occurrences. 

3.4.3. Shoulder material: Specifications for shoulder material are 

not particularly exacting, and can usually be met from reasonably 
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spaced local sources. Hence as a first step, it was considered 

essential to reduce to reasonable proportions, if possible, the 

maximum lead resulting from the Consultants' proposals. Test 

results of the surface limestones immediately South and West of 

Sukses, quickly confirmed the Consultants' statement regarding its 

general high plasticity and inferior quality. Prospecting effort 

was thus concentrated on the eastern side of the new centre line, 

where the limestones appeared to be of better quality. ~ suitable 

surface limestone deposited, designated borrow pit 64.5, was loca­

ted in the position indicated in Stereogram 11 (see Test Result ~oot 

7). A close stereoscopic study of the airphotos, shows that the 

boundaries of the deposit can be delineated easily from a marked dif-

ference in the texture of vegetation. Small scrub bushes cover the 

area of the limestone occurrence, while the encompassing terrain is 

covered by the usual acacia trees. This difference is readily de-

tectable on the ground as well, but under the conditions prevailing, 

the chances of locating so small a deposit at such a distance from 

the centre line by normal ground prospecting methods, ar~ remote. A 

second limestone deposit of similar quality was located about 6 miles 

further South, and li miles West of the centre line (see Test Result 

Sheet 8). This deposit and adjacent likely sources were demarcated 

on the airphotos by direct analogy with a calcrete deposit already 

located by the Consultants. The airphoto indicators are a slightly 

raised topography and a lighter grey tone (see Stereograms 12 and 13~ 

Airphoto interpretation was further used in assessing that no suitable 

deposit within 3 miles of the centre line, existed between these two 

borrow pits; and due to the success previously achieved by this method, 

this assessment was accepted as reflecting the true position (3.2.4 to 

3.2.6). 

3.4.4. Basecourse: The basecourse investigation was started at the 

Klein Omatakos, where the Consultants had recommended the use of crushed 

natural quartzite gravels. Prospecting was aimed at trying to locate 

some source which would lend itself to lime stabilizatio~ and so provide 

an alternative to crushing. Intensive work in the area confirmed that 

nothing of significance had been missed. However, a dolerite dyke, or 

sheet, of which the Consultants were unaware,was located with the aid of 

the airphotos within 0.4 miles of the centre line. The main and subsidiary 

exposures, are a mere 12 to 15 feet, and 3 feet wide, respectively. Their 

individual positions are indicated in Ster'3ogrsm 14 by the tips of arro,..rs 

A and B (see Photos 6 and 7). The chief airphoto indicator is undoubted­

ly the linear form of the exposure, which, on account of its extreme nar-· 

rowness, is only readily discernible when viewed through a stereoscope or 

lens of at least a four magnification. A difference in.tone of materials 

along bare sections, and a lack of growth where the adjoining country is 



39 . 

heavily vcget~t ed , is also ~ppqrent (4 . 5 . 1 gnd 4 . 5 . 4) . The dolerite 

gravel is of sufficiently good quality t o have been used as B lime ­

stabilized bas e, but unfortunately the m~terial along the contact s is 

of such inferior quality, that th e admixi ng of even a smell percentage 

thereof , would render the source useless . The narrowness of the 6ut -

crop theref ore , precluded the prPctical possibility of its use as a 

basecoursc material . The exposure does serve t o illustrate, however , 

the size of sourc e which can be located by this method (3 . 2 . 4 to 3 . 2 . 6) . 

(Photo by H. Roth) 
Photo 6 : ~ dolerita outcrop of 
barely 12 to 15 feet in surface 
wi dth, which was locate d from a ir ­
photos . In the background the 
Omatako Mountains can be seen . 

(Photo by H. Roth) 
Ph oto 7 : A subsidiary to the expo ­
sure of dolerite shown in Photo 6 . 
The dolerite is the centrally pla­
ce d , dark coloured, formation bor ­
dered by red~ish material . The 
width of the occurrence is 3 foot . 

3 . 4 . 5 . North of the precincts of the Omatako and Klein Omstako Mountains , 

and up to the change in basic geo l ogy close t o Su~ses , conventional base ­

cours e material does not exist within economic depths of the surface 

(3 . 4 . 2) . A f Gw auger holes in featur es selected from the airphotos to 

cover this region effectively, were sunk for confirmation purposes before 

proce ed ing with de t ailed prospecting in the vicinity of Sukses . Systematic 

checking of all featur es observed on the airphotos in this l atter area , 

led to the discovery of a numb e r of quartzose lateritic gravel deposits , 

wh i ch had formed over granitic rocks in layers of approxi~ately two foot 

i n thickness . ?ive to seven f ee t of s~nd usu~lly cover th ese grav e ls , 

and in consequence surface sign is ne glibib l e . The deposits are situa -

ted wel l East of Sukses, the c l osest to tho centre line , and fortunate l y 
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the best in quality ~nd quantity, being just under 4 miles ~way (see Fig . 6) . 

(Photo by H. Roth) 
Photo 8 : Quartzose later itic gr~v al near Suk­
ses being stock- piled for use in the basecourse . 
Note standing wqter due to poor drqinage cond i ­
tions . 

The position of borrow pit 68 . 2 , located in this particular source, is 

indicated by an arrow in Stereogrgm ll (see Test Result Sheet 9) . Its 

approximate boundaries were delineated on the airphotos from, (i) a 

slight depression in the topography , (ii) the t ext ure ~nd height of the 

trees and , (iii) a darker grey tone, due to the ralqt ively poor surface 

and sub- surface drainage condit i ons , dsspite the non - plastic nature of 

the soil fines (sea Photo 8) . The depression is qctu~lly so slight 

that it is diff i cult to ob s erve on the ground, but is definitely re ­

vealed by the vertical exaggerat ion and wider field of vision provi-

ded by a stereoscope . The trees ~re of the yellow wood variety , and 

grew t~ller but more sparsely than the ~cqcia trees of the encompassing 

te.rr3-in . The effect is n otice~ble i n the airphotos from the relative -

ly open textural appear~nce of the yellow iOOd trees. The deposit i s 

not very well defined, and i ~cludes ordin~ry granitic pocke ts within 

its ~r ea (see borrow pit diagrgm on Test Result Sheet 9) . These pockets 

can be n oticed under close stereoscopic examinqtion, but the intric~cy 

of their boundaries, together with the scale of the photos (lin 36 ,000) , 

makes exact dem~rcation diff icult . The l ocality indic~ted by arrow A 

i n Stereogram 11, also contained a small amount of lateritic gravel of 

s i mi l ar quality . 

3 . 4 . 6 . The test results of theue two deposits meet basecourse s pecifi ­

cati ons in every respect except grading (see TGst Result Sheet 9) . This 

shortcoming could easily have been r ect ifi ed by screening, but in view 

of its otherwise good results and th e except ionally lo w traffic counts 
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(50 to 150 v.p.d), it was decided to construct the basecourse from the 

natural gravel, but to a sub-standard giading specification, 8nd in so 
f 

doing, keep costs to a minimum. The final basecourse plan accepted 

and subsequently followed durinz construction, was to usa the crushed 

natural gravel from the Klein Omatakos for B?proximately half the dis­

tance recommended by the Consultants, followed by natural lateritic 

gravel for the remaining 7! miles. Photo 8 shows some of this lateri~ 

tic gravel being stock-piled in borrow pit 68.2, in preparation for re­

moval to the road. 

3.4.7. Conclusions: In an area previously prospected intensively by 

normal methods, airphoto interpretation was instrumental in achieving 

the following major cost reductions (see Fig. 6) 

3·5 

(i) The maximum haul distance for shoulder material was 

reduced from 13.5 to 7.0 miles. 

(ii) The possible need mconstruct 6.5 miles of experimen~ 

tal lime- and/or bitumen-stabilized sand base was 

eliminated. 

(iii) The maximum lead for basecourse gravel was reduced 

from 16.5 to approximately 9.0 miles. 

(iv) The difference in cost between the construction of 

approximately 7.5 miles of basecourse with nAtural 

lateritic gravel instead of with crushed nntural 

quartzite gravel, was sqved. 

SUKSES OTJHi;;.RC·l\TGC 

3.5.1. Introduction: This project embraced a full materials inv~stiga-

tion from an initial appraisal of the road building potential along a 

possible western route, to detailed prospecting along the route even-

tually selected (see Figs. l and 7). Due in general to the geology, 

topography, and natural vegetation, the locstion of suitable road buil­

ding materials posed most of the problems referred to in section 3.1, 

and it was in finding the most economic solutions to these difficult 

conditions set by nature, that the technique of using qirphot6 inter­

pretation as·an aid to prospecting was developed (section 3.2). 

3.5.2. Geology (refer to Fig. 7): The basic, or solid, geology of this 

region is formed fro~ rocks of the Post-Damara Complex. These rocks were 

formed by pressure and heat metamorphism from mica-schists, quartzites, 

and limestones, from tho Damara System. The micq-schists and quart-

zites were alter,od into granites by the process known as 11 granitization", 
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and are folded.in many places into the older crystalline limestone forma­

tions, which also underwent re-crystallization during the metamorphic 

process. Granite is the predominant formation with b8.nds of crystalline 

limestone, often interbedded with quartzites and granites, traversing 

the area in approximately a north-easterly direction (see Stereogram 20~ 

The hills are formed by one or other of those rock types, or by a mixture 

of them all (see Photos 13 and 14 on page 52 ). However, on the farms 

Omusema-Uarei and Rahlenberg on the extreme westerly fringe of the regfun 

investigated, a prominent mountain range formed of beds of sandstones, 

sandstone conglomerates, and shales, from the Stormberg Series of the 

Karroo System, also occurs. These mountains plgyed no direct part in 

the road project, t~eir closest point being well over 4 miles West of 

the new centre line. 

3.5.3. From Sukses northwards to the Okateitei River, Tertiary deposits 

of sand and gravel, generally from 6 to 8 feet thick, cover the basic 

granite and limestone foTmation~. North of the Okateitei River these 

deposits tend to disappear, leaving the granite and limestone either 

exposed, or covered by only a thin layer of residua~ soil. Surface 

limestone, or calcrete as it is often termed, occurs throughout the 

whole area, and often attains some considerable depth. Its most common 

occurrsnces are in sheet, nodular, or powdery forms. 

3.5.4. West of the Sukses Omuramba old raised river beds are a promi-

nent feature. These show that the earlier drainsgo pattern was in the 

opposite direction to that of the present drainage system. This rever-

sal in direction was caused by upheavals in the vicinity, which generally 

altered the relative levels of the topography (see Stereogram 15, and 

Photo 12 on page 5o). 

3.5.5. Topography and vegetation8.l cover (refer to Fig. 7): The topo-
-

graphy from Sukses to the Okateitei River is exceptionally flat. North 

of the Okateitei River the country undulates and occasionol hills form 

conspicuous features. The annual aver0ge rainfgll in this region is 

of the order of 450 mm. (18 inches),whidlhas resulted in a_ dense vegeta­

tional coverage of either acacia or yellow wood (Terminalia Sericea) 

trees, or of scrub bush (soe Fig. 2; and Photos 1, 2 qnd ll on pqges 

21, 22 , 48 respectively). After rain the grass forms a thick carpet 

to the otherwise bare ground between the trees end bushes (see Photo 

3 on page 22 ) • 

3. 5. 6. Route location (refer to Fig. 7) : From Sukses to the f><rm 

Slagveld, a distance of approximately 9 miles, the location of the 

new road was determined mainly by drainage considerations and con­

veniently situated fa.rm boundaries. Hov,ever, from Slagveld northwards 
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to about the Waterberg turn out, a distqnce of neqrly 28 miles, there 

were three possible routes, which became known as the Western, the 

Existing and the Eastern Routes. The Western Route wes the ~ost 

direct and made maximum use of watersheds. Eo,l/ever, it cut directly. 

across farms creating water'problems in many of the farmers' camps. 

The Route could only be justified if a large financial saving would 

result, and this depended to a great extant on whether or not the 

materials position offered a sufficient advantage. The Existing 

Route generally followed the location of the old roRd, around which 

all the farms had been developed. It had the added advantage of uti-

lizing the bridge over the Okateitei River. This did not result in 

a particularly desirable geometric location at this point, but the ~ute 

was favoured as being the most economic solution under the circumstances. 

The Eastern Route on the other hand, would necessitate the construction 

of a new bridge over the Okateitei River, and would also involve the 

sub-division of farm camps for approximately 10 miles between Slagveld 

and the Ohakaua boundary fence. For these reasons, this Route was 

not considered seriously at this stage, but was merely regarded as a 

possibility. 

3.5.7. Before a choice between the Western and Existing Routes could 

be made, a preliminary materials survey was ·necessary along the Western 

Route, especially where this Route was an appreciable distance West of 

the old road. The critical distance invo~ved, was about 18 miles. With 

the aid of the airphotos, it was quickly established that no n"tural high 

quality gravels are available along this section, and crushing of crystal­

line limestones or quartzites would have been necessary. These rock for­

mations are equally available along the Existing Route, which in conse­

quence became the obvious selection. 

3.5.8. Re-location, Eastern Route: Prospecting now started along the 

Existing Route. One of the first borrow pits sampled (B.P. 75.5) is 

about three-quarters of a mile East of the centre line and on the farms 

Somerkoms and Apostle. The gravel layer, consisting essentially of 

quar~z pebbles and decomposed granite, is approximately 2 feet thick, 

and occurs under a 3 to 4 ft. layer of s~nd. Test results showed the 

gravel to be of good subbase quality, a portion of the borrow pit even 

being suitable for use in the base (see Test Result Sheets 10 and 10 A). 

There is very little surface sign to betray the presence of the gravel, 

but the feature in which the borrow pit is located, is e~sily recogni-

sible on the airphotos. It forms a slight depression and is free of 

tree and bush vegetation (see Stereogram 16 and Photo 9). 
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(Photo by H. Roth) 
Phot o 9 : Sit e of pr oposed base and subbase 
borrow pit 75 . 5 on the f~rms Somerkoms and 
Apost le . No t e the l ack of surface sign , 
and of tree and bush vege t at i on . 

3~ 5 . 9 . Im med i a t ely afte r the potential i mportance of such fea tures was 

r ealized , t he airphotos were stud i ed in de tail , and all like ly l ook i ng 

fe a tur es we r e not ed . Cne of t hose in t he same v i cinity , but much clo -

ser t o the cent re line, was an obvious cho ic e for further inves tigati on . 

It was f ound t o contain grav e l on l y sl i ght l y inferior t o t hat of borrow 

pit 75. 5, but still suff i ci ently good to be used as a lime - stabiliz ed 

bas e , or as a subbase in it s natural state . The deposi t (B . P . 75 . 6) 

i s limit ed in quant it y , but c onst it utes a useful s uppl ementar y so urc e 

of bas e and subbase materia l at t h i s point (see St e r eogra m 16 and Test 

Result Sheets ll and ll A) . The a i rphotos further r evealed simil ar 

f eatur e s occuring to the North, practically as far as the Okateitei 

River (see Mosaic 1 ) . To ascerta i n wheth ar or not the soil pr ofiles 

i n thes e f ea t ures bore any resemblance t o those already sampl ed , a 

similar s i te (B . P . 83 . 3) was inv es tigated 7 . 8 miles t o the Nor th, and 

c l ose to the Okateitei Riv er (see Stereogram 17) . Th e so il pr ofile and 

gravel te st results we r e found to be surprisingly cons i s tent (see Tes t 

Res ult She e t 12 ) . ~ s a f inal check , a few inspection holes were dug 

i n various features be tw een the se borrow pits . The same gene r a l pr o­

fi l e was encoun t ered East of the dott ed line X - Y in dicat ed 1n Mosaic 

1 . Similar l ook i ng f eatures t o the Wes t of this line however , were 

found to contain e it her gravel with highly plastic f ines, or depths of 

sand in excess of 10 feet . In most of the feat ur es the amount of sur -

f ace sign is negl i g i b l e . 

3 . 5 . 10 . By th e use of th e t ec hn ique of airphoto int erpre t ation in con -

j unct i on with a mi n i mum amount of f i e l d investigati on and laboratory 

testing , i t was now poss i ble to pred i ct with a hi gh degre e of cer t ain t y , 
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that good quality road building material in virtually unlimited quanti­

ties, was available East of the line X - Y, and North of the Apostle -

Somerkoms boundary fence for a distance of about 8 miles to the proxi­

mity of the Okateitei River (refer to Mosaic 1). Over much of this 

length the centre line adopted coincided with that of the old roadl 

and ran practically parallel to, but 1 to 2 miles West of, the X - Y 

line. This represented a large amount of dead haul, and hence 

considerable unproductive expense, whereas the discarded Eastern Route 

lay within the ~rea of good material over the whole length involved. 

