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An das Staatliche Hygienische Institut
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( Stempel )
( Unterschrift des Arztes)
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(Wohnort und Wohnung)

STAATLICHES HYGIENISCHES INSTITUT
Krakau, den 194

Der Rachenabstrich des / der Obengenannten ist positiv /negativ.
t"Unzutreffendes durchstreichen !)

( Dienstsiegel) '
( Unterschrift)
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0¢ herodctowegp ¢'Egipt iare® h’ilu” poprabz pojecia krzywej -nraj
Playfairs. do cykléw geog... .. te niby trzy bettposrednlo

m.bis nastepujac* etapy isysli geograficznej. Jesli pieypomnisey poriadt
ze w potowie ardgi miedzy Playfair-Davisem;przyszta do glosu teza ante=

(o} t te t iogia w budowie nadanej jej na
ile wiskéw przez E. de ““rgAhe, W. -1 ...
Sledzacg dziatanie wod ptynacych na fermy' i przeobrazenia krajobrazu.
jstetnle stulecie geografii ziozyit T |
N 0 .aa, ze frezy»tk.ia Xxp-

na czynSiki gegradacyjne ruorzsj laddh i pcsi,..trz., [
c ssiki tektoniczne schodzg wobec niej na plan 'ux-'orLs . . -x&psry<.u»z.t
1 o a ' - N 3 e-

, »yrdzajada rozmieezcfehi» poezozhgdl&yefc' pozio=

G . ]
e L. * »
>
t - . palia i Afryjka, na wielkich prz .utraeniach pozbawionych”®
ptynacych, Uie ycydujacym p. rzezbie l.-krajobrazie bytly jad»
r« '«ciy ynaea. . ) [}

wej .hipwografieznej. z kr»y<!
i ale aU”eruj® dyna=
a dynaatikA wyraza atrakcji*, jaka rzeka
gltewna wyciera ha obszarze dorzecza, ««Mai D
jak te.- na pferioAyesais a pcwierzchniowobhptr«ftjagc® j»6dy I tRwalnych d"az-

og&rnla ryznbrodnyha.di . I .
.} I - .  bhz»row la.i' .wych »1» .

wyjatki, poznane.

¢Si (10
t ) nych gleftariow .morfologiosr.ych badz do d.zie=
: A
.t S, rzake na state i emeper?.0aycznze
sptywy we°d Swego ¢ oez.s”, k.t4j with, k&zt™ehcg dwie po»
r- I om SYE

Operat'.cyfrowy i6-"rifiezjiy irzywej
o latMw ?f=I»ki ,/pAcasd-w" [






b."

razié pewng norma rozrai&ozezenis i. uktadu sieci woanej, zaadaptowanej do

kierunku i .uksztatt < rzeki gtéwnej. Ta adaptacja u] Leci

modnej J6 kierunku r;e.xi ¢t-wnaj pospolita « przypadku Jj rzoki-giwws=;

nej, -czesto inbnogan~ty¢zhej7 ulega zaktdceniu na obszarze dorzeczy wigk»
o< : AN IR YA | . r Obh 2 .

L (0] , Lo ;-

doptywa, wystepujacych badz zbiorowo i regicnalnidy badZz wystepujacych.-

odcii.ki.iJL w pt<*nyoh g<8L A0 dzidotkinach acriitca».-.

k poszukiw&niu i rozpoznawaniu cech poszczegodlnych pakietow sie-
c. — I - c
cay -wspoi¢tosng siec z gtdwng arterig odptywowa. w-saaadzi& oapo«i¢dzial=
tig ¢a rozbudowe swej sieci. Takie pakiety sieci, zaadoptow&n® ao kierunku

*

- kazdym dprzsczu na ebszarsch .nie tknetyoh transgresjg «orska przez 06d=
pcwi&dki odcinak C3«.su ¢oolc”iosnego po z# siecig ”"oau.$J.nie
wspotczesng bgU- cate pakiety, .bauz «jocan.3.i sieci, od normy
s

pa oba elementy w sieci wspodiczenej sa podwdjnego .pacehadtenia,
a dostaty sie db niej albg droga kaptezu, bedgcego podatawgpolygeneay
rzeki gtéwnej, albo sg przezytkami poprz-.di-.ich fas rozwojowych Ao >
mogacych' Siega¢ w mysi teorii antecodencji rz-sk w przesztos¢ .bardzo nnxxxx.
zamio.r>Culg, btudite sieci wodnej w Kierunku wyréwnania wspotezsnej normy
sieci’ rzecznfj od norm odmiennych typu kaptazowego- lub przezytkowego,
o ile nas doprowadzi do rospoznanis sekwencji istniejgcychg » dorzeczu
typow npr®," winno da¢ podstawe do studiow i1 wnioskow paleo-geogreficznych.

Pwglad powyzszy na istotg sieci wodnej jej polygoénetyciha i earo-
Bol6gi¢kne zr.ariona nie jest ogj ota »6-wy., »ozaSefka wydatnie je«
go perspektywy historyczne* Poglad ten w ciggu ostatnich>dwoéch 1-t per=
‘eaas kilku wielomiesiecznych rekonwalescencji na podtozu madytani
lonyeh, produktéw wizji, Kilku szkolnych to*P m$eiennybhW.-ski i innych kra-
jow europejakich, jako tez czesci Swiata, * szvift.;;Clric-ci Afryki
wietezonych na $cianach pracowni mego zmie-r-zchu.,

, toz-

xAlaoy, o kto-pych mewa pochodzit? wytacznie ,z-mego instytutu Kartograficz=

nege, a znajac troakliae6¢ tego wjaraztatu pfaoy o poprawng ~“eneralizacje
: i,

pawnyi i;.jc 1wy« studiow nad palecgecgraficz.Ji/mi proble.;:&=
mi Afryki, isuufczyxsa-. § -xj b.Bpis razacy higd w pra-biegu poziomicy 10Q0m
nacb nad Srednim i g|fxym Zambozi. ?f nastepstwie t rzéni siéno ¢

«r.alize .»isci Afryki 1 r wizje aotychcz«.»o«ych rozwaza.-:.. rla mapy E”~rthoie-

liap> of Africa 1/10 . er. IT4- . .c&zczegoOlne tablice "Kegional Mit
I )V I






Ts-kio fiisur ir 2 nrzuxXety i I, 1t - | 1My
L HSBS T 4 o FRLTOT Ouiirn & Ot/P- kr 11 < 'weersty i tag ' spora
fexist'« *»ie-m* K +WS» 5, X AL %y — < £,
. . " sieei wodnej, zjs.ko, tez a norea&i ei
1 typ 6 sép c .. ,a T f
"'l fiisn. .« li ©ci wspolczesnej <« -°°A
. o0l ; i+ ' ret’

nie i w Kilke-tiesv vrs™N.Ach cr/asu beb osiggniecia wyniku p©dste=

vasiisj sieci takiege dorzeczg'. Cry

- v« < - o E®=
j#Sst s
zytkiem?
Jeden konkretny przypadek t€gotypu poznano w Afryce i bedzie
rutcce + g dla toj i dl© wielu innych, ni® peru=
ej typow norm sieci «»potesesi?ejt pbaitiiyeh pizezo-
mni®, oje ' styt > )Y “
teras sili¢ sie w systematyczng U.esyfikcje norm, al® stare?. losta*
tocznie a» przekonania» ze taka klasyfikacje wena il Wsp«»
c : i i . ! 1 »agi, ii 5
s.i&gnx-y¢&nt nohagikia ir.te.rd» 1 zmianie nauki-,
U syfik ejl ’
csta-.sprawe metody rezwsca¢ paleog”egrafieznye | o EEEEX
posterior» dea cNMitruj==~"tylik ~rfi skinie e»obie

dzins alnym niemal bez wyjatku wiaéciwyeh» a druga »tanowiac jej
odwrdeenie, miesci w »obie ju© teki»:iwkib,»,ek. paleeg

Mcrmg pierw»E.< ilustrujemy siecia ?sdu/Rys.l/< nzeka gtdwna -
i wszystkie jej doptywy, wpadajgce do niej, od i © S skrecaja ku | [
i « V» Kierunku, wiasciwym Padoirl wpadajg don pod dorsz mniejszy« ka=
tom. Ostatnia Adyga,- przyjmuje o ») I )

t, t®*

...tujo dolna 7-ists» w'dét Torunia, |
XkjBSfix /Rys.?:/ Rz&* gi®wna ptynie tu ns N, »falne jej doptywy, zwhn

, “nh# de niej od K wiec na S.

'Zjawiskb t . ..«graficzni* ¢aakdnio«» niep; zdobne, tléxaczy
kratki czas.' ktory.oddziela »srétcz&”~c€d .vis c- isiwjazeg© cd'o»tat= |
es. ithh.. rAtcr.i-.-sf F«c . I_,e e I>‘I” VVy_ VV] mapie Afry‘:.l
en
K1y
11 Wi . .o . ’ |
ay s

i , BarthO1©me« fl© parserrwai (© r Oiforit Advanced Atlas L






ebaz”iu Psiaki. Gdy

K&scgas Z&legai Gd&"feki j.r lad&eituy ptynety jo9g®
7\ H 1
cMNMla i r/p d fe
ktéra Lt.eU ku

pradoliny, wiek wielkiej
et,--1" trreal pr-?r amt s&?

[ W j idery, pioree di < ®t « tu S gg

-1 I f I eyeh P®de|«i tfij fasy
i"-"“br«su z wierzchowin ~eja2isrb5St Ba H.rrf, s
) ) n | | I.l - 1_;
d.werf battyckiego i bp*; P
swega . |
Ism: *ial ' 1 I 'si - =% d ' delMj
s F Ja ‘ ,
L ch . lader. dolnej
Padu inne tereny hydr«graflesne krajow curebe'
I ul y hydr«g Jow: ¢ jsk.ieh: a nawiasujac
A R - }ooiny < i bi ek
s [ < )
~rsK&nbtruewac¢ >wsere.g daleko idacych perspektyw 5ycl .
Rekonstrukcje ts obej»awytv wlejki eeb-.-rir nitdow i g.r 1i7>zioh @ dzlgs
miziny Arale-Kaapijakisge "¢y azpe atlantycki brze oy ligk X3t *
Migk s | Bis l,.-r & < .- 3 ¢ o L
. zator. lite-
ratutf.g. oparta na studiach tsror.e«y.}, ... 7 ) s
! urxZok©«e,-nie wydaty ni airf destM...;» o . 1 -
Niwa«iu t*ge rodzaju J*k pwwyzaee celem piarwsk ... ““Aapewna
JAK [ ' . 5 I®

wiedzie do prawdy. B gdy wMy.tkie «edyUetfn. dorfwiadlz.nia z terendéw
Jhywkw?i 2« eebg nie zwi™.
petigta PWd"e ;4«
~1y kontynent; a oeiggnigt. wyniki,’ t w jeszcze
ich . r-ciadta-. prisaatewic¢'jgko mate=
IX#X j e*3td*iediei’'dyskUbyjne'i
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»'ryk? j .bt 'rfci, 1: .0..- ¢ szczagolnaj probte-ci® budoue geolc :iez=
rzutacJ. poziotnyeh i pionjpitych. uesli usuniemy
2 rozr~zan ciwa jej bkxy.k-1} i nocny ciL V| C 3UZfIULK' iricosj.,
/m<fryce zupeinie obcej, juko tez rozlegtajazg dzieazing fleerodria, yrz#«»
cieta 1 o0.:r niezong od ziczoau tkanka poteznych ay&lofcacji picncwyene po=
2Gbtuj® pM: 1i cibrz zdenuue.s- .a h terej ciczrz rozréznié
trzy cziery, uregulowane od . ku,S

1/ t7 . ift. a Sudanem, ¢/ Kongo, 0/ '7zxadeix/i i'ryx a;pmontdrao.«..

cy te, t 1 urere emuj,
ccr*f bar.triej . -0 . coraz odftxi.CLri»j ku potudniowi tkniete
trsnsyr aj zrska. «uzna tu ogolnie :>e«iedzie¢ o Afryce
ownej lauey &:.-orupy Ilklczssj, peal
u s wiaazc¢aa jej jotudrioffn
ognite:
1® ryKi verv s o
-ma-" zjo; 0 odecyaosrtoyeh, odj-o.-<iadtialryc za «fiélkie twety &tru:
lucas nNnau; lej.iayei f ktorym rulezy ronho
szc .0 cech pochodzenia
ar
me ta.. .. ruchow ;;j. aiiijmy tie -..r ¢ ».txtriii oz enmh
ule pofepnlityzni i wsiirintra ie
m zag /.irisoresi nor-
-..end tycznVk tego ..''" a kluez ac rotwi».znr tyci
nis iisecl &lq ryce po.:udr.ioasjj, cz Li u>jilyzu r- atete
I m-u i "mzrorodnodeia wielkie dc>lir. ;rset©=
' O«dcii: ..: PsSZzI. Lifdipe , .r.il”e 1 Kpngo, nie liczac
Rl ir.- re>iTart - 01 c trzedé
bOZL i Lim™wpo a priori Pri | j—i&j tyle yo.ii&ds i®¢, ze Otw&nt® | di
nie a-Ggh ro:ji Wbiaéz 3, *0od Ge* aniezrsj, ii. rz 0 rn.;||e, 11 2
"\K w0 r 224jb>13ZiBJ ziars so-ly ocaar: i.czot » 'u..tt U.JIP> z"it;j bUct e
o - 172 > ie aom p.ojtiany et tego przy;uUb c.a'ij - o1 tez
r oty xLKicie' reze tuj s ¢ btkvrt c'is nylirzsze a przzet™zeni od
1.0 02i 0 ° jbardziej .nor.otemis. 1 -zez®1=
Jgs1l. X- : ret1r 0 O ji* >r.ov afry=
UEs vide gamxent ner > ni gcyeii curcncjopli tyer ?ro=






/0 tyc >t- »rhyek r ' m’-c « »trzezen, dotycza=

eycL sze™agotjow sieci wodnej Afryki potudniowej.-.
Afryce j»oi :dr,io.uij » "-©©r rons .© n ,..133 nyirogrificznym
sa boorpvdid, i £5 oddzielone ort »ibbi® osig pcxua. i'‘cwa niecki Kalahari,
wyznaczong na potnocy gornym Dbi. ,-ieee Zambalit ., i __cluariu okres$lona
Sie¢ worna sKrz-'dis naor..-a»,iego z przetos
i c-u= -

“jacxsrr rzéni i.olopo do Uranjs.
"axbezi i Lmpopo mjs ~tinncja, ze ns tyee cSrms «tvHc

t 23 &/8taray konsskrtercji sieci wemsj, najswiezszej konsekwencji'prz®=
Joboéw rzecknych i starej konsekwsmcji prl 1-, .. 1c-emj. w sieci wodnej

wula;*“Opc Sf;, dc. 2ywy w tym stopniu przystosowane dc przetomu raki rzeki gtow=
n®js ze YTy J aut zaleznosci od niecki salas

L&ri. «szystkift dojrywy Liapopo sa dosto&owar.e do kierunku spltywu rzeki

gtéwnej, ku ktursj wkoaza pod ggfpz zmniejszajgacy- sie ku dotowi- katem.

krvj’ixoi offcsc tej Konsekwencji jast tik doskonala, ze biac/rrasKa Lis-rac

C o A . o )
1 s6y i-c w por®*wnfenie 2 tak ty owymi sieciami 0 roryji o*r1 urul acyjnymi,
sie¢ .adu, Lang®su, czy Orinoco, j.»i jeanak oa rich zrecznie bogatsza

oz i-* -1 ci wpinaj' rzeki bave» basiviujacej 4 pétnocy z Liapopo, wi®=

azie po-rtism io m-liska, i® goérna czade. jej dorz ¢ - -
cz.s rawzita us wczesniejsze
1U31s ~¢licznej tukzZza do Limpopo, od ktdrej sie c&wobcdzl+a dotiero pcaczas

..... -y j.impogc, clbrzymiej -i beeeigy 6s-et-g—iFuTira:
0 poteznej miazszoscia iikurauluciji.

Rozwazanie najogodlniejsze tyck rtf¢r.crcir.ve.. -aktow i1 objawdow'erozji
1 Ks ob&zarzs dclmy 1 (H-rzaczt Liajpopo wiedzie do ogdlnego

wrzerd-h' - ipeco pri< istawi:» wsp.ol czesnym wirarunku. Afryki fio-

G stary, juz doja-Wy produkt 1 . ., cyklu = raficzns.go oitat=:

subgieny po:tuuniono-<frykaR&f-i&j.

Ten bi... odcinek mapy Lartholornewa /I/SAM”™A r.R ktéorym 1i> ; utro--I=

ro li.un™cje ;..yircgru‘iczny aisci wod dorzecza, do przelerau uimpopo deje

Obra? KXx/™X;siX?-XXSIE®sxixsiagixXi8«gxderxKgssSXX®XXXXXX>»X.«XIITX-T-3:»a.mxXXX X >
XXXX

At « sieci Lainbezi — iyigcznie ~mk®x jego skrzydt jr3fjgo.

Ale juz ten kRaxuboty gy i . zi i. 1 ;7’rujd .liczne zntn.iona bezsilnosci
erozyjnej . irrabezi w porownaniu ¢ i o c. Przyk-b/i rzuki .Uk \ L
oto ku.-Limpopo mimo dwukrotnie silnie s? iciku dc' . t.r.:bezi, jbk© tez
mizo lG-cipkrctnej erri i ©sci. wod .tej rzeki nad [jrpor. , swiadczy 0
"19§ przewadze »trakcyjnej rzeki Li-apopoT'u- r 1® 1O
c L
j dna stron* ujemnego obrazu dynaMKki Lsrabezi. Pocétczaa bcfiige do-
oo i-rui ' ¢re, -daptacju
-l zya: a arabez.i r ici .c tvj.kc dc krétkisgo od=
cinks dolnego, ktorego ostatnia -~ j',#t »achtarz wadd, drenuj&er sto-

7 ey ..ulisour., i wpadajacy z.i pcsi*.. Nic-twes rz-Kki duie pod lets do
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. 1 fe 4- V 9 | I 4 .. -
= "'! CWOr® iftn b82i 0trz i - jo.r-iwuj , -ara
oa Tete, . Jjei’ ody .im ;jacs juz s rZC cWiny  jiabury. wszystkie
wpadajace ao Zambezi g vy hulswayo-Cwele, wpadaja riekense™

kezi, ukj.SFCiJan . .
W ! pol 3ora? “R>., : kf tMIi, prostymi i nie
s2C2e..gQInosei Ujscie rzaKi . snyati z «;cyKv  li&bury
i ujscie Liansuri z Ho2y>'y cwele

iciii i i e G
Ociciiisk bis.g,g Stinbegi  od (Ufflffo © gore ao uivi gbt.one i
Kisi ku ., 1 Kii " i
skisi o»>ny ku ., 1 kil z dre®yffftmi prAiobccznywi skierowanymi. Jru pjy

o rzypomina w tym stopniu dclny bie-j ilati- .. w
preyp Y P Y ! Xi-ij kordonie ze juz
« tym punkcie rczwazbniM niekonsekwencji si™i
) . ) ) B B ) i A ) , tacznie
I ocjaWftrai nisuprw.nionsj nikrcsci. uynsmieznej r :;10ja
A L i o dc hipct&zy,
«fepotezesny bieg htebszi J98t zjawiskiem 1 styck...:.;,
orniSas c -odym, rn&cznie
POZni ve - .
;0 dojrzatych doptywd rfe obocznych o i
vy . jreaty PWOW P Y anysti.i 5h*ng*ni/
pcprzeazory’, j.k . biegu dolnej 'Tisty, - .
hezt Ki i : prxez odwmcony biag jmm®
ezt w kjamniku. ¢ ;< Cpte |
o ) ! v a-re; Lz nore Tete, Jest jednym z rajberMeie.
dziej niemowlecych krsj( brazu .Tryki potudniowej.
.71l iSsw=

T& hipoteza jkgJlaul& P®«® Pctwierdzsnie w charakterze

bocznych doptywow zgmbezl, przede wszystkim huangw?i ,k*fue. / or.rys./

Obie te rzeki gt j.oll"l;ns*rezra. Poligsnez* wystepuja b o
zezolnics i'-'ritz=
&i®ci rzeki Trzy j&j odcinki;gorny ««cij ar
it K | wod o cisrunku*
i-i-tywu ku sSW| i oA PP i ; :
wyroznia sie od odcinka kremie o, of:ire ... lu

« odbija wprost janj_rawia od odcisk* dolnej i fi.fue, . .
akiaroH anoj ku ..

torny odcinak j st najstai'»zy, dolny © Ttiele C’' ni~'c .. . . ,
pézniejszy, naji- ¢

° dopiero nsjrmcjfezy odcinek rn”rigzat przvr,la B
noise | afue -
irc.ga ..... t;szu - R R . .
przeto oczywiscie edcir.ki, sturs:v i raj,
kierowana k I . . _
skierowana ku aaiziujszegc biegu b&mbezi, Sg qci r iego znscz=
« swej peCEifthrwe i ti ., ku O

Z goérnym Zaabezi w punkcie gwaitownego skretu ifige Ciagu
w poblizu dzisi'. js>zag& ujscia otoku ujoke
*J'<r "1 istori« rozegrana sie « aolir.ie rzeki Luag®

. _ . 5 z ta tyl=
ko rczniza, e § IXZEGI £°t 4y  odcinku, ZKier<f,  k.s 7 % R
do&zii?t w hi-atcrii “~-aangwetao gioeu ssme .rhm - - 1 kaptfeiewy®,
~ y.obu s..r.g”"&.n.a i, sigagajacjtw dknym ™ on~

] ee———— - ~@ ' P®* Zumbe, powyzej ktoreg© to punktu ptynat*

U2ii&l b . . ‘
i i ambezi < zwacznie ° jpek wyzszym poziomie rzeka - urn=
., taczac bie w centralnej mMi | gishari @ ¢ is, inyW ju; waah=
ii=EE&m wod Kafue i gurn.thi* . ambezi.
. M * .
1*7 1 W . strugk glrne”© 2grab<;,. i - . - oA e
Heni srawicy ir nizu gore rirHrrr-s«™--s-s-i i. st*=
.0 . rc-sanego na o k ' ‘ .-v*j’ pO}udniOWG‘j osi Ksu

lah&.ri¢, - , B )
W U o'l cbig 2nxczri  \yjekszego svetemu wéda Do tego,
™St > U d tropikowych biz ralezy i shop 4 kwarcie, Cuita Ok&vango






Hb

titcr'za-cy nis obi>?.=rs.eh -WOYCj. . t jezioru O-cni potezno. delte "Ok mVzngo
waaip’”; tu r.dlczy taz Zzaliczy¢ system wéd O«ulo tonacy.» wyuyctfcjBCH
"Ltobhfe Pan”. Do tego systemu nalezy takze juz ns-dstl™ntycks. ¢unene, drenu=
jaca wyzyne”NetEi»b©«, POKi ni® ulftgta kaptazowi od atlantyckiej erozji
wstecznej. Jesli jem&k s<tlant/cki ksptftz Kunene tiuraczy d< stateczni® wy=
»m.chanie "Etosha pan®, to wysyc¢lrani© jeziora ¢.gami i1 sasi...nici ? al
"Ktoarikftri'' prz©»t«.je ;«.g.dkag, ktora aca&gu uie wyjslnisnife.

7 cyklu krajobrazowym, w ktorym od wyzyn atlantyckich tfU&boe/
na do wypikitrzen brzegowych rowu I&ngs.r);iika—rEtes 2+ » &F3yw>xy r.& przes-
trzeni prz-aszti© 2000 kin bogato zraszane wody tropikowa do jazie i ..gasi,
riiczsj do blizniaczych jezior Ogarai-tkksriksri, kr: H wszelkich :itdych d©
»_stGhanifc. tych ba-sen™w. lak obficie .Aziuc tenon®© i.sisany ..rudlgdowe 2z <18=

gji»v w pcr*wnfcniu do. ich ds.i®siejszago atany. przestrzenia nicpciznanie

wieksza, j rozmiorcc- 1 z.-siegu rrzlowu tyci: «od eroalagdowycn auja

wyobrazenie rzeki aru”iogo, n&ftttmtyckiego. wypietrzenis. - wyzyny Mndhoek -
(- ‘ -

kisroiisr.e w $w«j przewaznej c: .'ci. ku 68 i t,. oay ta o Cyklu, tur

oowa, nie sogly ani wysych&eV'&ni epAdac do jezior» lub jazior b9zodpiytig=
w.-ch. 6yocz »set bucha obsztry centralns niecki . al »--iri nie dfeje, dla tego
problemu zadneg® rozwiagzani*..» moze m&bk®rt*neg® char terem n roz #Ar, i
vi.uf-.il :«.cji aolicz.nej. - ‘¢»kNioliczn™ zryje poa noca ccK

mv kriiJobrkzoiw cyklubtartezego, cil® ktérych «ob. ¢ oip nebei «od
pochoctzani*, tropi-'cwjgo .jozn® postawic¢ dwie i.ipctezy:

1/ Da centralnych eb&z»racn niecki ;.*l«»hari rozlegty sie «Cay tr®=
pikowe w crugie wielkie irédlagdowa jezioro, kt°rago odpiyw wioal yia. ;.oio-
po ¢ Drang®. Z* istnieniem takiego jezior* zdaja »ie irza> :..dun cerki i=
ttt zarysy biegu. -olcpo z "malcpot «.zig*”: kclo-e-kuru™n’’, jako taz spdywa=
jncy.tu wyzyny '''indkoek roéwniez migopotaciczry*' systsm woéd | sop—cup.

tych "melopctsuiach” bytbym skionny uepatryw&c- sie utwordéw teroec-oyc.,
te o zbiorczegc basenu jazie.-rneg®©.

.2/ Lrugl hipotez:, cciarz sie iu d. crekterze sieci wodnej wyzyny
kinahcek, jsroakiea cen rslr.ytl *L_Jj sieci jest 0r. ?ish «<,,wrikK HNnNnimM
bpty.isjacfc bszr.c .h od.iic do Jrh-J&, Syst“m Gr.irigr. r 0 char&k e eoii-
sekwentnym w stesUr.ku dc Oranje taczy sie jednak tt jader suo? me-4 z syste=
tsety "‘me~opctaaicznym'; Pc&op—Gup* kt°ry zrazu skierowany ku S, doznaj®

tu ku-ta. Skret ten zdradza atrakcje ku hiprtetycznej rz ee gtownej,
ktérej lady przykrywa ajisiuj aolican™ «kuo.ilsc.jfc Anm..-ri. Czy tg rzekgy'
ni® byt« itoiu Odplywow® systemu Fdladewyatte j&zior . m i . as.iri=

GHy it.szelkie sl auy »tksObzaj e.ie.ii Ss6

k-ottan®@ CC -.U = " -aC] - la y






Analiza bogatej tr : ;
1z 9 J P ikonei _ _dj .pdnej, lor.cej Kilkj JeZ2.crfech

»rudladowych, doprc'=saz
1w & Ki;;, cst&t*e™N<< - neg0 Purktu, 8yr—-

nago Konilikters .miedzy ootitos.”™ ,,0a h.pdiaziatujgeyoh, nyUu™j ,cycft

zupatng bezodpiyijiowosc
P a zodptyitow I »»«naw zbicrezycii, f t,g 1(t

najWwrdziej kc-nse.kw . i, . .
a d» €) Ke-nse.kwe WXxyNpoiuayiko”™ Chbhia ;;iseU
ki OrinJe 1 dc htl ~tyku. w tym fieo pUMkcis Q( -/C(i7e .. L
.V . . t, ,,0 -mceu acsiiisi-
I z-aita z bllscig ffoang dolnelc’ gguewz1 5 r70ki g7hinn » i i >
- - ='z-li-ll>» S-S NUT Ziile6Z® i -
nawet nietaowlecej 7 _.. ... M1l. = Jté »«<>»>U lejr.a.., . iBoi
Limpopc T==DY s
. . i.c
siec wcina obges—=—n ,bou p.~wi.,i. ,ie .,m' Y
i t&k diugj. c¥isss bzfeau.. pr; 13 -.-mi# sie c-arszu
fyoi-£, poki ¢>acbe.~i ?. r.aj«st&triej=i

-i-d chwili Ki9 dokcnata sWagG
ralis. Ta rs tecznc »g +rKyY:.0i7K! oa lambo do Victoria >
) nircteza, tom&Ogaca i niezwykla szerokosci bramy Prz x=<oiOW3j
PIffipQpC i olbrzymi rozwéj,, jeg®© e
utworow Rle-B;FKiU‘i ._ique., aK capoiie.iz ni

nszy &tXi» A i i
2% pytanit, i aetychez»s ri r "ino«na.

Tymczasem 1 U?i & | . .
z -»aehlarzem oa i.un9nl " dt;®1
.0, Ktdora rozwiagzats, t*-b I [ uo u...indyjskie
tud™o”™j ri8 z historii krejobr 2U ,frykKi
- J, <<= aa aie utrzymac¢ ,,0b.c zagadki «ysVeh¥*jftc\VVch
b M rozprosza, LI =
7 trzema ~porami-. wto»ha, . ‘ .
sa nianAtni i«*« < | , "™ 0 (21 n ~afc*ri«ari ,,
- J “c '-er<«J'l '<=-U»n. -i ul.. ©
M yCZHS

P”V’“’“—I»iW do .Sp
hem-ier.Criuy podszpikow

i istniejgce r.i.py ea |’ XIX  wieku C e
= ‘ ‘ Bglcbva ?( "i9Aa A""AAI\y‘I'yby dO/\fCUCZﬁiOt ZS p©:

int 6, -,
Zi?rc .wd zynyeh x rozcigagtosc

yny ad . c*«ie«x M produktem.owt*tnich; kroétkof.1©.
f  to*rikftri

nych nahau klimatycznych. Ale _
sam fakt, ze «>g np. >

oalegta od siebie ©koi® 4-500 lezg niemal iokiadnie ?f.0’ae
ra aostodzi, ¢8 te nt°rr.e i
. i ;g
Nt ijiki&j catosci ~ starej
B} ) ) -../+j.18 1 -i.riej aft 1, 02t _ai ¢KOj
ni “ki kalahari... a kt-ryet . i o B
"Pdicz™ne koxxE™,,x ©ir.owierie ftrosyjrle
j-zzcze siegnacC nie zdotat©.
b.

