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1. Introduction 
 
We report a very successful expedition. We closely monitored the wind before and 
during a severe dust episode; our sampling will allow us the best dating yet of the 
extraordinary climatic episode that is an essential element in the dustiness of the 
Bodélé; and we measured the output from a unique dust-generating process, never 
before reported, let alone monitored. 
 
There are still great uncertainties about the global climatic role of dust, yet many 
believe that it is a vital component of climate and of climate change. It is more certain 
that dust is a major contributor to terrestrial and oceanic nutrient budgets. And, when 
a picture of the global distribution of dust became available from the data given by the 
Total Ozone Monitoring Satellite (TOMS), it was blindingly clear that the Bodélé 
depression in northern Chad was the dustiest place on earth, by far (Figures 1 and 2). 
Two circumstances combine to make this so. First, a low-level jet (LLJ, a strong 
surface wind) from the “Libyan High”  (high atmospheric pressure zone) is funnelled 
through the gap between the Tibesti and Ennedi massifs (Figure 3). The wind is most 
intense in spring and early summer, when it becomes the Harmattan that buries West 
Africa in dust. Second, this wind lifts dust from some 25,000 to 35,000 square 
kilometres (as estimated by Nick Drake) of friable diatomites (silicious, low-density 
lacustrine deposits) in the now-dry bed of Lake “Megachad” , which, only 6000 years 
ago, was the largest fresh-water lake on earth, even bigger than the present Caspian 
Sea.  
 
Despite the anxiety about the climatic impact of dust, its crucial contribution to global 
nutrient budgets, and the Bodélé’s unique role in these functions, the only research 
into dust in the Bodélé has been based on analysis of satellite imagery. Until now. 
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Figure 1: Chad (crosses mark the national boundary) and the Djourab, showing extent 

of Megachad (hatched region). The red dot marks the site at which a skull of 
Sahelanthropus tchadensis was found. 

 

 
Figure 2: Annual mean aerosol index from TOMS (arbitrary units) 

Chad 

Bodélé 



 3 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Figure 3. Landsat imagery draped over a DEM showing the pathway of accelerated 
wind between the Ennedi and Tibesti (picked out by dunes and yardangs). 

 
 
 

2. Objectives 
 
We aimed to determine  
 
(i) the nature of the boundary-layer meteorology (specially of the LLJ). We focused 
on diurnal variability; 
 
(ii) the ability of regional and global climate models to represent the local and 
regional meteorology; 
 
(iv) the effect of dust on the surface radiation budget; 
 
(v) the optical and physical properties of dust using high quality in situ measurements; 
 
(vi) the consistency between in situ and satellite estimates of aerosol optical 
properties; 
 
(vii) the distribution and physico-chemical composition of the dust-yielding sediments 
of Megachad; 
 
(viii) the dynamic geomorphological processes that release dust. 
 
 
The aims we set out in our application to the Gilchrist Educational Trust are compared 
to our achievements in Section 7, below. 
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3. Preparation 
 
Before our visit, we: 
 
1. Analysed existing satellite estimates of dust properties, specifically from TOMS 
and MODIS. These showed that major dust events typically occurred one day in four 
in February-March. 
2. Studied the climatology of the region, including analysis of observed data and 
simulations on a regional climate model. 
3. Examined finer-scale satellite data. We were fortunate to be able to cooperate 
closely with Dr. Nick Drake at KCL, who has a large collection of LANDSAT TM 
data, as well as recently-published DTM (Digital terrain model) data for the Holocene 
Saharan lakes. Figure 9 (below) shows one of his images of the eastern end of the 
lowest part of the main lake basin on Landsat. These data allowed us to hypothesise 
about the nature of the surface: we recognised the largest area of exposed diatomite, 
preserved in the deepest part of Megachad; deduced that the diatomite of this area 
exhibited variations in erodibility; that its eastern end was being invaded by quartz-
sand dunes; and that the darker dunes on the surface were probably formed of pelleted 
diatomite (Figure 10, below). We still clung (wrongly) to the hypothesis that dust was 
being released from the diatomite by bombardment with quartz sand, this being the 
dominant mode of dust production from most of the dry lakes that have been studied, 
including the most intensely researched, Owens Lake in California. 
4. Researched, manufactured and collected a large range of instruments, including 180 
Modified Wilson and Cook (MWAC) dust catchers, 60 masts and clips for these; an 
auger for inspecting the lake (barely used), a nucleapore dust sampler, a Cimel C-318 
robotic sunphotometer (calibrated for consistency with the NASA Aeronet network), 
handheld Microtops sunphotometers, a meteorological kite platform and radiosonde 
instrument, two automatic weather stations (AWSs) and two meteorological 
theodolites for pilot balloon tracking. We ordered two cylinders of helium for the 
balloons. 
5. Contacted the Honorary British Consul who organised the import of our equipment 
and a laissez passé for use in boarding flights in Paris and arranged for an 
Autorisation de Recherche (see below). 
 
 
4. Organisation. 
 
The full names and addresses of the people mentioned in this section are given in 
section 10 below. 
 
4.1. Participants. In addition to those who applied to the Gilchrist Educational Trust 
(Charlie Bristow, Adrian Chappell, Samuel Mbianayel, Martin Todd, Andrew Warren 
and Richard Washington), we were joined in the field by Sebastian Engelstaedter, 
University of Oxford, and, briefly, by Jim Giles, from Nature. 
 
4.2. Season. Our choice of field period compromised between dustiness, temperature 
and rainfall. The dustiest month is May is also the hottest and high temperatures 
endanger electronic equipment and health. In May, moreover, the tracks in the Sahel 
may be flooded (we saw plenty of evidence of this on the tracks we followed in the 
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Sahelian part of our journey). We chose February-March as a “shoulder”  month for 
dust, when temperatures promised to be bearable, and roads to be easier to drive upon. 
 
4.3. Liaison with official bodies and others in Chad. Our first contact in Chad was 
Samuel Mbainayel of the Direction des Eaux et de la Météorologie (DREM), whose 
Department was generous in allowing him to join us and kindly stored our freighted 
equipment before our arrival. Early in 2004 DREM persuaded Dr Baba El-Hadj 
Mallaye, Director of the Centre national d’Appui à la Recherche, to send us a letter 
permitting us to conduct research in the Djurab. In early 2005, also through the good 
offices of DREM, the project was further issued with an “Autorisation de Recherche”  
by Dr. Dehainsala Waleyam, Director, Direction Géenérale, Direction de la 
Recherche Scientifique et Technique.  
 
We received incomparably cheerful and extensive help from Madame de la Croix, the 
British Honorary Consul. The alternative path for visas is through the Tchadian 
consulates in Brussels or Paris. Issued in Chad, each visa costs £15 (they are more 
expensive via the Paris and Brussels consulates). Madame de la Croix obtained: an 
“Autorisation d’Entrée sur le Territoire tchadien”  (after we had given her a list of the 
names and details of the participants), allowing us to board planes at Charles de Gaule 
Airport without visas; and permission to import our equipment (from a list we sent 
her). She later supplied us with the forms for the application for visas, and leant us her 
experienced driver to help us with the application process through the police. One, 
and perhaps two days after arrival should be allowed for the processing of visa 
applications applied for in Chad. In addition to the letter of permission to undertake 
research (as mentioned above), Tchad Evasion, our tour company (see below), was 
obliged to obtain a “Circulaire”  (permission for us to travel in the north, as tourists).  
 
