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Table 2.1 Distribution of the annual water resources within the Orange River drainage basin
(after Everson 1999)

Description Catchment

1. Vaal River basin _ 196 290
2. Senqu/Orange to SA/Lesotho border 24 680 4 010

3. Caledon River basin to Welbedacht 15 270 _
Dam _ |

Natural
run-off

4. Remainder of Orange River upstream| ~59 400*
of Orange/Vaal confluence

5. Remainder of lower Orange basin
axcluding Fish River basin
o o Rt pe0 0N TURRENS

+Estimate including pan and other non-contributing areas
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Figure 2.1 Mean annual rainfall in the Orange River catchment.
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Figure 2.3 Tectonic Provinces of southern Africa (after Shirey et al. 2001).
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Figure 2.4 Digital terrain model of southern Africa showing elevated central plateau with
the fringing “Great Escarpment” and low-lying coastal plain. The extent of the offshore

Orange basin after Dingle et al. (1983).
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Denudation (m)
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APATITE FISSION TRACK AGE (Ma)

Figure 2.7 a) Estimated denudation amounts for southern Africa from
apatite fission track thermochronology (AFTT, after Gallagher & Brown
1999). b) AFTT ages vs frequency (after Brown et al. 1990).
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2000).
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Figure 2.10 Summary of post-1990 work on southwestern African drainage evolution in

Post-Gondwana times (after de Wit et al. 2000).
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Figure 2.12 Longitudinal profiles of the Orange and Vaal Rivers from source

to the Atlantic Ocean showing the geology traversed.
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Figure 2.13 Semi-logarithmic longitudinal profiles of the Orange and Vaal Rivers.
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Figure 2.14 DS Plots of Orange and Vaal River longitudinal profiles (note the
position of X and Y relative to figure 2.13).
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Table 2.2 Orange River gradient per reach.

"Reach | Height (m) | Dist along Profile (m)] Gradient (m/m) | SL (gradient index) [Dominant Geology/Reach
o, | s | owesse | ooossrr | e
"0, | ez | asiaer | oooraer | 4w
0, | oo | 7mars | oooess | w0 [Kewo
0. | 261 | eriess | oooozst | 226 |Kawosedmemay
O, | foes | iiosoas |  0000ess | 679 |Karoo sedimenianyintrusives
0, | toar | towswr | oooeast | s10

0, | 995 1,268,706 0.000958 1189
0 0.000587

s | 971 (Confluence) Karoo (Dwyka)
Oy | 883 | 1604521 |  0.000308 | 480
O, | 80 | 1634532 | 0000766 | 1241
O4s 820 1,737,250 0.000389 657
o o L N O M T — —_—
Oys 663 4066
O, | 620 | 1915867 | 0000830 | = 1569
0, | 440 | 1930268 | 0012328 | 23706
O, | 400 [ 2043260 [  0.000354 703
Oy | 320 3935
O, | 300 | 2134191 | oo0oo408 [ = 862
0, | 260 | 2155563 | 0001872 | = 4014
0, | 220 | 2195817 | 0000994 | 2162
O | 169 | 2307149 | 0000460 | 1035
0, | 153 | 2337509 | 0000530 | 1232 limestone
0, | 37 | 2491815 | 0000749 | 1810
O | 0 | 2615949 | 0000209 [ 764

Table 2.3 Vaal River gradient per reach until the Orange River confluence.

V. [ 160 | i@ | oooaes | 70 [Kewosedmenmy
Vi [ w620 | eest | ooooswr | 7z

Vi | 160 | eeass | ooole0 | 149 |Kaosedmentay
Ve [ s49 | 2me% | oooosr | 62 |Kewosedmenay
V, | sts | o0 | ooooes | 2@

Vo | tass | arete | o007 | el

Vi | w2z | sz | ooooso | 27

Ve | e | 23055 | oooosz | 185 |Kaosedimenay
Vo | 181 | ees41s | ooooss | s

Ve | 133 | essss | ooozss | 20

Vo | 127 | 7emsasr | oooorz | &3

Vo | 1280 | soi4e0 | oooozr | 204

Vo | 1251 | 020 | oooo4s | 39

Vo | 1180 | 1177019 | 000023 | 236 |Kawosedmenay
Ve | toe9 | iassssr | oooiss | teed

Ve | 1083 | 128734 | ooo0ze | 328 |Kewosedmenary
Vo | _10%6 | isa47es | ooors | o1z

971 | 1503186 | 000028 | 405 [iransvasidolomiles andKar
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Figure 2.15 Gradient analysis of Reaches defined in figure 2.12.
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Figure 3. 1 Satellite image of study area (Landsat false colour image - 1995).