*?

7 J'-"-eCflyOt «“ NN\ | “»] PWW._.PI.n/SSpoi™tlo™

<«<.wVv >'«"»tkwn=j» _i.rf SMnal DK, ia ahori. ;f—~*~ J
cjr aolin przetr-eny-h h *tO = T2 “k«n=
owych ©winna rzucie i 1uto na wiek tvch red-Wn»
nowi ] . Zu, 7 BICH fe-' V» ®dS$
Kontrole tych strsunkon ograr.iczcnc aG &ieoi , - 1
oo N Nxel ncd™e] o Nolri=

k.iri. >»raatai u " f t .
——— -»«nnowa drenuje pr2Sde *Sz7&tkim






wyzyny uulaocayo za posrianict- rzeki ,,atz, drenazu tej »y$

puja konkurencyjnie Hczpe aeptyey 1 Limpope i Zar&bezi. Cc tywy Zambee”
z biegiem tej rzeki nij™~nsek™ntne, peci .. , tej faxy kr<je >,
ktorej tozem dzisiejsze g .acobezi » ® x?0re Zumbe _ ku EivillgsZ

stena r.zk r;eka Luangwa ku peiudrikonej osi niecki Aslahari. D©*»isdcze=

7.. detychczascwa wystar-zaja w zupemob'ci de orzeczeni*, ze »toKa ..Lkiti=

rikfe.n i nie tylko er.*, &le i jej aepiyn r,;i#6 sa c r/i;lg ,tai-faze Ki®.-

Zup>»m« prrnezu N1rm w goére ~bo. Ale doswiadczeni* zaoty

te walizg sieci wodmnej ;sk-firikari wioda de peéobfc . .
go itic-akii, dctycz.ace=
g® Chronologii rzeki 5 stosunku de przetomu ~impope, réwniez ed niej

mitedszegs. ppaaeK rzski Lata dc ajociswej wanny ‘.akurikari wvnoei tylko

0 Sé jest przeszio trzyletnia styszy (v &pAdku ¢ rnet baty a, krty

SO0 ffi naa Lithpope, ktéry wwsu 1//£. mi stosunek nis Bégt sie ut-rzy.

la long, en taz stwierdza, zs siec «od Lat* trwed* diUibzv czas,

2fenia ., ¢ cuje .ii yn i.ic,otj¢i, coCaj¢eg: st?6 Zrddila wsteczng
frezja. Wiecej jeszcze, niz b *t* Swilczg r wiglemej wezMnoici zrzetomu
(o]

Limpop© nieliczne i periodyczna wedy, kierujgca sie ku f.E, B i
ku = akariksri

z bezposrecrieg®© sasi dztws wepdrczesnej doliny .i-impepg, ,
OCb&jac’IX pOX ®—

?2@neg®© n& t 0Q ©stregi wyzynr?j Sei’awe i n* ®d ,,lalapelol® /Py emsems

te wyi-luczajg tez w zupeilnosci mozliwosé¢, by mytrawvvcirs

ztiiegajgee ker.c ntrycznie na prz etrzeni Lgami-Victeri» "alls ;K

‘1"C bz;" rLQ"16 OL i trniyww” ;<3 rz.» _
w najstarszej f~zis uspodlezes
< centréeé d¢sig peiultiké&=

d ii. .nu

-nayjsmeg®. irepig¢ony .. r;. flug “mbezi

>ege-krajobrazu < ftfryk™"at nprast na S,

Wa niecki Kalahari docierat d® Or&n|3 i tonat o Atlantyku.
korfolegiczr.fe dcjrzaiebc przetomu Lirap@cs ,,KiAniu dé hipotezy,

za t& r»z» edptynu wodd tropikowyc' via brante ni® tr-fata

btugii. odptywu, ©z® ro;l»ni< Hl jezisr© .. ie.zn&ns'’, a*kryts

liczng, ulegta tuptazowi, dakocineiay . o
przez wateezra -<r»zj g Li;:pispo

L chwila, n kt°rej iIntanSyena g oz isi wsteczna dzisiejszej . ozi

prz-iir. » ~Clny bieg Prs-tu»n,, ¥, ,qcinky Zumbo-Victori. 'Uis
».
ulegt caty treplkowy w*chlar. _ .4 garnsjar Ls.c.bezi kaptazewi n< ras-
mii ski. Ces »nu inayj bkiego> i tei d
~ri tej de.

iji fiz 7l KS :
gsnes rwi 1z A §<l7 sj zredukowanej roli 1 jicznaj
rozstrzygaja tylk© krotkie styczna. Poznane aa U1
vm.;stene a po dzi¢, dzien o.,iania powierzchni ®od bezedp'"ywewych Lg »mi/
I pewi .rzchhi wysychajacych | 5 gisn /Eteeka, Okknang®. ~akarib ri inne/
Sa ¢»ialkieal, jak T oo uKtam tege krétkofmw;;« precis pistorii

Ti -,

Ale «naliza. sieci ¢ cnej ;'tworzyti nara tez pef8/< >-y.rv n, pi.~-csz






f—- *h®zrozrionf<
z r?e u 3tugef.aione fazy historii. kr »jnbrazu /Afryki~ciudnin.ioj... Xxx£axx:'

fazy ewolucji lraj¢brazu wspdtczosneg®. ? fazie l1-ej byte nieo=

¢» msch stron szczelnie zabarykudowara: odwodri&nie jej doko=
rypato sie za posrednictwem j-;insj potudniowej strugi wcinaj i jsetnego
przetomu rzeki Oranie /Zambezi - l.oiopo - OraniVV» '"'¢Zie tej dajsrw nazwe
tYazy ?ra-Zambezi hr.i. fazie ii-ej struga ?ra-Gambezijdypodcietx w jej
dolnym biegu wsteczng erozja Limpopo*wprowadza w krajobraz Afryki potudnio—
mej drugi przetom Lra-Laubszi wyznaczony biegiem pdérntj« Zambezi,
jezior ¢rBdlactowych, ktérych osrodki znaczy dzis resztkami wody i bagna
~-gami 1 . ak«rik*ri, jakotez icm oapiyw do Limpopo. Tg faz”™ j.azwietny faza

.itipcjsic, lub . m—Kitszi | r,ii, /Zaiobezl - Liiapdpd/ « 1
.dzi bardzo puzro do osistaci-nfegu gtosu trzsci przetom z-gjabezig ~azwicmy te

faule 111-ej loex.o-

faze: Zauzbezi ill.

..ujpebiazniejszy rzut, ok« na utwory deltowe trzech przatooiow Afryki
~otualiiowaj, Jmhi pozwala, prze gijg ijiowa m»pii li,du» otwiAra niemniej inne
jaszcze rvay fTizjogra. icih'5, nswat non« *gpakta ollronclogii rézwdju

i'-J' criizu miry .ii z-plua! towej, UXSWX Utwory daltowa rzsk tej czesci ladu
odznaczajg sie zgota r.ido zwykta migzsz .cie; siegaja one conajmi.iej fUO m
nizej poziomu tort«, & w awu wyraznie odgrehic. ciiycn pb-ziotameh .wznoezg sie
n&d. jjoziott morza, wyznaczone poziomem ¢C00 - 9GO0 uest
occzwiiste. ;a ksztalty isobet, zwilaszcza 200-metrowej , ckrédlsjg chs.rs.fter

najmtodbzyéi utworéw deltowych, $ poziomy Indowe do iksd (00 m
rozmiery starych i ’n«jst'*r»zych utworéw dal tortycn. asa-

tleg isobfety' (00 ,m, wyr*Zftjgesj n»jw.todezw: pkocesy ak'ai&x akurr.ul %aji przsto
rzecznych”/jest nsogdét ruwnoleglty do wybrzezy z jednym jedynym wybrzusze

-, WSi"?- j?cy: nu I'oncBntracifi »eii « ;I i zari2.u osi przetomu

rzski Granie. Na. tej obserwacji wspiera sie wniosek, ze iw-fazie rsjirtfodszwjl

w fazie Zsabezi lllpowvvstata tylko jedna r.«jinloilsza uwita, zbudowana pod

poziomem morza wodami jax najstarszego przetomu Pra-Zaabeai i: Z* .bezi
.H'loyo - Crwja. Drugi przetom Dra - Z&®&)tzl I /LUimpcpoi t nwj rwj ;

od brzegu ed&tepWir. isobaty 200 m niw buaonit wogdle dhlty w fazie ¢arab

111, rstominst : etezny rozwdj poziomicy 200 i

tom Limpopo rcz-ina' poteznag, d™Ntoj™-tndrcs?t futie i
‘Thticiwy przetom Afer azi nie budowli er .ity na wieksza sk-le ri,~;ai, a znacz-
ny odstep isobaty (00 m od w;br?,i-. za, rosci?>iiety wzdlu: niego n* diugosc
okoto ?.;j km~fewcdz.i ditugotrwatej ebr#zji morskie}’s »pctdsl-m-j.-.cej z brze=
Jowa «keja torrer.¢jair.a i energicznag produkcjo, utWor*w itezko« naptywowych.
Meilt.:sje, wari*”~rajrce sie i.,, tych s( osti.-gezeriacrfwica gg p tezy, ze

' dziedzinie ujsciowej z.«she2i lii. Qz.,;»*a w ;,*sie ok

WTSxy . CZKw, k o tyle rv?e i r; ; t ‘corZjw Wst . -, :e przez diugi c/res 02.=

st nVvi-i-l lae nie inf&zUiciis &t






licznych drcbnyc
toreuejfclnvc otokOw sir* i wueli
i kksptewfct Kilka sa»i«dr-ich rynien w&tecznaj
i» przyspisazcnyia aokon io-nu «l*rebszi 11l. do ,'umbo drugim eta

oie wzmochiony «oct flo Vic*to

s»ie¢ s«Odng
koo ]
bpoétc?a&n
».«e N jobrezu, ,kt°re. jest ehmktiry>»tyczng eec MpO 7 C 2fe wii O
©i. Chéric.terybtyc?.riK u progu -.ispdiczesnegc cyklu geogrs negi absolut
niecki ti&.l-»-bsri zostfe
+a w ciggu d.-*u far. rozwojowych przarwang trze r?,8:.oi".»ai, z «trrycn
dwa. pozniej twareie”, dostepu ocenniezy”, Wp-ryWé"»-Wschodu ztagodzity
,e.?ns pustynny chsrakter ¢ .«lIsheri, ale pozbawiajac ja drenazu zywymi
ftodami” zdegi-adowetlty jej mozliwosci biologiczne i kulturalne.
1 K» zekonezsnie tego aktu historii krajobrasu ,gifeofr){ki wypada do=
zkc kilka j»0w dyskusji zjawiskom »wi>zenym z prrwiowsia Operze« Prymat
Orwije w rzedzie -.rztror-.0w JNfryke-"skich, r.cze jego uprzedni
nio [AUL.&ttima/ « stosunku dc « potez.bsr.egc evklu geegr*ficznego, po=
.-¢slozrotnie Kkistori?' rozwoju tego cyklu, pozobtaj-k w j«-drzkouym kor
flikci® a dwo..a .jap6iciasnymi - fin«inysd - rysami tego kr<;otri»zu. Dys=
kusje te otwiar»my tspozr.iwyn: juld krotko udkt&i., z* rzek» Oricn®e.-. buduje
najintensywniej u-»l+q tinday-.io zdradzajac w systematycznym ‘'Obr-ezie kar-
i ogt-fcficznyu ?.«dny;cb ¢ladédw utrord™ ti urssych, t&b poteznie rozwinietych-
w osi ujscie rzeki Limpopo. Istny j »2d Obs i r* ;tcfrs,
j»kc 1 zgodzie i1 fcn*iogicznie wystepuje paradoks drugi; Oto zgodnie z Chfe:
raktersm i rcteiar.pi ut'<?or®? d-sitowych. sg - tciery «rt?..p w
dynamili erozyjnej d-zzj rzski, Przyj-:;, uja¢ jako -i«re -trazji «nr: efc-nej
odlsgloim katy 500 a w profil-, rzeki od pdzio.au -som,- >rpz; crzagdz®Ey
Kmstei ujacyii i ey;*;-«u;i ptrOwnewczyti:yOdlegtcsc kety ¢ 00 ta od pc.sio-.-u mor;
wyrobi 7 profilu kSmbezi 'mm-; wzgl :,ar;iﬁe < Luengws. 110(1 kw, . profilu Li-m=
P 01 | +itou-ifest « .r.ofilu Grenie tylko $-.0 ki. . sli te rownice

teQl-0 4. 1f Lei'ij-0j. 0 tiubuczy OObtateCzrie o'breymift prze-HRu |

c1 0l ? tc siosur. 1 elc ji lgt brej Litpopo/Or  y 1
>
Afp"¢ -—l-iz-- -mtuw Si*c»yjnych Oranie a*®| Li, po  powierz-
chnia acrss , ilos¢ przsptytu i szfywity CZ-«S frepr-bdil [&re;
i s paraicksy t-e?.y o EomA i nie od=

afe oa <rroni


pdzio.au




,Ooflin?, m:ve . j8j sy”™mracnii 1 FX*«exze 1 przeciwienstw, nawet puradok«
seirych. e.tej naszej palncyorografieznej rekonstru eji T-fryki | uwaza,

myfakt prymatu przmomu Oranje, dommmgc -w uraiLra-Z.nbezi Lr» 1 za naj«

silniejszy, niemal niewzruszalm fil«r e«x»j budowmO calym wszakze prze=
biegu owej walnej potudnikowej arterii wo-mej, mam”j mo~.iai r.ongo-

L.. ..bezi z potuumowym cyple “ryka-skiego brzegu AtalntykU, wiemy tak ni»=

na odcinku ugami”~Lakarikari do ujecia ...olopo dr

ciele, a
periodycznych wadd, ktéreby pozwolity « eieniem pr«wdo. cdobiftnst,wa
biyg onego oawréccmgo X.ilU Afryki ~c-t-dniowej . z. jednak istnienie
tré&sowéc i - ) o
.gr ..nti-. ilu j«st fund«marte’" n feszsj -p» eografii afrykanskiej. r diugo-

. eainisrd«, wracalty ciegla i utrwalaty si
trwalych medytac¢jach nad tera &- « Y €9 4 €
se wozy Anti-i ilu me kr centrowaly sie w obrebia strefy pustynnej
i mdrg struga S~ rozl®waty-sie |, system jaiior, zwlaszcza w obrebie : gami~

mlfekt rikhri i olbsszKe'tF%{:(t} okcioi.ych osobliwym blegiam rzski Ltolopo, zdradz«=

) i . cechy fizjogr.*.:‘icznej granicy, s<«ifaszcza w zskrwsie wodd
jacej «szelki®

mc.® znaczacaj ..rzyr-nj-r-r-iwj ¢z-. ’ciowo "x*wnefrzng potudniowg
"kalahari’”. Ale Hib hi. cteza godzi, sie ze
Lszystrirai wsoc”-ni»nymi pfersdCj-iSfcmis hzeka Pra-Zwabezii, irCisagc& 3ie z rz®«
ka Orange za posrednie *wem jezior, wpadata d0 Niej pozbawiona cstegc-swego
% . @imios  —eemmeee *fwi- d-'ltctwdorczy mmraj rzeki — t&k
bsl*st|u »rozyjr.ego ,regu KUiGCEGo fwi 4 !
t i, zamknietej kaptazer. gvrni?j c,zezci ?ra-
myrarausj podczas trwania wy - r. z retel P & ] ¢
i . Ta nieudmrosb deltotwodrcza rzeki Orunje mogla jed=
Zacke zi 1 przat Limpopo'.
nan tr.cuc Steczrifiiruzaj Jesli bowiem gsfczj-ray, 2@ gornfc para jezlor syst®-
i o osk.@’ii .-nN Odlegl—ych, od siebie blisko 500 k®&*
=) !
lezy k1 identyclLuv- rezimie nharzucé& Sie sugestia, ze niecka pc-tudr-iowa
i1fehferi ms byta ca poczatku fftzy x forma wkiesta, lecz wypukta, typu wiel
i3g0 sJOZka aku ul acyjrego. I, takiil. amci&niu rai@"Cl sie i ot®za, ze &%
fimmIloiL>» t&g.0 .erami»- ktdra miejscami
. *
icra tacz ty sie z -ystetaeri wéd Molopo | Oranje nm-t-rn. ioko=
wstecznej erozji mmpopo, sioze
¢ i v ¢rem wsci.o.ir.isg® -a z 1 eitl imra-"Mmue.j.ij~dotyczytyl,,0 scho-
iej strugi odpiy-wwej dra-Zamb.ezi ii struga zachodnia Ugo sy”tatni, ulan™
nj_c,ri > < »t-mu -olopo”™ dotyczytdrenaz.c tych jezior i przetloméw
ale ei.'igl> nie byla zuolna/in&rg-ezn®ijszuj cjl d
zupetne pb?-. ciecie kurier JerAnrnych ©lopo, ktbre zaimejow .to
procesy aa&ptacji do krzywej err-zj*-®" twcr-.cn * ulkeji js-iemajzroz
poczato are deltowa przy ujsciu Orunie. .Akcje te potego** Sclim stop.«
mu , 2e « t-sj, moze juz 11l fezie cyklu wspodiczesnego, erozja operowax«

+»> w najbardziej dr-br.o: iurnistych proc, btac-.. mmm-cyjnycr wt .sciwych

dojny® partiomm kazdego jwvidri. Ten drobny materiat m*xwxi*i Wymagat
miln sily transporto tan fakt ttdbm&cay « pedni powst-unie deaty- pod.

kiej ’ pr_zy ujéciu Oran 831 il \WCi. jJiA. % ror?>
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Przelom”rzeki Oranie z charakterystycznymi miejscowo &
-wyz~eka ~pzibmtea 500 . , . . A«wvt<Wire/ »gota ni» przypada |
koro z najwickssy« h piofHp Qr=—~ spadku, “Aughrabies fali>»,

cz uwagi®godn»,. ze to-zatamanie spadku znajduje sie niemal dokiadnie
k irofilu ujscia Afra &oXopo do Or»njo w profilu, w ktorym podczas
- 0 cyklu, a zapewne i prssg ¢ 0
'v. ™~N«Pikowe do ?mMiM Omk.’fc) jtkr=
»y przeto™Nfryki”™ jeBt dzietem ,6d tropikowych, ¢ntinilu 1 jego pc=
p-rzjdna.ké.” ..i» wiem® “kby w braku t»j hipotezy . ®r«c - .-m -;aRezyC uow»
anie przetomu Oranje sitami wéd, powstajacych
dokonujgce przetomu, wieksze\znacfcnie od tydh, ktére zdohaty poa=
tr "0 M 1! kKlejacy« juz przetomie; obnizajacy” poten=

ejat

-\

Przystepujemy do analizy sieci wodnej basenu )(ongo. Pierwszg a ud»»
rzajgcgoeohg tego basenu « poréwnaniu ze strefg Kalsheri tp przeciw-

fi 1 y®
i8ut oks + proébie -, ucy 1G00 . - obu st dziatu wodnego
i"pngG - Zambozi jest dostatecznie nysosnademonstracja przeciwienstw
tych dwu »tref, l-zarysach tej po. ,» obrebie dorzecza |(ongo' wyste» ?

»Uje h5 silnie zazebionych, przewaznie klasycznie erozyjnych, nawet ka=>
urnowych wcie¢, a znacznie- jeszcze wieksza liczba, waskich grzedowych
ebtrc-,- - pétwyspéw i wysp, podczas gdy dorzecze Zarbezi rozporzadza tyl=
ko trzema zakolami tej poziomioy-tak szerokimi pozbawionymi wcieé
typu erozyjnego, ze nie mozna pojac powstania tych form baz zatozenia

predyspozycji tektonicznych. Przyjmujac przeto nawet, ze i™strAIl MBgp
w stosunku do krain innych ladéw panuje Afryce wiasciwy spokodj TLi-y

) » _ o ciwy spokdj -iusimy
zgory Isxe Jogodzi¢ z tym, ze te j>»it » strfie {pngo w stosunl
do AfrykiJBoludniowej, a takze i p6inocnej powaznie, zakidcony.

0> ICr Lo V.- 3 nietyf- |

ko r szc™Ngota™ rzutu poziomego tej dziedziny, ZSWtepuj~rowni» Bi>
ni¢ i w rzutach pionowych. Rozwazania .nad kcnsekw.ncj”i "'sieci wodnej
niecki Kalshari doprowadzity nas w,dwu przypadkach do .. ktu dorzecz
Kongo z uorzscz.ami Zaaezi, Sj?0Ostezenia te dotycza dwu najdtuzszych

go;-o_lio_\//\v zrodtowych kassai i Luslabs-Congo. Glowne zrédio Ksssai bija
psyty wcdc-1?4arowej, rozcinajacej sie na Ot wyzynjK
"o isboa'”. Potok t lezy do ré legtej tkacki

guzu "-ay&i otok ten na ezy- o rownolegtej tkacki Wéd.skierofw
ku E. Przewaga wdéd tej tkanki nalezy a3 do”™cz$ z.ambezi, . ,
dwie -etano-w

zrodta Kassel. Kie brak. innych "dokumentow w terenie, L
obj awow






konsa  nsji, ze ® e strugi ha&sul nale zaky”™ w inicjalnych fazach
wsodici-e&nsgo eysih do dorzecza Zamber»!» Podobne eprzecanoéei konsekwencji

sieci wodnej natuje I -~téaba~nge. Sytuacja s-at tu «
I H H 1 N
» 17hitdtuznt.ezna”/hys. trzech tokéw ¢redtowych Lualaba - J*oh
mic, najdtuzszy i'ehambeil £ I®ai j d Nl - e £
Yy [ -
»0osei. 1. »teug. ta narazat. . inl.jalnoj fatl. podobat, Jak goérny k(saagg?ll,

' - — boli [

. at , 0..J iniojalnoj fM#t. by¢ ,I1,kB2y, ,,Kkia ,,,,»toty ra0Wulku »rzyjaijay

[ Jl mm""Jen’ . K o.

t.1.UJ,,.90 .panku 6| zrédtowych oo

hlpa~t™~wofc, oMlowVv\V .
k,,t 500 ,, . dork.otu IM.. i

koty 5J0 e . przeto ,le Oran® 1 do
* uualab.-Kongo od<«, prw.Sr.ztdé hipaoactryeonyeh , obu tych dti.lnzcach
«eW»™> Aoagc, Po oykonaniu poeyzbyeh obito®,, okoddlo .1«, ze n.jbllz...

koty 500 5 »»potet..«. -3 ,,w,,slrttfl” E‘ﬂ%}ﬁB%ﬁ\/’ Sqe ngdzgg faZy inioJalMj

v ' “ *’)
il poziomie 1 1 - D 1090 fil « v

- $®\i 1 dac™»® dorzeczu ~gc, tak oczywiste

i dziedzinie Nmjwiekszych opadéw atmosferycznych w/$fryCife «1© zdotaja
Kongo, ani nawet prze.

»a~ ytiOa ‘ 1
1 — — '/\
/ 1a/ | «laba - j"ng.0t 0 harmonijnego ksztattu
luku a nawet symetrycznego wzglagdem bas . . . .
' f tej ».ts?id.-Spiralni©
* > merlh | .
eddt J.J pod coéra« o. tr®J8Wm K,t« tnamionuja tylko mig =.,.«« dor,,.

zuru, Jaki ta r®ka ,,tM1. K : od 105«i;.>. j

Kongo > obrebi.
za/SNjo.atatj/noo™r atrak=

.drobna ozaatk, b...nu moznaby po.a<UI<S , u,
«cji| jakg wykonata rzeka gtowna na podlegte sobie 'depty ] ]

. . . . .. . -meis-watpliwa tg
atrakcja dokonuje aie wszakze irid c4cinku rzecza Mjan=

nie BOfe tez miep .
zadnago

S°» zaparowanego zupetale Swiezymi
znaczenia di® jakich kolstigy PMtE®KtgiKgiBSMy paleog30/jrafiSki
Podobne adaptacje sieci doptywow do rs&Kki gtownej spostrzegamy réwniez
w odcinku [*ongd w poblizu ujsScia Ubangi - wachAr- wosi przy -jj/Oiu rzaki
‘bonga. - - :
9% T @1 it na terenie wotesnyct - . gadzie irdziej
natomiast jest sieé»dop*%ywdiyw"ﬂg}%g ﬁg#g Rig Pozbaw -
W5, 26 Z hjej nie podobna wywies¢ ami przebiegu rzeki , ani cgixeg»
ogllnego uksztattowania jej basenu, Osy ®pin& o to po&acteic rzeka llbangi,
hajwiekszy le«oboczny doptyw Jfongo, rzeka wybitnie poli.-en/t
. - © > 1gup~ .
rujgca w zupetnosci atrakcjag &ngc w j8j g-rnsj starszej potaci po«ygis?feu-
"z~ Kassai najwiekszy prawoboc?.nf iopt w [fcng© z olbrzymia

- féwnt






a jntériajaco konsekwentng potudnikowg siecia doptywéw mozna podejrzewac

potwiek bezposrednie wplywy nw bieg UongC 1 - — v
Mozwigzanl6é zagadnienia konsekw ncji sieci wodnej basend.Con= .
sk ‘ «ie ia otezyjwwey;
-i-rsi. co jJ st oczywiste, | 5
Kongo ;Lodzg dwa. systemy hydrograficzne, kt°re 9
' «*0 - - jeszcze - s M
ei * rebne i.

w Scistwm tego stowa znaczeniu. W czesci B dla postawienia takiej hipo
zy istnieja dwa argumenty:1/ Wspotczesny obszar, basenu Kpngo obnizajacy

r ., »iscie .. ski 0 . t6ji B ki JtomrA..... ol byt | ‘

1oL _— 1990

achunkh na rzecz czynnika degradujacego,i@ 1 ' Kkt
.. . V « N> obszarze dorzecza Kassai, korespondowata
powyzej kota '968 « na
/  otf 109.) sa ' » W obszarze wspotczesnej Lualaba.
2/ Innj~argumentg”rzOBiewiajg™h»,8» pierwotng
dwudzielficscia basenu(Congo jest osobliwy dzfgt wodny, ledwls rozpozna-

—_— t 3, ale odgradzajacy .;ciele dwa wzwktia wiel=
aT o ar.
ki$ yg sys-tssiy wodne, Kassai 1 Lualaba.

r . o o wieksze przeciwienstwo jak tyci t, Uu.-eaw

nych zgodnie ku N. Siié Kba.ai sanowi wyjatkowo gestg tkanke rSenolegtyci

strug ¢¢0g6t monogenetycznych. Sie¢ tualabS ogranicza kie do dwu bardzo

e ...i1, Loli , ©zbawionej doptyw w
isto rozwinietg i na wsze strony wcsierajg/”, ai' siecia.
ty» - 0 e ;dniej, rowrd

Ciagnietej potaci Kassal, a aaburs&ny we-wschodniej, potudnikowe rozerag?
.ietaj sieci fc* Lualuba, <* oddzielone, od siebie znikomym ale przetrwa,

tya dziatem wodnym.'Tsn dziat.woddy pozbawiony wszelkiego wyrazu we

,0t.rt. Mj .«fotogi h««»u congo .agi».*» » ,<<<<*=7 F>»««8

. rola, ax< d""77>> e sem™ (O<U» HH
obrazu znacznie Wi€tszg mi«, uw»
nU U %i-C 0115 0~L > ka 7, a dorzecza Pra-Congo H. na E. o )
Przyjmijac dla uprobi ozenig sobie < adfcnl.s, -0 4 .OOpOIamI
stanowi resztke zalagdowar.ia owego 0 L< otrzy oot
. . ktéremu sptywaly wody dorzeeza tego jeziora. Zmienny praw»

k, ipra rm'”cza wspotczesnie dolna cze ¢ ubangi,

c
t, , X S W ftim edeird”™ugo, oczywiscie bez czelusci prze?=

iCn'.u, bedacego tworem z/.acznie pozniejszym.
?owylbxe:zatcienia usuwajg
neji. sieci wodnej przed» wszystkim w stosunku do Pr6-Kpngo|

ktérego spdojna powierzchni*, wie-byta dolna wywrze¢ zadnego atrakcyj=

r.iu kK r-
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- UL 77 -y .tu.
i>r.eto doptyy .Meg."«,
Covereerins U | ¢ '« ;
I 8 etc - entu
§ * U rel P? | i i ., 1 offa«
ta z takie lukooym przebiegiem zbiorczej ide ; ft3rych
J - c.
1ZS o1 wprc-st itj/.-rurKbr.go pcctezftfe jago wyz=
A T B v § s ter.i «
o lied 1 - 7 "1 lily&o wyraz (iol linia
6Si" L oo ku «. ¢rudni#j jest okra
" linia Xas&ai~-"b&fu -1 tsr&SQ jezior fe. schéd denudacyjny. czy . 1<
o TF - 16 gi« catego zagadnienia ryt zbyt
¢ PO’ ® ¢ *QKi ;i

wod Shu&pa. oddzielona”™l dorzecze,
ryfarii reszikeawege fyERpldald. 4 .leC Sh5<upat Oktadajaca sig. z rancie’

gtej tkanki "l ! - Jesptyw ™ . - . e
' oP -L 0 : w od Losi&mi. Z chwilr, sptywania j®.--
o o _ _ : W0 T ‘

zlewis.iL aie ,, jsdna ujscia;?: "i',sriq.

riijesj caij.th- 1 interuau buiz - 55 oy gri skrzydito zlswi&ka j*ra-
rozein. &jaC 8ia od SE wzniesien ktetego dziatu wod=-

i<l - X0 @ ge . ) » osts.tnjego ?lo-
(. | U t\WVV r,roitem, , sti~tyoll»’
Kongo/OaPo.l.w kM, , by¢ pet.»!.,,.,

Im-NirfrMnkd cdpdy ™ ?ted  Loie.-'PM”~agoMag Ketcryczne to oytanie

v 1 . hlIP°te«y takze i Ledf "PrwCeflge»!": odpty=
.ato. ku u, agramie .... »wata bi(, A g-3ieBaio po brzegi kot«

- - N
4 r Ni absolutnej kwestii kierunku sptywu W»W
leA.w*fc art ) )
woh- -otzicz”™ Lualaba, apiywajac »r»z

»

-Ur rowow wZehodnio-afrykaKskieh-, grezii krét=

ssy /ruyimi, Itimbiri, \yreszcie
U®110 -i&ei i i i j;dzi i
h-i&ei modnej istniata tylko j;dzi, arc ga odptywu via
iroc wplywata i zalewa=

wielkie jezioro .'r"algdowa miato cez mfiacie
ze W I eh taj czasci ladu fcfryka-akiego ptM#
§ X BH, ty«u, Ktérego po=
3 -ixo.fi i liedyterano”i. ; 103}


zlewis.iL
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tym potozyta ostaigéZny ePho ekspedycja filho /1900-1909/,
stwierdzajgca w szyjce miedzy l'ibesti & Mtf&ota dzintewa w wysokosci

« chwili 2ay juz e-istylko ukoriczytem moje rasdyiaoje nad paléogeogra»

ficzng tresciag siec' /"
egzemplarz B»Pi Afryki 1/s mmi; Jl + iet trzydziestych”
1 1 W - U metodycznych roz=
wazan, dwz I..t« pokusie i cphi-t %u niej pileo»
geograficzne medytacje — nie jesien pewier er.- . pciytkiferf-,. czy stosurh 6ec
wielka 1los¢ szczegdétdw nie utrutjkiaby, wgladu wArysy przewodnie?”*. prae=
ciez eelo- tej pracy “I-s bv i-.1 20 . , -t pliHficifi ?e f C«leX
'« v' o . -iadcz . «;t© |} sie na podstawie kazdej po=
lie 1t [ » 10-20 ZIY,, dla | -, %
Mg d aposicg. 11Yel rom onow Fizjografie mych.
A Madn ‘' -X

6||yt0X|»OJ lub .“ilu &k &ifi cp SBCHlUfe, ze postanowi*em skontrolow&c hip_ .
sometrie odnosnego terenu na aukcjach "Darfur« i Lsity«. est«F angielskiej
"W? 1. is ' t , .

