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Sort&ll <iiscontin'~o= ""...,""" on terrl!cen ""d 
3looe~ "«<1.1' tl:c !iigc r Riv<!. "--,,d on browl 
g~ il tl" slo:pco undor tHi." 1'rinoi"m11 y by 
l s! critc :>V"y frlJ'" t :1e ri'ler; Stoner"ll y 
It''~ t.""n 10" tc. i c.k. 

b v ide Mel braUed ct,anne15 () !' t Il e Kiger 
IlLv",. ",, :1 il~ s.d.Jnc e n t 1()" le Tre.cc~ 
immd.;;.ted ~ t~c ann,,") nood . 

"0",," .e-r"a.c". e:;>neral1y not. ;nunclOl."d "tt.' 
\::~., a",,-~1I1 noed j terrace is 3-6 !II 1'.:161: 
{",-~." .lC1f flo ... ~t,,!!:e Of ~!l" ri V<!r) ... ~d 
fN"- a. !<:v o:eter" t<> IQO~ 1;1:a.n 2 km ~'"l,, ; 
·ln it. e;enol'!!.lly t.hi n, ill plac ,,~ l er,~ t.h...n 
6 !II :.hick , p"r ticlJ l ... ,.ly ne .. r J ane.ko ·.·h~ !' e 
oldc!" con301id"t~d rocks ar" ('x-::o".,(\ iT\ 
the r;v ..... 

:;,d",..lies een~ral a .. eag an>5- ",,",ell or a:entle 
~ lopee 01" t:::-oad fl [l.t3 "n~ n1Lrro.· tlood 
I'l ... in. 1I1 0ne s trcnrG h ,, "-"l ~ ·,..s.ll ~y. i n 
'-~l"n:is alO&y ! '1'om t.h" lI;g .. r Fi ,e::"j ·Jni:. ~3 
tbn "----d, jlt ler." E.8..D 1:11 tt.ie_~ in "u<::n of 
th .. '~r09.d ~:'ats ; lo"a'ly u"iL is m~ro 
then 2 !II .~id: "Jong r,l. reams . 

R~pos0d ~ain1y in t.h .. pcri~"l "'~ ... ,.~ .. 
or :,-oM r-a~s; t: .. iCImCS3 i3 UO:<"'">OII"1. 

<:"1 i<;f ~"rtie i a.l ""Moit; "'>:'l"'~.,a ever 
a.1;o u-,; 80 Jler ,,~,t. of 1; hc Jlr"'n on ridgn 
:!."d ""911'&, On r. tccp ~lCl''''' ' on COlluviuu. 
0::- ="~,,Hll.at,erl. ro"k". over 't,r,,,,rl p]&ir:s 
nnd = ri vo'!!" t.c::-ra.ces C .. prc3ent ".,,,,,,,t., 
'tJ'nv ic..l. depo"it3; 1.5 t.o Ie !II ~hiek . 

C:'lnllisn o r II.Ctivc and stabilized sand 
dUlea ; includes [f.u lf ~ollT"Otlit o d .1,e" ."·,,i 
II ron." cli,,_bing M il. t'!!2lill€ dunes ; olo:er 
d..ne~ ,'ho.' " ~lli!ht e.r.ourr. of consoli
d"t.ion ani! (\"",,,loynent of ~oil . 

Conoj~t~ ,,'hid'ly o~ =con501:1(\lI.too so.nQ.y 
",1(\ d lty a.l luviUl<; .""ny l;.rl!e " "--'"Id 'onro 
oho", ':,uge ,,,,,·rent :1lnrks. 

Co:l~jn:." of lIn~o,,~dU"t e(! sllnd ru:G Gilt 
cont~.inins ,,"1...o r ,""ouo""'. 0" g::-,,""~J. 

Ccn2ist" of U"""" .. otidateoj <;0 v~ry ~1;ghtJy 
conr.ol{dat",\ 11g;"1; S'""'" l C gr"4 i ,;lJ-1: ~ rr 
p; cne)" .. l ly cl&o' an~ '$ ilt ~Oil l "l JJ " 30.110;, BIl."(]. 
lit.lt " r".~l __ ~eJ,,':'.v :>f e:::-il "lid ""'1111 
p .. \;hJ.es; "onU .. i:!" =o!l~idernblc o1'E;U1Jie 
.... l .... J"i.u e s"eciu.:.l1" alO!lg "trell'ID. 

Con!i.Jl':; of '""s.lr;ly tc m. .. ",,,,."tely COll~n1iIitlL"d 
~ro"nr..-' ,r;r ay sll~ -:'0 mtinly D<::~ble_ai~~ 
grH,,,,1 I'ooq:cseel. of :nt.eri~e d~t.rit;J.3 ; (.rs-""l 
eCn ~~nt. ,."t. cel. :ua.1nlt r ~"r <;ho lIJ. L ~rit~ outcrOp" 
silt.y all': s .. n~y pe.rto al' e i ll ~.)- c dmmslo,,~ 

"r'cno ; !It :00..:>.' pla~c " unit h ovcrlo..in by 
,nr,ce:r&'tcly tar:J l,,:.erit .. fol'":tlh p; a 1~"l' .,.-,..., 
~hL1 1.5 ,.- thieit . 

I 

1) U li/.at i on by }Ill" 

GcDcrs.lly Loo thill SC.<!. of too "mall 
a,rC'sJ. ".:£0"" .• t." ~'" a 30Ul""" "f ground 
IIII,.e r hieilly ,J" r"""."ol c el!ln l1 "l ~ c "u 
ruuth in~·iH "r .. ilon ani lit!.l!'! "r,,,,cf:' 
!'rot:: ,>;-ecipit"l. itn. 

Depo~it5 are p .. ""~.~;-' l c ,,":"ld yield ,,-at er to 
H··,,,llo,, ~e::lPOrl"' ;" deli> v al l a (\'Jrt~i> '" ... 
1"01' Jlc1'ioi..'< . 1:llt .~nlU!i.l. r:ooJ -iClg 
oroh:biL" devclo=ect or t)-" uniL 1'1 
PC'rma..d" "L " .. :19 .' 

~ioeld~ d~pendllble SI:Pf·lie" of groWld. 
" ,,-tor to ... ",llK O"-1 ng ~c its ?rQx i".it.y 
tn th .. , her; ",,-;1] y::'eldS }:J"eb,,-bly <>1'0 
llet V\~g" ","'illl': tC' L".,., .:enoral 1:.. ... 111r. .. "'a 
of til e unit; l a.::-g~" (l""nt.i..tic ; of ,'aL~ <' 
po::-ha.l'£ ",, ~~ :'cicnt for or,"o :'::-rie a."C10n 
rll.(. bC' c'-~L"ir ... J by cons·.r ~dl:", o~ 

ool:!.cc-,;or ""I'" "n the ·~'li ~ . 

(he of t"c all ... vill-I k"J~sits .·Jpp1:ri q; 
nM(u~ "-"1ou."'~s or " ,. h or t o el.u~ ' .. e113 n, 

'-:lNLlly us<!<1 .. x~ .. "dvel..' fOJ" ~J"o!,,, ; """in unit 
f armeoil. b<!v ... een lll ""r·~y mli ~llol Bo~so; mow 
soil and "legctlltioll ~C"~r' of 9te.bilb",\ dUllce 
are d~Bturbed by cro ~'pi llg, o~erF)"ez ine, Or by 
""t·.rrlll Ca.lliS"", ;;.):c du:.1e~ 1Lr" J io:~lc ,,0 ""ve1't 
,, ;nd e1'os i ·on '''lei. hlc-.. - c""-t act.hity. 

Par· :. i."'ly ut. il i.~cl. in :'l co d. ·re~.!' " ... t f",:",11:g 
rmel fo r F;:-a zlr. g; unit can De r"rJ1"i mucn 
more :!.Ilt ."",ivc!y. 

?!1rt1e.lly L~·~j for !a....,.£ns "nO:: tor oc~~""rdG; 
erMG on;; ~-"'''h fol:'e,c:e s-~pyorl" co:tsiderabJ. .. 
~tcc:~ ; ll!li l cOl!orises " .. ~L "rlLble l",nd ilL yh .. 
PAu,,,;,o 'lOQ lIi"" .. y o.r~!ls all1 ~"!l ", .. ,,-o,c 
i n "''''Bive l;,- d ~,. .. l opc:i fOe· f l!lr:!l ill i!' , ~'i tl: y!>.ter 
d ivert"" rr~m tile 11 ;11 "''- Ri v or. 

:~~ ~' ~~~~t~~~y! {~!~C'a-~~~~I\::!I::t.:~'''''''''; ~, 

U·d_t in "id .. l y ~ultiv~teoj c'(eryv2lere tul i'; 
e Otlp.:-LH"~ the Oll:y ,,-.c~hle ·l!l.lld ~ :l t.he u.:)l~ r"b 

ne,... := .. ",,,1<0 =(l O~"Jou!>ou; in = :pl"ce~ 
tile 'Jnit i s )0 til: t"iek t::'er"by ] i"itinp: its 
u&~f'.ulnc3s 1'or f&r:aing .. s:pe-ciaJ.:y to <kep 
p10"~ing <::v<m jf te...'":'l lLIJ.C~inery ..-oulc b""o:n.I' 

t.T.l:le ir ""'i ~ of t:,,,, ~J"Os.d f!aln. ~ 

o 
,; . 

" ... UJllo'c ; """,-nl' v~11"i":"s are silu!tl"a on the 
uni. b~caus e t b",y "r~ cl-~J t c::-cd ~" a,e/<:; 
','h ~::-o th~re ere . belle·., " "t.er c. \l'CVlies Ol..'ld 
,u-,,"le I=d. 

.5 UevdOl'Dli!"~ ~f l!1tc::-ite i a l~ ... ~o"no:;t bods 
~ cr :.1:.0 ur.i t pr ,,~' uoe~ its uBc t or faru.irJ!!: 
"" of c""O]><" .. It.hmgl- H~ ',nit auvpor t3 " ""g" 
i:' J,l"U~ 0l..1d b,o-"'ee ver"ai l<tiofij =1t. JlT"OO",> ty 
" c<..n Sl:fport orc:;,orda E<.'"ld shad" ~r~"~; uni"t 9 it; """,,~d:; "l,,",~ ~'"<Xl..,a ,,~,.C<li8.1ly neal" 

~ :!~::~ <)~~~:~" l~~tiTr~~ G b~:~i~~~1:~~·"i to 

I ~iC'ld~ "::11'_11 lIlIOunt" or -..e'tor to du; Ustd e.s r~g" 1&1':1. ",'@n "t..hmg.., 1lI&.'\Y 
"xp:m~r"" are ·,,, ..... 1,. denuded 0:' v",s=ation 
= i a.re euuJe,,~ .. J I." ~eve,c s~<!eL ~rodcnj 
l<I.l, .. rit c d. ~t, i1;U S i ll un>. "']"Id !lS€ och, l,,,a 
IlJ.tcri~ .. i " exr." ' ·ent ;'0, r c"cl. u,~t.al . 

. -..".,~ . 

'" , _, _ 0 

(;""ni~ta of ~~'er!Ll u~j t G; C6.ct un i "", nr..s di f fer - , l'nrt of l!1..,,, r·t e un:1erlJ'l ~i!' n·lv.·ial lJ 
C:lt ~h~ckr ~" "tS, C?:lfo. t"l:ion , a.m:>unt of I I d,,:poe: c" ""p"Or.~ or.t l;, ., · i "'~l\ n ... 1: ii 

(h;'n.o: ~o o;old .ens ive dia tfibut. ion, 'J;lit 1"or'''' '' 
l'-"ilJ cip".1 r an!!" l(l.n:!. » f t l: e .. r .... ; " xccl1ent 
a. tuil J "n", "lone IMbng: sttr&.c~!~" ",,11,,: 
... ):on c::-ul, ,,;t , '.1S~:1 .. , • .-0<..<\ "1Ietlll. 

cemenl .. U <Xl , ~Cdd::'ne fe"tur eB, "nd inc]l:l1efl I· UIIOu"b Df ... o.:.er ~o dLOJ; ... ,,1 Ie ; ~ 
o.:.luvial de:'r;t1l3 ; genera..:ly !ta.:rd 1.0 v"ry hard; T'rQ.l':.ures ~.i~ ir.filt,stiOll ' r mn 
.110"" ferrUK!.<'IOl...>: ,,~= Hi&!1eY cnll C"" tilau in 1' ..... ":pir.ation Lhr"o;~(1 t:;,e lat~,..i t" 
o~"''''r ",rcas ; olc..-r units l1IL1 be sil~c~,,~ .. n~- lIl"ld 'nt.o t"" ,,,,derl:r::Cl!,: ::-ot: kH. 
COllt~i. " f"a."tu~es formc d !\lcn~ joi llt 3, 

------------------~----------------~~ 
Contill~"t. u.:. I'l'f'""nt only n .. nr Hir.moy (in 1l." ~Gin du 1!l 10 t~ ,· ~xpOsures tr,~~ ~'er~ i n~'P<'ct. C<1 , l.Il'lit I 'oflu?::-.. c, .. t-~,e.t~d. IJni-;. G'1o·.l.....d Ji~ · >i Ce""r .. "ly e xp<ls i!d only ia ~t .. "T> ~:o"cs , ·Jll :!.ch 

Ph"""".. 1 l'''l"Vlir.8J. ) ie .. r ) · .. h"TO it ~"Kltrht' J.a Le,.i:.e "onsiet.s or sqty to sondy d .. pr",i f." lIloel.iri,,"- i d"y"p:1&bl e ~,...n I to moc!"rOJ. ~ " ,",uwl1eg &.r .. "ndc:rf':Oine; .e~ .. r .. "nm'on o~i! · .. O:tiet 

~~:·:oCoo=o=" __ -+ ________________ ~~'=":C'Co:'=OO"--~'C',=o:'=. ________________ -+~"=·C··=','C'"'CCC-·='=·_-':'=o=. ________________ _, _________ . ________________________ -+ __________________________________ ~ l' .. ni",....-.>' (.A,...,I;!lJIlbault.1960) <::"v:>cd Duttom , 1'; de"s, lin:!. broad slopes or F",rt-4 8J.t ....... '1 d~r~"1S fOroh.t:!.cn or t.t:<:: j <::-=- ~aL~c to c.dlled \1 .. _ In fo~ & e inor r"""t. of t!lO rane;e l &.nr!. 

!':0cenc I ('rctaeeo';'R _IoccllC' lI"t C'"pc .",, ~, pres"nt on~y in s1i " '~rfa~e Tnclude3 ~Il i,,"eendln ~ o,der t ' le 1',~ enc , 1itldle ,,'I- .. rc sat ur9.,-"I, uni t Gho'Jld yi"l:l r . ~ - - - - - -- - - -1 s ed.im" nt.a.ry rec:,os t f BaH"; ~ d,;. Hi",,,,r near NiUtl."y; n'OrC t han and Llpp~r C, .. IOJ.OCOUS .. na C<l.:lti"ertal Inter- '\ "pend"~~,, SlIl!l....l to ",od~r&te e'~p_ol:"" 
.. 'md :if :'~~<mT.iatc:l. bOO " t..'l1C:~, cu ... 'l'O ("""lIr.llb9:JIL, 1%::1); cOLsh LB 01" clay of ...... 1:...,.. t .o erill .. d ... ~llr;. 
~ Crctacf!O"~S to ,<;rs."" l :lcpo.it~ ; uPI''''' p"-rt .".inly clay I 

~_.J t--___________________ t--______________ -+ ______________________________ --I __ ._'_'_'_~ __ '._lo'le .. "nr<:; rm.i.." y ~n~rl ""c gr ... v .. ' _· __ + ______________________________ r ... ___________ . __ . __________ . ___ . __ __ 
, 
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Gr?s l'f'<l,,,;,,,,," 
(ArcJ"llDlb ... ull. ,196(;) 

r orms uph .. ,,~ 1" '\'''''",-'''0 IJ.rea ; ""L 
p~e~er--::' 0::- not. """co""iz c:l. io l" " "th,,~ 
e..."'"'e""; Wli t gcueraJ.l,y "(I.'Cped by 
La~<!ri · . .,; 50 to 2:)<:: "' '.:'i."k . 

"Jr;>.' sm.a.ll blol!1ted outcro,,~ in aro'a. 

