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PROBLEM PALEOBEOGRAFL62NEAARNYKI_ W SWIETLE JE] WSPOLCZESNE]

SIECI WODNEL

/ISV*-j 4

£/\edrfc«fc/*i@po eksperymentdr$aalAuS«jasse pojecie normy sieci
wodnej, wiasciwej kazdemu dorzeczu, lub jego cze$oi. Wtkance normal=
nej wystepuja nitki, lub cate kompleksy sieci anormalnej w nastepstwie
kaptazu badz /ako-4tastepstwy przetrwatosci sieci wodnej. Na takich spo-
strzezeniach oparto zasady rekonstrukcji paleogeograficznej. Dla ilus=
tracji metody pracy dwa typy norm sieci wodnej. Sied Padu
to pospolity i najbardziej normalny typ sieci, odwrocony wprost typ siec
dolnej Wisty charakteryzuje typ najbardziej anormalny. Doptywy Padu
skrecajg ku kierunkowi jego biegu i uchodzg don pod coraz mniejszym
katem, doptywy Wisty na odwrot - Wista ptynie ku N, doptywy ptyng do
niej - ku S. Poniewaz przed kilku tysigcami lat ptyneta Wista z jezora
ladolodu battyckiego ku S, sie¢ wodna Wisty nie réznita sie niezera od
sieci Padu. Doptywom Wisty brakto czasu z powodu braku sit wnadgzeniu
za zmiang biegu Wisty, ale proces adaptacji do dokonanego przez Wiste
faktu jest w toku.

Po przeprowadzieniu kilku oderwanych analiz palegeograficznych,
na terenie Polski i roznych krajow europejskich postanowiono wystawic
na probe zdobytych doswiadczen sie¢ wodng catego kontynentu. Wybdr padt
oczywiscie na Afryke, najmniej tektonicznie zaburzong, a nie pozbawio-
ng jak Australia sieci wodnej na rozlegtych obszarach.

Pragngc w najkrotszym sprawozdaniu daé mzsjssa niejakie wyobra-
zenie o mej "drodze", pomijajac obraz systematyczny wska/e wprost na te
wielkie anomalie afrykanskiej sieci, ktére sie po dtugich eksperymentach

okazaty sie kluczem paleogeografii Afryki. Tak kapitalnymi®incydentami
w hydrografii Afryki sg: Luangwa doptyw Zambezi, podmorski kaniod\i
tuk Ubangi doptyw”longo.

Luangwa wyptywa w pnc. naroznika j.Nyasa, a ptynac w kierunku
SV wpada do Zambezi, ptyngcego ku NE. Paradoksalna sytuacja fizjogra-
ficzna, uzasadniona fizycznie tym, ze Luangwa ptynie w "rowie" databy
sie pomysle¢ tylko na minimalny przecigg czasu,ekt8ry jest wykluczony,

gdy "rowowa" Luangwa jest wieku pliocenskiego. Na domiar anomalii dopty-
wy prawe Zambezi miedzy Zumbo i Livingstone wpadajg don pod 90° i jesz-
cze wiekszym katem, a wiec analogicznie do dolnej Wisty, skad wniosek,
ze bieg Zambezi w dot Livingstone ku NE jest zjawiskiem ostatnich dni,
ze wtym samym, ale wyzej wzniesionym tozu ptyneta Luangwa w kierunku
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odwrotnym, ku SW. Sie¢ wodna na Wod Luangwy popiera to rozumowania.
Rownolegta do Luangwy Luapula najdtuzszy potok Zrudiowy J*ongo ptynie

w gornym swym najstarszym odcinku ku*W, biegta wiec przed kaptazem na
rzecz j’ongo doktadnie w kierunku na Livingatone. Ea tej linii biegnie

w przedtuzeniu Luapula najstarszy odcinek rzeki Kafue, ktdra, zanim nie
ulegta w dwu etapach ostatecznie kaptazowi na rzecz Zambezi, kierowata
sie do owej szpicy wielkiego wachlarza wod pod Bivingstonem » Przedstaw
wiong tu przeobrazenia sieci wodnej wiodg konjfetnie do wniosku, ze
wachlarz waéd: tuangwa, Luapula, kafue jednoczyt sie pod Livingstone,
przekraczajgc dzisiejszy bieg Zambezi w poziomie znacznie wyzszym, wiec
jeszcze nie istniejgcej rzeki. Z tym wielkim wachlarzem wod pochodzenia
wschodn?ego taczyt sie wtym saanxgnn%ieejs:cu jeszcze _wiekszy wachlarz wod
zachodnich: Kunene, Okawango, luondo, gorny Zambezi. Wody te rozlewaty
sie u szpicy wachlarza w dwa dzi$§ wyschniete jeziora: Egami i “akarikari,
ktore rowrrtg®r musiaty byC odptywowe.

Szeroka brama Limpopo sugeruje odptyw tych wéd do O.Indyjskie=
go. Tymczasem fakt, ze ptaska, a wysoka potozona wanna Egami-Makarikari
w drenowaniu wyzyny Bulawayo konkuruje skutecznie z o wiele nizszymifo=
ziomami denudacyjnymi Zambezi i Limpopo, a liczne drobne i periodyczne
wody najblizszego sasiedztwa dziatu wodnego Limpopo w okolicy Serowe
i Molepolole sptynsjf ku wnetrzu niecki ~alahari dowodza, ze wachlarz
wod Zambezi w pierwszej fazie' nie zbaczajgc?nigdzie wiodt centralng
osig kalahari i via Molopo wpadat do “range; /dokonat\am>M $aixax

Ay~starszego przetomu bariery lagdowej i tongt w Atlantyku /Pre-Zambezil/,
Wfazie Il nastgpit czeSciowy rozbior tego Anti-Eilu na skutek ezeScio=
wego kaptazu na rzecz Limpopo /Pre-Zambezi li/, a dzisiejszy stan fizjo=
graficzny i biologiczny S Afrykd zainicjowat przekop Zambezi powyzej
Zumbo /Zambezi 111/.