: » -a reier=
U(Koités«/gsso/s”iiMair ,/isn/ w wysokosci 3?65 m, .
akad ku Kutra ©40, Kufra'382, skad gar*Wn.c na B j. , .
ny spadek wysokos$¢?..
Poniewaz hipsometria i.'mcrfologia taj pustynnej y/ir r )ry zaebenuja
»we zasadnicze wartosci podczas trwania catego, cyklu .
przypisujemy im w dyskucji probleméw pal30gSOgraf3.cz
nis-~ dlatego, poniewaz . dany r.slsorograficznew a w sg¢zsgolnosci mpideos!
hydrograficzne sg zwigzane ? tymi dziedzinami i w,tych dziadzinach powata='

ja» w ktorych dokonuja Siag . . <b..
torii r.-eki i sieci wodnej KpUg3d» jako tez do $Sledzenia.dynamiki jego

przsobrazen nie znajduje sie przeto. na niezrd&nnej. pustyni peryferii ba=
Lti11 ” ktdra on w przee s -boy ? , ie nfc obszarze
wspotczesnego Kongo 1 jego peryferii oceanicznej, .kt*rc ulegaja najpotgz=
niejazym morfologicznym-epky»» przeobrazeniem. Nie wiele .nieay besposrefe
nic o tych przeobrazeniach tektonicznych i degradacyjnych na obszarze

m"*3- 25 »skcji n rejonie wschodniej czesSci basenu CKadu kontrolowatem

na «apie angielskiej hipsometrie, a zwlaszcza sie¢ wodng niecki Kalaheri
/sekcje; Hhodeaia, Tra”sor*fcl.i :.-7<-Africa, znajdujacbardzo niewiele dod«t=


pal30gS0graf3.cz
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¢yeh 4£ng. i
1 H _ki Nfa*x !
ssa?> derzsczii tej rzs-ki ze™Ma* (., .ms Obtew®i e— -~ AnBrAaweg®
dCIW "y ww (2] Il < P®((
bu---

li i dzialu &
& | e
.. . , . Cooe 1"l Hi/d,
nii byt szkedliwg dewelnoscig »aaady ebiiez.ni® w pessy
TS 1218 evwnTccs ala ©KTsaiNfa myaksdei ¢redka

"
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ttspctczesr.sgp kryebrRzu kete 725 M " (.al 1
) "0 | nia
j a-. g,
« »4 N1. b«l.r. N Z. >
»a ktlantyku
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* asSi i *9BUs
| << _ S J*2t p3-~rski
— — u ™., 3 v ia.Manej krajmMm
bi t 0 *9“”*
J - _ , skragt.
t »amg a»g b®iXera »zn™>* feXf, f C1 e
>-'lyV dc I’ mi?ci-le.z |

1 PaN
mai® pna”pe{l<(fcHtt k> *k"«Ib|2<mie liferxw«lxaj«- |

- ab00 E rp®.
tekt.rle,,. d.tte(liy tvI(t sk,.Litik
de linii ieaiij, aki.r.w®negff w peprzek
PewstAlfc n gdy w ®si taj aaniffwlM?j-i |
1.~ —uilk. ap..i=i zeni. wvol-g MzRyEh  elihcitj i»- |

A prnw-K. *«. 4. .lo,,0jl< < >e]

kkEMoti! K*<»er<gn
" «'l ’d".1;.r.nej Pestftei

1 4>r 1 - Q|
w pe.prze(?lm?n b® tej | « 77&TsFMGY, <L Arcay A2xs i taeayH sie
peprz.ednie i,tenjynns. c.lk%i e sSH-+t dziaty woine '
pr2ykt: Atlantykiem, ©

ilaaka 0O5ove aoza at™

L «siki .

°» zwyciestwa, ktoéra r
7 pewnym momencie

Xiakiji p;inpa jast
1 T gyl o H
MCtm m— &< m i7" " Tyejartag zg ek<ftsy K f»ﬁ toiga
itorfologii zaiste

zecz zlewiska atlant

PWadok»al»g, Prostolinijna odis® - _
T : “r oi0i x* My<k4 od wybrzeza
z<?”’e1™u wynosi 22c ' oy . COKF 0 .. r I.> _— o )
'w /ec' jost przeszto odfcflra ~-—mm- .f0L a0 dee-r-u
b I+ JQPZ od spaelku

i . . 0 poziomu "“nudacyjn&goNI™nw
Gorny odcinek rzeki Sanga L. ..
tréjimiennej jak.ctesto polygenetyczne
s dwa Potoki Zrédtowa, jsqhn jrx»dkSgUzx odlegly Qd
, uiag.l. ktg. Dragi wbiegt»
kiego ongis zlewisk - ui.—, ial\’/l"[az owi na
P *rx7fr- K ijiptaz t®n
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F,..
<« X« Ox» kil’ =
szych »znii-Biapi&ch - ¢ S O«Xe« O go b O-O '
e y\yi i
11 ! : « 1 3 4a jest znacz=
] . . riek r -erit 1. a . C - *tliny
nie. Eito.iiszs, od sieci o
Qfosi‘iuusiulh pot ,._I'. wyzynna, taczaca ptyt juAyssm- od
uU&
V4
analofc

071 Im>>1j< <77
,an, = Fiml uK<U- .
, y 1> ‘

K, s < o ' 1 O-gxzxabt
b , . ..igra otworzy! « kUb Sudan.
A, , to ckoiiefftoidi przypisuja potezne procasy d«=
! iX* ‘ S
i" < Ry ' l U
e e z Dolnsj Gwinei, obszaru bariery, eda;tsiajgcej

1 osdn Kongo < Atlantyku,

.gradacyjTif» byty ;,roftaktem klimatu tropikowego ale dokonaly sie ns pocozjg

znacznyeh ruchéw skorupy, fai“wyéh w .czesi» i Przstrzeni,

Jjiytacje *oje zajalty wsiakze.mysl moja petne dws. ostanie lata

po KilLi n~-ijey u > /"

>»

f ) | i 'acJo nigdy -.erer.u £.Ni=
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Eksperyment mo6j myslowy uwagzf s oy (e CaH ;f;;ykKki, nie tyl«
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o o | 1lih.< po pra
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» dudnionej jest szczelnos¢ bariery Atlantyckie;, snali-

rpzszerzyts te eec je c.s- ku | , do ; .it ligru, nalepy
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Powodzenie utorowanej juz drogi odstoniecia przesztosci
fizjograficznej w zastosowaniu do Afryki, przeszto przynajmniegj
w jednym wielkim odcinku kraju wszelkie oczekiwania.

W catej tej pracy nie sza¢ mie bylo bodaj nigdy na redakcje
formalnie odpowiedzialnego raportu naukowego, ale jak z prac wstepu
nych na obszarze Europy, tak i z .prac afrykanskich zdazytem jeszcze
jako tako zabezpieczyC¢ protokdt™ analizy.W takim stanie rzeczy,z pos-
tekujacych sie stale emocji, ulegtem 3/111/49, a nastepnie 14/1\V/50.
powtornie atakowi serca, a polaczone z tym oglOlne xvyczerpanie pozbaw

wity mie wszelkich mozliwosci zredagowania formalnego mych pomystow

Afryka jest masg ladowa o szczegolnej prostocie budowy geologi-
cznej 1 morfologii w jej rzutach poziomych i pionowych. Jesli usunie-
my Z rozwazan dwa jej skrawki, poinocny i potudniowy o strukturze fa#-

dowej, Afryce zupeinie obcej, jkotez rozleglejsza dziedzine wschodnia

C- o7
przecietg 1 ograniczong od zasobu tkakg poteznych dyslokacji
pionowych, pozostaje przed nami olbrzymia, ;4enudowana masa. w Ktorej

. fe s Ar %
mozna rozrozniC trzy cziony, uszeregowane od ku

I/Sachara z Sudanem, 2/fongo, 3/Atasciwa potudniowa Afryka

bawe*. Cztony te, tak yszeregowane, sa geologicznie coraz starsze, mor-

fologicznie coraz bardziej zdenudowane,. coraz odwiecznej ku potudniowi

nie tkniete transgresjg morska. Mozna tu ogodlnie powiedziec 0

Afryce, ze w przeciwstawieniu do gtowdej agsy korupy ladowej
podlegtej nieustanne™ i burzliwemu ruchowi, ca-

> Afryka, a zwilaszoza Jej potudniowa potacC, czerep zatopionej Gondwany,

tkwi W odwiecznej ,,rtwocie; s, tez odwieczng, ale i odwiecznie odnawia-

jaca sie penepleng. Martwota Afryki dotyczy bowiem tylko'ruchéw zdecydowa-

nych”™ odpowiedzialnych za wielkie twory strukturalney—pionowe-*,

me wyklucza ruchow leniwych, ktérym nalezy przypisac¢ zaréwno
tez poab.wlong W8Z91kich oech <7

ochodzenia ero,,,,. ' . . . ;
P zent z/jnego potudnikowo-podtuznej, a nieksztattnej
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niecki Kalahari. Do takich tez leniwych ruchéw skionimy sie sprowad
dzié ostatnie odmiodzenie penepleny,afrykanskiej, zadokumentowane

powszechnymi”® na krawedziach ladu, ale pospolitymi i wewnatrz zata-

maniami spadku canytfi wodospadami,

Z takiej sylwetki Afryki wynika ¢* A I ..
» -e najwazneijszym zagadnieniem

itorfogenetycznyiatego lagdu sa (jkrtrr® przetomy rzek, a klucz do rozwia-

tych on @LEACL W Afryce pdluamowpj taczacej najwyz -

szg prostote ksztattdw ogoélnych z wieloscia i ré6znorodnoscia

weh &xn pr.e™~eh, ZMbezl, liapoPo, Or™*e i € )
>ngo, nie liczgc

dolin drugorzednych.

Rozwazajac geneze tych przetoméw mozna o trzech z nich :gpngo
Zambezi i limpopo a priori przynajmniej tyle powiedzigg; ze otwarta
jest dla nich droga erozji wstecznej od oceanicznej;dla przetorauMO
o’\’njs’\rzypadajagcego na najbardziej zimne wody oceaniczne, a wiec
najbardziej suche wybrzeza, nie mozna postawié nawet tego przypuszcze

nia_ zgodzie tez z tyra pogladem prezentuje sie atlantyckie wybrze-

. 0 . . . .
ze na przestrzeni od 10 - szer. geograf, jako najszersza, najbardzie/

- barjera afrakanskiego ladu.

Jesli tak niewiele mozna sobie wyobrazi¢ 0 genezie przetlomow

afrykanskich, brak ajy-Aoot-ewna-e wszelkich wskazan dotyczacych chron

nologii tych procesow morfologicznych,

~4feENMte"spQwadowwly potezno zjawioko .dolin przolomowych

Po tych negatywnych isataréach ogoélnych kilka spostrze2er’1/ doty-
czacych szczegotow sieci wodnej Afryki potudniowej.

MT Afryce po}udrbi/owej vyyréquic’ mozna pod wzgledem hydrograficz-
nym dwa skrzydta, zajeh&e»i*wwetrodnie, oddzielone od siebie osaa po-
tudnikowa nrcki Kalahari, wyznaczong na potnocy gornym, biegiem Zambezi
a na potudniu okreslong ujsciem rzeki liolopo do Oranie« Sie¢ wodna jric
skrzydta wschodniego z przetomami Zambezi i1 Limpopo daje gwarancje, ze

na tym obszarze styka¢ sie muszg dwa systemy konsekwencji sieci widnej
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naj'éwieészej' 'Konse'kwencji przeetomow rzecznych i star;}e/ft konsekwencji

aie-c-Uwodnij przed-przetomowej v sjeci wodnej Limpopo

: - L odnalenc :
Nniu przystosowane do przetomu tisj rzeki, ze teaAw- wdTwrztriir lei X

zarysach”™ 6goTnychsladu zaleznosci od niecki Kalahari.Wszystkie do-
ptywy Lipnoopo sg dostosowane do kierunku sptywu rzeki gtéwnej, ku
’\c’)r;j;/ uchodzg pod coraz zmniejgzajapyml sie ku dotowi katm.irawid»
wosc'konsekwencji wachlarza doptywow sieci tis”™ponjest tak ‘cljoskona’fa

' J. ot ¥
s Mogtaby isc w pordéwnanie z ta-K typowymi sieciami erozyjno-akumulu-

cyjnymi, jak sie¢ p~™Uj “~:9au C2 Orinofco, Je3t dedn ¢ od

od poétnocy z : B i do wniosku, ze dérna czes¢ fo-

< cyklicznej takze do Limpopo,
od ktorejwsie oswobodzita dopiero podczas.fazy erozyjnej nu obszarze

ziong,'-a poteznej nigzszo

Scig akumulacji, ktéra osiggneta przeszto-SOOrtjRozwazanie najogolniej™
tych réznorodnych faktéw 1 objawéw erozji 1 akumulacji na obszarze do-
liny i1 dorzecza Limpop”iedzie do ogdélnego wniosku: przetom Limpopo
przedstawia we wspoétczesnym wizerunku Afryki Potudniowej stary, juz
dojrzaty produkt kilku faz cyklu geograficznego ostatniej penepleny
potudniowo-Afrykanskiej

Ten sam odcinek mapy Bartholoreewa 7 Mmii./ na ktorym demonstro-
wano adaptacje hydrograficzng sieci wod dorzecza do przetomu limpopo
daje nam obraz czesci przetomu 1 sieci Zambezi- wylacznie jego skrzydt
ta prawego. Ale juz ten kadtubowy obszar Zambezi demonstruje liczne
znamiona bezsilnosci erozyjnej Zambezi w poréwnaniu do Limpopo. Przyk-
tad rzeki "Sabe, htore™-"iiiodk”™ odlegte ~d-4t ty--200-m Z=a«ib"z-i
tylko 228 ictr-ed--4ejze koty nad Limpopo BO0O kamr --przynaleznej-de—eto- vy
rzeczalLiispopo”™ S$Swiadczy o olbrzymiej przewadze atrakcyjnej rzeki Lim-
popo nad rzekg Zambezi, "jtorg przewyzsza dzisieciokretng przewa®a-»S5t.
itoSoiusdd. Ale to tylko jedna strona ujemnego obrazu dynamiki Zambezi®

Q-
Podczas gdy bowiem doptywy Limpopo sg bez wyjatku zaadaptowane do Kie-
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runku Limpopo, adaptacja sieci wodnej prawego skrzydia Zambezi ogra-

nicza sie tylko do krotkiego odcinka dolnego, ktérego ostatnim czto-
nem jest wachlarz wod, drenujacy stoki wyzyny Salisbury, a
wpadajacy za posrednictwem rzeki Ruia pod Tet®. do Zambezi, Tsz/tkie
doptywy, ktore Zambezi otrz”™uje z prawej strony w gore od Tet™, a wi
wiec wody drenujace juz stoki wierzchowiny Salisbury, 1 wszy
~zjitkiHsd"F~iwpddagattbedi.Za&lesiwanwydynypBdlwsMa-iSwekGeympaaa-
wszystkie doptywy wpadajgce do Zambezi z wyzyny Bulawayo-Gwelo, wpada-
ja niekonsekwentnie do Zambezi, skierowane pdd coraz wiekszymi katami,
prostymi a nie ostrymi, - por. w szczegolnosci ujscie rzeki Sanyati
Z wyzyny Salisbury 1 ujscie rzeki Shangjfgp z wyzyny Gvc\:/|lo.

Odcinek biegu Zambezi od Zumbo w gére do Livingstone i WfiAS-
pifcdw”™terri, skierowany ku E 1 NB z doptywami prawobocznymi skiero-

wanymi ku NT 1 WT przypomina w tym stopniu dolny bieg Wisty nizej

Eordonia, ze juz w tyra punkcie rozwazania niekonsekwencji sieci wodnej
Zambezi, tgcznie z objawami nieuprawnionej niktosci dynwzzzzMy dynami

cznej , wioda do hipotezy, ze wspoéiczesny bieg Zambezi jest zjawiskiem
niestychanie miodym, znacznie poézniejszym, od jego dojrzatych doptyjow
prawobocznych/Sanyati i Shang||/, poprzedzonym,jak w analogiiydolnej
Tisty,przez odwrocony bieg Zambezi w kierunku ST i W. Bieg Zmbezi w go*
ro/*wabQ7-~raaz-e--'«cawet-w--g4iMy Tet’é‘:, jest jednym z najbardziej niemowle-
cych . krajobrazu Afryki Potudniowej.

Ta hipoteza znajduje peilne potwierdzenie w charakterze sieci le
woboczn”ctj|doptywow Zambezi, przedewszystkim Luangwa i Kafue./Por.rys./
Obie te rzeki sa poligenetyczne. Poligeneza wystepuje szczegOlnie wy-
raznie w sieci rzeki Kafue. Trzy jej odcinki: gérny wachlarz wéd o kie
runku sptawu ku S, ST,i ft/, wyrdznia sie od odcinka Sredniego,
skierowanego ku 3, a odbija wprost jaskrawie od odcink# dolnej Kafue,
skierowanej ku E. Godrny odcinek jest najstarszy, dolny o wiele od nie-
?0 pozniejszy, najmiodszy. Poniewaz dopiero najmiodszy odcinek nawig-

zat przynaleznos¢ Kafue droga kaptazow do Zambezi,przeto oczywiscie od
ein I+, starszy i najstarszy, skierowane ku S, wpoprzek dzisiejszego««”™
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C<* 9
] ] i ~___~lll ‘ v _______ -_ e~
biegu Zambezi, sg”™od niego znacznie starsze fazie, awey»--Cy/Nr.>»>"N

»»vm? ku S 1 W
t-Afo-J Sv te £ * 406i=>¢S

& —nie-4stndat-ife» 9evta-«4”Lj*wahQjcznyoh™doptywow. EigewWsdi--w-4 g»
do. 7 xza Zaribezi za% L

0A"2"A ~«N-edap s-sN-"eeig

ASuer-wjMmtiea&j™ge--dla---wwgo ataragcgo-cyk-lu ge”;raflesnego ~kotn»e«wen-
t«4 tiiidtmuje optywu ku S* Taka sama historia rozegrata sie w dolinie

rzeki Luangwa z tg tylko rdéznica, ze w trzecim dla Kafue odcinku, skie

rmnyn ku E, kaptazowym, doszedt w historii Luangwo do gtosu sam Zam-
oezi, sxxExabi2ngc siegajacy w danym momencie swa”erozjg "imjlwcz juz pod
Zmbo,W powyzej ktdorejo to punktu ptynetla dzisiejsza dolina Z«*»zi

~Zeka~Luangwa ku Si W, tgczac sie w centralnej osi Kalahari z opisany”

«JB* juz wachlarzem wod Kafue 1 gornego Z JTszakze struga gornego
Zambezi- w gore Victoria-Falls”iiie standw granicy drenazu skierowane-
N»myT>y 12cx

go na S ku centralnej, potudnikowej osi t.lahari; My-jest osig znaczni
nie wiekszego systemu wod. Do tego-systemu woéd tropikowych przynalezy

i snop wod (Okav%/ango) eytuzi-taj,c&wgdd, tworzacy na obszarych wysycha-
jacego jeziora Egami potezng delte toOkavzango™ Swamp’”; tu "nalez><ezy za-
liczy¢ system wod. “wat-si- Owalo  jysychajgcy~*Etosha Pan*. Do tego sys-
temu nalezy takze juz nadatlantycka Kunene, drenujgca wyzyne LiM«,
boa*, poki rm nie ulegta kaptazowi od atlantyckiej erozji wstecznej.
«Tesli jednak atlantycki kaptaz Eunene ttumaczy dostatecznie wysychanie
*Etosha Pan*, to wysychanie jeziora Egami 1 sgsiednich bagnisk *Makari-
kari pozoastaje zagadka, ktora domaga sie “gwattownly wyjasnienia,“rarg
w ca-efflogetnoh ni.Lej, wndnej-Hnrj-Trae&ej...ladu. h/

'7T cyklu krajobrazowym, w ktorym od wyzyn atlantyckich jpJTisboa)V
SS) ‘“ypietrzen™ brzegow”rowu Tanganjika-Eyas™a, fa* wiee na przestrzeni

przeszto 2000 km bogato zraszane wody tropikowe [sptywat™ do jeziora
Egami, raczej do blizniaczych jezior Egami-Makarikari, brakio wszelkich

danych do wysychania tych basenéw. Tak obficie alimentowane baseny
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srodladowe zalegaty w poréwnaniu do” isiejszego etanu przestrzel

nie nieporownanle'WMBsieJg»frdflrutie«6, nuditlintyckiego ££>X'*’

11~ edc
- kierowane w swej przewaznej czesci ku NE

TFddy te

trzema - wyzyny
i -».™Mwczg Tozle™.e zMsic.ei., M
w cyklu, o ktérym mowa, nie mogly ani wysychaé, ani wpada¢ do jezio-
ra lub jezior bezodptywowych. Tymczasem suche flbszary centralne niec-
ki Kalahari nie daja dla tego problemu zadnego rozwiqzania_“ moze
maskowanego charakterem i rozmiarami akumulacji eolicznej. Ta maska w

«liczni kryJe pod sobg ocsyniscle seTOe formy krajobrazowe cyklu

atarazeso, dla ktorych wobec pewnika odptywowos$cl wéd pochodzenia tro-

pikowegoj/ mozna postawie dwie hipotezy: U

*)eWa «<«“«VWV«>» obszarach niecki Kalahari rozlewat« sie wody
tropj£=2"dru*ie ~i1°1**’ Srodlgdowe jezioro, ktérego odptyw
WwW-U4*+_Iria Kolopo”™ do Oranie. Za istnienie. takiego jeziora zdajag

sie przejawiac¢ osobliwe zarysy biegu SKn®tX liolopo z e»esopota.lg«

Kolopo-Kuru»gn,Jakotez sptywajacy tu z wyzyny ,*Kdkolk rowniez \/\/

”.0sopotajiczny’ syste. wod Kooop-«™'. * tych’ j*opotanlach'bytbym

sktonny dopatrywaé sie utworow terasowyeh”tego basenu £kx
jeziornego. 1?
CfiantiClen.<- a,

o/ -
-/.ruga hipoteza opiera sie n«f**sieci wodnej wyzyny Tindho”kK,
Osrodkie« centralny» tej sieci Jest Sr. Mah R,, .ptywajacy bezposredrf.

nio do Oran/e. System Sr. Jish R. o charakterze konsekwentny, w sto-

’ nn ALton-
sunicu do Oranje tgczy sie Jednak w”™nop wdd z systemem * mesopotamicz-

nym* : Nosop-Oup, ktory zrazu skierowany ku S, doznaj
e skretu ku SE,

Skret ten zdradza atrakcje ku hipotetycznej rzece gidwnej

e je potetycznej g V5 ktorej sla-
d k dzisiaj li k lacja Kalahari. t
y przykrywa dzisiaj eoliczna akumulacja Kalahari. czy ta rzeka giowna
me byta woda odptywowa systemu Srédladowych jezior Ngami j kTakarikari®
~Niyxwxxxicia8x®szfiiicZEXHia3iy ldy wszakze wszelkie siady starszej glggl

wodnej tego terenu zostatly zamaskowane eoliczng akumulacjga, na pytanie
powyzsze brak jest takze odpowiedzi.

Analiza bogatej tropikowej sieci wodnej, tongcej w Kilku jeziorach
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gl

srodladowych> doprowadzita nas ostatecznie do Martwego punktu, wy-
ra~ego konfliktem miedzy obfitoscig wod wspotdziatajgcych , wyebra.

ctyzupetng bezodptywowoséd basendw zbiorczych, a brakiem poszlak
kow na ich najbardziej konsekwentny odptyw potudnikowa osig niecki

Kalahari do rzeki Oran~i do Atlantyku. tyit viec punkcie. dochodza

do gtosu doswiadczenia z siecig wodng dolnego Zambezi 1 rzeki llnpopo,

zupetnie gywijezej, nawet niemowlecej” przypadku Zambezi, a Juz niemal
dojrzatej w sieci Limpopo. «hi0«<1O2"N7 Nnie A rt™ Cala bog.g
ta sie¢ wodna obszaru wododziatlowego FecSz=zSzi1 postowata sie”

Odrazu i tak diugi okr™e. czasu przetomem Limpopo, poki Zambezi w naj.

ostatn™jszej ~,111
raie dokonat- swego wstecznego przekopu od Zunbo ) )
do Victoria Falls. T*

hipoteza, tloiaaczaca 1 1nilezwyk+a£ szerotos¢ brmy Przetomowej Limpopo
I olbrzymi rozwdj Jego utwermA,,deltow” winna da¢ odpowiedZ na nu

wszystkie pytania , dotychczas nie rozwigzane.

Tymczasem 1 ta hipoteza pierwotnego odptywu tropikowych wdd
* z wachlarzem od Kunone do Luanda droga przetomowg Limpopo do

O.Indyj™go, ktdéra rozwigzywata tak wiele zadniec¢ z F t
z*gaanien z historii kraj-

Xgyq -
CTZroszo-

obrazu Afryki Potudniowej, nie da sie utrzymac wobec

-gadki wysychajgcych bagien IUkarikari. Wysychajace

WV zapewne na g%’g/srna?bwodme nfee(s:lﬂ ’K%huan'— zetknelismy sift z t

58 zespotami: SW>*. Okawango-Hgami i ttakarikari - sa niewatpliwie Ja

<« foiuacj”™roslinne i legitymacje klimatyczne zjawiskiem, nrzynale-
-cym do najostatniejszej wspotczesnosci. .Opisy podro”™T Mniedace
mW.Y od potowy XIX wieku zaswiadczytyby dostatecznie

. . . . ® ze pozion wadd
rozciggtos¢ bagien sa ‘produktem ostatnich,

ze np. S<wuU i Kro tko™alowych

MakarikaS xx odle-.

zywych i
wahan klimatycznych; Ale sam fakt,
47500 vie-l 7 -
doktadnie w poziomi-
dowodzi, ze te wtorne i drobne wanny sg _ _ . o
NnicikiiietViit pv (»g

~charakterystycznymi Fo™i ,lelkieJ catosci- sta-

J tektonioznie i morfologicznie nieksztattnej niazci niecki Kalahari,™
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Crebrr~~fToi' ul'/urue—i klimatyczne wYoychajgc.Teh basendéw Kaiahari sg
ajan-irskr™hrr-»«patn-La. .¢wi.ezyj«yfé{’\.rciad’reia wspotczesnej fizjografii
kraju, ale ich morfologia siega najdawniejszych poczatkéw wspodiczes-
nej penepleny Afryki Potudniowej, A- jesli -jest -tal™® wtedy konsekwen-
cja sieci wodnej tych wanien, skonfrontcwana z konsekwencjg, dolin y
przetomowych / moze, -a- wehS/tzucac Swiatto na wiek tych produk-
tow odnowienia krajobrazu.