CO:"lsisle rua.inly of n:nr~y ~""'''!ltc d 86.n :l._ 
S~OIlC' t;:u.l e",," bc dh"id"'i i.eL" "cvl'ral 
distin<::t "",it .. , U::1.i~" ere rra.c:L ... r.,:l 
ext=i ....... l..v alu"g jd~ts g,:Id 11 .... 11 
t ..... l ; . ~ . 

r..or",ic .. ~_~ o f c;r&Jl.iLlc and m~t&''\K)rphi c 
roet...&; ""me o~ 1OC't-(lltOr.>hi~ rock3 ",,"e 
standing On .. nd ; ro,,"" ...:. .... ceep.ly 
-4"a:.l:c re1, ... r.re t~w 15 It in t ... ", 
r"" ~"po:;w-~ .. e s i(j~,)e cce4. 

'.'h ~"·e s~.t1l)'"t .. d , .crobally • ... oul d yi ~ld amuJ. 
aroollnts 0: ... n:~or Ln d1'ili .. d "clls; -..ilcro 
unit. i& l:iiVlly tracLIlrtd, ... "U yi .. 1rln 
"cllld " " !;relJ.Cl y ille,""",;C<i . 

1010101..),,::1'''"''- i >aJ"t. or unit is "kno\l!l to Yield 
Blno~ll !UOO<J::lts or "ate1' T.O d~ .. e'.]~ 
new- Ouagadougou; ",h<::,e ro"ks ,.,." 
hie;.'11y f'ral'tur .. d. <ohey prob&."tlly ...-oulo1 
,yi. e ld GOIle- gr<lun:!. ,cat"r t o dri.1 ] cd · ... eUs . 

~nly u~o<i ,:'or grazing; insurri<::ic:>t 
w:.oun t o~ soil Il.evaloo"a on J.Dit 
res trict" f ........ ,ing. • 



':'nt l t:' 2. __ '.'ut.atlv& A"~c~~mont . .,.",. roj1 ~ti:lll ER'I"f. r""'!!""":"f to G;ol@ct~". Yrohlm:'" i r ::;a,,[';~ ,mi ·.' .. t.~l"" 
Il8.nfogi!:I\Cnt ir. tl:c !..i:::tako-Co·~=s. Coun tr.i ~s 

(1) Can "htillo" \Illite: t .. ble~ M,l wr,.,,, of eround_ ...... "tcr dischlU"ge 
be id"nt.i!"ied elld the;r ,...e-,>.1 .,;ct.en:; map!,cd7 

ghatlO" " .. tel' t .. ble~ are difficulL Lu H".I"'r .. t ... ;:~ wnes o f 
ground_ ... ater discbarge on ER'I'S iJrag.e-3. b .. eaus .. both oeeur at or near 
tbe lend eurrac .... lid both are .'I.Ssoeint .. iI ...-itll iI=" gMvtDe of 
vee:etation. Diseh::u"g .. of" grouni "o."ter, haw"evcr. lIIIlintainc t!01l of 
st-reem and pooda in :l"tret>m chanoels ".,.ll a!"t.cr "the end of the raj ny 
OenllOO. Penn .. gT"owth~ or veg"tat i on arc "h" ..... on th", imagery along 
ae. .. str e .......... prineipally in ,.;tlu..-ial vailC-YG, n ....... ~ko .... d 
Ou~Uo\C<lu «(il(s. S--1 and fl.-2; f"ramo" li17-1o::!32 !'.De 1095- 10000 
tuC!\ in October !ll'Id l o""",ber 1912. """pe<:tively). ':'hO heavy gTO"oIth 
auuc~tG t~c prenenc .. of a st..alJ_",,· .... a:; e r L ... bl" and probably .o;>""<r.,,"l~ 
...... t .. r dhcharge into . he "t""'!.. ... channel . at the tinoe the iutofl"'r)' o,raa 

taken. "or b"~t r e ."lt. in diff"rentiatine t.,h·""n l~ .. two wn
ditiOIlH, iJII"8/Ory t."!<'l'n peI"i""-io .. lly t ;.roup;hout thc <iry ~.eeuloo should 
be eX.G,'lIinod f or chane\)' in .,c.~etnted nren;;; ... ff ect .. ,l by ~hallov grounc'l_ 
>I(lt .. r diachltrg .. ~.on"~. 

(2) Can >l eather ed or fncctur " zcn ~ s i n tb t! Pr~camb:'"ial1 

. 'Sc7~:~~~~~;)jf,~.ment rscb li"-"~y .to ~e prod~ix~_£t~"!'t.l!r 

(kn .. rnll;( , the ?r~camori~n bru:;emen~ .,.ClC ·' C lOre n".1~~&leC; by 
In.t. .. riLe /I"rh'rust or by " thin "urfie ;,,] """. 1 .. of slluviu.m. 11 .... 1' 

illllllndOUltO'" IIlU1i1_dug .. "l l ~, pell,,"tr .. tine t!lrollt'.h tl:~ laterite, ylold 
.".Illl Mlounh of ...... ter. enough :or ~toek. ·; i11ngc~, ond bucket 
irrigation of gall eultiv(ltec "lot~ , fro .. d""lJly veatl:erec. rcgelith 
dovelopod ill the upper !,art 01 th" b==_ent. ro"ltt.. T:~is are. of 1010" 
rclir." is idcoti:!tablt on t;,e l:!l1lgcr.l """""",, 0; tb ... S""erEllly light. 
rather eVflon coJ.o: "tonE &11(] gen<'ral lack of eoru;..,,1euo\'-~ d rl!.l,,~e 
fellture3 (NF;. 63). 

LLn"ars ideatiNabl" 1n tb." i!lllgery in "'""= of" conoo1i~,,"~l!d 
rocks ::Da¥ b~ r .. .la~('d to faults. ~a.ctllI"e", r..nd Jchrte u.ong ·.n-ich 
II,.Ler lIOvomflont and &Ccu:rmla~ior: !\I"C f"acilit5.teil. \o1("at' .. ring in suc'n 
roon .. " ..,,03 e~peci!!.11y .. t poinh cr int., .. ~"cl;io". "0'.11<1 i.Jt":rro~e even 
000"" th .. ;>etl!:ttin.l for n.cc.mu_l"t ion "r h.porLMl t 30~H· o~ ...ateI'. 

(5) Can olistineUons i n the rel.&.tiv ... <!&lIenal yrotluctiYity 
of gr"-'!s and brm<s" ~eg""ation be made trem the iJ'\ll&err? 

'1"> .. IDll'S "'Y"tem in idca.lly Ruited tor detection nof .... a.sonal. 
t!"(:l!d~. in rang,,~"nd pllrnt gro~b. Qual.itadve ditterenees ean bflo 
ohBe ...... fi!od on ,,,,quemicl U.see:'f pTOvioled o\:"'ervationn /I.l"e made on 
enluulced inas"" (e.g., "olor zO>7(lO!!ite ;:t>otograpb~ or diazoc::h·t'OIIlC 
ovo::rllQ"")' 1'0 o:rt. ... in qU8l!t.i"t!ltivc dt'.t.a .. bOiling !!e"aonel tr,,:14". 
"opbistient""- ratioing teehni<lue~ ean be u"...! to e11.l:l1nate t.be 
undesirabl .. e~tect" of v/l.l"iable~ "ucb. M h .. ze and "un angle. ~i" 
lIOuld rc;quir" U5e at eOlll?llt"r ('0mp8.tible tllpes or. 1r hlllSe" were 
used , a ... ideo syst= >lith capacity tor ratioill8 anil eleetronie 
... Hei.ng . 

':'he "hi lit, to d"tect t~ iI~naity or Cr"09S in f~elds tI.t! '" ..c""ure 
ot cmpoing G ·"",c e~ s and. ero" yield ",.,u.ld be .. l<"tremelJ" ulIef'll (ora.l 
c"",,"lIn .-, om. )!orris. 1914), "lthoUAh the I:'".a.in crops. oueh liS Illillflot 
and ""rgh\lI'. ;>roduce !I. sp"r"e co ... er t ~ftt. might " ... c1i:f~cuH to det.ect. 
Thc Hili" for ,,"..,aly~i~ and ~"g,,"= or !(Oll~~nt.i~ation re<ll1iroo to II.S~C~~ 
tl!e ":rpli ~ !lllility of tho dnt . for cro?-yield cotinatB .... !IoR beyond t.he 
scone nf th;~ , )r oject. Wo r k by nt.h"r .. me ""l!1eril!lent~n , ho"'''v~!". 
i ndicates th"t thc d:\t.: .. e .. n h used to !li~ Ln "":.he idHlltific(I\ .. l on nf 
"..0" ·;:flX's .~n <l;. "t he ost:\ .,""t .lml of yielda fO" 1i .. 1clH .... ttl". ax .. " . of" 
32 .4 h ~~ tare~ (80 ,,<:res) or greater (W:i!JI.on and Von ['.lc .. n, 1973, 
~.n,l )o'or",in (lnd Will i am:; 197J). 

!6) C"" arEas of r"l"Uva oye '1O,. ... r.i"e .. or~un u.ncle r gradng be 
ic.,,"t~fimJ. rr<»n the i=;::;cry': 

Clv"C!"_concen'.ration of" l~ve""toek lIJ"{)W"!4 existing .. ,!.tel' points hs~ 
led to cOttlJ>l .. t .. denuiia"t; o., or vcgetation io II&.IlY 10oditieB. "!;P'1'5 
iJll&6flory de~ly :;"'-'~"" "01l.C" t.rn;j,; leading "to wllt"r pointG ~ elone(lt~ 
li~t-eolored strea:d:s (ri". ~]). 1'tesc wer .. not oXSDli ned in the 
tield 'out it. is "p!,,,-""<'n"t U.nt ~l,flo "trans n"OpSar lJ!',":It_eolor .. d on Lll~ 
i:ruIuc~ bec .. """ oof dem;.<U"ticn tbroup,h ~"'M"g>""line:. In ",,,,port of tbis . 
vills.eos arc often clear!}' dbcernibl" II.S liJ';ht jU',,1I.II (fip:. 6- 3). 
lhc ~igh refl"ct."nce at t/::<' rill...,; .. !ites doe~ result tTO", d.enu<1ati<ln 
by <:Iv" r ovII.ziog .... -ind detlatin". aed shcet eroBion u ... e'.l S8 pe!"hnpr. 
o~h"r ",,-uscs. 

':7) ·.,., .. t i3 tIl<:' rel"t ionMtip bet>(1)en th" lIlt. .. rlt .. duriero.:sc of 
int""':l'!vi .. l -~l'lEnd surf"cc" ... cr3-.m RI"MO and lJr<!W1Ie d.enllity? III the 
fl.h~.",ce or perem,ial ,..,.ter. soils derived f'rom ... hn~ t:rp .. 11 or jJeoloeic 
terr,,-in ~ ILre "o~t conducive to prod...",t.iv~ e;r .. £in,o; €.nd lJro",c :!.a.nQ.Q1 GHeR fa'l'OrClbloj fo,. ~ma.l: su ,.f" .~ ~ _ .... at .. r catc"m~nta t.re >lidely 

diatributld "...ine: to th .. ~ .. nerlLl 10'" 'Je:mcab;.1.H;r of both U:e ol6.or 
conBoli~ut .. d !"<lcka e.:l ..... 11 e.3 yOWlger e. Lll"fici,1l d .. posiu. E.,lIernoraJ. Al1.u ... i al ~ o;. l s ("ainly thor." c1"d ..... d. frorn tna gray &11uviu."1I) !l.roe 

',tv:~ ~~~.~~f.~~ ~~;~~l~:~ ~!~c:~!~!~~i~:,.~:::~~;t!~~e!:I1:r,~~~ ~~~m.I':'" th~ IOOst ?ro,Ucti ... " Bracine and brove e 1!mda. (Seo ~cotion " A,.,.hl~ 
U l uyla:' lJepositg and 1<0nll.1"""ble Laterite lUrierusts"). C1r&a~ O.!l~ 

~n~~;~~~~~r.;Yo~r~~~;~:1 i~"'~~;~!!O~h::;"i~r L l:e:~r~~e~~t~;~~~J.nl': shrub foliaBe i s far denser there t han on the adjoi ning l."tHrHp. 
terr"in. ~t IJ(my pl"c,," t'l " Itt.t."r"it." Jlwicru~te rorm bare .... iod-swept 

~:~:~~~~I1:~'\~~~S et: ~~~() ~~;_,~~:~~~;~~'\:~~f~:~t~~Ue~~:r L~~ .... ~ slJ.I"faces r:ear1y de·wid of soi~ .met vee:etst~on: The EJ.lTS lm ...... :r-y 
that ~ener .. j.lY-oiie- uiliavoT-~l-;;- for ",:i"f".",,;:..w,,iCt' -C{\1;C)i"iieI~IM"tI! .r,,;r .. -. --'-' ~~u~~~~ ~~~Q~~{~~i~: -1~- ~~~h~se~~~~~l ~~a 'l(~i~a~~~~~d ~~~~co_ 
" ... in1;1" th~se ll(lnt1"d by th~k . r"latHcly l,.,:me,,"b~~, cl~n~_U.nd depu~ltB lIie>n<ry' !l.nd 'funboudou ( fiIOS. ['.-5 and 5-6 ). /!!ore aubtle <l:i~t;,,~tt"ns 
or thOBO 1n o.r,,:1-l\ of intel"Uavel;r fn:ctured rod; · ... "ere .he \Tllltor to.1;le between the t;,r ~" t ~ of" all vi (b 1J.o-.d h butf d ) 

~e:! :~:sf::~~~~~.,:e;:~il~:nm~: ~:~~;;n(f~~ .~~~C~ S:6;)~\I"~d vil~ r~'iuire ~~ciai~~;'l"J f:w.:_C~lorr~~~~t~B. n - an gray 

~e BIle.ll .. .r are"" , "',e,re surf"ce- wattor ca.tchnents lDtty not 1, .. B·~ee .. ~~ 
tul .. lire 00 sallolY t .. ::-:-"" .. s "nJ "lopes of" th~ lIig .. r Hiver Vnlle.y. on 
tho S8I:Idy ulluviuu. of" (It l. .. " ... t part of" th .. <lallolB. and 0-'1 B8I:IQy 
e.ll.uvium o.loD& awl ~t."'~ t_:!let. drain principally dune_a:.arrtled. 
arcM. 7., .. ~ iJ:u>get""y &ids in recognizing ther." &.l"eas, which 
U=erally aJlP""" H,y,t-eolOT""" in cruopariuon to ...d.]""ent la.t.edto 
ihll'ierust, em,,~ol.idat~iI roea, o!" the Cont.in.,nt.al ':'crntine1 Where 
e69pad hy h.terite duric",,,t.. 

(II) Cell illnd 5'Ot .. ntlally ="r-.... l for irrjW't~ crop produotion 
be identitied 1 

'nl.c }/ie;er :.:IiveT 'ilLlley is, of ",,=se , the most obvioU3 c~oice, 
)fucl! of the arablo 1""d h ic1enti finb~e On t), .. ERT'J i:nsgcry Md, vi tb 
on_dt .. inspection , CM b" ll\a:ppec1 in con ~ide>:""ble d .. trll u8i11(, U\?!l 
illl9.e:ery at the s cal .. 1;250, 000. ( Sce s e ction on "ArabIc Alluvial 
Deposits end IIon _"..,. o.b1e Ls.te-rit e Duricru3t~ ") . Only thc tlood plair. 
ot the I<ie;er JUver ano. th ... [nllln i Celta, howe';er, "rO e,,-pable of" 
sUP"9orti.ng lnrg~ _r.cf!.l.e fa.rt"-.ing OPG r'''; ' on ~. 11\ t heee areas , l(lt"go 
I!&ounle of "lI.te r are availabl e :for i rrig"Uon by divcnion fl"()m the 
lIiser River and, io the I ulWld Delh .• ~OlU t hc lIigor £U"l~ t.h" Bo.ni 
R.i.""l·~. (3".1'1'1"""'"1.10«1. otround ""tel' c" n ,,1"0 1.l c obt"in~c1 tel' irris",ticn 
in theB .. Ur .. M trOfJI properl y constructed .... ell" . 

_ &r!tIll ..... "I.'Iet .. b l oj plotg can 00 r"'nlen .aJ '0Il8...t.h~...,.;tiOU5 segnents 
of th .. braided oh .. nnel of t!1e ::'liBel' River. as for el((IItl".l'l" near NiMlcy 
(fig. 12). 'n".e brsided channel is ell,i l y ",,,pp .. d by the iml4\ery 
(tige. ~lj "''ld 8- 5) . Anal}'sis of ~ i"'agery is uacf'ul fot" inspec
tion. leadi!lR to tine.l " el .... l;ion of the ehaon"j r"s cheS ::!lost euitable 
to>:" croWi", throughQlr.. tne Niger RiTer Valley. 