Poniewaz nie byto podstaw do twierdzenia, ze niecka kalahari
byta w ciggu trwania catego cyklu geograficznego zupetnie martwg 1 nieru=
chomg, a przynalezno$¢ jakiej kolwiek nitki wodnej dorzecza Congo do
dorzecza Orange wymagata przewagi spadku wod w kierunku Orange, przeto
wstawiajgc w rachube wartosci wspotczesne dla spadku wdod w obu kierun=
kach dojdziemy do przekonania, ze basen Congo wnosit sie w fazie ini»
cjalnej o 5-600 m wyzej anizeli dzisiaj.

Sie¢ wodna bariery, odgradzajacej dorzecze Congo od Oceanu
ulegta analogicznym, moze jeszcze potezniejszym procesom degradacyjnym,
ktére tam jednak byty potaczone i spowodowane ruchami skorupy, Wiadomo
bowiem, ze przetom Congo powstat inaczej niz Orange, Limpopo, Zambezi.
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Kanion Congo wcigt sie welewacjg bariery atlantyckiej, ktéra cofneta
brzeg Oceanu o przeszto 200 kmna W, a spietrzyta bariere do wysokosci
przenoszacej przewaznie 2000 m, Forma kanionu wyklucza linearny charakter
elewacji, ona byta ptaszczyznowa, a jest mato prawdopodobne by byta zja=
wiskiem lokalnie zbyt ograniczonym. Sie¢ wodna rzeki Songa dowodzi, ze
analogiczne ruchy skorupy siegaty co najmniej po linie wierchéw Kamerun-
Adamana.

Rzeka Sanga, o spadku osiowym wiekszym do Atlantyku, anizeli do
wspotczesnego poziomu Congo, a 15-20 razy wiekszym w warunkach hipsometrii
inicjalnej mogta wsteczng erozjg takze na atlantyckich doptywach ciggnac
zdobycze - por.bieg rz.Dja, potoku zrodtowego Sangi - tylko pod tym jedy=
nie warunkiem, ze dziat wodny nie przedstawiat jak dzisiaj wypreparowanes
go denudacyjnie grzbietu, a byt szeroka, ptyngcg i oczywiscie odpowiedz
nio wysoko potozong utrudniajgcg spotkanie sie obustronnych linii
ataku wstecznej erecji.

Te ruchy skorupy i te procesy degradaeyjne wyjasniajg doniosty fakt
whistorii dorzecza Congo* Dorzecze to, winisjalnej fazie tak szczelnie
odgrodzone od Atlantyku jak niecka Kalahari musiato by¢ zajete przez
wielkie $rédladowe jezioro, oczywiscie odptywowe.












from the numerous aramples analysed. The system of the Po is the

Ozu™hcitv and the most normal type, the system of the Power Vis-

tula eremplifies the most abnormal type. The tributaries of the P

tum m agreement with the direction of its course and join it at

decreasing angles, the tributaries of the Vistuia - on the contra

the Power VistuPa fPéws notth, its tributaries fiow south.
origi

ry:
Severai thousand, years ago, when the Vistula flowed south,
natrng from a to”ngue of the Baltic Continental glacier, its tri.

bufaries, fiowing south, eractly as they do now, did not differ

from the system of the Po. when the Baltic tongue had melted”

the Power vistula ran north, but its tributaries have not had a.

sumciently long period of time wholly to accomodate their

course to the changed direction of the Vistula; however,this

adaptatidn is in process.

After h«ving made sevefal isolated paiaeogeographic anyiyses
on the territory of Poland and other muropean countries it was

determindd to test in the light of the erperience acguired the

nver system of a whole continent .\ Africa wae selec”™ed, ,0f course

as tectonicaiiy the least disturbed continent, and - on the other

nand - having no very large areas 'devoid of rivers, Pike Austra-

lis*"’ m

2. Tne phases oi mciution of the Zambezi system.

tn order to give a notion.of the method in a very short sum-

mary, no systematic description is given here; we point out direc

N3t °f the ~ ric™ sy s ™ which after lohg
ANr i ereved to be the clue to the paiaeogeography of Afrie.

ca. ihose oecisiye mcidents e$- the hydrography of Africa are:

the huangwa, a tributary of the Zambezi, the. submarine canyon ,

of the Congo, and the elbow of the Ubangi, a tributary of the
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Congo. t

The Luangwa flows from the north point of Lake HyasSsa with
the direotion SN and discharges its waters into the Zambezi,
which flows in an eractly opposite direotion - HE. This paradéri-
cal physiographical situation, motivated physioally by the fact zh
that the Luangwa flows in a "™trench'l, is conceivable only for
aVIESrt period of time, which howeyer is out of the guestron,
as "trench"-Luangwa dates from the Pliocene. it is a still-grea-
ter anomaly that the right-hand tributaries of the Zambezi between
Zumbo and Livingstone join it at the angles of 90°and more, i.%.
similarly as in the case of the lower Vistula.MIt follows that
the direotion of the Zambezi HE, from Livingstone downwatrds, is
guite a recent feature, and that the Zambezi fan.ih the opposite
direotion i.e. SW, in the same bed, though on a higher leyel.
/The drainage pattern west of the Luangwa corroborates this con-
clusion. The Luapula, which is parailel to the Luangwa, the long- 1
est head stream of the Congo, flows in its upper segment, the old-
est one, to the SW. Thus, before its oapture on behalf of the
Congo, the Luapula ran eractly towards Livingstone. In the same
direotion and as a prolongation of the Luapula, flows the oldest
segment of the Kafue; this riyer, before its finat oapture on be-
half' of the Zambezi, whioh was effected in two phases, ran towards
thac>|(A centre of the extensive fan of waters at ii\)ingstone. The
transrormations of river systems presented above show that the fan
consisting of the Luangwa, the Luapula, and the Kafue, centred at
Liyingstone, Crossing the present- oourse of the Zambezi on a much
higher levei, i.e. when tha#t riyer did not exist. This extensive
fan of waters of eastern &rigin was connected in the same place

with a still more extensive fan of western waters, viz. the Kunenej






the Okawango, the Kwango, and the upper Zambezi, hese -waters
formed at the centre of the fan twotlakes - now dfisi¢cated:

Agami -and.M akarikari, which in thatfperiod must have hadar(]JutIet.
The wide gate 'offimpopo suggests the drainage of those water:

into the Indian Ocean. But it shoulcl be- borne in mind that the
fiat and situated'on a high ievel trough of figami and ilakarikari
is a successful competitor of -the much lower denudational levels
of the- Zambezi and the Limpopo in the drainage of Sulawayo upland;
besides, the numerous, insignificant and intermittent waters of
the close neighbourhood of the Limpopo divide, near Serowe and

- Molepole,/aischargéj/into the trough of Kalahari. These circum-
stances show that the Zambezi fan, witliout any deviation in the
first phase, flowed along the central axis of Kalahari and via
.0lopo joined the Oranje; there it made the oldest gap in the

I barrier of the continent of Africa and reached the Atlantic

fZambezi 1) > ) o .
fTKfthe second phase this Anti-Kile lost part of its waters as a

Iresult of a capture on behalf of the Limpopo {Zambezi Il), and .
the present physioraraphicalanid jbipitogiceeal State ot Southern
Africa -was..breught abo le 'Zamiesi gap above- Zumbo{ZambeziMS
111) e

The evolution of the Congo system.

The river system of the Congo did not opeh at first so wi.de
perspeetives from. our point of view,; since the perfectly developec
systaBi of the Kassai, and that of the Lualaba and the tomami pre-
sented no correlations either with the, form of-the basin Pr \7itly

or with the course of the major stream. It i$ .the .contacts.
of the two systems - that of the Zambezi and of the Congo - that
gave an approach to the .solution.- As the mentioned gbove Luapula,-
the. longest head stream of the. Lualaba-Cong(i)nl!)teilaéHg(\e/d to the sys-
tem of the Zambezi i (Oranje), so did the longest stream of the

Kassai.


wi.de
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There are regsons to assert that ih$niraitgknEf kaiahari

during the whole geographical cycle the trough of :glahari
m*5eTHN >

was entirely dead and stationafy; now, in order that y runnel
of the Congo b/Sin could belong to the basin of the Oranje
a steeper gradient towards the Oranje than towards the Congo
was necessary. iherefore, taking into account the eontemporary
values for the gradient in either direction, it is easily seen
that the-Congo basin in the initial phase was situated. at a level
abou.t 500-6GO,m hi-gher that atu present.

/The river system O&f the barrier that separates the Congo
basin fromthe Ocean was subject to analogous, perhaps.even
more extensive, degradational processes, which, however, in that

- region were also caused by crustal deformations. Por it is jgamm

/["™"that the Congo gap arose in a different way than that of the
Oranje, the Timpopo, and the Tambezi. The Congo canyon cut into
the Atlantic barrier, whose uplift had shifted the ocean coast

2>-¢iSV
more than 200 km westwards and raised theleveTyto~tr)eA height.
of more than 2000 m. The form of the canyon ezcludecscla_. aIinear
character of the elevation, whiéah was of plateau character, and
it is not likely that it should have been limited to a smali re-
gion. The river system of the Sanga. shows that similar crustal

deformations reached at least as far as the line of peaks.of

Camer®n-Adamaua.
*

The river Sanga, whose gradient towards the Atlantic is
b times steeper than towards the contemporary level of the Congo,
and must have been 15-20 times steeper in the conditions of ini-
tial hypsometry, could; make encroachments, by headward erosion,
also upon the rivers which drained into the Atlantic (cf. the course
of the river Dja, a head stream of the Sanga) only in- the. case

if the divide was not - as it is now - an entirely 'denudatiomom






tion-worn ridge. This divide was in that period, a broad plateau,
of eorresponding altitude, which resisted the tendency of the two
opposite lines of attack of headward erosion to meet.

These crustal deformations and degradational processes erplain
an important fact in the history of the Congo drainage basin. in
the initial phase this basin was as completely separated from
the Atlantic as the trough of &alahari, and accordingly must have
been occupied by ai large inlandNLake, of course, with an outlet.

This one fact clears away the most important diffictilties:
the lack of conneptien between the horms of the drainage system
on the one hand,and the shape of the drainage basin and the course
of the major stream on the other. A lake, particularly a tropical
lake, free of drifts, oannot exert any attactive influence upon
its tributaries, so that all norms of drainage systems belonging
to a lake basin ipso~facto remain normal. In the light of these
consideration$it is only the location of the diyide betWeen the
drainage basin of lake Congo and that of the river pre-Congo
that offered isome difficu"y”‘The solution of this problem can
be probably founfl in the of the Ubangi. For only the two
long meridional courses, via. the tomami and the Lualaba, which %
through the eastern segment of the curve of the Ubangi drained
into the basin of Chad-Kiri, belonged to the drainage basin
of the river Pre-Congo. The reamaining part of the present
drainage basin of the Cong”*~rained into the lake, which through
the western segment of the of the' Ubangi was connected
with the waters of the Pre-Congo (the upper segment of the presaat
Congo) and together with those waters ran drained into the basin
of Chad-Kiri. In that phase of the history of the Congo the elbow
of the Ubangi was not an elbow of capture but one of confluence.

lake Chad Kfri, of course, had an outlet into the Mediterranean,
which had several ways at it§ disposal.