In view of thisl the question of re-location along the Eastern Route 

received serious considerationl and without calling for further field 

checking, the decision was made to adopt this Route in its entirety. 

It was estimated that the saving in transport costs would more than 

pay for the new bridge over the Okateitei River, and that this in its 

turn would result in a much improved geometric location (see Stereo­

gram 19). 

3.5.11. Prospectingl base and subbase: Subsequent intensive prospec­

ting along this section confirmed the original assessment. Prospective 

natural base, lime-stabilized base, and natural subbase gravels wer~ 

tested and proved in large quantities. The position of specific borrow 

pits established are indicated in Mosaic l (see also Fig. 7). Stereo­

gram 18 is includea for detailed stereoscopic examination of further 

typical examples of the mode of occurrence of these deposits. It shows 

in particular a source of quartzose lateritic gravel (B.P. 79.0) situa­

ted about half way between the original features tested (see Test Resull 

Sheet 13). It will be noted from the borrow pit spacings that the 

maximum lead for subbase material is under 3 miles, and that the amount 

of dead haul is negligible. 

further if so desired. 

These leads could have been decreased still 

Due to the vegetation and tho geological and topographical na-

ture of the country, weeks of arduous investigation would have been re­

quired by established prospecting methods, in order to trace this gravel 

and to arrive at the true facts (3.5.2 to 3.5.5). It is also not un-

likely that the areal extent of the deposits would not have been appre­

ciated, as under comparable circumstances South of Kalkrand (3.L 14 to 

3.1.19). 

3.5.13. South of the Apostle - Somerkoms borrow pit first sampled and 

~est of the centre line, numerous similar looking features also occur 

(see Ster~ogram 16). Strategically placed auger holes showed the sand 

cover in these to be invariable over 10 foot in thickness. Some iso-

lated features East of, or straddling, the centre line however, were 
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found t o c ontain s r avel at e c on om i c dep t hs wh i c h i s of s ubbas e quality 

( s e e ar ea of B: P ; 72 ; 4 i n St er eogr a m 16; and Test Result She e ts 14 and 

14 A) . Thes e latt er f eatu re s wer e all pin - p oint ed on the airph oto s , 

syst ema tically fi e ld chec ked , and th en the mos t e c onomically situat ed 

of the m, s elect ed fo r furt he r l ab or a t or y t es tinG. In this way, ad e-

quate quantiti e s of suitabl e gr av e l wer e found f or building the road 

fr om Sukse s to within e cono mic r each of borr ow pits 75 . 5 and 75 . 6 

(refer to Fig ~ 7) . 

In the country a lon6 both sides of the c entr e line , and 

s t re t ching Nor th of th e Okat e it e i Ri v er f or a d istance of 5 to 6 mi l e s , 

anoth er useful s ou rc e of subbase mat erial was found , the significance of 

which coul d easily hav e bee n mi s s ed without the aid of airphot os used i n 

the way de scrib ed previously ( s ection 3 . 2) . Th e grav el cons i sts of 

decompos ed gr anit e of low plas t i c ity , usually underlying a thin l a yer 

of pebble - marker quartz grav e l , or of sand . Th e low plas t jc i ty areas 

occur in irr egular shapes of var ying s ize s within the main granit e mas~ 

whose gen eral Plas tic ity Index i s in exce s s of 10 , r ende ri nG this ma­

t erial unsuitable f or use a s na t ura l subbase . Th e marke d differ ence i n 

Plasticity Index of adjac ent oc cur r enc es wi t hin th e same granit e mass , 

is primarily due t o varia ti ons which were e s tablis he n d urin~ t he pro ­

c ess of "granitizati on" , a nd t o a l e sse r ext e nt to the subseque nt de-

gre e of weathering and dec ompo s i tion . Desp it e t he irregul arity in 

(Pho to by H. Roth) 
Ph ot o 10 : A v i ew ~n a r ea q of borro w p it 86 . 2. 
In t he f or e gr ound is the beac oned ho l e numb er 
l ( s ee T9st Result She e t 15 ) . Th e positi ons of 
fur t her hol e s can be s ee n in th e bac kground from 
the s mall hegps of gr av e l . The lar ger acacia 
tr e e s on the extre me l eft a nd r i~h t of the 
phot obr a ph and al so in the backs r ound , mark 
the b oundar i es of th e s uitable mat erial . Cen­
trally pla c ed stunt e d acac ia t r 0e s 6ro w within 
t he a ppr ov ed ar ea . No defin it e de pr e ss i on can 
be de t ect ed in the photo ; raph . 
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shape , some of th o l ow pl~s t ic i t y ar eas ar o s uf f i cient l y l arge to be 

wor kab l e i n prac t i ce . The boundarie s of three such ar eas i n wh i ch 

subbas e borro w p i ts 86 . 2 , 87 . 2 1 and 87 . 9 were es tab lis hed, are demar ­

cated i n St ereogram 19 (se e Tes t Resu l t Shee ts 15 , 15 A, 15 B, 16 a nd 

17). The tips of arrows A ~nd B ind icat e ye t other unsamp l ed but 

pr ospe c t ive s ubbas e s ourc es , wh i ch hav e bee n l eft unde lineat ed s o as 

t o a ll ow maximum c l arity for th e r ecognit i on of the a i rpho t o ind i ca­

t ors . One of t he mos t obvious of t hos e , is the concentrat i on of l a r ge 

t horn tree s around t he borders of the su it ab l e a r ea s . A s light de pr es ­

s ion re l at i ve to t he adjacent t er rain , acc entua t ed by s t ereoscopic exa g-

ge ra ti on, i s a l so eas ily discern i ble . The s e de pressions tend to impede 

l ocal surfac e drainage , and t hi s pr obably accounts fo r t heir d i stinc tly 

darker gr ey t one . From the gr ound the depress i on i s no t r eadi l y no ­

t i c eab l e . On account of th i s , and per haps even more due t o the i rre ­

gul a r shapes of thes e occurrenc e s , t he d i fferen c e in t he p~ ttern of the 

terr a i n is extr eme l y diff i cult to de t ec t by gr ound obse r vati on alone . 

Photo 10 i l l us t rat e s t h i s as we l l as possib l e unde r t he circums t ~nces . 

3 . 5. 15 . I f convent i onal method s had been used , and the possibility of 

a v~r iation i n the mat erial s had not been r ecogn i zed , the normal ~pproac h 

would have been t o gr i d a typ i ca l ar ea with t r i a l p i ts . Either v i s ua l 

examina t ion of such ho l es , or vi s ual exam i nq t ion conf ir med by t est r e ­

sul ts1 wou l d have indicat ed a wi de va r i abili ty i n qual i ty, which cou l d 

i n al l l ike l ihood hav e led to the erroneous conclus i on that workgb l e 

subbase gravel was not avai l able . • The fact that two dist i nct l y d if ­

fer ent mater i als 1 fr om a road buil d ing po i nt of vi ew , we re the pr i mar y 

cause of th e apparent variation , mi s ht not have bee n ~ppr ec iated . Had 

ihe proj ect been one of the f ew in wh i ch a so il eng i neer i ng map had been 

produced from a irphotos , t he who l e a r ea woul d corr ect l y hav e been de li ­

neated as "gran i te" , and the areas of lo w pl asticity woul d have rema i ned 

und i ffe r ent i a t ed with the probabl e ul t i mate r e sul t being the same as t hat 

of normal prospect i ng (s ection 2 . 4 ). 

3 . 5.16. Cl oser t o Otj i warong o the predom in~nt grani t e formation was 

comprehens i ve l y tested dur i ng t he mat erials appra i sal a l ong th e Wes t ern 

Route . I t was found to be ge ner a l l y of poor qua l ity wi t h the except i on 

of that oc c uri ng in contact wi t h the bands of crys t all i ne limestone , 

which was often of subbase standard . When detai l ed pr ospec ting act i ­

v i t i es along the Eastern Route r eached th i s ar ea , the crystalline lime ­

stone formati ons in the proximi t y of th e c entr e line were marked up on 

the a i r photos 1 and without fur t he r l oss of t ime i n prospecting , gr an it e 

borr ow p i ts we r e sampl ed a t th e most economic l ocal i t i es along these 

contacts (s ee subbase bor r ow p i t spacings on Fig . ? ) . Th i s i s i llus trated 
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i n Stereogram 20 where t wo bands of crystalline limestone hav e been 

delineat ed . The position of an area tested during the initial inv es ­

tigation a l ong the West ern Rout e is indicat ed by arr ow A (see Test Re -

sult Shee t 18). Th i s s ourc e i s t oo far away to se rv e the Eastern 

Route . In consequenc e borrow pit 99 . 6 was established qlong the same 

ba nd of crys talline lime stone , but adjac ent to the new centre line 

(s ee Test Res ult Sheets 19 and 19 A) . The qualit y of this gravel was 

f ound t o be s imilar, and i f anything mo r e cons i st ent, than that pr e -

viously tes t. Thus the time wh ich would normally have been required 

for further prospectinG, was saved . These gr an itic sources of pos -

sible subbase gravel, are not directly dist i nguishable i n the airphotos 

as are most other occurr e nces of road bu ilding mater i a l described in 

this thes i s; but have to be es t abl ished by prospecting for suitable 

areas a long the c ontacts with t he bands of crystalline l i mestone . Po ­

t ential areas are th erefore reco gnized from t he air photo i nd i cators re -

s pons ible for show i ng up the bands of crystalline limestone . These 

ar ; , (i) the linear form of the bands thems e lves (4 . 5 . 1 and 4 . 5 . 4 ), (i i) 

their darker grey tone , probab l y due to the r elatively poorer dra inage 

conditions and , (iii) their t exture of vege tati on due t o the predom inanc e 

of scrub bush and to the spars i t y and small size of the acacia tr ee s . 

Solid crystalline lime stone exp osures ar e common i n these bands , and soi l 

cover , where it does ex ist, is often shallow. The ba nds thus tend t o 

support more scrub bush and l es s thorn tr ees , e spec i ally tho se of com­

parabl e size , than the bord er i ng gr ~ nite f ormati on ( see Ph oto 11). 

(Pho to by H. Roth) 
Photo ll: Scrub bush and stunted acac ia t rees 
growing over a ba nd of cry s talline limestone 
near Otjiwqronbo. Note t he larger trees in 
the background wh i ch grow on Granit ic forma ­
ti on . 
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3 . 5. 17 . I mme diate l y South of Otj i warong o no na tural, or lime - s t ab i ­

lized , basecour se quality grave l s are ava ilab l e . The crys t a lline 

limes t one wh ic h i s pl entifu l , is an easy mat erial t o c r us h , and woul d 

no rmally have been the most suitab l e pr opos i tion i n t h i s area . H~~er, 

duri ng t he ma t er i a l s invest i gat i on be t ween Otj i waron go a nd Ot j ikango , 

a lar ge cal cr et e depos i t , wh i ch pr ov ed sui t a bl e fo r use as e ither a 

s cr ee ned or lime - s t a bili ze d bas ec ourse , was l ocated just North of 

Otjiwa r ongo (3 . 6. 11 ) . I t was c ons i dered cheaper to use th i s mat erial 

t o f ill the ga p South of Ot j i wa r ong o , despite t he l ong ha ul s of up to 

13 miles which woul d be r equ i red, than t o deve l op a crushe r s it e in t m 

c r ys t a lline limes t one for only a small quant i ty of grav e l . This po i nt 

illustra t es t he i mportance of a 1¥i de coverage whe r e nat ur a l , or cheapzy 

pr ocesse d, basecour se ma t er i a l s may be availab l e . 

3 . 5. 18 . Prospec ting , shou l ders : The s urfac e l i mes t ones are wi de - s pread 

t hr oughout t he whol e regi on , and hence we r e t hor oughl y t est ed in the 

early s t a ges of the inves tiga ti on . The y ar e gene r a lly of ver y i nf eri or 

qua li ty , t he bes t prov i ng suit ab l e for shoul de rs only . For t h is reason 

they were of li t tl e i mport ance except near Sukses , where shoul der ma­

t erial was ha r d t o c ome by , due to the general hi gh pl a s ticity of the 

surfa c e limestones i n th i s par t icul ~r vic i nity . The a irphot os wer e 

s t ud i ed with a v i ew to l ocat ing possib l e be t ter c lass deposi t s . Two 

s lightly ra i sed r ee f - type features in an ot herw i se excep ti onal ly f lat 

l andscape , were not i ced , the near est be i ng ab out 1. 3 mi l es due Eas t of 

the centre line , and 3 mil e s fr om Suks e s (see St ereogr a m 21 ) . These 

fea t ur es pr oved to cons i st of cal cre t e of bet t er qua lit y , and su i t ab l e 

for us e i n the s hou l de r s (see Te s t Resu l t Shee t s 20 and 21 ) . The ch i ef 

a irphoto i nd i cators are , (i ) t he r a i s ed t opography mentioned pr evi ous l y 

a nd, ( i i) a mar kedly ligh t e r gre y t one . Th e t e r ra i n encompa ss ing these 

fea t ure s also cons i sts pri mar ily of calcret e , but of th e inf erior quality 

general l y found in th i s area . The se t wo depos it s so l ved t he s hou l der ­

materia l prob l em a l ong th i s s ect i on . 

3 . 5. 19) Prospecting , surfac ing mater i a l s : If su itable l ow - c os t sand 

pr oved to be ava i l ab le , a sand s urfac e dr e ssing was to be specified for 

t he sur fac e tr eat me nt . The grading of the sand nec essary fo r t h i s t ype 

of surfacing,limit s th e quantit y of ma t er i a l passing th e 100 mesh sc r re n 

to no t mo re than 2% , which requ ir emen t oft en make s su itable de pos it s hard 

t o f i nd . For tunately i n t h i s r eg i on many of t he riv er a nd strea m be d 

sands are of gr anite or i g i n , and i t was poss ib l e t o se l ect depos i ts wit h 

su i t able grad i ng charact eristics, without to o much d i ff i c ul ty . In t he 

sout he rn and central areas , the rivers mos t l i kely to y i e l d sati sfac t ory 

result s were the Suks es Omuramba and the Okat e it e i Ri ver . Thes e wer e 
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obvious selecti ons even without the aid of airphotos , ~nd suitable de ­

posits wer e sampled in both river beds (see Stereograms 15 ~nd 17, and 

Test Results Shee ts 22 and 23) . Cl oser to Otjiwarongo suitable sand 

is not so plentiful, and localities for prospecting are not so obvious . 

Recourse was again made to the airphotos , and all likely-lo oki ng stream 

beds were chartered and systematically checked, unti l a suitabl e depo ­

sit was located (see Stereogram 20 and Test Result Sheet 24) . 

3 . 5 . 20 . If prospecting with the aid of airphotos , the old raised 

r iver beds West of the Sukse s Omuramba also become obvious potential 

sources of suitable sand . From the ground however, the limited ar ea l 

view precludes the possibility of observing the drain~ge pattern, and 

makes recogn i tion of the true nature of the deposits much mo r e difficult, 

This is assuming of course, tha t at l east a portion of the r i ver beds 

woul d be found if prospecting entirely by normal methods (see Stereo gram 

15 and Photo 12) . The old river bed adjac ent to the sand surface dre ss-

i ng deposit (68 . 5) es tabli shed i n the Sukses Omuramb~, was sampled at 

the same time as the latter, and to a depth of about 6 feet . The top 

3 to 4 feet of sand at this locality, is too fine l y graded for sand sur­

face dressing , but it becomes pro gressively coarser with depth and would 

probably have met spec i fications below a depth of 6 foot . On account of 

the suitable sand near er to the c entre line in the bed of the Sukses Omu­

ramba, furth er t est i ng of the ol d river deposits wqs not pursued . 

(Photo by H. Roth) 
Photo 12 : A downstream view al an~ a sec ti on 
of the old raised r ive r bed West of the Suks es 
Omuramba. River s~nd from a hole can be seen 
i n the fore ground . Note the slibhtly raised 
topography and the concentration of vegetation 
towards the boundar ies of the river b ed . 

3 . 5 . 21 . At a l a t er date sand was urgen tly required for slurry sealing 

a section of singl e surfac e tr eatment just South of the Klein Omatakos, 
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where the whip- off had become excess ive. The gradins limits specified 

for th e sa nd are critical, and must be met if the slurry seal is to be 

succ essfully laid . The top 3 t o 4 feet of sand in t hese old river beds, 

scre ened through at inch mesh , mee t s thes e spec i f icati ons, and prov ed 

very us eful in this particul ar case (se e F i g . 8) . Th i s source may prove 

of still greater i mportance if s lur ry seals are to be us ed for future 

maintena nc e of the bitumen surfa c e in th e area . 