J'lood-rct-roat eultiv"Uon is tbe principal t" ..... ing "teehni'lue 
practiced by -the peoplflo living ,,-Long t!1 .. llig .. r iliver in Mal:i. It is 
practised to 100:;er exte"t in ~ige,.. vbere thl." D ... t1lod o:f C"Ult ivation 
is not well developed (Ch.urcb., 1913). T!:Je lands nesr the river are 
soasor.aliy nooded "nd. as the f"lood """,,cre ,.....,ell .. , tbe :fanler:: UIIe 
thO! .. "LL,,0.1 l ... "w. to cultivate" definite scquenee of" crop!!: .. .cl", .. , 
g>:"ain sorshwa, s ... e~ pOtatoes. euclJ.I"hito. tomntoe~ Ill>4 beana in orde~ 
t"1"om ton to bottom. 0" the "lol'es. Gr-rio ~orgtn ... is SO\ITl on th .. gent.ly 
aloping- outer ""ll~ floors; and rice is sovn On the tlatt"a~ sr .. as 
of 1!.a:liDUlil depth of" i~u~"-Ation. 1':.{·1'S inagery and the eapnbility 
~R'l'S provide\! !'or .. epet itive ob\!er vntion mak"~ it wall-sl1it"': to 
detcrllinillg the "e11= limit of f"loo-ling . th .. reby providing a :le&.llS 
of predicting erop ai'e in MW1!lCe of har vest . By kno"i.ng ero~ 
yield potential in advance. ill"endi<>g Dccd~ ",,<1 requeatB for ILSBistence 
can be teilorcd oceorc1ingly. 

(8) !!hat doe~ ~.:'S d.l;.b tell about w. .... ..rt cnoroac/m('nt .... ., it 
...... y he indie"to:<:! by migrating "and dU:teB .. 00 lIind and sheet eTo~ion 
a.ccelertltcd in citber U;e C"".!r1"=t. dro'->gh"t oyel .. ur by ... ~teec~cnt 
dr:r~t conditions? 

!i'.igratins or active ""lid d=c,. do not extend. as r .... "outh tron 
1;.."::: 5n!taran regi?n as <10 :;tal)~.lhC<1 dUll"" (fi~. 5~B). Stabilized 
Ifflio'- RHE longitudinal dunes nCllr 'fumbouetou nr!: eov('red by " cu].y-
de .... lo;J<Xl. sHghtl,y roddi"h_bro~·n soile. Thes .. dunes are not nov 
1m~"g t':!., flo ... Kiger Riv .. r, .. lthoug. ... the.v 'ulve dOubtleaa influ..nc .. <t 
th" rlver's c(:ursc a.. ... c. now r"6i~ ill til .. pMt. At p .. .,,,ent the riv .. r 
no .. .3 thTO"Ilh the"" dune~ l)y IlcanS of one "ide mun ehann .. l as " ell 
~ ~ "rstcm or 1;ritut r"1c cha.. ... n"lII. nany of whieh ea.rry yater only 
<;:;ur~ne t.!", flood ~e,,~.on . 

, :;Oth t~ .. ncti";-to ODd sta:dl;?OO dunes !Lrc o&511y ,"01l?C4 by the 
illlTS ''''a.e:ery . Denudation of v .. g~t.ntion aui oonco:cmiLo.nt. blo"-out 
activity ~!I.ll lil~o be r e cognized on t.~e ill.aiHa. To cl.~rine end se!'lirnte 
the ""'tur&.1 fr"", t he rran- i.nduced .. ffeeta. &.nJ to determin .. whether 
t~~se ph"~O!J] cn~ iI.r: " t"cault ·01' the curr"ot d:oueht Or the eggr .. snte 
~ e~ts o. rna" n aou.s ~ of th~ la",l durin/! prcvious dec(ldoB or ~ ... en 
~~nturi" 8 vouli of cours .. ""'<I"i,.., much on_~:1t~ investignt~on 

Aceele r a _teil sheet erosion includill6 ~ .. vere gully erosion in 
e",""",nl~ oh"c ..... ·"d :in ...:u tl,~ ",reM the wrjter! .... Por" .. "1>1" to "bit 
0.1' to d18c~rn ~n the EIlT:j i""'f:,ery. (~"e ~ection H.Aecc~erllted Erosion? 
'The l't"e~c~ 8.<l.v."Vl"ed stro;:;c 0::: /!ully dissection and tbe l.orge 8.TCa 
io ... ol ... ·ed ~~ a~~d"'rated erosion ,.;troneJ.y 6U{!gest Chllt tbese .P....,e<:~~ .. 6 
lmvo bee" . ~ n "pr op,r,,~~ for "<IV .... al d"cruiel . In the localit i e" Tielted 
by tho!" \lTJ.ters, Ill1lll'S "",tiviU"a in re-cent decades "lffiuld seem to hove 
tlgttI"sv"ted t...~ese proc .. s s.,,, lIVre th"n /::ave \.h .. nd"O"ore .... f~ccts of" th .. 
presS!lt ilrou,gb"!; cycle. 
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Application of ERTs!/ Products in 
Range and Water Management Problems 

Sahelian Zone, 
Mali, Upper Volta, and Niger 

by 

M. E. Cooley and R. M. Turner 

ABSTRACT 

This report describes the results of a brief field investigation 

by the writers during April and May 1974 to evaluate application of 

ERTS imagery to range and water management problems in Mali, Upper 

Volta, and Niger. The report concludes that the imagery can provide 

general overviews of regions or even entire countries and may be used 

in ·areas where few or no good ground surveys exist; can provide a 

basis for repetitive inventorying and monitoring transient environ-

mental changes on the earth's surface; and can aid in solving special 

problems of disease vector control or human activity. Specific 

applications of the ERTS imagery were identified in river-blindness 

control; tse-tse fly control; bush-burning evaluation; distinction of 

arable from non-arable lands; analysis of problems of accelerated 

erosion; the annual flood of the Niger River; and ground-water devel-

opment in fractured rocks. 

1/ The designation ERTS for the Earth Resources Technology 
Satellites 1 and 2 was changed by the National Aeronautics and 
Space Administration to LANDSAT in January 1975, subsequent to 
preparation of this report. 



INTRODUCTION 

As increasing pressures from drought, overgrazing, and human 

population have developed in West Africa, especially in the Sahel 

countries (Dalby and Church, 1973; Wade, 1974; Sterling, 1974), the 

need for repetitive inventory and surveillance of natural resources 

is becoming more critical. ERTS (Earth Resource Technology Satellite) 

imagery provides a valuable tool in detecting, evaluating, and 

cataloging fixed earth-resources information as well as in monitoring 

transient seasonal changes in the environment. Because of the large 

area (34,000 sq. km.) encompassed by each frame, ERTS imagery is 

well-suited for obtaining a general overview of a region and can help 

to solve certain problems not requiring large-scale imagery. ERTS 

capability to view the earth simultaneously and repetitively in four 

spectral bands, chosen to emphasize water and land resources, is 

further reason for anticipating that this satellite can yield valuable 

information for managing the resources of the Sahelian region south 

of the Sahara in Africa and of other comparable arid regions of the 

world. Because the data-recording instrument aboard ERTS-l had 

ceased operating, images of Africa were not recorded in several 

months prior to June 1974. Nevertheless, imagery recorded during 

1972 and 1973 proved to be entirely adequate to the objectives of the 

present work. The ERTS-B satellite, however, was launched in January 

1975 and could be employed to continue studies such as those under

taken in this project. 
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In the short time elapsed since ERTS-l was placed in orbit in 

July 1972, considerable interest has been directed to using imagery 

from th~ satellite to study the Sahelian region lying to the south 

of the Sahara in west and central Africa. The Office of Science and 

Technology (OST) of the Agency fOr International Development (AID) 

U.S. Department of State, began a program in 1973 to determine the 

utility of ERTS products in resource management problems of the Sahel. 

In February 1973, Maurice Grolier, U, S. Geological Survey ,(USGS), 

visited Mali, Niger, Ivory Coast, Senegal, and Mauritania to make 

preliminary arrangements for a regional remote-sensing workshop 

planned by AID for later that year. The workshop was held in Bamako, 

Mali, during April 1973 (Grolier, et al., 1974). That same spring 

AID sponsored an ERTS-oriented demographic study in Upper Volta and 

Niger (Reining, 1973). In addItion, the National Aeronautics and 

Space Administration (NASA) has supported at least t~o ERTS investi-

gations of the Sahelian region: N. H. MacLeod, American UniVersity, 

has been studying plant growth and annual flooding in the Niger River; 

and the Republic of Mali has been conducting natural-resources 

investigations using ERTS imagery. Also under AID sponsorship a two-

man team of ERTS specialists (Jones and Miller, 1974) made a visit 

during September and October 1973 to assess the possibilities of 

expanding and strengthening ERTS applications programs in the three 

Liptako-Gourma Authority (LGA)2/ countries of Mali, Upper Volta, 

2/ The LGA (more fully, Authority of Integrated Development 
of the Region of Liptako-Gourma) has the objective of promoting 
the development of minerals, energy, water, agriculture, livestock, 
and fish culture among Mali, Niger, and Upper Volta in the region 
near the Niger River known as Liptako-Gourma (fig. 1). 
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and Niger (fig. 1). The present investigation is an outgrowth of 

this visit and of additional planning sessions between African and 

U.S. officials, and was done under PABA No. TA(IC)02-74, A-4. 

As a continuation of its program for furthering the utilization 

of ERTS products in this study and evaluation of the natural and 

human resources problems of the Sahel, AID re~uested the U.S. 

Geological Survey to undertake a project for identification of 

significant range and water management problems that could be studied 

and evaluated from ERTS imagery. Accordingly, M. E. Cooley, 

geohydrologist, and R. M. Turner, botanist, both of the USGS,were 

assigned to Mali, Upper Volta, and Niger from April 12 to May 27, 

1974 to carry out the work. The problems evaluated during the 

writers' field work included those associated with use and devel

opment of arable land, bush burning, location of villages and heavily 

grazed stock trails, tse-tse fly and river-blindness control, extent 

and duration of inundation by the annual floods of the Niger River, 

and identification of localities favorable for accumulation and 

production of ground water. The results are presented in part in a 

ser~es of illustrations (figs. S-l to s-6) showing specifically what 

can be done with the ERTS imagery in eValuating some of the problems 

referred 'to above. 
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Bognounou, botanist with the Parc Botani~ue, Centre VOltaique 

de la Recherche Scientifique. In Niamey they conferred with Ian 

Pattinson, regional officer of the Entente Fund, who gave them valu-

able information concerning agricultural practices in Niger. 

During the writers' stay in the three' capital cities they were 

briefed and accommodated in numerous ways by the following members. of 
, 

the American Empassy Staffs and AID officials who provided amenities 

and advice that contributed to a successful program: in Bamako, 

Ambassador Ralph J. McGuire, Vice Consul David Peashock, Ray Denacourt, 

and John Garner; in Ouagadougou, Mark Johnson and Don Atwell; and in 

Niamey, Eugene Chiavaroli, James Hill, and Albert Baron. In addition 

Howard B. Helman, American Embassy, Paris, kindly interrupted his 

schedule at Bamako, to confer with the writers and to act as a trans-

lator. He also provided the opportunity fOr one of the writers to\ 

fly over an area being examined by tse-tse control specialists. Also 

in Bamako, Adama Timbo, acting as an interpreter, quickly perceived 

many of the technical aspects of the work and was able immediately 

to cope with its complicated terminology and concepts. 

To their African colleagues they express special thanks. Many 

were already greatly overworked and yet they received the writers 

graciously. To the following the writers are especially indebted: 

In Ouagadougou to CYr Mathieu Samake, Director General, LGA,and Phillipe 

Kabore, Chief of Documentation Center, LGA; and in Bamako to Aly 

Dembele, Service de I'Hydraulique, Sidy Zouboye, National Society for 

Research and Development of Mining (SONOREM), and Bakary Toure, Director 

General de la Geologie et des Mines. 

6 



General procedure 

As originally conceived, the project was to rely substantially 

on contributions from the Africans knowledgeable in the land, water, 

and demographic problems of the Sahelian region. Africans repre

senting the three Liptako-Gourma countries were to meet with the U.S. 

ERTS specialists, examine the imagery, and through basic photo

interpretation techniques, draw tentative conclusions concerning 

various features noted on the images. Following this preliminary 

evaluation, on-site examination was to be made of as much terrain 

as feasible to check earlier interpretations and to refine the investi

gators' ability for recogn~tion of significant terrain features. 

The writers' contacts with the Africans, however, proved to be 

limited,and inSUfficient time was available for setting up suitable 

joint schedules to examine the imagery or to make on-site investi

gations. Consequently, the writers proceeded with the ERTS ~nvesti

gat ion without the level of direct participation by Africans that 

WaS originally anticipated. 
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On-site investigation 

Because of the short-term scope of the project, the areas selected 

for study were those easily accessible to the larger cities of the 

region. These cities are served both by air passenger service and 

by good roads. Six main target sites near Bamako, Mopti, Tombouctou, 

and Gao in Mali; Niamey in Niger; and Ouagadougou in Upper Volta were 

selected in advance of the writers' departure for Africa,and imagery 

covering the sites was ordered from the Sioux Falls EROS Data Center. 

The main effort was concentrated near the three national capitals 

and on part of the Inland Delta of the Niger River between Tombouctou 

and Mopti. Of these localities, field checking was done only near 

the national capitals, where trips of more than 100 kilometres (kID) 

into the countryside were made in vehicles rented locally (fig. 1) .. 

Of necessity in a region of limited accessibility, the areas inspected 

are along the main highways, which lead out from the capital cities. 

Additional on-site checking was made from the air by means of 

light planes and during commercial jet travel. The area west and north 

of Bamako, including the Baoule; River and Parc National de la Boucle 

de Baoule;.was inspected at altitudes between 150 to 200 metres (m) 

above the ground from a light aircraft. Another flight, made in con

junction with an AID tse-tse control project, permitted viewing of 

an area south and east of Bamako. Also useful information that 

aided in interpreting the imagery was obtained from high-altitude 
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jet aircraft in regularly scheduled flights between the national 

capitals. These included the flight from Dakar to Bamako; two flights 

between Bamako and Ouagadougou; a flight from Ouagadougou to Niamey; 

a flight upstream along the valley of the Niger River from Niamey to 

Bamako with stops at Gao" Tombouctou, and Mopti; and the final flight 

from Ouagadougou northward across the Sahara to Marseilles, France. 

Visibility was hindered on parts of these flights by haze which 

prevails near the end of the dry season and by high clouds that herald 

the beginning of the rainy season. 

Mapping by use of the ERTS imagery WaS done only at the scale 

of 1:1,000,000. For fUture field use, however, scales of 1:500,000 

or 1:125,000 are recommended. (The latter scale is the maximum for 

bulk ERTS imagery.) 
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Selection of imagery 

Selection of imagery was made from computer printouts obtained 

from the Sioux Falls EROS Data Center. Sufficient time was not avail

able before departure from the United States for the writers to visit the 

Data Center and to make selections directly from its files, although 

this would have been the preferred procedure. Approximately 30 

di~ferent scenes were finally selected providing coverage by several 

frames around each of the six cities in the LGA region. In some 

instances the same areas were covered on two successive dates. Such 

sequential views provided opportunity to evaluate applications of ERTS 

imagery to seasonal changes on the land surface. Most of the ERTS 

images used were 9-inch x 9-inch positive transparencies (scale 

1:1,000,000). All four spectral bands were utilize~and in some 

instances scene features were enhanced by using diazo chrome overlays 

where band 4 (0.5 to 0.6 microns) was reproduced in yellow, band 5 

(0.6 to 0.7 microns) in magenta, and band 7 (O.B to 1.1 microns) in 

cyan. This technique was particularly useful for examining details 

of the vegetation and for mapping surficial geologic features. Two 

other types of ERTS data were also employed; they were, 9-inch x 9-inch false

color composite~ and 18-inch x 18-inch black-and-white prints of band 

5 only (scale 1:500,000). 
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GEOHYDROLOGIC SETTING 

Mali, Niger, and Upper Volta occupy par,t of a large,. relatively 

stable structural platform that extends across most of' northern 

Africa. The platform is formed principally by Precambrian basement 

rocks which are discontinuously mantled by thin sedimentary rocks. 