* abeuiesp pue Aydeibodo) Buimoys (sjeAssjul w pQ}) ease Apnjs Jo W1Q PEPOI-1N0j0Y) BZ 'S aJnbBi4

abiaquiajuoiyuisg

abiaqaifjulsoy

abiaquia)siapue)

abiaqsuny
abiaqsnwen

R. Jurgen Jacob 2005

ijseg SeqeN

(w) aNIO I

oAuen) JaAIy ysi

A

Chapter 3 Study Area Geomorphology and Drainage



‘d-V 6°¢ 614 ul sauj| uoljoas 0} Jajaa s19)397 °jalj8a d1ydesbodoy ayy Bunybybiy ease Apnjs jJo W1Q pepeys-piios qz ‘¢ a.nbi4

R. Jurgen Jacob 2005

17

Chapter 3 Study Area Geomorphology and Drainage




‘BIqIWeN Jo AaAing |ed160j0a9)

To,
D L]
< 8y} wouj pasinboe ejep peseq-g1o ueiqiweN ‘(856L) @Buyos @ sIal||IA @p J8jje ‘ejep uedlyy ynog ‘ease Apnjs ayj jo dew |ea1bojoab payiiduis g'¢ 8inbiy
o
3
©
.
&
"W N solued|oAB}ap dnous) JaAly abuei 80UINOId
.18 sajizuenb uoneuuod Biegefuisoy oEaMMWMNME
- spiojuelsb - saAaisnigu| enbewen N
NV3OO0 JILNVILVY
ajiuesb x9|dwon
SNo3aub| pjaAsIaIyoy .
SOIUBD|OAB)aW UWLIBPJ00IS) . dnoibgng uisjuopjuns . m
3)ijoIWelp UOBWIOS S8aWNN . 3
L
ajwolop pue isiyos dnoibang epjiy - m
1S1yos dnous) punwalues - m

auojsawl| pue sajzuenb dnois) ewepn .

ajuelb
9)INS uaWaIg-soogn)y

8]U8|0(] 00JeY . sdnous) 8203 pue eyAmQ . w'

dnoibiadng
00Je)

19A00 Aiewapenp | ]

pusabo]

Chapter 3 Study Area Geomorphology and Drainage

18



Chapter 3 Study Area Geomorphology and Drainage R. Jljren Jacob 2005

a)

: : : ' | iNCisi f the Orange River into a landscape
Figure 3.4 a-c Oblique aerial photos illustrating the incision o :
witgh a consistent suqmmit level (500-600m) of the NMC basement rocks. Note the pre-Nama
quartzite ridge in c).
————— — — — — — — — —  — — — — — — — —  — ——————————————————————————————————
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RO L

= I

" INama sedimentary capping

.. T
i

a) Upstream

. . . tudy area.
Figure 3.5 The Fish River canyon to the northeast of the study h Nama Group

canyon reach b) Mid-canyon reach c) Downstream canyon reach wit
sedimentary cover removed from the underlying NMC basement.
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Figure 3.8 Photos illustrating the striated and polished surfaces and Dwyka tillite
remnants present in the valley sidewalls of a short reach near Noordoewer.
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0oss sections are 100x100 m.
24

d dimensions on cr

. Gr

3)

Figure 3.9 A-D Valley cross sections looking downstream (location of cross sections in
igure 3

f



R. Jurgen Jacob 2005

e Tl

]
— T S
A

and Drainage

e il il SN Wi i<
N R el S S
e

i i, . . e

e . v .

n -
=

- —_— e B = —  ———

S i-nrrl -

S S F— S—. R ———

l-.

