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Frontispiece. Photo 198, illustrating typical color rendering and showing
the longitudinal dunes of the Erg Iguidi and part of the Eglab massif.
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PHOTOGRAPHY OF THE WESTERN SAHARA DESERT
FROM
THE MERCURY MA -4 SPACECRAFT
by A. Morrison and M. C. Chown

SUMMARY

The sequence of high oblique color photographs taken by the automatic
camera in the MA -4 spacecraft over the western Sahara in 1961 remains the
only sequence of generally available photographs recovered from space which
shows a land area of near-continental extent not obscured by cloud or haze.

The larger geological and landform patterns of the area, as well as
vegetation boundaries on the south edge of the Sahara can be mapped from the
photographs. One photo illustrates the potentiality of space photography for
small-scale land-use mapping.

The photos appear mainly blue because no filter was used, but other
colors present distinguish between geological formations which otherwise
appear similar. The resolution of the original transparencies in terms of a
standard test object was roughly 10-15 lines/mm. Observations and calcu-
lations show that the smallest ground features which can be seen stereoscopi-
cally on these photos are of the order of 1000 ft. high.

Much better results could be obtained using a photographic system
specifically designed for mapping geographic distributions. Such systems
would usually involve vertical photographs with 60% overlap; a black-and-
white,infrared, or false-color film filtered to eliminate blue light; and a f1

of h1gher def1n1t10n even at the cost of lower filmspeed. g

ﬁV
CIRCUMSTANCES OF THE PHOTOGRAPHY
Previous photography of the earth from Space

The photographs taken during the Mercury Atlas 4 spaceflight were the
first photographs on film known to be recovered from an earth satellite.
Photographs of the earth from heights practically as high as that of the Mer-
cury spacecraft had been recovered from rocket capsules as early as the
period 1946 to 1954. (ref. 2). Photographs of better quality and from greater
heights had been obtained in 1954 and 1955. (refs. 3, 4). Photographs of the
earth from considerably higher altitudes than those reached by the Mercury
spacecraft, and covering an area in total perhaps half as large as that visible
in the Mercury photos were obtained in 1959. (ref. 5). All these were re-
covered from the capsules of rockets which did not go into orbit, so that the

1



area photographed was limited by the extent of the rocket range. In addition,
by the time of the MA -4 flight in September 1961, many thousands of pictures,
together covering a large part of the earth's surface, and taken from con-
siderably greater heights, had already been relayed back to earth by a tele-
vision system from the Tiros series of satellites which began in 1960. (refs.
7, 8, 16). More complete accounts of space photography before and since the
MA -4 flight have been given by Lowman (ref. 15), and by Bird and Morrison
(ref. 14).

The MA -4 photographs are notable as the first series of photographs on
film recovered from space which covered a land area of continental extent.
Unlike previous aerial and Tiros photographs, they give a view of this enor-
mous expanse which is both all-embracing and comparatively detailed. They
display at a glance patterns so extensive that they can otherwise be revealed
only by decades of hazardous ground travel or months of work with air photo-
graphs.

Photographic system

The Mercury-Atlas 4 (MA -4) rocket launched Mercury capsule 8A from
Cape Kennedy (then Cape Canaveral) Florida, at 9 hr. 4 min. 16 sec. Eastern
Standard Time on the morning of September 13th, 1961, (Lobb, personal
communication) and placed it in orbit around the earth.

The orbit varied between 85.93 naut. mi. (97.99 st. mi., 159.25 km)
and 120.02 naut. mi. (138.21 st. mi., 222.43 km) above the earth regarded
as a sphere. Perigee was located east of Bermuda at 32. 54°N lat., 43, 46°W
long.; apogee over S.W. Australia at 32. 75 °s 1at., 119.44°E long. The
maximum velocity reached was 24,389 ft/sec (16, 629 mph, 26,606 km/hr)
relative to the earth's surface below, or 25,400 ft/sec (17, 320 mph, 27,700
km/hr) relative to the centre of the earth. The capsule passed around the
earth once only; the retrograde rockets were fired over New Mexico at
26.22°N lat., 110.57°W long. ; and the capsule splashed down in the Atlantic
161 mi. east of Bermuda, 1 hr. 49 mins. 20 secs. after launch, and was
recovered. (Data Operations Branch, Manned Flight Operations Division,
NASA Goddard Space Flight Center, personal communication; ref. 13, pp.
206, 148). Precise details of the orbit over northwestern Africa are given
in table 1.

The capsule was not manned, but since the main objective of the flight
was to test the spacecraft systems under conditions similar to those of
manned orbital flight, the interior was maintained at a pressure and a tempera-
ture suitable for an astronaut.

In addition to the camera which took the photographs described in this
report, the capsule carried a 16 mm camera, the 'Instrument observer
camera', which continuously photographed the instrument panel; and a second
16 mm camera the 'Periscope camera', which photographed the earth and
sky every 2 seconds through the per1scope optical system, which had a 178°
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187| 14 22 54 | 88.38 | 101.7| 163.8 | 25.94 | 11.53W | 72.1 24 116
190| 14 23 12 | 88.56 | 101.9| 164.1 | 25.50( 10.32W | 69.2 24 118
192 1423 24 | 88.68 | 102.1 | 164.3 ] 25.20 9.53W | 67.1 23 119
195 44 23 42 | 88.87 | 102.3| 164.7 | 24. 74 8.34W | 64.9 20.9; 121
198 1424 00| 89.06 | 102.5| 165.0 | 24.26 7.16W | 68.2 20.5f 119
202 | 1424 24 | 89.33 | 102.9| 165.5 | 23.62 5.61W | 74.0 22.6{ 120
206 14 24 48 { 89.61 | 103.2 | 166.1 | 22.96 4, 07TW | 76.7 25.5/ 118
210 14 2512 | 89.91 | 103.5| 166.6 | 22.28 2.54W | 75.0 27.8{ 115
_216 14 25 48 | 90.37 | 104.1 | 167.5| 21.23 0.29W | 69.4 32 117
223| 1426 30 | 90.93 | 104,7 168.5 | 19.97 2.30E | 67.0 29.31 119
2301 14 2712 | 91.53 | 105.4 | 169.6 | 18. 66 4,84E | 67.0 24 117
2361 14 27 48 | 92.07 | 106.0{ 170.6 | 17.51 6.98E | 71.0 17.9] 145
2391 1428 06 | 92.35 | 106.3 | 171.4 | 16.93 8.04E | 75.8 16 117
243 1428 301 92.73 1 106.8| 171.8 | 16.14 9.44E | 77.6 25 118
247 1428541 93.42 | 107.21172.6 |15.34 | 10.84E | 74.5 23. 71147
2501 1429 12 | 93.42 | 107.6 | 173.1 | 14.73 | 11.87E | 69.8 25.4| 118
257| 142954 (1 94.14 | 108.4 | 174.5|13.40 | 14.26E | 73.4 28 115
261 | 14 3018 | 94.56 |{ 108.9 | 175.2 | 12.47 | 15.641E | 77.5 33.7 149
268 44 31 00| 95.331109.8|176.7|11.0 17.96E | 84.5 37 121

field of view. (Valdyke, unpublished).