3.5.22. The existence of thes e ol d river beds was first discovered 

during ster eoscop ic exam i na tion of the air pho tos, and was later c on­

fir med by field i nspect i on, and finally by the pr ospecting ho l es refer-

red to. The most i mpo rtant a i r photo c l ue t o the true nature of the 

occurrence, is the draina ge pat t ern, which is obvious l y that of a riv er 

and accompany i ng trib ut a r y sys t em. The boundqries of the beds themselves 

can be de lineated f r om their r a i s ed topo graphy, and often fro m a c onc en ­

tration of vege tation as we ll ( s ee St ereogram 15 and Ph oto 12). 

3.5.23. Airphoto indicators , summ~ry: The chief i nd icat ors us ed for 

the r e co gn ition of t he diff er en t formatio ns and depos its, are summar ized 

below for easy r efe r ence : 

(i) Surface limestone (cal cr e t e) : Gene rally the main in­

d i cat or i s t he r e l at i v ely darke r gr ey t one , which i s 

of t en caused by the ind i ffe r ent dra ina ge c onditions pro ­

vid ed by the mat erial i t se l f . A notable exception is 

that of the re lative l y bett er quality calcr ete near 

Sukses (3.5 .18 ). ; not her imp ortant i ndicator is oft en 

the t exture of v eget a t i on imparted by a predom i nan t 

scrub bush growth, wh i ch is usually f ound in areas of 

shall ow so il covering s he e t or s i mi l ar t ypes of cal­

crete occurr enc es (3 . 4. 3) . 

(ii) 

(iii) 

(iv) 

Old river beds : See pa ragraph 3 . 5.2 2. 

Tertiary gr av e l occurr ences : See paragraph 3 . 5. 8 . 

Gran it e : Be i ng t he pr i mary formation , gran i t e was not 

n ormally diff erentiat ed . Its i nd ic ator s i n r egar d 

t o relief , na t ur a l ve ge tati on , and grey t one , are 

natural ly compleme ntar y t o t hose of the surfqce and 

crystall i ne limes t one s . Howe ver, th e granit e hills 

or porti on of hills , a r e d i stingu ishab l e in th e a i r ­

photos from t hosa f ormed by crystalline lime s t one , 

fro m the i ndicat ors of slope and t ext ur e of mater ial. 

Gran i t e hil ls , or port i ons thereof , have a st ee p s l ope 

and a rough surface t extur e caused by the numer ous 
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large granite blocks, or boulders, scattered over 

the surfac e . On the ~ther hand, th e crystalline 

limest one hil ls, or portions ther eof , hav e a r e la­

tiv e ly fla tte r slope and R smooth surface texture . 

'I'his is illustrated in Stereogram 20 9.nd also by 

Photos 13 and 14 . The indicat ors used for d i stin-

gu ishinG the low fr om the high plasticity granite 

immediately North of t he Okat e itei Riv er , have already 

been discussed (3 . 5. 14) . 

(v) Crystalline l imestone : See (iv) abov e and paragraph 

3 . 5. 16 . 

3 . 5. 24 . Forms of drainage , which are often of pr i mgry impor tance as 

i nd icators , have play ed only a s wi l l r8le in this areq due , in large 

measure , t o the extremely fl~t topogr~phy, t o the absorbtion charqc ­

teristics of the Terti ~ry d epos its, ~nd to the vege tgtional cover . 

(Photo by H. Roth) 
Ph ot o 13 : One of th e t wo gr,nit e hills known 
as Tweekoppies (see Stereogr~m 20) . No t e the 
rough t exture c2used by th e grnnite boulders . 

(Photo by H. Roth) 
Ph oto 14 : \ cry3tqlline limes t one hill near 
Otj i warongo . No te the smooth t exture 'lnd flCJ.t 
side slopes comp'1red 1,1ith tho se of the grqnite 
hill shown in Photo 13 . 



53 . 

OTJ H/ARO NGO OTJ I KA. NGO 

3 . 6 .1. Introduction: The l oc~t ion of the ro~d between Otjiwgrongo 

and Ot jik~ngo , a dis tance of approx imate ly 24 miles , was fi xed to 

wi th i n narrow limits by the pre s e nc e of the r~ ilway line , which fol ­

l ows farm boundaries close t o t he short est possible r oute (see F i gs. 

1 and 9) . The quest i on d i d aris e however , ~s to whe t her to ret~in 

the existing l ocat i on West of t h e railwgy li ne , or t o re -l ocat e on 

the eastern side . I n consideri ng t his probl em , the des irqbility of 

minimizing the number of r~ilwa y cr ossings required for the t r ansport 

of basecourse and subbase material, was an i mport~n t f actor. The 

project therefor e , initially necessitated ~full mat er ials appraisal 

of a six mi l e wi de strip of country wit h the railwgy line ~s the appro ­

ximate centre . Aft er a de c is io n on the exact location had been reached, 

the proble m resolv ed itself i nt o es tabl i sh i ng the most economic sources 

of mater ial for t he construction of the r oad to bitumen surface standards, 

and t o a 7,000 lb. design whee l l oad. 

3.6 . 2 . Geo l ogy : The genera l geo lo gical descript i on of t he country betwee n 

Sukses and Otjiwarongo, i s a l so a pplicab l e to this ar ea (3 . 5.2 and 3 . 5 .3). 

Howev er, North of Ot j i warongo c r ys t a lline limes t one forms all t he hills 

and moun t a i ns of any s i gnificanc e , and is a l so the predomin~nt geo l og ical 

forma ti on . 

areal extent . 

Occurr ences of gra nit e are occasional, and are limit e d i n 

Exposures of quartzit es ar e als o rar e , only tw o having 

bee n found, one j ust North of Otjiwarongo , and the other a little ov er a 

mile Wes t of Otjikango . 

3 . 6 . 3 . The surface limest ones , or calcre tes, are spread much wi de r than 

in t he re g i on be twee n Sukse s and Otjiwar ongo , and oblit erate the bas ic 

geo l og ic a l fo r mati ons over large tracts of country . Th is is undoubtedly 

due t o the pred om i nance of the c r ystalline limestone formations, fr om 

'which calci um carbonate has been carried in solution by rBi n water, to 

be pr ecipitated lat er into surface limes t one . Two principal forms hav e 

deve lo ped , and are referred to respe ctively as sh ee t and nodular calcrete, 

The she e t calcrete usually occurs in the pl ains i n a massive f orm under -

l y ing 2 to 3 fe e t of so il, and i s exceeding l y diff i cu l t to p ick. The 

nodul ar calcret e , wh i ch often conta i ns lime- coated rock fragments , i s 

found in bo th slop ing ground and r e l at iv ely flat t errain . Surfac e 

limestones i n bou l der and in fine powd er y forms , are al so pres ent, but 

are a rel~tive rar i ty . 

3 . 6 . 4 . Topogr aphy and vegetat i ona l cover (r efer t o Fig . 9) : Nort h of 

Otj i warongo , and for a d istance of approximat e l y 10 miles , the country 

und ul ates gently with i solat ed c r ys talline lime stone hills formin g 
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prominent features on th e eas tern side . The di r ect i on of the main 

dra inage nat urally fo ll ows the s l ope of th is topography from East t o 

West . Aft e r this, and up to ab out fou r miles fr om the end of the 

s ecti on, the terrain travers ed by th e r oad i s exce pt i onal ly f lat, but 

ove r t he l as t 4 miles the country be g ins to un dulate aga in . Crystalline 

limes t one hills and mounta in s appear tw o t o th r ee miles Wes t of the cen ­

tr e line , and fr om about mil e 15 northwards ; bu t desp it e t hese mountains 

no main drainage ~ystem has deve l oped in this r egi on , and any draina~e 

th ere might be, i s purely l ocal. 

3 . 6 . 5 . The annual av er age rainf ~ll does n ot differ apprec iably fr om 

that quoted f or the Su ks es - Ot j i war ong o r egi on (s ee 3 . 5 . 5 and F i g . 2 ) . 

The tree vege tation is l i kew is e similarly dense, excep t in porti ons of 

the fl a t t errain where s heet calcre t e prevents all but a few ac a c ia 

tree s fr om ta king r oot . The predom i nant ty pes of trees enco untered ar e 

acac ia and apple . In one locality onl y ar e ye ll ow wood trees t o be 

found (3 . 6 . 14 and 3.6 . 15 ) . Scrub bush occurs in various pl aces , and 

a thick gr ass carpet covers the who l e area af t er rain . 

3.6.6 . Exact road locati on : Th er e was no decis iv e po int er as to the s ide 

· of th e railway l ine on which to l oca t e the new road . A de t a iled analysis, 

includ i ng a mat eria ls ~ssessment , was theref ore instituted . By normal 

prospecting me t hods and in the time ava ilable , it wo uld have been dif ­

fic ul t to hazard an op ini on wi th any de gr ee of certainty, as t o wh i c h, 

if any of e ither, i s the mo r e f av ourabl e s id e from t he ma t erial s point 

of view; espec ially bear ing in mi nd previ ou s South West ~frican ex-

peri enc e of is olat ed high quali ty d~p o sits wh ich, i f th ey oc curred , 

could quit e eas i l y establi sh a def i nit e preference wi th far reaching 

financial i mplic ations (paragraphs 3 . 1 . 14 to 3 . 1 .19 and sect ions 

3 . 5 , 3 . 7, and 3 . 8 ). Howe ver, employing air phot os as an aid, a r e la­

tive l y short time sufficed to arr i ve at the c onc lusi on that ne ithe r 

side held any appr eciabl e advantage over the other (3 . 2 . 3) . Thus 

the fin a l decis i on t o l ocat e al ong the ex i st i ng road on the western 

side of the railway line , was not i nf luenc ed one way or the other by 

the materi a l s pos ition . 

3 . 6 . 7 . Th e re s ult s of subsequent detai l ed prospecting , admitt ed l y 

mainly Wes t of the railway line so a s to obviat e the nec e ss ity for a 

l evel crossing wherever possible , br ought t o light no a d1 i ti onal in­

forma ti on wh i ch could hav e influenc ed the orig i nal assessment . A 

s imila r ma t erial s plan co uld equally wel l have be en ach i eved on the 

eastern s i de , had the ne ce ss it y ari sen . Suff i c i e nt borrow pit s were 

establishe d on this side during th e pre liminRry work t o substantiat e 

t his cla i m (see Fig . 9 ) . In other word s , t he a cc umulati on of the 
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detail ed info rmati on ne c essary f or formu l a ting a mater ials plan on such 

a project, showed tha t noth ing of s i gn ificanc e had been miss ed in the 

i nitial a s sessment . I n South West Africa, eve n aft e r a detai l ed rna -

t erial s inv est i gati on by normal me tho ds of prospec t ing has already been 

compl e t ed , addit i onal work will oft en uncover informa ti on which com­

ple t e l y changes the ma t erial picture , even t o the ex t en t thgt far ­

reaching r e - p l anning bec om e s a necess ity a t a lat e s tage in the pro ­

ject . Sect i on s 3 .1 and 3 . 4 c it e spec ific cases in po int . 

3 . 6 . 8 . Pre limina r y pro s pecting : Tes ti ng don e pr i or t o t he decision on 

the exact l ocation of the road, i nd icate d t ha t both the granit es and the 

calcret es ar e generally of a better quality than those encount ered be ­

tween Suks es a nd Otjiwarongo (3 . 5 . 16 and 3 . 5 . 18) . The granit es we r e 

fo und to b e consis t ently of s ubba se quality, while deposit s of nodular 

calcret e t o me e t both mechanically pro c essed basec ourse and shoulder 

spe c ificati ons , wer e obtainabl e wi thout to o much diff i cult y (see Tes t 

Result Sheets 27, 27 A1 29 and 29 A) . Ho wever, c a lcret e depos its of 

natur a l subbase and lime - s tab ilized basec our se qual i ty , proved much 

mor e difficult t o loca t e , due to t he fact that calcret e of a s uffi ­

cientl y low plasticit y t o allow for th e no rma l var iati on of Plasticity 

Indic es wi th in a borr ow r i t ar ea, i s not r ea dily d i s cernible i n the 

airphot os . 

The marked i mprovement in the gen eral quality of th e gran it es 

North of Ot j i war ongo, i s probably due t o d i ffe r ences i n the me tamo r phic 

pr oce s ses , and to t he re lative ly s mall areal ext ent, and in consequence 

pr oporti onate l y great er c ontact zone , of these occurr en c e s (see Ster eo ­

gr ams 22 t o 25, and r e f e r t o parA gr Ap h 3 . 5 . 23 ( iv)) . The superi or road 

building q uality of th e calcre t es Nort h of Ot j i warongo , cannot eas ily be 

acc ount ed f or by a d i fference in cl i mat i c c ondit i ons , if pr esent day 

cond i tions, wh i ch vary ve r y litt l e be t we en Suks es ~ nd Otjikqng o and are 

favourable t o th e forma tio n of calcre t es , ar e any gui de (see F i g . 2 and 

paragraph 3. 7 . 4 ) . The i mprov e ment i s much mo r e like l y to be ascr ibable 

t o s ome ot her cause . It is poss i b l e that t he predom inanc e of the crys ­

talline li mest one fo r mat i ons North of Otj iwarong o , no t on l y gav e rise t o 

a wider distribution of surfac e limes t on e s, but to a more rap i d deve l op ­

ment as we ll . 

3 . 6 .10 . Prospecting , ba s e : Apart f r om t he sc r eened nodu l ar cal crete al ­

r eady ment i one d, other s t andard basecourse ma t er i a ls availab l e a re , (i) 

crushed sh ee t calc r ete , ( ii) crus he d cr ystall in e limos t one and , ( iii) 

one depos it onl y of s cr eened quar t zose l aterit ic grav e l s i tuated ove r 

2 miles fr om th e ro ad a nd on th e eas t er n s i de of th e rai l way line . From 

economic c ons ider a ti ons , it was dec id ed t o concentrate on t rying to l o­

cat e suff i c i e nt s ourc es of nodular calcr e t e c l ose t o t he cen tr e line , 
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which , a f t er screen i ng and reco mbining with g b i nde r, would be suitable 

for use in th e bas ecours e . On account of the qntic ipated processing , 

and of t he fac t t ha t t o ex~ose th e c qlc ret e normal l y r equ i res the r emo ­

val of 3 fe e t or more of sand , s haul di s tance of about 5 t o 6 mi l es was 

calculated t o g iv e the i deal bor r ow pit spac i ng . 

3 . 6 . 11 . A b orr ow p i t t o mee t the above requiremen t s was actually test ed 

during the pre l iminary wo rk . It i s situated 1. 3 mile s North of Otjiwa­

rongo , and about 0 . 4 miles East of the r oad (see Fi g . 9, Stereogr am 26 , 

and Test Result Shee t s 25 , and 25 A to 25 D) . Prospecting , i f success ­

fu l, was ther ef ore onl y require d i n the vicinity of mi l es 11 . 0 and 21. 0 . 

With the a i d of t he airph otos , it was possible t o c onc en t r a t e further t he 

prospecting to a r eas in the calcrete its el f , which were l ike l y to produce 

satisfact or y r esult s . I n such a r eas the acac i a tr ee s gr ow larger and 

more profuse l y than in t er rain where only s hee t calcrete occurs (3 . 6 . 5) . 

The for ms of calcret e which encourage a more luxuriant growth , ar e the 

h oneyc ombed structur es of bould er and nodular calcrete , and powdery l~e­

stone with its high perc entage of vo i ds . These forms provide an easier 

access for both r oo t s and rain wat er than the c ompact nature of the mas ­

sive shee t calcrete . This d iff erence in vege t at i on , accompanied by a 

l i ghter grey t one for th e more den se l y wooded areas, i e easily disc ern­

i ble i n th e airphotos (se e St e r eogra ms 23 , 24, and 26 ) . 

3 . 6 .12 . The t erra i n to the Wes t of mi l e 11 . 0, contains a numb er of like-

ly areas intersper sed i n a l arge reg i on of shee t ca lcr e t e . These 

areas were marked up on the air photos, and g iv en a priority ord er f or 

i nvestigation, bas ed on both hau l dis tance and th e ir po s i t i oning r ela-

t i ve t o the cent r e line . In t he fir s t ar ea prospe ct ed , soft powdery 

l imes t one was enc ounter ed , bu t the second ar ea prod uc ed a g ood nodular 

calcrete gr av el containing an apprec iabl e amount of lime - c oat ed quar t z 

a ggr egat e , i n which a borr ow pit to mee t t he r equ irements was l ater 

establi shed (see St er eogram 23 and Test Result Shee t s 26 and 26 A) . 