Kontrole tych stosunkoéw ograniczmy do analizy sieci wodnej
Makarikari, Prastara ta forma wannowa drenuje przedewszystkim zacho-
dnig czes¢ wyzyny Bulawayo za posrednictwem rzeki Mata. W drenazu tej
wyzyny wystepujg konkurencyjnie liczne doptywy 1 Limpopo i Zambezi.
Doptywy Zambezi, z biegiem tej rzeki niekonsekwentne, pochodzg z tej
fazy krajobrazowej, w ktorej tozem dzisiejszego SambeziJJw goére Zumbo
ptyneta ku Livingstone rzeka Lwgwa ku/osl\£otudnikowe jj e-«tfcEM?ee”
niecki Kalahari. Doswiadczenia dotychczasowe wystarczajg w zupetnosci
do orzeczenia, ze wanna Makarikari i nieg/lgoona,ale i jej doptyw Rai
Rata sg o wiele starsze od niemowlecego zupeinie przetomu Zambezi
w gore Zumbo. Ale doswiadczenia zdobyte analizg sieci wodnej Makarika
ri wiodg do podobnego wniosku, dotyczgcego chronologii rzeki Mata
w stosunku do prze’fomuie Limpopo,rowniez od niej ynwm? miodszego,
mspadek rzeki Rata do ujsciowej wanny Makarikari wynosi tylko 0,5%
jest przeszto trzykrotnie stabszy od spadku Zrodet Raty do /foty 500
nad Limpopo, ktéry wynosi 1,7 % Taki stosunek nie mégt sie utrzymac
a la long, on tez stwierdza, ze sie¢ wéd Mata trwata diuzszy czas,
mréicrgngtog?ggjzg/’r\_ SwW ie%léjcje przetom Limpopo, cofajgcy wgwe swe zrodia

£ jeszcze niz Rata Swiadcza o wzgled»e|@OkeftiO—-

SC1 przetomu Limpopo nieliczne i periodyczne wody, kierujgce sie kul
RS, ku Makarikari z bezposredniego sagsiedztwa wspotczesnej doliny Lim-

s L Wo-J
popo”z obszaru potozonego na S od-~ostrogi wyzynnej Serow”/ Tody Nuta

wos$¢, by wody tropikowe Zambezi , zbiegajgce koncentrycznie na
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na przestrzeni Ngami-Victoria Palls mogty ptynac¢ bezposrednio ku SE

I wplywaly poprzez przetom Limpopo do Oceanu Indyjskiego. Tropikowy

wachlarz*wod Zambezi w najstarszej fazie wspoiczesnego krajobrazu

Mudni™j Afryki ptynatl wprost na S, a centralna osig potudnikowa
niecki Kalahari docierat do Oranie i tonagt w Atlantyku.

Morfolodiczna dojrzatos¢ przetomu Limpopo skitania nas do fctgpfe

hipotezy, ze ta faza odptywu wod tropikowych via Ora”™e nie trwata

dtugo, a walna stuga odptywu, moze rozlana w jezioro SX enieznane¥*,

O\ 22— ItWJowl, dokonanemu prze, ,,te-

czng erozje Limpopoj~umnwijmy g,

Z chwilg, w ktdrej intensywna erozja wsteczng dzisiejszego Zam-

bezi przeciggneta dolny ngg bies Pra-luangwa w odcinku Zwabo-Victoria

Jells ku ulegt caty tropikowy wachlarz woéd goérnego Zawezi

kaptazowi ,,a rzecz zlewiska Oceanu Indyjskiego, a wtedy dopiero ulesla
niecka Kalahari tej degeneracji fizjograficznej, w ktdrej o jej zredu-
kowanej roli biologicznej rozstrzygajga tylko krotkie wahania klimaty-

ce. Poznane okresl Livingston's po dzi$s dzien wahania powierzch-

ni wdéd bezodptywowych X Agawi/ 1 powierzchni# wysychajacych bagien

/ -tosha, Okawango, Makarlkari 1 inne/ sg zarowno S$wiadkiem, Jak i1 pro

duktem tego krotkofalowego procesu historii

ziemi.
Ale analizg sieci wodnej otworzyta Baa tez prspektywy na pierw!

< z rzedu dilugofalowe fazy historii krajobrazu Afryki Potudniowe] ——

tozrozniono trzy takie, fazy tamtam ,,oluc
) 01 kra,jobrazu wspdczesrae-
<0. T fazie |_g) pyta niecka Kalahari ze wszech stro, WCM1.U 2ab<ry
kadowana; odwodniaj dokonywato sle za ddtéddddd Aedni .
--e za dddaidddd* A™d™i1ctwe» jnfcrg
- - - - - - /\ & n
Jednej potudnikowej strugi wodnej % 1889388 Brrzze?é%ru,\ Ii Orany© /Zan
bezi- Molopo- Oran”e/.yazie tej dajeay nazwe, fazy Pra-Zaabezi Kr.l.

> fazie 1l1l-ej struga Pra-Zaabezi 1. podcieta w Jej dolny» biegu wstecz

»» erozjg linpopo wprowadza w krajobraz Afryki Potudniowej drugi prze-

la ~r*“Zwsbezi Kr. Il., wyznaczony biegiem goérnego Zaabezl jezior
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srédladowych, tt6ryeh 6srdki z«czy dzl$ resztka wildy .

I Makarikari, jakotez ich odptyw' do lir

_ '‘«popo. Te faze nazwiemy faza.
LIrapopo, Jub Pra-manibezi Ny, 1./ Zambezi-Liapopo/. W fazie lll1-ej
dochodzi bardzo pozno do ostatecznego gtosu trzeci przetom Zambezi
Nazwiemy e faze:Zarabezi |jj.

Najpobiezniejszy rzut oka na utwory deltowe trzech
prz et omow

Afryki Potudniowej |, a jaki
_ _ o pozwala przegladowa mapa kfeyki iadu
otwiera niemniej inne jeszcze
. . “ n““e£ nowe asPe-
itfcaz kta chronologii kr.Jobruzu~g,~ deltowe
rw, awe-J—Afa;-fiffi odznaczajg . , i
Z«ob» ulezwykt, Hi,?Szosc+aS »lelaje one

conajmniej 500 m ™Mnizej . . , .
J ! ] portoau raorza, ,,cKjfctd a w dwu wyraznie

odgraniczonych poziomach . .
wznosy sie nad pozion Mrze, wy2BacaOHe
Poziomica 200 a /600°/ i doln, czesci, pakietu utworow , OOTIliraMiB

nych poziomem 200 - 9000 m/ 600 -.-5000/, Jest oczywiste, ze ksztatty

isobat, zwilaszcza f—*
-Odszyek utworow 1
) uerroyych, a poziomy ladowe do i nad ooa.
gk}qr(e:etel[ = ;gzmlar staw i« d ¢00t& 2n»cza

y rEal i najs%arszych utworow 8O'ItWH Przebieg

isobaty 200 M wvr..p ¢
’ Wyrazajacej najmtodsze mce™ a>,
>>taulaeJ| przetomow

rzecznych 1G-t n-
jest n<iOsof rownoie<ty do wybrzezv z <

wskazujgoya Ba kOBceatr .

-enie>,
' " Przedtuzeniu osi

Przetomu rzeki Oranje. Na tei
' 'l ODs®rwacji wspiera sie wniosek
*

Jed 8. RAIBUOSISZPL 1¥a AN Gag i ! L e o
najctarczeeo urzet b _
Pra-kaabezi u /LI ~ ~rye. Brui:l przetou
300 - nie budow 1 3 od brzeSu odstepu izobaty
budowat wesele delty w fazie Zawbezi 111
Poticicy 300 i1 nad P°tezay
Potezna, delto-tworesg dziat-.! 1 "
czg dziatalnos¢ tylko w fa2ie TI '
7 - odetw

isob~ty 300 n od —~eia , r
D X MjUikUz, nier.’o na n’\ugOSCi
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okoto 560 kra dowodzi/ ditugotrwatej abrazji morskiej , wspodtdziataja-

cej z brzegowa akcja torrencjalna 1 energiczng produkcjg utwordirstoz
kow naptywowych, Refleksje, wspierajgce sie na tych spostrzezeni,ch

wiodg do hipotezy, ze w dziedzinie ujsciowej Zambezi I111. dziatata

w pasie okoto 560 kra szerokim energiczna, a o tyle réwnorzedna 1rmj

erozja wsteczna, ze przez diugi okres czasu, okreslony Jako faza 1.

1 sie zadna linia doliny przetomowej. W pewny«

. momencie czasu z licznych drobnych i kroétkich torencjalnych potokéw.

Wzerajacych sie.w wybrzeza miedzy Belr«. 1 puelimane . wygrat/ skapto

kilka sasiednich rynien wstecznej erozji 1 w tempie

do Zumbo, a w drugi«

wat

przyspieszony« dokonat przetomu Zambezi 111.
etapie wzmocniony wodami luangwa 1 Wue wtargnat pod Llringstine

do Victoria Falls.
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Afryka jest masg lgdowa 0 szczegOlnej prostocie budowy geologicznej
i morfologii w jej rzutach poziomych i1 pionowych. Jesli usuniemy z roz=
wszan dwa jej skrawki, poétnocny i potudjhj/wy, o strukturze fatdowej, Afryce
zupetnie obcej, jako tez rozleglejszg dziedzine wschodnig, przecietg i o=
graniczong od zachodu tkankg poteznych dyslokacji pionowych, pozostaje przed
nami olbrzymia, zdenudowana masa, w ktdrej mozna rozrézni¢ trzy cziony, u=
szeregowane od poinocy ku potudniowi:1l/Sahara X Sudanem 2/kongo, 3/ j/Aasci=
wa Afryka Potudniowa czyli Kalahari. Czlony te, tak uszeregowane, sg geolo=
gicznie coraz starsze, morfologicznie coraz bardziej zdenudowane, coraz
odwiecznej -pezniwie«” nie' tkniete transgresja morska. Mozna tu ogodlnie
powiedzie¢ o Afryce, ze w przeciwstawieniu do gtdwnej masy skorupy lagdowej
na péinocy ale tez i na zachodzie, podlegtej nieustannemu i burzliwemu ruché
wi, cata Afryka, a zwlaszcza jej potudniowa potaé, czerep zatopionej Gond=
wany, tkwi w odwiecznej martwocie; tez odwieczng, ale 1 odwiecznie odna=
wiajacg sie penepleng. Martwota Afryki dotyczy bowiem tylko ruchow zdecydo=
wunych, odpowiedzialnych za wielkie twory strukturalne-fpionowe i poziome,
nie wyklucza ruchow leniwych, ktorym nalezy przypisa¢ zarowno szczegOty

form obszaru basenowego Sahary i Sudanu, jak tez pozbawiong wszelkich cech
pochodzenia erozyjnego potudnlko™podiuzire] a nieksztattnej niecki Kala=

hari. Do takich tsx leniwych ruchéw skilaniamy sie spronadzicv'ostiFtnie od=

miodzenie penepleny afrykanskiej zadokumentowane powszechnym na krawedziach
ladu, ale pospolitymi i wewnatrz zatamaniami spadku wod - wodospadami

Z takiej sylwetki Afryki wynika, ze najwazniejszym zagadnieniem morfo=
genetycznym tego ladu sa dolne przetomy raek, a klucz do rozwigzania tych
zagadnien miesci sie w Afryce Potludniowej, tgczacej najwyzszag prostote
ksztattobw ogolnych w wielkoscig 1 réznorodno icig wielkich dolin przetomowych
Zambezi, Limpopo, Oranie i Kongo, nie liczac dolin drugorzednych.

Rozwazajagc geneze tych przeloméw mozna o trzech z nich: Kongo, Zambe=
zi 1 Limpopo a priori przynajmniej tyle powiedzie¢, ze otwarta jest dla nich
droga erozji wstecznej, od oceanicznej; dla przetomu Oranie, przypadajacego
na najbardziej zimne wody oceaniczne, a wiec najbardziej suche wybrzeza,
nie mozna podstawiC nawet iw tego przypuszczenia V! zgodzie tez z tym po=
glaaem prezentuje sie atlantyckie wybrzeze na przestrzeni od 10 - 300 szer.
geogr. jako najszersza, najbardziej monotonna i najszczelniejsza bariera
afrykanskiego ladu.






Jesli tak niewiele mozna sobie wyobrazi¢ o genezie przetomow
afrykanskich, brak jest zupe’rrlv\ wszelkich wskazan, dotyczacych chro=
nologii tych proceséw morfologicznych, ktére spowodowaly potezne zja=
nisko dolin przetomowych.

Po tych negatywnych wzmiankach ogélnych Kkilka spostrzezen doty=
czacych szczegotow sieci wodnej Afryki potudniowej.

> Afryce potudniowej wyrézni¢ mozna pod wzgledem hydrograficz*
nym dna skrzydta, zachodnie i wschodnie, oddzielone od siebie o0sig po=
tudnikowa niecki Kalahari, wyznaczong na poétnocy goérnym biegiem Zambezi
a na potudniu okreslong ujsciem rzeki Molopo do Oranie. Sie¢ wodna skrzy*
dta wschodniego z przetomami Zambezi i Limpopo daje gwarancja, ze na tym
obszarze styka¢ sie muszg dwa systemy konsekwencji sieci wodnej, najswiez
szej konsekwencji przetoméw rzecznych i1 starej konsekwencji sieci wodnej
przed-przetomowej. W sieci wodnej Limpopo sg doptywy w tym stopniu przy*
stosowane do przetomu ..rzeki gtdwnej, ze w jej zarysach ogolnych trudno
doszukiwaé sie ogdélnych S$ladéw zaleznosci od niecki Kalahari. Wszystkie
doptywy Limpopo sg dostosowane do kierunku sptywu rzeki gtownej, ku kté*
rej uchodzg pod coraz zmniejszajagcym sie ku dotowi katem. Prawidtowosc
tej konsekwencji jest tak doskonalg, zeniec wodiTS-hrupupy mogtaby i$é
w poréwnanie z tak typowymi sieciami erozyjno-akumulacyjnymi, jak siec€
Padu, Gangesu, czy Orinoko, jest jednak od nich znacznie bogatsza. Roz=
wazanie sieci wodnej rzeki Save, sagsiadujacej od poétnocy z Limpopo, wie*
dzie bowiem do wniosku, ze goérna czes¢ jej dorzecza nalezata we wczes*
niejszej fazie cyklicznej takze do Limpopo, od ktOrej sie oswobodzita
dopiero podczas fazy erozyjnej na obszarze delty Limpopo, olbrzymiej
i rozciagtoscia poziomag, a poteznej miagszoscia akumulacji. Rozwazanie
najogolniejsze tych faktéw i objawéw erozji i akumulacji na obszarze do*
liny i dorzecza Limpopo wiedzie do ogélnego wniosku: przetom Limpopo
przedstawia six we wspo6iczesnym wizerunku Afryki Potudniowej stary, juz

dojrzaty produkt kilku faz cyklu geograficznego ostatniej peheple*
ny potudniowo-sfrykanskiej. R zy
Ten sam odcinek mapy Bartholomews njstaA na ktérym demun*

strowano adaptacje hydrograficzny sieci wod dorzecza do przetomu Limpopo
daje nam obraz czesci przetomu i sieci Zambezi - wylgcznie jego skrzydia
prawego. Ale juz ten kadlubowy obraz Zambezi demonstruje liczne znamio*
na bezsilnosci erozyjnej Zambezi w poréwnaniu do Limpopo. Przykiad rzeki
S&jle sktaniajgcej sie ku Limpopo mimo dwukrotnie silniejszego spadku do

Zambezi, jak tez mimo 10-ciokrotnej przewagi ilosci w°d tej rzeki nad






Limpopo, $wiadczy o olbrzymiej przewadze atrakcyjnej rzeki Limpopo sad
doradcg Zambezi.Ale to tylko jedna strona ujemnego obrazu dynamiki Zambezi.
Podczas gdy powiem doptywy Limpopo sg bez wyjatku zaadoptowane do Kirrun=
ku Limpopo, adaptacja sieci wodnej prawego skrzydia Zambezi ogranicza sie
tylko do kroétkiego odcinka dolnego, ktérego ostatnim cztonem jest wach=
larz we°d, drenujacy wschodnie stoki wyzyny Salisbury’ a wpadajacy za pos$=
rednictwem rzeki Ruia pod Tete do Zambezi. Wszystkie doptywy, ktore Zambe=
zi otrzymuje z prawej strony w goére bd Tete, a wiec wody drenujace juz
wschodnie stoki wierzchowiny Salisbury”™ i wszystkie doptywy wpadajgce do
Zambezi z wyzyny Bulawayo-Gwelo, wpadajg niekonsekwentnie do JSambez™’
skierowane pod coraz wiekszymi katami, prostymi a nie ostrymn/~por.

w szczegolnosci ujscie rzeki Saayati z wyzyny Salisbury i ujscie rzeki
Shangani z wyzyny'Gwelo.

Odcinek biegu Zambezi od Zusbo w gére do Livingstone i wodos=
padu Wiktorii, skierowany ku E 1 KE z doptywami prawobocznymi skierowany=
mi ku W i OW przypomina w tym stopniu dolny bieg Wisty nizej Fordonie,
ze juz w tym punkcie rozwazania niekonsekwencji sieci wodnej Z&aibezi,
tacznie z objawami nieuprawnionej niktosé smiczne'jv wiodg do hipotezy,
ze wspotczesny bieg Zaabezi jest zjawiskiem niestychanie miodym, znacznie
pézniejszym od jego dojrzatych doptyw°w prawobocznych /Sanyati 1 Shangani/
poprzedzonym, jak w analogii biegu dolnej Wisty, przez odwrécony bieg X
Zambezi w kierunku SW i W. Bieg Z&mbezi w gore Zuaibu moze renet w gore
Tete, jest jednym z najbardziej niemowlecych ryséow krajobrazu Afyki Po=
tudniowvej.

Ta. hipoteza znsjdujs petne potwierdzeni® i? charakterze sieci
lewobocznych doptywoéw Lambezi, przede wszystkim Luangwa i1 Kafue /Por.rys./
Obie te rzeki sg poligenetyczne. Poligeneza wystepuje szczegélnie wyraz=
nie w sieci rzeki Kafue. Trzy jej odcinki: ¢(®rny wachlarz wdéd o kierunku
sptywu ku S, SW, 1 W, wyrdznia sie od odcinka $redniego, skierowanego ku
S, a odbija wprost jaskrawie od odcinka dolnej Kafue, skierowanej ku E.
Gorny odcinek jest najstarszy, dolny o niele od niego pdézniejszy, naj=
miodszy. Poniewaz dopiero najmtodszy odcinek nawigzat przynaleznos¢ Kafue
droga kaptazu do Zambezi, przeto oczywiscie odcinki starszy 1 najstarszy,
skierowane ku S, wpoprzek dzisiejszego biegu Zambezi, sg od niego znacz=
nie starsze, a skierowane w swej poczatkowej gazie ku S i1 Si? pltynety
w "nieznane” wpoprzek i znacznie powyzej jsaego biegu zZambezi, kté=
rego dolina wowczas jeszcze nie istniata. Gesta sie¢ lewoboczny¢éh dopty=
wéw Zambezi w goére Victoria Falls do wierzchotka goérnego wachlarza Zam=

bszi zaznaczonego ujsciem rzeki Njoko wigze sie konsekwentnie ze starg






i »ajstarszg siecig Kafu®, wyznaczajgc dla owego starszego cyklu geogra=
ficznego konsekwentng tendencje sptywu ku S. Tak®. s&ma historia rozo=
grata sie w dolinie rzeki Luangwa z tg tylko rdéznica» ze w trzeci® dla
Kafu® odcinku, skierowany® ku E, kaptazowy®, doszedt w historii Luangwo
do glosu sjue Zambezi, siegajacy w dany® »oaiencie swg wsteczng erozja juz
pod Zuabo, powyzej kt°rego to punktu ptyneta dzisiejsza doling Zambezi
rzeka Luangwa ku 8 1 1, tgczac sie w centralnej osi Kalahari z opisany®
juz wachlarzem wod kaxfax Kafu® i gornego Zambezi. Wszakze struga goér=
nago Zambeti - w géxe Victoria-Falls - nie stanowi granicy drenazu skie-
rowanego na S ku centralnej, potudnikowej osi Kalaharijggrny Zambezi jest
X 0sig znaczni® wiekszego systemu we°d. Do tego systemu wod tropikowych
przynalezy i1 snop wud Okawango, Cuita, Kwando, tworzacy na obszarach wy=
sychajacago jeziora Ngami potezng delte "Okewango Swamp"» tu nalezy tez
zaliczy¢ system wod Owalo tonacy w wysychajagcy® "Etosha Pan'. Do tego
systemu nalezy takze juz nadatlantycka Kunene’ drenujgca wyzyne"Na i Lis=
boa9 podki nie ulegta kaptazowi od atlantyckiej erozji wstecznej. Jedli
jednak atlantycki kaptaz Kunene tlumaczy dostatecznie wysychanie "Etosha
Pan", to wysychanie jeziora Ngami i sasiednich bagnisk Makarikari pozo=
staje zagadka ktera domaga sie wyjasnienia.

W cyklu krajobrazowym’ w ktory® od wyzyn atlantyckich/N* Lis=
boa/ na W do wypietrzali brzegowych rowu Tanganjika-Nyasa, na E splywaty
na przestrzeni przeszto 2000 k® bogato zraszane wody tropikowe do jezio=
ra Ngami’ raczej do blizniaczych jezior kgna®x Ng&mi-Makarikari, braki©
wszelkich danych do wysychania tych basendéw. Tak obficie alimentowane
b&seay $rédlagdowe zalegaty w poréwnaniu do ich dzisiejszego stanu prze=
strzenie nieporswnanie wieksze. 0 rozmiarach i zasiegu rozlewu tych wOd
srddladowych dajg niejakie wyobrazenie rzeki drugiego, nadatlantyckieg©
wypietrzenia - wyzyny iTindhoek - Kkierowane w swej przewaznej czesci ku
NB i E. Wody te w cyklu, o kturym mowa, nie mogly ani wysychaé» anixjr>jtia
wpada¢ do jeziora lub jezior bezodptywowych. Tymczasem suche obszary cen=
tralne niecki Kalhari nie dajg dla tego problemu zadnego rozwigzania....
moze Maskowanego charakterem i rozmiarami akumulacji eoliczej. Ta maska
eoliczna kryje pod soba oczywisci® pewne formy krajobrazowe cyklu star=
szego, dla ktérych wobec pewnika odptywowosci wod pochodzenia trepiko=
weg© mozna postawi¢ dwie hipotezy:

I/.Na centralnych obszarach niecki Kalhari rozlewaty sie wo=
dy tropikowe w drugie wielkie S$rodladowe jezioro, ktérego odptyw wpadat
via Molape de Oranie. Za istnieniem takiego jeziora zdajga sie przema=
wia¢ osobliwe zarysy biegu Molepe z "mesepotamig™:Molope-XX Kuruman,






jakotez sptywajacy tu z wyzyny Windkeek ruwniez "mosepotwiczny" sys=
tom wod Nosep-Oup. W tych "mesepetaiaiach”™ bylby® skitonny dopatrywaé
sie utwordw terasewych tego zblizonego basenu jeziornego.

2/. Druga hipoteza opiera sie na charakterze sieci wodnej wy=
zyny Windhoek. Os$rodkiem centralny® tej sieci jest Gr.Fish R., splywa=
jacy bezbosredni© do Oranie. Systsm Gr. i'rish R. © charakterze kensekwan
wentnym w stosunku do Oranje tgczy sie jednak w jeden snop wéd z sys=
tenon "mescpotamicznym'™: Nosop-Oup» kt°ry zrazu skierowany ku S8 dozna=
je skretu ku SE. Skret ten zdradza atrakcje ku hupotetycznej rzece
gtéwnej, ktorej sSlady przykrywa dzisiaj eoliczna akumulacja Kalahari.
Czy tg rzeka gtébwng nie byta woda odptywowa systemu rédladewych jezi.@r
Hgami i Makarikari? Gdy wszakze wszelkie Slady starszej sieci wodnej
tego terenu zostalty zamaskowane eeliczng akumulacjg* na pytanie powyz=
sze brak jest takze odpowiedzi.

Analiza bogatej tropikowej sieci wodnej, tonagcej w Kilku jezi®=
rach $rdodladowych, doprowadzita nas ©statecznie do martwego punktu, wy=
razonego konfliktemm miedzy obfitoscig w<d wspotdziatajgcych, wykluczajg=
cych zupeing bozodptywowo$¢ basendw zbiorczych’ a brakiem peszkakéw na
ich najbardziej konsekwentny odptyw potudnikowg osig niecki Kalahari
d© rzeki Oranje i do Atlantyku. W tym wiec punkcie dochodzg do gtosu
doswiadczenia z siecig wodng dolnego Zambezi i rzeki Limpopo« zupeinie
Swiezej’ nawet niemowlecej w przypadku Zambezi® a juz niemal dojrzatej
w sieci Limpepo. Whniosek jakoby nieodparty narzuca sie nastepujacy: Cata
bogata sie¢ wodna obszaru wododziat©wsgi Kongo-Zambezi postugiwata sie
odrazu i tak ditugi okres czasu przelomem Limpopo« pOki Zambezi w naj=
estatniejszej chwili, moze nie przekraczajgcej nielicznych tysiecy lat
nie dokonat swego wsteczneg© przekopu od ;umbo do Victoria Falls. Ta
hipoteza, Tidmaczaca i niezwykta zzczarna$ szerokosS¢ bramy przetomowej
Limpopo i olbrzymi rozwdj jego utworuw deltowych” winna da¢ Odpowiedz
na wszystkie pytania, dotychczas nie rozwigzane.

Tymczasem i ta hipoteza pierwotnego odptywu tropikowych wdd
Zambezi z wachlarzem od Kunene do Luangwa drogg przetomowg Limpopo do
Sxixiyjxixgnx ®.Indyjskiego, ktora rozwigzata tak wiele zagadnien
z historii krajobrazu Afryki Potudniowej, nie da sie utrzymac¢ wobec
zagadki wysychajacych bagien Makarikari. Wysychajgce bagna, rozproszono
zapewne na caltym obwodzie niecki Kalhari - zetkneliSmy sie z trzema
zespotami:Etosha, Okawango-Ngami i Makarikari - sg niewatpliwie jako
formacje roslinne 1 legitymacje klimatyczne zjawiskiem’ przynalezgcym
do najostatniejszej wspotczesnosci. Opisy podreznik°w i istniejgce






sapy od potowy XIX wieku zaswiadczytyby dostatecznie, ze poziom woéd zy=
wych 1 rezciggtes¢ bagien sg produktem ostatnich, krétkofalowych wahan
klimatycznych. Ale sam fakt, ze np.Ngami 1 Makarikari, odlegte ed siebie
©koto 4-500 km lezg niemal dokftadnie w poziomie 950 de 900 m d©«©dzi, zi
te wtdérne i drobne wanny sg charakterystycznymi fermami wielkiej catesci
starej tektonicznie i morfologicznie nieksztattnej niecki Kalahari.,»
de ktoérych wspoéiczesne odnowienia erozyjne jeszcze zgota siegng¢ nie
zdotato.

Cechy florystyczne 1 klimatyczne wysychajgcych basenéw Kalahari
sa zjawiskiem zupeinie Swiezym, zwierciadlom wspoiczesnej fizjografii
kraju, ale ich «teriologia siega najdawniejszych p®czatk°®w wspoczesnej
penepleny Afryki Potludniowej, a jesli tak jest, wtedy konsekwencja sieci
wodnej tych wanien, skonfrontowana z konsekwencjg dolin przetomowych,
moze, a nawet musi rzuca¢ Swiatto na wiek tych produktéw odnowienia
kraj obrazu.

Kontrole tych stosunkéw ograniczono do xnx analizy sieci wodnej
Makarikari. Prastara ta forma wannowa drenuje przede wszystkim zachodnig
cze$¢ wyzyny Bulawayo za posrednictwem rzeki Kata, W drenazu tej wyzyny
wystepuja konkurencyjnie liczne doptywy 1 Aimptipe 1 Zambezi, Doptywy
Zambezi, z biegiem tej rzeki niekonsekwentne, pochodzg z tej fazy kraj=
obrazowej, w ktorej tozem dzisiejszego Zambezi - w gure Zumbo - ptyneta
ku Livingstone rzeka Luangws. ku osi potudnikowej centralnej niecki Kala=
hari. Doswiadczenia dotychczasowe wystarczajg w zupetnosci do orzeczenia,
ze wanna Makarikari i nie tylko ona» ale i jej doptyw Kata sg o wiele
starsze od niemowlecego zupeinie przetomu Zambezi w gore Zumbo, Ale
doswiadczenie zdobyte analiza sieci wodnej Makarikari wiodg do podobnego
wniosku, dotyczacego chronologii rzeki Kata w stosunku d® przetomu Limpo=
po, r°wniez od niej znaczni® miodszego. Spadek rzeki Kata d® ujsciowej
wanny Makarikari wynosi tylko 0,5%, jest przeszio trzykrotnie stabszy
od spadku £rwdet Katy ae kety 500 m nad Limpopo, ktory wynosi 1,7%.

Taki stosunek nie mogt sie utrzymaé¢ a la long, on tez stwierdza, ze sieC
wod Kata trwata diuzszy czas, zanim rozpoczat swag akcje przetom Limpopo,
cofajacy swe zrodia wsteczng erozjg. Wiecej jeszcze niz Kata Swiadczg

0 wzglednej wczesnesci przetomu Limpopo nieliczne ieporiodyczno wody,
kierujgce sie ku HE, ku Makarikari z bezposSredniego sgsigdztwa wspot=
czesnej doliny -impope, z obszaru potozonego na S od ostrogi wyzynnej
Serowo. /Por.Rys.l/ Wody Nata i periodycznie drenowane wadoty odwodowe
wyzyny Serowe Swiadcza niezbicie ¢ Swiezosci przetomu Limpopo, a wyklu=
czaja w zupetnosci mozliwosé, by wody tropikowe Zambezi, zbiegajac® sxexx






kencs-ntrycznie ma przestrzeni gami-Victoria Falls mogly ptynaé bezposrsd:
nis ku SE 1 wplywaly poprzez przetam Limpopo de Oceanu Indyjskiego. Trapi:
kawy wachlarz w°d Zambezi w najstarszej fazie wspo6iczesnego krajebrazu
Potudniowej Afryki ptynat wprest na S, a centralng esig potudnikowag niec=
ki Kalahari docierat de Oranie i tengt w Atlantyku.

Morf»logiczne dojrzatos¢ przetamu Limpopo skiania nas de his
potezy, ze faza odptywu wdd trepikewych via Orania nie trwata diuga, a
walna struga odptywu, moze rozlana w jezioro "nieznane', zakryte alumus
lacja »»liczng, ulegata kaptazowi, dokonanemu przez wsteczng erozje Lim=
pepe.