The estuarine Congo gap was created in the last »phase of the
gragt submergenee of the Atlantic barrier. This fact metermined
the dismemberment of' the twofold drainage system of Lake Gongo
and the river Pre-Gongo; the atiractive force of such a eonsider-
able lowering of the denudational level completed the formation

of the present course of the Gongo, the elbow of the ubangi

being transformed frocjan elbow of eonfluenoe into one. of capture.
in conneetion with these transformations the phase of dfisifceatibn

mbegan for the basin of Chad-kiri.

4 .The Liger-Benue system.
It remains only to answer the guestion, wyfe why we suppose”

the discharge of tne waters of the Gongo via the ”"asin of Ghacl-

Kiri into the ...editerranean, instead of taking into consideratipn
a lower way westwards, i.e. through the Benue into the i.iger

and ®j$nea Bay. Theireasbn is that some details in the drainagi
system of that region show that degradational processes were at
wortc in the region of the Atlantic barrier - ekactly as in the
Gongo basin but in a still higher degree. These processes enga-
ged also the plateaus of Adamaua and of northefn Nigeria, which
in' the initial phase were not yet separated by the Benue gap;
this gap was created only in the last phase of the coptemporary
landscape. A materiat proof of this is the river Gongola,which
belongs to the type of normal drainage system of northern Nigerig
directed towards Lake Chad but captured by the Benue, a recent
and very aggressive intruder. This chapter of the history of
African waters is connected with the development of the .Niger,
which in phase | ran north, perhaps as far as the Lediterranean,
but attacked from upper Guinea, with its heavy precipitation,
returned, after several captures from its system (cf. the course

of the Black Volta;, to the corner of Guinea Bay, s region of'






hihgest precipitation. Through this gap Guinean climatic influenc
penetrated into Sudan, and the enercachments of the Benue began.
/IThis sketoh of an-anylysis of the cohtemporary river sys-tem
of Afrioa shows a remarkably uniform development of the contem-
porary lagndscape. The evolution presente three phases'in each
region. In the initial period, on aceount of the impermeability
of the barrier., only two morphological regions' of Africa can be
distinguished: a trapezoid region and a triangular one. The ba-
in forniations Of the continent show in nil regions at ieast
two meridional waves, which indicates that the initial event
in the development of the contemporary landscape was the system

of meridional trenches of eas.tern Africa.

Cracow, Noyember 1950.
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Brie? summary of our last reflections.

H fter hsving put down to paper the above study we continued our
reflections on the river system of Africa with the result of reachin®
a sscond paleographic synthesis bearing on the continent which for-
med the objeet of ojur analysis. It has sifnce been published in Engli
by the Polish mcademy of Sciences and Letters (P.A.U., Bulletin ser.
A .Nr5.). riaving brought to a close both our conceptions on the palno
graphy of Africa, the one published here (1) and the other in. the
Bullstin of the P.A.U. (Il) | wrote this short synthetic note inten-
ded as an Lnglish surmmary to the paper/published in the Bulletin of
the i .A.U which | supposed at that time to be printed in Polish only.
But as the paper ultimstely appeared only in-English this note becenne

out of place there but may serme”its purposeytee-being) a finat and

perhaps best conception of all*yiew s and idess formed on the

matter in guestion.

45. Theoretical foundations.

c<

(The affinity of both the curve of erosion and the hypsographi
cal curve,&s well as the concept of the type of norm of the river

ot +A
systems charanterising each basTnVinferred from this fant formed the

basis for ourlerpsriment.jln a normal water net.v(i/grkYabnormal threads
or abnormal complex patterns alxw which are the result of either
piracy or of survivaleof .ths wutr&*—sysdytm,allraot—tho a-ttention.

On such obserrhtions and a§sumptionsllLsJi:eor;‘oundedjthe rules of

paleographic reeonstrucfeionf To illustrate the method used two typds
of norm oi river systems were chosen amongst many. The system of the

river Po constitutes a common and most normal type whereas the systen

of the lower Vistula exemplifies a type most abnormal. The tributarii

-nnrii.-fc.Ly ever swnallen a-ngles, t/n the rever& h~ltrfbutarie s -ef-frhe
Vistula wilri-eh- has a northward Cour$e/s5Wr the main rirer “~lowins fro
north to south. a few thousand years ago when the Vistula flowed from

the Baltic iobe of inland ice southwards its water system did in no
wisa differ fron that of the Po. The tributeries of the Yistola hOT-
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Thus the Lugpula ran before the capture by the Congo exactly towards

0
Livingst©ne. On the same lina in' continuation of the Luapula runa

the oldest section ©f the river Kafue whichybefore b&ingYintW SpKa -

's"s;‘ finally by the Zambezi®-eo«4ehged towards theYebfei® bf

the great river fan ne&r Livingstone. The transformations of the wa-
jjr conseeuence

tah system outlined here 1eadVto~the eonetusien that the water fan -

yE*O-r-6
Luangwa, Luapu/Ia and Kafue - United near Livingstone,'fédréjssing the
I A / - '‘'m
present course of the Zambezi on a much higher level and conseguentl’

at a time wzhen that rlver was still nonexistant. The great fan of
eastern waters was joined at the Is&me point by the even gre&ter fan
of westZrnZwaters.- the_ Kuner_\e~,_0ksv&ngo, ngcndo and/ the upper Z&mbe
zi. At the -ang4-e-point\[}ykl)sfy7ttlgllzelrhfc‘zjlln the waters spresd into two now des
sicated I&kes the Ng&mi and Kakarikari”, which at thst time raust hsve
? hsd & outlet.