We experienced very great generosity from Mahamat Abderrahman Troumba, a 
graduate in Geology at Birkbeck College. Mahamat, who had been liasing with 
Charlie Bristow, leant us his house where we stayed while in N’Djamena (three nights 
on the outward journey, one on the return), fed and watered us on several occasions, 
and drove us all over town (to mention only the major gifts of his time and resources). 
 
4.4. Travel, bed and board. After debate, we confirmed our selection of Tchad 
Evasion as our carrier and provider of board. Our decision was influenced by the 
reports of an Italian archaeological team. Alternatives were few, but we did locate one 
firm (Auto Diagnose) from whom we might have hired vehicles more cheaply, but 
who would not have supplied cooks and guides, and might not have arranged the 
Circulaire (see above) or known about wells and fuel supplies. Tchad Evasion was 
expensive (c.£86, per person per day for food, two cooks, tentage etc., vehicles, fuel 
and four drivers), and their vehicles and some of their tents were poorly maintained 
(both before and during the field period). Faulty vehicles held back our programme on 
several occasions (detailed in the Itinerary, below). Tchad Evasion supplied two old 
Toyota Land Cruisers (60 series), a new Hilux double-cab pickup (taking up to 5 
passengers), and a Toyota HJ75 pickup. All but one experienced mechanical problems 
in the field. On the plus side, their catering was adequate; they had a fuel dump a few 
hours drive from our field site; they supplied an extra vehicle, after our early 
difficulties; they brought the delayed baggage to the base camp from N’Djamena; and 
their field leader (or guide), Hissein, being Goran, the ethnic group of the field area, is 
well acquainted with the terrain and the location of wells; and able to communicate 
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directly with local people. He is superbly good at driving in the desert; and was very 
adaptable to any change in our plans. 
 
4.5. Period of stay. We had planned to spend six weeks in the Bodélé. With our 
compliment of five scientists this would have given 5 x 42 = 210 person-days. We 
achieved 146 person days with two more scientists in three weeks. An important 
factor in the decision to reduce our field period was the costs of our transport and 
board in the field, which rose well above the estimate we had derived beforehand. The 
budget (below) reveals these changes. 
 
4.6. Base Camp. In discussion with Hissein, we selected Chicha as our base camp (N 
16ë 52’  50”  E 18ë 32’  55.6” ; general location on Figure 16, below). Chicha is close to 
a consistently sharp edge to the dust cloud on the MODIS imagery. It has a number of 
shallow wells with potable water. To our surprise we found that the sparse grass at 
Chicha (and elsewhere in the Bodélé) attracts families of Goran camel herders, who 
were ending their grazing season in March, beginning to take their large herds of 
camels slowly back towards Faya or Kouba Olanga. We were further surprised by the 
debris of the 1987 war at and near Chicha. We camped beside a large tree at Chicha 
(the largest we saw in the Bodélé), probably a Prosopis (Figure 4). We left our own 
balise at Chappell’s field site (Figure 5). The itinerary (below) shows that the 
climatologists remained, for the most part, at Chicha. Chappell drove out daily to his 
experimental sites a few kilometres to the northwest (near our Gilchrist/Bodex balise). 
Bristow and Warren (occasionally others) went on several one- to three-day journeys 
(see the itinerary below). 
 

 
 
Figure 4. The base camp at Chicha, showing patches of wind-blown sand on cracked 

diatomite, the tree, the “gazebo”  tent beneath it, scattered smaller tents (mostly 
felled). The Automatic Weather Station and Cimel photometer are in the foreground. 
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Figure 5. The Bodex/Gilchrist balise planted near Chicha (N 16ë 54’  23.7”  E 18ë 27’  

42.0” ) 
 
4.7. Communications, navigation. We carried four satellite telephones, which 
allowed communication nightly with far-travelling colleagues, with England and 
Florida (where “ the Bodélé”  was thought to sound like “a restaurant somewhere” ); 
three (and a half) GPSs, allowing us accurate location at all times; copies of relevant 
1/200,000 (black and white copies purchased in N’Djamena) and 1/500,000 maps, 
some rather old Russian copies of some these maps, and colour printouts of the 
satellite imagery at 1/150,000 scale.  
 
4.8. Weather. We have a continuous record of weather from two automatic weather 
stations (AWSs) established almost immediately on arrival at Chicha: one at the 
camp; the second close to the Gilchrist balise. The maximum daily temperature 
reached 43oC and the minimum (after the dust storm) 15oC. The dew point rarely rose 
above 4oC. Some data are given below. 
 
The atmosphere was only occasionally free of dust. On three days we experienced 
much more severe conditions. To us this appeared to be a major dust storm (Figures 6 
and 16, below). Life was very uncomfortable and our tents were buried in sand 
(Figure 7, below). The dust samplers recorded a maximum dust flow of 40 000 mg m-2 

s-1, which is comparable with the maximum recorded in other dusty places. 
Nonetheless, comparison with the record of dust storms on MODIS showed that our 
storm was only moderate by Bodélé standards. We thus have yet more proof, if proof 
were needed, that the Bodélé is the dustiest place on earth. 
 
4.9. Health. We all had the recommended immunizations for Chad, including yellow 
fever. We all took malarial prophylactics. We saw some mosquitoes in N’Djamena, 
but few of us were bitten, and none in the desert. We carried large numbers of dust-
masks and goggles, which were valuable during the three-day dust storm. We also 
carried a first-aid kit supplied by the Occupational Health Department at UCL. 
Charlie Bristow is fully trained in first aid for fieldwork. We were lucky to suffer little 
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more than a few short bouts of diarrhoea (more in N’Djamena than in the field); and 
some painful toothache. 
 
 
 
 
5. I tinerary. 
 
Summary: 3 days in N’Djamena; 3 days to travel base camp; 13 days in the field 
including 7 in which some of the party were away from base camp; 2 days travel back 
to N’Djamena; 1 day in N’Djamena. 
 
1.02.05. Dispatch freight, which is stored at DREM on arrival. 
 
21.02.05. Main party travels: Heathrow (Manchester)-Charles de Gaule-N’Djamena 
 
22.02.05. Arrive at N’Djamena on Air France just before dawn. Met by Madame de la 
Croix, Samuel Mbainayel and Mahamat. To Mahamat’s house (in former UNDP 
compound, near the centre of town). Meet repeatedly with Moussa (Director of Tchad 
Evasion) to discuss itinerary. Meet the Deputy Director of DREM, Betouloum 
Neasmiangodo, in the absence from town of the Director. Attempt other meetings. 
Various purchases made in town, including two 12 V batteries, and sat phone cards 
from hawkers in the souk. 
 