Sl e e s i i

I A ——_——
L P e T
e R N e

S WY P T ————————

- |||.I||||‘.'.III
e .r.-.l_|.||..l.I-I|.-I||-|1|..||-|1|A1....I.II|I||.
. ] e e S B e B = e — = B = = B
. - =
- e

P S S —— - M —

-
§
¥

e w agl ml WE e B owom

i mEmmT ww  HF w — e -

..|..f.-ll.l| ] i I

B ey i o e e Ty e il -

- e o owm o ol = o ol = —— e ———

i ]
e kb g W o

e
- III.l.Jrl|.1..IIT.| |||||||| R

= 1
S —— - P —— S——

g B B & R

A | T I — S e
- - A — = wm == = - T

i il - i - g TE——

T N TT 'I Sme SU——————— I-.|..-..-...‘.|.I.-...-.l.||.-.-.-|-. FRp— ——

- " e m o wrsa—y fr m s wle m wrf —  w

i e w wwErie w—w y f— el e g s ——

e
By B T e T Il T — i S SEu— A e L
S ..I.!I....-Il-_.-l...llll.ll..l.ll.l-1‘.-|.r| llllllll .r
- - . - " = — dld b e e R P g = [
S — N | ST ——— - - .
o .I.r;..-—.... -
v " = e
1 - e =i gl .
-
.. x " .#..-_.. +
e i .-...I-I.rl.....l..-.._..-l.hl.lll..rl.-l. R E e I
||II|-+|.I.I|..|.-||-.1..1|+.__1I.!.J.|I._|.|.-I-.I.|...i.._..l|-|||1l|-..1l.l|. _— e T W ey, T
— ...I..]|||.I.-...-.|-.|.J.Lr|rr.r-|-|.ll....-...ﬂ.lll||...-.-||r..|.-.ll.fll| el w— e s w—
- = om mfEs- . L & e momile oy e — o s W o e = ...-.
k w i ) e bl el i e dbh L --.ﬁ...
-uu n B @ |.-I“ - w ol i e g .H.i e ™ -
- - - # s N TR - i a il - - ol il - :
& 4 s - - - i [ s i

. iy - - - e v - - _—h
- -
P A — e gy, i e - .r1.l...l..1..l1
|
e R s L T T
S s s g . i - g i, i il ..Ill.'r!l.lr.-.r..__.r.-..rlln.l - R e ———
¥

P PRS- YR
- & - - - . e o T L I T
Y - b .“,-.. T W
SEELLE e | ¥
..'.I " g ...u. - S I..H - ]
_._..lui.-.-l.&.llllurt._—_.l.llll .l.lu-u-ll..l.ll-lII._-.FIIII!LIIVI_-II_...I.IEI".[TI
|f11.1|..l-|.!1'.1|i|-!|+1lui.l1lll.|illlll'1l. llllllll fl—ll.lllllln|lll
e ———— i ——— e — i —— T il r.l_l.....lrl.-u-fl-ll.l..rl..r.r.l-.r[
H
= i B M | TTWRE AN AR e, e S ——" -
2 | IR A Y LRSI e ey (Y Sy 3 T Jaegh & e
1.-|.-.__......||.1I.r....l.l.-.-.rl.l.1| =l e w g E
s B e S R
e i iy B
Rkl

Ny

-...ll..lu.n._..-.-.l =
......r.r_u -— ||-.I|.-..-.....-.+.r.l. - —— i ll.l.ll..,.ll..l.l*lllill-ll|ll.l.f+.

ey o B ST 4 ——— -y - - —

- .-.-.*r = = ||.-.-....-.. Hluli!l-r [ —
SR— N S SS TS—p—— E—— |r-.

W N R . s W ]

PSS . P — .-III.....||||I-.r.-.I.II_.J_.j1l..I..-..-| f—
i R S i "l .l.ll_k....l.l.ll.-_.l!-_..ll_.l_.ll....l.il||l..,.._._-_|.l.....l.l — W

]
-..-.l.....llm.lllllull.-_l_r.l.l_..._.l o — — ——— - -~ W — s ———
W Wi T T R e T T m e R e W & o I.Isl.l.iﬂ..i.-l..*i e i w ———

- - o= —_— - _—— e —— R L. - e - [r—
...-_.ur.l.-.l.rluhl.ll..-Il..--.-l.__-lll‘__.‘lﬂ.
- = - ....l!-.-._-..__._.........-_-.ri.-._l-.....n e
TE"E o
sbf mewna -.....__.....I....u..ﬂ.........n...... :
.I-...Id..lullllllll.-.l.l.l.lalim.llu.l.!.l.l.l.lﬁ."llllifl.lu._.l.-_..llf.ll..lulll
1.-...||-|l..'l1.l.l_.[|..ll.i__1.l|||.....l|.4-| .l..”-‘l.._l.f s i — — =