The photographs described in this report were taken through the cap-
sule window, with the aid of a mirror system, by a 70 mm camera, the
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Figure 1. Variation along the flightline of (a) azimuth of principal axis, (b) nadir
angle of principal axis, and (c) spin angle of camera about principal axis.

‘Earth and sky camera'. Exact details of the arrangement and optical
properties of the window and mirror aye not available, but it is known that
the window consisted of several layers of glass of flatness the same as stan-
dard plate glass. (Lobb, personal communication). Details of the window of
the capsule intended for flight MA -10 have been given by O'Keefe et al.

(ref. 10, p. 328), though this was probably not identical with that of the MA -4
capsule. It consisted of four layers, one of them set at an angle of 6° to the
other three.

The camera was a Maurer 220 G timi-lapse camera, serial no. 5295.
The frame size was 57 x 57 mm (2" /4" x 2°/4"). The lens was a Fintar
f/2.8 with focal length 75 mm. (Valdyke, unpublished). The angle of view
was limited to about 44° by the field angle of the lens, which was not wide
enough to reach the corners of the frame, as shown on the photos which follow.

The film used was standard Super Anscochrome color film, 2.75"
(70 mm) wide and 100 feet (30 m.) long. No filter was used over the lens.




The filtering effect of the MA -4 spacecraft window was not measured (Lobb,
personal communication), but O'Keefe et al. (ref. 10, p. 328) indicate that
the window of the MA -10 capsule had a transmissivity of over 80% for all
visible wavelengths, at normal incidence. The constant exposure was 1/500
sec. at £/8.

Location and orientation of photographs

The camera took photographs automatically every 6 seconds from lift-
off until exhaustion of the film, which occurred over the South Indian Ocean.
The path of the spacecraft during this time is shown in fig. 7 (inset). Frames
1 to 181 show the North Atlantic Ocean and the clouds over it. The latter part
of the film, from frame 334 onwards, shows areas which were in darkness
when photographed so that no ground detail is visible. Between frames 270 and
333, the earth's surface is obscured by broken cloud, though ground detail is
visible through gaps. Continuous areas of land are visible only between frames
182 and 270. The photographs studied are from this strip, extending from the
Moroccan coast to L.. Tchad. In this report, Mercury '"flightline' means only
photographs 182 to 270.

Once in orbit the attitude of the spacecraft was stabilised by an automatic
system using horizon scanners and hydrogen peroxide jets. Hence the camera
pointed in roughly the same direction throughout the flightline, towards the
north-northeast, obliquely downwards at an angle of about 70° from the vertical.
All photographs show the horizon, which was about 1400 km (900 st. mi.)
distant. The precise location of the camera station and orientation of the
camera for each of the photographs reproduced in this report are given in
table 1. The latitude, longitude, and altitude of the camera station must lie
on a perfectly smooth curve when plotted against time. On the other hand, the
orientation need not change smoothly since the hydrogen peroxide jets may
have acted intermittently. Figure 1 shows that in fact the optical axis
oscillated with an amplitude of about 12° in azimuth, 10° in nadir angle, and
4" in spin angle, and a period between 2 and 4 minutes.

The area covered by each of the photographs is shown in figure 7.
Successive photographs overlap considerably, and allow a limited stereo-
scopic effect to be obtained (see p. 102 ), but the amount of overlap and the
scale change rapidly from foreground to background. If the camera had been
pointing vertically downwards, the scale of the original diapositives would
have been about 1:2,200, 000 (photo 185) to 1:2,400, 000 (photo 268). In fact,
the scale in the near foreground of the originals varies from 1:2, 800,000
(photo 195) to 1:5,000, 000 (photo 268), while the scale in the background is
much smaller.

Method of determining location and orientation data

Measurements were made on black-and-white paper prints, 3.15 times



the linear dimensions of the original diapositives, but all measurements
mentioned here have been reduced to their size on the originals.

The principal point of each of the 20 selected photos had to be located by
erecting perpendiculars from the fiducial marks at the bottom and left sides of
the photos, since the marks on the top and right sides could not be seen against
the black background of space.

For each photo, the perpendicular from the principal point to the nearest
point on the image of the horizon was produced to give the trace of the principal
plane in the image. This was transferred to a 1:5,000,000 scale conformal
map of the area by means of landmarks identifiable on the photo and on maps,
to give a first approximation to the trace of the principal plane on the ground.

The sub-satellite path was plotted on the map from geographical co-
ordinates provided by Data Operations Branch, Manned Flight Operations
Division, NASA Goddard Space Flight Center, and assumed to be free of error.
The ground traces of the principal planes were then adjusted graphically to fit
the conditions (a) that they must intersect the sub-satellite path at integral
multiples of a distance (about 44.5 km) representing the movement of the
satellite in the 6 seconds between exposures; and (b) that the total alteration
to the traces must be minimised. In this adjustment, variation in the scale of
the map with latitude was taken into account, but not curvature of the ground
traces of the principal lines due to the map projection, since this introduces
less error than the identification and location of landmarks. In the adjustment
no anomalies arose which might imply the camera did not operate at regular
6-second intervals.

The intersection of the ground trace of the principal plane with the sub-
satellite path represents the picture-taking location. The latitude and longi-
tude of this point and the azimuth of the principal plane was then read from the
map. Knowing the location, the altitude and time of exposure were then
found by interpolation in data provided by Data Operations Branch, NASA
Goddard Space Flight Center.

The spin angle for each photograph was merely the measured obtuse
angle between the image trace of the principal plane and the lower edge of the
frame. Calculation of the nadir angle was more complicated, and is explained
in figure 2.

The letters in figure 2 have the following meanings, all angles and
distances being in the principal plane:

N is the nadir angle of the principal axis, i.e. the angle between the
principal axis and the vertical, to be determined.

A is the angle between the apparent horizon and the vertical.