Imposed upon this broad platform are several gently downwarped 

sedimentary basins which are bordered by low uplands and plateauS 

(Archambault, 1960). The basins are major features, on the order of 

600 kID or more ~cross. Mali lies in parts of two of these basins, 

the Bassin du Soudan and the Bassin du Niger (fig. 1). Niger lies 

mainly in the Bassin du'Niger, and Upper Volta lies in low uplands along 

the southern flanks of both basins. The Precambrian basement rocks, 

including a variety of granitic and foliated metamorphic rocks, are 

exposed mainly in the uplands and plateaus(Marvier" 1952, in Archambault, 

1960). Where the rocks have been deeply weathered, Paleozoic and 

Mesozoic sedimentary rocks crop out along the flanks of the structural 

basins or lie at relatively shallow depth be~eath Cenozoic sedimentary 

rocks which occupy the central parts of the basins (Archambault, 1960). 

Mesozoic strata, however, are not recognized southwest of a line 

trending roughly northwestward through Niamey and Tombouctou. 

Surficial deposits, principally of Quat'ernary age .. are thin but wide-' ,"," 

spread--occurring mainly as stabilized and active dune-sand deposits, 

as stream alluvium, including deposits of the Inland Delta of the 
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Niger River, as scattered terrace deposits, and as. laterite duricrusts. 

The laterite, which is widespread,forms surficial ferruginous crusts 

1 to 10m thick over more than 80 percent of Upper Volta, southern 

Mali, and southern Niger and lends a harsh reddish-brown aspect to 

the landscape. All the consolidated rocks and unconsolidated deposits 

are water yielding to some extent, but the principal ground-water 

reservoirs are in the coarse facies of the Mesozoic and Tertiary 

sedimentary rocks occupying the central parts of the downwarped basins 

and in the unconsolidated alluvium, especially th~ deposits along 

the Niger River. Additional descriptions of thickness and lithology 

and the associations of the rocks with vegetation, with ground-

water supplies, and with farm and range parameters are summarized 

in table 1. 

The LGA countries lie principally in the low (200 and 650 m above 

mean sea level) semi-arid Sudan and Sahel Savanna and the arid Saharan 

regions of West Africa where rainfall occurs only during the high-

sun months of May to October. The southern parts of these countries 

receive more than 1,000 millimetres (mm) of rainfall annually 

(fig. 2). Rainfall during the high-sun period has to sustain plant 

and animal needs throughout the long dry season lasting roughly from 

October to May. Bamako and Ouagadougou commonly experience a dry 

season of 5 to 7 months and receive less than 25 mm of rain. At Niamey, 

Gao, and Mopti the dry season lasts from 7 to 9 months; at Tombouctou 

the dry season is more than 9 months long (Church, 1968). Thus, any 

prolongation of the dry season or shortening of the rainy season has 
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F1guxe 2--Me~u annual precipitation, in ~illimete~sJ of parts of Mali, Niger, and Upper Volta 
(data fro~ Archamboult, 1960, fig. 2). 
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disastrous effects on the farming and grazing economy of the region. 

The precipitation decreases northward, and in northern Niger and Mali 

north of Gao precipitation is less than 200 mm annually. There rains 

fall mainly during July and August. Owing to prevailing 

high mean annual temperatures (270 to 290 C), evapotranspiration is 

also high. Therefore, during the dry season most streams and small 

reservo{rs dry up, soil moisture and shallow ground-water supplies 

are depleted, and the range vegetation becomes dormant. 

The Niger, Volta, and Senegal Rivers draining the Sahelian 

region of West Africa receive most of their run-off from precipitation 

that falls on a rather broad h{ghland extending east-west across 

northern Guinea, southern Upper Volta, northern Dahomey, and southern 

Mali. Annual rainfall in this highland commonly ranges from 1,000 to 

more than 1,250mm (fig. 2). The Niger and Volta Rivers both empty 

into the Gulf of Guinea. The Volta flows directly southward to the 

Gulf, but the Niger takes a long circuitous route northward to the 

edge of the Sahara near Tombouctou.whence it bends eastward and then 

southeastward past Gao and Niamey (fig. 1) on its course 

to the Guif of Guinea. The Senegal River flows generally north

westward to its mouth on the Atlantic Ocean north of Dakar. These 

three great rivers and their main tributaries are in flood stage 

during the rainy season; this flooding is commonly referred to as 

the annual flood. The annual flood of the Niger River spreads spec-

tacularly over-much of a vast Inland Delta in central Mali (fig_I). 
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SAVANNA VEGETATION 

The semi-arid savanna vegetation of West Africa, from its 

southern limit at the Tropical Forest zone grades progressively 

through open woodland to shrub land to its northern limit at the 

Sahara. The major vegetation communities are oriented as a series 

of east-west parallel bands in response to the dominant rainfall 

gradient across Africa. The gradient of decreasing precipitation 

toward the north is accompanied by a progressive change in the 

character of the vegetation. To the south, where rainfall is highest, 

the vegetation comprises tall trees with large evergreen leaves; 

there is virtually no grass understory. This is the true forest. 

Proceeding northward through 10 or 15 degrees of latitude, these 

large-leaved forms are gradually replaced by short trees and shrubs 

which have small, often finely divided leaves. The changes in leaf 

morphology and plant stature are accompanied by an increased openness 

of the woody, components, the openings between the woody plants 

occupied by grasses. There is also an increase in the number of 

thorny species. Terms widely used in West and Central Africa for 

the dominant transcontinental vegetation zones are the Guinea Savanna, 

the Sudan Savanna, and the Sahel Savanna, in order from south to 

north (fig. 3). 
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A vegetation gradient comparable to the south to north cline or 

vegetation types can be seen locally within the Guinea and Sudan zones 

in changes that proceed from moist river terraces to the relatively 

dry uplands. River terraces within these regions contain moisture for 

the plants in amounts far greater than local precipitation alone 

provides. As a consequence, rivers are often bordered by fringes of 

tall, large-leaved trees whose main areas of distribution lie hundreds 

of kilomete:>:'s to the south. The term "fringing fo:>:'est" has been applied 

to these narrow strips of dense vegetation. This type of forest is 

compa:>:'able to the "gallery forest" of North America'. 

The present savanna vegetation in West Africa has been exposed 

to more or less continuous heavy use by man for centuries and pe:>:'haps 

millenia (Hopkins, 19651 and is consequently greatly altered (fig. 4). 

Since the late 1960's and early 1970's, all zones of the savanna have 

been under severe stress from intensified drought conditions, coupled 

with increased population pressures of man and p:>:'oliferating domestic 

herds built up during the 1950's and early 1960's largely with in

adequate :>:'ega:>:'d to p:>:,oper management practices. (A wet cycle prevailed 

in the region from about 1955 to 1966.) Where lands are cultivated, 

a combination of cutting, .burning, and fallowing i(l also practiced .. 

This swidden (slash-and-burn) form of agriculture has changed the area 

of ea:>:'lier existing'dense forest vegetation to its present form of 

open forest or shrubland. These practices have increased the 

availability of farm and range land for man's use but have greatly 

modified or obliterated the original vegetation of the 
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Figure 4.--Photographs along White Volta River showing influence of man ' s activities 
on vegetation and terrain . 

4A._ - Vegetation and terrain show little effect of man ' s activities during the year 
ending May 1974 . Grass has been moderately grazed and some branches have 
been cut from tree in center middle ground . 



Figure 4.--Photographs along the White Volta River showing influence of man's activities 
on vegetation and terrain. 

4B.--Grass and understory vegetation somewhat altered by burning. General 
absence of soil-holding vegetation allows for minor sheet erosion . 
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Figure 4 .--Photographs along the Whi te Volta River showing influence of man ' s 
activities on vegetation and terrain . 

, 

4C. --Burning has removed the grass and woody understory vegetation . Few trees have 
been cut for firewood . Trunks and branches larger than about 10 cm in 
diameter are not utilized . Bark on some of the living trees is charred but 
is thick enough so that the t r ees are not injured by fires . This area, 
stripped of i ts gr ound cover , is favo r abl e to accelerated sheet erosion . 



Figure 4.--Photographs along White Volta River showing influence of man's activities 
on vegetation and terrain. 
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4D.--Extreme effects of wood cutting and burning has removed nearly all the vegetation 
on a low terrace formed from easily erodable yellowish-buff alluvium. A small 
village lies just to the left of the picture. The White Volta River lies just 
off the photograph to the right . Denudation permits development of accelerated 
sheet erosion which soon will be accompanied by severe gullying . 
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Sudan and Guinea Zones . Contrary to much of popular opinion, the 

Sahel vegetation (north of the 450-640 mm isohyets) has been less 

affected by man ' s activities than that of the two southern zones 

where rainfall is greater (Church , 1968). In the Sahel, there is 

less grass to carry fires, p0pulation levels are low, and possibilities 

for cultivation without irrigation are slight, especially in areas 

adjacent to the Sahara; consequently, the natural vegetation has 

been modified only by grazing. Accordingly, the savanna areas of 

most critical concern for maintaining a proper balance between the 

natural vegetation and man's use of the land are to the south, where 

woodland is constantly being replaced by grassland, rather than to 

the north, where the original vegetation has been less detrimentally 

affected by man . 

The Sudan Savanna, which lies in the belt 200 to 400 km wide 

north of the Guinea Savanna, includes trees 8 to 16 m high,many of 

which belong to the same species found in the zone to the south . 

Especially common are the dum palm (Hyphaene thebaica), danya 

(Sclerocarya bir r ea), and soapberry tree (Balanites aegyptiaca), 

all of which increase in importance northward toward areas of in

creasing aridity and are represented little or not at all in the 

Guinea Savanna. Grasses grow 1 to 1.75 m high. Because the grass 

species are here less coarse than to the south, they are more valued 

as forage and less often deliberately burned (Church, 1968) . 

In the region of Bamako, which lies on the border between the 

Guinea and Sudan zones, and Ouagadougou, which is in the central 
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part of the Sudan Savanna (fig . 3) , four geobotanical categories 

are recognized : (1) alluvial flats and valleys (generally con

taining ground vater vith a shallow water table) , (2) uplands , (3) 

slopes of buttes and ridges underlain by laterite and (or) sandstone , 

and (4) the riverine fringing forest . In each of these categories , 

the vegetation has been greatly altered by man ' s activities . For 

example , vi llages in the vicinity of Bamako occur at regular inter

vals of about 5 to 15 km . The land is heavily CUltivated around the 

villages , but areas between villages usually a r e cult iva t ed as well. 

All the uncultivated vegetation is in some stage of recovery from 

burning or cl earing . Presence of grasses is variable in the Bamako 

area , as elsevhere in the savanna zones , largely because of local 

differ ences in environment that affect moi sture availability for 

plant gr owth , in the intensity of gr azing , and in the frequency and 

timi ng of bush fires . 

On the all uvial flats (1) , provided that destruction of the 

vegetation is not extreme , the plant community comprises such trees 

as the shea butter tree , Butyrospermum parkii ; locust bean tree , 

Parkia biglobosa ; dry- zone mahogany , Khaya senegalensis ; African rose

wood tree, Fterocar pus erinaceus ; and species of Combr etum . Some of 

these trees , such as the shea butter tree , are of economic i mpor tance 

and are preserved even in areas of heavy distur bance . Another eco

nomically important tree that is closely assoc i ated with villages and 

can be seen standing sentinel- like in f i elds i s the baobab, Adansonia 

digitata . Many of the same species that grow on the flats grow on 

the lateri te- capped ridges and buttes (2 , uplands) , wher e edaphi c 

21 



• 

conditions are drier than on the alluvial flats, but the plants are 

reduced in size . In addition, the kapok tree , Bombax costatum; 

harike , Anogeissus leiocarpus; and figs, Ficus species are present. 

Along the slopes of scarps, particularly of the buttes and hill

slopes (3),where edaphic conditions are intermediate between the 

ridge and butte surfaces and the alluvial flats, the vegetation is 

usually denser than that above or below and probably attains 75 to 

100 percent foliar coverage during the rainy season . Here may be the 

most northerly habitats for the tse- tse fly . Where especially dense, 

these hill-slope forests stand out sharply on properly enhanced 

ERTS imagery (fig . S- lA). The fourth category of vegetation in the 

Bamako and Ouagadougou regions is the riverine fringing forest . A 

partial listing of the trees in this forest includes a palm, Raphia 

sudanica ; a fig , Ficus capensisj a cola , Cola cordifolia ; and malmo , 

Syzygium guineense. 

The driest area the writers were able to examine in detail was 

in the region of Niamey, Niger, which is near the northern limit of 

the Sudan Savanna (fig. 5) . One of the striking differences between 

the vegetation in this region and that toward the southern limit of 

the Sudan Savanna near Bamako is the increase here in small-leaved 

species such as the Acacias and in the spiney plants . One of the most 

common spiney trees is African myrrh , Commiphora africana. A shrub 

community grows on dry sites, dominated by a species of Combretum . 

The shrub canopy gr ows to about 2 meters in height and is interrupted 

irregularly by a low tree , the soapberry , The grasses 
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Figure 5.--Photograph shoving west side of the Niger River valley near Niamey, Niger. In the 
fOreground a species of Combretum (dominant) and Pterocarpus (left) on detritus 
formed from a terrace capped by laterite. This photograph taken on May 14, 1974, 
near the end of the dry season,shows many leafless plants , a typical condition 
for t~s time of year. Dum palm , soapberry tree, shea butter tree, among other 
trees, grow on the light-colored sandy terrace deposits and dunes in the back
ground. This area is in the northern (dry) part of the Sudan Savanna zone . Two 
buttes along the horizon consist of fine-grained "Continental Terminal" 
semi- consolidated sand and clay capped by resistant laterite duricrust . 



are shorter and much less abundant, 1n general, in the vicinity of 

Niamey than in the region of Bamako and Ouagadougou . Fringing 

forests of evergreen broad- leaved trees are absent from this region 

(and northward), the watercourses being lined by certain drought

deciduous Acacias. As a consequence, intermittent stream courses 

do not stand out sharply on ERTS imagery taken during the dry season. 

24 



ERTS I~~GERY VS. RANGE AND WATER PROBLEMS 

In the following sections the writers describe the main 

applications they discerned for use of ERTS imagery in resolving land

resources problems affecting the people of the LGA countries . In 

addition, tentative answer s to s ome pertinent quest ions r elative 

to the use of ERTS imagery in range and water management are given 

in table 2 . 

The writers would like to emphasize three main factors that 

are important to use of the imagery and to its interpretation . I) 

Adequate on - site investigation is essential for accurate identifi 

cation, mapping, or monitoring of geohydrologic , vegetative, and 

agricultural phenomena. 2) Many conclusions concerning hydrologic 

features , disease , and insect control must be deduced indirectly 

from the imagery by observing geologic and vegetational features . 

Obviously, shallow ground- water zones and tse- tse fly habitats are 

not determined by making direct observations of water and flies; the 

presence of these is inferred by correlation of conditions observed 

in the imagery with geological and vegetational features known to be 

associated with water and flies . Similarly , the extent of arable 

soils can be determined principally by relating the occurrence of 

such soils with geological features that are readi ly discernible 

on the images . 3) All the effects of man ' s excessive use of the 

land must also be considered when interpreting ERTS lmagery . In 

areas visited by the writers , the lands around most villages are 

denuded of grass and forbs as a result of extreme trrunpling by men 
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and livestock, and overgrazing, brush burning, and cultivation 

(fig . 6) . These activities produce accelerated sheet erosion and 

wind deflation, both of which exert a profound effect on the distri

bution and thickness of arable soils . Lastly, so much of the range

land has been burned each year, or heavily grazed or cleared during 

the past centuries , that no vegetation is left that can be considered 

as unmodified . 
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A. Nevly hand-cultivated 
field adjacent to a new 
dug veIl (indicated by 
circular concrete ring) 
near Ouagadougou, Upper 
Volta, May 14, 1974. 
Well obtains ground 
water from weathered 
granite, which in this 
area underlies a sur
ficial mantle of 
alluvium and laterite . 

B. Accelerated erosion 
along pathway leading 
through nevly planted 
fields near Ouagadougo~ 
Upper Volta . Erosion 
caused by early rains 
of 1974 wet season . 

Figure 6 .--Photographs shoving effects of man's activities 
around small villages 
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River blindness fly control 

River blindness, Onchocerciasis, is a disease of man caused 

by a filarial worm, Onchocera volvulus . The causative organism is 

transmitted by a black fly, Simulium damnosum . Outbreaks of this 

disease, which ultimately produces blindness, are common along rivers 

because the riparian habitat is essential for fly reproduction. 