j.he broad Limpopo gap—gate suggests the drainsge of these
w&ter*. into the Indian Ocean. Howerer.the fact that the high level
of the fiat bé&sin of Ng&mi-Kakarika-ri competes successfully in the
drainsge oi the Bulawayo plate&u with the much lower levels of denu—
d&tion of the Zambezi and the Limpopo and that the many smali and
periodical waters in the close vicinity ofYLimpopo water-di'vide near
Serowe and Eolepole flow towards the centre of the Kalah&ri basin
prove that the foilowing thesis is well founded: The fahbﬁof _f?he
Zambezi waters 'f-lowe”™ in the first phsse without deriatisn the
central axis of the Kalahari and via Molopo, the Or&nge.and
formed there the oldest gap in the bgrrier of the African continent
‘"erwtog-Zinto the Atlantic (Zambzi I). In the second phsse this Anti-
Nile became partially dismembered in part by piracy on side of the
Limpop© (Zambezi 11) and the present physiographical and biologielt
features of South Africa set in with the formation of the Zambezi gsp

above Zumba (Zambezi I11).

45. Eyoluttion of the Congo w&ter net.

From our point of view the wé&ter net of the Congo seemed at firs
unpromising, jfor the fully developed net types of the riraer Kassali,
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ever had not tims enough to adapt themselves to the changes in the
course of the main river, but the process of adjustment to the new
? pattern created by the Vistula is in'progress.

The few fragmentsry ax»tysRx paleogrsphic analyses of the terri
tory of Poland and of vsrieus European countries induced jjs'to put
to the test of experience thus gained the water system of an en-
tire continent. Our choice feil on Africa, a continent least distur-
bed tectonically and not devoid of river systems on larga aress like
Australia.

44. The deyelopment of the Zambezi system.

In an attempt to give in a most condensed form some idea of
the "itinerary” refrsined fro~ outlining a systematic picture andt
pointed out. diree.tly, tho-se great anomslies of the Africao water net'
w-hinh."prot;'(aj\.,ﬂf.ter many experimenta”“to be the key to African paleo-
graphy. Such capital instanees in the hydrogrsphy of Africa are:
the Luangwa, tributary of the Zambezi, the suboceanic canyon of the
Congo and the bend of the Ubangi, tributary of the Congo.

The Luangwa issuing from the northern corner of Lake Nyassa

. runs to the -south-west and en-t&r-s- the Zambezi, which floms in an od—
posite direction to the north-east. ‘I?r)ns paradoxical physiographic
situation. is ede-termdned physically by the fact that the Luangma
runs in s nditch” is conceivable only as beiftg of short duration,
bu> phis is excludedyas the XdXxfet wditch” is of plioeene age.
Koreover to crown the anomaly the right bank tributaries of the Zam-
bezi between Zumbo and Liyingstone enter it at an angle of 90° or mo-
re, reminiscent of the tributaries of the lower Vistula. T’\a brings
us to the conclusion that the north-east course of the Zambezi below
liyingstone is a recent feature and thatfthe Zambezi ran *in the same
but more elevated bed in an opposite direction to the south-west.

The water system west of Luangws serves to support the argument.

j.he tuapula erunning parallell to the tuangw”ythe longest head stream
of the Congo,Iflows in its oldest upper seotton to the south-west.






63 well as of Luatéiomami did not show any correlation /either

W lth °f th6é b8Sin X°r With the course river.
In the atteap6 to fiad here too a solution we wers helped by the
---------- . ,SaiC ieijjgu IZ%} tne

points of contact between both the nets, of the Zambezi and of the

Gong®.

Anitlsnpjhe longest head stream Kassai belonged/to the sys-

tem of the waters of Zembezi | (Orenge) just so as did w Lu,pula

I0DX °f ih6 discussed abooe.

is iwt-IM-lei-Hg, thst the Kalshsrl ‘itas ltfe- and
phase and ,s i<fa, the

As evidence

motionjess during ,, entire geegraphieil

tnekling of even & thrsad of , ter from the basin of the Congo int

in th.t dlreetion ,, may calcu

in both direeti

that of Orenge needs a »teeper slope
tsking for a basis the eonteaporaneous slopes
phase 5 600 aboTe

Iste,

that the Congo basin rose in its initial
present level,
The ,, ter ,et of the barrier separating the Congt

basin froa the ocean subject to analogous, perbaps even more

powerfuli Processess of degradatlon, wMch how, er , , causM

by tectonic changes also. For ,, know that the Congo gap of a di

ferent origm than that of the Orange, Limpopo and Zambezi. The Gong

c&nyon cutz inio su up|imi- 5 %He Atlantic barrier which has m o6ved

the ocean shore over 200# km to tne . .
* _ . to the weot and has raisefl the barrier

to a height e.xceeding 2000m. The form nf th« ] _
e iorm of the canyon excludes a ling-

ar character of the uplift, whlch mUst hs, been
U » ., rallwW y that its offset shouid h _ been

J°nce only. The water net of the rivp-r> ¢ Vv ]
. _ ) ) “ansa bears evidence that ana-
logous tectonic dislocatiors reached «t + )

3 r6SGhed at le*st as far as the ling of

the Cameroon-Adamaue massifs.