B is the angle between the apparent horizon and the principal axis.

f is the focal length of the camera lens, 75 mm.

b is the distance on the original diapositive from the principal point to
the apparent horizon in mm., obtained by direct measurement on an enlarged
print. The apparent horizon is not a sharp line on the photos, but rather a
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Figure 2. Method of calculating values of nadir angle given in table 1 and
figure 1.

transition zone about 0.3 mm. wide. b was measured to the center of this
zone, which must represent some level above the earth's surface.

T is the height of the level just referred to, above the terrestrial
ellipsoid. There is no evidence on which to base an accurate estimate of T,
though the MA -8 multifilter photos discussed by Soules (ref. 11) give some
clues. The value 11 km., about two-thirds the height of the troposphere at
this latitude, has been used.

H is the height of the satellite above the terrestrial ellipsoid, in km.
These values have already been obtained.

R is the average radius of curvature of the terrestrial ellipsoid along
the ray from camera to apparent horizon, in km. It is obtained from
R=Ry + A R, where Ry, 1is the mean radius of the earth, i.e. 6368 km.



and & R is read from the graph in Fujita, (ref. 6, fig. 2, p. 14), using the
latitude and azimuth of the mid point of the ray.

Using the known constant values of f and T, and the known values of b,
H, and R for each photograph, the value of N for each photograph was obtained
from:

N = A-B,

where sin A

i

™o mlm
+[+

s IS

and tan B

all of which follow from the geometry of figure 2.

Figures for distance to the horizon used in figure 7 mean the arc dis-
tance d km., shown in figure 2, calculated from d = R( T _- A), where A is
in radians.

Accuracy of location and orientation data

Estimates of the standard errors of the values given in table 1 are
listed below. These refer to the absolute values. Differences and ratios of
values appearing in the table often will have much smaller errors.

Time t 0.5 sec

Altitude p 1 naut mi

Latitude p . 02 degrees
Longitude pa .04 degrees

Nadir angle t 0.5 degrees

Azimuth t 0.7 to t 0.3 degrees
Spin angle b 0.5 degrees

INTRODUCTION TO THE AREA PHOTOGRAPHED

The main part of this report consists of twenty selected photographs,
interpreted by means of overlays and commentaries. As a framework for the
commentaries, a summary follows of the climate, vegetation, geology, and
landforms of the areas shown. This summary serves also as a glossary and
as an index to photos which exemplify particular features.

Throughout the report, underlined figures are photograph numbers. The




spelling of place names follows the Times Atlas system. This means that
arabic words are transliterated differently in areas which were mapped by
different European powers. For instance, what is Jebel in Libya is Djebel in
Morocco and Yebel in the Spanish Sahara, while Wadi becomes Oued in French
areas. Foreign terms are underlined where they are explained. The ter-
minology used for geologic time divisions is a compromise between that used
in the French maps and field reports and that used by American geologists.
The relationship between the terms is shown in table 2.

Climate

The majority of the photographs cover areas of true desert climate, as
shown in fig. 3. They are affected by the dry northeast trade winds through-
out the year and sometimes years may pass without rainfall. In general the
aridity is extreme in the central part of the desert, but two mountain masses,
the Ahaggar and Tibesti, rise sufficiently high to induce some rainfall in most
years. Towards the edges of the desert rainfall becomes gradually more
frequent, occurring mainly in winter in the north and in summer in the south,
in accordance with the régimes prevailing in adjacent areas.

North of the desert lies the area of Mediterranean climate which receives
rainfall in winter associated with the passage of cyclones from west to east
along the Mediterranean Sea.

South of the desert lie areas which are affected during the summer by
the belt of heavy equatorial rainfall. This is mainly associated with winds
from the southwest, referred to as the southwest monsoon.

This average distribution of rainfall is similar to the distribution of
clouds in the photographs. Most of the cloud is either in the northwest of the
flight-line, (185-195), or beyond the end of the flight-line to the southeast
(270-333), but there are small caps of cloud on the highest parts of the Ahaggar
(230) and Tibesti (257). In fact, the only area of cloud not in a typical position
is that in 216, which is over a desert lowland.

The whole area photographed experiences tropical or sub-tropical
temperatures. All areas have mean monthly temperatures over 80 F (27 °c)

during symmer, but the northern areas have mean temperatures as low as
50°F (10°C) during the winter.

Vegetation

The vegetation zones are closely related to the rainfall zones already
outlined. They are shown in fig. 4. Most of the flight-line is occupied by
desert with little or no vegetation. South of this, in areas with more
abundant summer rainfall, Keay's map (ref. 55) indicates that the desert
gives place first to sub-desert steppe (250), with widely spaced low perennial
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~
plants and annuals including grasses flourishing for a few weeks after the rain;

then to wooded steppe (257) which has a more nearly continuous cover of still
short grasses after the rains, and where drought-resistant shrubs and low
trees, usually thorny and deciduous, become abundant; and finally to true
savanna (268) with a continuous cover of relatively tall grasses and scattered
trees.

On its northern edge the desert also gives way first to sub-desert steppe.
North of this appear the vegetation types peculiar to the Mediterranean type of
climate, shrubby woodland on the lowlands, and forests of oak, pine and cedar
on the mountains (187) (ref. 18).

Geological structure and related landform types

The Sahara has a basement of ancient altered crystalline rocks, which
have long been relatively stable. It was last intensely folded by the Saharan
movements (Precambrian), which produced north-south folds (230). Within
the Sahara proper the Caledonian and Hercynian movements of the Primary
era (230) and the Atlasic (Alpine) movements of the Tertiary era (239) caused
only minor folding (ref. 19). The northwest corner of the basement, including
the Anti Atlas, has been affected by two phases of Hercynian movements, the
earlier with a northwest-southeast trend, the later with a southwest-northeast
trend, and also by the Atlasi¢c movements, with a west southwest - east north-~
east trend (ref. 30, pp. 75-76). The Saharan basement is bounded on the
north by a major fault zone trending east northeast, the Sub-Atlasic line
(fig. 5) or Agadir Fault (ref. 28, p. 529). North of this the Atlas Mountains
were formed by the Atlasic folding in the Tertiary (ref. 19). Another folded
belt bounds the basement on the west, with trends betweéen north-south and
northeast - southwest (ref. 27). Faults associated with this constitute the
Zemmour fault zone (ref. 28, p. 530).