I mmed i ately Wes t of t he cen t re l i ne , and in the vi c inity of mile 21 . 0, 

mos t of the country apart fr om the band of crys talline l i mes t one and ad ­

jo ining granitic areas, can be co ns i dered as a po t en tial s ourc e of suit ­

able calcrete (see Stereo gram 24 ) . In this re g i on , a lit tle more pr os ­

pec ti ng effort was ne eded befo r e a suitab l e deposit was discovered, due 

mainly to t he increased occurr ence of unsuitabl e powdery, or bould er , 

calcrete . A v er y good depos it of nodu l a r ca l crete , wi th typical honey -

combed s tr ucture , was even t ual l y l ocat ed and s ample d, 0 . 3 mi l e s due Wes t 

of mi l eage 22 . 6 (s ee Stereo gram 24 and Test Resu l t Shee t s 27 a nd 27 A) . 

3 . 6 . 13 . Thus by the use of the airphot os i n the mann er illustrat ed , it 

was poss ible t o plan the basec ours e prospecting t o achieve the best prac ­

t i cal so l ution wi th a mi n i mum amoun t of wast ed f i e l d and lgb orat ory effort. 
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(Photo by H. Roth) 
Photo 15 : Yellow wood trees grow i ng over the 
lat eritic gr avel deposit i n which borrow pit 
21 . 1 is es tablished (see Stereogram 25 and 
Test Result Shee t s 28 and 28A) . No te the 
boundary of the depos i t to wards the left of 
the picture . This is marked by the appear ­
ance of the acac i a tree in front of which a 
f i gure is stand i ng . 

3 . 6 . 14. Dur ing the prel i mi nary mater i als appra i sal for road l ocation 

purposes , a f eature i n the northern region was immediat ely recogn i sed 

f r om the a i rphotos and from previous exper ience, as a possible source 

of later i t i c or quartz grave l (3 . 4. 5 and 3 . 5. 8) . The feature occurs i n 

a granitic area , and is situated 2 . 1 mi l es East of mileage 21 .1 . It 

forms a sl i ght depress i on which is easily discernible i n the airphotos, 

but much more diff i cult t o detect from the gr ound , A s light difference 

in the mxture of the v ege tati on caused by the growth of ye llow wood trees , 

can also be observed (refer to paragraph 3 . 6. 5, Stereogr~m 25 and Photo 

15) . For easy comparison , acacia and apple tree stands in adjacent areas 

are a l so indicated on Stereogram 25 (see Photo 16) . 

(Pho t o by H. Roth) 
Photo 16 : A stand of app l e trees in the area 
i ndicated by arrow B i n Stereogram 25 . 
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3.6.15 . Two tria l hol e s , made on the initial fi e ld inspe c tion, con-

firmed the ex i stenc e of a quar tzose l at eritic grav e l depo sit . Lat er 

the area was compr ehens iv e l y sampl ed and t est ed , prov i ng t he depos it 

to be simila r in quality to thos e l ocat e d in the same types of f eature , 

but much further South (3 . 4 . 5 ) . The grav e l meets bas ecours e specif ica­

ti ons aft er the r emova l of exces s f ine s , but de sp i t e th i s , the occur­

r enc e , wh i ch is t he only one of its ki nd in the r eg i on , d i d no t in­

fluence the l ocat i on of th e road, due to the mor e economic calcrete 

sources a lr eady described; a nd for thi s same r eason, its use has not 

been pl anned (s ee Te s t Resu l t Shee t s 28 and 28 A) . On a ccount of its 

distance from the centre line, it is d oubtful whether the ex i s t ence of 

this de pos it would have be en discovered without the aid of a irph otos . 

3 . 6 . 16 . Prospecting , subbase : In vi ew of the cons i stent t e st r esults 

of s ubba se s tandard ob t a i ned fr om the gr anites , it was decided to locat e 

subbase borro w p its in thes e formati ons whe r ever eco nomically possiblej 

Aft e r delineating the few granit e possib ilitie s on the airphotos, it was 

seen that onl y thr ee of t hese occur sufficiently cl ose t o the road on 

the western iide to have warranted fur ther att enti on . Fortunately these 

occurrences are well situat ed at approx i mat e l y mi l e ages 6 . 9 , 11 . 6 and 

21 . 3, to serve most of the s ection econ omica lly. Borr ow pits vir t ually 

adjacent to the road, and suf f i c i ent l y large to meet the anticipat ed r e ­

quirements, were s a mpl ed within t hes e three s ourc es . 4s was expec t ed , 

t he subsequent test results pr ov ed the granit e to b e suitabl e for use in 

the subbase . (s ee F i g . 9 , and Test Res ult Shee ts 29 , 29A, 30, 30A, 31 

and 31A) . 

3.6 . 17 . The granite occurrenc e s ~t mileage s 6 . 9 and 11 . 6 , are chiefly 

d iff er entiab l e i n the airp hotos from their surf~ce textural appearance 

caused by the predom i nant growt h of app l e tr ees , wh i ch i s in contrast 

to that caused by the acacia tr ees cove ring the adjace nt calcret e de­

pos its (see Photo 16) . Both occurr ences als o f or m a slight rise in 

an other wis e very f l at t er r ain (see St er eograms 22 and 23) . At mileage 

21 . 3 the gran i te oc curs i n smal l ir r egular shaped ar ea s in contac t with 

a band of crystalline lime stone . Anoth er such ar ea (B . P . 2l. OB) a d ja­

cent to th e same band of crys t a l line lime s t one , but jus t Bast of th e 

r a ilway line , was also s amp l ed and prov e d t o be of similar subbase 

qualit y . The s e a r ea s would be extr emel y d iff i cult t o l ocat e und er 

the ex i sting cond i ti on s by no rma l gr ound pr ospecting met hods . However , 

the wider, and vertical view pr ovid ed by the airphoto s , ma ke s it poss i b l e 

f or s uch pro s pectiv e sources t o be r ea dily de t ect ed . The y cqn be d i ff e r ­

ent iat ed fr om the ir sur f ac e t extura l appe aranc e , produc ed as bef or e by 

the natural ve ge t ation , a nd als o fro m a much lighter gr ey to ne than 

e i ther that of the band of crystalline limest one , or, t hat of the 
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surro undi ng surface limes tone (see Ste r eogrqm 24) . 

3 . 6 . 18 . Apart from these grani t e borrow pits , grav e l from calcrete 

borro w pit 1 . 3, and from a weathered quartzite borrow pit l~ miles 

West of mileage 23 . 9, wi ll a l so be utilized i n the construction of 

the subbase (s ee paragraph 3 . 6 . 2 , Test Resu l t Sheets 25 , 25A to 25 D, 

32 , and ? i g . 9) . The quartzite outcrops , form ing min or ris e s i n the 

terrain , were fir st noticed :n the airphotos from their difference 

in topo graphic r el i ef (see St ereogram 24 and Fho t o 17) . 

(Photo by H. Roth ) 
Photo 17 : A weqthered quartzit e outc rop 
near Otjikango , in wh i ch subbase borrow 
pit 23 . 9 is es tablis hed (see Stereogram 
24) . 

3. 6 . 19 . Pr ospecting , shoulders : The locati on of shou l der mate ria l did 

n ot present any par ticular proble m, as most workable • ca lcr etes, apart 

fro m powdery limestone , meet spec i fica tion requirements . ~her e poss i ­

ble , mater i a l i s p l anned from establ i shed base and subbase sources . In 

gap sect i ons , how ever , f av ourably plac ed s i tes wh ic h appeared l i ke ly 
~ 

to produce suitabl e gravel, were del i neated on th e airphotos for fur -

ther i nvestigation . In th is way economically situated deposits were 

proved with a minimum amount of waste d effort . 

3 . 6 . 20 . Prospecting , surfac i ng sand : From an examination of the air ­

photos , it was definite l y es tablished t hat the onl y possib l e sourc~of 

s and for surface dressing are the stream beds i n the precincts of Otj i ­

warongo (see Stereogram 26) . Drainage over the r est of the region is 

too localiz ed to have possibly produced 8 suitabl e deposit (3 . 6 . 4 ~ . 

However , due to the relatively small qu8ntitics i nvolv ed , sands fr om 

t his area could be used econom i cally r i ght up to Otj i kango . A dec i -

sion has still to be made on the type of surfqce treatment to be used , 

but suitable sand, simil ~r to that l ocated South of Otjiwqrongo , was 

found on the Kalkv e l d road (see Stereogr qm 26 and Tes t Result Shee t 24) . 
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There a r e undoubted l y ot he r suit able depos it s ava ilabl e as well, s ome 

of which may poss i ble be mor e conv eni ently plac ed , and coul d be used if 

a sand surfac e dr ess ing is specif i ed . He r e a gain, th e airpho t os were 

instrumen t al in directing the ef f or t to t he onl y areq l ikely to y i e ld 

satisfact or y ma t erial, and thus a l so , in prevent i ng fruitless searching 

ove r l a r ge tracts of country. 

3 . 6.21. Airphoto indicat ors , summary : Th e pr i mary i ndicators used for 

the r ecogn ition of t he d i ff e r ent formati 0ns, or of significant varia­

tions wi th in th e sam e f ormat i on , ar e sum marized be l ow fo r easy r eference : 

(i) Surface Limestone , which i s the mos t wi de - spread 

f or mat i on by virtue of th e fact that it blanke t s 

the basic geo l ogy ove r large ar eas, was n ot n ormaDy 

differentiat ed . Ess en t ially, it s i nd ic ators are com­

pl ement ary t o t ho s e of any ge o lo gic ~ l fo rmation of 

d iffer i ng compo sition , or orig in, with wh ich it is 

i n contnct. However , wi th in th e sur face lime sto ne 

i ts e lf, powde ry, boul der , and/or nod ular forms , 

we r e distingu i s hed fr om t he mas s i ve fo rm, by t ex­

t ure of vegetation and by gr ey t one of mat Grial 

(3 . 6.11). 

( ii) Lateritic grav el: 

r elief (3 . 6 .14). 

Textur e of vege t a ti on and 

( iii) Gran i te : Text ur e of vege t a t ion , r e lief , and grey 

tone of mate rial (3 . 6.17) . 

(iv) Qua rtzit e : Re lief (3 . 6.18 ) . 

(v) Crystalline Li mes t one , alth ough t he pr incipa l bas ic 

geo l og i c al forma tion i n the ar ea , played only a s mall 

part in t he invest i gat i ons . ~ s all the h i lls and 

mounta i ns of any s i gnif i canc e c onsist entire l y of 

crystalline limes t one , t hey are rec ognizable as s uch 

from the ir topo gra phi c form . Howev er, the mo r e s ub ­

dued bands of crys t all i ne limestone ar e i ni t i a lly de­

tectabl e from t he ir ge neral "swe ep " 8.Cross t he a d jacent 

fo rmati ons . A cl ose r exqm ination will also r eve ql a 

dar ke r t one of ma t er i al , and a differ ence in surf8ce 

t ex tur e caused by the growth and d i s t r i bution of scrub 

bush and tr ee vegetati on (s ee St ereogr gm 24) . 

3 . 6. 22 . Drainage patterns , apar t fr om indicating th e onl y poss ible 

s ourc es of s and f or surfac e dre s s i ng , a g8. in p l ayed n o pa r t i n e it he r 

th e r ecogniti on of geo l og ic 8.l f or mqti ons, or in the l ocation of r oad 

building ma t erial. 
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GAZA LINS TOWARDS RUNTU 

3 . 7 .1. Introduct i on : In s tr ucti ons we r e r ece iv ed t o c onstruct a new 

all- weather grav e l road l i nk be t we en Gr ootf onte i n ~nd Runtu, which 

would mee t the antic i pa t ed need s of propos e d dev elopment in th e Oka ­

vango Territ ory . From ~ppr oximately l atitude 19° northwards to R~tu, 

the country is completely uninhab ited and of r elative ly flat topo graphy . 

For thes e reasons, the r oute was l oc a ted virtually along a straigh t line 

from a po in t ab out 40 mil es fr om Gr oo tf on t e in on the existing road to 

Karakuwis a , across this vir g in c ountry , to Runtu (see Fi g . 1) . A narr ow 

trac e to prov ide access t o,and c onfirm su it ab ility of, the terra in, was 

pushed open a l ong th i s r oute; a f t er which a superficial m~ter ial s in-

vestigati on was conducted wi t hout the aid of airphotos . This led t o 

the belief that suf fici ent grav e l of a suitable quality was avai l ab l e 

to produce a s a tisfact ory wearing cours e . 4t a critical sta ge in 

the construction, it was d i scov er ed tha t thi s was in fact not the mse , 

and that the quality of the mat er i a l s locat ed , was comp l e t e ly unsuitab le . 

A s eri ous situation had aris en, and it was dec id ed t o hav e a s tri p of 

a irphotos taken at a s cale of about l in 36 , 000 , with the trac e as the 

approximate centre line , and t he n to prospect seri ous l y for suitabl e 

wear i ng cour se mat erials in t he prob le m area . 

(Photo by J . H. Caige r) 
Photo 18 : The r oad South of t he Gaza Lin e sho w­
i ng the r egul ar pat tern of stree t s and dune s . 
The dun e s ar e t he darker - gr een wooded sec tions, 
whil e th e s tre e t s support essentially scrub 
bush and grass , and ar e ligh t e r - gr een in co~ur . 

3.7 . 2 . Geology and topo graphy : The r egi on under consid erati on i s co ­

v ered by Tertiary depos it s of th i ck sand and surfac e limes tones from 

the Ka lahari Syst e m. Just No r th of the point at wh i ch t he r ou t e crosse s 

the b oundary be twe en t he Okavango Native Terr i tory an d European Sou th 

We st Africa, wh i ch b oundar y i s oft en r eferr ed t o as the Gaza Lin e , and 
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runs approx i mat e ly along l atitude 180 36 1 South, th er e is a ma r ked 

change in th e topography . To the So uth the c ountry undu l ate s , formin g 

a re gul ar patt ern of streets and dun es running in stra i ght lines at 

appr oximat e ly 95 ° to true North (s ee Pho t o 18) . The t errain t o the 

North on the oth er hand, is r e ma r kably flat and exhibit s prectic8l l y 

no r elief a t a ll. 

3.7.3. This sudden , and appare ntly arbitrary, change i n topo gr sphy, 

probab l y develop ed from a sligh t b ut cr i tical diff e r ence in cl i mat i c 

c ircumstances . Dry c onditi ons , where mov e ment of sgnd through the 

agency of the wind can occur eas ily, fav our t he formation of sand 

dunes; wh ile more tropical c ond itions r e sul t i n the s~nd remaining 

wet for comparativ ely l onger per i ods, and thus be i ng mor e resistant 

to movement by wi nd wh i ch coul d produce sand dun e s . The tendency f or 

rain water to wash sand downwar ds into l ow l yin g ar eas, is ye t anothe r 

factor which hinders the dev e l opment of dune s under heav i er r ainfall 

cond i tions , and wh i ch na t ural l y l eads to the forma ti on of a relatively 

flat t opo graphy, wherever c ons i derabl e depths of sand cover t he basic 

geo l ogy . The i nt e r polat ed annua l ave r age ra infa ll at Runtu , i s about 

580 mm . (23 i nches) , and this f i gure decreases steadily towards Groo t­

fontein. At t he i nte r sect i on of th e Gaza Lin e an d t he new road, the 

ra infall is of the order of 510 mm (20 i nc hes) per annum , wh i ch appen?s 

t o be ab out the critical rainfall, above which , dun e s wil l not form in 

t h i s particul ar r eg ion (s ee Fig . 2). It i s possib l e t ha t during the 

ear lie r f ormative period, t he cl i matic c onditi ons c oul d have be e n re la­

tively more pronounced, wh ic h woul d a ccount ~ o r e satisfactorily for the 

abruptness i n the change . As a result of the dep th of sand and gen tle 

slopes, al l r a i nfa ll is abs orbe d locally, and no surface dra i nage sys~m 

has be en ab l e to deve l op . 