23.02.05. A lot of work with the police, but still no visas. Discussions about the 
adequacy of our permissions to do research, particularly with Dr. Dehainsala 
Waleyam, who decided that his “Autorisation de Recherche”  was sufficient. 
Incidentally Dr Waleyam did his PhD on dust. Meeting with Dr Baba El-Hadj 
Mallaye, who had supplied our first invitation and with whom we intend to exchange 
a Memorandum of Understanding (between his organisation and some UK 
Universities). Tea with the EU Ambassador. Todd and Giles arrive late evening. Most 
of their luggage remains in Paris (or even London).  
 
24.02.05 At last receive visas; pay Tchad Evasion; load kit onto vehicles; plan to 
leave, but after delays, gratefully accept Moussa’s suggestion that we leave the next 
morning. 
 
25.02.05. Leave c.07.00 in four vehicles (one to return Giles to N’Djamena in a few 
days). Dusty day. First on a tarmac road (direction Abéché); then beside a thinly 
tarmac-ed, but abandoned road for c 20 km; from then till our return on rough tracks. 
Along wooded, occasionally irrigated bed of the Bahr el Ghazal (former river feeding 
Megachad from the south). Mid- to late afternoon leave the valley to Moussoro for 
diesel (stored in barrels), and our last cold coke. Camped 18.00 at N 13ë 59’  27.2”  E 
16ë 29’  04.5” , back in the valley. 
 
26.02.05. Mid-morning, the Toyota pickup has trouble with a seriously under-
maintained rear wheel. Delay for hours. Villages thin out. Some offer “ last”  supplies 
of wood for cooking. At Salal we leave the wooded Bahr El Ghazal for a wide, open 
grassland on a silcrete plateau. Many camel- (and some cattle-) nomad camps. Also 
many gazelle. Camp at a diatomite outcrop (our first) at N 15ë 31’24.9 E 18ë 05’46.4” . 
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About a day behind schedule. This is the main route to Faya, but there is little traffic: 
a heavily laden truck (goods or people) once or twice a day, and three or four 
landcruisers or the like.  
 
 
27.02.05. Off at 06.00 (an attempt to catch up). Reach Kouba Olanga mid-morning. 
The police post (where we register) is surrounded by rusting guns from the 1987 war; 
the town is almost buried in moving sand. Fill up with diesel from Tchad Evasion’s 
store, and with water from one of several lined wells. Good water at 3-4 m. The Sahel 
now well behind. Take the most easterly of the three routes shown on the maps (said 
to be the “new”  route). A few trees (doms and others) to the west along the Bahr El 
Ghazal, but more and more mobile dunes, interspersed with hard sand or diatomite. 
This is the western edge of the Erg du Djourab. Road marked with empty oil drums. 
Wells nearby are marked with a pole with a blue cone on top. Long drive mostly over 
bare dunes. Hissein reveals his mastery of driving on sand. The Toyota pickup 
develops serious problems with its fuel supply, which delays us yet more. In the end it 
is left to fend for itself. Contacted by sat phone, Moussa promises that another vehicle 
will replace it, coming from N’Djamena. This arrives two days later and brings the 
delayed luggage from Air France. The vehicle that brings the delayed baggage takes 
Giles home (on 01.03.05). We retain the vehicle originally assigned to him. 
Meanwhile on the road, we strike out for Chicha, leaving the dunes northward for a 
wide hard-sand plain with excellent driving conditions (followed by the main tracks to 
Faya). We set up base camp at Chicha before dark.  
 
 
28.02.05. Windy. The climatologists erect an AWS and other equipment and begin 
balloon traverses. Bristow, Chappell, Giles, Warren and Hissein reconnoitre the “ the 
lozenge”  (see below) (Figure 9, below). The going southwest from Chicha is 
excellent, but travel over the hard diatomite is bumpy and slow. 
 
 
01.03.05. Giles leaves for N’Djamena first thing. From now on there is a routine each 
day among the climatologists (Engelstaedter, Mbainayel, Todd and Washington): 
balloon traverses, tending the dust sampler, the photometers and the AWSs. Chappell 
begins to lay out his dust catchers, and extends and tends the network on subsequent 
days. The second AWS is set up in his site (near a set of anti-personnel bombs stuck 
in the diatomite – another legacy of the 1987 war). Bristow, Warren, Hissein and 
Jerome (cook), leave for the Angamma (see below). They take only the Hilux, being 
confident of Hissein’s knowledge of the terrain and the wells, and carrying a sat 
phone for nightly communication with Chicha. After some kilometres on the good 
going, they drive directly to Angamma. On the lozenge, they pass an abandoned 
Russian rocket launcher. The diatomite is very rough, slow going (but occasionally 
avoidable by judicious driving over dunes). The country beyond is much better 
driving, the worst problem being fields of mega-ripples. They go first go to the good-
water well at Kichi-Kichi (N 17ë 35’  41.1”  E 17ë 22’  14.2” , ~ 30 km southwest of 
Angamma), where there are many dom palms, Acacia trees, Caparis bushes and even 
some date palms. Here they meet a man and his twelve-year-old son, who have 
travelled there from Faya for six days on camels. He lends them a cooking pot (theirs 
being forgotten by Jerome), in exchange for tea, sugar and a pair of shoes. They camp 
nearer to Angamma, but are plagued by caterpillars from the dead tree the camp 
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under. The going in the area south of the escarpment is generally good, except for 
fields of mega-ripples and some easily avoided yardangs and nebkhas. 
 
 
02.03.05. At Chicha - routine. At Angamma, Bristow logs the clay deposits on the 
western side of the delta, and reconnoitres the upper surface of the delta itself. Beside 
a small Neolithic megalith, and with the help of the satellite image, Bristow locates a 
very ancient (Pleistocene?) shoreline. A very hot day (probably over 43oC). Descend 
the escarpment to camp early beneath an inadequate Caparis bush (vacated by a 
gazelle and her calf); Hissein and Jerome catch a gazelle for supper. Wind (from the 
north-east) gets up in the early hours. 
 
 
03.03.05. At Chicha – routine. Angamma: pre-dawn sampling of the upper beach 
ridges (for OSL dating). Breakfast on a beach of the old lake below the escarpment. 
Back to Kichi-Kichi to return the cooking pot and more water. Leave c. 15.00 on a 
GPS bearing for Chicha; arrive sundown. 
 
 
04.03.05. At Chicha – routine, except when the 3x2m kite was raised for a few tens of 
meters before its cable broke. It had been hoped it would carry a sond well above the 
strong easterly wind.  
 
 
05.03.05. At Chicha – routine. Washington, Warren, Bristow, Hissein and Jerome 
start a two-day reconnaissance of the centre of the “ lozenge” . After taking very good 
water from a nearby shallow well (Drzeru, N16ë 50’  16.2”  E 18ë 24’  31.7” ) 
(discovered by Hissein from local nomads), they return to Chicha to exchange one of 
the landcruisers for a pickup (the landcruiser has had persistent problems with its 
transmission, now come to a head, and is later “mended”  on site). Lunch at a place 
with dom palms, said to have water (Tangalea or Hawagalea? N 16ë 36’  25”  E 18ë 03’  
46.9), but didn’ t search for the well. 
 