Because of its comparative stability since the Precambrian, it is easy
to give a generalised description of the structure and landform types of the
Sahara, as illustrated in the map and generalised cross-section, figures 5 and
6. We may visualize the Precambrian basement together with any overlying
sediments as having been upwarped in a number of places into domes separated
by broad basins. The sedimentary rocks, which are mainly of Primary and
Secondary age in the area photographed from the spacecraft, either were never
deposited over the domes, or have since been removed, so that the rocks
exposed in the dome areas are mainly Precambrian. Consolidated sedi-
mentary rocks appear at the surface mainly on the slopes of the domes, the
Primary sediments usually gently folded and tilted, the Secondary and Tertiary
rocks more nearly horizontal. In the basins the older rocks have been con-

cealed under a cover of young, often Quaternary, deposits (ref. 19, pp. 38-41,
43).

This three-fold structural division into domes, slopes, and basinsforms
a convenient framework for the description of the main landform types found
in the area.
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The Precambrian rocks exposed in the dome areas form elevated rugged
mountainous areas termed massifs by the French. The three principal massifs
in the center of the Sahara are Yetti-Eglab, (202), the Ahaggar (230) and
Tibesti (250), while the Anti Atlas area (187) ‘may be regarded as a massif on
the edge of the Sahara. In many cases Tertiary or Quaternary volcanic out-
pourings have occurred in the massif areas, adding an element of variety in
the form of lava plateaus and volcanos to the topography developed on the
Precambrian rocks (239).

The type of landform developed on the Primary and Secondary rocks of
the slopes of the domes depends on how much they have been folded and tilted.
Where they dip fairly steeply, erosion has left the more resistant beds up-
standing as escarpments separated by vales developed on softer rocks. Such
areas of parallel asymmetric ridges and valleys are known as djebels (187-
195). Where the rocks are fairly horizontal a tableland, perhaps somewhat
sloping, is more likely to develop, which may be bounded by escarpments on
several sides. Such tablelands are known as tassilis when formed of Primary
rocks where they are usually sandstone (216-230), and as hamadas where they

are developed on Secondary or younger rocks which are often limestones
(190-195).

In the structural basins of the Sahara occur several quite diverse types
of surface material, and corresponding landforms. Areas of bare rock of
almost any age may be found, but the surface is usually covered by shattered
fragments of rock of gravel size, a surface type known as reg. Another type
of reg, or gravel desert, is due to deposition of pebbles transported from the
surrounding higher areas by torrents during periods of the Quaternary when
rainfall was considerably greater than it is today (216, 223, 239). These
stream beds, now dry except after the occasional rainstorms, are known as
wadis (223-239). Where the material deposited by the wadis was mainly
sandy, ergs or sandy deserts are found today. Usually the sand has been
fashioned by the wind into one of several possible patterns of sand-dunes.
The two most distinctive are longitudinal dunes developed parallel to the
direction of the dominant wind (198, 206), and transverse dunes, which seem
to be most frequent near the southern edge of the Sahara (247-257). In
those parts of the depressions which were occupied by lakes during the wetter
periods of the Quaternary, lagoon deposits such as clays, muds and lacustrine
limestones cover the surface (261, 257, 243, 216, 187). Relatively small
areas of this type are dalas (192). Finally in the lowest parts of the de-
pressions, where the salts carried into such lakes became concentrated, the
surface is occupied by sebkras, that is salt flats (206, 261, 195) (refs. 20, 21).

Denudation processes and related landform types

A variety of processes has contributed to the wearing away of the up-
warped areas of the Sahara and the deposition of the derived material in the
basins. However, it is probable that the Sahara has been an arid area during
much of geological time and hence its surface often bears the imprint of the
arid denudation processes. The general effect of these processes is that the
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higher areas are gradually eaten away by erosion proceeding from the initially N
lower areas. This results in the isolation of the initially higher areas into
massifs, bounded by escarpments, at the base of which are gently-sloping
rock-cut surfaces known as pediments (239-243), and beyond these areas of
deposition in the lowest areas. If erosion proceeds long enough the pediments
may become sufficiently extensive to be termed peneplains (216, 230) or
pediplains. Sometimes erosion fails to remove a small area of the higher
ground, perhaps because it is made of more resistant rock, and it is left
standing above the pediment or peneplain as an inselberg (239, 243).

Sources of information

The sources used are listed in the selected bibliography and acknowledged
in the text.

Literature on the whole flightline. Probably the most readable and
informative general books on the Sahara are those by Gautier (ref. 22) and
Bernard (ref. 21). The standard geographical text on the Sahara is Capot-Rey
(ref. 23). Perret's general account of Saharan relief (ref. 20) is more than
adequate for most areas shown in the photos. Lelubre's article (ref. 24) is
more recent but is difficult to obtain in North America. Alimen (ref. 25)
deals with the Quaternary history. Smith (ref. 26) has summarised knowledge
of the dune forms. Menchikoff (ref. 19) has recently outlined the geology and
structure. Knowledge of the vegetation of areas south of the Tropic of Cancer
has been summarised by Keay (ref. 17).

Literature on small areas. Of the numerous articles and field reports
on the landforms of small areas of the Sahara (refs. 27 to 45), those found
most useful were mainly published before World War II. This may be be-
cause at that period field workers wrote with a perspective similar to that of
the space photograph, covering a fairly large area and emphasizing visually
striking features. More recent articles have tended to deal with smaller
areas in more detail.

Thematic maps. Within the last decade, geological maps on a scale of
1:2,000,000 (refs. 46-48) have become available for the entire area shown by
the photographs. Certain areas have also appeared on larger scales (refs.
49-51), though maps on scales larger than 1:500, 000 were not used in this
study. A general picture of the geology of the entire flightline is given by two
sheets of the 1:5,000, 000 geological map of Africa (ref. 52). Landforms of
the Sahara have been mapped in different ways by Raisz (ref. 53) and by Van
Lopik and Kolb (ref. 54), and vegetation by Keay (ref. 55).

Topographic and general maps. The area is completely covered by at
least two sets of topographic maps on a scale of 1:1,000,000, the French
military maps (ref. 56) and the World Aeronautical Charts (ref. 57). It
proved useful to compare both series with the photos, since they tend to be
complementary in style and information content. Maps on a scale of
1:2,000,000 were also found convenient (ref. 58). Recent general maps of
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North Africa are those in the Times Atlas (ref. 59) and the National Geo-
graphic Atlas (ref. 60).

Aerial photographs. The entire area shown in these Mercury photo-
graphs is covered by vertical aerial photography, mostly taken during the last
ten years, which is filed at the Institut Géographique National in Paris, and
by older U.S.A.F. trimetrogon photography. Neither series was used in
compiling this report.

INTRODUCTION TO THE SELECTED INTERPRETED PHOTOGRAPHS

The area covered by each of the selected interpreted photographs is
shown in figure 7.