Simulium eggs are laid in streams or ponds where they hatch, 

producing larvae that are highly dependent on fast - moving water . 

The larvae feed by straining microorganisms out of the water; slowly 

moving water carries too little food to the sedentary larvae and 

they starve . The larvae are most successful at sites of fast - flowing 

water such as rapids or dam spillways (fig . 7) . 

Recently, a multinational effort was initiated to control r1ver 

blindness (Tomiche, 1974) . The approach taken is to kill the larvae 

at all the breeding sites in an area of 700,000 km2 in the Volta 

River basin . The larvae are killed by dropping from the air a 

specially formulated pesticide into streams at all known breeding 

sites . Accurate maps are necessary when preparing detailed flight 

plans for reaching known fly-breeding sites . The absence of 

appropriate maps is hampering the programs along the Black Volta 

(oral commun., Frank Walsh, 1974) . Although ERTS imagery, because 

of its lack of sufficient resolution, does not appear useful in 

locating specific sites of fast water or rapids, it does have 

potential application (1) directly as base maps for 
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Figure 7 .--Photograph of the White Volta River east of Ouagadougou, Upper Volta , Small 
rapids such as those in the middle gr0und and at the base of the stick dam 
are a possible habitat for black fly Simulium damno sum larvae, the insect 
vector responsible for spreading ri;er blindness diseas~Onchocerciasis. 
Entire adult human populations over 30 years of age may become blind from 
this disease. Mud bricks are drying in the sun in the loyer right of the 
picture . Earth dam extending across middleground has been breached by 
the river , 
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correctly locating river systems in regions where maps are poor 

or incomplete and (2) for identifying small reservoirs that might 

create breeding sites. 

The location of dams has become a critical need in the control 

program as dam spillways often harbor large populations of the fly 

larva (Tomiche, 1914). The stockwater dams are difficult to keep 

track of because they may last only a few years and because new dams 

are constantly being built (fig. S- 2A). ERTS band 1 imagery or 

multispectral color- composite imagery would be especially suited to 

locating these bodies of water provided the reservoirs are larger 

than about 200 m in diameter (30 hectares in area) . For elongate 

reservoirs, the total area may even be smaller . 

Continuous monitoring by ERTS can provide additional information 

that may be of help to the river-blindness control program. Seasonal 

changes noted in the flow regjme of rivers might indicate conditions 

favorable for growth of the black fly larvae . According to Malian 

officials, considerable shifting of the village peoples takes place 

in West Africa, principally because of (1) disease (including r1ver 

blindness), (2) water problems (from drought and pollution), (3) 

changing cultivation, and (4) superstitions . Large villages are 

readily discernible on the images, and areas having or lacking small 

villages are visible (fig . S- 3). Thus,repetitive observations could 

be made to map the development of new villages and abandonment of 

old ones . 

30 



Tse-tse fly control 

The life cycle of the tse-tse fly, which is the main carrier 

of bovine encephalitis (nagana), has a relationship with the presence 

or absence of dense vegetation. This relationship is being exploited 

in a program to eliminate this disease from large tracts of land in 

Mali. The tse- tse fly is inactive at midday. During this period 

of daytime inactivity, it seeks shade within nearby forests. The fly 

can be contrOlled by spraying small clumps of such forests with 

insecticides or , where large areas of shelter ing forest occur, by 

spraying the forest peripheries. The tse-tse fly moves over rather 

short distances, probably spending its entire life within an area as 

small as 1 km2 . The fly is viviparous, producing a single fully 

grown larva which crawls to a sheltered spot and then pupates directly 

without feeding. The pupal stage lasts for several weeks . Spraying 

with one insecticide application does not effect control because the 

killed adult flies are shortly replaced by a new generation that 

develops from the sheltered pupae . A second spraying soon after the 

new crop of offspring emerges is usually effect ive, however (K.J . R. 

Maclennan, oral commun., 1974). 

In attempts to eradicate the fly permanently from lar ge areas, 

a two- step scheme is being practiced. First, a patch of infested 

forest is isolated by clearing a swath around the target patch. The 

barrier of cleared land needs to be wider than the distance the fly 

normally migrates, or roughly 1 kilometer . Following construction 
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of the barrier , the isolated forest patch is sprayed wi th pesticide 

in the manner noted above . Hopefully , the combination of erad

ication and isolation will make habitable areas of forest that must 

now be avoided . 

ERTS imagery can be used to locate the dense stands of trees , 

especially i n areas where much of the vegetation has been thinned 

out by human activity . Here the clumps of dense forest are clearly 

distinguishable from the surrounding vegetation if viewed at a season 

when the open , mainly cultivated lands are inactive . Figure &-lA 

shows several areas of dense forest against which insecticide spraying 

might be employed . 
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Bush- burning monitoring 

The prime human force in altering vegetation in the Sahelian 

region appears to be bush burning , especially in the areas where 

rainfall exceeds 450- 640 mm . The favorite period for such burning 

is during the terminal stage of the dry season when , with combustible 

vegetation at maximum dryness, fires burn more readily. Fires also 

burn hotter and cause greater damage to woody plants and perennial 

grasses during this period than they do at other times (fig . 8) . 

The burning is widespread- - from the arable alluvial flats to boulder

strewn slopes and laterite- capped ridges--and contributes to the 

overall harshness of the countryside . Proposals have been made to 

abolish or at least to limit bush burning to the early part of the 

dry season before the vegetation becomes overly dry . Such proposal s , 

however, have not received acceptance by the pastor al population 

because the fires are used primarily to stimulate early leafing of 

trees and other plants when the livestock are in most critical need 

of green forage after the long dry season. This is done in spite of 

the fact that the burni ng obviously eliminates or reduces the 

availability of dry gr ass and forbs and food supply during the dr y 

season ' s cr ucial terminal stage . 

There is evidence that bush burning has been practiced in 

Africa as long as 2 , 500 years (Hopkins , 1965 ; Church, 1968) . Bush 

burning was used widely during the domi nance of the Rali, Songhai, 

and Ghana Empir es as much as a thousand years ago (Church , 1968) . 

The reasons for burning the vegetation are varied : (1) man enjoys 
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Figure 8 . - - Unattended, unchecked brush fire northwest of Bamako, 
Mali , April 24, 1974 . This small fir~burning 
thr ough an area where grassy fuel is sparse , probably 
has a minimal effect on the ecosystem. In other 
areas where grass is dense, dry season fires such 
as this would burn intensely , eliminating much 
of the woody vegetation . Both lightly and severely 
burned areas probably would be visible on ERTS 
imagery. 
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Ystching fire, especially st night; (2) man is negligent, alloYing 

camp and cooking fires to burn unattended ; (3) fires are thought to 

rid areas of parasites such as ticks, and , through the opening up of 

the vegetation, of tse-tse flies; (4) opening the vegetation by 

burning makes cultivation and travel easier ; (5) game animals are 

driven from cover and their capture made easier by burning; (6) 

burning stimulates early plant groyth ; (7) burning mskes it eas~er 

for stock to graze on neY sprouts, yhich otherYise would be protected 

by the old growth; and (8) burning is thought to make it easier for 

the minerals contained in the plants to be returned to the soil . 

(See section "Accelerated Erosion "; also Hopkins , 1965, p . 56 . ) 

Use of ERTS imagery has several applications to problems where 

knowledge of the location of recently burned areas is important. For 

example, in the event that attempts are made to limit bush burning 

or to control the season in which it occurs , ERTS imagery could be 

used during the establishment of such programs to detect fire 

frequency (figs. S- 2A and S- 3). Bush burning is forbidden by law 

~n some aress, snd ERTS imagery could be used to monitor the effective

ness of fire-suppression policies. 
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Arable alluvial soils vs non-arable laterite duricrusts 

In the LGA countries, arable soils are developed chierly on 

deposits or alluvial rlats and in small valleys (including the ancient 

dallols) bo,dered mainly by uplands capped by laterite duricrusts; 

on rlood-plain deposits along the Niger and Volta Rivers; on alluvium 

or the Inland Delta or the Niger River; and on eolian deposits or 

northern Mali and Niger (rigs. 8-3, 8-6; table 1). 

Alluvial rlats and small valleys 

The Ouagadougou area was selected to illustrate that mapp~ng or 

alluvium and laterite is reasible through use or ERT8 imagery 

(fig. 8-2B). In an area or gentle planar topography at Ouagadougou, 

the alluvial deposits are thin and lie as discontinuous mantles over 

laterite which is exposed mainly on low ridges and stream channels 

(rig. 9 A). To the west or the city are low, flat-topped ridges and 

small valleys containing thin alluvium. Laterite caps the ridges, is 

present along the slopes of the ridges, and extends across the valleys 

beneath the alluvium. Due to conspicuous tonal contrasts, the alluvium, 

and laterite in the ridge and valley areas are easily distinguished in 

the imagery. 'However, tonal contrasts between the alluvium and laterite 

are rather indistinct in the gentle rlats to the east near Ouagadougou 

and are much more dirficult to map. Admittedly, the mapping would be 

racilitated by the use of a high-quality ERT8 false-color composite 

instead of the diazochrome overlay with which the writers worked. 
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Figure 9A--Diagramatic section of one of the alluvial flats or of a small valley 
not having terraces near Ouagadougou. 

Figure 9--Diagr:amatic sections of small valleys near Ouagadougou, Upper Volta, 
and Bamako, Mali, showing distribution of laterite, alluvial deposits, 
areas of accelerated erosion, vegetation, and ground-water conditions. 
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Arable gray alluvium, 
represents extent of 
arable soil minus the 
areas mainly under
going sheet erosion 
where the soil is too 
thin for cultivation 

Fig. 9A 

EXPLANATION 

Non-arable 
~ ________________ A~ ________________ ~ 

Yellowish-buff alluvium 
and equivalents, weakly 
developed laterite at 
top of unit (I I i I I i) 

Vegetation 

Figs. 9A and 9B 

I I I [ j ! ! I 

Laterite duricrust, 
generally 1 to 
0.5 m thic~ 

(1) Vegetation a low open forest; variable composition depending on history 
of cultivation and burning; trees both evergreen and Orought deciduous; 
grasses important element. 

(2) Ground cover of grass all but eliminated where erosion is severe; trees 
and shrubs of original forest less affected. 

(3) Vegetation a low, sparse version of that on the alluvial area; grasses 
sparse or only locally abundant. 

Fig. 9B 

(1) Many of the same trees as in.-.areas with gray alluvium but canopy here 
more open and height lower. .-

(2) Where cultivated, scattered baobab, shea butter, and mango trees remain; 
on fallow land vegetation highly variable depending on burning and 
clearing history; trees, both large-leaved evergreen and small-leaved 
deciduous, dominate; grasses important . 
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The wri ter s' brief field study indicates that the alluvium 

in the Ouagadougou area consists of an ascending stratigraphic 

succession of three units referr ed to informally in this report as 

the brown , yellowish- buff , and gray alluvia on the basis of their 

characteristic colors . Where the yellowish- buff and gray alluvia 

are adjacent to the hard laterite , they contain only a minor amount 

of coarse detritus derived from the laterite . On the other hand, 

the brown alluvium contains a considerable amount of coarse material 

near outcrops of the hard laterite and basement rocks . In all 

localities inspected) the yellowish- buff and gray alluvia are fine.

grained , have seemingly consistent lithology , and show little 

variation in gr ain size . Only the gray alluvium is not 

altered apprec iabl y by later izat i on and is the only one of the 

three types of alluv i um that is arable . The other alluvia show 

enough lateri zation to preclude cultivation . 

The gray alluvi um, wher e exposed a long many channels and gullies 

in partially dissected flood plains near Ouagadougou (and also Bamako), 

consists at least of three deposits (fig. 10) which ar e s eparated by 

discrete erosion surfaces that probably represent broad channel cutting. 

All the deposits are fine grained , except that the uppermost, deposit A, 

laid down during the past few decades in t hicknesses of 0 . 3 t o 0.5 m, 

i s sandier than the underlying medial deposit B. Deposit B consist s 

mainly of silt and clay contai ni ng s ome sand and considerable organic 

material. It appears to repres ent deposition in a well-watered 

floodplain environment, under somewhat moister conditions than those 
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Figure lO. --Photograph of a profile of the gray alluvium 
exposed in a steep- sided channel near Bamako, 
Mali. Upper deposit, A, is modern sediment 
deposited during floods. Middle deposit, B, is 
represented by an immature soil containing 
considerable plant material as indicated by the 
dark color. Lower deposit , C, is a slightly 
consolidated silt to silty sand which forms 
the bulk of the gray alluvium. Depth of 
channel is about 1.5 m. The channel shows 
fresh scars from recent cutting . 
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prevailing at present. The lower deposit, C, is slightly consoli

dated and consists of layers ranging from silt to silty sand. 

These layers, in places, show some slight development of laterite. 

Along many drainageways, deposit C forms a low terrace a few 

metres high. 

The gray and yellowish-buff alluvia and their equivalents are 

widely distributed in the LGA countries, but the brown alluvium was 

recognized only in part of the area near Ouagadougou. In contrast, 

deposits correlative with the gray alluvium are present as the upper

most alluvial layer in small valleys and alluvial flats throughout 

the region. The yellowish-buff alluvium ~s recognized along the 

White Volta, Red Volta, and other rivers in Upper Volta. Near Bamako, 

light-brown to yellowish-gray alluvium believed equivalent with the 

yellowish-buff alluvium occurs along the Niger River (fig. llA), 

along the Baoule River, and in small upland valleys between these 

rivers (fig. 9B). The alluvium along these rivers forms a terrace from 3m 

to about 5·m high and, except that along the Niger River, compr~ses 

the only conspicuous terrace along these streams. The deposits 

along the Baoule River may also be an upstream equivalent of sandy 

clays, 15 m thick along the Senegal River, described by Grove and 

Warren (1968, p . 196). Near Niamey a light, reddish-brown, fine-

grained alluvium, which is believed to be correlative with the 

yellowish-buff alluvium in the Ouagadougou and Bamako areas, forms 

terraces roughly 8 to 15 m above the Niger River . At Niamey the 

upper part of this alluvium lies on rounded pebble-size river gravels 

cemented by ferruginous material . 
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Figure llA--Profile of valley of Niger River near Bamako. Maximum relief i s 
about 175 m. 

Figure Il--Generalized profiles across valley of Niger River near Bamako, Mali, 
and Niamey , Niger, shOwing distribution of laterite, alluvial deposits, 
terraces, and vegetation zones . 
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Figure IlB--Profile of valley of Niger River near Niamey . Maximum relief is 
about 100 m. 



EXPLANATION 

Non-arable 
.-______________ -JJ~ ____________ ~ 

Arable flood- plaILn and 
channel deposits of 
Niger River 

Equivalents of the yellow
ish-buff alluvium ; weakly 
cemented laterite at top 
of unit (I I I I I I) 

Laterite duricrust 

I I ! i ii I I I ! Iii I I I I I I I I I 

1 . 25 to 2 m. thick About 10 m. thick 

Vegetation 

Figs . llA and IlB 

Fig. llA 

Pre-yellowish
buff alluvium 
terrace deposits 

(1) Where soil mantle is thin, plants confined to fractures and pockets of 
soil; low forest of kapok, shea butter, damya, and other trees; grasses 
less important than in alluvial areas. 

(2) Vegetation more dense than on alluvial flats or on mesa tops of buttes; 
vegetation is not as tall as on the flats; trees include the kapok, fig, 
and many others . 

(3) Vegetation of areas not now cultivated is in various states of recovery 
from farming and clearing ; open forest of shea butter tree, locust bean 
t r ee , and many others ; grasses i mpor tant . 

Fig llB 

(1) Vegetation in clumps broken by irregular barren areas; dominant plants 
are drought deciduous shrubs, trees, and vines to about 6 metres maximum 
height . 

(2) Shrubs to 2 metres high dominate ; scattered dum palms and soapberry trees. 

(3) Scattered baobab and mango trees on cul ti vated lands . 
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Collectively , the alluvial deposits appear light and the laterite 

dark on either ERTS black- and- white prints or false-color composites. 

The younger gray alluvium has a slightly lighter tone than the other 

alluvial units on black- and- white images and is light gray to nearly 

white on the color composites . Thus, its extent, vhich also represents 

the maximum extent of arable land, can be roughly delineated. Unfor

tunately, the scale of 1 :1,000,000 is too small to permit showing the 

gray alluvium as a separate unit on figure S-2B . 