 
06.03.05. At Chicha – routine, a calm day (concern rising that we may not experience 
a real dust storm). The tour of the central lozenge discovers vast areas of rough-going 
diatomite, with a very few large grey barchan dunes and occasional fields of Caparis 
or Salvadora nebkha, some surrounding wells with water at 12m (one at N 16ë 50’  
34.9”  E 17ë 39’  27.4” ), at which nomad families are camped with their camels 
(amazing isolation). The tour of the central “ lake”  ends at sunset at Chicha, having 
taken the good route home along the hard sand.  
 
 
07.03.05. At Chicha – routine as at Chappell’s site. Calm day.  
 
 
08.03.05. At Chicha – routine as at Chappell’s site. Calm and very hot. Large herds of 
camels appear, probably on their way back to Faya. Bristow, Hissein and Jerome take 
a two-day trip to Qoz Kerki, and Kouba Olanga. They travel directly towards Goz 
Kerki over the Erg du Djurab. Most of the dunes are transverse or barchanoid but 
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there are also a few small linear dunes, and these need to be circumnavigated because 
it is not easy to drive across them. The diatomite they cross is grey and laminated, 
breaking up to form flakes rather than chips. Camp near Goz Kerki (15ë 47’  39.9”  
18ë 38’  14.5” ). Hissein and Jerome catch, graloch and cook another gazelle.  
 
 
09.03.05. Wind at last. Visibility rapidly deteriorates (eventually to <20 m). Most 
tents collapse and are buried in sand. On Chappell’s site flakes of diatomite are being 
lifted centimetres above the surface. Erect the Gilchrist balise (see above). An 
afternoon excursion for a balloon traverse in the clearer air to the south of Chicha 
where visibility is >1 km. At Goz Kerki, sampling pre-dawn again. Well-defined track 
to Kouba Olanga (from Oum-Chalouba in the east, Hissein’s home). Visit 
escarpments west of the Bahr El Ghazal near Kouba Olanga. Return to Chicha late 
afternoon. 
 
 
10.03.05. First of the days that makes it all worthwhile (Figure 6). Wind rapidly rises 
from c. 01.00 hrs. Although still in their tents at dawn, most people are buried beneath 
small dunes (Figure 7). In the morning, most of the party visit Chappell’s site; 
Hisseini, the driver, thinks he knows where he is, but repeatedly ends up at the base of 
a slip-face, which appears out of the dust only when we are a few meters from it. 
Adrian remains to work his sediment catchers. The rest return and spend the day 
being showered with sand in the gazebo. Most of us spend the night there. 
 

 
 

Figure 6. The tree at Chicha in the dust, early on 10.03.05 (cf. Figure 4, above) 
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Figure 7. After the storm at Chicha 

 
 
 
11.03.05. Still blowing, but not as badly. At Chicha and Chappell’s site packing up 
begins. Bristow and Warren reconnoitre the eastern end of the “ lozenge” . Just south 
of Chicha, the going towards Faya is excellent (except for a few fields of 
megaripples). There are some, small fields of yellow dunes, but these are easily 
avoided. It is too dusty to get a good view of surface conditions, although the satellite 
images don’ t seem to mean the same thing here. Taken by the driver to an artesian 
well with good water at 110 km from Faya. Return by “military road”  on which 
several military wrecks. Cool evening (15oC). Fleeces come out. Washington, Todd 
and Engelstaedter make observations of dust optical properties in central Bodélé. 
 
 
 
12.03.05. Bristow samples some “ raised channels”  (see below). Chappell packs up 
more kit. Group photograph at the Gilchrist balise (Figure 8). Climatologists take 
down the AWS on Chappell’s site. 
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Figure 8. At the Bodex/Gilchrist balise and a bomb from the 1986 war: Richard 
Washington, Martin Todd, Adrian Chappell, Hisseini, Hissein, Andrew Warren, 

Samuel Mbianayel, Sebastian Engelstaedter, and Charlie Bristow.  
 
13.03.05. Attempt at an early start at 05.30, but packing delays us till 08.30. After the 
other vehicles speed off, the Hilux develops fuel problems (or something) and the 
driver, claiming to lose the tracks of the other vehicles, veers off on alternative balised 
track to Kouba Olanga (one of the westerly routes shown on the maps, the main party 
having attempted to take the easternmost, as on the way north). After a long wait, the 
others backtrack and find him in trouble. Tempers flare. Discarding even the air filter 
of the Hilux (the third vehicle to have serious mechanical problems), the party limps 
on, at one stage almost rolling the heavily top-heavy Toyota pickup. Take 1 hour to 
fill up with diesel at Kouba Olanga (also time for prayers). Drive till 21.00 hrs (i.e. in 
the dark); camp (N 14ë 36’  07.1”  E 17ë 04’  22.5” ). 
 
14.03.05. Up 05.30 again (the drivers are being worked hard). Via Moussoro for 
diesel and coke. Leave the Hilux and its angry driver there. Pass a km-long convoy of 
French armoured vehicles and support. More delays on the tarmac (uncertainty about 
whereabouts of remaining pickup). Arrive at Mahamat’s house at 17.30. Goodbye to 
the drivers and cooks. Their last task is to drop some kit (too heavy to take back to 
England) at Samuel’s house. 
 
15.03.05. Discover low (promotional) price for excess baggage with Air France in 
town, and grab it. Check in vast amounts of baggage early at the airport (ferried there 
by Mahamat). Meet with Dr Mallaye again about the Memorandum of Understanding. 
We will translate it for him and send it back. Sadly miss a meeting with the Director 
of DREM, Moussa Tchitchaou, who was said to be delighted that we had camped at 
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Chicha (where he sends his camels!). Quick meeting to thank Madame de la Croix. 
Leave just after midnight on Air France. 
 
 
6. Field Observations and preliminary results 
 
6.1. The sediments of Megachad 
 
Megachad covered all but a tiny proportion of the country we travelled over (even 
N’Djamena). Most of its bed must at one time have been covered by diatomite (which 
yields most of the dust). Only about 25,000 to 35,000  square kilometres remain (by 
Nick Drake’s estimate). In the northern part there are many remnant areas of 
diatomite, but most are small and isolated, presumably because the rest has now been 
deflated or covered by invading dunes. The remnants are in depressions or in isolated 
diatomite-capped mesas. The largest area of remaining diatomite is in what was the 
deepest area of Megachad, or “ the lozenge”  (Figure 9). It is approximately 200 km 
east-west, and 50 km wide at its widest point. In the east, and on its northern and 
southern “shores” , the lozenge is slowly being covered by dunes of yellow sand, 
coming from the northeast. In the central portion of the eastern end, dunes of grey, 
diatomitic pellet-sand are being formed (see section 6.2.). There are few grey dunes in 
the central lozenge. All these dunes are barchans (some complex), approximately 80 – 
100 m high and 1 km across at their horns.  
 