In selecting the twenty photographs reproduced in this report, the aim
has been to include every part of the flightline possessing a recognizable
pattern, so that for most purposes it should be unnecessary to refer to the
complete film. Where a recognizable pattern appears in the foreground,
photographs only two frames apart have sometimes been selected, even
though they overlap considerably in the middle distance and background.
Where the foreground is featureless, photographs selected may be as many
as seven frames apart. Frames were preferred which show a complete

feature, such as an area of dunes, a geological structure, or a vegetation
boundary.

The photographs appearing in this report were derived from the film
recovered from the spacecraft through the following stages. The second and
third generations were contact color diapositives made so as to copy the
colors of the original as closely as possible. The fourth generation was a
black -and-white contact negative. The fifth generation was a black-and-white
positive print on medium soft glossy paper, 3.51 times the linear dimensions
of the original. Comparison with the second generation showed that sur-
prisingly little detail was lost between second and fifth generations. The
reproductions in this report were made from the fifth generation prints through
the normal intermediate stages of the photo-lithographic process.

An indication of the colors on the original is given by the frontispiece.
Color rendering in general is discussed on pages 100-101. The photographs
are explained in two ways: by commentaries, and by overlays superimposed
on duplicate photographs.

In the commentaries, features appearing on several frames are generally
explained in relation to the photo in which they are best shown. Underlined
numbers refer to photographs. The following abbreviations are used:

1. left bg. background

c. center md. middle distance
T. right fg. foreground

N. north E. east

S. south W. west

18




v For most photographs two overlays are provided, one showing place
names, the other geology.

The place name overlays are intended to allow easy comparison of the
photos with general maps (e.g. refs. 59, 60).

The second set of overlays shows geology, rather than some other distri-
bution, because the variations of tone correspond more closely to variations
of rock than to any other single mappable factor. This is because the area
is a desert. The same would not usually be true of humid areas.

The geological overlays are essentially the 1:2,000, 000 geological maps
(refs. 46-48) transformed to the perspective of the photos. They show ex-
plicitly only the information these maps show, namely the stratigraphy of
sedimentary rocks, and the rock-type and age of igneous and metamorphic
rocks. The rock-type of sedimentary rocks is only shown in so far as rock-
type units can be equated with stratigraphic units. The locations of major
folds, basins and domes can be inferred from the stratigraphy, but the
1:2,000, 000 maps mark few major faults or fractures. Structural lineaments
visible on the photos have been marked on the place-name overlays.

The meaning of the symbols used on the geological overlays is given in
table 3.

TABLE 3. SYMBOLS USED ON GEOLOGICAL OVERLAYS

Sedimentary Rocks

D Recent dunes. A discontinuous covering of dunes is
indicated by a fractional code. Thus: D/c¢ means
dunes partially covering Cretaceous.

gs Salt flat.
Q. Quaternary, undifferentiated.
T Tertiary continental, undifferentiated, including

Villafranchian continental: mainly hamada formation.

€ Eocene
c Cretaceous, marine, undifferentiated.

cn Nubian sandstone (Cretaceous continental)

ci Continental intercalaire (Cretaceous continental)
h Carboniferous, undifferentiated.
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hs

hi
d
ds
ds
di
s
83
s1
k
k2
k1
px

hib
hia

Middle Carboniferous
Lower Carboniferous
Lower Carboniferous (Upper)
Lower Carboniferous (Lower)

Devonian, undifferentiated
Upper Devonian
Middle Devonian
Lower Devonian

Ordovician and Silurian, undifferentiated

Silurian
Ordovician

Cambrian

Middle Cambrian
Lower Cambrian

Cambrian or late Precambrian sediments or meta-
sediments undifferentiated

Metamorphic and Igneous Rocks

X

X3
AX,

X2
X1

Yz
Y1

20

Precambrian metamorphic rocks, undifferentiated

Precambrian III schists, sericite schists, quartzites

Precambrian III volcanic complexes ( rhyolitic,
andesitic, or basaltic)

Precambrian II (Pharusian) phyllites, quartzites

Precambrian I (Suggarian) gneisses, micaschists

Crystalline schists, undifferentiated

Granites, microgranites, granodiorites, syenites,
undifferentiated

Younger granites
Pharusian granites

Suggarian granites

Transition from younger granites to rhyolites-
microgranites

Rhyolites and other ancient volcanic rocks
(Precambrian), undifferentiated

Young basalts and other volcanics

Diabases (dolerites), diorites, gabbros, serpentines




+ The plus sign indicates the combination of units, e.g.
k+s1 means Cambrian and Ordovician;
da+s means Middle and Upper Devonian

Four types of line are used on the geological overlays. This is because
the boundaries on the geological maps do not everywhere agree with those
apparent on the photos, and because on both maps and photos boundaries may
be either definite or uncertain. The exact meanings of the lines are given in
figure 8, but broadly speaking a continuous line means map and photo are
both definite, a dotted line means map and photo are both uncertain, a broken
line means the map gives information the photo does not, while a chain line
means the photo gives information the map does not give.

Line Geological Map Photo
........ Absent
Definite Vague
Definite
seseesiivecans Uncertain, inferred Absent
or indefinite Vague
Definite
Absent Vague
Definite

Figure 8. Lines used on geological overlays

In the last few photos (257, 261, 268) variation of tone is more closely
related to variation of vegetation than geology, so that geology overlays are
not given and vegetation boundaries have been added to the place name over-
lays.

It would have been possible to include overlays showing other factors.
Landform overlays would be relevant, but in most cases the landform regions
are described in the commentaries, and their location is shown on either the
place name or geology overlays. Overlays showing land-use, types of
farming, or other economic distributions would not be useful here, since they
would be mainly blank. In other areas, where human activities have visibly
affected the landscape, such overlays would be very relevant.
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SELECTED INTERPRETED PHOTOGRAPHS

Photograph 185

During its eighteen minute crossing of the North Atlantic the Mercury
spacecraft camera photographed little other than sea and cloud. Photograph
185 is the first which shows an appreciable area of land.

The area photographed is the Moroccan coast. Many coastal landmarks
can be identified. The most distant bay visible is that from which open the
Straits of Gibraltar, though the Straits themselves cannot be seen. Beyond
it the coast of Spain is just visible.

The darker area of ocean is free of cloud; the whitish area represents
a layer of stratus and strato-cumulus over the ocean. The striking corres-
pondence between the edge of this cloud and the coastline suggests that the
cloud is due to cooling of the air immediately above the sea by the cool ocean
water. Along this coast the sea is cooler than the land practically throughout
the year. It is not certain whether the boundary between the cloud-covered
ocean and the cloud-free ocean corresponds to a change in the temperature of
the surface water mass, or to a change in the characteristics of the air mass
which lay over it at the time the photograph was taken.