-h—r
£ da

I.I .l .ILI.L' . lIlrI ILIII. |FIL I.I .l H :

—— B il s s gl o . Rl

I—_.-.Jl.%l..,..r.-_.l-l..-i-..-..___......_... Ill.-.—_.-._-..l_.-.-l..l.*I..r.l.__-.l..-..-.fl__.-.l e e s e i

e e R M g — e e A il me B m— gy e —— i
i

- ey e A — — =

s
i Wi — e - ko II1-.|-|-I...-_..I.I-I.I.|.I._I|...-..I o - — -y o e

—— g S ————— " o e 5 .I.J-v.lul!i.ll.ll..l._..r._-l.-_. o *..__..II-...II. -

Chapter 3 Study Area Geomorpholog

= _..--l._-..llhnr._...l.rl.i
i w il S ....l.lt....‘.t..-d.l.._il...-l.ll.rwwl.-ll |.
....._,......H-.L-____. W Ve Y Y ; -
w L.I' L L ..|... . W ] W - e - .
' ..ﬁll..'.l. ||||| -lm...,....n.tr-l......a 1 . -

Illl!t.rilal!lll.‘.-ll-'klll.llll.l..r.lj'lllllll* R R —
a L § » 4

S — [ —

T S .

il i il ™ T TR meE TR T PR R OE W W

L e i

i ol W ey e o ow pow
i o il Vo i e ottt s, il sttt
a " B e e N —
[ S — = ST P S —
B A e - A A LEE e E ...I...r.u_-.lrl..l..._r .

o il g =

N .....I..IJ.I.-.+.-.-I|.-.|.II|...I —

- e e i

e . e i [ .-|.I..l.1__1l.l|l|l|.-...-..l1..d:.-..-....|||-rr-...|.- -
S e R & s W - = S — I.--.-lluri..i.lh.ﬁlTl.flllil.llill.l.l.ltl.llilllJIi.fﬁli*

o -l s

i e o v &
- & - . -0
e a ' i i E e b
- i L O i L
L LI R A = &
all = = s

e e o S Oy el aaSimali-

Y T TR

_— - e =
T T T
T -
..-_.-..IIIII..-II.I....

. R N T

P p—

o e T i T i, ST S SRS F———

e ey

i el . - g -
L —_—

P e, e G g —

il o o -

e el

LS T A W R BT N i RS- —— l.ll.-.ru.-...l.l.llili-q.ll.-.-.l-qll.tll.l.l_il.i.l
e s o E——— e =

— e e — I....I..-:I-..r.l.l-.ll.'l...h]_.._-.l-_.

O R . e e O TR S S

S —— — — l#.l.l....-.-._l.l.
T i —— - —— e — i

N T T e e e—
; ....-_..ll..li[ql...'l.l_..-.i........lli.-...lill.l
OB W B SR R R e—m S R B e il — = = B R 4 &
N e L T e T S E——— g A S ——
e g e g i Sl Rty -l l.*.lu-..lul.._l.._._.l.l..-_.ll.ulll.l. R A

# -

& a il - .-..l_.__-..- - &b i
..l...ll.lumlﬁ.r._..l..._..-_ .
- Ilwl l.-.‘-_._..__._..__
ey et— — o w E a
L k T I L T .
e i S it e ] i g b ——
e e o s — - ——
-_- lh.l.ll. .—_. ..||.|.4| - _l..||..l|l .ll-_..l_.*t.l..__l.[...-...rjr.

L v i
—— T T 1t "I

P T L | S SO

— S wm— m———
R e I e

J.l.llJ.ll.l. il —

= O e e m e w E e o e e _...*..Illr = l.l.l__..l.lll.

- sl e S

.I.-.-...l..-..l:.l!*_..l-l. el
i e i b e

- rnEe W
—_—

o e gp— o Sl o ———

-

LT T L EET LT R T e e—— e e

e el i e i . i e ) i i i il

I J.ll.-.-_..‘.__-
S ETTE.