Hime riV'r 3ansa> tha Sle»e 3f ">“ = *> the Atlantic is 6tght

”  6rea't *’ tOMraS °< the Congo and ... 15-

1.3 *3 I" th' inltl61 ?em«« hypsometrioal eonditions,

(el14 8 X ‘N treer d er030n " 7 Atl6tl® tributaries

(eon... ttn”"ja, head stream of the Sanga) only under the eondition
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that the water divide w&s at the time not the denuded crest it is
to day. It must rsther h»ve besn a brosd slab of sufficient height
able to check by its mass the meetlng the lines of impset of retro-
grade erosion,from both sides.

These tectonic dislocations and the process of degrsdation
reveal an important phenomenon in the history of the Congo basin.
It must have been as impermeably elosed against the Atlantic as the
basin of the Kalshari and conseguently it must heve been ocoupied
by a big inland lake, provided of course with en ssktisn outlet.

Alone this phenomenon is sufficient to dispell the most impor-
t&nt misconception, namely the abssnce of relation between the type
of norm of & water net and the form of its basin and course of its
main river. A lak®, particularly a tréopical driftless lake is incapa-
ble of exerting on its tributaries sny influence by suction, ipso
facto the types of norm of -all the nets of its drainage remain normal
On that assumption we me><tc\)/nv|vysFTJifficuIties in drswing the bouhdary
between the drainage of the Congo lake and the basin of the Congo
river. The soiution lies most probably in the bend of the Ubangi.
To the basin of the Congo river belonged only the two long meridionsl
arteries Laiaa&i-Luabala, which entered the basin of Ch&d-Kiri by way
of the eastern bend of the Ubangi. The remainder of the basin of the
contemporaneous Congo belonged to the drainage of the lake, which
joined by w&y of the western bend of the Ubangi the w&ters of the Con
go and flowed with them into the Ch&d-Kiri basin. During this phase
in the history of the Congo the Ubangi bend was not an sreh of csp-
ture but an arch of confluence. Lake Chad-Kiri disposed of course
of several outlets towards the Mediterrane&n.

The estuary origin of the Congo g&p is an event in the last
phase of the big submergence of the Atlantic barrier. It played a
deeisive role in the dismembering of the twofold water system of the

Congo lake and rirer and the power of suction of such an important

lowerihg of the level of denudstion completed the formation of the






46. The
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contemporreneous eonrse of the Congo, by chsnging the Ubengi bend

from a confLuent into a espturing one. Along with these transformat:

ons started the phsse of Cessic&tion of the Chsd-Kiri besin.

water net Niger-Benue

Se stili «e the M« r to the ljuestion ,hy ,hen diseussing the

of the Oongo yia the Ohad-Kiri besin to the Mediterranean w, id
i.wer eourse, namely the outlet te

flw
did not teks into consideretion a
This wonig have been en indireot way by means of the t>enue
We did not teka it into

the west.
riwer to the Niger and the Gulf of Guinea.

consideration for there is ample eyidence that“he water net of that

intense process of degradation of the Atlantic barrier
in the area of the Congo basin and that it
these

area a more
m in operation than
embloced also the massifs of Adamaua and northern Nigeria,
not separated by the gap of Benue,

SeInS “ th" Inltial p'lase stul

which eame mto wisience oni, in the last phase of eontemporaneons

landseape. A concrete proof thereof is given by the river Gongola

»hich beiongs to the normal water net of northern Nigeria directed

aowards the Chad but was captured b, the Benue. In relation to the

angola, the Berme is a recent inv&der.

j-his ehapter in the history of Africsn o
J J-1iCdn waters is connected
7 f8te °f X. was running ,,,,rthward

-d perhaps was fiowing aiso to the ~diterranean, but ,,der the infl,

i t 1 1

of att,eks from Npper Guinea,most abunding in rainfaue

turned - many times captured (eonf.the eourse of the Black Volta)

fﬁwfrrds.th,% eornen of th» Ulf °r §ul'nea- is We most abundan-

;tlons- "h - 'he cii“ tic innuen00 - —
Benue started its campaigh of pirat

11 z
e oudan through this gap,

°“rSOry “‘n*lySIS °r -ntemperaneous water net of Afric

a strikingly homogeneous demelopment of the
toSe *“ °f thSt ~ 1UMO” — herc. - - initia

recent landsca

" 7 7 °10Sea “ Ch “°re iaPerneebly than it is to dam. Thi

impermeability permits to discern only two morpholomical

PfArry
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Eeﬁgl\iﬂo?s m Afriea, ttie trapezoitr and the trisngulsr, and the meji
dional and at least double undulation of the basin forms of the
continent points to the fact thst the system of meridional trough
faults bsn of eastern Afriea became the initial feature in the

development of the recent landscape.
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Skrot ~s™atnich doswiadczen.

Po skresleniu tego zarysu kontynuowaliSmy jeszcze nasze
Rozwazania nad siecig wodng Afryki, a w ich wyniku powstata
4lruga z rzedu synteza paleogeograficzna obranego jako przedmiot
analizy kontynentu. Zostata ona opublikowana przez P.A.U. w je-
zyku angielskim (Buli. A, Nr 3). W koncu notka syntetyczna zre-
dagowana juz po sfinalizowaniu obu koncepcji paleogeograficznych
Afryki, publikowanej tu (1) i w PAU (ll), przeznaczona zrazu
jako angielskie Resum¢ dla PAU, w przypuszczeniu, ze rozprawa
bedzie tam drukowana tylko w jez. polskim. Poniewaz rozprawa
w PAU zostata opublikowana tylko w jez. angielskim, notka ta
stracita tam racje bytu, osigga jg natomiast w tym miejscu jako
ostateczna i bodaj najlepsza koncepcja wszelkich mych mysli
i sgdow w tej mierze.

43.Podstawy teoretyczne.