 
 

Figure 9. Landsat image of the eastern end of “ the lozenge”  – the diatomite deposits 
of the deepest part and probably last phase of northern Megachad. We believe that the 
blue areas are friable diatomite and the white areas, massive diatomite. Hard sand is a 

deep red, and yellow quartz-sand dunes are yellow. Chicha’s approximate position 
marked with an arrow 
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The diatomite is lithified and forms extensive pavements. It is laminated or massive. 
The upper surface of the massive diatomites is locally eroded into yardangs. The 
laminated diatomite is cracked or fractured by desiccation, heating and cooling, and 
this forms the chips and flakes. Reworked flakes, chips and pellets are widely 
reworked into megaripples and dunes (Section 6.2.below). Samples of the diatomite 
will be analysed.  
 
Beneath the diatomite, and between different layers of it, there are dune sands. Some 
of these outcrops in kidney-shaped depressions that we interpret as moulds of barchan 
dunes: when the lake filled, diatomites buried the lower slopes of the dunes; following 
recession of the lake, the main body of the dunes blew away. All this indicates that the 
palaeogeography, during successive ingressions and regressions, was similar to that of 
the present. The orientation of the barchan dune moulds, and preserved sets of cross-
stratification, further indicate a palaeowind from the northeast, as today. 
 
Shorelines surround Megachad at various levels. They include the large Angamma 
delta in the north and a series of spits and beach ridges to the southeast, as at Goz 
Kerki. At Angamma a 24 m section in the delta was logged and samples were taken 
for dating of the shoreline sediments deposited during the lake highstands (some 
perhaps Pleistocene) as well as lower stages. Datable samples were also collected 
from the beach ridges and spits at Goz Kerki and from sands beneath various levels of 
diatomite in the lozenge. Those parts of Megachad that are not now covered by 
diatomite exhibit a complex topography of ancient river courses and successively 
lower shorelines. The river courses have anastomosing or deltaic patterns. Because 
the river courses carried coarse (pebbly) sediment, their courses have survived 
deflation, whereas the finer sediments of the zones between the courses have been 
deflated, leaving the courses as raised features. Samples have been taken from some 
of these “ raised courses”  for OSL dating. 
 
During our exploration of Megachad, we found human remains and artefacts, fossil 
crocodiles, fish, bivalves, gastropods and ostracods. Samples have been collected for 
identification.  
 
25 sand samples were collected for OSL (Optical Stimulated Luminescence) dating 
(Table 1) 
 
 
Sample Number 

 
Location Geomorphology/Stratigraphy 

CH 13 tube Lake bed 
N 16ë 51’  23.6”  
E 18ë 12’  00.0”  

Thin sand beneath thin diatomite probably mid to late 
Holocene in age 

CH 16 tube Chicha  
N 16ë 43’  32.4”  
E 18ë 26’  17.3”  

Fine grained laminated yellow aeolian dune sand from 
barchan dune beneath diatomite. Dates lake 
transgression probably early Holocene 

CH 22 tube Route to Angamma 
N 16ë 46’  45.6”  
E 18ë 17’  57.5”  

Fine grained cross-stratified yellow aeolian dune sand 
from barchan dune beneath diatomite. Dates lake 
transgression probably early Holocene 

CH 36 tube Angamma Delta 
N 17ë 36’  54.1”  

Fine sand delta front turbidite 5m on log, probably early 
Holocene. 
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E 17ë 36’  11.2”  
CH 40 tube Angamma Delta 

N 17ë 36’  54.1”  
E 17ë 36’  11.2”  

Fine micaceous sand from delta front mouth bar, 24m 
on log, probable age early Holocene. 

CH 42 bag Angamma Delta 
N 17ë 40’  54.1”  
E 17ë 36’  11.2”  

Red sands with pebbles from old beach ridges on 
Angamma delta top Early Holocene or older? 

CH 44 bag Angamma Delta 
N 17ë 35’  08.4”  
E 17ë 36’  31.4”  

Cordon litoral, delta front beach ridge 325m elevation 
on GPS shoreface sands interbedded with pebbles, 
probably mid Holocene lake highstand. Note 44B better 
sample. 

CH 44B bag Angamma Delta 
N 17ë 35’  08.4”  
E 17ë 36’  31.4”  

Cordon litoral, delta front beach ridge 325m elevation 
on GPS laminated medium to coarse shoreface sands 
interbedded with pebbles, probably mid Holocene lake 
highstand. 

CH 45 tube Angamma Delta Delta top fluvial sands beneath silts and palaeosol 
probable age mid to late Holocene. 

CH 46 tube Angamma Delta 
N 17ë 34’  00.0”  
E 17ë 49’  51.4”  

Falling stage beach ridge  

CH 51 2 bags Western traverse 
N 16ë 42’  17.5”  
E 17ë 42’  57.1”  

Cross-stratified pale yellow medium grained dune sand 
from beneath diatomite, Date lake transgression 
probably early Holocene. 

CH 62 tube Messa 
N 16ë 41’  03.2”  
E 18ë 01’  42.0”  

Very fine pale pink sand overlain by 30 cm pale grey 
mud probably distal sediment from Bahr el Ghazal, age 
late Holocene ? 

CH 63 bag Drzeru 
N 16ë 50’  16.2”  
E 18ë 24’  31.7”  

Cross-stratified aeolian dune sand interbedded with 
pellets of diatomite. Probable age recent. 

CH 64 bag Drzeru 
N 16ë 50’  16.2”  
E 18ë 24’  31.7”  

Cross-stratified medium grained yellow aeolian sand. 

CH 66 bag Goz Kerki 
15ë 47’  39.9”  
18ë 38’  14.5”  

Well sorted coarse grained brown sand from beach 
hindshore 

CH 67 bag Goz Kerki 
15ë 47’  54.8”  
18ë 38’  55.1”  

Well sorted coarse brown sand from Landward side of 
highest beach ridge 

CH 68 bag Goz Kerki 
15ë 48’  03.6”  
18ë 39’  25.8”  

Well sorted coarse brown sand from landward side of 
beach ridge 

CH 69 bag Goz Kerki 
15ë 48’  12.5”  
18ë 39’  52.7”  

Medium grained red sand two ridges further inland 

CH 70 bag Goz Kerki 
15ë 48’  20.4”  
18ë 40’  21.8”  

Medium grained red sand from beach ridge 1km further 
inland 

CH 71 bag Goz Kerki 
15ë 48’  27.5”  

Medium grained red sand from beach ridge further 
inland 
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18ë 40’  52.5”  
CH 72 bag Goz Kerki 

15ë 48’  31.8”  
18ë 41’  23.2”  

Furthest inland beach ridge sampled should be mid 
Holocene highstand 

CH 73 bag Goz Kerki 
15ë 51’  30.8”  
18ë 43’  18.8”  

Coarse grained beach sand from falling stage beach 
ridge 

CH 74 bag Goz Kerki 
15ë 50’  17.2”  
18ë 42’  57.4”  

Cordon litoral coarse grained beach sand from main 
beach ridge probable age mid Holocene lake highstand 

CH 79 bag Chicha 
N 16ë 53’  13.4”  
E 18ë 31’  58.8”  

Coarse to medium grained cross-stratified aeolian sand 
from beneath ?second diatomite 2km from Chicha. 
Probable age mid Holocene? 