..w_l_l_l.l..l - o -
L T
._-rll.-r.qr-..- L
ke e i Sl b - -
=l ok ke ow
oo ey P
j o e e W - e R S

P T W .
S SR S

e el - ___iu..‘_-..._-_. -

L o g

e w1 W S el e S Sl e il

PR T
II.ILl.l"-I.t.

I

g el = - —
-
B TR N RN L O
- el ek
e R R L
- T -

LRl ELLEE 5 -
TR l“ﬁ-
LT =

ikl o Tl

. T L
T e e = __.—l...l..-..l..!l.l-f'_.lt
EEE e e e e e

e

- .-..-.._i..- -
AR ER LR
=B | o s i iy e iy i ek
——— e we=— - T TR w3 W

SRR T ——
.-‘I.Il-...ll.. —_—

HEEILIS SIS BREULT Mo s
Lrgfa v Tl

T R

- ..-..Hl.ﬂ..-l.....-.”l.ll...- WI.III_-

R 4|r..l.l|-.|_-.l..|-..__..l..rr.-.-..___...1
. .4! =y @
& & w el =
e e R o N
_-.-..._..ul.-..-.l.___.
PR B .

S e il -
w i s w
]

A A . . Ty =
s e e e LR Y L

e E e L R

4 2 A & Y
T T e
L e I T

Figure 3.9 E-H Valley cross sections looking downstream (location of cross sect

i o e B e b . i .r_Hl.-..__..l.l..-...__..l

ull..ll

S s

ions in

ions on cross sections are 100x100 m.
25

. Grid dimens

3)

igure 3.

f



R. Jurgen Jacob 2005

& - -
- = B ey e wmem B

o .-.....r.-...*+

e Sl .-.Il&.._j_...l..l

and Drainage

— o — |-.|._ﬁ. ._r.l..-l.l.-ll..._..l_r.l.-..... 1 — — m—— A —— . = e = s A -I-.rl. -

-— I-I|I-|.I.J..____.H.T-...||- ...L-:r.l —

.|r.r.'_...-ln.".||._..”_|- -
. - "

e

R s T I S e S—

B L

= ..r_.-.-.r.-._lll.l.

e R e e Tl

= o =
= . . - - [=
W A . - ] -

1
gt o ol =

e e e T L e e

Py ———

T et T

L S

S ARl Al S JERR TTONa

& e & b 4w

[l
-
.

o

o=
J.Illr.lr.-nll...ll.illl.lrl.rll...rlll-.# e ke

T ——t -l

4

— .-

L -.._-.-.l..-.lﬁ.._-.li. == W .....I._-..-..-_.l.l....u_-.l.-_..._f.-_.'.-..-!.-..-. -
e

¥
nI-....r.l.l..r.l..l.l.-_l..-...-..._ru.-_l........r.-_.l.-.—...-...-..l.-.l...+..._l

o -
w -T-..-_Hl._...._

- - e e e o

L = ] -

R .__.l.r.___.F....-.l.
a l.l.-ll.__r_.._..- L
Siemy o

Ilulqil-lflhrlﬂl

- . - - iIf“iT‘I-I:‘I'lj’*fi

T - T T

o o
I R R e T Y

R
R — —

e e e E— T — o T — rlu-l_l.jl-
........... .__....h.-llu..---...-.-u..._.l

= - .....- —

_-...J..l..._..-_.._r.._._llf.-.-.ll.ll u

- i.ff.w.f...llll_i.l.._._..l.-..l

% == & _._.I.Tl.l..l =
SIS RN W N STy e —_—— [ S e s—— S
}

g, T p—————— S [P———

-.-.-.luilll.-..l..-.- -

- - —— l_.l PR R .-.I..l..l..._.._..n..-..-...l.....-..l..-_

T AR RE e e

T . . . R i.ul.l.l.__.l...IJ.l_...l.-_ I_._T_.I..
o owm oww Eosk oy wew w8k el ———— .ll.l..ll.l.l.

‘. - - =
-.quu_+. -J

.L-_-._-Il.-.mll...-

wof e S . —.I.rlln lll_-l.. A

II-.-.I.._,.._III
..__I.I.rlﬂ_.l.-..l.