Other clouds are induced by the several ranges of the Atlas Mountains
which rise in the case of the Haut Atlas to almost 14,000 feet (4600 m.). The
most distant line of clouds visible probably lies over the Sierra Nevada,
almost a thousand miles (1600 km.) distant, in Spain, and beyond the
theoretical horizon.

On the land the most conspicuous patterns are geological. This might
not be so if the area had a dense vegetation cover, but in fact the only areas of
forest within the photograph lie on the mountains, which are obscured by
cloud. The foreground is a desert or semi-desert. However, narrow strips
of vegetation can be seen following the beds of some of the wadis flowing to
the coast, the Chebika, Dra, Massa and Sous.

Comments on the complex geological structures of the right foreground
will be made under 187. The light-colored area near the coast (left fore-
ground) is an area of Cretaceous limestone, a small example of an hamada.
The dark area near the coast between the mouths of the Dra and the Chebika
probably represents a surface layer of Villafranchian (early Quaternary)
coastal sand dunes and marine deposits. The one or two lines parallelling
the coast in the extreme le ft foreground probably mark coastal terraces
formed by the sea at some stage of the Quaternary when it stood at a higher
level than at present (refs. 46, 49, 50).
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Figure 9 (a) Photo 185
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Figure 9 (b) Photo 185 with place name overlay
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Figure 9 (c)

Photo 185 with geological overlay
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Photograph 187

The complicated pattern which occupies most of this photograph repre-
sents the outcrops of numerous beds of Primary rock which have been tilted
towards the SSE and then planed off by erosion. The narrow bands repre-
senting the outcrops of individual beds run generally from WSW to ENE. A
zigzag shape has been given to some of these otherwise straight outcrops by
small folds with axes roughly SW to NE, crossing the outcrops obliquely.
Interference between these folds and others trending NW -SE has produced
elongated dome or basin structures in places. Structural lineaments in the
left foreground show the northeasterly trend of the Zemmour fault zone (ref.
28, p. 530), and in the right foreground a northwesterly trend.

The rocks involved are of all ages from the oldest Cambrian in the NW
to the middle Carboniferous in the SE, as shown in the cross-section (fig. 11)
and include a variety of sedimentary rocks. The different degrees of resistance
of these rock-~types means that, although the area appears flat in the photo-
graphs, in fact certain outcrops notably of sandstone stand up as long narrow
ridges extending from WSW to ENE, whereas others, mainly schists and
shales, form the intervening depressions. The highest ridge, the Djebel
QOuarkziz, developed on a hard Carboniferous limestone, rises perhaps 700 ft
(200 m.) above its surroundings. The Djebel Bani is developed on an
Ordovician quartzitic sandstone. Where the structure forms a basin or dome
circular ridges and depressions exist. The area exemplifies the djebel type
of landform.

The depressions owe their origin to the softness of the Primary rocks
which underlie them, but in fact the light tones between the ridges on this
photograph are not the Primary rocks themselves but a thin covering of
Quaternary deposits. These include spreads of sand, gravel terraces, and a
widespread lacustrine limestone. Wadis follow the depressions, generally
from E to W, and in places break through the ridges in narrow gorges (foum).

Beyond the djebel area rise the Anti Atlas mountains. The direction of
the range corresponds with the trend of the Atlasic folding but the rocks
exposed are Precambrian, part of the basement which underlies the whole
Sahara. In this area of older, brittle rocks faults are frequent, and the
Tiznit basin (1. md.) for example, is surrounded by fault-line scarps. (refs.
46; 50; 36, pp. 130-134, 174, 228; 32, p. 69 and map; 33, map; 21, p. 384;
30, p. 76; 12).
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Figure 10 (a)

Photo 187
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Figure 10 (b) Photo 187 with place name overlay
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Photograph 190

SE of the djebel area in the middle distance lies the Hamada du Dra
(fg.), to be described under 192. In the left foreground parallel lines appear
on the hamada surface, running NE-SW, and representing low ridges and
furrows on the ground. Individual ridges are continuous for such long
distances that it is unlikely the orientation is determined by the dominant
wind (ref. 26, p. 11). More likely, erosion has picked out lines of structural
weakness, probably bedding. Since the surface rock is mainly limestone,
perhaps solution has been important. Water action must have been effective
at least in transportation, since sinuous wadis can be seen. The photo in
fact reveals the ridges only over part of the area where they occur (ref. 50),
perhaps because those appearing are closest to the camera, and because
erosion has cut most deeply in the western part of the hamada (ref. 29, p. 218).
The ridges may be most pronounced here because of more powerful erosion
by the Dra and Saguia el Hamra systems, which have the ocean for their base
level, and which have eaten into the edges of the hamada. Differences in past
or present climate, surface rock, dip, or massiveness of bedding could also
explain this.

Where erosion has eaten into the northern edge of the hamada middle
Carboniferous rocks are exposed, the youngest Primary rocks of the Dra
depression. The most easterly of such areas (r. md.) is called the Betana,
and the name is sometimes applied to similar areas further west. Generally
schists and shales predominate over sandstones, so that these areas form
lowlands, veneered with Quaternary deposits, and crossed by low parallel
ridges. Close to the edge of the hamada, the Primary rocks are often
covered by material which has fallen from the cliff behind. Some suggestion
of these conditions can be seen in the left middle distance (ref. 36, pp. 228-
229).
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Figure 12 (a) Photo 190
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Figure 12 (b) Photo 190 with place name overlay
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Figure 12 (c)

Photo 190 with geological overlay
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Photograph 192

The entire width of the Hamada du Dra is visible in this photograph. A
hamada is typically a tabular desert area developed on nearly horizontally-
bedded limestones of Cretaceous to Pliocene age. A hamada is bounded on
most sides by an escarpment, beyond which the underlying folded or tilted
rocks are exposed, as in this case. These immense surfaces are usually
covered by angular fragments of rock, broken by weathering in place, and
often polished by wind action. On the ground, the effects of wind erosion are
everywhere easily seen, though this is not visible on the photograph. If the
hamada is composed of limestone, features formed by solution of the rock
and its subsequent precipitation are also widespread, and it is on the northern,
that is the humid, edge of the hamadas that thick calcareous crusts are to be
found. The rocks making up the Hamada du Dra are mainly calcareous sand-
stones and gypseous marls, everywhere capped by a layer of siliceous lime-
stone. The surface rocks at least are of Pliocene or Early Quaternary age.
The present topographic surface was probably developed by later erosion.
(ref. 36, pp. 173, 221; 20, pp. 248, 249, 253; 34, pp. 59, 62; 29, pp. 71-72,
130, 350-353).