CH 83 tube N 17 03’  00.9”  
E 18 19’  07.2”  

Coarse grained cross-stratified fluvial sand interbedded 
with cross-stratified gravels in raised channel. 
Pleistocene or older? 

 
 

Table 1. OSL samples for dating the stages of Megachad. 
 
 
6.2. Production and near-ground movement of dust.  
 
Some of the dust that blows from the Bodélé is raised when saltating quartz sand 
bombards the diatomite, this being the way in which dust-mobilization has been 
described elsewhere in the world. Evidence for this process in the Bodélé is the 
orientation of the striations on hard diatomite surfaces, which parallel the prevailing 
wind (Figure 10). 

 

 
 

Figure 10. Streamline curvature of erosional striations around a nebkha, created by 
saltation abrasion of the white diatomite pavement by the prevailing northeast wind. 
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However, more dust in the Bodélé is almost certainly generated by a process we have 
called “auto-abrasion” . To our knowledge, this is the first time this process has been 
described. Clasts (chips and flakes) of diatomite, released by the processes suggested 
in the last section (6.1), being of low density, are easily entrained by the wind. In 
transport, the chips and flakes are further fractured and abraded to form pellets (sand 
sized grains) (Figure 11). In the central Bodélé, where there is still little incursion of 
quartz sand, these pellets form most of the sand in ripples and dunes (Figure 12.). 
When these aeolian bedforms are actively turning over, collision between the clasts 
causes further abrasion, and this produces dust. 
 

 
 

Figure 11. Grey flakes produced by the deflation of the diatomite pavement, here 
mixed with yellow quartz sand. 

 

 
 

Figure 12. Barchans composed of diatomitic pellets (hence their dark colour on the 
image). The barchans overly massive (white) and flaked diatomite (blue). Image: 

Nick Drake. 
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We thus need to discover the relative importance of the two processes that create dust: 
a) Abrasion of the surface by saltating quartz sand; 
b) “auto-abrasion”  of diatomite fragments. 

 
Further questions concern the location of most auto-abrasion, be it: 

a) on the ‘soft’  surface of the dunes, over which there are accelerated wind 
speeds; or  

b) on the harder diatomite floor, where there are lower wind speeds. 
 
 
To answer these questions, Modified Wilson and Cooke Catchers (MWACs) were 
placed on masts at three heights (0.75 m, 1.4 m and 2.5 m) (Figure 13). 
 

  
 

Figure 13. MWAC dust traps (inset) at three heights on a mast on the brink of a 
barchan dune. The view is downwind towards the ‘horn’  of the dune. 

 
About 20 masts were placed on the windward slope of three barchan dunes (Figure 
14). These were to monitor the effect of increased wind speed on the abrasion of the 
diatomite fragments. The locations were also chosen to determine the input of sand to 
the dune, to be compared to measurements of output by traps on the ‘horns’  of the 
dune. About 40 more masts were placed on transects of the diatomite pavement 
downwind of the dunes. Simple grab samples of the surface were taken at all of the 
locations of the masts. Surface samples were also obtained on a regular 1 km grid 
placed over the entire rectangular study area (56 km2). The co-ordinates of all sample 
locations were obtained using GPS, with a horizontal error of approximately 6 m. 
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Figure 14. Location of sampling masts on the dunes and the diatomite pavement. Co-
ordinates are given in metres in the Universal Transverse Mercator (UTM) projection, 

square 34 Q. 
 
Two locations were chosen from the centre of the study area to provide a preliminary 
analysis of the quantity of dust. These were used to compare the amount of sediment 
trapped at each height over the diatomite pavement with that on the windward slope 
of the central barchan (Figure 15a). The sediment from each height was passed 
through a 63 mm sieve to quantify the dust component (Figure 15b). 
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(15b)
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Figure 15. (a) Total sediment; and (b) amount less than 63 mm, trapped at three 
heights above the surface of the diatomite and the midway up the windward slope of 

the central barchan dune. 
 
At 0.75 m above the diatomite pavement, there was twice as much sand moving in 
saltation as over the dune at the same height; at 1.4 m above the pavement, the 
amount of dust trapped was considerably less than on the dune; at 2.5 m above the 
surface, the amount of dust was nearly the same over the two surfaces. But the 
amount of dust travelling at 1.4 m above the dune was approximately the same as that 
travelling near its surface. 
 
Now, the amount of dust trapped is a function of the concentration of dust emitted 
from its source and the distance from that source. In other words, the dust profile 
includes information about the strength of the source and its distance. The amount of 
dust that is collected depends on the pattern of dispersion, itself a function of wind 
speed and turbulence.  
 
On the dune, dust is probably being produced by the auto-abrasion of diatomite 
fragments on the nearby surface of the dune. Dust is dispersing upwards as it travels 
downwind and this abrasion is therefore contributing to the dust trapped at higher and 
higher levels downwind. Some of the dust collected on the dune has also been 
dispersed from upwind of the dune itself, and is probably a large component of the 
large amount of dust collected at 1.4 m on the dune. Dispersion is also a reasonable 
explanation for the similarity between the amounts of dust at 1.4 m on the dune and 
on the diatomite pavement. By this argument, this similarity suggests that there is no 
proximal source of dust on the pavement. This effectively rules out the patches of 
diatomite fragments upwind of the collectors on the pavement as a major source of 
dust,. However, the large amount of dust trapped at 0.75 m above the diatomite 
pavement indicates that there is a strong proximal source that is much more 
productive than the dune surface. This must be the breakdown of material in transport 
over the hard diatomite pavement, a process that this is intense at high wind speeds. It 
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seems that the ‘hardness’  of the surface controls the propensity for auto-abrasion 
rather than erosion and deflation of the surface. 
 
The next stage in the investigation will be to produce maps of the field area using 
ground truth and remotely sensed images (e.g. Landsat TM data). The classes of 
surfaces can then be related to the dust emission rates and the scales of dust emission 
from different land surface types and from the region as a whole can also be 
estimated. 
 
Preliminary calculations of the maximum emission rate of dust at 2 m above the 
surface is approximately 40 000 mg m-2 s-1, which is similar to the maximum dust 
emission rate measured in Yukon by Nickling and in Texas by Gillette, and orders of 
magnitude larger than other dust sources in the world where measurements have been 
made. It is difficult to gauge the magnitude of the dust event we recorded relative to 
others in the Bodélé, but remote sensing data suggest our event was only moderate 
and that dust emission is much more frequent than in other parts of the world. 
 
A summary of our preliminary findings is this: 
 

1) In gentle winds there is some abrasion on the dunes, but the soft surface of the 
dunes limits the amount of dust emitted, despite the acceleration of the wind 
over the dunes. Little happens on diatomite pavement in gentle winds. 