In areas where the gray alluvium can be differentiated from the 

underlying yellowish-buff alluvium, a fair estimate of the amount and 

distribution of arable soil can be made, if a sufficient amount of 

field checking has been done. Table 3 summarizes some of the relation

ships between the amount of arable land and different physiographic 

occurrences of the gray alluvium . In localities where the alluvial 

deposits are not easily distinguishable, only a rude estimate can be 

made of the distribution of arable soil. In areas where arable soil 

maps are unavailable, however, any map, even if only roughly defining 

the areal extent of the soil, would have some value . ERTS data would 

be useful in the pr eparation of such maps. 

Channel and flood- plain alluvium along the Niger River 

Arable alluvial deposits in the valley of the Niger River, excluding 

deposits of the Inland Delta , cover thousands of hectares that are 

easily discerned on the ERTS imagery . The deposits comprise two broad 

groups : 1, annually inundated channel and flood- plain deposits and , 2, 

earlier flood- plain deposits normally not flooded by the Niger River. 
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Physiographic Position 

Broad flats 

Small vallpys 
without terraces 

Rmall valleys 
with terraces 

Reaches of White Volt~ 
Baoule Rivers and other 
streams vith conspicuous 
terraces (not including 
the Niger River) 

Valley of Niger River 
near Bamako and Niamey 

Table 3.--Distribution of Arable Land and its Relationship to Accelerated Erosion 
and Gray Alluvium 

Distribution of Gray Alluvium 

Forms a thin mantle on yellovish-buff 
alluvium and on laterite; generally 
is less than 1 m thicK~ but over vide 
areas is less than 0 . 3 m thick . 

Forms a thin mantle on yellowish-buff 
alluvium; unit ia greater than 1 . 5 m 
thick in ce~tral parts of valleys but 
is less than 0.3 m on much of the 
gentle slopes along the sides of 
valleys . 

Forms a generally thin , somewhat 
discontinuous deposit on the surfaces 
of lov terraces and on slopes behind 
low terraces eroded from the yellovish
buff alluvium ; unit uBually underlies 
narrow flood plains that are in front 
of the lov terraces . 

Generally forms thin and discontinuous 
outcrops on the top of a veIl- developed 
terrace vhich is eroded from the 
yellovish- buff alluvium or its equiva
lents ; unit underlies a narrow tlood 
plain in front of the terraces, but at 
many places the channel occupies near ly 
all the bottomlands betveen the terr aces . 

Generally forms thin discontinuous out
crops on terraces eroded from the 
yellowish-buff alluvium and equivalents 
and on higher terraces and slopes ; unit 
cover s part of slopes adjacent to the 
flOOd- plain deposits of the Niger River . 

Distribution of Arable Land 

Area favorable for cultivation may be 
small vith respect to total area 
covered by the gray alluvium. 

Arable land is restricted mainly to 
central parte of valleys because 
cultivation is limited in areas 
where the arable Boil is greater 
than 0 .3 m thick . 

Arable land is limited mainly to the 
flood plains, but part or all of the 
flood plains are inundated by flood 
flow during the rainy season; in 
other areas the arable soil is too 
thin or discontinuouB to be of much 
use for farming . 

Little arable soil is available owing 
to generally limited distribution of 
the gr ay alluvium; reaches of some 
streams such a9 the Baoule River 
contain almost no arable soil. 

Area of aTable soil on the gray 
alluvium is limited but adj acent flood
plain deposits of the Niger River are 
fertile and are cultivated extensively . 

Erfects of Accelerated Erosion 

Slight sheet erosion and vind 
deflation around villages and 
in cultivated or abandoned 
fields. 

Predominantly sheet erosion ; 
severe erosion already has 
taken considerable land out 
of cultivation; locally , 
wind deflation is moderate . 

Sheet and gully erosion; 
gullying and channel dissection 
locally severe ; sheet erosion 
locally severe accompanied by 
minor wind deflation on top of 
and on slopes behind the low 
terraces; the accelerated 
erosion haa taken some land out 
cultivation . 

Severe gullying accompanied by 
sheet erosion has removed much 
of the alluvium and locally 
forms sharply defined badlands . 

Sheet erosion generally slight 
t o moderate on slopes underlain 
by the gray alluvium; erosion 
generally slight on the flood
plain deposits of the Niger 
River, except for Bome gullying 
along the edges of lov terraces 
formed from these deposits . 



The first group includes silty and sandy alluvium that occurs 

along the channel and on adjacent flood plains within the zone 

covered by the annual flooding. On some of the flood plains, 

fields surrounded by dikes to restrain the flood water are being 

cultivated. In the Gao-Niamey area,the river channel is braided, 

consisting of a main channel with one or more subchannels . Near 

Bamako the river occupies one principal channel which is flanked 

by broad sandy flats or beveled bedrock slopes , both nearly free of 

vegetation. The channels are conspicuous features on the ERTS images 

and are easily mapped on any transparent overlay (figs. s- 4 and S-5) . 

Some farming, mainly of small vegetable gardens , is practiced along 

the channels during the recession of the annual flood and during the 

low-flow periods (fig. 12). Such farming is now minor compared to 

the amount that is potentially possible if the entire channel system 

were developed systematically. The small garden plots have the 

advantage of being easily developed without use of heavy earth- moving 

equipment . 

The second group comprises flood-plain alluvium that forms a 

low terrace (or terraces) not now subject to inundation by annual 

flooding of the Niger river. These terraces are broad features that 

extend nearly continuously throughout the Gao- Niamey and Bamako areas. 

The fertile alluvium forming the terraces is being utilized for 

field cultivation and tree crops, principally mangoes, but has the 

potential for more intensive development with water diverted 

from the nearby river. The distribut~on of this alluvium was 
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Figure l2.--Photograph of small bucket-irrigated vegetable 
gardens along the bank of the Niger River 
at Niamey, Niger. 
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successfully mapped from the ERTS imagery near Niamey (figs . s - 4 and 

S- 5) and Gao ; its general distribution should be easily mapped from 

the imagery in other parts of the Niger River basin . 

Laterite duricrusts 

Har d reddish- brown to blackish- red later ite , in which iron oxides 

or hydrates are the most characteristic cementing materials (Cooke and 

Warren, 1973, p . 115- 116), has formed nearly everywhere in Upper Volta 

and in the southern parts of Niger and Mali . It is present on the 

summits and slopes of tablelands and ridges, on stream terraces , on 

gentle plains , and beneath alluvial and eolian deposits. The laterite 

is so prevalent that Abdoulaye Sow, botanist (oral commun ., 1974) , 

stated that in Mali "any well having a depth of 15 m or more penetrates 

laterite . " The laterite varies widely from place to place in hardness , 

thickness , presence of detrital material , and composition . In places 

it is thinly bedded , but in others is massive . The detritus incor

porated in the laterite is mainly composed of fragments of older laterite 

deposits, but locally it also includes rounded pebbles and cobbles of 

quartz and other dense siliceous rocks . In the ar eas visited by the 

writers, the lateri te duricrust is present on Precambrian basement rocks 

near Ouagadougou , on Gr es Ordovicien (Ordovician sandstone) near 

Bamako, on "Con t inent al Ter minal" sediment a ry rocks near Niamey , 

on colluvium and alluvium throughout the region , and on terrace gravels 

of rounded siliceous pebbles transported by the Niger River near 

Niamey and Gao . In general , the laterite near Niamey has a greater 
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density, presumably because of a larger amount of iron oxides or 

hydrates than that near Ouagadougou and Bamako. 

Brief studies indicate differences in the development of the 

laterite duricrust on the alluvial deposits and on the terraces and 

slopes above the Niger River near Bamako and Niamey (fig. 13). The 

flood-plain alluvium of the Niger River and the gray alluvium in 

small valleys of the uplands do not show effects of laterization, 

whereas the yellowish-buff alluvium and its equivalents are associ-

ated with a slightly developed laterite that is generally weakly 

cemented and readily erodable. In contrast, the laterite comprising 

the main part of the duricrust that mantles slopes and terraces 

adjacent to, or underlying, these alluvial deposits, is well indurated 

and is resistant to erosion. Near Bamako and Niamey, the best 

developed , most indurated, and thickest (about 10 m) laterite 

occupies the summits of the highest buttes and ridges bordering the 

valley of the Niger River. 

The physiographic association of the different laterite deposits 

with buttes, ridges, tablelands, and valleys makes it possible to 

differentiate and to map many of the deposits by use of the ERTS 

imagery (figs . S- lA and S- 2B). The thickest and most indurated 

laterite generally form s on the summits of topographic highs--

ridges, buttes, and tablelands. These areas appear much darker on 

the images than the areas of laterite on slopes of these features, 

but not as dark as areas where the vegetation has been burned 

recently. The laterite areas on the slopes are partly cover ed 
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13 A. Laterite about 10 m thick on summit of butte 
175 m above Niger River. Cut shows layering 
with individual layers ranging from about 1 
to 30 cm thick . Some layers are very hard 
and contain much siliceous material . 

Figure 13 .--ppotogr aphs of laterite in road cuts near 
Bamako , Mali . 
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13· B. Laterite formed on coarse colluvium on 
slope of butte about 20 m l ower than the 
laterite shown in figure l3A . Included 
detritus consists of laterite fragments 
as much as 30 cm in diameter. 

Figure l 3 .--Photogr aphs in laterite in r oad cuts near 
Bamako . Mali. 
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by colluvium or alluvium, and collectively give a reflectance inter

mediate between that of the dark topographic highs and the light 

alluvial deposits in nearby valleys. 

Except for those areas underlain by consolidated rocks, 

all dark areas on the ERTS images that the writers studied are 

underlain by laterite. The dark laterite is easily distinguishable 

from the light tonal expanses typical of alluvial deposits, but less 

easily distinguishable from many exposures of consolidated rocks, 

even if a considerable amount of ground- truth information is avail

able . During the present investigation, little study was made of 

diagnostic differences shown by the imagery for separating laterite 

from the consolidated rocks. In general, the consolidated rocks are 

slightly lighter than the laterites and darker than the alluvial 

deposits . The consolidated rocks also show much more structural 

deformation than the laterite surfaces. Many exposures of the 

consolidated rocks appear to be "etched" by a pattern of closely 

spaced fractures. Locally, the rocks are tilted and the tilted 

layers may appear as linear and arcuate patterns in ERTS images such 

as shown on figure S-6A of a small area near Tombouctou. An inten

sive and detailed examination would reveal other diagnostic features 

which would aid in distinguishing the laterite from the consolidated 

rocks . 

48 



Accelerated Erosion 

Many of the areas underlain by alluvial deposits are undergoing 

severe sheet and gully erosion accompanied by wind deflation . 

This erosion unfortunately has resulted in much irreplaceable loss of 

fertile soil (figs. 6B, 10, and 14) and already has taken from 

production considerable tracts of crop and range land. The identi

fication of such severely eroded areas (fig . S-2C) is one of the 

chief contributions ERTS imagery might make in providing solutions 

to environmental problems confronting the LeA countries. The prin

cipal areas of accelerated erosion lie in small valleys of the upland 

regions and along stretches of the larger rivers. 

Gentle slopes of small valleys without terraces (table 3, 

fig. 9A) have been subjected to severe sheet erosion during the past 

several decades . The sheet erosion has removed much of the most 

fertile part of the gray alluvium . In places erosion has removed 

this alluvium altogether, thereby enlarging the exposures of the 

non- arable deposits . Man ' s activities, especially in the vicinity of 

village~ have aided and accelerated the erosion by destroying the 

natural vegetation through excessive grazing, trampling (fig. l4B), 

cultivation , and bush burning . The removal of the vegetation aids wind 

deflation which is manifested by accumUlations of dust around small 

clumps of brushy vegetation growing on slopes and ridges underlain 

by laterite . 

In the well- drained terraced valleys (table 3; figs . 9B and 

l4A), gully and sheet erosion takes place on the slopes of the valleys 
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A. Advanced sheet erosion in the yellowish-buff alluvium 
near Ouagadougou, Upper Volta 

Figure l4.--Photographs showing accelerated erosion in 
Mali and Upper Volta 
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B. Accelerated erosion 
along stock trails 
resulting primarily 
from trampling 

c. 

and browsing . Straw 
hat in center of 
photograph shows 
scale . Photograph 
taken on April 25, 
1974, near the end 
of the 1973-74 dry 
season. 

Steep-sided channel 
(similar to arroyos 
trenched along many 
drainages in south
western United States) 
about 1.5 m deep cut 
in soft alluvium. 
Low area in channel 
forms a temporary 
water hole. Picture 
taken May 14, 1974, 
near the beginning 
of the rainy season . 

Figure 14 .--Photographs showing accelerated erosion 
in Mali and Upper Volta 
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and along stream channels and low terraces toward the centers of 

the valleys. At many places near Ouagadougou and Bamako, the valleys 

are in the process of being deepened by downcutting (figs. 10 and 

14c). These large gullies and steep-sided channels are similar to 

the perpendicular-walled arroyos or ~hannels formed since about 1870 

along many drainages in the southwe~tern United States. The new channels 

display freshly cut scars, most ranging in depth from 1:5 to 2 m. 

Generally, the channels are discontinuous and,fortunately, they have 

not yet caused extensive damage to cultivated land. The channel 

downcutting would be more extensive if it were not for low stream 

gradients which tend to retard and localize the process. At places 

near Niamey, gullies and well-developed vertical-walled channels are 

present along the sides of the Niger River valley. In this vicinity 

the channels have been readily incised in loose sandy alluvial 

deposits. 

Many areas of badlands, scored by severe gully erosion, border 

the White Volta, the Baoule River, other rivers in southern Mali and 

Upper Volta, and are present at places near the Niger River in Niger. 

Groups of headward-cutting gullies are advancing into terraces and 

slopes formed principally of the easily erodible yellowish-buff 

alluvium and its equivalents. In places the terraces have been 

nearly obliterated by the gullying. At most places severe sheet 

erosion accompanies the gullying. 

The areas of accelerated erosion are large enough to be easily 

identified on black-and-white ERTS prints or 'on false-color composites 
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(figs. S-IA and S-2C). The color composites enhance the contrast 

between the severely and slightly eroded area~ thereby facilitating 

their mapping. From on-site inspection, the vriters observed that 

the lightest areas on the images, appearing as "bright" areas within 

alluvium, indicate severe erosional activity. The bright areas 

appear generally as spots or blotches, or, as along the eroded edges 

of terraces, they combine in a somewhat elongate or linear pattern. 
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Annual flood of the Niger Eiver 

The Niger River, the lifeline of Mali, Niger, and much of 

Nigeria, heads in the highlands of Guinea and the Ivory Coast. Its 

flow is sustained by precipitation which occurs only during the rain~ 

high-sun months (May to October). The river flows through a wide 

plain stretching from Mopti to the Detroit Soudanais (Sudanese Narrows) 

near Gao. This plain of low relief is laced with waterways and 

is referred to as the Inland Delta of the Niger. The Miger River 

within the Inland Delta includes a main channel and many anastomosing 

distributary channels (fig. S-6A), some of which carry water only 

during high flows. Near Tombouctou several distributary Or over-

flow channels extend northward and terminate in a maze of active 

sand dunes along the southern margin of the Sahara (fig. S-6B). 

Throughout the centuries ~he shifting of flow flood waters in these distr~bu

taries has controlled human habitation and land use in the Inland 

Delta. 

The flow of the Niger River is sustained during the long'dry 

season (10 months at Tombouctou) by the precipitation that fell during 

the previous rainy season. Part of this precipitation does not 

run off immediately and is not evaporated, but directly infiltrates 

the land surface to recharge the ground-water reservoir. Other 

important recharge to the ground-water reservoir occurs during the 

annual flood when large areas are inundated by the Niger for weeks 

at a time. Slow drainage from the ground-water reservoir helps 

maintain the river's flow during the dry season. The time of 
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minimum flow of the river is in April at Bamako and in June at 

Niamey. During 1954-72 the mean annual discharge ranged from a high 

of 2,063 cubic metres per second (cms) in 1969 to a lO~T of 1,083 cms 

~n 1972 (table 4). Beginning in 197~the mean annual flow of the 

river has been consistently less than that of other years of record, 

a manifestation of the major drought cycle that has affected much 

of Sub-Saharan Africa for the past 5 years. 