3.7.4. The na t ur e of the surfac e l i me stone depo s it s und er goe s an abrupt 

change s i mi l ar to that of t he t op ography , an d thi s transformati on i s like ­

wi se in sympathy wi th the var i atio n in th e r a i nfall . In South We s t Africa 

it has been found t hat cal cr e t e develops bes t in areas wher e t he annual 

average rainf a l l doe s not exc eed 51 0 mm (20 i nche s) . Ra i n wat e r ris es 

by cap illar~ acti on oft en en ough , and suf f ici ent l y close t o t he surface , 

to enable evaporation t o taka pl ace, and hence als o the dep osit i on of 

lime . If t he rainfall is highe r than this cr i t i cal fi gur e , the rain 

water tends to s i n k dee pe r wh er e t he same degree of capillary ris e and 

evapor a ti on ca nn ot ta ko place . Lime deposits und e r s uc h cond itions are 

not so wide - spread, ar e ge ne ra l l y found at gr eat e r depths , ar e oft en 

different i n th e ir mode of occurrenc e , and ar e us ually, c omparat i v e ly 

speaking , not s o we ll dev el ope d . In r ega r d to t he r egion i mm ediately 



North of th e Gaza Line , the ma j ority of c~lcr e t e depo si t s are enc oun­

ter ed at depths of at l eas t 9 fee t, are in thin l ayers , and are poorly 

dev eloped . A f ew better deve l oped deposit s wi th in reasonable depths 

of th e surface do occur, bu t t hese are rar e a nd are of a d if fe r en t 

f orm and t exture from those f ound South of the Gaza Line . The latt er 

calcr e t es are we ll deve l oped t o reasonable dep ths, and t he ir occ ur­

rence under only a f ew inc he s of sand , is common Rlong mos t of the 

streets . 

3 . 7. 5. Vege tati onal cov er : The ve ge tational cover Sou th of the Gaza 

Line also follows the pattern of the sand dunes and calcareous str eets . 

The sand dunes tend to be heav i ly wooded , whi l e the s tr ee ts ar e general­

ly onl y ab l e t o support a gras s and ecrub bush gr owth (see Ph ot o 18). 

Over the thick sand pl a i n Nort h of t he Gaza Line , espec ially towards 

Runt u, a concentrated growth of tall tr ees is th e predominant cover . 

Open gr ass a r eas , essentially devo i d of tr ees , also occur , and are 

formed from more f i ne ly grad ed, and s ome time s sl i ghtly more pl astic 

sands . When such areas are situated in a sl i ght dep r e ssi on of rea-

sonabl e s ize, the y act as is ol a t ed pans , attracting a limited amount 

of l ocal dra i nage (s ee St er eogram 28) . 

3 . 7. 6. Pr ospec ting , wearing course : The well dev e l oped cal cre t e s in 

the s tr ee t s So ut h of the Gaza Line, were kn own from prev i ous expe rience 

to make an exce lle nt wear ing cours e for l ow-tr~fficked grav el r oads, s o 

this sect i on posed no seriou e mat er i a l s pr obl em . Owing t o the obv i ous 

scarcity of calcret es between t he Gaza Line and Runtu, prospecting with­

out t he aid of airphotos was carried out over this s ect i on pr i or to t he 

start of construction . This i nv estigati on resulted in t he dis cov ery of 

the typ e of calcrete depos its describ ed abov e . :IJi th th e ad dition of a 

sufficiently plastic b i nder , these deposits wer e adjud ged t o be s uitable 

for th e construction of a wear i ng cours e laye r (s ee Test Result Sheet 3~ 

However, af t er the compaction of on l y a short s ection imme diat e ly North 

of t he Ga za Line , it b eca~e obvi ous that the aggr egat e was no t we ll enougj:l 

dev e l op ed to make a wear i ng c ourse , even for the except i onal l y l ow traf f ic 

count s antic i pated . The aggr egat e proved to be far t oo soft , and crumb-

l ed t o powder und er th e const r uc ti on traffic . The d i scov er y of this de -

fic i ency was seri ous at this s tage of the projec t, but c irc umstances still 

permitt ed r eplanning and the all owance of suffic i en t time for th e ac ­

qu isi t i on of a s t rip of air photos , perm i tting a mo r e t horough and sys ­

te~atic mat er i a l s inv e stigati on t o b e und ertaken (3 . 7.1) . 

3 . 7 . 7 . The first invest i gation wit h the aid of the a i rphotos , was 

undertake n by an eng i nee r unv er sed in t he techn i que usua lly applie d in 

South Wes t Africa (3 . 2 . 4 t o 3 . 2 . 6) . The airphotos were us ed primarily 

as a base map , and th e 6 wee ks spent on the s ecti on prcv ed entire l y 
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unproductive . Aft er this l~pse of time, the situ ~ tion had deteriorated 

to the extent that an emergency had developed . The constructi on unit 

had been operational for just under a year, and nothing had been achie -

ved in t erms of comple ted road . It was not fully appr e ci~ted at the 

time , that the air photos had no t bee n us ed in th e manner designe d to 

yield well nigh fo olpr oo f i nformation . In c onsequenc e , it was feared 

that to build a grav el r oad at a ll, might pr ove en e conomic impossibi-

l i ty . Bef ore far-r eaching dec i si ons we r e t a ken 9 it was decided to 

confirm the findings of the t wo previ ous inv estigati ons by sending to 

the area yet another eng ineer, who had alr eady successfully applied 

the technique on a number of pro j ects . This third i .1vestigation was 

to establish beyond r eas onabl e doubt, wheth er or not any better wear ­

ing course materials did in fac t occur within the 5 mil e wide airphoto 

strip of the first 30 miles Nor t h of the Gaza Lin e . 

3 . 7 . 8 . The road building pot ential of most of the area to be covered 

by this investigation , could be int erpola t ed almost immediat e ly , simply 

by plotting on the airphotos the positions of all hol e s an d borro w pits 

previously sampled and test ed . ~ f ew f eatur e s ho wever, wer e not covered 

by this analogy . The s e we re not ed and syst 0 m~tically field - checked . 

Within four days of starting , t wo significant grav el d ep osits had been 

locat ed by this me th od . These deposits are so placed that the construe -

tion of a gravel road over this s ecti on be came ~ d efinit e possibility . 

3 . 7 . 9 . The first grav e l depo sit is situat ed ab out o.s mil es from the 

Gaza Line, and a pproximate ly 0 . 5 miles west of th e centre line . It is 

in fact very close t o the c onst r ucti on ca mp , but de s p ite this , and the 

(Ph ot o by J . H. Caiger) 
Phot o 19 : ~ well- developed ca l cret e deposit s i ­
tuat ed immed iately North of the Gaza Line in the 
Okavango Native Territ ory . It i s be ing worked 
f or wearing c ours e mat erial . 
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fact that t he Offic er- in - charge of the second prospect ing party ~ctually 

stayed at the camp for a month or more , the depos it still remained unde ­

tected nine months after construction had commenced (see Stereogram 27 

and Fig . 10) . The depos it consis t s of a well developed calcrete similar 

to those found South of the Gaza Lihe 1 and is in fAct the last of its 

kind on the way to Runtu, and within the area covered by the airphoto 

strip (see Photo 19) . The source is eas ily reco gnizable i n the air~ 

photos from its general re lief , and from the limite d drainage develop­

ment wh i ch culminates in an obvious pan (see Stereogram 27) . The good 

quality calcre t e has formed along the slopes and high spots of this fea -

ture . The pan and other l ow lying areas contain, for the most pPrt , a 

fine powdery lime with a relatively high Plasticity Index (see Test Re ­

sult Sheet 34) . The occurrence was covered in places by a scrub bush 

usually associated with surface lime stones , and which often imparts a 

distinctive textural appearance t o the airpho t os (3 . 4 . 3) . However , 

either the scale of these partic ular photos is too small to allow de­

tection of any slight difference, or their obviously impaired clarity, 

most probably due to haze or smoke from bush fires, or possible to both , 

has obscured any differences in the texture of the vegetation the re might 

otherwise have been . ~ lso clearly noticeable in Stereogram 27, are borrow 

pits l and 2 which were located during the initial materials investigat i on, 

but which subsequently produced the soft calcrete aggregate to which re ­

ference has already been made (r efer to paragraphs 3 . 7 . 4, 3 . 7 . 6 and to 

Test Result Sheet 33) . 

3 . 7 . 10 . The second source of grave l discovered d ir ect l y from the airphotos , 

(Photo by J . H. Caiger) 
Photo 20 : A view of a r eef - type calcrete deposit 
in the Okavfm go Nat iv e ·:rerritory, 29 . 0 miles from 
the Gaza Line . Note the calcret e nodules in the 
foreground . 

is situated 29 . 0 miles from the Gaza Line , and 1 . 3 miles We st of the 

centre line (see Fig . lC) . Although also a surface limestone , its 



development and mode of occurrence are completely different from that 

of the first deposit. The gravel itself has fbrmed under about 4 feet 

of sand, and is comprised of a hard, sandy textured, and concretionary 

limestone, with a honeycombed structure. It is of basecourse quality, 

and will be u~able for gravel road construction in one form or another 

(see Test Result Sheet 34). The main occurrence has formed in a reef-

like feature, and is not nearly as obvio4s on the airphotos as the pan 

with its accompanying drainage development, which led to discovery of 

the first deposit. Despite this, it is still readily distinguishable 

to the practiced observer, and was actually visited on the day follow-

ing the first disclosure. The primary airphoto indicator is natur~lly 

the reef-type o± feature formed by the deposit itself• but subsidiary to , 
this is the growth of a number of large trees in an area which is other-

wise devoid of tree vegetation (see Stereogram 28 and Photo 2b). No 

doubt the ·easy access for both roots and rain water, provided by the 

honeycombed structure of the calcrete, accounts for the presence of these 

large trees. Small isolated deposits are also found in the open area 

West of the main reef, but these are too small to be recoghized in photo­

graphy of this scale. 

3.7.11. A few more features unaccounted for by the initial and subse­

quent interpolation, were also field-checked, but brought to light no 

further gravel sources. Hence, it was concluded that the two deposits 

described above, are all that actually exist within the area investi-

gated. 
I 

3.7.12 •. Prospecting by aerial reconnaissance: As the localities of 

these two deposits would involve hauling wearing course material for a 

distance of up to 15 miles, it was considered essential to prospect an 

additional area beyond that already covered by the airphoto strip, in 

the hope of loqating more gravel sources ,of a similar nature 9 and thus 

reducing the unfavourable leads to reasonable proportions. Owing to 

the acute time limitation, it was further thought desirable to conduct 

the survey by aerial reconnaissance, provided that this method held out 

a reasonable chance of achieving success. ~s many hours had already 

been spent in stereoscopic ·examination of the airphotos, in conjunction 

with both available test results and systematic field-checking of all 

significant features, familiarity with the vertical view and the corres­

ponding materials interpolation thereof, had become second nature. It 

was the consid~red opinibn, therefore, that a carefully conducted aerial 

reconnaissance had a good chance of yielding reliable materials informa­

tion about the terrain bordering the airphoto strip. 

All information already to hand, indicated that the area on 



the north-western side o.f the airphoto strip, was the one more likely 

to produce results, and in consequence the investigation was limited 

to this side. To ensure re~sonably accurate location from the air, 

traces perpendicular to the centre line and sp~ced at 5 mile. interv~ls, 

were pushe~ open on this a~de (see Fig. 10). The first traverse was· 

flown along.a line directly over the end of these traces, and at a 

height of about 5,000 feet above ground level. .This altitude was 

specifically chosen to ensure that features would be visible for a 

sufficiently long period to enable positive identification to be made, 

The locality of features which would require later ground-checking, was 

noted as accurately as possible on a prepared plan showing the centre 

line and relative position of all traces. On the second traverse, the 

position of all features noted on the plan, was either confirmed, or 

adjusted where necessary. One or two particularly promising-looking 

places were also examined at close quarters by flying several passes 

at tree top height. From this height it was possible to recognize 

typical types of scrub vegetation, as well as pieces of aggregate 

lying on the surface. 

3.7.14. This air reconnaissance finally produced two new gravel 

sources, as well ai an extension arei some distance West of the cal­

crete already located at mile 29.0.· The first discovery was made 

opposite mileage 8.0, and approximately in line with the eni of the 

traces. It consists of an isolated, but well-developed calcrete 

deposit,· similar in quality and mode of occurrence to that previous-

ly found at mileage 0.8. The second deposit to the credit of this 

reconnaissance, is situated about 7 miles north-west of mileage 18.5 

(see Fig. 10 and Test Result Sheet 34). It occurs a short way from 

the source of an omuramba, whj.ch subsequently follows a general north­

westerly course away from the area of interest to the road project. 1 

Its mode of occurrence, and the shape and form of its aggregate, are 

similar to those of the deposit at mileage 29.0; but unfortunately 

it is positioned uneconomically far from the centre line, and will 

thus have no practical application apart from that of an·emergency 

source of supply. The deposit at mileage 8.0 however, has already 

been used, and effects an overall reduction of from 2 to 4 miles in 

the maximum haul distance between the two original sources at mileages 

0.8 and 29.0. As the transport of a considerable quantity of wearing 

course gravel was involved, this reduction has resulted in an appre­

ciable saving in the cost of construction, and will subsequently bene-

fit maintenance expenditure as well. Assuming the prerequisite of 

l. An omuramba is a grassed stream bed which 
occasionally carries water. 
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the existence of suitable sources of material, the success, achieved by 

the aerial reconnaissance, can be ascribed in large measure ~o the prior 

application of the technique over the area covered by the airphoto strip 

of the first 30 miles North of the Gaza Line (3.2.4 to 3.2.6). Without 

complete familiarity with the vertical view and corresponding materials 

interpolation, a survey of this kind could be misleading, and could 

cause faulty decisions to be. made, based on unreliable information. 

Hence, the success of such a venture is largely dependent on the prior 

intensive use of airphotos of terrain similar in all respeots to that 

which it is intended to cover by the aerial teconnaissance. 

3.7.15. The cheapest route: Had the initial materials investigation 

been conducted with the aid of the airphotos in the manner indicated, 

and then extended to include this latter air reconnaisance work, the 

route would almost certainly have been located further to the north­

west, probably by as much as 5 miles, or more, in places (see Fig.lO)~ 

In this way all four gravel sources could have been utilized to their 

best advantage, resulting in the ~heapest possible gravel road under 

the particular conditions dictated by nature. The fact that the gra-

vel deposits first found were th6ught t6 be of wearing course quality, 

would not automatically have ensured the adoption of the present, and 

shortest route. The four gravel sources discovered later, apart from 

their obviously superior quality, would in any case have been considered 

. the more economical proposition, as all of these occur, either on the 

surface, or under a thin sand layer only; while the general limestone 

deposits of the area, were found to occur in thin layers under at least 

a 6 foot thickness of sand, and consequently would have been relatively 

expensive to work. 

3.8. THE KALAHARI GEMSBOK NATIONAL PARK 

3.8.1. Introduction: Thd main road runnin~ along the Auob River, and 

then passing through the Kalahari Gemsbok National Park, carries an ever 

increasing amount of through traffj_c bound to and from the Republic of 

South Africa. It has now reached a stage where it is considered desi­

rable to route this traffic outside the Park boundaries, and to this end 

the Sout~ West African Administration investigated a triangular area of 

country enclosed by the Auob River in the North, by the South We~t Afrka 

- Cape Province boundary in the East, and by a straight line from the farm 

Stilledal on this boundary, to the point of eritry of the Auob River to the 

farm Kinkel (see Figs. land 11). 

3.8.2. Environmental conditions: This entire region, apart from the 
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(Photo by J . H. Caiger) 
Photo 21 : A typical Kalahari sand dune and 
street . 

northern extremity occupied by ~he valley of the Auob River, is thickly 

cover ed by Kalahari sand , alternating in to pographic form from dunes to 

streets which , over much of the area, run roughly par~llel to each 

other and at approximately 2200 t o true North (see Photo 21 and 

Stereogr~m 29) . The monotonous pattern of this topograph promised to 

create such a serious problem in regard to locati on and orientation of 

both survey and prospecting field parties, thRt special aerial photo ­

graphy was flown to a scale of approximately l in 39,000, from which 

mosaics were made prior to the start of the field operations . These 

mosaics later proved of inestimable value in the field , and amply 

justified the cost of their production . 

3 . 8 . 3 . In the valley of the Auob River, however, erosion has not only 

removed the sand cover, but has also cut through lower horizons of the 

Kalahari System , exposing calcareous sandstones and grits, which are 

often capped by a hard limestone crust . Surface drainage, apart from 

that of the Auob River itself , is vi r tually non-existent; the sand 

absorbs all of the meagre average ra i nfall of about 200 mm . (8 in~hes) 

per annum, except in the vicinity of the only pan of significance with­

in the area whe re a certain amount of local drainage und oubted ly occurs 

(see Fig . 2 a nd Stereogram 29) . Scrub bush and an occasional tree are 

the only permanent ve ge tati on, but after rain grass make s its appearance 

and often grows in profusion (see Pho t o 21) . 