2) In high winds abrasion on the dunes produces more dust than in light winds, 
but the high winds over the hard diatomite pavement produce the largest  
amounts of dust. 

3) So dust is being emitted in gentle and high winds, but by different processes. 
4) We haven’ t said anything yet about the rate of abrasion in situations, on dunes 

or pavements, where there is a mixture of diatomite fragments and quartz 
sand. This process is likely to be important to the emission of dust. 

 
 
 
 
 
6.3. Climatology and Meteorology  
 
6.3.1. Introduction 
 
Predictions from the MODIS satellite images that there would be major dust storms in 
the Bodélé during a three-week period in February-March proved realistic. We 
experienced ~ 3 days of substantial dust production (10-12th March) and two shorter 
periods (<6 hours) of moderate activity. The major dust events produced characteristic 
dust plumes which extend SW from the Bodélé (Figure 16). Other days were freer of 
dust. We could thus sample dust and non-dust conditions. 
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Figure 16. MODIS true-colour composite image of Chad on 11.03.05 at 09:50GMT. 

(cf Fig 6, above, for a ground view ay Chicha on the same day) 
 
The following observations were made in the field:  
 
1. Surface meteorology at two locations (16° 52© 53" N 18° 32© 54.8" E and 16° 58© 
53" N 18° 28© 03.6" E) was observed using Davis Vantage Pro automatic weather 
stations. Observations include temperature, dew point temperature, wind speed and 
direction, pressure, solar and UV radiation. Observations were made at two-minute 
intervals.  
 
2. Boundary layer meteorology. Wind speed and direction were observed using Pilot 
balloon tracking (PIBAL). Balloon ascents were performed nine times per day. 
(Observations from a radiosonde mounted on a kite platform were undertaken until 
the kite tether snapped).  
 
3. Observations of aerosol properties. Optical depth, angstrom exponent, particle size 
distribution, were observed with (i) a Cimel-318 photometer (ii) a suite of microtops 
handheld photometers  
 
4. Observations of optical and physical properties of near surface dust aerosols. 
Size distribution, spectral absorption efficiency, spectral scattering efficiency, single 
scattering albedo, mass concentration, and chemical composition, were observed with 
an in situ vacuum pump nuclepore dust sampler.  
 
 
6.3.2. Mesoscale Structure of the lower Atmosphere 
 
Data on winds came from two sources. PIBALS, which are helium-filled balloons, 
were released at regular intervals (Figure 17). They were tracked with a PIBAL 
theodolite, which yields time-height sections of the wind structure (Figure 18). The 

Chicha 
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single theodolite method was used. Lift was calculated from the balloon’s buoyancy 
prior to release. Night time tracking was achieved using candles suspended in cups 
beneath the balloons. Typical daytime tracks lasted 20 minutes and typical nighttime 
tracks 10 minutes. The longest was made by Sebastian Engelstaedter who tracked a 
balloon for around 75 minutes. 
 

 
 

Figure 17. Night time PIBALing. 
 

 

 
 
Figure 18. PIBAL traverses. The farther-travelled balloons consistently start off going 
westward in the LLJ, but leave it at about 1 km. At 2 km they meet westerly winds. 
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Wind data were also retrieved from the two Automatic Weather Stations (AWSs), one 
near the PIBAL tracking site and one in the dune experimental site. The AWSs 
recorded wind speed and direction at two-minute intervals; surface temperature; dew 
point temperature; pressure; solar radiation; and UV radiation 
 
Our results show that the occurrence and the magnitude of the dusty events in the 
Bodélé are controlled by the regional-scale winds, particularly the LLJ. Specifically,  
 

1) There are high wind speeds in the LLJ (often in excess of 20ms-1); 
2) It has pronounced diurnal structure in which high winds reach the surface mid-

morning, following surface heating and turbulent mixing; 
3) The threshold near-surface wind speed for substantial dust production is close 

to 10ms-1 (Figure 19) 
4) The strengthening of the LLJ is associated with ridging of the Libyan High 

pressure system (Figure 20) 
 
We could not sample the wind field using PIBALs during extreme dust events, but 
data from the AWS show that when the jet was strengthened, it stayed at the surface 
day and night. 
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Figure 19. Wind speed (at 2m). 8th March was dust-free. 9th March experienced 
moderate dust production in the morning, 10th March saw a major dust event 
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Figure 20. Sea-level pressure anomalies for the period of major dust production in the 
Bodélé, 10-12.03.05, showing the high pressure over Libya that drove the winds in 

the Bodélé. 
 
6.3.3. Summary of dust optical properties 
 
Perhaps the most important question about mineral dust, globally and in the Bodélé, is 
its impact on the planetary radiation budget. In many regions like the Bodélé mineral 
dust is the biggest contribution to atmospheric optical thickness, and there is evidence 
that its impact may be as large as that of other aerosols. To simulate the impacts 
globally requires detailed information on the optical properties of dust. Such 
information is also vital in our attempts to estimate aerosol properties from satellite 
sensors. 
 
We made a range of observations: 
 

(i) Solar radiation at the surface from the AWS, every two minutes. 
(ii) Aerosol optical depth and other optical properties (angstrom exponent, 

particle size distribution) with Cimel and Microtops sun-photometers 
(every 15 minutes). 

(iii) Near-surface dust samples. These were obtained using an in-situ vacuum 
pump nuclepore dust sampler. The dust is collected on 10 micron filters 
for later laboratory analysis of size distribution, spectral absorption 
efficiency, spectral scattering efficiency, single scattering albedo, mass 
concentration, and chemical composition 

 
Preliminary analysis indicates 
 

(i) Solar radiation at the surface during major dust events is reduced by up to 
40% (Figure 21). This is partly responsible for reduction in maximum 
temperature in excess of 10oC (Figure 22). Dust therefore has a 
pronounced daytime cooling effect at the surface. Night time radiative 
effects are weaker, on the evidence of temperature minima. 
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Figure 21. Solar radiation (Wm2) 8-10th March 2005 
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Figure 22. Near surface air temperature (C) 8-10th March 2005 
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(ii) Aerosol optical depth values can be extremely high during major dust 

events (Figure 23a&b). 
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Figure 23. Aerosol optical thickness from (a) microtops (b) Cimel sun-photometers. 

Days in (a) are labelled in Julian day numbers where day 61 is 2nd March 2005. 
Moderate dust events are observed on 4th March (day 63) and 9th March (day 68) with 
major events on days 71 and 72. (the Cimel was inoperable in these conditions due to 

damaging effects of sand on robot motor mechanism) 
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(iii) Size distribution and optical properties of dust aerosols is shown in Figure 

24.  
 

 
 

Figure 24. Size distribution of dust aerosols observed on 4th March, retrieved from 
almucanter observations from Cimel C-318 photometer. 

 
 
7. Objectives vs. achievements 
 
In this section we compare our objectives, as set out in our application to the Gilchrist 
Educational Trust with our achievements. 
 
A. Regional scale 
1. What is the distribution and composition of the sediments that release dust? We 

now have the ground truth to map the distribution of dust-yielding diatomites from 
Landsat imagery. 