Z chwilg, w ktdéraj intenzywna erozja wsteczna dzisiejszego Za*
bazi przeciagneta dolny bieg Pra-Luangwa w odcinku Zumbe-Victoria Falle
ku zachodowi, ulegt caty tropikowy wachlarz wéd goérnego Zasbezi kaptazo=
wi na rzecz zlewiska Oceanu Indyjskiego* a wtedy dopiero ulegta niecka
Kalahari tej degeneracji fizjograficznej* w ktprsj a jaj zredukowanej
roli biologicznej rozstrzygaja tylko krotkie wahania klimatyczno. Poznane
od kxx okresu Livingdtone a po dzi$ dzien wahania powierzchni wod bezodpty
wewych 1 powierzchni wysychajacych bagien /Etosha, Okawange, liakarikari
i inne/ sg zarowao Swiadkiem, jak 1 produktem tego krotkofalowego procesu
historii ziemi.

Ale analiza sieei wodnej otworzyta nam tez perspektywy na
pierwsze z rzedu dtugofalowe fazy historii krajobrazu Afryki Potudniowej.
Rozr6zniono trzy takie gazy ewolucji krajobrazu wspoétczesnego. W fazie
I-ej byla niecka Kalahari ze wszech stron szczelnie zabarykadowana; od=
"ednienie jej dokonywato sie za posrednictwem jednej potudnikowej strugi
wodnej 1 jednego przetomu rzeki Oranie /Zambozi-Mepopo-Oranie/. Fazie tej
dojemy nazwe fazy Pra-Zambozi nral. W fazie 11-®]j struga Pra-Zambozi |I.
podcieta w je dolnym biegu wsteczna erozjga Limpopo wprowadza w krajobraz
Afryki Potudniowej drugi przetom Pra-Zambozi nr.11,, wyznaczony biegiem
gérnego Zambezi, jzmninr jezior S$rédladowych, ktérych osrodki znaczy dzis
resztkami wody i bagna Ngami i Makarikari, jakotez ich odptyw do Limpopo.
Te faze nazywamy faza Limpopo lub Pra-Zambezi nr.1l. /Zambezi-Limpope/.

W fazie I1ll-ej dochodzi bardzo pézZzno do ostatecznego gtosz trzeci przo=
tom Zambozi. Razwiomy te faze: Zambozi I111.

Najpobiezniejszy rzut oka na utwory deltowe trzech przetomow
Afryki Potudniowej, na jaki pozwala przegladowa mapa lgau, otwiera nie= |
mniej inne jeszcze rysy fizjograficzne, * nawet nowo aspekta chronologii
rozwoju krajobrazu Afryki Potudniowej. Utwory deltowe rzek tej czesci
lgdu odznaczajg sie zgota niezwykia migzszoscia;siegajg one conajmniej I






500 » nizej poziomu morza., a » dTO »yzazni. odgraniczonych poziomach
wznoszg sie nad poziom morza, wyznaczone poziomicg 200 m /600'/ i dolna
czescig pakietu utworéw, ograniczonych poziomem 200 - 9000 m /6 OO30007
Jest oczywiste., ze ksztalty isobat, zwilaszcza 200-metrowej, okres$lajg
charakter i1 rozmiary najmiodszych utworOw deltowych, a poziomy ladowe do

i nad 200 m znacza charakter i rozmiary starych i najstarszych utworéw
deltowych. Przebieg isobazy 300 m, wyrazajgcej najmiodsze procesy akumu=
lacji przelomow rzecznych jest na ogot x,,g. rownoleglty do wybrzezy zxj.
z jednym wybrzuszeniem, wskazujagcym na koncentracje akumulacji w przediu=
zeniu osi przetomu rzeki Oranie, Na tej obserwacji, wspiera sie wniosek,

ze w fazie najmiodszej, w fazie Zambezi 111., powstata tylko jedna naj=

zbudowana pod poziomem morza wodami najstarszego przetomu

miodsza delta,
Il /Limpopo/

Pra-Zambezil;2ambezi-Moloto-Oranie. Prugi przetom Pra-Zambezi
z najmniejszym od brzegu odstepem isobaty 200 m nie budowat wogéble delty

111, natomiast potezny rozwdj poziomnicy 200 i nad 200 m

w fazie Zambezi
delto-twdrcza dziatalnoscé

wskazuje, ze przelom -impopo rozwingt potezna,
tylko w fazie Il. Wiasciwy przetom Zambezi nie budowal delty na wiekszg
skale nigdy, a znaczny odstep isobaty 200 m od wybrzeza, rozciggniety
wzdtuz niego na diugosci okoto 500 km dowodzi diugotrwatej abrazji mors=
klej, wspo6tldziatajacej z brzegdbw« akcjg torrencjalng z energiczng produk=
cja utworéw stozkéw naptywowych. Reflekcje, wspierajace sie na tych spo=
strzezeniach wioda do hipotezy, ze w dziedzinie ujsciowej Zambezi I111.
dziatata w pasie okoto 500 km szerokim energiczna,a o tyle réwnorzedna
erozja wsteczna, ze przez diugi okres czasu, okreslony jako faza I. iii.,
nie wyksztatcita sie zadna linia doliny przetomowej. W pewnym momencie
czasu jeden z licznych drobnych i.krétkich torencjalnych potokéw, wzerajag

cych sie w wybrzeza miedzy Beira i Quelimane, wygrat i skaptowat kilka

sasiednich rynien wsteczej erozji i w tempie przys$pieszonym dokonat prze

tomu Zambezi Ill. do Zumbo, a w drugim etapie wzmocniony wodami Lugngwa

i Kafue wtargnat pod Livingstone do Victoria Falls.
, ktory skaptowal siec
a tym

Ten ostatni proces wstecznej erozji
wodng catego zachodniego skrzydia tropikowej Afryki Potudniowej,
samym zredukowat do wspoéiczesnego stanu role hydrograficzng Limpopo usta=
bilizowat faze historii krajobrazu, ktura jest charakterystyczng cechg
wspotczesnosci. Charakterystyczna u progu wspoéiczesnego cyklu geograficz=
nego absolutna szczelnos¢ bariery Polud.Afrykanskiej niecki Kalahari
zostata w ciggu uwu faz rozwojowych przerwana trzema przetomami, z kt6=

rych dwa p&zniejsze, otwarciem dostepu o-eanicznym wptywom wschodu zia=

godzity zapewne pustynny charakter Kalahari, ale

pozbawiajac ja drenazu zywymi wodami zuegradowatly jej mozliwosci biolo=






giczne 1 kulturalne.

Ba zakonczenie tego aktu historii krajobrazu S.Afryki wypada
doda¢ kilka stéw dyskusji zjawiskom zwigzanym z przelomem Oranje. Prymat
rzeki Oranje w rzedzie przetoméw S-afrykanskich, moze nawet jego uprzed=
nios¢ /antecedence/ w stosunku do wspoéiczesnego cyklu geograficznego,
poparta wielokrotnie historig rozwoju tego cyklu, pozostaje w jaskrawym
konflikcie z dwoma wspoétczesnymi - finalnymi - rysami tego krajobrazu.
Dysk/usje te otwieramy wpomnianym juz krotko faktem, ze rzeka Oranje
buduje najintenzywniej delte mitodg nie zdradzajgc w Xxyst®x syntetycznym
obrazie kartograficznym zadnych sladéw utworéow starszych, tak poteznie
rozwinietych w osi ujs$cia rzeki Limpopo. Istny - zdawatoby sie paradoks,
z ktérym niejako w zgodzie 1 analogicznie wystepuje paradoks drugi. Oto
zgodnie z charakterem 1 rozmiarami utworow deltowych sg wymiary erozji
wgtebnej miarg dynamiki erozyjnej danej rzeki. Przyjmujac jako miare
erozji wglebnej odlegtos¢ koty 500 m w profilu rzeki od poziomu morza,
rozporzagdzamy cyframi poréwnawczymi: Odlegtos¢ koty 500 m od poziomu mo=
rza wynosi w profilu Zambezi 900, wzglednie w Luangwa 1100 km, w profi=
lu Limpopo 600 km, natomiast w profilu Oranje tylko 450 km. JeSli te
réznice Zambezi/Limpopo ttdmaczy dostatecznie olbrzymia przewaga dorze=
cza i ilosci wod Zambezi, to stosunek erozji wgiebnej Limpopo/Oranje
ki6éci sie z potrdjnag przewaga elementow erozyjnych Oranje nad Limpopo
powierzchnia dorzecza, ilos¢ przeptywu i aktywny czas proc séw erozyj=
nych - istny paradoks!

Oba te paradoksa tgczy jednak pewna harmonia a wiec i nieod=
taczna od harminii logika zjawisk 1 zwigzane 1 nig szanse wyttdmaczenia
towarzyszacych jej i przeciwienstw, nawet paradoksalnych.
W catej naszej ?«t«®Kjrgrsgr»x paleohydrograficznej rekonstrukcji Afryki
Potudniowej uwazamy fakt prymatu przetomu Oranje dokonanego wodami Pra-
Zambezinr.l za najsilniejszy, niemal niewzruszalny filar catlej budowy.
0 caltym wszakze przebiegu owej walnej potudnikowej arterii wodnej, wig=
zacej wododzial Kongo-Zambezi z potudniowym cyplem afrykanskiego brzegu
Atlantyku, wiemy tak nie wiele, a na odcinku Ngami-Makarikari do ujscia
Mslopo do Oranje brak nawet strzepow periodycznych woéd, ktére by pozwo=
lity z cieniem prawdopodobienstwa trasowa¢ bieg owego odwrdcoengo Nilu
Afryki Potudniowej. A jednak istnienie owego Anti-Nilu jest fundamentem
naszej paleogeografii afrykanskiej.

W diugotrwatych medytacjach nad tym zagadnieniem, wracaty cig=
gle i utrwalaly sie pojecia, ze wody Anti-Nilu nie koncentrowaty sie
w obrebie strefy pustynnej w jedng struge, a rozlewatly sie w system je=
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Eugeniusz Rower

| PALEOGEOGRAPHIC PROBLEMS OF AFRICaNjEDUCED FROAI'WARIVER SIiSTEMS.

The profile of equilibrium and the hypsographic curve.

Herodotus' famous "Egypt - a gift of the Nile", Playfair's profile of
equilibrium and finally W.M.Davis' geographical cycles - these seem to be
three consecutive stages of geographical thinking. In addition, if we
remember that half-way between the Playfair - Davis conceptions'fthe an-
tecedence of rivers ad peemest [we will understand that geo-
morphology /&s built up by E. de Margerie, ??.M. Davis and A. Penck”is
the science of investigating the influence of running water on the
transformation of the relief. The last century of geography has been
instrumental to confirming the theory that running water is so predominant-
an agent of shaping the surface of the earth that all other degrading
factors and the atmosphere, even constructive
tectonic agents, are only of.secondary importance.

This theory found its most eloquent expression in the experiment of
the hypsographic curve. The hypsographic curve which represents the
distribution of particular contour intervals in a per cent relation to the
surface of a geographical region proved to be in all the continents most
closely connected with the profile of equilibrium, in other words, with
the vertical profile of a river. This form of hypsographic curve suggests
that even in tectonically disturbed continents such as Asia or North
America, or in the vast expanses of Australia or Africat was in fact
running water which decided upon the topography.

The distinct relationship between the hypsographic curve and the
profile of equilibrium is not only an evidence of the common origin of
both these forms but it is at the same time suggestive of the dynamics
of the process involved. This dynamic power is manifest in the attraction
which a main stream exerts in the whole of its course upon every thread
of flowing water and on periodical, superficially drained waters Of torrent
ial rain, melting snow, etc. An evidence of the degree in which @ main

stream attracts the diverse and complex forms of the surface of the earth
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constitutes the fact, that the hypsometric curves not only of large
arbitrarily cut out portions
the typical profile of
equilibrium. Some few exceptions recognized in an experiment of this
kindX) are due to the fact that the curve refers to the topographical
conglomeration of diverse morphological elements or to a fres™h morainic

accumulation of the last glaciation.

The norms, of_river_Oysterns. 3

The attraction , main stress exercise
permanent and periodical drainage-c§%’\i river system aad-«shiGh has been
recognized as the power shaping the two related forms of profile of
equilibrium and hypsographic curve}-l’A\\éould be expressed by a certain norm
regardirig'%ohe distribution and form of the river system adapted to the
direction and configuration of the course of the main stream. This
adaptation of the system to the direction of the main stream” which is
usual in the case of a smalfjoften monogenetic main river, is subject to
disturbances in the region of large river basins which are as a rule poly-
genetic. In the region of these basins it is likely that always some
characteristic features will be found in the course of tributaries.
occurring either collectively and regionally or in sections in certain
parts and in various regions of the basin.

In searching for and recognizing the features of particular packets
of river systems, the first place is obviously due to that feature which
connects the contemporaneous»system with the main drainage artery, the
latter being in principle responsible for the development of its own system.
Such packets of systems adapted to the course of the main stream have
been given the name of normal contemporaneous systems. Apart from the
normally contemporaneous system we observe either whole packets or dis-
persed sections BfxthBxayjrfaEB deviating from the contemporaneous norm in
every riser system, in areas unaffected by marine transgression during-

the-wr xral perioa.






These foreign elements in a contemporary system are of twofold origin,
«¢r™~hey became part of that system by way of piracy constituting the
basis of the polygenesis of the main stream or else they W%%Je'r survivals
of previous phases of development of the river basin which, in accordance
with the theory of antecedence, ieouwHreach into a very remote past.

A study of the system distinguishing the contemporaneous normal
river system from different norms of the type of piracy or survival,—4»- Jv #4
it results-in recogniz-%'eg the sequence of the types of norms
existing in a river basin, should be the point of issue for paleogeographic
studies and conclusions.
The conteiplatiye_ and_intuitive_character_of the present .study.

The above view on the nature of a river system is, of course, not new
but i1t emphasizes clearly the historical perspectives inherent in the
picture of a system. It began to take shape in the past two years during

many months of convalescence when, having ample time for meditation at

hanging on the walls of my room.

x) The maps in question had all been drawn at the Cartographical Institute of

Me. |
which I was the director, and knowing the meticulous care nft'he workers [

~egarding the- oorreetlIHg"Nf generalization of river systems, | trusted my im-
pressions to a considerable extent. At a certain point of advanced studies |
became aware of my map showing a shocking error in the course of the contour
line 1000 m above the middle and upper Zambezi. In consequence | transferred
further analyses of the African river systems and a revision of previous con-
sidesations upon Bartholemew’s Map of Africa 1 : 10 M., 1945 andVparticular
plates of the Regional Atlas 1948. When trying to establish the source of that
error in the map of Africa® Romer-Janiszewski® of 1928; | found that 4-bi&-e»ror
was at the time universal and had been copied from the first edition of the Map
of Africa 1 : 2 M., G.S.G.S. published during the first world war; in Bartho-

lomew’s map, for example, it persisted until 1940, Oxford Advanced Atlas,Plate 69.






By such visual flights over river nets of various countries and
continents, repeated and checked many times, | became acquainted with
a considerable number of contemporaneous types of norms of river systems

and also with norms of systems differing from, and intercalated in con-

temporaneous systems.
m3 .

¥fhen estimating the value of these phenomena | d, various.
difficulties of varying importance; in some instances the analysis of
a river system was repeated several times in intervals of several months
without arriving at the fundamental result, namely, without recognizing
the contemporaneous norm of the system of a given river basin. Should it
be possible that everything in a contemporaneous river system is a matter

) ) /Tor Africa/ _ . )

of survival? This was found to be rfue/in one instance which will be
discussed below. For that and many other reasons | shall refrain from
dealing here with the classification of types of norms of a contemporaneous
system which 1 had observed. W experiences are too small and not ade-
quately arranged to make an attempt at classifying norms systematically,
they are, however, sufficient for gaining the conviction that such a

classification will prove to be a methodical problem of primary importance,

should my experiment arouse the interest and confidence of science.

wo examnles_for_types_of river system__norms.

Regarding therefore the problem of classifying the norms of river-
systems and even the whole question of paleographic considerations as
cura Posterior | shall present here pwiyxtw® examples of only two types
of entirely opposed norms. The first belongs to the most common norm” f
Nalmost without any exceptionVVharacterist™of alluvial areas, and the
second constituting the former’s reverse, hence the greatest anomaly,
contains in itself also a paleogeogranhic, quite indisputable conclusion.

The first norm is 'illustrated by the system of the river Po. The
main stream and all its tributaries from north and south turn eastward
and in this direction, which is that of the Po itself, they join it

at smaller and smaller angles. The last of the tributaries, the Adige,






adopts at its final bend an asymptotic straight line which changes
it from a tributary of the Po into a main river.

A norm quite opposed to that of the Po presents the lower Vistula
below Torun. The main stream runs here north and its chief tributaries,
especially those on the left banks, enter the Vistula, flowing from north
to south. This phenomenon, in principle quite inconceivable from a hydro-
graphical point of view, may be explained by the short time which separates
the contemporary period from the last phase of the XEEKIiiiKg Scandinavian
glacier receding from the territory of Poland. At that time the gulf of
Gdansk (Dantzig) was still covered by a lobe of inland ice whose fluvio-
glacial waters flowed toward south 4» the channel of the lower Vistula
and¢near Bydgoszcz <4teey\enter” the great Quaternary Valley, the great
Pre-VistuIa./whose branch, the Noted, turned west and ran in this direction
to the North Sea, at certain times even on the kstix dry bottom of that
sea ... to the ocean. The present tributaries of the lower Vistula running
from north to south are survivals of fluvioglacial streams which were
drained during the glacial period from the plateaus of the Pomeranian
Lake District, where active and inert blocks of melting ice still persisted

at that time. But.'a#"ea™-4iie-Tneitzng- of the Baltic glacier

NV v

the drainage of the Pre-Vistula into the Baltic aAbo tr-et
Dantzig, 711 these tri~tariesN~urned)more or less distinctly toward north
in their lowest course. Thus the foundations of the contemporaneous river
system adjusting itself to the course of the lower Vistula toward north,
were already laid.
Fragmentary experiments in_the_territory_of Europe.

When contemplating other hydrographic European t_e”rritories in the
same manner as the lower Vistula and the Po and 4eA&¥\;*SA|{Ir1A-<jhiefly from
points of violent changes (above 90°) in the course of the main stream
which are considered as elbows of capture, it proved possible to reconstruct

a number of far reaching paleohydrogeographic perspectives. These re-

constructions comprised a vast area of lowlands and mountains of the

Hercynian zone, from the Aralo-Caspic region to the Atlantic coast of France.






Although in these reconstructions there was no lack of fragments con-
firmed in™literatyr™ by studies in the field, these criteria, even if they
were less fragmentary, did not seem to be of sufficient importance. The
primary purpose in this kind of researchesfy-ira”® not so much the
truth itself as rather the experience gained on the way supposed to lead
to the truth. However, as the experiences from European countries were
only fragmentary and did not include any compact territorial whole, |
decided to subject a whole continent to an experiment carried out in as
systematic as possible a manner, and to present the results and even more,
the way by which they were attained, as material and as a problem for
discussion.
Africa.

The choice of Africa was not difficult as she is tectonically the
least disturbed of all continents and possesses a wide range of possib-
ilities of degradation.

Africa is a land-mass of particularly simple geological structure

and ~norphologj/~ iti i1ts horizontal and vertical structure.
from our considerationsJtwTstrips/~™e north andrS? the south, of a

; GSLSIFTD
folding structure foreign to Africa, and also the vaster/re~gion sax cut

through and bounded in the west by formidable vert-icesd:-- dislocations, there
remains an enormous denudated mass in which three members may be distinguish-

ed from north to south: 1/ the Sahara with the Sudan, 2/ the Congo, 3/ the
- , At
Kalahari desert.. Arranged in this order Uxese» njember® -ebre geologically

-miff- older than tihft.fitew, morphologically more and more denuded -H

/outh they have for ages not been touched by marine transgression. One
might say here that in contrast to the entire mass of the”crust which is
subject, to continuous and turbulent movement, the whole of Africa and
especially her southern part, the shell of sunken Gondwana, is confined to
eternal inactivity; she is also an eternal, but eternally rejuvenated
peneplain. The lifelessness of Africa,,,,namely® concerns only decided

movements producing large structural forms, but she is not devoid of slow






movements which are responsible for details of basin forms and also

for the meridionally elongated formless basin of the Kalahari deprived
of features of erosive origin; to such slow movements should be ascribed
the last rejuvenation of the African peneplain as evidenced byifgenerally*
occursiag- on the margins i but', common .alse-in inland breaks

of slope »-waterfalisv

The 2r2bier¢ of the gaps of_ African_strearns.

The silhouette of Africa traced above implies that the most important
morphogenetic problems of this continent are valley-gaps, and the key to
solving these problems lies in South Africa where the greatest simplicity

of general structure”™ is combined with the size and variety of the

great gaps of the rivers zambezi, Limpopo, Orange and Congo. In considering

the origin of these gaps one might say a priori that much of three of
them”™ the Congo, the Zambezi and the Limpopo, that the-
erosion, away from the sea, was open to them; but in respect of the
narrows of the Orange near the coldest sea water and hence near to the
driest coast no such assumption can be made. |n accordance with this
view-mmappears..to.be almi the Atlantic coast .Ja-as-arearpf 10*- 50° Lat.&
the broadest, most monotonous and most compact barrier of the continent
of Africa.

This indeed is very little that can be said of the origin of African
narrows, but there are no indications at all as re”rds the chronology of

these morphological processes.

The Limpopo system.

After these general and negative conclusions let us make some obser-
vations concerning details of the South African river systems.

From the point of view of hydrography there may be distinguished in .
South Africa two flanks, west and east,) separated from one another by
the-meridional axis of the Kalahari basin limited in the north by the
upper course of the Zambezi and in the south by the river Molopo joining
the Orange. The system of the eastern flank with the Zambezi and Limpopo

narrows proves that two normal types of water system must be meeting in






this region: the youngest norms of river gaps and the oldest pre-gap
norm. In the system of the Limpopo (Fig. 1) the tributaries are so veil
adjusted to the gap of the main stream that in its general outline it
is difficult to find any trace of dependency upon the Kalahari basin.
Alx the tributaries of the Limpopo are adapted to the direction of the
drainage.of the main stream which they join at angles becoming smaller.!
downwards. The regularity of this adaptation is so perfect that the
Limpopo system might be compared with such typical contemporary norms
as the systems of the Po, the Ganges or the Orinoco.
The right side_s.vstem of _the lower Zambezi. i

The same section of the map (Fig. p) on which the hydrographic
adaptation of the river system of the Limpopo -gasin to its gap was demon-
strated, illustrates part of the system and gap of the Zambezi but only
of its right flank. Hoeve.rIit even this mutilated picture of the Zambezi
shows numerous features of ‘elrosive incompetence of the Zambezi as compared
with the Limpopo. The example of the river Sabe inclined towards the
Limpopo, in spite of the gradient toward the Zambezi being twice as steep,
and also in spite of a tenfold superiority in the discharge of that
latter river over the discharge of the Limpopo - is an evidence of the
enormous attractive predominance of the Limpopo over the Zambezi. This,
however, is only one side to the negative picture of the dynamics of the
Zambezi. Whereas the tributaries of the Limpopo are without any exception
adapted to its direction, the adaptation of the river system on the right
banks of the Zambezi is confined to a short lower section, that'last
member of which constituée fan-like waters draining the eastern slopes
of the Salisbury plateau and joining”earJ”™et”/ihTzanjbezi) through the
intermediary of the river Ruia. All the tributaries feeding the Zambezi
on its right banks upwards from Tete, i.e. waters draining also the
western slopes of the Salisbury plateau, and all the tributaries flowing
into the Zambezi from the Bulawayo-Gwelo plateau - enter the Zambezi in

an abnormal manner, at increasingly wide”straight, but not acute, angles.






of the river Sanyati from the Salis
bury plateau and that of the river Shangani from the Gwelo plateau).

A section of the course of the Zambezi from Zumbo upwards toward
Livingstone and Victoria Falls which is directed wastX and north-east
with the tributaries running north-west and west-north-west, is to such
an extent reminiscent of the lower course of the Vistula below Fordon
that already at this stage considerations on the anomaly of the Zambezi
system together with its unjustif Yy, lead to the hypothesis
that the contemporary course of the Zambezi is an extremely young
phenomenon, much later than its mature tributaries (right side: Sanyati
and Shangani) which were preceded, just as in the analogous course of
the lower Vistula, by the reversed course of the Zambezi toward south-
west and west. The course of the Zambezi upwards from Tete is one of
the infant features of South African topography.

The lefTtsi1de system of the Zambezi. S

This hypothesis is fully confirmed by the nature of~the vsy"stem
..the."..tributaries on the left banks of the Zambezi, especially of the
Luangwe and the Kafue (Fig.2). Both these rivers are polygenetic. This
polygenesis is particularly distinct in the system of the Kafue. Three
of its sections, namely, the upper fan of waters with drainage directed
south, south-west and west differs from the median section directed
southward and is strikingly dissimilar from the lower section [rf%mning
eastward. The upper section is the oldest, the lower, much Igltér -than
the formep-, is the youngest. Since it was only the youngest section that
joined the Kafue system with that of the Zambezi by way of piracy, it is
obvious that the older and oldest sections running north, across and
considerably above the present course of the Zambezi, are much older.

In their initial phase, towa-d south and south-west, they joined the
upper Zambezi at the point of a sudden turn of its course to the north

and east not far from the confluence-erf the Njoko (near Livingstone).
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Similar is the history of the Luangwe valley, the only difference
being that in the third section of capture of the Kafue directed east
a role began to be played in the history of the Luangwe by the Zambezi
itself whose headward erosion reached at that time already as far as
Zumbo. Above that point the Luangwe ran in the present channel of the

Zambezi toward south and west but on a much higher level, joining ifautiw

n central axis of the Kalaharilthe above described fan of waters of the

Kafue and upper Zambesi.l t
The Zambezi sys,tem_was_drained_via_the_Kalahari into_the _Atlantic
The upper Zambezi - upwards from Victoria Falls

constitute the limit of the drainage directed south toward the central-
meridional axis of the Kalahari111* upper Zambezi is the axis of a

much larger river system. To this system of tropical waters belong al-ee-;
I ' 3
the river/ Kwando, Cuita and Okawange whose waters formem the region

of theti-nct™Lake Ngamiy a mighty delta, the "Okawang"o Swarhpy; here
also belongs the system of the Owalo drowned in the extinct "Etosha-Pan".
In this system was also included the Atlantic Kunene draining the ”Na

Lisboa" plateau until it was captured by the Atlantic headward erosion.

However, if the Atlantic capture of the Kunene /eéxplains®sufficiently”

the drying-up of the "Etosha Pan!’, the drying-up of Lake _Ngami and of
the adjoining "Makarikari” swamps remains a riddle eriLm to*b
msolved
the cycle of erosion in which from the plateau Na Lisboa in the
west to the massifs along the Tanganyika-Nyas/sI:Itenoughfiajilt in the east,
abundant tropical waters flowed into
Lake Ngami, or rather into the twin lakes Ngami-Makarikari, there appea™hj/m
—©4 to -b™no reason whatsoever for the drying-up of these basins. Inland
basins so abundantly fed covered infinitely larger areas r-s
with present day c;onditions. An idea of the size and extent of these
US mrm»<

inland waters omuzme of the second ~tlantic hump - the Wind-

hoek plateau - running mostly toward north-east and east. During the
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cycle in question these waters could neither dry up nor flow into a
lake or into lakes without outlets. But the arid regions of the central
basin ig of the Kalahari afford no solution for this problem ... masked,
may be, by the character and extent of eolic accumulation. This eolic
mask conceals no doubt certain relief features of the older cycle in
respect of which, considering the axiom of the drainage of tropical
origin, the following two hypotheses may be formulated:

1/ In the central area of the Kalahari basin the drainage of tropical
waters formed into a second large inland lake with an outlet via the
Molopo to the Orange. An evidence of the existence of such a lake seem
to be the peculiar features of the course of the Molopo with the "Mesopo-
tamia”: Molopo-Kuruman” and also the equally "mesopotamian” system of the
Nosopo-Oup flowing from the Windhoek plateau. In these "Mesopotamias”

I would be rather inclined to suspect terrace structures of that second
collecting lake basin.

2/ The second hypothesis is based on the character of the water system
of the Windhoek plateau. The centre of this system is the Great Fish
River flowing directly to the Orange. The Great Fish River system which
is normal in relation to the Grange, unites in form of one bundle of
waters with the "mesopotamian” system Nosop-Oup directed at first toward
south and then turning south-eastward. This tunn*r*vgals.ths attraction*®
~boward the hypothetic main stream whose traces are now covered by the
eolic accumulation of the Kalahari. As all traces of the older system
of this region have been obliterated by eolic accumulation this question
must also remain unanswered.

-Jft—.~he_:xirst_phase__both .the Zambezi and Limpopo gaps were not in existence.

An analysis of the abundant tropical water system drowned in several
inland lakes has brought us finally to a dead point, a conflict between
the abundance of cooperating waters which exclude the complete absence
of outlets from the collecting basin, and the lack of evidence for their

most normal drainage by way of the meridional axis of the Kalahari. At

this point the significance of experiments made with the quite young
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system of the lower Zambesi and ,,1th the almost mature system of the

An irrefutable conclusion seems to

Limpopo, becomes apparent.
ensue :

the entire abundant water net of the divide Congo-Zambesi made use of

the Limpopo gap from the start and 1X\VVKkug-t, period the Zambesi

shifted its headward ei'ssion bregk foam MM o victoria Falls. This
hypothesis which explains the unusual width of the ]
gap-gate of the Lim-

popo and the enormous development of its delta formations, should answer

all the questions which have not yet been solved.

But even this hypothesis of the original drainage of tropical waters
of the Zambezi and of the f : the
€ Tan of waters extending from/Kunene to the
Luangwa by wa ; .
uangwa by Way of the Limpopo gap to the Indian Ocean“which answered so
many questions in the history of the South African relief, is untenable
In view of the riddle of the drying-up of the Makarikari swamps. Drying

up swamps spread OVer tho \whole area of the Makarikari basin - to mention

three such complexes: giqsha, Okawano-Ngaffli and Makarikari ¢ as formations

of vegetation and as climatic evidenced undoubtedlyfes/récent
con-

temporary phenomena. The descriptions of explorers and maps of the

°f 19th CentUry Prove sufficiently that the level of

waters and the expansion of swamps are the products of the last Fe

wave climatic oscillations. ps mere fact, however, that for example

Ngami and Makarikari,separated by about 4-500"
n km,are almost exactly on

g&0
0 level 9S0 - aeo m shows, that these secondary and minute basins

are characteristic forms of a great ,,hole - the tectonically old and

morBBQI%ngyef%r’r}g%céh_l(alahari basin - which the last rejuvenation

t able to reach.