3 . 8 . 4 . Appra isal, first route : Init ial ly a short fi e l d trip was under ­

taken, primarily to get acquainted with the e round conditions and their 

corre l ation with the corresponding vertical view dep icted on the mosaics 

_and individual stereopairs . During the course of this trip, it became 
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obvious that the crux of the problem was th,e location of sufficient 

gravel sources suitable for the construction of a wearing course layer~ 

If such sources did not exist within, or close to, the area of possible 

location, the question of building a gravel-surfaced road in the,vici~ 

nity, would be purely theoretical. In this respect the problem resem~ 

bled that which developed on the section of road between the Gaza Line 

and Runtu, in the Okavango Native Ter~itory (3.7.7). 

3.8.5. The first area to be investigated intensively, was a narrow 

strip between the farms Kinkel and Stilledal, as this partipular line 

was favoured by the Cape Administration (see Fig. 11). Three streets, 

offering the most satisfactory geometric solutions, were chosen from 

this strip and were then prospected along their full lengths, invol-

ving a distance of approximat~ly 55 miles per street. A.uger holes 

to a depth of about 15 feet, and seismic readings which were reliable 

to about 30 feet, were taken at judicially placed low points selected 

directly from the mosaics. The streets and dunes are readily differ-

entiable in these mosaics from the lighter grey tone of the latter, 

while low points within the streets are easily recognized from their 

relatively darker tone (see Mosaic 2). The information thus gleaned, 

confirmed the suspected fact that no calcrete had formed, and that 

within this strip the sand reaches a considerable depth. The construc­

tion of a gravel road along this route, was therefore considered to be 

impracticable. 

3.8.6. Appraisal, possible route (refer to Fig. 11): ~ttention was now 

directed further to the East, where the only pan of any size occurs. The 

side slopes of this pan were found to contain large quantities of pebble 

calcrete gravel, the aggregate portion of which is of suitable size and 

quality for use in a wearing course layer; but the soil fines proved to 

be insufficiently plastic to ensure adequate cohesion of the pebbles. The 

floor of the pan, however, consists of a range of plastic clays, which, 

if judicially selected and admixed with the natural gravel from the sl~es, 

should achieve a satisfactory ond result (see Stereogram 29 and Test Re­

sult She.et 35). 

3.8.7. Following on· this discovery, a narrow strip of country between 

the Auob River and the South West Africa- Cape Province boundary,which 

included sites likely to yield similar types of material, was selected 

for systematic investigation. One' of the anticipated possibilities was 

a small pan on farm No. 330, · where an occurrence of calcrete gravel and 

plastic fines, similar to that found in the larger pan, was subsequently 

confirmed (see Test Result Sheet 36). A. third source tested was from 

tho valley of the Auob River, where any amount of suitable gr'avel was 
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already kn~wn to exist (3.8.3). From these thre& sources it should 

be possible, using maximum haul distances not exceeding 9i miles, to 

gravel a satisfactorily aligned road to the South West Africa - Cape 

Province border\ which would by-pass the Park. This possible route 

is roughly parallel to, and 5i to 6 miles from, the original line fa­

voured by the Cape Provincial Administration. The decision as to whe­

ther or not it will be adopted, now depends largely on the outcome of 
~· 

future negotiations with tho Cape Provincial Administration. 

3.8~8. Pattern of topography: The route proposed above, marks roughly 

the boundary between a slight but significant change in the pattern of 

the topography. East of this particular location, and to the limit of 

th~ region investigated, the sand dunes tend to be smaller and form a 

more broken pattern, such that continuous streBts diminish in length 

and are not so well defined (see Mosaic 2). It is thought that the 

thickness of the sand cover decreases considerably over this section, 

which may account for the change in size and pattern of the dunes, and 

for the fact that calcrete has developed. Unfortunately, the time was 
I 

not available to establish definitely whether this is in fact the case. 

3.8.9. Conclusion: The aerial mosaic is without doubt the best medium 

for showing up slight changes in the pattern of the topography, (or for 

that matter in the pattern of the vegetation as well), which, as in this 

particular ca~e, may be of vital importance in prospecting, and ulti­

mately in the project as a whole. The individual ster~opairs are too 

limited in areal scope to ~nsure the discovery of such changes. In 

this instance mosaics also enabled the field parties to locate themselves 

with ease, and by the use of interpolation, ensured that the investigation 

was finalized in a minimum of time. The usefulness of the airphotography 

for the materials investigation of this particular project, was hence cen­

tred primarily in the mosaics, and not in the individual stereopairs. 

This fact, taken in conjunction with the euccess achieved with stereo­

pairs on other projects, high-lights the necessity for the use of both 

stereopairs and mosaics if the maximum bBnefit is to be derived. 
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C H \ P T E R 4. 

SUMMr\RY AND CONCLUSIONS 

4.1. PROSPECTING METHODS IN CURRENT USE 

4.1.1. In. the Territory of South West Africa three methods of conduct­

ing a materials investigation for rural road projects are in current use. 

These are as follows 

(i) The use of airphotos and airphoto interpretation in 

the way described in this thesis (section 3.2) • 

. (ii) The use of airphotos and airphoto interpretqtion for 

the production of a soil engineering map coupled with 

prospecting during, and after, the production of the 

map. In this method the map, and not the airphotos, 

is used as an aid to prospecting (2.4.21). 

(iii) Prospecting by established methods without the aid 

of airphotos in any form •. 

4.1.2. Methods (i) and (ii) were introduced almost simultaneously in an 

attempt to improve the indifferent results obtained, under complex and 

difficult conditions 9 by normal prospecting practices. With the experience 

gained, ft can be stated categorically that the application of both me­

thods has been successfti~in that~ considerable overall improve~erit has 

resulted in the accuracy and degree of completion of the information ob-· 

tained. In other words, it is the application of airphoto interpretatful 

to the materials -field which has resu1 ted in this improvement, the use of 

different approaches affecting the degree. 

THE HAJOR IMPROVEMENTS TO PROSPECTING EFFICIENCY 

STEMMING FROM THE DIRECT AID OF ~IRPHOTOS 

4.2.1. The tecpnique described in this thesis has succeeded beyond ex­

pectations, primarily due to its being specifically tailored to meet 

the special needs of this Territory (3.2.1). Normal prospecting 

methods have failed to supply, with sufficient reliability, the vital 

information required to fulfil these needs; but these same basic pros­

pecting practices, improved and adapted to make full use of the potential 

of airphotos in the manner described, have been able to achieve remark­

able results. The main improvements which stem from the direct aid of 

airphotos, can be summarized as follows: 
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(i) The reduction of unnecessary waste of time to a 

minimum by: (a) being able to locate easily ones 

own position relative to specific features which 

require field-checking and, (b) by completely 

avoiding areas where prospecting will be fruit­

less (3.2.5). 

(ii) The use of the exaggerated. vertical scale with 

wide coverage, to locate sources of road building 

material which would normally have b~en missed by 

use of the ground view only (e.g. 3.5.14 to 3.5.15). 

(iii) The observation of significant patterns and the 

accurate delineation of their boundaries, over 

both small and extremely large lareas, made pos­

sible by the wide coverage provided respectively 

by individual stereopairs and composite mosaics 

(3.8.8 to 3.8.9). 

(iv) The possibility, through familiarity with the ver­

tical view and its corresponding correlation with 

ground conditions, of prospecting by means of 

aerial reconnaissance beyond the airphoto cover 

(3.7.12 to 3.7.14). 

(v) The extended scope of interpolation, which makes 

possible quick materials appraisals of large tracts 

of country for route location purposes, and which 

also permits detailed prospecting to be effective 

over an area embracing 3 miles or more on each sid~ 

of the centre line. By normal prospecting methods, 

a quick but accurate materials reconnaissance over a 

large region is virtually impossible, while detailed 

prospecting is rarely effective beyond a half mile 

from the centre line (3.2.3 to 3.2.6). 

(vi) The ability to plan rationally on both a short and 

long term basis, which ability has led to the whole 

development of the technique described (section 3.2). 

4. 3. SOME ADVANTAGES OF THE TECHNIQUE DEVELOPED, OVER TH~,T OF INVES-

TIGATIO:JS BASED ON THE PRODUCTION OF A SOIL ENGINEERING MAP 

4.3.1. From the concept on which the technique is based, it is readily 

apparent why it has achieved better overall results and more confidence 

at top-level in South West Africa, than the method based on the prod~tion 
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of a soil engineering map (3.2.1). 
tages are detailed below: 

Som~ of its more ~bvious advan-

(i) The airphoto interpretation is directed at supplying 

in an early stage of the design, the vital information· 

concerning the locality of ALL top-quality sources of 

low-cost material, substantiated by adequate test re­

sults. This is especially importa~t where decisions 

on route location have to be taken before the more de­

tailed planning can begin. In soil engineering mapping 

projects, the air~hoto interpretation is directed pri­

marily at the accurate demarcation of the boundaries 

betWeen the basic geological formations. Delineation 

of the superficial surface deposits is undertakeq 

later, but, in its application in South West Africa, 

has been too general to be of much engineering sig­

nificance~ Establishing the road-building potential 

of these important surface deposits is largely left 

to the subsequent prospecting operations, which are 

conducted with the aid of the mgp and NOT with the 

direct aid of airphoto interpretation. Thus the 

many advantages to be derived from airphoto inter­

pretation in this all-important phase of the ma­

teri3ls investigation are lost, with the conse­

quence that importo.nt da~osits are sometimes missed. 

For example, on the soil engineering mapping project 

b~tween Mariental and \sab, two surface limestone 

occurrences close to the centre line, remained un-

detected as potential basecourse material until late 

in the construction phase. This gravel was even­

tually used in lli miles. of basecourse, which on this 

60 mile project, is approximately 19% of the total 

basecourse length. 4s many of the low-cost sources 

of good quality material are to be found in these 

superficial surface deposits, this deficiency is con­

sidered a major disadvantage of the soil engineering 

mapping a~proach (refer to texts of Chapter 3). 

(ii) Despite the premise, which is undoubtedly correct, 

that nature is not haphazard but conforms to regular 

laws, basic ,~·eological fnr:nations ere still encoun­

tered in which the engineering characteristics vary 

widely from place to place within the sgme formation. 
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Under such circumstances the technique developed has 

proved very successful in direct location of material 

to meet particular road-building specifications (3.5.14). 

The latest trend in soil engineering mapping projects, 

is to conduct a statistical analysis on the different 

materials encountered, covering _the variability of 

the significant engineering,properties. The results 

of such an analysis under conditions of variability 

within the same formation, would point to the need 

for the location of specific sources to meet parti-

cular requirements. Having airived at this conclusion, 

the soil engineering map would be of no further use, and 

these sources would then have to be located by normal 

prospecting practices, with all their attendant dis­

advantages under South west African conditions. 

(iii) The technique directs all its effort on solving the 

problems considered to be of direct and practical im­

portance (refer to Section 3.2). In order to produce 

a soil engineering map, much effort is often expended 

on questions of no actual significance to the road pro­

ject. for example, (a) in order that large areas of the 

map should not remain undifferentiated, accurate delinea­

tion of the boundaries between basic geological forma­

tions is still undertaken despite 10 feet or more of 

cover by superficial surface deposits (e.g. as in such 

areas as those described in 3.4.2, 3.5.3, 3.6.3, 3.7.2,-

3.8.2); and, (b) detailed work in areas far from the 

centre line is done even in cases where road building 

material is plentiful much closer to hand. 'rhe in-

corporation of such superfluous information is not in 

itself harmful, but, after dissipation of so much ef­

fort on the production of a map, there is often a ten­

dency to skimp on essential prospectinc, to the ultimate 

detriment of the overall materials investigation. 

(iv) A degree of trained and skilled geological conjecture 

is not necessary when applying the technique described 

in this thesis, as most sources of. road building ma-

terial can be directly distinguished as such on the air-

photos (refer to relevant texts of Chapter 3). Thus, 

the airphoto interpretation can be done adequately by the 

engineer directing, and responsible for, the prospecting 
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operations. This arrangement will also ensure that 

the engineer becomes familiar with the terrain, from 

which many direct and indirect benefits will subsequent­

ly flow. However, in the soil engineering maps produced 

to date, the accuracy and detail achieved, is the work 

of a trained geologist specialized in airphoto inter­

pretation (2.4.16 to 2.4.17). When using such a map 

as the basis of the materials investigation, it is . 

still necessary to have a specialized engineer direct­

ing the overall project. Thus an additional highly 

trained specialist is required for the soil engineer­

ing mapping approach; a distinct disadvantage in 

these days of general shortage of scientific personnel. 

4. 4. THE SCA.LE 0.1!' · PHOTOGR4.PHY : RBQ:.JIHSJvlElJTS Gm1PL~,RED 11/ITH 

THOSE FOR SOIL ENGINEERING M~PPING 

4~4~1. The scale of the aerial photographs used on all the investiga­

tions described, is approximately 1 in 36,000, with the exception of 

those used for the Kalahari Gemsbok National Park job, where the scale 

is of the order of l in 39,000. Despite this relatively small scale 

when compared with the scales recommended for soil engineering mapping, 

in only one instance, apart from the general problem with calcretes, 

wn~ ~ifficultt encountered in delineating the boundaries of deposits, 

or formations, of any road-buildin! significance (2.4.7 to 2.4.8, and 

4.5.2). This was in the case of quartz gravel deposits South of Kalk­

rand, where the average rainfall happens to be about 8 inches per an­

num. These gravels have often been impregnated with calcrete to the 

extent that their normal 8irphoto indicators have become obscured, 

making exact boundary d0marcation virtually impossible, and hence also 

hindering reliable detection by analogy (3.1.17 to 3.1.19). In this 

particular case, a larger scale of photography may have revealed some 

more definite change of tone and/or texture of those deposits which 

happen to be relatively free from lime-impregnation and this would 

have made for easier and better recognition of such occurrences. 

However, in an area of average annual r~infall of approximately 15 

inches, it was possible, when using a four magnification stereoscope, 

to locate a dolerite dyke in the Klein Omatako Mountains, which is 

too narrow to be workable in practice (3.4.4). Again between the 

Gaza Line and Runtu, where the aver~ge rainfall is as high as 22 

inches per annum, the only two gravel depo?its of wearin6 course 
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quality were not difficult to detect on the airphotos (3.7.8 to 3.7.1~. 

4.4.2. It is concluded, therefore, that the scale of photography re­

quired for the successful application of the technique previously here­

in described 9 is considerably smaller than that needed for accurate 

soil engineering mapping; especially in the higher rainfall areas, 

where a scale a little larger than half the size of that recommended 

for soil engineering mapping, has proved adequate (2.4.7 to 2.4.8). 

The reason for this is readily apparent. Soil engineering mapping 

is to a large measure concerned with the demarcation lines between 

.basic geological formations, and requires these to be established ac­

curately, even under adverse conditions and where positioning of a 

particular contact line is of no importance to the road project (4.~1 

(iii), and Bibliography No. 6). A larger scale of photography is 

necessary to obtain the desired accuracy and to enable the interpreter 

to miniDise his field-checking. In the application of the technique, 

however, the chief concern is the location of finite areas of suffi­

cient size to bo w0rk~ble in practice and which are economically si­

tuated. 

4.4.3. As the scale of photography necessary for the planning of 

various other aspects of a road project, such as survey, drainage 

positioning, catchment areas etc., is relatively small, the financial 

advantage of the smaller scale requirements is appr~ciable. For exam­

ple, large areas of SoJth West Africa have been flown to a scale of 

l in 36,000 1 and the policy of the Administration is to extend this 

airphoto cover still further. This scale is large enough for general 

engineering purposes, and is also perfectly adequate for the applica­

tion of the technique, but, apart from the arid areas, would not even 

remotely meet the requirements for the production of an accurate soil 

engineering map. (see Fig. 2 and paragraphs 2.4.7 to 2.4.8). 

4.5 AIRPHOTO INDICATORS 

4. 5 .1. In the investigations undertaken, the indicators of topographic 

form (relief) and texture and gre~ tone of vegetation, were r~sponsible 

for the identification of the majority of sources of road building ma­

terial. Change of slope, and texture and grey tone of materials, also 

played a minor rBle. Linear forms consisting of a dolerite dyke, bands 

of crystalline limestone, and parallel rows of Kalahari sand dunes, 

hav~ on occasion also been prominent indicators (4.5.4). The bands 

of crystalline limestone were associated in the location of important 

sources of material between Sukses and Otjikango (3.5.16). Drainage 
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and erosional forms of indicator were virtually non-existent, as is to 

be expected in well-vegetated, undeveloped, fl~t terrqin. 