2. How deep are the dust-producing deposits and what are they intercalated with? 
This question cannot easily be answered, given the multiplicity of diatomites 
(overlying each other, and inter-layered with sands), and the complexity of their 
distribution at the fine scale. 

3. Is there any record in remnant yardangs (features created by wind erosion, of 
which many have been reported from the Bodélé), of the recent history of erosion, 
and variations in sediment supply. Yardangs were fewer and more dispersed than 
we had expected and thus did not provide a good record of Magachad’s history. 

 
B. Mesoscale (the lower atmosphere) 
4. What is the 3-D structure of the wind field in the boundary layer in periods of 

intense dust production? Fully answered (for the period that we were in the 
Bodélé). 

5. How well do current GCMs (Global Climatic Models) and mesoscale climate 
models simulate the local wind structure? Field-work component fully achieved, 
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modelling comparison in progress. Comparison with satellite-based observations 
in progress (see below). 

6. How accurate are the satellite estimates of atmospheric aerosol optical depth over 
the Bodélé? Field-work component fully achieved. Comparison with satellite-
based observations in progress. 

7. What is the effect of dust on the shortwave radiation budget of the region? Fully 
achieved for the period of the experiment. 

8. What is the nature of the narrow plumes of dust that are maintained for many 
hundreds of kilometres downwind of sources? This question is bigger than we 
thought and remains to be researched. 

 
C. Microscale (surface processes) 
9. How important to dust production is the bombardment by sand? The discovery of 

a new mode of dust production reduces this question to secondary status. We 
nonetheless have data to quantify bombardment. Much more important, we have a 
valuable set of data on the auto-abrasion process which probably produces much 
more dust, and which has not been described before. 

10. What is the spatial pattern of the production of dust at the 1 to 10m scales? This is 
essentially the same question as question 8... 

11. Is there a cyclic relationship between the production of dust by salt efflorescence, 
and its removal by the wind?  This question has been rendered obsolete by our 
findings. 

 
In addition to these achievements, we have a very full set of samples for OSL dating, 
which will be used to define the ages of many of the stages of Megachad. They will 
make a major contribution to the understanding of the history of Megachad. 
 
Our ultimate aim was to lay a foundation for a further programme of research, 
including the installation of automatic observation equipment.  
We have made many valuable contacts in Chad and laid one important foundation 
stone – the exchange of a “ Memorandum of Understanding”  with research 
organisations in Chad. 
 
 
8. Further analysis 
 
The samples of dust are currently with Vanderlei Martins at the NASA. In due course 
our observations of optical characteristics of the dust from the Bodélé will be 
compared to those observed elsewhere in the Sahara. Our observations will make an 
important contribution to the development detailed picture of dust from the major 
source regions of the Sahara. This will enable improvement in models of the radiative 
effects of dust. 
 
We are presently running the regional climate model to produce a simulation for the 
study period itself. 
 
The OSL samples will be analysed later in 2005. Samples of the diatomite will be 
analysed at UCL. 
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The contents of all the sediment catchers were taken to Salford, where they will be 
sieved and weighed. 
 
9. Dissemination of results 
 
We have established a BodEx project web page at 
www.geog.ox.ac.uk/research/projects/bodex/index.html 
 
Our data on aerosol optical properties taken from the Cimel photometer are available 
on the Aeronet web page www.aeronet.gsfc.nasa.gov 
 
Jim Giles published his article in Nature 434 (7035), 14th April 2005, 816-819. (“The 
dustiest place on earth” ): www.nature.com/nature 
 
We anticipate at least two publications based directly on the results of each of the 
three components of our field observations. These will be submitted to international 
journals including Nature, the Geographical Journal, Journal of Geophysical 
Research, Earth Surface Processes and Landforms, Journal of Climate. One of these 
might be a special edition.  
 
 
10. Useful addresses 
 
Dr. Charlie Bristow, School of Earth Sciences, Birkbeck College, University of 
London, Malet Street, London WC1E 7HX (c.bristow@ucl.ac.uk) 
 
Dr. Adrian Chappell, School of Environment & Life Sciences, University of Salford, 
Manchester M5 4WT, UK (a.chappell@salford.ac.uk) 
 
Madame de la Croix, British Honorary Consul (00 235 841 11 02 (mobile); 00 235 52 
39 70 (fax).  
 
Sebastian Engelstaedter, School of Geography & the Environment, University of 
Oxford, Mansfield Road, Oxford, OX1 3TB. Sebastian.Engelstaedter@ouce.ox.ac.uk 
 
Jim Giles, Nature, Nature Publishing Group, The Macmillan Building, 4 Crinan St., 
London, N1 9XW, UK 
 
Dr Baba El-Hadj Mallaye, Director of the Centre national d’Appui à la Recherche. 
Phone: 235522515 or 235303908 Fax: 235523214 email: mallayebaba@yahoo.fr 
 
Samuel Mbainayel, Direction des Ressources en Eau et de la Météorologie (DREM), 
BP 429, N©Djamena (mbainayel10@yahoo.fr). 235523081 or 235269279 
email: mbainayel10@yahoo.fr  
  
Tchad Evasion (Tchad.evasion@intnet.td; 00 235 52 65 22; 00 235 28 64 99). 
Director/ owner: Moussa. Tchad Evasion had a website in early 2005: 
http://www.rapidrecettes.com/tchadevasion/agvoya-e.htm 
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Moussa Tchitchaou, Directeur, Direction des Ressources en Eau et de la Météorologie 
(DREM), 429 N©Djamena, phone: 235523081 or 235291453 
:moussatchit@yahoo.fr 
 
Martin Todd, Department of Geography, 26, Bedford Way, London WC1H 0AP 
(mtodd@geog.ucl.ac.ak) 
 
Professor Andrew Warren, Department of Geography, 26, Bedford Way, London 
WC1H 0AP (a.warren@ucl.ac.ak) 
 
Dr. Dehainsala Waleyam, Direction Generale, Direction de la Recherche Scientifique 
et Technique, Ministère de l’Enseignement Superiure de la Recherche Scientifique et 
de la Formation Professionnelle. BP 473 N’Djamena, tel.: 51-45-43 
 
Dr. Richard Washington, School of Geography & the Environment, University of 
Oxford, Mansfield Road, Oxford, OX1 3TB. (rwashing@ouce.ox.ac.uk) 
 
11. Expenditure and Income  
 
All figures in Table 2 are in £ sterling 
 
Costs  Income  
item Amount Item amount 
Tchad Evasion 10584 GET 12000 
Air travel 3230 UCL travel 1300 
Equipment 
consumables 5214.11 

Salford 
travel 588 

Equipment freight 2760 
UCL/Oxford 
subsistence 1428 

  
Oxford 
travel 588 

  

 
Birkbeck 
travel 588 

  Total 16492 
Total 21788.11 
  
Balance -5296.11 
  

 
Table 2: Income and expenditure 
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13.  An annotated bibliography of the Bodélé is available on the Bodex website 
 