Hamadas have a distinctive hydrography. The courses of the few major
wadis such as the Oued el Ma are engraved indistinctly. The da'las are the
main hydrographic element. These are shallow closed basins, some fed by
small wadis, covered with clayey soil. Vegetation is usually more abundant
in them. The dalas grade on the one hand into sebkras (salt flats), such as
the Sebkra de Tindouf (md.) and on the other hand into small sink-holes.
Around the entrance to these may be a little loess (wind-borne silt), but no
plants except after a storm (ref. 20, p. 253; 36, p. 222).

The Hamada du Dra is a very favorable area for distinguishing
structural lineaments, since it has a surface of uniform rock-type and low
relief. The lineaments apparent on 190, 192 and 195 may be grouped into
five families. One family, trending NW, runs straight across the hamada
and the Primary and Precambrian rocks to the south. This family seems to
be regularly spaced about 50 km. apart. The direction is that of the Early
Hereynian earth movements which folded the Ougarta mountains (_2_9_6_, l.bg.).
A second group of frequent but less -persistent lineaments runs perpendicular
to the last. The third family which runs ESE, the fourth which trends ENE,
and the fifth which curves round from NW to W, run parallel to the strike of
the Primary rocks along the S, NW, and NE edges of the hamada respectively.
They may well be causally related (ref. 35, pp. 451-453.).
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Figure 13 (a) Photo 192
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Figure 13 (c) Photo 192 with geological overlay
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Photograph 195

This photograph shows clearly three of the main divisions of Saharan
relief, as illustrated in the cross section (fig. 15). The mottled area (r.fg.)
is part of the Yetti~-Eglab massif, an area of low relief developed on Pre-~-
cambrian rocks. The striped area (md.) is a djebel, made up of escarpments
developed on northward-dipping Primary rocks. The light area (md.) is a
hamada of almost flat-lying Tertiary or younger rocks. Beyond these can be
seen another djebel area, that already described along the Oued Dra, and
another massif, the Anti-Atlas, partly covered by cloud (ref. 20, p. 242).

The djebel area (md.) is similar to that along the Oued Dra (bg.), but
the escarpments are straighter since the rocks dip more uniformly. The
scarps are developed on limestones and sandstones varying in age from
Ordovician to Carboniferous, while the intervening valleys are developed on
schists. Sebkras (salt flats) are found at the foot of many of these scarps
(r.md.) (ref. 20, p. 242). The scarps, known locally as kerbs or krebs, are
here less than 100 ft. (30 m.) in height, but further west they are higher, e.g.
in the foreground of 192 (ref. 36, p. 226).

The almost perfect horizontality of the hamadas contrasts with the
marked relief of the djebel areas. This contrast is accentuated by the dark,
almost black colors of the polished Primary rocks of the djebels, which cut
into the white hamada areas. Not all hamadas are the same color as this
however. The Hamada el Homra (236, bg.) means literally 'red hamada'.

On the Plateau du Tadema'it (216, I.Tg.) the color of the pebbles covering the
hamada varies between yellowish-grey and inky black according to the division
of the Cretaceous rocks which outcrops at the surface. In fact the whiteness
of the Hamada du Dra seems to be a peculiarity of the Plio-Pleistocene
hamadas (ref. 20, p. 253; 21, p. 384).
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Figure 14 (a) Photo 195
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Typical geological section across the area shown in Photo 195
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Photograph 198

This photograph shows the first erg seen by the camera in the space-
craft. An erg is a sand-covered area, normally in a structural basin where
sand was deposited by wadis during the Quaternary when runoff was greater.
In the case of the Erg Iguidi, seen here, the sand was brought by the Oued
Daoura and deposited in the shallow depression between the Eglab massif
(r.fg.) and the djebel (1.md.). Usually the wind has sculptured the sand
spreads of the Quaternary wadis into one of several possible patterns of
dunes. In this case, the dunes are longitudinal, that is they are long sand
ridges parallel to the direction of the dominant wind, the northeast trades,
which formed them. The dunes are close together in the deposition area of
the Oued Daoura in the middle distance but unravel farther to the SW (fg.)
into a less and less close mesh, between the strands of which the underlying
rock becomes more and more visible (ref. 20, pp. 241, 386).

The major dune-chains, trending NE are reddish on the original color
photograph, whereas the minor dunes, branching SE from them, are almost
white. The red color is thought to be characteristic of dunes formed before
the second pluvial period i. e. in the early Quaternary, whereas the paler
dunes are younger (ref. 25, p. 138). Apparently there have been changes in
the dominant wind.

In the foreground of this photo and 195 there is difficulty in relating the
geological map to the tones of the photo, apart from the dunes themselves.
If the map is correct, then there is wide variation in the tone of rock-types
X, and ¥ 3 from place to place within 195 to 202.
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Figure 16 (a)

Photo 198
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Photo 198 with geological overlay

Figure 16 (c)
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Photograph 202

This photograph shows the Eglab, the westernmost of the central
Saharan massifs, and by far the lowest, since heights reach only 1600 ft.
(500 m.) above sea level. The area is mainly composed of Precambrian
crystalline rocks especially granite. Earth movements since the Pre-
cambrian have been limited to broad folding parallel to the Atlas and the
formation of the slight syncline in which the Erg Iguidi was deposited (ref.
20, p. 241).

On the photo one can distinguish rhyolitic intrusions (almost black),
from the surrounding microgranite aureoles (dark grey), and the granite
country rock (medium grey), though these units are difficult to define on the
ground because of intergrading (ref. 37, p. 104). On the 1:2,000,000 map
rhyolites are not distinguished from microgranites.

The light-toned strips which form a dendritic pattern like huge wadi-
beds are labelled on the 1:2,000, 000 geological map as hamada formation.
They do not in general correspond to present day wadi beds. Whether or not
they are fragments of a formerly extensive cover is not clear, but it has been
assumed that they follow structural weaknesses in the basement rocks, and
they have been plotted as lineaments.

In addition to the well-marked NW structural trend, 198, 202 and 206
show E and NE trends.

In placing the exact outline of D, and in separating it from T, the red
color of D on the original was useful. The area D/?h does not fit the
1:2,000,000 map.