0.5.2. Surface limestones in many forms, and sometimes to considerable 

depths, are distributed over much of South West Africa. Their road 

building potential varies in proportion to their numerous modes of oc­

currence, and ranges from unsuitable for use anywhere in the road bed, 

to suitable for use in the basecourse layer. Their airphoto indicators 

also vary over a wide range, making interpolation, and interpretation in 

terms of engineering significance, very difficult. For example, in the 

neighbourhood of Sukses the grey tones of the calcrete vary from dark to 

very light. In this particular case however, this wide variation form-

ed the basis for the differentiation of calcrete to meet shoulder speci­

fications, from that of a much inferior quality (3.5.18). Again, betwem 

Otjiwarongo and Otjikango, it was only possible to delineate specific 

areas, and not actual deposits, which were likely to produce workable 

gravel of potential basecourse quality. These areas still required 

ground prospecting, as other unsuitable forms of undifferentiable cal-

crete were also present (3.6.11 to 3.6.12). A further example quoted 

elsewhere, is that of tha lime-impregnated quartz gravels South of Kalk­

rand, which proved difficult to distinguish on the airphotos, probably 

due largely to the impregnation o,f lime (3 .1.19). From these examples 

and from general experience, it is concluded that airphoto interpreta­

tion has its limitations in regard to the differen~iation of surface 

limestones in terms of road building potential; and for this reason, 

such deposits should be given special attention in the field whenever 

the use of this technique is to be adopted. 

4.5.3. Anthills have proved reliable indicators of the general plasti-

city of soils. Where these occur, the Plasticity Index of the top soil 

is rarely less than 8, and has a tendency to increase still further with 

depth. Conversely, where anthills are not found on reasonable deptm 

of top soil, the Plasticity Index is invariably less than 8. In open 

country these anthills impart a pock-marked appearqnce to the airphotos, 

but in wooded areas ~he anthills are often obscured, making direct air­

photo recognition difficult. In such cases the limits of the anthills 
I 

can be checked on the ground, after which the demarcation lines between 

plastic and less plastic soils can often be delineated from other indi­

cators. A similar relat1onsfiip between anthills and the corresponding 

plasticity of the soil,has been reported from Nyasaland (Bibliography 28). 

4.5.4. It has been suggested that the elements of aerial photogr8phic 

patterns such as dykes, faults, joints, bedding planes, fracture traces, 

bands of metamorphic rocks, reefs, sand dunes etc., be classified 
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separately under the heading of "elements of line" (Bibliography No. 2, 

volume 2, page 63). However, such elemants are usually identified 

initially in the airphotos by their linear form (3,4.4, 3.5.16). If 

an additional breakdown is considered desirable, it would therefore 

seem more logical to classify such a group under another subdivision 

of the "elements of form". It could be justified by the fact that 

.such features are often striking in their own right, although they 

are still differentiable from, 'and classifiable under, one or other 

of the existing breakdown of the elements into form, tone, and texture 

(2.4.6). However, by analogy with this argument, man-made geographic 

features would also justify separate classification, although these 

again are identifiable from the basic elements as listed. It would 

appear, therefore, that if the list of elements is not to become un­

wieldy, it should be confined as far as possible to those elements 

which are essential for differentiation and classification purposes. 

Despite the linear occurrences encountered in South West Africa, the 

basic elements of form, tone, and texture, have still been found ade­

quate for all general purposes. 

4. 6 THE I!ViPORT.ANCE OF THE CORRECT USl\.GE OF STEREOPAIRS AND MOS!l.ICS 

4.6.1. The importance of continued and detailed study of stereopairs 

before and during the materials investigation of any project cg,n hardly 

be overemphasised (3.2.4). Many of the indications are only ident,ifiable 

on perception of the relative vertical and horizontal relationships be-

tween formations of differing origin. A great potential advantage of 

aerial photography in the materials field is being sacrificed if stereo-

scopic examination of the airphotos is in any way neglected. 

4.6.2. Occasionally ho~JJever, mosaics will not only fulfil their normal 

routine function, but will even play a more dominant role thRn that of the 

individual stereop~irs (3.2.7). This is especially true v1here gradual 

changes in the pattern of the topography over large areas are signifkant, 

and may prove difficult to detect on the ·limited a.reg imaged by stereo­

pairs (3.8.8 to 3.8.9). 

4.6.3. If the full potential of aerial photography in the materials 

field is to be realized, therefore, it is imperative that both stereo­

pairs and mosaics are used correctly and intelligently. 

4. 7 THE RELATIVE ECONOMICS OK' MATERL\LS INVESTIGATION METHODS 

4. 7 .1. No costing has ,as yet been undertaken on the various aspects 

entailed in the application of the technique described in this thesis. 



so. 

From a comparative point of view however, detqiled costing of any method 

on a few specific projects only, is of limited value, due primarily to 

the vqriable factors which occur under widely different local circum-
' stances, and which cause a large percentage fluctuation in the cost per 

mile. A comparison of the field operations, as being the most costly 

items involved in all three methods of materials investigation in cur­

rent use in South West Africa, forms possibly a more suitable basis on 

which to guage their true relative costs. 

4.7.2. The technique forming the.main subject-matter of this thesis, 

involves two distinct field operations; the first is the recognition 

of all features in the airphotos, and the SAmpling of typical profiles 

to establish their engineering potential and to provide the basis for 

later direct interpolation in terms of engineering significance; the 

second is the systematic sampling of sufficient borrow pits, to give 

the most economic usage of materials when the road is ultimately built. 

Orr the other hand, normal prospecting methods constitute one continuous 

field operation; namely that of sampling sufficient promising sources 

of material to build the road, if, and only if, such sources happen to 

be found without too much difficulty. From this it is reasonable to 

conclude, that the actual cost of the application of the technique is 

not likely to be less than that of normal prospecting, but is probably 

not appreciably more either, due to the eliminatiori of much of the du­

plication o! effort usually inherent in normal prospecting practices. 

4.7.3. Theoretically, investigations based on a soil engineering map 

are also subject to two distinct field operations; namely that of 

the production of the map, followed by that of detailed prospecting 

with the aid of the map. Production of the map alone has been casted 

at from R75 to Rl20 per mile on various projects in Southern Africa 

(Bibliography No. 33). To this, of course, must be added the cost of 

tke second field operation. On account of the ~etailed work required 

in the production of the map, coupled with the fact that the use of 

the map for the second field operation is often not 8S satisfactory 

as the use of the airphotos themselves, it is concluded that the ap­

Pfication of the technique described hereinbefore, is less costly than 

a complete investigation-based on the initial production of a soil en­

gineering map. This comparison assumes that suitable airphoto cover 

is available. All of South Africa and much of South West Africa al­

ready has airphoto cover which is suitable for the application of the 

technique described, but much of which may not be suitable for soil 

engineering mapping pUrposes (Bibliography No. 6). The comparison 

in general therefore, terds to favour still further financially, the 
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method of direct application of airphoto interpretqtion to borrow 

pit location. 

4.7.4. An inference which can be drawn from the foregoing, is that 

the difference in costs between all three methods of investigation, is 

negligible when compared with the overall cost of the average road 

pro~ect. The really important economic consideration, from the Admi-

nistration 1 s point of view at any rate, is to discover in the time 

available, the criteria for the minimum possible cost of construction 

under the prevailing conditions. From intimate experience of the use 

of all three methods in South West Africa, it is concluded that the 

proper application of the technique described in this thesis, has the 

best potential of achieving the maximum possible reduction in construc­

tion costs, especially where distribution of high-quality road-building 

material is the determining factor in the route location; and that the 

amount of money which can thus be saved, is out of all proportion to 

any possible increase in the cost of the materials investigation due 

to the choice of this particular approach. 

4.8 INVESTI~TIONS BY CONSULTING ENGINEERS FOR CONSTRUCTION BY CONTRACT 

4.8.1. During the planning stage of any job being investigated for the 

Administration by consulting engineers, much of the interest of the 

Client is vested in ensuring that the most favourable contract ten0er 

prices will be obtained for the items in the bill of quantities, which 

will have the greatesteffect on the eventual cost of construction. The 

primary requisite in the pursuit of this aim is that these quantities 

be realistic and bear a reasonably close relationship to the final quan­

tities used. To achieve this9 an accurate knowledge is required of the 

most economic sources of material available for the construction of the 

significant layers of the road. Only then can such questions as the 

most suitable distances for free haul, the quantities of overhaul and 

of the different classes of natural and processed materials needed for 

the various layers, be intelligently estimated. If the road as built, 

differs appreciably from the proposed construction on which the ~ill of 

quantities was based, and the cause is not unexpected relative tender 

prices but the lack of sufficient knowledge in the planning phase, then 

the Client may stand to lose an appreciable amount of money. 

happa~ amongst others, in the following ways: 

(i) High tender prices being quoted for unrealistically 

small quantities reflected in the bill 9 when much lar-

This can 

ger quantities were in fact usad, for which lower tender 

prices would undoubtedly have been forthcoming.i 
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(ii) Ridiculously low prices being tendered for small 

~uantities shown in the bill. If much larger 

amounts of items priced in this way are subse~uent-

lj used, then the contractor could be seriously em­

barrassed even to the extent of going bankrupt. Such 

an eventuality could seriously hinder, or completely 

hali progress of the work, resulting in very adverse 

financial repercussions to the 4dministration (3.1.14 

to 3.1.16). 

(iii) The acceptance of a tenderer who was in reality not 

the lowest. 

(iv) The uneconomic use of the m~terials available. 

4.8.2. Much of the initial work undert~ken ~y consulting engineers in 

South West Africa (and for that matter by the Administration as well), 

showed the above symtoms to such a degree, that a much more thorough 

materials investigation has for some ti~e ~ow been insisted upon (3.1.3 

to 3.1.19, and 4.3.1 (i)). Following on this insistence, consulting 

engineers using normal prospecting methods, have found that two sepa-

rate field operations usually become necess~ry. In one instance, 

between Asab and Wasser in the South, where the investigation was ac­

tually based on the initial production of a soil engineering map, it 

was still deemed advisable to undertake ~ second prospecting operation, 

making three separate field oper~tions in all. As such additional field 

parties are not planned for at the outset, it often necessitates the 

alteration of much of the work already completed, and may even render 

some ot it redundant. More serious still is the delay caused by such 

unscheduled field prospecting, which has in the past resulted in con-
' struction projects being postponed for anything from four months to a 

year. 

It is considered that the intelligent application of the 

teohni~ue described is the best solution to this problem and could 

benefit all parties concerned. The Client would benefit from the bill 

6f quantities reflecting more assuredly than ever before, the actually 

prevailing situation. He would also be in a position to plan the con-

struction programme, and corresponding financial spending, with a grea­

ter degree of certainty. The consulting engineer would have to arrange 

his investigations from the outset on the.basis of two distinct field 

operations, but in so doing, would almost certainly eliminate the waste 

of time and energy resulting from an unplanned second field prospecting 

party. He would achieve a better overall result in a shorter time, and 

at a cheaper cost to himself and at the same time would increase his 
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early chances of r~ceiving further work from the Client. The good 

contractors, once confidence had been gained, would be able to plan 

their plant requirements, or plant usage, more accurately and hence 

be in a position to price on the sgme profit margin but with. less 

element of risk, or, alternatively, to price more competitively on the 

same risk basis. 

4.9 THE USE OF AIRPHOTO INTERPRETATION FOR R04D PROJECTS IN OTHER COUNTRIES 

4.9.1. The United States of America is the only country which mgkes use 

of soil engineering maps to any great extent, but as the emphasis is on 

the reinterpretation of existinG agricultural maps, the technique of 

airphoto interpretatior. is not always applied. However, every state 

using airphoto techniques in the preparation of soil engineering maps, 

still acknowledges heavy reliance on conventional methods for the loca­

tion of suitable sources of material. 

In recent years a number of countries have also reported a 

limited amou~t of work with a similar approach to that described in 

this thesis, but adapted to meet tbeir particular local needs. In 

both Nyasaland and Southern Rhodesia lateritic deposits have been 

detected directly by photo interpretation (Bibliography Nos.l and 27). 

In Southern Rhodesia the laterite, or quartzos~ lateritic gravels, 

located overlaying granitic rocks, were reported to be of low plas­

ticity, which finding corresponds with that obtained under similar 

circumstances in South West Africa (3.4.5 to 3.4.6). From the 

Federation of Malaya, work has also been reported on the direct air­

photo identification of areas of lateritic soils suitable for road 

construction purposes (Bibliography No. 10). It is interesting to 

note that the above three countries all face problems analogous to 

some, if not all, of those encountered in South West Africa. 

4.10 THE APPLIC~BILITY AND POSSIBLE FUTURE SCOPE FOR THE TECHNIQUE 

DESCRIBED IN THIS THESIS 

4.lo.;.. Any appraisal of the possible advantages, or disadvantages, 

for any particular project, of the use of the technique hereinbefore 

described, should take into consideration the conditions pertaining in 

the area, and also, whether or not the concept on which the technique 

is based, is still applicable. Under certain circumstances there would 

be very little, if any, point in using such finesse. For example, (i) 

in the better developed European counties where detailed information 

and knowledge is already available, (ii) in areas where the natur8lly 
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occuring gravel deposits of good quality have already been expended, 

(iii) in areas where good quality gravels are abundant and easy to 

locate, and (iv) in areas where the geology, including surface deposits 

if any, is uniform in composition and quality in terms of road building 

potential. Such conditions obviously do exist, and in countries where 

they are widespread, the necessity for deviation from est~blished prac­

tices would not arise. 

4.10.2. The greatest applicability and future scope for the use of 

the technique, lies in the underdeveloped countries of the world, and 

especially in those on the continent of Africa where the concept, 8nd 

many of the conditions on which the technique was developed, .still hold 

true (3.2.1 and 3.1.2). It {s stressed, however, that a limited amount 

of training is required, followed by pr~ctice until the vqrious steps 

of the technique become routine. \·Jhen this stage is reached the full 

potential of the use of airphotos in the present state of the art can 

be realised; and under conditions which dictate its use 9 engineers 

should avoid the mistake of lightly underestimating this potential. in 

terms of ultimate financial benefits. The technique has already proved 

itself in the'Territory of South West Africa to the extent that it has 

been accepted as a routine procedure on all materials investigations 

undertaken directly by the Administration, and also to the extent that 

the authorities now encourage consulting engineers working in the Terri­

tory to adopt it in part, if not in its entirety. 

/ 
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APPENDIX A FIGURES 1 TO 11 

Title 

Chart for South \vest A.frica. 

Chart for South \!/est Africa. 

Plan, Windhoek Area. 

Plan, South of Kalkrand. (Sheets 

Plan, See is Omitara. 

6 Locality Plan, Klein Omatakos - Sukses. 

1 Gnd 2) 

7 Locality Plan, Sukses - Otjiwarongo. (Sheets 1 and 2). 

8 Gradings of sand from old river bed near Sukses used 

for slurry sealing. 

9 Locality Plan, Otjiwarongo ~ Otjikango. 

10 Locality Plan, Gaza Line towards Runtu. 

11 Locality Plan, The Kalahari Gemsbok National Park. 
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APPENDIX B TEST RESULT SHEETS 1 TO 36 

Test Result 
Title 

Sheet No. 

l 

2 

3 

4 and 4A 

5 

6 

7 

8 

9 

Natur~l basecours e gr~vel ne8r Brakwater . 

N~tural basecourse grav e l on the r oad to Kapps F8rm. 

Natural subbas e grav e l on the r oad to Kapps Farm . 

Natur~l basecours e grav e l on the ro~d t o Aris. 

Typic a l plastic gr av e l of workable dept h s ituated on 
the road to Kapps Fqrm. 

Typ ica l grav e l de posit s between Seeis and Omitara. 

Calcrete sh oul der borrow pit 64 . 5. 

Ca lcret e shoulde r b orrow pi t Y. 

Quartzose l a t erit i c grav e l de posi t used in the basecourse. 

10 and JOA Basecours e ~nd subbase grave l, typical of t he occurrences 
South of the Okateitei Riv er. 

l l and llA Basecourse and subbas e grav el, typical of the occurre nc e s 

Scuth of the Oka te itei Riv er . 

12 Subba s e grav e l just Sout h of th e Okate it e i Riv er. 

13 Base and subbase grav el, typical of thqt occuring in the 
f eatur es Sou th of the Okateitei Riv er . 

14 a nd 14A A s ubbase dep osit South of t he Okateite i River. 

15, 15A and Low pl a sticity dec . gran it e subbas e No rth of the Okat e it e i 
15B Riv er . 