.,.L =

—..r.l.—.*.l.-..-.ll

= e e el l.l.I.-..-..-.-J.l..-. -.-......-...-_I..-i..._.-_l.... &
.l..l.ll.-ullf.l-lll.ll[*l.lll.llll...'.ll!j.lu.-.l‘- ..hl._-.-

& = W B o W

P S - A

B o e e g S S g — W R L l.._..l_..*u-..-..-._. o ——
1

L e L

L II-- Itlli'ti!}ill-i

o il i i W B =

i il e ok

ir-r...ll.*lu-ll..ll.'.l-.l._l.lr.f

LS T R E T T

-I‘_1..-II..-._-I.I.lll.-._'r.._.rl......l-..u.__....l.._- - LE L KR T
i

....r.r..l.rl.......l..-.l.-.-u....l.l.-.—......-..r.l.-.....-.f.l.l'l.l... -

Il.ll..ll.lllll.l-.l'l

el . . ....l..._.-r.-_l.l..-_l..ll.ll o 0  — l..-_.-_l

- e ma b s e — e e e l..-..*.rl.li..l i

1__..—_.__._....-r--. lllllnﬁ.rlfl.....l.-.l.ll.i..l..l.l. L [ R & 1 ]

" i
S — e = i.lll L S R .ii.flﬂll._..lul.

B T e . & o PR - oW =

.l.-ll.l.#..r.l.*.lul.Lr-r il e

L e L
i

|.|.'.I..-_.l..1_|_l ._._..F.f_l...-IIL.r.l.l.i___..r.l_ri.l.l.-..-_.-_.Fl -
.l_.l_-l.-___.i.I_..r.l..r-.-_r.'.- __....-_..rl.r...rl_l.- -.-_iﬂl..ill.!l_T.lfIl.

R
W d= == a

g B A e

T T T T

B R = S EEE s S
[E L E T s

IW-.I l.ll.-..__.lm.l_-.-_-.

.,.-..-.._.l.-r.....rh & 3 1 3 TN ey E————
A m ome m  w e ] w E m — —— s g i m— — e E—

: i - b i!lllilrlllf.luliil.l‘n .

&= = .r.-r...lr.__.lfrill.ll.-ll..l.l....-_.-..llrl._.r._.-_i|.l.-_.._.li_.l -

- - l.-..l..l.....-.iln...lL.l.-IIll.r_.l.-.._-._-..lr.- i e e b

.-_—.r-..*l.-.ll. F..__l_-ll..r..-_.-.-._-.__..._n.-.
- e ..-..-_.._-.___..-.!T_r.-r....tq.l..l.lul.l.l..l_ll_r.H I.l.l+

.Il..ii.l - -

.__.._....l._-...r.q R T A T =

e e L]

1w i  ——

. .-Il..ill -
® - |l.|1|l.._¥ P

= - ..-ulv._.ﬁ..
1
s . T . L]

T e o i T e e |
1

.-.‘..-.l.l_ll.

.-:-.--.:::._-.--.L-l-.

e e e e,

i .'I.-ll...lllrl.l.T.lll..l.l.l.l.'.'l.l.-.r.l..rl..ll'..l.}lll.!

r_._Tllr_.. |.1.l.J..l..l..._l|..l..r...rfl1l_|.i._-_
] _-._l.-.|-.l..l.lr -
— g M .III.__l. = e

_-.I.l!l..l.l.'t

_-..._.l.ln_..- o e = o - - - -

¥ i e W T W W ETE T Y W T W W W

— e e — —

T I LI T T
k

el

.r..l..l_l_..l-.l.l__-:-l.._-..l
“._-__..l..-..-.-_....._.-..-..-__....._.
i ——

o o R R P R sl ol s P h e @ - .I...'..._-......_I LR R SR R -._.-_..._l_-_

- ||.l.l|.-_.l.._....l.l.r .I...._1|1|.-..ll.._..l..._..-f.r.-..-.l

ll.F...rIl-L.I-I.l_. - I.‘-Il.._-..-l.l__-.l.#..lurllujl.
I..-.i.lllf.l*l.l_.li-l..{.lt.‘lill.lt

— e — e g

-.‘.__-_-_......I.lr-.n

- LR I
FEHTESESETTY s B rresaml e s

r-ilrr...__....dﬂl_r._.___.._ln.l..- - @

|I|I*—_.|l[ -Ililrl.l..'