\T Vt'f/h

If, however, the climatic and floristic features of the Kalahari

basins reflect the contemporary Physiography of the country
and if its

topography may be traced to the most anoient-~gi,""" ™
of the contemporaneous

peneplain of South Africa, then the water system of these basins when
confronted with th. norm”f valley-gaps should throw some light on the

uge of uhese products of Rejuvenation of the relief.
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A survey of these conditions was limited to an analysis of the
Makarikari system. This ancient basin form drains—in the first place-the
western part of the Bulawayo plateau by way of the river Nata. In the
drainage of this plateau appear many tributaries of the Zambezi and
Limpopo. Those of the Zambezi entering it at an angle of 90° are derived
from that phase of the morphological cycle in which the river Luangwe
ran in the channel of the present Zambezi - up the Zumbo - toward
Livingstone, toward the meridional axis of the Kalahari basin. The
experience gained is quite sufficient for stating that not only the
Makarikari basin but also its tributary Nata are much older than the
infant gap of the Zambezi above the Zumbo.

The experience based on an analysis of the Makarikari system leads
to a similar result as regards the chronology of the Nata in relation
to the Limpopo gap being youngermis\(;\(;)l.“ The gradient of the river Nata
to the outlet of the Makarikari basin is only 0.5%, therefore three times
less thah the gradient of the sources of the Nata to point 500 m above
the Limpopo.which amounts to 1.7%. Such a relation could not oersisi.
a la langue andmH/"constitutes\mOEBQver)a proof that the Nata system had
lasted for a considerable length of time before the Limpopo gap began
to be active. The relative lateness of the Limpopo gap is evidenced
even more than by the Nata itself by some few periodical waters running
north-east toward Makarikari from the immediate vicinity of the valley
of the Limpopo, from a region situated to the south of the ridge of the
Serowe plateau and to the west of Molepblole (Fig. 1). These waters
also exclude definitely the possibility that the tropical waters of the
Zambezi joining concentrically in the area Ngami-Victoria Falls, could
have flown directly toward south-east into the Indian Ocean via the
Limpopo gap. In the oldest phase of the contemporary South African
topography the tropical waters of the Zambezi ran directly south and
by way of the central meridional basin of the Kalahari they reached the

Orange and the Atlantic.






The morphological maturity of the Limpopo gap induces us to assume
that this drainage of tropical waters via the Orange did not prevail
for any length of time and that the main drainage-artery flooding perhaps
the "unknown" lake concealed by eolic deposits was diverted by the head-
ward erosion of the Limpopo and probably also by an overflow of the
waters of Lake Kalaharir-si—which considerable oscillations”™» the level
NMA-js~wazer,,..ax.e-.charicbeE.Ls.t.iG.

The Zambezi - Orange _gapi Three stages_ of development of the Zambezi.

At the time when the intense headward erosion of the present Zambezi
diverted not only the lower course of the Pre-Luangwe but also the
entire fan of tropical waters of the upper Zambezi, the Kalahari basin
was subjected to-eue-ia physiographical degeneration in which its reduced
biological role was dependent upon short climatic oscillations.

An analysis of the river networkigives us also’perspectives on the
first long-wave phase in the history of the South African topography.
Three such phases of evolution of the contemporaneous relief have been
distinguished. In the first, the Kalahari basin was enclosed from
all sides by compact barriers: it was drained through the intermediary
of one southern stream and one gap of the river Orange (Zambezi - Molopo -
Orange). le have”“Wthis phase tho Ham: Pre-Zambezi 1. In the second
phase the Pre-Zambezi | stream, undercut in its lower course by headward
erosion of the Limpopo, introduced into the S. African topography the
second Pre-Zambezi 11 gap, defined by the course of the upper Zambezi,
by inland lakes,the centres of which are now marked by the remainder
of waters of the Ngami and Makarikari swamps, with the Limpopo as their
drainage artery. This phase has been called the Limpopo or Zambezi 1l
phase (Zambezi-Limpopo). In the third phase, at a very late stage, the
third Zambezi gap became of importance, We have given this phase the
name: Zambezi 111.

Th™ deltas_of the”outh AfriNin™p.in}_riyers.

The most cursory look on/Selta formations of the three South
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TV
African rivers reveals still other physiographical features and even

new aspects of the chronology the development of the 8.African relief.

In that part of the continent delta formations of rivers are distinguished

by a considerable thickness; they reach 500 m below sea level and in

two levels, up to 200 m and to 1000 m, they rise above the level of the

sea. It is obvious™ that the outlines of the contours, especially of
H-f, jeq /

that of 200 m; determine the character and the size of the youngest delta

formations, whereas the land levels up to and above 200 m mark the

character and size of the older and oldest delta formations. The course

of contour 200 m which manifests the latest processes of accumulation

below river gaps is on the whole parallel to the coast lines and there

is only one bulge indicating the concentration of accumulation in

the prolonged axis line of the Orange gap. feon-'-thi-sf-obS'ervation-re-sts--
_ ~ -mav be d'rawr. _
~he conclusionZthatin the youngest phase, the Zambezi 111, there was

only one delta, the youngest, formed by the waters of the oldest Pre-
/gap below sea level (Zambezi - Molopo - Orange). The second Pre-Zambezi/
ZambeziyThimpopo) gap with the smallest distance of contour 200 m from

the coast, formed no delta at all in the Zambezi 111 phase, but the
formidable development of the 200 (and above 200 m!contour line indicates
that the Limpopo gap developed a powerful delta-forming activity only

in phase Il. The true Zambezi gap never built a large scale delta and
the considerable distance of contour 200 m from the coast extending
along its line for about 500 km, is an evidence of a long lasting marine
abrasion cooperating with the torrential action on the shores and the
forcible formation of alluvial cones. Reflections”™ based on these
observations allow to formulate the hypothesis that in the regions at
the mouth of Zambezi 111, within a belt of about 500 km in width, there
existed an equally -forceful headward erosion inasmuch as during a long
period of time defined as phases | and 1l, no distinct line of water-gap
developed. At a certain period one of the numerous small and short

torrential streams cutting into the shores between Beira and Quelimane,
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took advantage of and captured several adjacent arteries of headward
erosion accelerating the cut through Zambezi 111 toward Zumbo; reinforced
in the second stage by the waters of the Luangwe ano. Kafue it reached
the Victoria Falls near Livingstone.

This latter process of headward erosion which captured the river
system of the whole western flank of tropical South Africa, reducing thus
the hydrographic role of the Limpopo to contemporary conditions, stabil-
ized the contemporaneous ohase of the morphological cycle, The absolute
compactness of the S. African barrier of the Kalahari basin Which is
typical for the beginning of a contemporaneous geographical cycle, was
interrupted in the course of two phases of development by three nmrows
of which the two later ones opened the way to oceanic influences from
the east(ameliorating thus probably the desertic character of the
Kalahari®but at the same time, by depriving it of the drainage by active

waters, reduced its biological and cultural possibilities.

The Orange__gap_-_its_predominant_role in_the hydrofraphy_of Africa.

O-Tto'W-e.-j vy

At the end. of this stage in the history of the S. African topography
some remarks should be added regarding iSE phenomena connected with
the Orange gap. The predominant role of the river Orange in the range
of African gaps, mayieven its angecedence in relation to the contempo-
raneous geographical cycle whichlliupported in numerous instances by the
history of this cycle, is in sharp conflict with two contemporaneous
final features of this topography. We open this discussion with the
already mentioned fact that the river Orange built most vigorously a
young delta without showing in the cartographical picture any traces
of-olde(;iir'll'zblr':%azions which are so powerfully developed in the axis.of
the mouth of the Limpopo. This indeed seems to be a paradox - which is
apparently in harmony with and analogous to a second paradox. In con-

formity with the character and extent of delta formations the measure

of erosive dynamics of a given river is the dimension ofCyertical erosion.

wiru.

Assuming as the measure of 'vertical) erosion the distance of contour

500 m in the-prefi4&'-of--a~iveP' from sea level, we have at our disposal
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the foilwing comparative figures: the distance of contour 500 from
dea level in the profile of the Zambezi amounts to 900, respectively

13300 km in the Luangwe, 600 km in the profile of the Limpopo but only

450 km in the profile of the Orange. If, on the one hand, these differ

ences between the Zambezi and the Limpopo are sufficiently accounted for
by the enormous predominance of the surface of the basin and the water
dis£a™e °f the ZaSlbezZi’ the relation of vertical erosion of'Limpopo

and'Orange, on the other hand, is in conflict with the threefold predo-

minance of the erosive elements of the Orange over the Limpopo: the
surface of the river basin, the water discharge and the actual time of
the processes of erosion - what a paradox!

Both these paradoxes, however, have a certain harmony in common,
hence also a logical sequence of phenomena inseparable from harmony and
-in consequeneé-ttniy offer a chance of explaining the accompanying dis-

cordances and contrasts even if these were paradoxical. In our whole

paleolydrographic reconstruction of S. Africa we consider the fact of

the "22™M522, Of the Oran™e ®aD built by the wate rabezi |

very little of that chieg meridional artery Pre-Zambezi 11, that reversed
Nile of South Africa, we are also lacking any kind of evidence in the
area from Ngami-Makarikari to the junction of the Molopo with the Orange

which might allow us to trace the course of that Anti-Nile. And yet the

existence of that Anti-Nile is the foundation of our African paleogeography.
In our prolonged meditations on this problem there continually returned

and established itself the idea that the waters of the Anti-Nile did not
concentrate into one stream within the limits of the desert zone but that
they drained into a system of lakes especially in the area of the Ngami
Makarikari and in regions encircled by the peculiar course of the river
Molopo with all the features , especially those 04‘ ground water, of a

physiographical borde”marked perhaps, at least partly, the southern limit

of lake "Kalahari”. This premeditated- hypothesis is in accordance with

all the above mentioned paradoxes. The Pre-Zambezi | joining the Orange
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through the intermediary of lakes entered them deprived of all its
load which regulates the delta-forming potential of every river; this
was so at any rate during phase | the close of which was marked by the
capture of the upper part of the Pre-Zambezi | by the Limpopo. It is,
however, possible that this inability of the Orange to form deltas lasted
much longer. Nmoly» if we t&to into aooowrt that the upper two lakes
of the Pre-Zambezi 1 system - Ngami and Makarikari - at a distance of
500 km from one another, lie on exactly the same level, vie may assume
that the form of the Kalahari basin at the beginning of phase 1 was not
concave but convex, of the type of a large talus, perhaps of a twin
meridional tectonic wave. Such an assumption includes the hypothesis
that the Pre-Zambezi | flowed from the top of that talus in two branches
which spread in some places into lakes and joined the system of the
Molopo and Orange. The piracy which resulted from the process of the
Limpopo’s headward erosion and was reinforced by the erosion of outlet
waters of the eastern system of lakes affected only the eastern drainage
branch of the Pre-Zambezi I; the western branch of that water-net
cleared by the system of lakes completed the‘ drainage of these lakes
and the formation of the Orange gaps but still remained incapable of
a more vigorous delta accumulation. 1t was only jaJlwhen the lake barriers
of Lake Moj)oporwere entirely cut through whirb maAed the beginning of
processes of adaptation to the profile of equilibrium in lake deposits™
that the delta began to be formed at the mouth of the Orange. This
activity was greatly increased by the fact that this adapting erosion-
process operated in the most fine-grained accumulation products™ which
are characteristic of the lower parts of every lake. This fine material
required a minimum transporting power and this fact fully explains the
occurrence of a sub-oceanic delta at the mouth of the Orange, the only
one of that size in Africa.

The gap of the river Orange with its characteristic features of

canyon in some sections, is defined by the coiAntour line [>00 m coinciding,
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by no means accidentally, with the greatest break in the profile of the
Orange - the Aughrabies Falls. It is worth mentioning that this break is
almost precisely in the profile of the junction of the Molopo with the
Orange, a profile in which abundant tropical waters drained into the
Orange during the phases of the contemporary cycle and probably also
throughout earlier cycles. The Orange gap which is the oldest one in South
Africa is the result of the activity of tropical waters, of the Anti-Ni}e
and its antecessors. It is difficult to understand how without this hypo-
thesis the origin of the Orange gap could have been explained by the power
of the waters springing from Drakensberge. There are other powers respon-
sible for building the gap, much greater than those capable of faxilitating
maintaining the union of the waters in an already existing gap which lowers
the potential of evaporation.

Unrest_of the Congo zone_as compared_with the Kalahari.

We now proceed to -analyzing the river systm of the Congo basin. When
looking at the course of the contour line 1000 m on both sides of the
Congo-Zambezi divide, the contrasts between these two neighbouring zones -
Congo and Kalahari - become sufficiently clear. In the outlines of this
contour line within the Congo basin appear 25 mainly
classic erosive, even canyon-like cuts and a still larger number of narrow
elongated spurs - peninsulas and islands, whereas the Zambezi basin disposes
only of three bends of that contour line, so broad and so deprived of cuts
of an erosive character that i1t is difficult to imagine the origin of
these forms without inferring -tectonic predispositions. Assuming therefore
that the calm which is typical of Africa prevails also in the zone of the
Congo it mustlbe emphasized a priori that with regard to South and also
North Africa this calm is seriously distnlbed.

The ~xtent__of degradation in_the_Congo_zone.
This unrest characterizing the zone of the Congo is manifest not only
in the details of horizontal projection but Appears also in vertical
reliefs. Our considerations concerning the norms of the system of the

Kalahari basin allowed us to establish in two instances the contact between






20.

th© Congo basin with that of the Zambezi. These observations refer to
two of the longest head streams, the Kassai and rthe Lualaba-Congo. The

main source of the Kassai rises from the somewhat sloping plateau of the

divide extending to the east from the hump ”Na Lisboa”. This stream belongs

to the parallel water-net running east. Most of the waters of this net

belong to the Zambezi, two of them constituting the sources of the Kassai.
There is no lack of documentary evidence proving that these two arteries
of the Kassai were included in the initial phases of the contemporaneous
cycle of the Zambezi basin. Similar evidences of piracy may be seen on

1 -F
the sap in the Lualaba-Congo basin. The situation the”e is equally ex-

pressive and clear (Fig.2). Of the three head streams Lualabo-Congo the

longest, the kuaiaxa, is the only artery of the Congo basin (south of the
Equator) flowing south-westwa”rd, and the parallel course of the Luangwe
and also its linear extension in the Kafue system, confirm without any
doubt that this artery belonged in its initial phase, just as the upper
Kassai, to the Zambezi basin. The gradient of the headwaters of the Luapula
and the upper Kassai must have been greater in this initial phase - to

simplify calculation let us assume an equal gradient - toward south, i.e.

toward the Zambezi-Orange than toward north, toward the Congo basin. Infer-
ying from previous experiences that during the whole of this cycle neither
the tectonics nor the denudation 'brought about any substantial hypsometric
changes within the Kalahari basin, we calculate on the basis of the present
slope of headwaters to contour 500 m in the Orange gap and to the nearest
pminis contours 500 m in the Kassai and Lualabo-Congo basins, the measure
of hypsometric changes in both these regions of the Congo basin. These
Calculations showed that the nearest contours 500 m of contemporaneous
topography were during the initial phase on level 9S8 m in the Kassai
valley and 1090 m in the valley of the Lualaba.
Processes 6f degradation_”ear no_influence on_the course of the main artery.
These powerful processes of degradation so manifest in the sphere of

the greatest precipitation in Africa, however, can not give us any explan-

ation of either the general structure of the Congo basin or still less
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of the course of the main Lualaba-Congo artery (Luapula), in spite of
the harmonious form of the arch and the symmetrical course of this artery
in relation to the basin. The spiral arches of the tributaries entering
the main stream at an acute angle, becoming more and more acute
jL/w the lower course, characterise only a small part of the Congo basin within
the arch formed by that river north of the Equator, An< it is only this
small part which might be suspected of being due to the power of attraction
exercised by the main stream upon its tributaries. This incontestable
attraction, however, which takes place only in the youngest section of the
artery and the basin of the Congo completely obscured with fresh alluvial
deposits?can be of no significance for any paleogeographic consideration.
A similar adaptation of the system of affluents to the main stream Iis
observed also in the section of the Congo near the mouth of the Ubangi -
the fan of waters at the confluence of the Sanga - but here also only in
yvitzinN/'the area of alluvial formations. Everywhere else there is no lack
of normal types in the Congo system, but they are of a kind which makes it
impossible to draw conclusions regarding the course of the main stream
or the general configuration of its basins. Could one suspect of this the
river Ubangi, the largest left side tributary of the Congo, a distinctly
polygenetic river ignoring completely the attraction of the Congo in its
upper, older part above thp Kouange arch? Can its lower part below the
Kouange arch, distinctly a product of the attraction of the Congo gap, be
taken into account in peleogeortgraphlc considerations since the Congo gap
is surely the youngest section of this river's systnal course? Can the
Kassai, the largest right side tributary of the Congo with an enormous and
strikingly normal meridional system of tributaries be suspected of exert-
ing direct influence on the source of the Congo, and vice versa?
Thejiypqgthesis of _two_primary__Ogngo__basins.
The solution fif the problem of the Congo basin's river
system induces us to formulate our working hypothesis, implying not only
the polygenetis of the course of the Congo which is/ obvious, but also

the fact that oart of the Congo basin forms two hydrographic systems which 1
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notwithstanding the apparent morphological unity of this »hole basin -

still preserve, traces of independence and of . different dynamics.

According to this hypothesis we dlIstingnishfin the western part
ecenge-a basin in the strictest sense of the word™nd a sone of the

pheral river system in the eastern part. There are two arguments support-

ing the formulation of such a hypothesis: 1/ the contemporary basin of the

Congo descending toward west - “~‘consequence, of course, of~gradation

of the main river - sloped in the same direction also in the Initial phase

before becoming again Indebted to an agent of degradation, as shown above,

contour 968 * in the west - in the region of the Kassal basin - correspond-

ed with contour 1090 m in the east - in the area of the contemporary

Lualaba. <«/ Another argument indicating the primary blpartltion of the

Congo basin is the peculiar divlije ..w%j-oh — |
" 13 ~rOm of view of

hypsometry and morphologylhardly discerniwT)?,4
yp y P /91.__ Jun yalscernleey)but separating exactly two

large water systems, the Kassai and the Lualaba. |

Although both thaxons”basins are concordantly directed north, the

contrast between them could hardly be greater. The Kaasal system represents

an exceptionally dense net of parallel arteries, mostly monogenetic. Th.
Lualaba system, on the other hand, has only two very long polygenetie

arteries, the Lomami,almost without any tributari.s™nd the Lualaba with

a very denseand expanding river system.

These two worlds, the calm equatorial region of the Kassai In the west

and the disturbed meridionally «tended Lualaba system In the east, are

separated from”one another by an Insignificant but ancient divide.

T no significance in the contemporary morphology of the

Congo besmiiayed a far greater role in the primary phases as it separated

two independent water systems, of the Pre-Conge-Lake in the west from the

Bre-Congo river basin in the east.

Assuming, for the purpose of making our task simpler, that Lake Leopold I1

constitutes the remainder of that extinct Pre-Congo-Lake, ,, obtain a

central point which collected the raters of that lake's system.
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The esystem_qf .the.Pre-rCongo- Lake.

The above assumptions eliminate all the difficulties in distinguishing
the norms of river systems, especially as regards the Pre-Congo Lake whose
calm surface was incapable of exerting any influence on the directifon of
the confluence of its tributaries; all these tributaries, therefore,
must be recognized as normal. In the fLirst place the Kassai system, cut
consequeh-tly-into the vast plateau sloping north and being part of the
roof of the African continent™ whose regular net of parallel waters was
in striking contradiction to the course of the arch-shaped artery of the
river Congo, -is undoubtedly a part of the Pre-Congo-Lake system.

At high water level the Kassai system was drained into the Pre-Congo-
Lake directly, now it convergesI -?r/]x>i[h© great equatorial artery Kassai-
Lub’\;‘u running to the west. It is more difficult to define what the lower
[ine Kassai-Lubofu represents: a large lake terrace, a platform of

denudation or a flexure? The uncertainty in this respect is, however, of

minor importance for the whole problem. Just as the Kassai system also

the periphery of the extinct Lake Leopold 11, flowed into the Pre-Congo
Lake. The Shuapa system consisting of a parallel water net in the upper
parts of its basin suggests the drainage from a slightly sloping plain
supported by an indistinct divide ivest of Lomami. At the time the water
level had sunk the Shuapa system converged fan-wi$e and subsequently it
united, similar to the Kassai system, into one artery.
Both CoBgo basins drain into__the_Chad-Kiri__basin.

More enlightening and interesting is the west flank of the Pre-Congo
Lake basin which extends from sw the south-eastern Adamaua hills along the
twisted divide of the Atlantic basin to the source of the Lefini, the last
tributary of the Pre-Congo-Lake from south west. Before dealing with
problems connected with the Atlantic proximity of the Congo basin, we shall
yb5he question which has to be put here, namely, which was the direction of
the drainage of the waters of the Pre-Congo lake? This rhetorical question

containskin itself and in the premises of the hypothesis /also—the answe






the Pre-Congo-Lake drained its waters toward north and”“by way of the
western arm of the Ubangi arch”aR-"igwefjinto the Chad-Kiri basin filling
it to the brim. This statement which is based on well founded premises
refers also to the question of the direction of the Pre-(ongo-River drainage.
The chief artery of this basin, the Lualaba, converging together with the
Lomami toward north collects a dense net of waters flowing m«©iweqnBrrtty
from the alpine spur of the east-African troughfault, short at first
growing in length toward north,and parallel: Aruvimi, Itimbiri, and finally
toe Ubangi with the Uelle. For this system there was only one

drainage via the Ubangi arch—?& which it the Pre-Congo-Lake
*4»4»ege and entered «®4-Ré41l-ed-the Chad-Kiri basin.

The great inland lake thus formed had of course an outlet and in this
connection it is of interest that in the exploration of this part of the
African contine?t..—there prevailed for long years the problem of c/irection
of that outlet, m?fﬁ“ﬁ@d for especially Reward-north-east, toward the Nile
and toward the Mediterranean. These studies ww> finally sdeeontinued with

a negative result when the Tilho expedition (1900 - 1909) “icovered the

contour of divide at an altitude of 900 m in the pass between T”besti

and Ennedi.x)

fit the time when not only analytic but also systematic studies on the paleo-
geography of the river system of the African continent were drawing to a close
I was informed that there is in post-war Poland a copy of the English map of
Africa 1:2 M., G.S.G.S. drawn in the thirties, published in 1942. (The E.Romer
Cartographical |nstitute was in possession of the first edition of that map
as far back as 1921 and collected carefully) the sheets of the second and
third editions™until the outbreak of the war in 1939-in the course of which
the whole collection of that Institute was destroyed). |If that map had been
available to me at the beginning of my methodical considerations, two years
ago, I’\%uld have probably been tempted to base (on my analysis; but | am
nor sure waetner this would have been an advantage or whether the great amount

of detail wouldvhave obscured the main features. The aim of this study yas
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Dissimilarity of _the initial form of the_ Atlantic barrier of the Congo.

The hypsometry and topography of that desert 'area .which were not

subject to changes during the whole cycle of erosion, are usually not

taken into account when considering paleogeofrgraphic problems.;

afford only few details pertaining to the statics of phenomena.

therefore, to the history of the Congo and its river system an

they
The key,
d

axaffliaing the dynamiss of its transformations, . . . .
lies not in the invariably
dsseAc herlpherj of th. Congo basin upon which the river encroached in

the past, but in the region of the contemporaneous Congo and i

periphery exposed t0 the most powerful morphological changes.

ts oceanic

We possess

no direct jnformation on these tectonic and degrading processes in the

region of the Congo basin and jts surroundings. By contacting the two

head streams of the Congo angd the Zambezi, we arrived, however, indirect-

ly at the conclusion that the area of the Congo basin was duri

ng the

last cycle of erosion denuded jn-a manner thay jts morphological surface

untouched in the south on the |jhe of the divide Congo/Zambez

lowered successively t0 500 - gy m somrsser lilftt besij

i, was

Following

the principles of calculation applied, in the above example for defining

centre of the Pre-Congo-Labe (Lak, leopold n)
the aim was merely

indeed NnnS&r to obtain ,any and certain results,

experience

gained by method <N~ chlered on the basis of any correctiy generalised

map 4»-®, small scale-, 5-10 Mil- ¢, 4o continents and 2-5 Mil., for particular

physiographical regions.

A hypsometric control infections "Darfur» and "Libyan Desert" phoned the

absence of contour 900 ,, Tllho, tut disclosed th. lo,est point between

Koussi (5360) and mnedl (IgU) at an altitude of 566 m, thence toward

Mt. Bml
Kufra 540,

Kufra 58 wadjfrom there toward nprth and especially towrd east )
there -ws* ts

a violent lowering in height.

mm AN fro" tWO Sedtlons 17" t»e region of the eastern part of
the Chad, basin

1 aontrmi.,  thu mj| ths hipsOBetry>
Kalahari basin (section, Rhodesia, Transvaal and Souferfm™ Wﬁc’ctﬁ

very few additional details worth mentioning.

m_of
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we obtain for the initial phase the contour 725 m. This altitude, however,
and the {connected with it/level of the lake, 800-900 m. allows to state
that the morphological barrier separating the Congo basin from the Atlantic
must have had i at. an entirely different form/, swell
known that great tectonic dislocations and -the processes of denudation
evidenced by the suboceanic canyon of the Congo occur”™in the area of the
Atlantic barrier. The topography of the canyon shows that in the initial
stage the shores of the ocean receded in that section roughly 200 km west
whereas the barrier itself rose to a height of 2000-2500 m above sea level.
It does not seem very likely, that such enormous tectonic dislocations
affected only a narrow strip of land across in the shore line especially
when there was the erosive form of a canyon in the axis of this dis-
brCc¢oU”a
locationl  The uplift shich~preteeded the formation of the canyon must Uh
only transversal but also longitudinal, dimensions
along the coast of the ocean.

On-Xha-tesds.-e£ the contemporary topography of the Atlantic barrier
in the section.from the Congo gap-4« the elevation connected with the
Cameroon volcano we may infer its different structure in the
preceding phases. In this area the divide between the Atlantic and the
Pre-Congo-Lake is now and has been before strongly contested. The river
Congo may serve as an example of victory gained in favour of the oceanic
basin 5fonsequene” the waters of the Pre-Congo-Lake may perhaps at
a certain moment have been temporarily drained into the ocean; the river
Sanga is an evidence of a similar success of the Pre-Congo-Lake. In the
light of contemporary topography the evidence of the river Sanga is quite

0
paradoxical. The straight line distance from the sources of the Sanga to

nfe
the coast of the ocean is 220 km, from the mouth of the Congo”720 km, the
direct gradient to the ocean (2.5°/00) exceeds eight times (0.3°/00) the
gradient to the Congo and 15 - 20 times the much higher base level of

erosion of the Pre-Congo-Lake. The upper section of the river Sanga, the

Dja, has two head streams at a distance of 220 and 440 km,respectively,

from the Atlantic. The second - a river of the former atlantic basin -
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having traversed 150 km as captured in favour of the Pre-Congo-Lake.
Shis capture would be impossible at the present sea level and the position
of the oceanic coast. A successful fight for the divides on two sides
where the lower base levels of erosion differ by many hundreds of meters,
may be secured only by a broad, plateau-like "ass-ef—-th” divide interfering
with the meeting of both lines of attack by headward erosion. Of the same
kind as the>Atlantic barrier of the Kalahari basin was also the Atlantic
barrier of the Congo but it was at first not only considerably higher but
also much broader. It was only a barrier separating successfully the Pre-
Congo-Lake basin from the Atlantic basin that could bring about the
junction of both systems; the Pre-Congo-Lake by way of the lower TlbangiL»
and the Pre-Congo-River through/ the intermediary of the upper UbangC,
and also their jointly flooding the Chad-Kiri basin and the drainage
toward the Mediterranean or the Nile.

Some loose reflections:_Congo_- Chad - Benue - Niger.

The Congo canyon eroded in the phase of the greatest elevation of the
Atlantic barrier was at the moment of the strongest tectonic depression
the passage that either captured the Kassai system or became thé artery, of.
drainage of the Pre-Congo-Lake together with its entire basin”to the
Atlantic. Shen the capture of the Congo toward the Atlantic was effected
the'fate of the inland lake Chad-Kiri, of the contemporaneous main artery
and of the system of the Congo basin was sealed. The hydrographic processes
responsible for the contemporary topography are not easy to recognize
for the same reasons that obscured the course of the Pre-Zambezi 1. The
same role as the mask of eolic accumulation in the Kalahari played power-
ful alluvial deposits in the Congo basin, and the premises which are indis-
pensable for solving the final hydrographical metamorphosis would prove
much more intricate -4n- the Congo than 4» the Kalahari basin. In these
complex metamorphoses, however, one thing may be regarded as most probable,
namely, that the Congo gap played the most important role in these changes.

By abruptly introducing into the system the lowest base level of erosion
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this gap acted as a powerful suction pump when adapting all the constituent
parts of the contemporaneous Congo system, and the flat and soft surface
of the extinct Pre-Congo-Lake facilitated, in an extraordinary meastr

all the processes of headward erosion™;

There arises yet another question: why was it that in connection with
the hypothesis of the Chad-Kiri basin being flooded within the Ubang(* arch
by the united waters of the two Congos, only the alternative of drainage
of these waters toward north or porth-east was taken into account, and no
attention was paid to the possibility of their drainage westward via the
Benue river which [represents ffn""™ present topography a far lower nassage
than that from the Chad-Kiri to the Libyan oases?. The answer is, that

implications

CKt
provided by hydrographical map the river Benue was considered a ie-twr-
. T,
nh-en-omenbn-in the afyxcs.n 320i XGf IHo pHs.s©s of 'O Istro 1hRo chad-Kiri.