16 Low pl asticity dec . gr 8nite subb~se North of th e Okat e it e i 
Rive r. 

17 Low plast icit y dec . gr anit e subba se North of the Okateitei 
River. 

18 Dec . gr an it e of subbas e q ua lity, typ ical of that occur i ng 
in cont act with ba nds of cryst a lline lime st one . 

1 9 and 1~ Dec . gr anit e subbase occuring in the zon e of contact with 
a band of crys t a l l ine lime stone . 

20 Calcret e of shoul der qua lity near Sukses . 

21 Calcre t e of shoulde r quality near Sukses . 

22 Surface dre ss ing s and in th e Sukses Omur amba . 

23 Surfa c e dr ess ing sand in th e Oka t e it e i Ri ve r. 

24 Sand f or surface dr ess ing neq r Ot jiwar ong o . 

25 and 25A Nodu l ar calcret e depos it North of Otjiwarongo, suitable 
to 25D for .use in the bas ecours e . 



Test Re sult 
Sheet No. 

26 and 26A 

27 and 27A 

28 and 28A 

29 and 29A 

30 and 30A 

31 and 31A 

32 

33 

34 

35 

36 

103. 

Title 

Nod ular ca lcret e depos it mid-way be tween Otjiwarongo 
and Otjikango, suita ble for use in the basecourse. 

Nodula r ca lcret e deposit near Otjikang o, suitable for 
us e in the ba s ec ourse . 

Quartzose lateritic gravel deposit near Otjikango, 
suitable for use in the basecourse. 

Typical subbase gr anit e between Otjiwarongo and Otjikango . 

Typica l subbase granite between Otjiwarongo a nd Otjika ngo. 

Subbase granite in contact with a band of crystalline 
limest one near Otjikango. 

Quartzite subbase near Otjikango 

Typical soft-aggregat e calcrete and pl astic binder fr om 
North of the Gaza Line. 

Wearing c ours e qua lity calcr et e from North of the Gaza 
Line . 

Calcret e gr ave l and clay from a pan in the Kalahari. 

Ca lcrete grav e l a nd clay from a small pan in the 
Kalahari. 
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APPENDIX C : STEREOGRA MS 1 TO 29 AND MOSAICS 1 TO 2 

Bel ow is a r ef erenc e list with details of the cont~ct prints 

us ed in the preparation of St er eograms 1 t o 29 and Mosaics 1 and 2. 

Unann ot ate d contact pr ints of stereopairi and st er eo tripleis comprising 

St er eogr a ms l to 29 a r e , however, also included i n appe ndix D which is 

under separate cover, in order t o a ll ow a de taile d examinat ion und er a 

large magnifica tion stereosc ope t o be made of fe a tur es and areas r ef er­

r ed to in the _ text. 

Stereogr a m 
/Mos a ic 

Ster e ogr am l 

II 

II 

" 
II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

" 
II 

" 
" 
" 
" 
II 

II 

II 

II 

II 

" 
11 

Mos a ic l 

" 2 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

J ob No. 

294 

" 
" 
" 
" 
II 

" 
" 
II 

" 
502 

II 

" 
" 
11 

" 
" 
II 

" 
" 
" 
II 

" 
" 
" 
" 

Grootfon­
te in -

- Runtu 

S256/62 

502 ,, 
S25 6/62 

St rip No. 

15 

17 

l7 

19 

18 

46 

49 

14 

14 

12 

38 

41 

40 

42 

37 

36 

34 

35 

33 

30 

37 

216 

26 

23 

24 

218 

3 

34 
35 

2 

3 

Photo Nos . 

4860' 48 61 

3338, 3339 

3337' 3338 

3232' 3233 

3249, 3250 

15, 839, 15,840 

16,985, 16,986 

3432, 

3429, 

3546' 

83 54' 

8651, 

8576, 

8772 ' 

8247, 

8171, 

7974, 

8080 , 

7885 , 

7626, 

8249, 

7~ ~ 
7205, 

6973 ' 

7039, 

7~ , 

3433, 

3430 , 

3547, 

8355 

8652 

8577 

8773 

8248 

8172 

797 5 

8081 

7886 

7627 

8250 

7 i~t 
7206 

6974 

7040 
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7!e:a 

926' 927 
940, 941 

7320, 7321 

7976 
8080 
7309, 7310 
7320' 7321 

3434 

3431 

3548 



STEREOGRAM l 

(i) 

(ii) 

(iii) 

Area A contains natural basecourse gravel (see Test Result Sheet 1). 

Area B contains gravel similar to that found in Area A. 

The arrow C points to the locality illustrated in Photo 5. 

STEREOGRAM 2 

(i), 

(ii) 

Areas A contained natural basecourse gravel 
(see Test Result Sheet 2). 

In Area B on the other hand, a contact between 
mica schist and quartzite formations is covered 
by thick scrub bush. 

-. 
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STEREOGRAM 3 

(i) Area A contained natural subbase gravel (see Test Result 
Sheet 3). 

(ii) Arrow· B points to the locality of a \vorkable thickness of 
quartz gra~el {see Test Result Sheet 4). 

STEREOGRAM 4 . 

(i) 
I 

Area A contained natural basecourse gravel (see 
Test Result Sheets 4 & 4A). 

(ii) Area B. contained sinlilar gravel to ·that of Area A. -(/) 
1.0 



STEREOGRAM 5 

A and B indicate the localities from which lime-stabilised 
subbase gravel was derived. 

STEREOGRAM 6 

A indicates the locality of a quartz gravel deposit used in the basecourse. 
(See Fig. 4, Borrow pit 10). 
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STEREOGRAM 7 

The dotted line marks a local watershed formed by a thick layer of quartz pebble gravel which has protected the 
underlying basalt from erosion. · (See Fig. ·4, Borrow Pits 1, 2, 3 and 3A). 
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STEREOGRAM 8 
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A, B, C, D, E indicate sampling points along the southern route . (See Test Result Sheet 6 and Fi g . 5) . 
Dott~d areas ar e similar by analogy, some having als·o b een fiel d checked. -.. 
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STEREOGRAM 9 _(Stereotriplet) 

F and G indicate sampling points along the southern route . (See ·Test Result Sheet 6 and Fig.S). 
Dotted a~eas are simil ar by analogy, some having a lso been fie'ld checked . 
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STEREOGRAM 10 (Stereotriplet) 

K indicates a sampling point along the northern route. (See Test Result Sheet 6 and Fig. 5). 
Dotted areas indicate some of the additional gravel deposits. 
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STEREOGRAM ll 

(i ) Borrow Pit 68 .2 consisted of a quartzose lateritic gr ave l 
deposit, which was fully used in the basecourse. (See Test 
Result Sheet · 9) . 
Area A contained gravel simi+ar to that of Borrow Pit 68.2 . 

(ii) Borrow Pit 64.5 contained · calcrete of shoulder quality. 
(See Test Result Sheet 7) . 

STEREOGRAM 12 

The demarcated areas are relatively-better developed calcrete 
occurences. The exact positions of shoulder Borrow Pits 52.8 
and 53.3, located by the Consultants, are indicated by the re­
spective arrow tips. 

<S) 
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STEREOGRAM l3 

The feature i n which shoulder borrow pit Y i s situated i s demarcated with a 
full line and t he exact borrow pit locality by the tip of the arrow. (See 
Test Result Sheet 8 ). 
The dotted areas are further calcrete sources of potential shoulder material. 

STEREOGRAM 14 

The tips of arrows A point to a dolerite outcrop. A 
subsidiary do1erite exposure is indicated by the tips 
of arrows B. 

...... 
Q) 
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S.TEREOGRAM ·15 

(i) The old river system is indicated by a dotted 
line along one side of the rais.ed river beds. 
The. main bed is intact, and easy to follow but 
some of the tributaries have Qeen erod~d away 
in places and are discontinuous. 

(ii) Sand for slurry sealing was taken from the 
raised beds adjacent to ·the sand surface 
dressing deposit 68.5, the position of which 
is shown by the point of an arrow. (See Test 
Result Sheet 22 and Fig. 8). 

-0'1 
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STEREOGRAM 16 

(i) A full line delineates the features in which 
Borrow Pits 72.4 and 75.5 are located . (See 
Test Result Sheets 10, lOA and 14) . A few 
areas not containing suitable gravel but t oo 
small to be delineated, can still be noticed 
within these demarcated features. 

(ii) Within the boundaries of the dotted line are 
a series of small features . Borrow Pit 75 . 6 
is located in a few of these. (See Test Re­
sult Sheets ll and llA). 

(iii) -Arrows A and B indicate large areas contain­
ing features similar to those in which Borrow 
Pits 72.4, 75.5 and 75.6 were established. 
However, sand to depths exceeding 10 feet was 
encountered in these features. 

G) 
()) 



STEREOGRAM 17 

(i) 

(ii) 

Borrow Pit 
Sheet 12) . 

3 .3 is located. in the features indicated. (See Test Result 

The sand surface dressing deposit 84 .1 in the Okateitei River straddles 
the centre line . (See Test Result Sheet 23) . 

STEREOGRAM l 

The positions of Borrow Pit 79.0 ~re shown . 
The area ·is very broken- and exact demarcation 
on this scale of photography i.s not possible . 
(See Test Result Sheet 13). 

-.. 
(5) 
\1) . 



STEREOGRAM 19 

(i) A full line demarcates low plasticity granite 
Borrow Pits 86.2 and 87.2 together with possible 
extensions in the same or adjacent similar fea­
tures. (See Test Result Sheets 15, lSA, lSB and 
16). 

(ii) A dotted line marks the general limits of the 
low plasticity granite area in which Borrow Pit 
87.9 is located. Within this area a number of 
small "islands" of higher plasticity granite can 
be observed~ but on this scale of photography, 
exact delineation of these is not possible. 
(See Test Result Sheet 17). 

The tips of arrows A and B are also in the type 
of feature in which low plasticity granite can 
be expected. These features have been left un­
delineated to allow a clear stereoscopic image 
for observation of the airphoto indicators. 

Note the superior geometric location of the 
eastern route across the Okateitei River. 
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STEREOGRAM 20 

(i) The dotted lines delineate tWo bands of 
· crystalline limestone. 

i ( ii) Arrow A points to the contact area next to 
one of the bands which was sampled during 
the materials appraisal of tbe Western Route 
(See Test Result Sheet 18). Borrow Pit 99:6 
is established close to the same band of 
crystalline limestone and next to the centre 
line and was sampled after re-location to the 
Eastern Route. (See Test Result Sheets 19 & 
l9A). 

(iii) The t wo arrows C indicate crystalline lime­
stone hills. The rest of the hills in this 
group consist of either granite or a com­
bination of granite and crystalline lime­
stone. Note the difference in the texture 
between the two materials. 

( iv) The tip of arrow B rests on the contact be­
tween the granite (top) and the crystalline 
limestone (bottom) formations which jointly 
comprise the chief constituents of this par­
ticular hill. Note the change of slope and 
texture which occur along the line of con­
tact. 

(v) Arrow D indicates the granite hill pictured , 
in Photo 13. 

(vi) An arrow shows the location of the sand sur­
face dressing deposit 102.1. (See Test Re­
sult Sheet 24). 
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STEREOGRMI 21 

The demarcated features consist of calcrete of shuulder rna-te1·j a l qual it_, . 
Bortow pits 6~. G and 09. 6A are located as indicated in th~se deposits. 
(See Test Result She~ts 20 and 21) . 

STEREOORAM 22 

The position of subbase Borrow pit 6 . 9 within the de­
marcated limits of a granit e occurence is indicated 
by the point of the arrow. (See Test Result Sheets 
29 and 29A) . 
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STEREOGRAM 23 

(i) Areas l to ll were originally delineated 
as possible sources of nodular calcrete 
suitable for use as screened natural base­
course . The numbers l to ll denote the 
priority or~er in whi ch the respective 
areas were to be investigated. Areas l 
and la were found to contain powdery cal­
crete but a suitable deposit of nodular 
calcrete was located in area 2. (See 
Test Result Sheets 26 and 26A). There 
was therefqre no further necessity to 
prospect the other areas. Demarcation 
lines are approximate only, as the ori­
ginal lines intended for prospecting pur­
poses have been retained in their entire­
ty, so as to better illustrate the method 
used. Note the comparatively prolific 
growth and lighter grey tone of the de­
lineated areas in contrast to those of the 
surrounding terrain where only sheet cal­
crete occurs. 

(ii) The granite area in which Borrow Pit 11 . 6 
is located, is demarcated by a dotted line 
(see Test Result Sheets 30 and 30A). 
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STEREOGRAM 24 

(i) The dotted lines delineate a band of crystalline 
limestone. 

(ii) The demarcated areas next to this band are small 
granite occurences in which subbase Borrow Pits 
21 . 3 and 2l . OB we r e established . {See Test Re­
sult Sh.eets 31 and 3lA) . 

(iii) Apart from other similar granite occurences, the 
remaining terrain flanking the band of crystal- · 
line limestone consists of surface limestone, which 
in plaGeS is covered by a thick layer of sand . The 
nodular calcrete basecourse Borrow Pit 22.6, is lo­
cated in this surface limestone deposit in the area 
indicated by the arrow. (See Test Result Sheets 27 
and 27A). _However; much of the surrounding similar 
looking area contains unsuitable .calcrete in either 
boulder or powdery forms. 

(iv) Demarcated areas A and Bare quartzite outcrops. 
Within ar.ea B a workable subbase Borrow Pit. (23.9) 
was tested and proved but t~e exposure indicated 
as A is harder and workable gravel has not yet 
formed: {See Test Result .Sheet 32). 
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STEREOGRA~ I ? ; 

(i) The dotted line s delineate appr oximately the limits of granite rock for~tion. Definition of thes e 
boundaries varies from go od to poor and exact demarcati~n would require a series of auger or boreholes, 
in se l ec ted ar eas. Sand cover is generally between 10 and 20 feet. 

(ii ) The area in which the quartzose .lateritic gravel deposit is located (Borrow Pit 21.1) is demarcated 
with a full line. (See Test Result Sheets 28 and 28A ahd Photo 15). 

(iii) Arrows A and B point respectively to stands of acacia and apple trees. (See Photo 16). 
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.S TEREOGRAM 26 

(i) The subbase and basecourse por­
tions of Borrow Pit 1.3 are situ­
ated within the demarcated area. 
(See Test Result Sheets 25 and 
25A to 25D). Note the relatively 
luxuriant growth and the lighter 
grey tone of this area. 

(ii) Arrow A is entirely encompassed 
by an area with similar airphoto 
indicators to that of Borrow Pit 
1.3. This entire area would be 
worth prospecting for similar 
quality calcrete if the necessity 
arose . . 

(iii) Arrow B points to a permanent 
railway crossing suitably positioned 
for use from Borrow Pit 1.3. 

(iv) Arrows C indicate stream beds with 
possible sources of sand for surface 
dressing. 

(v) Arrow D points to a tested deposit 
of sand on the Kalkveld road, which. 
is- a suitable surface dressing ma­
terial. 
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STEREOGRAM 27 

(i) The dotted line delineates a pproximately the bounda ries of the calcrete 
deposit 0. 8 . The large pan and a low spot are also demarcated but 1vith 
a full line. 

(ii) Borrow Pits l and 2 were worked prior to the photogra phy and stand out 
we ll; Borrow Pit l being within half a mile of the 0 . 8 depo sit. 

STEREOGRAM 28 • 

(i) Deposit 29 .0 is demarca ted with a full line and the 
position of a small isolated deposit furth er West is 
indicated by the point of an a rrow. 

(ii) Arrows A point to pans, delineat ed by dotted lines, 
which are typical of this aFea. 
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STEREOGRAM 29 

(i) The a rrow A points to the pan floor from which a range of plastic clays was t ested, 
while arrow B shows the approximate positioning of the calcrete grave l which occurs 
along the side slopes of the pan. (See Test Result Sheet 35). 

(ii) Note the roughly parallel pattern formed by the streets and dunes. 
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MOSAIC l (i) The dotted line X - Y represents the approximate western boundary of good quality 
road-building quartz and quartzose lateric gravel deposits. The positions of six 
specific base and sub-base borrow pits established east of this line are shown, but 
similar quality gravel exists over the whole of this area. 

(ii) The points of divergence of the three possible routes referred . to in the text are 
also indicated. 
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MOSAIC 2 (i) Note the change in the pattern of the dunes coinciding more or less with the proposed 
route. The dunes tend to diminish in size towards the East and their pattern becomes 
less regular. (See Fig.ll). 

(ii) Arrow A indicates a low spot typical of those occurring in the streets. Note its 
darker grey tone compared with that of the street in which it occurs. The adjoining 
dunes, on the other hand, exhibit a much lighter grey tone (Arrows B), making them 
readily distinguishable on mosaics . ()) 
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