.'..-.'..1"'*... . Il'llF.‘ll-

a L
-.....n-. ko d o= e

- ‘.l...l.l.t. T T BN

& -.-.lr.ll...-..-..l..r.H.'lil e & E s

F i L
!ll.I.l.ui].l..r.r l..l..ll.T .!_.-..-I-.:r.r.*.l.ll_.l_-. - .l_l..-l_._l.._+|-=-.l.-.l

L R

LR R _-..l.1.._. I_I_.._..!_.-II._I.I.._.. I.._I.+ - .l_lrt..-.'. -
[ e Y .f.l L L L EE T 1T 7 [T TS L L L

I-...-.r.._.-.r. lllll s
s ey
I|I1l|l_..'.i..l..l._l_l.

SR R S ..___.-.Ill..-.. 1.._.1_-.____|F_.-_._l.._-.-_

F— TEEL L =1 oy
e cemgE o s B = m

= - ..llll.l..-.llll..l.l..l...-lil

I Sy o s

T r .-...u b e i

.l|._l.r.-.l.ﬂ....__-_-ll.'._.nlr.-il.-..-.l:l.l:_ i

: watras Mot weem

q _.l-.i. L LT I_____._-.-.lﬂ .-.._-..._l-i...___-l..__
= — = o @ I..I.-..-_.l.l.l
r ..ll.-.ll.-lTl e

L O e | o o L . RN R Y T L T

= W s s

Illu_l_..ll._-.l_l:ll_l walls s @ w

R e R

‘."*. L R

.-.:.irl-.lh_:..l-.l_ul -

-l e g e

IIIIII ] = S

- .-_..- - e

%W II.&I.J..-. I..'

| m oEE e B e ey .
i
l.lllr...'“.lilll.-.n'

I.-.__.-......‘_. I ——

E = e m I.‘.-._Il_ll&.l..l.ll:lri..._ et ]

-:.f..ll.l..l.l.l.l.l.l....l-ll.l.Jl.I.l..-_ .lul.l.....,l.....n.rl-._.lr:.l.l lllll b i e i o o R .-_.-liulil_r....l_hl.f..._l..._-. o e T T = T I_.l.l.l.l_.l YT
mEEETHs s B e e o AW e

[ i '
- il ---.-.,—T-.-d-

o W @ me

....|r-|...-...i.l-..l.|.- Sl e e i ————

L ]

w.-_. H

- .-..-..-..__.-..w__.._- I.__l.*.ll.-.l.l...l_

B T S o S

- % Wl -
~=

" - e -
w ..-IJ}.H.-J.-.-II-..-
- = =W & x x
- - - e

R m— l..-..-l.llu._lllr

= = .....m.....-..._.....
..-.1

= = ..l.l.__.l.l.l.l.l.___.-_l___.
[ Rk s H_.__.-l

— r.r.l.lll..l. e S ey — A

YT ..1_|I..+.._1- -lr..._...-_

W s .-.l_..ﬂl_lul_l.l.l.._l.

l.l.f.-._l_l-l...-l.-l.ll.l..l.-r*

o - ll.-_l.l... - lr.-lr..l - -h.-.ll-

= B ORI

4 o a ..h.lllll-lul._l_]t.ll.lllli_.-lrv.l_l.fl-.ll_il.l.lubll

e

ey BE iy e e

- _.-..-...l.._.l_-.H.ll..-_Il.l.

.lli.ll_-_:ill_lll.l

PRENE T LT SreUreauep——" R N

|
-

e i

- i

S B A

.l....:;..q.l.qﬂl-.._q-t.l..l:__. —
AR o mw W W W .I_I.l...l__...l..‘.llll.llr.r._.. -

i
. B el

I._-.-I-...l..i.._ll

. r‘.—ll.l.. b s b B Bl N R N ..-la+!.-.'-l.1vlI.“f‘.‘l.lll.‘ll'f

.+_I.1.._..__I._...l_-.._.._...-.l ll..i*.ll.-ll. AEpwmT Y=

-...._.l..rll..._-.—.l..-..rl.l. ._lu.l..lll.ll.-ll_.lll-ll.
- iy e .