Podstawg tego eksperymentu jest fakt pokrewienstwa dwoch
krzywych, erozyjnej i hipsograficznej, jako tez wywiedzione stad
pojecie normy sieci wodnej, wiasciwej kazdemu dorzeczu, lub jego
czesci. W tkance normalnej wystepuja nitki, lub cate kompleksy
sieci anormalnej w nastepstwie kaptazu bgdz przetrwatosci sieci
wodnej.

Na takich zalozeniach i spostrzezeniach oparto zasady rekon-
strukcji paleogeograficznej. Dla ilustracji metody pracy podano
z licznych dwa tylko typy norm sieci wodnej. Sie¢ Padu to pospolity
i najbardziej normalny typ sieci, sie¢ dolnej Wisty, charakteryzuje
typ najbardziej anormalny. Doptywy Padu skrecajg ku Kkierun-
kowi jego biegu i uchodzg don pod coraz mniejszym katem, do-
ptywy Wisty na odwrét —Wista ptynie ku N, doptywy ptyng do
niej —ku S. Przed kilku tysigcami lat, gdy Wista ptyneta z jezora
ladolodu battyckiego ku S, jej sie¢ wodna sptywajgca jak dzisiaj
ku S nie réznita sie niczym od sieci Padu. Gdy jezor baltycki stajat,
a dolna Wista sptyneta do Battyku. Doptywom Wisty brakto czasu wna-
dazaniu za zmiang jej biegu, ale proces ich adaptacji jest juz w toku.

Po przeprowadzeniu kilku oderwanych analiz paleogeograficz-
nych, na terenie Polski i réznych krajow europejskich postanowiono
wystawi¢ na prébe zdobytych doswiadczen sie¢ wodng catego kon-
tynentu. Wybor padt oczywiscie na Afryke, najmniej tektonicznie
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zaburzong, a nie pozbawiong jak Australia sieci wodnej na roz-
legtych obszarach.

44. Ewolucje sieci Zamlnzi.

Pragnac w najkrotszym sprawozdaniu da¢ niejakie wyobrazenie
p ,drodze”, zrezygnowano z podania obrazu systematycznego
g wskazano wprost na te wielkie anomalie afrykanskiej sieci, ktore
po diugich eksperymentach okazaty sie kluczem paleogeografii Afryki.
Tak kapitalnymi incydentami w hydrografii Afryki sg: Luangwa, do-
ptyw Zambezi, podmorski kanion Kongo i tfuk Ubangi, doptywu Kongo.

Luangwa wyptywa z potnocnego naroznika j. Niasa, a ptynac
w kierunku SW wpada do Zambezi, ptyngcego wprost przeciwnie ku
NE. Ta paradoksalna sytuacja fizjograficzna, uzasadniona fizycznie
tym, ze Luangwa ptynie w ,rowie”, databy sie pomysle¢ tylko na
minimalny przeciag czasu, ktory jest wykluczony, gdy ,rowowa”
Luangwa jest wieku pliocenskiego. Na domiar anomalii doptywy
prawe Zambezi miedzy Zumbo i Livingstone wpadajg don pod
90° 1 jeszcze wiekszym katem, a wiec analogicznie do dolnej
Wisty. Stad wniosek, ze bieg Zambezi w dot od Livingstone
ku NE jest zjawiskiem ostatnich dni, ze w typa samym, ale
wyzej wzniesionym tozu ptyneta Zambezi w kierunku odwrotnym,
ku SW. Sie¢ wodna na W od Luangwy popiera to rozumowanie.
Réwnolegta do Luangwy Luapula, najdtuzszy potok Zrodtowy Kongo,
ptynie w swym goérnym najstarszym odcinku ku SW. Luapula
biegta wiec przed kaptazem na rzecz Kongo dokiadnie w kierunku
na Livingstone. Na tej linii biegnie w przedtuzeniu Luapuli naj-
starszy odcinek rzeki Kafue. Ta zanim ulegta w dwu etapach osta-
tecznie kaptazowi na rzecz Zambezi, kierowata sie¢ do owej szpicy
wielkiego wachlarza wod pod Livingstone. Przedstawione tu prze-
obrazenia sieci wodnej wiodg konsekwentnie do wniosku, ze wa-
chlarz wod: Luangwa, Luapula, Kafue jednoczyt sie pod Livingstone,
przekraczajac dzisiejszy bieg Zambezi w poziomie znacznie wyz-
szym, wiec jeszcze nie istniejgcej rzeki. Z tym wielkim wachlarzem
wod pochodzenia wschodniego taczyt sie w tym samym miejscu
jeszcze wiekszy wachlarz wod zachodnich: Kunene, Ok.avango,
Kwando i gorna Zambezi. Wody te rozlewaly sie u szpicy wachlarza
w dwa dzi$ wyschniete jeziora: Ngami i Makarikari, ktére wéwczas
hiusiaty by¢ odptywowe.

Szeroka brama Limpopo sugeruje odptyw tych wod do Oceanu
Indyjskiego. Tymczasem fakt, ze ptaska, a wysoko potozono wanna
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Ngami—Makarikari w drenowaniu wyzyny Bulawayo konkuruje
skutecznie z o wiele nizszymi poziomami denudacyjnymi Zambezi
I Limpopo, a liczne drobne i periodyczne wody najblizszego sa-
siedztwa dziatu AYodnego Limpopo w okolicy Serowe i Molepolole
sptywaja ku wmetrzu niecki Kalahari, dowodzg stusznosci naste-
pujacej tezy: Wachlarz wod Zambezi, nie zbaczajgc w pierwszej
fazie nigdzie, wiodt centralng osig Kalahari i via Molopo, wpadat
do Oranje, tam dokonat najstarszego przetomu bariery lgdu afry-
kanskiego i tongt w Atlantyku (Zambezi I). W fazie Il nastgpit
czeSciowy rozbior tego Anti-Nilu na skutek czeSciowego kaptazu
na rzecz Limpopo (Zambezi Il), a dzisiejszy stan fizjograficzny
i biologiczny potudniowej Afryki zainicjowat przekop Zambezi po-
wyze] Zumbo (Zambezi I11).