The Niger River has a large annual flood which moves slowly 

downstream taking several months to travel from Bamako to Gao, an 

airline distance of about 1,300 km. The crest of the 1972-73 

annual flood in response to the 1972 rainy season passed Bamako in 

September, Mopti in October, Tombouctou at the end of November and 

beginning of December, and Gao near the end of December 1972 (data 

from RAF/71-1283, Flood and Drought Forecasting and Warning System 

in the Niger River Basin, W.M.O., Bamako, Mali). The progress of 

the flood crest is especially slow through the Inland Delta where 

the flood waters spread across an area about 100 km wide. 

Many investigators familiar with the Niger River have suggested 

that its annual flood could be monitored by the use of the ERTS space 

imagery. Figure S-6A was prepared to prove the feasibility of 

monitoring an~ mapping the annual flood by the use of the imagery. 

This frame of part of the Inland Delta near Tombouctou shows the 

extent of the flood as it appeared October 12, 1972, a few weeks 

before the flood had reached its maximum stage or extent in this 

area. 
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Table 4.--Mean annual discharge at two gaging stations in the 
Niger River system, southern Mali 

(Data from RAF/71-1283, Flood and Drought Forecasting and Warning System in the 
Niger River Basin, World Meteorological Organizatio~ Bamako, Mali) 

Mean Annual Discharge, Mean Annual Discharge, 
(cubic metres Eer second) (cubic metres Eer second) 

Year Niger River Bani River Year Niger River Bani RiVer 
at at at at 

Bamako MOEti Bamako Moi2ti 

1972 1,083 694 1962 1,832 1,617 

1971 1,261 1,196 1961 1,275 1,194 

Vl 
1970 1,157 1,139 1960 1,657 1,250 

0\ 

1969 2,063 1,620 1959 1,539 1,284 

1968 1,459 1,173 1958 1,502 1,483 

1967 1,912 1,333 1957 1,978 1,427 

1966 1,438 1,472 1956 1,365 1,264 

1965 1,502 1,316 1955 1,981 1,693 

1964 1,566 1,622 1954 1,969 1,636 

1963 1,559 1,328 
I 



Ground water development in fractured rocks 

Many consolidated rock terrains in the LGA region are criss

crossed by extensive networks of linear features that can be mapped 

from aerial photographs as well as from ERTS imagery (fig. S-IB). 

These features may indicate that the rocks are fractured intensively 

in places, such as at the intersections of the main linear features. 

In such places the consolidated rocks may have a sufficient secondary 

permability to contain dependable supplies of ground water which could 

be tapped by drilled wells. 

In the area shown on figure S-l at Bamako and vicinity, the con

solidated rocks are composed mainly of tightly cemented sandstone 

referred to by Archambault (1960) as the Gr~s Ordovicien (table 1). 

These rocks lie nearly horizontal or dip gently to the north. and north

east. Some of the sandstone members contain a few rounded quartz 

pebbles and, at one exposure about 48 km north of Bamako on the road 

leading to Didieni, the sandstone contains some coarse pebble conglom

erate. At Bamako part of the sandstone shows some ripple marks and 

well-formed, generally medium-scale, current-bedding dipping to the 

east and northeast, indicating that the sandstone was laid down in 

generally eastward-flowing streams. At Koulikoro, a sandstone member 

also with east-dipping current beds and probably the same unit as the 

one at Bamako, is exposed at the base of a high bluff. Above this 

sandstone member is another sandstone that shows large-scale, high

angle crossbedding dipping westward. This 
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crossbedding. and the generally uniform fine to medium grain size 

suggest deposition by winds blowing generally from the east. 

Yields of wells penetrating the relatively unfractured parts 

of the Gr~s Ordovicien probably would be small at best and sufficient 

only for supplying stock and small villages; but the yields of wells 

drilled into the fractured zones of the sandstone would be considerable 

and perhaps could supply comparatively large communities with water. 

Evidence that fractures locally influence the occurrence and movement 

of ground water is demonstrated in two ravines at Bamako. Ground 

water discharging from fractures in the sandstone sustains springs 

in Ledo ravine, and as recently as 20 years ago, sustained a small 

flow in the shallow ravine near the Bamako Zoo (Abdoulaye Sow, 

botanist, oral commum., i974). 

Storage and movement of ground water is clearly indicated along 

the large linears in the Baoule River area northwest of Bamako 

(northwestern part of fig. S-lB). This area was inspected by the 

writers on May 2 , 1974, near the end of the 1973-74 dry season from 

a light plane flying less than 200 m above land surface. The specific 

trace of some of the linear features is observed to extend for more 

than 30 km~ Differential erosion of the fractured rocks along the 

linears have carved small narrow somewhat wedge-shaped canyons along 

the edges of buttes and ridges. At other places having gentle 

topography, many of the linears support a denser growth of vegetation 

than do the relatively unfractured rocks away from the linears 

(fig. 15). Patches of verdant vegetation were observed at 
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Figure l5 .--Low- altitude oblique aerial photograph showing 
fractures, indicated by arrows, in the Gres 
Ordovicien (Ordivician sandstone) near the 
Baoule River northwest of Bamako, Mali . 
Photograph taken from a light aircraft on 
May 2, 1974, near the end of the 1973- 74 dry 
season . Dense vegetation in niche carved in 
large fracture suggests presence of permanent 
ground water at shallow depth. 
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intersections of the large linear features. Inspection from the air 

disclosed that the channel of the Baoule River above its confluence 

with the Bakoye River in the area of Parc National de La Boucle de 

Baoulg contains large pools of water and short reaches of seemingly 

perennial flow downstream of the points where the river crosses large 

linear features; the other reaches of the river were dry at the time 

of observation. As far as could be ascertained from air recon

naissance, the water in the river's channel is maintained by the 

discharge of ground vater from the fractured rocks along linear 

sutures. 

ERTS images are especially promising for mapping the main linear 

features (fig. S-IB). In areas of high relief, where differential 

erosion of the rocks is great, the linear pattern is easily discerned, 

but in other areas, such as plains underlain by laterite, lineation 

is much fainter. The linear network provides a key to fracture 

trends, giving insight into paths for water movement in the con

solidated rocks. Thus, the lineations may point to favorable places 

for developing ground-water supplies in the consolidated rocks. Most 

favorable places would be in the fractured zones represented by the 

large lineations, and especially at points of intersecting lineations. 

60 



EVALUATION AND UTILIZATION OF ERTS IMAGERY 

ERTS imagery provides a valuable source o~ in~ormation required 

for solving important resource problems in the developing countries 

in semi-arid and arid regions. It provides a view that is unique 

in its comprehensiveness and its repeatabili~y and provides a quick, 

convenient, and inexpensive means o~ examining the earth's sur~ace 

that otherwise is not available to investigators and planners in the 

Sahelian countries. In essence, the imagery extends the vision of 

the investigator or planner by ~urnishing him a synoptic picture 

o~ the terrain, drainage network, vegetation, and geohydrology of 

a particular region. With this general ~ramework o~ in~ormation, 

the investigator may then choose, i~ warranted, more detailed 

methods of examination. Proper interpretation of the imagery depend~ 

in considerable measure, upon adequate on-site verification and 

upon the knowledge of the investigator and his experience in dealing 

with environmental problems. An important attribute of the imagery 

is its simplicity--interpretation o~ the imagery does not require 

sophisticated photogrammetric equipment or specially trained photo-

interpreters. 

As with any remote-sensing technique, the use of ERTS imagery 

is subject to certain limitations imposed by environmental conditions. 

Those most commonly encountered conditions in West Africa that impose 

such limitations are: 
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(1) The general eveness of the West African landscape with 

lack of sharp tonal contrast limits the usefulness of 

space imagery for mapping detail, even with excellent 

ground control. 

(2) The imagery provides a view only of the land surface; 

thus, surficial features such as the widespread laterite 

duricrust or dune sand mantles may conceal underlying 

rocks and' obscure many geohydrologic details. 

(3) Activities of man such as clearing, overgrazing, bush 

bUrning, cultivation of fields, and construction near 

villages may obscure natural vegetative and geohydrologic 

boundaries. 

(4) In West Africa, earth-observation studies are hampered 

to ,some extent by widespread atmospheric haze that is 

present during much of the dry season. During the rainy 

season cloud cover poses an additional problem. 

In spite of the foregoing limitations, the imagery can be usefully 

applied (1) to provide a general overview of a region, or t~ n~ 

used as base maps in regions where few or no good ground surveys 

exist; (2) to provide a method for surveying, cataloging, and mapping 

earth-resource information; (3) to provide a basis for repetitive 

inventorying and monitoring transient environmental changes on the 

earth's surface; and (4) to aid in solving special problems of 

disease vector control or human activity. 
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The ERTS images give an excellent visual impression or the 

landscape, including cultural and environmental reatures. The images 

can be grouped into mosaics to provide broad regional or national 

coverage. Such image maps can be errectively used as base maps 

showing the major drainage systems and reservoirs and the location 

and areal distribution or other natural and cultural reatures. 

ERTS images give excellent synoptic views or raults, rractures, 

and other linear geologic reatur~s,and or the varying lithologies 

or older consolidated sedimentary and basement rocks, where these 

are exposed. Owing to the concealment or these rocks in much or 

the LGA region and to the general low relier,the ERTS images are 

more generally applicable to mapping or younger surricial deposits. 

Accompanied by on-site investigation, the ERTS images rorm an 

excellent means ror preparation or small-scale maps showing rlood 

plains, dunes, alluvial deposits, laterite duricrust, and 

accelerated sheet and gully erosion. Areas or arable land can also 

be determined because or the association or such areas with certain 

alluvial depesits. In some or the LGA countries, such as parts or 

Niger, where accurate and complete geologic maps are available, 

relatively little new inrormation concerning rock distribution or 

composition will probably be obtained rrom the imagery. Nevertheless, 

in most places regardless or previous geologic map coverage, the 

ERTS imagery can contribute importantly to the enhancement or 

knowledge of the details of geologic reatures previously identified 

by conventional methods. When identified in the imagery these 
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features can be distinguished to provide additional insight into 

the broad geologic configuration of the region. 

ERTS imagery can be used directly and indirectly to examine 

hydrologic features of the Sahel. Streams, lakes, and reservoirs 

are examples of directly observed features. Other features are 

largely inferred from the vegetation or geology.. Some hydrologic 

features that may be identified indirectly include: presumed 

permeable zones along the main linear structural features and at 

the points of intersection of these features; areas of shallOif ground 

water in flood plains and in "dallols" (fossil valleys, fig. 16); sites 

suitable for surface-water storage or for catchments. 

Many transient environmental features showing seasonal change 

can be observed by repetitive ERTS imagery. These features are 

principally vegetative but may have hydrologic implications. 

Seasonal change in foliation of vegetation is a commonly observed 

phenomenon on ERTS imagery. Seasonal differences are especially 

marked in regions of strongly fluctuating rainfall and temperature 

regimes. Measurement of the success of regional cropping during 

the early part of the rainy season is probably one of the most 

important contributions that ERTS might make. 

Transient hydrologic phenomena such as the stages of rivers 

in floods or at low flow, intermittent streams, fluctuating lake 

levels, reservoirs, or 'small ponds can all be mapped and their 

general stages monitored by repetitive imagery. The annual floods 

of the Niger, Senegal, and Volta Rivers and their larger tributaries 
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should be rather easy to follow as the floods progress slowly 

downstream. Within the Inland Delta of the Niger River, knowledge 

of the area inundated by flood water would be important information 

upon which to base yield estimates for crops to be produced by 

flood-retreat farming. 

Repetitive imagery may help locate shallow ground-water bodies 

that would provide water supply during part of the dry season. 

Patches of lush vegetation often indicate areas of shallow groUnd 

water, particularly along .intermittent streams and in small alluviated 

valleys, where ground water is discharged. All dark spots or areas 

shown on bands 6 and 7 of ERTS imagery are worthy of investigation 

to determine if they represent "damp" areas, where the water table 

is near the land surface,or ephemeral lakes or ponds that may not 

be related to the presence or discharge of ground water. 

ERTS imagery may contribute information to assist in disease 

vector control programs such as the tse-tse fly and river-blindness 

control programs. 

" 

.. - ~'-: . -. .,'. 



Laterite 
duricrust 

r ' 

1-1 ~~------- Arable land -----~-';O,."'11 

Terrace formed from 
e'luivalent of ye llow
iSh-buff alluvium 
dissected by gullies 

Present stream 
channel of 
Dallal Bosso 

Laterite 
duricrust 

Continental 
T~rminal 

Low terrace formed 
from alluvium of 
Dallal Bosso 

Birni 
Ngabure 

Continental 
':rerminal 

Figure 16--Diagramatic cross section of Dallol Bosso near Niamey. Length of 
section is about 7 kill. Width of alluvium of Dallol Bosso is about 5 km. 
Section shows about 100 m of vertical relief. Becaus'e of almost complete 
cultivation, the floor of the Dallal BOSS9 near Birni-Ngabure supports only 
scattered treeS that have been preserved in the clearing process. Prominent 
among these trees are the dum palm and the baobab tree. The uplands, only 
sparsely cultivated because of laterite duricrust, support an open forest 
of varying composition depending upon soils and history of burning and 
clearing. 



ERTS IMAGERY WITH EXPLANATIONS 

The following section presents analyses of six ERTS frames 

(fig. 17). The analyses were originally ma~e on false-color composites 

of MBa bands 4, 5 and 7 prepared at the EROS Sioux Palls Data Center. 

Copies of these frames and related data are included. 
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Figure S-l.--False-colo~ composite of MSS bands 4, 5; and 7 
of ERTS frame 1117-10232 of the regio,,: ne_"::".J?amako, Mali, 
November 17, 1972 (Prepared by the ~OS Sioux Falls Data 
Cente~). This gives an excellent panorama.of the geohydro
logic setting, the drainage network, including the Niger 
River valley and adjoining ridges' arid buttes, the vegetation, 
and many features of the small valleys and alluvial flats. 

Explanation for OverlSlf S-lA 

This overlay shows the general distribution of laterite, alluvium, 

and areas of accelerated e~osion (see arrows and also figure 8-2), and 

illustrates how the imagery can aid the tse-tse fly control program. 

Alluvial deposits (the gray alluvium and equivalents of the 

yellowish-buff alluvium) constitute the light areas of the ERTS frame. 

In well-drained valleys, the gray alluvium occupies narrow floodplains 

and appears as a ~eddish-brown band of vegetation. The lightest areas 

are those alluvial areas undergoing accelerated erosion. The laterite-

capped buttes and ridges and the indurated O~divician sandstone (Gres 

Ordivicien) which form these features appea~ dark. Laterite, partly 

cove~ed by thin alluvial deposits on slopes and in areas Of low relief, 

~s of intermediate tone. The irregular dark areas, showing little 

relation to the topography, are burned areas. 

Tse-tse flies require shade during the warm part of the day and 

seem to prefer large clumps of trees or continuous forest ~athe~ than 

individual trees. Toward the northern edge of the fly's ~ange, dense 

groves of t~ees large enough to support tse-tse populations occur only 

in special habitats. In the Bamako area, one such habitat where the 
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dense groves occur is along the ~lanks of laterite-capped mesas. Here 

one might expect isolated pockets of the tse-tse fly. Toward the lower 

left corner of the image, in an area where rainfall probably reaches a 

maximum for the area of the frame, some of the buttes attain altitudes 

of more than 650 m. Hillslope forests, developed "in response to the 

greater rainfall of these elevated lands, are possible habitats o~ the 

tse-tse fly and appear as thin red patches fringing the elevated laterite 

capped summit areas (see arrows). ,In the vicinity of Bamako and north

ward, where altitudes are 250 to 300 m lower, the hillslope forests 

are not developed. 

Explanation for Overlay S-IB 

One of the principal contributions of ERrS imagery is in the mapping 

of linear structural features. This overlay shows the linear features 

that may affect the movement and storage of ground water in the sedi

mentary rocks near Bamako. The linears are indicated to a large extent 

by Valleys, drainage lines, and ridges that show trends as straight or 

slightly curved lines. 

- - - Major linear structural features 

--- Minor linear structural features 

Points at which the major linear structures intersect seem to be 

the most promising for obtaining adequate ground-water supplies from 

deep drilled wells. 
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Figure S-l-- False-color composite.·of MSS bands 4, 5, and 7 of ERTS frame 1117-
10232 of the region near Bamako, Mali, November 17, 1972 (Prepared by the EROS 
Sioux Falls Data Center). This gives an excellent panorama of the geohyro1ogic 
setting, the drainage networl<, including the Niger River valley and adjoining 
ridges and huttes, the vegetation, and many features of the small valleys and 
alluvial flats. 
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Figure S_2. __ False-color composite of MSS bands 4, 5, and 
7 of ERTS frame 1095-10000 near Ouagadougou, Upper Volta, October 28. 
1972. This image was used to map lakes-, reservoirs, laterite, 
alluvium, and areas' of accelerated erosion. . 