In favour of the youthfulness of the Benue was, however, only one
symptom, i.e. the fact that/this river performs /contemporarily/ ine final
attack on the remainder of lake Chad following the imminent capture of
the rivers Logons and Chari in favour of the rivers Benue and Niger. With
regard to the river Benue the hypothesis may be formulated that p.re too
as in the case of the lower Vistula in Poland,An the last phasg/a turn
01 «*n tho source of the live!!l Ltrok plac~f-ag hre--~tro-dv been ex-

Zambezi in section Zumbo-Livingstone and section
Ubangi, downward from the Kouango-Bangui arch. There is, however, a small
though significant item pertaining to the types of norm in a river system
which is against applying this hypothesis to the river Benue.
Son the N.Nigerian plateau a densest of waters ru”parallel but converge,
fan-wise, the pointed end of that, fan being directed toward the centre of
the basin, i.e. lake Chad (Fig.4). This net included the river Gongola,

whichhas perhaps the largest water discharge flowing from the greatest

heights m N. Nigerial Half-way in its course distinctly toward
MrebecL






lake Chad, the river Gongola being captured by the Benue turns suddenly
at a straight angle. This fact provides sufficient evidence of the
river Benue being much younger than the N. Nigerian system and also
proves that before encroaching upon the centre of the Chad it was forced
to sever the plateau barrier connecting the N. Nigerian plateau with
the Cameroon-Adamaua massif.

There is not much noee. to be said <ef the river Niger. Its course«*
appears to be analogous to that of the Loire/with an arch bulging northj
Orleans on the Loire reminding of Timbouctou-Boutrem on the Niger. Just
as the upper Loire was a tributary of the Seine captured by the lower
atI%ntquLoire, the Aiiger was presumably running north and was diverted
to thoe-'}'J’I*At\I/&ftti<|.by headward erosion of the streams of Upper Guinea.

The Niger gap exposed the inner Sudan to the influence of the Guinea mon-
soon and this circumstance must be held responsible for the powerful
processes of degradation on the river Benue“which earries a much larger
volume' of water than the Niger. Such perspectives would appear much

more probable/ if it were possible to transfer to this region the ex-
periences gained Iin Lower Guinea, in the area of the barrier separating
the Congo basin from the Atlanticpend in respect of which it was confirmed
that the enormous degradation processes wwe-produced by the tropical
climate but-were achieved in conditions of considerable tectonic movements.
The fact is that the “initial' Niger pursuing a northward course, perhaps
even tending to reach the Mediterranean, was repeatedly subject to attacks
from the south, from Upper Guinea with its most abundant precipitation™
assd which therefore is the most active part of Africa. But here also
successful capture was not achieved by the shortest way of attack (Blatek
Vo‘i?g) but from the sour of Guinea near Camerooniwhere the culmination

of precipitation was responsible for the capture of the upper Niger

and also for an entirely young development of the Benue valley™Which

was to strike the final blow at the dessication of the Chad basin and lake.

African analogies.

IT we accept an analogous chronological value for the,sequence of
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events in the history of the African topography we*wili arrive at the
conclusion that on the whole territory of Africa three phases of develop-
ment should be distinguished in the contemporaneous geographical cycle.
In the first, the initial phase of contemporary topography, there
appeared within the area of the Congo two longitudinal meridional de-
pressions, one belonging to a lake, the other channel-like, separated

by a meridional divide, morphologically only faintly discernible. This
initial feature of the formation of the Congo basin, implies some analogy
between the Congo and. the Kalahari regions differing now so completely
from one another; indeed, in order to reproduce the hydrography of the

Pre-Zambezi | we were at a certain moment inclined to formulate the

that/M*
hypothesis South African Anti-Nile made use of the double line of

drainage to the Atlantic via the Molopo. This

and the Congo has a far stronger support in the fact that the compact
barrier separating”™even at present“the Kalahari from the Atlantic extended
in the initial phase,uninterrupe ,from the Orange gap to the gap of

the Niger and perhaps even ftrrer northffand west-ward. The initial phase
in Africa was therefore characterized only by two regions, the trapezoidal
and the triangular, in which latter the distinctive character of the
Congo basin had not yet come into prominence. The meridional character
of the morphology and. hydrography of the Kalahari - Congo was at that
time manifest in the whole of Africa by the drainage of the Congo via

the Chad-Kirijto the Libyan basins. Was not the indentation of the
Mediterranean into the gulf of Syrt also due to that meridional Ghaiafiiac
<xf.,the. structure so typical 6f Africa? And the northward course of the
Niger was i1t not a part of the same framework?

In the following phase there occurred a systematical dismemberment
of the structure of the African continent marked by its meridional
character; there is no need here to emphasize the few existing details.

this meridional undulation in the initial

phase of the contemporary topography, so characteristic of
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the origin of the great;chiefly meridional troughfaults of the
ArX'p
eastern margin of Africa? If so, we might obtainM”™ the geographical

cyclera geological

I have now come to the end of my experiment. It yielded some
results which oeur the mark of truth but it d!rgéﬂlosed] also' such vast
perspectives that neither a priori nor the more a posteriori such
a success could have been anticipated a-fter*s-uch an easy/way ...

I am full of apprehension thinking oS the many possible misunderstandings
which may follow in the wake of such success. It is exactly for
that reason that | hooe to meet with the utmost possible tolerance
on the part of science andtlfjet/!:Iér" —

edge that researches on the line indicated above
are worthy of being built up systematically as working method. As
regards method, my experiment did not pass beyond the most primitive

stage; should it be instrumental to developing a new working method,

its success would be complete.






Problemy paleograficzne Afryki wywiedzione z jej wspot-

czesnej sieci wodnej. — Paleogeographic problems of
Africa as deduced from her river system.
Note

de M. £. ROMER, m. t.

presentee le IIDecembre 1950 par A. Zierh offer m.

The profile of equilibrium and the hypsographic curve

Herodotus' famous »Egypt — a gift of the Nile«, Playfair’s
profile of equilibrium and finally W.M. Davis’s geographical cycles
seem to be three consecutive stages of geographical thinking.
In addition, if we remember that half-way between the Play-
fair — Davis conceptions the thesis of the antecedence of rivers
was advanced, we shall understand that geomorphology, as built
up by E. de Margerie, W. M. Davis and A. Penck, is the
science of investigating the influence of running water on the
transformation of the relief. The last century of geography has
>heen instrumental in confirming the theory that running water
IS so predominant an agent in shaping the surface of the earth
that all other degrading factors, even constructive tectonic agents,
are only of secondary importance.

This theory has found its most eloguent expression in the
experiment of the hypsographic curve. The hypsographic curve,
which represents the distribution of particular contour intervals
in their percentage relation to the surface of a geographical
region, proved to be in all continents very closely connected with
the profile of equilibrium, in other words, with the vertical pro-
file of a river. This form of hypsographic curve suggests that
even in tectonically disturbed continents such as Asia or North
America, or in the vast expanses of Australia or Africa in which
flowing water is almost absent, it was in fact running water
which decided the topography.

Bulletin 111. A. 1051
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The distinct relationship between the hypsographic curve and
the profile of equilibrium is not only evidence of the com-
mon origin of both these forms, but is at the same time sugges-
tive of the dynamics of the process involved. This dynamic power
IS manifest in the attraction which a main stream exerts over
the whole of its course upon every thread of flowing water and
on the periodical, superficially drained waters of torrential rain,
melting snow, etc. Evidence of the degree in which a main stream
attracts the diverse and complex forms of the surface of the
earth is constituted by the fact that the hypsographic curves,
not only of large stretches of land but even of tiny, almost
arbitrarily cut out portions of the earth’s surface, do not deviate
from the typical profile of equilibrium. Some few exceptions
recognized in an experiment of this kind x) are due to the fact
that the curve refers to the topographical conglomeration of di-
verse morphological elements or to a fresh morainic accumulation
of the last glaciation.

The norm of river systems

The attraction exercised by the main stream on the course of
the permanent aiid periodical drainage of its river system has
been recognized as the power shaping the two related forms of
the profile of equilibrium and the hypsographic curve; it should
be expressed by a certain norm of the distribution and form of
the river system adapted to the direction and configuration of
the course of the main Stream. This adaptation of the system to
the direction of the main stream, which is usual in the case of
a small and often monogenetic main river, is subject to distur-
bances in the region of large river basins, which are as a rule
polygenetic. In the region of these basins it is likely that some
characteristic features will always be found in the course of tri-
butaries, occurring either collectively and regionally or in sec-
tions in certain parts and in various regions of the basin.

In searching for and recognizing the features of particular
sectors of river systems, the first place is obviously due to
that feature which connects the contemporaneous river system

The author is in possession of numerical as well as planimetrical hypso-
graphical material for 271 administrative units of Poland according to her

present boundaries.
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with the main drainage artery, the latter being in principle res-
ponsible for the development of its own system. Such sectors
of systems adapted to the course of the main stream have been
given the name of normal contemporaneous systems. Apart from
the normally contemporaneous system we observe either whole
sectors or dispersed sections deviating from the contemporaneous
norm in every system, in areas unaffected by marine transgression
for a certain period.

These foreign elements in a contemporary system are of two-
fold origin. They became part of that system by way of piracy,
constituting the basis of the polygenesis of the main stream, or
else they are survivals of previous phases of development of the
river basin which, in accordance with the theory of antecedence,
may reach into a very remote past. A study of the system, dis-
tinguishing the contemporaneous normal river system from dif-
ferent norms of the type, of piracy or survival so as to recognize
the sequence of the types of norms existing in a river basin,
should be the point of issue for paleogeographic studies and
conclusions.

The contemplative find intuitive character of the present study

The above view on the nature of a river system is of course
not new, but it emphasizes clearly the historical perspectives
inherent in the picture of a system. It began to take shape in
the past two years during many months of convalescence when,
having ample time for meditation at my disposal, I contemplated
several school maps of Poland and other European countries and
also of othqr parts of the world, especially of Africal), which
hung ori the walls of my room.

1) The maps in question had all been drawn at the Cartographical Insti-
tute of which I was the director, and knowing the meticulous care bestowed
upon the generalization of river systems, | trusted my impressions to
a considerable extent. At a certain point of advanced studies I became
aware that my map showed a shocking error in the course of the contour
line 1000 m above the middle and u >per Zambezi. In consequence | referred,
for further analyses of the African river systems and a revision of
previous considerations, to Bartholemew’s Map of Africa 1:10 M., 1945 and
to particular p ates of his Regional Atlas, 1948. When trying to establish
the source of this error in the map of Africa (Romer—Janiszewski, 1928),
I found that it was in its time universal and had been copied from the

4AM
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By such visual flights over river nets of various countries
and continents, repeated and checked many times, | became
acquainted with a considerable number of contemporaneous types
of norms of river systems and also with norms of systems
differing from and intercalated in contemporaneous systems.

When estimating the value of these phenomena | met with
some difficulties of varying importance; in some instances the
analysis of a river system was repeated several times at inter-
vals of some months without arriving at the fundamental result,
namely, without recognizing the contemporaneous norm of the
system of a given river basin. Could it be possible that every-
thing in a contemporaneous river system is a matter of sur-
vival? This was found to be true for Africa in one instance,
which will be discussed below. For this and many other reasons
I shall refrain from dealing here with the classification of norms
of a contemporaneous system which | observed. My experience
is too small and not adequately arranged for making an attempt
to classify norms systematically; it is, however, sufficient to give
me the conviction that such a classification will prove to be
a methodical problem of primary importance, should my expe-
riment arouse the interest and confidence of Science.

Two examples of types of river system norms

Regarding therefore the problem of classifying the norms of
river systems and even the whole question of paleographic con-
siderations as cura posterior, 1 shall present here examples of
only two types of entirely opposed norms. The first belongs to
the most common norm, almost without any exception character-
istic of alluvial areas, and the second constitutes the reverse
of the former; hence in this great anomaly a palegeographic
and quite indisputable conclusion is implicit.

The first norm is illustrated by the system of the river Po.
The main stream and all its tributaries from north and south
turn eastward and in this direction, which is that of the Po it-
self, they join it at smaller and smaller angles. The last of the

first edition of the Map of Africa 1:2M, G.S. G.S. published during the
first World war; e.g. ih Bartholomew’s map, it persisted until 1940, Oxford

Advanced Atlas, Plate 69.
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tributaries, the Adige, adopts at its final bend an asymptotic
straight line which changes it from a tributary of the Pq into
a main river.

A norm quite opposed to that of the Po is presented by the
lower Vistula below Torun. The main stream here runs north
and its chief tributaries, especially those on the left banks, enter
the Vistula flowing from north to south. This phenomenon, in
principle quite inconceivable from a hydrographical point of view,
may be explained by the short time which separates the contem-
porary period from the last phase of the Scandinavian glacier
receding from the territory of Poland. At that time the gulf of
Gdansk (Dantzig) was still covered by a lobe of inland ice, whose
fluvioglacial waters flowed southwards into the channel of the
lower Vistula and entered the great Quaternary Valley near Byd-
goszcz, the great Pre-Vistula, whose branch, the Note¢, turned
west and ran in this direction to the North Sea — at certain
times even on the di'y bottom of that sea — and to the Ocean.
The present tributaries of the lower Vistula running from north
to south are survivals of the fluvioglacial stream which were
drained during the glacial period from the plateaus of the Po-
meranian Lake District, where active and dead blocks of melting
ice still persisted at the time. But after the disappearance of the
Baltic glacier and after the drainage of the Pre-Vistula into the
Baltic via Dantzig, all these tributaries turned more- or less
clearly northwards in their lowest courses. Thus the foundations
of the contemporaneous river system, adjusting itself to the course
of the lower Vistula northwards, were already laid.

Fragmentary experiments in the territory of Europe

When considering other hydrographic European territories in
the same manner as the lower Vistula and the Po and starting
chiefly from points of violent change (above 90°) in the course
of the main stream considered as elbows of capture, it proved
possible to reconstruct a number of far-reaching paleogeographic
perspectives. These reconstructions included a vast area of low-
lands and mountains of the Hercynian zone, from the Aralo-
Caspic region to the Atlantic coast of France. Although in these
reconstructions there was no lack of fragments confirmed by
.studies in the field, these criteria, even if they were less frag-
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mentary, did not seem to be of sufficient importance. The pri-
mary purpose in this kind of research seems not so much the
truth itself as rather the experience gained on the way supposed
to lead to the truth. However, as the experiences from European
countries were only fragmentary and did not include any compact
territorial whole, | decided to subject a whole continent to an
experiment carried out as systematically as possible, and to pre-
sent the results, and even more the way by which they were
attained, as material and as a problem for discussion.

General characteristics of Africa

The choice of Africa was not difficult as it is tectonically
the least disturbed of all continents and possesses a wide range
pf possibilities of degradation.

Africa is a land-mass of particularly simple geological struc-
ture and horizontal and vertical morphology. If from our consi-
deration we eliminate two strips, ond in the north and one in
the south, of a folding structure foreign to Africa, and also the
vaster eastern,region cut through and bounded in the west by for-
midable meridional dislocations, there remains an enormous de-
nudated mass in, which three members may be distinguished from
north to south: 1) the Sahara with the Sudan, 2) the Congo,
3) the Kalahari desert. Arranged in this order, each member
is geologically older and morphologically more denuded than
the preceding one; in the South, for ages they have not been
touched by marine transgression. One might say here that in con-
trast to the entire mass of the earth crust, which is subject to
continuous and turbulent movement, the whole of Africa and
especially the southern part, the shell of sunken Gondwana, is
held in eternal inactivity; she is also an eternal, but eternally
rejuvenated peneplain. The lifelessness of Africa concerns only
decided movements producing large structural forms, but she is
not devoid of slow movements which are responsible for details
pf basins, including the meridionally elongated formless basin of
the Kalahari, in which features of erosive origin are absent; to such
slow movements should also be ascribed the la-st rejuvenation of the
African peneplain as evidenced by the waterfalls, which generally
occur on the margins but are also common in inland breaks of slope.
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Paleographic problems of Africa

The problem of the gaps of African streams

The silhouette of Africa traced above implies that the most
important morphogenetic problems of this continent are the valley-
gaps, and the key to solving these problems lies in South Africa,
where the greatest simplicity of general structure is combined
with the size and variety of the great gaps of the rivers Zam-
bezi, Limpopo, Orange and Congo. In considering the origin of
these gaps it might be said a priori that in three of them, the
Congo, the Zambezi and the Limpopo, retrograde erosion, away
from the sea, was open to them; but in respect of the narrows
of the Orange near the coldest sea water and hence to the driest
coast no such assumption can be made. In accordance with this
view it seems that the Atlantic coast between 10°—3(F Lat. is
the broadest, most monotonous, and most compact barrier of the
continent of Africa.

There is indeed very little that can be said of the origin of
the African narrows, and ther™ are no indications at all as regards
the chronology of these morphological processes,

The Limpopo system

After these general and negative conclusions let us make
some observations on the details of the South African river sys-
tems.

From the point of view of hydrography there may be dis-
tinguished in South Africa two flanks, west and east, separated
from one another by the meridional axis of the Kalahari basin.
The system of the eastern flank with the Zambezi and Limpopo
narrows proves that two normal types of [water system must
meet in this region: the youngest norms of river gaps and the
older pre-gap norm. In the system of the Limpopo (Fig. 1) the
tributaries are so well adjusted to the gap of the main stream
that in its general outline it is difficult to find any trace of de-
pendency upon the Kalahari basin. All the tributaries of the
Limpopo are adapted to the direction of the main stream which
th,ey join at angles becoming smaller as they go down. The regu-
larity of this adaption is so perfect that the Limpopo system
might be compared with such typical contemporary norms as the
systems of the Po, the Ganges or the Orinoco.

41>
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The right bank system of the lower Zambezi

The same section of the map (Fig. 1) on which the hydro-
graphic adaptation of the river system of the Limpopo basin to
its gap was demonstrated, illustrates part of the system and gap
of the Zambezi, but only of its right flank. However, even this
mutilated picture of the Zambezi shows numerous features of the
erosive incompetence of the Zambezi as compared with the Lim-
popo. The example of the river Sabe, iWiich inclines towards the
Limpopo in spite of the fact that the gradient toward the Zam-
bezi is twice as steep, and also that there is a tenfold superiority
in the discharge of the latter over that of the former river
evidences the enormous attractive predominance of the Limpopo
over the Zambezi. This, however, is only one side to the nega-
tive picture of the dynamics of the Zambezi. Whereas the tribu-
taries of the Limpopo are without any exception adapted to its
direction, the adaptation of the river system on the right bank
of the Zambezi is confined to a short lower section, the last,
member of which forms a fan of waters draining the eastern
slopes of the Salisbury plateau and joining the Zambezi near
Tete through the intermediary of the river Ruia. All the tribu-
taries feeding the Zambezi on its right banks upwards from Tete
I. e. the waters draining also the western slopes of the Salisbury
plateau, and all the tributaries flowing into the Zambezi from
the Balawayo-G-welo plateau, enter the Zambezi in an abnormal
manner, at increasingly wide angles, which may be right angles
but not acute. (Compare in particular the drainage of the river
Sanyati from the Salisbury plateau and that of the river Shangani
from the Gwelo plateau).

A section of the course of the Zambezi from Zumbo upwards
towards Livingstone and Victoria Falls which is directed east
and northeast with the tributaries running north-west and west-
north-west, is rather reminiscent of the lower course of the Vis-
tula below Fordon. Therefore already at this stage considerations
on the anomaly of the Zambezi system together with its insuf-
ficient power of attraction lead to the hypothesis that the con-
temporary course of the Zambezi is an extremely young phe-
nomenon, much more recent that its mature tributaries (right
side: Sanyati and Shangani) which were preceded, just as in the
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analogous course of the lower Vistula, by the reversed course of
the Zambezi toward south-west and west. The course of the Zam-
bezi upwards from Tete is one of the infant features of South
African topography.

The left bank system of the Zambezi

This hypothesis is fully confirmed by the nature of the river
system on the left banks of the Zambezi, especially of the Luan-
gwe and the Kafue (Fig. 2). Both these rivers are polygenetic,
This polygenesis is particularly distinct in the system of the
Kafue. Three of its sections, namely, the upper fan of waters
with drainage directed south, south-west and west differs from
the median section directed southward and is strikingly dissimi-
lar from the lower section running eastward. The upper section
is the oldest, and the lower the youngest. Since it was only the
youngest section that joined the Kafue system with that of the
Zambezi by way of piracy, it is obvious that the older and oldest
sections running south, across and considerably above the present
course of the Zambezi, are much older. In their initial phase,
towards the south and south-west, they joined the upper Zambezi at
the point of a sudden turn of its course to the south and east
not far from its confluence with the Njoko (near Livingstone).

The history of the Luangwe valley is similar, the only dif-
ference being that in the third section of capture of the Kafue
directed east a role began to be played in the history of the
Luangwe by the Zambezi itself, whose headward erosion reached
at that time already as far as Zumbo. Above that point the
Luangwe ran in the present channel of the Zambezi towards the
south and west but on a much higher level, joining the above-
described fan of waters of the Kafue and upper Zambezi in the
central axis of the Kalahari.

The Zambezi system was drained via the Kalahari into
the Atlantic

The upper Zambezi — upwards from Victoria Falls — does
not however constitute the limit of the drainage directed south
toward the central meridional axis of the Kalahari; the upper
Zambezi is the axis of a much larger river system. To this sys-
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tern of tropical waters belong the rivers Kwando, Cuita and
Okawange whose waters form a mighty delta, the »Okawangq
Swamp« in the region of the desiccated Lake Ngami; here also
belongs the system of the Ovalo drowned in the extinct »Etosha-
Pan«. In this system was also included the Atlantic Kunena
draining the »Na Lisboa« plateau until it was captured by the
. Atlantic headward erosion. However, if the Atlantic capture of
the Kunene sufficiently explains the drying-up of the »Etosha-
Pan«, the drying-up of Lake Ngami and of the adjoining »Ma*
karikari« swamps remains a riddle still awaiting solution.

During the cycle of erosion in which along a line of more
than 2000 km from the plateau Na Lisboa in the west to the
massifs along the Tanganyika-Nyassa Rift valleys in the east,
abundant tropical waters flowed into Lake Ngami, or rather into
the twin lakes Ngami-Makarikari; there appears to have been no
reason whatsoever for the drying-up of these basins. The inland
basins so abundantly fed covered much larger areas than under
present day conditions. An idea of the size and extent of these
inland waters is suggested by the rivers of the second Atlantic
hump — the Windhoek plateau — running mostly toward the
north-east and east. During the cycle in question these waters
could neither dry up nor flow into a lake or into lakes without
outlets. But the arid regions of the central basin of the Kalahari
afford no solution for this problem... masked, it may be, by the
character and extent of eolic accumulation. This eolic mask con-
ceals no doubt certain relief features of the older cycle in res-
pect of which, considering the axiom of the drainage of tropical
origin, the following two hypotheses may be formulated:

1) In the central area of the Kalahari basin the drainage of
tropical waters formed a second large inland lake with an outlet
via the Molopo to the Orange. The peculiar features of the course
of the Molopo with the »mesopotamiax Molopo-Kuruman and
also the equally »mesopotamian« system of the Nosop-Oup flow-
ing from the Windhoek plateau, seem to be evidence for the
existence of such a lake. In these »mesopotamias« | should be
jdso inclined to suspect terrace structures of the second col-
lecting lake basin.

2) The second hypothesis is based on the character of the
Water system of the Windhoek plateau. The centre of this sys-



Paleographic problem® of Africa 4Q
¥ , J

1.7Tn is the Great Fish River flawing directly into the Orange.
The Great Fish River system, which is normal in relation to'
the Orange, unites in the form of one bundle of waters with the
»mesopotamian« system Nosop-Oup directed at first toward |he.
south and then turning south-eastward. This change of direction
is due to the hypothetical main stream whose traces can be now
covered by the eolic accumulation of the Kalahari. As all traces
of the older system of this region have been obliterated by eolic
accumulation, this question must also remain unanswered.

jn the first phase neither the Zambezi ngr the Limpopo,
gap was in existence

An analysis of the abundant tropical water system drowned
in several of the inland lakes brings us finally to a dead stop:
a conflict between the abundance of cooperating waters, which
excludes the complete absence of outlets from the collecting
basins, and the lack of evidence for their most normal drain-
age by way of the meridional axis of the Kalahari. At this
point the significance of experiments made with the quite young
system of the lower Zambezi and with the almost mature system
of the Limpopo becomes apparent. An irrefutable conclusion seems
to ensue: the entire abundant water net of the Congo-Zambezi
divide made use of the Limpopo gap from the start and up to
the period when the Zambezi shifted its retrograde break from
Zumbo to the Victoria Falls, This hypothesis, which explains the
unusual width of the gap-gate of the Limpopo and the enormous
development of its delta formations, should answer all the que-
stions which have not yet been solved.

But even this hypothesis of the original drainage of the tro-
pical waters of the Zambezi and of the fan of waters extending
from the Kunene to the Luangwa by way of the Limpopo gap
to the Indian Ocean, which answered so many questions in the
history of the South African relief, is untenable in view, of the
riddle of the drying-up of the Makarikari swamps. Drying up
swamps spread over the whole area of Kalahari three such
complexes are, e. g. Etosha, Okawango-Ngami and Makarikari
as formations of vegetation and as climatic evidence they are
undoubtedly the most recent contemporary phenomena. The dei-
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oriptions of explorers and maps of the middle of the 19th cen-
tury prove sufficiently that the levels of the lakes, and the ex-
pansion of the swamps are the products of the last shortwave
climatic oscillations. The mere fact, however, that for example
Ngami and Makarikari, separated by about 4—500 km, are almost
exactly on the level 950—900 m shows that these secondary and
minute basins are characteristic forms of a great whole — the
tectonically old and morphologically formless Kalahari basin —
which the contemporary erosive renovation has not yet been able
to reach.

If, however, the climatic and floristic features of the Kalahari
basins reflect the contemporary physiography of the country and
if its topography may be traced to the most ancient features of
the contemporaneous peneplain of South Africa, then the water
system of these basins when compared with the norm of valley-
gaps should throw some light on the age of these products of
the rejuvenation of the relief.

A survey of these conditions was limited to an analysis of
the Makarikari system. This ancient basin-form drains — in the
first place — the western part of the Bulawayo plateau by means
of the river Nata. In the drainage of this plateau appear also
many tributaries of the Zambezi and Limpopo. Those of the
Zambezi entering it at an angle of 90° are derived from that
phase of the morphological cycle in which the river Luangwe
ran in the channel of the present Zambezi — above Zumbo —
towards Livingstone and the meridional axis of the Kalahari
basin, lhe knowledge gained is quite sufficient to state that not
only the Makarikari basin but also its tributary Nata are much
older than the infant gap of the Zambezi above Zumbo.

The knowledge based on an analysis of the Makarikari sy-
stem leads to a similar result as regards the chronology of the
Nata in relation to the Limpopo gap, which is also younger.
The gradient of the river Nata to the outlet of the Makarikari
basin is only 0'5°/o, therefore three times less than the gradient
of the sources of the Nata to a point 500 m above the Limpopo,
which amounts to 1-7%. Such a relation could not last for long
and moreover constitutes a proof that the Nata system had lasted
for a considerable length of time before the Limpopo gap began
to be active. The relative lateness of the Limpopo gap is evidenced.
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even more than by the Nata itself, by a few periodical waters
running north-east toward Makarikari from the immediate vici-
nity of the valley of the Limpopo, from a region lying south
of the ridge of the Serowe plateau and to the west of Molepo-
lole (Fig. 1)1). These waters also definitely exclude the possibi-
lity that the tropical waters of the Zambezi, joining concentri-
cally in the Ngarni-Victoria Falls area, could have flowed directly
south-east into the Indian Ocean via the Limpopo gap. In the
oldest phase of the contemporary South African topography the
tropical waters of the Zambezi ran directly south and by way
of the central meridional basin of the Kalahari they reached the
Orange and were discharged into the Atlantic.

The morphological maturity of the Limpopo gap induces us
to assume that this drainage of tropical waters via the Orange
did not prevail for any length of time and that the main drain-
age-artery perhaps flooding the »unknown« lake concealed by
eolic deposits was diverted by the retrograde erosion of the Lim-
popo and probably also by an overflow of the waters of Lako
Kalahari, characterized by considerable oscillations of this level.

The Zambezi — Orange gap. The three stages of development
of the Zambezi

At the time when the intense retrograde erosion of the pre-
sent Zambezi diverted not only the lower course of the Pre-
Luangwe but also the entire fan of tropical waters of the upper
Zambezi, the Kalahari basin was subjected to a physiographical
degeneration in which its reduced biological role was dependent
Upon short climatic oscillations.

An analysis of the river network also allows perspectives on
the first long-wave phase in the history of South African topo-
graphy. Three such phases of evolution of the contemporaneous
relief have been distinguished. In the first, the Kalahari basin
was enclosed on all sides by compact barriers: it was drained
through the intermediary of one southward stream and one gap

") Molepolole, 200 km SW from Serowe is shown on PI. 115 of Bartholo-
mew, Reg. Atlas, but the periodical waters flowing NW towards the interior
of the Kalahari are given only in GSGS Africa Map 1:2 M (3rd ed., Sec-

tion TransVaalL
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of the river Orange (Zambezi—Molopo—Orange). We have called
this phase Pre-Zambezi I. In the second phase the Pre-Zam-
bezi | stream, undercut in its lower course by the retrograde
erosion of the Limpopo, introduced into the S. African topo-
graphy the second Pre-Zambezi Il gap, defined by the course
of the upper Zambezi, by inland lakes, the centres of which are
now marked by the remainder of the waters and the Ngami and
Makarikari swamps, with the Limpopo as their drainage artery.
This phase has been called the Limpopo or Zambezi Il phase
(Zambezi—Limpopo). In the third phase, at a very late stage,
the third Zambezi gap 'became of importance. We have given
this phase the name Zambezi III.