45. Ewolucja sieci Kongu.

Sie¢ wodna dorzecza Kongo nie otwierata zrazu z naszego
punktu widzenia dalszych perspektyw, skoro doskonale rozwiniete
typy sieci rzeki Kassai, jako tez Lualaba —tomami nie wykazywaty
zadnych korelacji ani z ksztattem basenu, ani z przebiegiem rzeki
gtéwnej. Do poszukiwanego i tu rozwigzania zblizyty nas kontakty,
zachodzace miedzy obu sieciami, Zambezi i Kongo. Tak, jak po-
znana juz Luapula, najdtuzszy potok Zzrodiowy Lualaba-Kongo, tak
tez 1 najdtuzszy potok Kassai przynalezat inicjalnie do systemu
wod Zambezi | (Oranje).

Poniewaz nie brak podstaw do twierdzenia, ze niecka Kalahari
byta w ciggu trwania catego cyklu geograficznego zupetnie martwa
i nieruchoma, a przynalezno$¢ jakiejkolwiek nitki wodnej dorzecza
Kongo do dorzecza Oranje wymagata przewagi spadku wod w kie-
runku Oranje, przeto wstawiajac w rachube warto$ci wspotczesne
dla spadku wod w obu kierunkach dojdziemy do przekonania, ze
basen Kongo wznosit sie w fazie inicjalnej o 5—600 m wyzej anizeli
dzisiaj.

Sie¢ wodna bariery, odgradzajacej dorzecze Kongo od oceanu
ulegta analogicznym, moze jeszcze potezniejszym procesom degrada-
cyjnym, Kktére jednak byly tam takze spowodowane ruchami
skorupy. Wiadomo bowiem, ze przetlom Kongo powstat inaczej
niz Oranje, Limpopo, Zambezi. Kanion Kongo wcigt sie w elewacje
bariery atlantyckiej, ktora cofnela brzeg oceanu o przeszto 200 km
na W, a spietrzyta bariere do wysokoSci przenoszacej przewaznie
2000 m. Forma kanionu wyklucza linearny charakter elewacji, ona
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byta ptaszczyznowa a jest mato prawdopodobne, by byta zjawiskiem
lokalnie zbyt ograniczonym. Sie¢ wodna rzeki Sanga dowodzi,
ze analogiczne ruchy skorupy siegaty co najmniej po linie wierchow
Kamerun-Adamaua. .

Rzeka Sanga, o spadku oSm razy wiekszym <o Atlantyku,
anizeli do wspdtczesnego poziomu Kongo, a 15—20 razy wiekszym
w warunkach hipsometrii inicjalnej, mogta wsteczng erozjg takze
na atlantyckich doptywach osiggng¢ zdobycze (por. bieg rz. Dja,
potoku Zrodtowego Sangi) tylko pod tym jedynie warunkiem, ze
dziat wodny nie przedstawiat jak dzisiaj wypreparowanego denuda-

grzbietu. Byt on wdwczas szeroka ptytowa i oczywiscie od-
powiednio wysoko potozong miazgg, utrudniajacg spotkanie sie
obustronnych linii ataku wstecznej erozji.

Te ruchy skorupy i te procesy degradacyjne wyjasniajg do-
niosty fakt w historii dorzecza Kongo. Dorzecze to, w inicjalnej
fazie byto tak szczelnie odgrodzone od Atlantyku jak niecka
Kalahari, musiato by¢ wiec zajete przez wielkie $Srodlagdowe jezioro,
oczywiscie odptywowe.

Ten jeden fakt usuwa najwazniejsze nieporozumienia: brak
zwigzku miedzy normami sieci wodnej a ksztattem dorzecza i bie-
giem rzeki gtdwnej. Jezioro, zwiaszcza tropikowe, wolne od dryftow,
nie jest zdolne wywrze¢ na swe doptywy zadnego wptywu aspiracyj-
nego; wszystkie wiec normy sieci nalezacych do zlewiska jeziornego
pozostajg ipso facto normalne. W takim Swietle pewne trudnosci nasu-
wato tylko rozgraniczenie zlewiska Jeziora Kongo od dprzecza rzeki
Kongo. Rozstrzygniecie tej kwestii znajduje sie prawdopodobnie
w luku Ubangi. Do dorzecza rzeki Kongo nalezaty bowiem tylko
dwie dtugie potudnikowe arterie tomami-Lualaba, ktére wschodnim
ramieniem luku Ubangi wptywaty do basenu Czad-Kiri. Reszta do-
rzecza wspotczesnego Kongo byta zlewiskiem jeziora, ktdre zachodnim
ramieniem tuku Ubangi taczyto sie z wodami rzeki Kongo i wraz
z nimi wypadato do basenu Czad-Kiri. tuk Ubangi w tej fazie hi-
storii Kongo nie byt lukiem kaptazowym lecz konfluencyjnym. Je-
zioro Czad-Kiri bylo oczywiscie odptywowe a odptyw ten rozpo-
rzadzat kilku drogami wiodgcymi do Medyteranu.

Powstanie ujsciowe przetomu Kongo dokonato sie podczas
ostatniej fazy wielkiego zanurzenia sie bariery atlantyckiej. Pakt
ten zadecydowat o rozbiorze podwdjnego systemu wodnego jeziora
I rzeki Kongo, a sita aspiracyjna tak znacznego obnizenia poziopiu

enudacyjnego zakonczyta ksztattowanie wspotczesnego biegu Kongo
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