Explanation for Overlay S-2A 

In the southern part of frame 1095-10000. several lakes or 

reservoirs, are visible. These appear blue, if muddy; and dark purple, 

if clear. Several lakes shown on a map of the area (AMS map 1501XND3015; 

ground-checked during 1959-1964; scale 1:250,000) are not visible on 

the ERTS image. They presumably Were dry or abandoned at the time 

of the satellite overpass •. other lakes seen on the image but absent from 

the. map are presumably new or were missed at the time ground-checking 

for the map was done~ To be visible on ERTS images a lake must be more 

than about 250 m in diameter. Some of the lakes are ringed by white, 

indicating that .grazing and erosion are probably severe near the lake. 

The large lake near Ouagadougou lacks this white ring because of the 

dense vegetation that grows along its shore. 

Spillways for lakes such as those seen on this image may be breeding 

sites for the fly, Simulium damnosum, which carries river-blindness 

disease (Tomiche, 1974). Because these bodies of water are often temporary 

and because new stock ponds. are constantly being constructed, as for 

example, in a Peace Corps program in Upper Volta, ERTS imagery could 

serve as a means' for locating these sites, which are potential'-loci for 

river blindness. 
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The tonal contrast between the laterite and alluvium is excellent 

in the northwestern two-thirds of the frame where there is moderate 

relief. I 
In the area of low relief in the southeastern part of the 

frame near Ouagadougou, the contrast is poor, making differentiation 

between the areas underlain by laterite or alluvium difficult to dis-

cern with either the black-and-white images or with the 

false-color composite. A false-color photographic image would 

probably show more detail for mapping purposes, although accurate 

mapping of the laterite-alluvial contact in areas of low relief may 

be beyond the limit of ERTS capabilities because of the slight ~onal 

differences in soil-surface color occurring there. 

The laterite appears dark on the false-color composite 

or on the black-and-white bands, of which MSS band 7 is the most useful in 

distinguishing the laterite from the alluvium. The areas underlain 

show in different light tones, depending upon the amount of vegetation, 

the degree to which the vegetation is foliated at the time of the 

overpass, the amount of accelerated erosion, and the distribution of 

uhe different alluvial deposits. The gray alluvium appears slightly 

lighter than the other alluvial deposits, but not as light where it or 

the other dep?sits are subjected to accelerated erosion. 

J 
I 

I 



Several recently burned areas are visible as dark splotches on 

the image. These may be distinguished from clear lakes because the 

burned areas appear less blue. Also, burned areas are not confined 

to low positions in the terrain (see also figure 5-3). 

The area underlain by the gray alluvium represents the only 

available arable land on this image. In much of the area. however, the 

gray alluvium is too thin for extensive cultivation (table 3), partly 

as a result of accelerated erosion. The general distribution of the 

gray alluvium and of the arable land can be coarsely outlined from 

this image. In valleys where the gray alluvium underlies a narrow 

flood plain along the main streams and is subjacent to terraces formed 

from the yellowish-buff alluvium, the flood plain may support relatively 

lush veg.etation that appears dark on MSS band 5 and reddish brown on the 

false-color composite. In the alluvial flats and in 

valleys lll,cking terraces, the gray alluvium extends nearly across the 

alluviated area. 

I 
J 
I 
1 



Explanation for Overlay S-2B 

Overlay S-2B shows the preliminary results of mapping of the 

laterite and alluvial deposits in a moderately to slightly dissected 

region in the east-central part of frame 1095-10000. 

Area underlain chiefly by laterite duricrust generally more 
than 2 m thick on summits of low narrow mesas and ridges and 
on their slopes. Most mesas and,ridges are too small for the 
laterite on their summits to be separated from that on 
th ai:r slopes. 

D
Area underlain chiefly by the brown, yellowish-buff, and gray 

alluviums. Includes small outcrops of laterite too small 
to show separately. 

Area consisting of gentle slopes underlain by laterite duricrust 
and alluvial flats and valleys underlain by the brown, yellowish
buff, and gray alluviums. Locally alluvial deposits may exceed . ... . 
25 percent of the total area. The .outcrops of laterite and alluvia 
'are ·,t-oo--smaTI or too uregular to ~ snow" se,parately at-the- scale. 

Gentle plain near Ouagadougou underlain by laterite duricrust 
and thin alluvium consisting of the brown, yellowish-buff, and 
gray alluviums. Although the gray alluvium may cover more than 
50 percent of the area the deposit is thin, in places less 
than 20 em thick. 



Explanation for Overlay S-2C 

Areas of accelerated erosion can be recognized easily on the 

ERTS black-and-white-images or ·false-color composites. 

Dots represent areas undergoing severe sheet .erosion as 
r~-------n indicated by the imagery.- Includes small areas of headward 
l:.:::-',.' .. : .... /\ gullying along terraces of the iarger streams"and areas' of 
[ ." .' '. scattered, severely sheet-eroded alluvium overlying laterite 

that are too small to be shown at this scale. 

Area of extensive headward gullying along channels and along 
terraces formed frOULy~e yel~oy'isp~bnff alluvium. 

---.~.-~-

On this image areas of acce~erated eroSion nave the greatest 

reflectance and appear' as light spots, whit~ ',splot'ch~s, or as features 

that are irregular, somewhat elongated, or linear. The linear or 

elongate features represent. severe sheet and gully erosion along terraces 

whereas the other forms principally indicate areas of severe sheet , 

erosion. The width, depth, or the distribution of the gullies can not 

be determined from the ERTS imagery. Information of this kind has to be 

obtained from on-?ite inspection or from small-scale ar~al photographs. 

\ 
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rir.urc S-2-- False-color composite of MSS bands 4 , 5 , and 7 of ERTS frame 1095 -
10000 Ilf'ar Ouaeadoueou, Upper Volta, October 28, 1972_ This imace was u scr! to 

mnp lakps , reservoirs . laterite , alluvium, and areas of accelerated erosion . 
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Figure S-3.-- False-color composite of MSS bands 4, 5, 
and 7 of ERTS frame 1262-10290, April 11, 1973, 
llB.oul~River country northwest of &.mako, Mali. 
shows burned areas and distribution of villages. 

Explanation for Figure 6-3 

in the 
The frame 

Villages are easily located on ERTS image no. 1262-10290 which 

shows the region near Nioro du Sahel and S~fe~ Mali. The villages 

occur within light areas on the image. The light areas result from 

removal of much of the vegetation by farming and grazing, producing 

denuded areas that reflect light heavily throughout all spectral 

bands to which ERTS is sensitive. Some trails also appear as light-

colored strips, presumably because of thinning out of the vegetation 

along them . To verify that the pattern of light spots seen on the 

image is produced by villages, a map of all villages within the area 

of this image was drawn from Army Map Service map 130XND29 (scale 

1:1,000,000). When placed over the ERTS image, the close correspondence 

between mapped villages and light areas is evident, although several 

villages not shown on the map are to be seen on the image. Conversely, 

several villages noted on the map appear abandoned, judging from their 

appearance on the image. 

Several large dark areas appear on this image. Some of these 

dark spots did not appear on August 1973 image no. 1028-10274 (not 

shown). Al~hough we did not visit these dark areas, they are 
< 

probably caused by bush tire.. In co~r1ng the April 11, 1973 image 

for April- 29, 1973 (not shown), it was noted that additional dark spots 

appear in the latter view. These spots are presumably the result of 



new fires which burned during the l8-day period between the two 

satellite overpasses. 

In the event that attempts are made to limit bushburning or to 

limit it to a given season, ERTS imagery could be used to establish 

such a program and monitor the frequency of fires. In some regions 

to the north of the area seen in this frame, bushburning is forbidden 

by law. Here, the satellite imagery could be used to administer a 

fire suppression policy . 

The Baoule River is barely visible on this image. A visit to 

the area by air revealed the reason. This, and many other streams 

of the area, lack the .fringing forest that is typical of watercourses 

in the Sahara and other deserts of the world. Instead of a concentration 

of plants peculiar to stream courses, the streamcourses of this region support 

vegetation that is little different from the vegetation of the surround-

ing area. As a consequence, the streams are not accentuated on ERTS 

images and a.re difficult to see. The absence of a concentration of unusual 

plant rypes along wacercourses is typicaI _of many Savanna streams and 

may be the result of burning (Grove, 1973). 
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Fir,url' 5-3-- False-color composite of MSS hands 4 , 5, and 7 of ERrs Frame 1262 -
102'JO, April 11 , 1973, in Lhe /laoul ! River countr y northwest of Bama\(o , ~\nli. 
Thf' frm"f' shows hurne'\ areas and distribut i on of vil1aces . 



Figure 8-4.--False-colorcomposite of MSS bands 4, 5, 

'I , , 
I I 
\ \ 
~ , , 

and 7 of ERT8 frame 1111-09483, November 11, 1972, near 
Tillabery, Niger, showing arable alluvium along the Niger 
River, the principal dune deposits,and small dark areas 
(A) and drainage that may indicate sources of shallow 
ground-water supplies. 

Explanation for Figure 8-4 

Small dark areas showing on MS8 bands 5, 6, or 7 indicate 
vegetation and possibly damp areas that may indicate 
shallow ground water. Frames 111-09483 (November II, 1972) 
and 1271-09484 (May 10, 1973 which is not shown) were also 
utilized in order to compare conditions at the beginning 
and near the end of the 1972-73 dry season. Some of the 
damp areas, if present, may contain water too salty for 
human or stock USe because most potable.- shallow-~round
water sources probably would already have been developed 
by local inhabitants (John Buursink, oral commun., 1974). 
A cursory inspection from a commercial jetliner revealed 
that some of the dark areas appear to be depressions-
lined or underlain by dark gray clayey deposits--which 
probably act as tanks holding water temp~rarily. A few of 
the dark areas contain ponds as of November 11, 1974 and 
are so noted on the figure. 

Major drainageways that show as dark strips on MSS bands 
~ 5, 6, or 7 of frames 1111-09483 and 1271-09484. The dark , 

strips indicate mainly riparian vegetation whose growth 
is dependent upon ephemeral streamflow and bank and channel 
storage. At places shallow ground-water supplies might be 
developed along these drainages. 

Channel and flood-plain alluvium undifferentiated along the 
.!) Niger River. If developed intensively, farm products 

tf grown on these deposits would help in alleviating food 
l;i shortages that occur from time to time in Mali and Niger. 

~ Braided channel of the Niger River. 

Area of extensive 
sand stripes). 
is not known. 

eolian deposits (including deposits forming 
Includes some alluvial deposits. Thickness 

n Area of alluvium, laterite, and consolidated 
not ?verlain by :xtensive eolian deposits. 

- Cont1nental Term1nal valley fill deposits. 

rocks generally 
Includes the 
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Figure S-4-- False-col or composite of MSS bands 4 , 5 , and 7 of ERTS frame 1111-
091,83 , November 11 , 1972 , near Tillabery , Niger, showi ng arable alluvium along 
the Niger River , the main dune deposits , and smal l dar k areas (A) and drainage 
Lhat may indicate sources of shallow ground - water suppli e s . 
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Figure s-5. --Part of ERTS frame 1118-09424, MSS band 5, showing 
alluvial deposits of the Dallal Bosso and the Niger River 
near Niamey, Niger. 

Some of the most interesting features of the northern 

Savanna and southern Sahara, readily identified and mapped 

from the ERTS imagery, are the dallols, which represent 

ancient and now largely disused drainage systems developed 

during more humid climatic conditions of the Pleistocene 

epoch. The dallols are well-known physiographic features; 

they are shown on the geologic map of Niger (Greigert and 

Pougnet, 1965) and on other maps. The Earth Resources 

Technology Satellites (ERTS) provide a convenient method 

to quickly obtain information concerning the size, distri-

bution, and, perhaps, the vegetation and soil cover of 

dallols. Only Dallol Bosso, an ancient valley east of 

Niamey, was inspected during the present investigation 

(fig . 16). There the alluvium is extensively hand -culti-

vated and grazed. The presence of dug wells indicates ·-------

that considerable ground water occurs at a shallow depth 

along the floor of the dallol, although the amount of water 

in storage and its chemical quality is not known. Compre-

hensive investigation, including some test drilling , would 

determine the extent to which the dallols can be developed 

for agriculture. 



Explanation for Overlay Figure 8-5 

Alluvial deposits of Dallol Bosso drainage system. The dallols 
of West Africa drained generally southward toward the Niger 
River or interior lowlands during Late Pleistocene time. 

~.,:;;.:;;:.:: Channel and flood-plain alluvium undifferentiated along the 
Niger River. 

;>c::::><:::: Braided channel of the Niger River. 
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Figure S- 5--Part of ERTS frame 1118-09424, MSS band 5, showing alluvial 

deposits of the Dallal Bosso and the Niger River near Niamey, Niger. 
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Figure S-6.--False-color composite from MSS bands 4, 5, and 7 of 
ERTS frame 1079-10102, October 10, 1972, showing part of 
the Inland Delta of the Niger River near Tombouctou. Mali. 
The image provides a spectacular view of the below normal 
1972-3 flood of the Niger River, lakes and ponds fed by 
overflow distributaries of the river, broad lowlands or 
depressions of the Inland Delta that are subject to inundation 
by normal or above normal floods, and extensive dune tracts 
composed of stabilized and active dunes. 

Explanation for Overlay S-6A 

An effective application of the ERTS imagery 1S the mapping of 

floods. As shown by this frame, the annual flood of the Niger River 

------- -----------
can be readily mapped using the ERTS imagery. Muddy nood waters 

indicated by blue are especially conspicuous on the false-color 

composite. The flood can also be seen on black-and-white images in 

MSS bands 5, 6, or 7. 

Extent of the annual flood of the Niger River on October 10, 
~ 1972, the date of the ERTS satellite overpass. The maximum 
~ width of the area inundated at the bottom of the frame is 

85 km. 

~ Small distributary channels of the Niger River recognized 
on the image • 

•

. ..... Main lowland areas of the Inland Delta subject to inundation 
i//.orX:::: when nood crest passes through the area. Outside contact 
.: ....... ::, .. :.: :. is indicated by a long dash (---- ). 

D APproximate area underlain mainly by unconsolidated surficial 
deposits of dune sand and alluvium of the Inland Delta. 

Approximate area underlain mainly by consolidated sedimentary 
rocks. 

L-__________________________________ ~~ __ ~_ 



---"" 
Highly generalized contact between the sedimentary rocks 

and the surficial deposits as determined only from the 
ERTS imagery. 

----I Direction of strike of folded sedimentary rocks . .,. 

~""-'\ 
'.. I " .... Area masked by clouds and shadows. 

Explanation for Overlay S-6B 

--,-- -- - - --- - -
Dunes and areas of other eolian deposits types are easily identified 

on ERTS images from either false-color composites or black-and-white / 

images, preferably of bands 5 or 7. When accompanied by on-site 

checking, sufficient detail of the dune formations could probably be 

determined from the imagery to aid in studies of southward Sahara 

enchroachment and desertification • 

.. ae::; Stabilized longitudinal dunes trending east to east-northeast 
~ ~I (solid line contact). A reddish brown soil is locally 

- ~ developed on these dunes. 

l\:~';::::~{::'Jiin areas of sand sheets 
';.::"::i!~ii;'::' contact) . Thickness is 

or sand stripes (dashed line 
not known. 

='7T""""" Modern longitudinal dunes trending approximately northeast 

, .. -. , 

(dashed line contact). 

~g, active shifting sand, lines of the dune crests trend 
approximately north-northwest (dashed line contact). 

:, 1 Area masked by clouds and shadows. 
'. ,., - " 
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fieure 5 - 6-- False - color composite from M5S bands 4 , 5 , and 7 of ERTS frame 
1079-10102, October 10, 1972, showing part of the Inland Delta of the Niger 
River near Tomboutou , Mal i. The image provides a spectacular view of the 
be10w nonnal 1972-3 flood of the Niger River , lakes and ponds fed by over
flow di ~ Lr1 but~ries of the river , broad lowlands or depr essions of the In
land Oelta LhaL are subject to inundation by nonnal or above nonnal floods , 
.1 n<l extensive dUlle t r acts composed o[ stabilized and active dunes . 
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