The mountain chains of Tabelbala and Ougarta, (bg.) which are re-
spectively W and E of the Erg er Raoui, are composed of Primary sandstones
limestones and schists in a dome-and-basin structure, so that a series of
curved escarpments exist. They are continued to the W by the djebels N and
S of the Hamada du Dra, and to the SE by the tassilis of the Ahenet area
(ref. 20, p. 243; 36, pp. 1417-119, 148, 171).
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Figure 17 (a)

Photo 202
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Figure 17 (c)

Photo 202 with geological overlay
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Photograph 206

The best example of a longitudinal dune area seen by the Mercury
space-craft camera was the Erg Chech, seen here (fg.). The erg consists of
endless chains of dunes perhaps 300 mi. (500 kms.) long and a mile or two in
width (zemoul), separated by bare areas which here, in the N of the erg,
are about 7 miles (10 km.) wide (feidj). The width of the corridors every-
where exceeds that of the dune chains. Often the sand rests directly on rock,
not gravel. The dune chains parallel the dominant winds, almost always the
Trade Winds. However, the curvature of the dunes towards the N (md.)
suggests that some other wind, perhaps the westerly winds which blow in
winter, have some effect at the latitude. Although small dunes sometimes
move appreciably, the big ergs are practically fixed during a human lifetime,
probably because moisture is held within them. The dunes in this photograph
appear to be unchanged since they were surveyed for a French map in the
1930s.

The Erg Chech occupies the northern end of the huge Taoudenni basin,
which is of structural origin. The sand was laid down by the Oued Saoura
during the Quaternary, when it had sufficient flow to reach this far. At the
same time this wadi system hollowed out the Gourara basin, which is not of
tectonic origin, and which is now filled by the drift of the Grand Erg Occi-
dental (c.bg.) (ref. 20, pp. 372, 380, 383, 384, 386).

Not all ergs are equally dry. The Erg er Raoui (bg.) and the Erg
Iguidi are close to the points of disappearance of wadis flowing from the
mountains to the N, so that their underground water supplies are regularly
replenished, and wells and areas of carel pasture are abundant. The Erg
Chech on the other hand is a very dry erg. (ref. 22, pp. 99, 102).
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Figure 18 (a) Photo 206
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Figure 18 (c)

Photo 206 with geological overlay
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Photograph 210

This is the first photograph in the series which shows clearly a large
area of reg, or gravel desert (r. fg.). It appears as a featureless light and
medium grey area. Part of the gravel has been brought down from the
Ahaggar massif (off the photo, r.) and hence the thickness of the reg gets
less and less as one advances westwards. The reg is also partly formed by
the breaking up in place of the underlying rocks, which are mainly Pre-
cambrian crystalline rocks, and Ordovician and Cretaceous sedimentary rocks.
The gravelly surface of such a reg is very easily motorable and indeed one of
the main trans -Saharan motor-routes runs across the area of the Tanezrouft
shown in this photograph (ref. 20, pp. 373, 376, 377; 21, p. 364).

The light-toned area in the right middle distance is the plain of Tidikelt.
This long narrow depression is very variable in width because, although the
northern edge along the Tademait escarpment is fairly straight, in the S the
plain extends up the various bays of the pretassilian area of folded Primary
rocks to be described under 246. The lowest parts are occupied by salt flats,
the remnants of once more extensive lagoons, the deposits of which conceal
the Primary rocks over much of the plain (ref. 20, p. 369).

North of Tidikelt rises the Plateau du Tademalt (c.bg.), a typical
hamada formed of Cretaceous limestone. It is continued to the E by the
Plateau du Tinrhert (246, r.bg.). Unlike the Plio-Pleistocene hamadas such
as the Hamada du Dra, the upper surfaces of these Cretaceous hamadas are
black, while the lower slopes are grey. The foot of the Tademalt escarp-
ment is followed by a line of oases supplied with water by springs from the
limestone, the most southerly of which is In Salah (ref. 22, p. 192; 20, p. 253).
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Figure 19 (a) Photo 210
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Figure 19 (c)

Photo 210 with geological overlay
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Photograph 216

The dark areas in the middle distance of this photograph represent
mountains, part of the belt of tassilis that almost encircles the Ahaggar, the
central massif of the Sahara. Typically a tassili is a slightly tilted plateau of
Primary rocks bounded on most sides by escarpments. It is therefore very
similar to a djebel, except that the rocks do not dip so steeply. The tassilis
are in fact two separate lines of plateaus, the inner and the outer tassilis,
separated by the intra-tassilian furrow, and succeeded to the N by the pre-
tassilian depression. For example, in this photograph the Adrar Taohenna is
part of the inner tassili, while the Adrar Tikkadouine is part of the outer
tassili. This distinction can be traced from here round the northern end of
the Ahaggar as far as In Ezzane (c.bg. of 236). The age of the rocks making
up the tassilis can be seen from the cross-section (fig. 21). Broadly
speaking the inner and outer tassilis are made up of sandstones, while the
intra-tassilian furrow and the depression north of the tassilis are underlain
by shales and schists.

In this area of the tassilis there is superimposed on the gentle north-
ward dip of the rocks a series of flexures with axes N-S, probably caused
by movements along N-S fractures in the basement rocks. These are
reflected in the outline of the northern edge of the tassilis as an alternation
of promontaires and bays (ref. 20, p. 244). The only lineaments plotted on
210 and 216 are those resulting from this structure.

Three main mountain groups are included in this western area of
tassilis. The Asedjrad in the W is the lowest and driest. The Ahenet (c.md.)
rises 1000 ft. (300 m.) above its surroundings to a height of 2500 ft. (800 m.)
above sea level. Though there are wells, it is a poor dry region, even for
stock. The Mouydir (r.md.) reaches a height of 5100 ft. (1680 m.) above
sea level, water and pasture are more abundant, and there are a few small
spots of cultivation (ref. 21, p. 362; 41).
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Figure 20 (a)

Photo 216
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Figure 20 (b) Photo 216 with place name overlay
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Figure 20 (c) Photo 216 with geological overlay

8
3
3
o

Plateau du

Tademait Tanezrouft

Intra-tassilian
furrow
Inner tassili

Tidikelt

Pre-tassilian depression
RTINS
SRR
LRI IR
SRR RIS
SCRRKRS

LRI
SHRKKS

%e%

‘N
Figure 21 Typical geological section across the area shown in Photo 216
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Photograph 223

The belt of tassilis seen on 246 is not continuous round the southern
side of the Ahaggar massif (r.md.). In many places the gravel desert of the
Tanezrouft (md.) reaches to the foot of the Ahaggar. Only fragments of
Primary rocks remain forming miniature tassilis, such as the Tassili
n'Adrar (fg.). These are on the whole horizontal plateaus, but are varied by
slight tilting, folding, or faulting. At their edges they break up into isolated
columns, a f<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>