&

The deltas of the main South African rivers

The most cursory look on the delta formations of the three
South African rivers reveals still other physiographical features
and even new aspects of the chronology in the development of
the S. African relief. In that part of the continent delta forma-
tions of rivers are distinguished by a considerable thickness; they
reach 500 m below sea level and in two levels, up to 200 m and
to 1000 m, they rise above the level of the sea. It is obvious
that the outlines of the contours, especially of that 200 m below
sea level, determine the character and the size of the youngest
delta formations, whereas the land levels up to and above 200 m
mark the character and size of the older and oldest delta forma-
tions. The course of the contour 200 m below sea level which
manifests the latest processes of accumulation below river gaps
is on the whole parallel to the coast lines, and there is only
one bulge indicating an accumulated concentration in the prolong-
ation of the axis line of the Orange gap. The conclusion may
be drawn that in the youngest phase; the Zambezi Ill, there was
only one delta, the youngest, formed by the oldest Pre-Zambezi
gap below sea level (Zambezi—Molopo—Orange). The second Pre-
Zambezi (Limpopo) gap with the smallest distance of contour
200 m from the coast, formed no delta at all in the Zambezi 111
phase, but the great development of the 200 (and above 200 m)
‘contour line indicates that the Limpopo gap developed a power-
ful delta-forming activity only in phase Il. The true Zambezi
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gap never built a large scale delta, and the considerable distance
of contour 200 m from the coast extending along its line for
about 500 km is evidence of a long-lasting marine abrasion co-
operating with torrential action on the shores and the forcible
formation of alluvial cones. Reflections based on these observa-
tions enable the hypothesis to be formulated that in the regions
at the mouth of the Zambezi 111, within a* belt of about 500 km
in width, there existed an equally powerful retrograde- erosion
inasmuch as during the long period of time defined as phases |
and 11, no distinct line of water-gap developed. At a certain
period one of the numerous small and short torrential streams
cutting into the shores between Beira and Quelimane, took ad-
vantage of and captured several adjacent arteries of retrograde
erosion, accelerating the cut through the Zambezi 111 toward
Zumbo; reinforced in the second stage by the waters of the
Luangwe and Kafue it reached the Victoria Falls near Livingstone.

This latter process of retrograde erosion which captured the
river system of the whole western flank of tropical South Africa,
-thus reducing the hydrographic role of the Limpopo to contem-
porary conditions, stabilized the contemporaneous phase of the
morphological cycle. The absolute compactness of the S. African
barrier of the Kalahari basin, which is typical of the beginning
of a contemporaneous geographical cycle, was interrupted in the
course of two phases of development by three gaps, of which
the two later ones opened the way to oceanic influences from
the east, thus ameliorating the desert character of the Kalahari,
but at the same time, by depriving it of drainage by activo wa-
ters, reducing its biological and cultural possibilities.

The Orange gap and its predominant role in the hydrography
of Africa

At the end of this stage in the history of the S. African topo-
graphy, some remarks should be added on the phenomena con-
nected with the Orange gap. The predominant role of the river
Orange in the range of African gaps, perhaps even its antece-
dence in relation to the contemporaneous geographical cycle
which is supported in numerous instances by the history of
this cycle, is in sharp conflict with two contemporaneous final
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features of this topography. We open this discussion with the
already mentioned fact that the river Orange is very actively
forming a young delta without showing in the cartographical
picture any traces of the older delta formations which are -sc
powerfully developed in the axis of the mouth of the Limpopo.
This indeed seems to be a paradox — which Is apparently in
harmony with and similar to a second paradox. In conformity
with the character and extent of delta formations, the measure
of the erosive dynamics of a given river is the dimension of
vertical erosion. Assuming as the measure of vertical erosion the
distance of contour 500 m from sea level, we have at our disposal
the following comparative figures: the distance of contour 500
from sea level in the profile of the Zambezi amounts to 900,
or 1000 km in the Luangwa, to 600 km in the profile of the
Limpopo, but only to 450 km in the profile of the Orange. Jf <on
the one hand, these differences between the Zambezi and the
Limpopo are sufficiently accounted for by the enormous predo-
minance of the surface of the basin and the water discharge of
the Zambezi, the relation of the vertical erosion of the Limpopo
and the Orange, on the other hand, is in conflict with the three-
fold predominance, of the erosive elements of the Orange over
the Limpopo; the surface of the river basin, the water discharge
and the actual time of the processes of erosion — what a pa-
radox!

Both these paradoxes, howeverj have a certain harmony in
common, hence also a logical sequence of phenomena inseparable
from harmony, and consequently offer a chance of explaining the
accompanying discordances and contrasts even if these are pa-
radoxical. In the whole of our paleohydrographic reconstruction
of S. Africa, we consider the fact of the predominance of the
Orange gap formed by the waters of the Pre-Zambezi | as the
strongest pillar pf the entire structure. But owing to the fact
that we know very little of this chief meridional artery Pre-
Zambezi 1, this reversed Nile of South Africa, we also lack any
kind of evidence in the area from Ngami-Makarikari to the junc-
tion of the Molopo with the Orange which might allow us to
trace the course of this Anti-Nile. And yet the existence of this
Anti-Nile is the foundation of our African paleogography. In our
prolonged meditations on this problem, there continually returned



Paleographic problems of Africa 55

and established itself the idea that the waters of the Anti-Nile
were not concentrated into one stream within the limits of the
desert zone, but that they drained into a system of lakes, espe-
cially in the area of the Ngami-Makarikari and in regions en-
circled by the peculiar course of the river Molopo, with all the
features, especially those of ground water, af a physiographical
border which marked perhaps, at least partly, the southern limit
of lake »Kalahari«. This hypothesis is in accordance with all the
above-mentioned paradoxes. The Pre-Zambezi | joining the Orange
through the intermediary of these lakes entered them deprived
of all the load which regulates the delta-forming potential of
every river: this was so at any rate during phase I, the close
of which was marked by the capture of the upper part of the
Pre-Zambezi | by the Limpopo. It is, however, possible that this
inability of the Orange to form deltas lasted much longer. Con-
sidering the fact that the two upper lakes of the Pre-Zambezi |
system Ngami and Makarikari — at a distance of 500 km
from one another, lie on exactly the same level, we may assume
that the form of the Kalahari basin at the beginning of phase I
was not concave but convex; of the type of a large talus, per-
haps of a twin meridional tectonic wave. Such an assumption
includes the hypothesis that the Pre-Zambezi I flowed from the
top of this talus in two branches, which spread in some places
into lakes and joined the system of the Molopo and Orange. The
piracy which resulted from the retrograde erosion process of the
Limpopo was reinforced by the erosion of the outlet waters
of the eastern system of lakes, affected only the eastern drain-
age branch of'the Pre-Zambezi I; the western branch of this
watei-net cleared by the system of lakes completed their drainage
and the formation of the Orange gaps but still remained incap-
able of a more vigorous delta accumulation. It was only when
the barriers of Lake Molopo, marking the beginning of the pro-
cesses of adaptation to the profile of equilibrium in the lake
deposits, were entirely cut through, that the delta began to be
formed at the mouth of the Orange. This activity was greatly
increased by the fact that this adapting erosion-process operated
in the very fine-grained accumulation products, which are cha-
racteristic of the lower parts of every lake. This fine material
Bulletin III. A. 1951. o
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required a minimum transporting power and this fact fully ex-
plains the occurrence ol a sub-oceanic delta at the mouth of the
Orange the only one of that size in Africa.

The gap of the river Orange with its characterlstlc c\yon
features in some sections, is defined by the contour line 500 m

coinciding, by no moans accidentally, with the greatest break in
the profit of the Orange — the Aughratnes Falls. It is worth

mentioning that this break lies almost precisely m the profile of
the inaction of the Molopo with the Orange, a profile in which

abundant tropical waters drained into the Orange during he
phases of the“contemporary cycle and N33 s

earlier cycles. The Orange gap, the oldest m South A >
the result of the activity of tropical waters, of the Anti-Nile an

itS I'T == == it to understand how without this hypothesis the

origin of the Orange gap oouid have been explained by the

power of the waters springing from the Drakensberg,
other powers responsible for forming the gap, much greater tha
those Capable of maintaining the union of the walers m an

already existing gap which lowers the potential of evaporation.

Instability of the Congo zone as compared with the Kalahari

We now proceed to the analysis of the river system of the

line within the Congo basin appear 2b mainly classic erosive,

offers only three bends in this contour line, so broad an

L PilN of an erosive character that it is difficult to
deprived of forms without inferring tectonic pre-

Ntions. Assuming therefore that the calm which is typwa
of Africa prevails also in the zone of the Congo, > must be
memphasized a priori that with regard to South and also h.o.
Africa this calin is here seriously disturbed.
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The extent of degradation in the Congo zone

This unrest characterizing the zone of the Congo is manifest
not only in the details of horizontal projection but appears also
in vertical relief. Our considerations concerning the norm of the
system of the Kalahari basin have allowed us to establish in two
instances a contact between the Congo basin and that of the
Zambezi. These observations refer to two of the longest source
streams, the Kassai and the Lualaba-Congo. The main source of
the Kassai rises from the somewhat sloping plateau of the divide
extending to the east from the hump »Na Lisboa«. This stream
belongs to the parallel water-net running east. Most of the waters
of this net belong to the Zambezi, two of them constituting the
sources of the Kassai. There is no lack of documentary evidence
proving that these two arteries of the Kassai were included, in
the initial phases of the contemporaneous cycle, in the Zambezi
basin. Similar evidences of piracy may be seen in the Lualaba-
Congo basin. The situation there is equally expressive and clear
(Fig. 2). The Luapula, the longest of the three head streams of
the Lualaba-Congo, is the only artery of the Congo basin (south
of the Eqttator) flowing south-westward, and the parallel course
of the Luangwe and also its linear extension in the Kafue system,
confirm without any doubt that this artery belonged in its initial
phase, just like the upper Kassai, to the Zambezi basin. The
gradient of the headwaters of the Luapula and the upper Kassali,
must have been in this initial phase greater — to simplify cal-
culation let us assume an equal gradient — towards the south,
I. e. toward the Zambezi-Orange, than towards the north, in the
direction of the Congo basin. Inferring from previous knowledge
that during the whole of this cycle neither the tectonics not'
the denudation has brought about any substantial hypsometric
changes within the Kalahari basin, we calculate on the basis of the
present slope of the headwaters to contour 500 m in the Orangé
gap and to the nearest contours 500 m in the Kassai and Lua-
laba-Congo basins, the extent of hypsometric changes in both
these regions of the Congo basin. These calculations show that
the nearest contours 500 m of contemporaneous topography were
during the initial phase on level 968 m in the Kassai valley and
1090 m in the valley of the Lualaba.

5*
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Precesses of degradation do not influence the course of the
main artery

These powerful processes of degradation, so manifest in the
sphere of the greatest precipitation in Africa, cannot however,
give us any explanation either of the general structure of the
Congo basin or still less of the course of the main Lualaba-
Congo artery (the Luapula), in spite of the harmonious form of
the curve and the symmetrical course of this artery in relation
to the basin. The spiral curves of the tributaries, entering the
main stream at an acute angle and becoming more and more
acute in the lower course, characterize only a small part of the
Congo basin within the bend formed by that river north of the
Equator. Only this small part of the Congo basin might be suspec-
ted of being due to the power of attraction exercised by the
main stream upon its tributaries. This incontestable attraction,
however, which takes place only in the youngest section of the
artery and the basin of the Congo, completely obscured with
fresh alluvial deposits, can be of no significance for any paleo-
geographic consideration. A similar adaptation of the system of
affluents to the main stream is observed also in the section of
the Congo near the mouth of the Ubangi — the fan of waters
at the confluence of the Sanga — but here also only in the area
of the youngest alluvial formations. In all other places there is
no lack' of normal types in the Congo system, but they are of
a kind which makes it impossible to draw conclusions regard-
ing the course of the main stream or the general configuration
of its basins. Could the river Ubangi, the largest left bank tribu-
tary of the Congo, a distinctly polygenetic river completely
ignoring the attraction of the Congo in its upper, older part
above the Kouange bend be suspected of this? Can its lower
part below the Kouange bend, distinctly a product of the attrac-
tion of the Congo gap, be taken into account in paleogeographic
considerations, since the Congo gap is surely the youngest section
of this river's course? Can the Kassai, the largest right bank
tributary of the Congo, having itself an enormous and strikingly
normal meridional system of tributaries, be suspected of exerting
a. direct influence on the course of the Congo, and vice versa?

tem
not

obvi
forir
appa
tract

tbe
peri]
men
pout
ag a
slop
becc
abo”
basi
area
1Qg
divi
an(j
the

Con
tem
mMos
onb
wit
exp



Paleographic problems of Africa 59

The hypothesis of two primary Congo basins

The solution of the problem of the Congo basin’s river sys-
tem induces us to formulate our working hypothesis, implying
not only the polygenesis of the course of the Congo, which is
obvious, but also the fact that a part of the Congo basin is
formed by two hydrographic systems which notwithstanding the
apparent morphological unity of this whole basin still preserve
traces of independence and of different dynamics. Accoiding to
this hypothesis, we distinguish a basin m the strictest sense of
the word in the western part of the Congo, and a zone of the
peripheral river system in the eastern part. There are two argu-
ments supporting the formulation of such a hypothesis: 1) the
contemporary basin of the Congo descending toward, the west-
as a consequence of course of the degradation of the main river —:
sloped in the same direction also in the initial phase before
becoming again indebted to an agent of degradation; as shown
above, contour 968 m in the west — in the region of the Kassai
basin — corresponded with contour 1090 m in the east — in the
area of the contemporary Lualaba. 2) Another argument indicat-
ing the primary bipartition of the Congo basin is the peculiar
divide, hardly discernible from the point of view of hypsometry
and morphology, but exactly separating two large water systems,
the Kassai and the Lualaba.

Although both networks are concordantly directed north, the
contrast between them could hardly be greater. The Kassai sys-
tem represents an exceptionally dense net of parallel arteries,
mostly monogdtic. The Lualaba system, on the other hand, has
only two very long polygenetic arteries; the Lomami, almost
without any tributaries, and the Lualaba, with a very dense and
expanding river system.

These two worlds, the calm equatorial region of the'Kassai
in the west and the disturbed meridionally extended Lualaba
system in the east, are separated from one another by an insig-
nificant divide. Although of no significance in the contemporary
morphology of the Congo basin, this divide played a far greater
role in the primary phases, as it separated two independent
water systems, that of the Pre-Congo Lake in the west from
that of the Pre-Congo river basin in the east.
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Assuming, for the purpose of making our task simpler, that
Lake Leopold Il constitutes the remains of this extinct Prc-Congo
Lake, we obtain a central point which collected the waters of
this lake system,

The system of the Pre-Congo Lake

The above assumption eliminates all the difficulties in distin-
guishing the norms of river systems, especially as regards the Pre-
Congo Lake, whose calm surface was incapable of exerting any
influence on the direction of the confluence of its tributaries;
all these tributaries, therefore, must be recognized as normal. In
the first place the Kassai system cut consistently into the vast
plateau sloping north, part of the roof of the African continent.
The regular net of parallel Kassai waters was in striking con-
tradiction to. the course of the arch-shaped artery of the river
Congo, and in spite of them was undoubtedly a part of the Pre-
Congo Lake normal system.

At high water level the Kassai system drained, directly into
the Pre-Congo Lake, now it converges into the great equatorial
artery Kassai-Lubefu running to, the west. It is more difficult to
define what the lower line Kassai-Lubefu represents: a large lake
terrace, a platform of denudation or a flexure? The uncertainty
in this respect is, however, of minor importance for the whole
problem. Just like the Kassai system, that of the Shuapa, sepa-
rated from the Kassai basin by the lake area in the peiipheiy
of the extinct Lake Leopold I, also, flowed into the Pre Congo
Lake. The Shuapa system, consisting of a parallel water net in
the upper parts of its basin, suggests the drainage from a slightly
sloping plain supported by an. indistinct divide west of Lomami.
When the water level had sunk, the Shuapa system converged
fan-wise and subsequently united, similarly to the Kassai system,

into one artery.

Both Congo basins drain into the Chad-Kiri basin

More enlightening and interesting is the west flank of the
Pre-Congo Lake basin, which extends from the south-eastern
Adamaua heights along the twisted divide of the Atlantic basin
to the source of the Lefini, the last tributary of the Pre-Congo
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Lake on the jsouth-west. Before dealing with the problems con-
nected with the Atlantic proximity of the Congo basin, we shall
answer one question which has to be put here, namely: in which
direction did the waters of the Pre-Congo lake dram? This rhe-
torical question contains its answer in itself and in the premises
of the hypothesis: tI$ Pre-Congo Lake drained its waters
towards the north and flowed by way of the western arm of thp
Ubangi bend into the Chad-Kiri basin, filling it to the brim.
This statement, which is based on well-founded premises
refers also to the question of the direction of the Pre-Congo
River drainage. The chief artery of this basin, the Lualaba, con-
verging together with the Lomajni towards the north, collects
a dense net of waters flowing from the alpine spur of the East-
African trough fault, short at first, growing in length north-
wards, and parallel: the Aruvimi, the Itimbin, and finally the
Ubangi with the Uelle. For this system there was only one way
of drainage, via the eastern arm of the Ubangi bend,, by which it
joined the Pre-Congo Lake and entered the Chad-Kin basin.
The great inland lake thus formed had of course an outlet,
and in this connection it is of interest that in the exploration
of this part of the African continent there prevailed for long
years the problem of the direction of this outlet, especially sought
in the north-east, in the direction of the Nile and the Mediter-
ranean. These studies .finally reached a negative result when the
Tilho expedition (1900-1909) discovered the contour of the divide
at an altitude of 900 m in the pass between Tibesti and Ennedil)i)

i) At the time when not only analytic but also systematic studies on
the paleography of the river system of the African continent were drawing
to a close I was informed that there is in post-war Poland a copy of the
English map of Africa 1:2 M, G. S. G. S. drawn in the thirties, published
in 1942 (The E. Romer Cartographical Institute was in possession of the
first edition of this map as far hack as 1921 and collected the sheets of the
second and third editions carefully until the outbreak of the war m 1909,
in the course of which the whole collection of the Institute was destroyed)
If this map had been available to me at the beginning of my methodical
considerations, two years ago, | should have probably been tempted to base
my analysis on it; but 1 am not sure whether this would have been an
advantage or whether the great amount of detail would rather have ob-
scured the main features. The aim of this study was indeed not to obtain
many and certain results; the aim was merely to gain experience of the
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Dissimilarity of the initial form of the Atlantic barrier of
the Congo

The hypsometry and topography ofwthe desert area were
not subject to changes during the whole cycle of erosion and
are usually not taken into account when considering paleographic
problems; they afford but few details pertaining to the statics
of the phenomena. The key, therefore, to the history of the Congo
and its river system and to an inquiry into the dynamics of its
transformations lies not in the invariably desert periphery of the
Congo basin upon which the river encroached in the past, but
in the region of the contemporaneous Congo and its oceanic
periphery, exposed to the most powerful morphological changes.
We possess no direct information on these tectonic and degrading
processes in the region of the Congo basin and its surroundings.
From the contact of the two head streams of the Congo and the
Zambezi, we arrived, however, indirectly at the conclusion that
the area of the Congo basin was during the last cycle of ero-
sion denuded jn such a manner that its morphological surface,
untouched in the south on the line of the Congo-Zambezi divide,
was lowered successively from 500 to 600 m. Following the prin-
ciples of calculation applied in the above,example for defining
the height of the geometrical centre of the Pre-Congo Lake
(Lake Leopold 1), we obtain for its initial phase the contour
725 m. This altitude, however, and the level of the lake, 800—906 m,
connected with it, enables the statement that the morphological
barrier separating the Congo basin from the Atlantic must have
had an entirely different form during that phase. It is well known
that great tectonic dislocations and processes of denudation evi-

method, vihich may be achieved on the basis of any correctly generalized
small scale map, 5—10 Mil. for the continents and 2—5 Mil. f r particular
physiographical regions. .

A hypsometric check of the sections »Darfur« and »Libyan Deseit«
showed the absence of contour 900 m Tilho, hut disclosed the lowest point
between Mt. Emi Koussi (3350) and Ennedi (1311) at an altitude of 365 m,
thence toward Kufra 540, Kufra 382; from there towards the north and
especially towards the east there is a violent drop in height.

Apart from two sections in the region of the eastern part of the Chad
basin 1 checked the hypsometry, in particular the system of the Kalahari
basin (section: Rhodesia, Transvaal and South-West Africa of the G. S. G. S.
English map) finding only very few additional details worth mentioning.
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denced by the suboceanic canyon of the Congo occurred in the
area of the Atlantic barrier. The topography of the canyon shows
that in the initial stage the shores of the ocean receded in that
section roughly 200 km west, whereas the barrier itself rose to
a height of 2000—2500 m above sea level. It does not seem very
likely that such important tectonic dislocations affected only
a narrow strip of land across the shore line, especially when
there was the form of an erosion canyon in the axis of this
dislocation! The uplift preceding the formation of the canyon
must have had corresponding distributions, not only transversal
but also longitudinal, along the coast of the ocean.

From the contemporary topography of the Atlantic barrier
in the section between the Congo gap and the elevation connected
with the Cameroon volcano we may infer its different structure
in the preceding phases. In this area the divide between the
Atlantic and the Pre-Congo Lake is now and has been before
strongly contested. The river Congo may serve as an example
of a victory gained by the oceanic basin. Consequently the waters
of the Pre-Congo Lake may perhaps at a certain moment have
been temporarily drained into the ocean; the river Sanga on
the other hand is evidence of a similar success of the Pre-Congo
Lake. In the light of contemporary topography the evidence of the
river Sanga is quite paradoxical. The distance from the sources
of the Ssnga to the ocean coast as the crow flies is 220 km, from
the mouth of the Congo to the ocean 720 km, the direct gradient
to the ocean (2.5%0) is eight times greater (0'3%o0) than the gradient
to the Congo and 15—20 times than the gradient to the much
higher base level of erosion of the Pre-Congo Lake. The upper
section of the river Sanga, the Dja, has two head streams at
a distance of 220 and 440 km respectively from the Atlantic.
The second — a river of the former Atlantic basin — having
traversed 150 km was captured by the Pre-Congo Lake. Such
a capture would be impossible at the present sea level and posi-
tion of the oceanic coast.

Where the levels of erosion differ by many hundreds of me-
tres, their meeting may be prevented only by a broad, plateau-
like divide. Of the same kind as the Atlantic barrier of the Ka-
lahari basin was also the Atlantic barrier of the Congo, closely
shut but it was at first not only considerably higher but also
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much broader. It was only a barrier successfully separating the
Pre-Congo Lake basin from the Atlantic basin that could bring
about the junction of both systems: the Pre-Congo Lake by way
Qf the lower Ubangi and the Pre-Congo River through the inter-
mediary of the upper Ubangi, and also their joint flooding of
the Chad-Kiri basin and the drainage toward the Mediterranean
or the Nile.

Some random reflections: the Congo — Chad — Benue — Niger

The Congo canyon eroded in the phase of the greatest ele-
vation of the Atlantic barrier was at the moment of the strong-
est tectonic depression the passage that either captured the
Rassai system or became the artery of drainage of the Pre-Congo
Lake, together with its entire basin, to the Atlantic. When the
capture of the Congo towards the Atlantic was effected, the fate
of the inland lake Chad-Kiri, of the contemporaneous mam artery,
and of the system of the Congo basin was sealed. The hydro-
graphic processes responsible for the contemporary topography
are not easy to recognize there for the same reasons that obscured
the course of the Pre-Zambezi I. The same role as the mask of
eolic accumulation in the Kalahari was played by powerful allu-
vial deposits in the Congo basin, and the premises which are
indispensable for solving the final hydrographical metamorphosis
would prove much more intricate for the Congo than for the
Kalahari basin. In these complex metamorphoses, however, one
thing may be regarded as most probable, namely, that the Congo
gap played a most important role in these changes. By abruptly-
introducing the lowest base level of erosion into the system, this
gap acted as a powerful suction pump when adapting all the
constituent parts of the contemporaneous Congo system, and t le
flat and soft surface of the extinct Pre-Congo Lake facilitated
all the processes of retrograde erosion in an extraordinary measure.

There arises yet another question: why was it that in con-
nection with the hypothesis that the Chad-Kiri basin was flooded
within the Ubangi bend by the united waters of the two Congos,
only the alternative of the drainage of these waters towards t e
north or north-east was taken into account, and no attention was
i>aid to the possibility of their drainage westward via the Benue
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river, which in the present topography represents a far lower,
passage than that from the Chad-Kiri to the Libyan pases? The
answer is that owing to implications, provided by the hydro-
graphical map, the river Benue was considered a feature of the
African relief posterior to the phases of the large lake Chad-Kiri,

In favour of the youthfulness of the Benue there was, how-
ever, only one sign, i. e. the fact that at the present time thjs
river is carrying out the final attack on the remainder of Lake
Chad following the imminent capture of the rivers Logone and
Chari by the rivers Benue and Niger. With regard to the river
Benue the hypothesis may be formulated that here also, as in
the case of the lower Vistula in Poland, a turn of 180° has taken
place in the last phase, of the Zambezi in the Zumbo-Livingstone
section and that section of the Ubangi downwards from the
Kouango-Bangui bend. There is, however, a small though signi-
ficant item pertaining to the types of norm in a river system,
which is against applying this hypothesis to the river Benue.
From the N. Nigerian plateau a dense net of waters runs paral-
lel but converges fanwise, the pointed end of this fan being di-
rected towards the centre of the basin, i. e. Lake Chad (Fig. 3).
This net included the river Gongola, which flowing from the
greatest heights of N. Nigeria has perhaps the largest water
discharge. Half-way in its course, directed distinctly towards Lake
Chad, the river Gongola is captured by the Benue and turns
suddenly at right angle. This fact provides sufficient evidence
that the river Benue is much younger than the N. Nigerian
system, and also proves that before encroaching upon the centre
of the Chad it was forced to sever the plateau barrier connect-
ing the N. Nigerian plateau with the Cameroon-Adamaua massif.

There is not much to be said about the river Niger. Its
course, with a bend bulging north, appears to be analogous to
that of the Loire, Orléans on the Loire recalling Timbuctoo-
Boutrem on the Niger. Just as the upper Loire was a tributary
of the Seine captured by the lower Atlantic Loire, the Niger
presumably ran north and was diverted to the south by the
retrograde erosion of the streams of Upper Guinea. The Niger
gap exposed the inner Sudan to the influence of the Guinea
monsoon -and this circumstance must be held responsible for the
powerful processes of degradation on the river Benue, which
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carries a much larger volume of water than the Niger. Such

Fig. 3. Sketch map from Barthomolew's Map of Africa 1 10 M. (194o r).

sible to transfer to this region the experiences gained in Lower
Guinea, in the area of the barrier separating the Congo basin
from the Atlantic, in respect of which it was confirmed that the
enormous degradation processes produced by the tropical climate
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were achieved in conditions of considerable tectonic movements.
The fact is that the »initial« Niger pursuing a northward course,
perhaps even tending to reach the Mediterranean, was repeatedly
subject to attacks from the south, from Upper Guinea with its
very abundant precipitation, which is therefore the most active
part of Africa. But here also successful capture was not achieved
by the shortest way of attack (Black Volta) but from the spur of
Guinea near the Cameroons where the culmination of precipitation
was responsible for the capture of the upper Niger and also for
an entirely young development of the Benue valley, which was
to strike the final blow at the dessication of the Chad basin
and lake.

African analogies

If we accept an analogous chronological value for the sequence
of events in the history of African topography, we shall arrive
at the conclusion that over the whole territory of Africa three
phases of development should be distinguished in the contempo-
raneous geographical cycle. In the first, the initial phase of con-
temporary topography, there appeared within the area of the
Congo two longitudinal meridional depressions, one belonging to
a lake, the other channel-like, separated by a meridional divide,
morphologically only faintly discernible. This initial feature of
the formation of the Congo basin implies some analogy between
the Congo and the Kalahari regions, which are now so com-
pletely different from one another; indeed, in order to reconstruct
the hydrography of the Pre-Zambezi | we were at a certain
moment inclined to formulate the hypothesis that the South Afri-
can Anti-Nile made use of the double line of drainage to the
Atlantic via the Molopo. This analogy between the Kalahari and
the Congo has a far stronger support in the fact that the com-
pact barrier separating, even at present, the Kalahari from the
Atlantic extended in the initial phase, uninterrupted, from the
Orange gap to the gap of the Niger and perhaps even farther
north and westward. The initial phase in Africa was therefore
characterized only by two regions, the trapezoidal and the trian-
gular, in which latter the distinctive character of the Congo basin
had not yet come into prominence. The meridional character of
the morphology and hydrography of the Kalahari Congo was
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at that time manifest in the whole of Africa by the drainage of
the Congo via the Chad-Kiri to the Libyan basins. Was not the
indentation of the Mediterranean into the gulf of Syrte also due
to that meridional structure so typical of Africa? And was not
the northward course of the Niger a part of the same framework?

In the following phase there occurred a systematical dismem-
berment of the structure of the African continent marked by its
meridional character; there is no need here to emphasize the
few existing details.

Ought this meridional undulation in the initial phase of the
contemporary topography, so characteristic of Africa, to be con-
nected with the origin of the great, chiefly meridional trough
faults of the eastern margin of Africa? If so, we might also
obtain a geological chronology for the geographical cycle.

X

Perspectives

I have now come to the end of my experiment. It has yielded
some results bearing the mark of truth, but it has also disclosed
such vast perspectives that neither a priori nor even more a po-
steriori could suiih success have been anticipated by taking such
an easy and even superficial way... 1 am full of apprehension
thinking of the many possible misunderstandings which may
follow in the wake of such success. It is exactly for this reason
that 1 hope to meet with the utmost possible tolerance on the
part of science and that I only claim that researches on the line
indicated above are worthy of being built up systematically as
a working method. As regards method, my experiment did not
pass beyond the most primitive stage; Should it be instrumental
in the development of a new working method, the success of my

experiment would be complete.
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Fig. 2. Sketch map from Bartholomew’s Map of Africa 1:10 M. (19457),
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