-._...Ilf.l.._.ll.ll.' = TITELTITE T,

¥ " -Wl - .l...l.'..l_._l..r_..-.l..-. S e = @ wm

- e -

..Il.i..d.l_-l__._l.-..-..l_l.-

]
e R R L e L _h._-:_....-u_ll....
[ -...l..r.ﬁ e m———

i...-.-l-.'..l-...—allii
E [
1 E

Chapter 3 Study Area Geomorpholoc

1 }
T . T o e e e i

= .1..-.1.._.IlJl.l.l.i.I.I.l_..llill..i.l..l_.ll.l
¥ i

...l-.. rrrrr * lq...|+|._4-

b e e k- 5

st = dr ryRpEE T TEm

.J.l_l..i..l_i.l-.._l..__..-l.-_.ll. lr-.l_...l_‘-l.!ll.l

.*._...r.... e - .l__-..-.-. v
L ...I_I..I.l._l.l._l.li.-_-l-_- .-_ll_.r..._l.1l..l_.l:.l.l £ R IIEI+-

T __I.l.l.l.!.

.T-..lr...L_l.l..
LI R R EE ] -
R . I ] li.l_ll.l...-..full..l..ll-l...l.l.ll_.l.l - w

# ow _‘r.-_ll-._ lllllllllll

- e i e e W

i e iy W R e &

in

ions i

ion of cross sect

m (locat
100 m.

figure 3.3). Grid dimensions on cross sections are 100X
26

Figure 3.9 I-L Valley cross sections looking downstrea



R. Jurgen Jacob 2005

and Drainage

Chapter 3 Study Area Geomorpholoc

i
:
A

¥

i

HE

=

18

.1“ ii'l"

alliitle
gﬂ

R

"i

looking downstream (location of cross sections i

figure 3.3). Grid dimensions on cross sections are 100x100 m.

L G

o - - e - - -
= s Ty = [ [ e .l.l.l.ll,.l...*l.lrl.ll..-.. I.ll..l..‘.l..l..‘..l.ll..-_.l.. =
P P
= - Lw-a:rrurm
- - b - - & W - - - - =

it

;

iiﬁhm

i e TR Rt A

:

:

o o R

I

Hi

i

¢
b

i

i

i

{EH LB

£
y

fitth

it

H

-l _-.- - - _ll_.il.j.l

W el T e l_1 l*

‘-.Eit

§
[

|
1
il

i

l
|
f

Ball

P R L b e o A |
2

fi i
ions

e,

‘

i

- - |.-l_- ® .-_I._-I-.r.-m_._:._..ll...l.l
e

.__-..._1.1.,. =

e iy R R o=

- T - o = om

§ 54

bis
b

|

8

i
|

iﬁ
i
S}
Hi
1

[

i

fi

ik

e
b

¥
4

e RE Rl |

L

i
it

i

H i
(R

7
3

1

1

"
M

:_:_ 'ln-ni-;m,';-. -;‘:_:! :“‘..; 1 “q
R e o L

L1t

o e
i

4
e

a
Hi

Wi
B

:

i

1

?

*d

i

|

dJiﬁ#LHfﬂ

Tl
Hidliit

4l

el

l

i
¥

i

(IR HE BT

i

BT e 1

11
[1I8E3

lr_i_-m_-._l_...._!‘....l..-l t-I..lll-.l.u1I ry T

= f
PRy S i hras b b
" .l.-..+..:.rl..:_.r

A
|

’

o

|

| eI 1

el

il

L
SERtIINTS
(=X N il

(] r
a o
L]

[ |
lt'

i

g

R ELE e TR L s B R

:

i e

4
wir

] gna

H

it

i
+

i

H

-

3

e i i i

e g A M

.-I*...ll-.ll.l..l_r.l_

Fo B R
foth

¢ P

1 bbb

B 8 il e W el e u i -l T L LR
-Il..-_l:l_l...-.- llllll ﬂi.lr.. LI R e .Iu-“.llil_.]”.ll--.ll g
.-lulll.ll.lul. —_ s s = R —a e i i e, i o

;“u- e, e e o

i
fi

ol B

et

e IRILIT

|i?':;"ﬂ!"
[T RLR T L

! .i.Elt!".l'i

.

i
A
1

o —

HE
i
RE
=
mem
=

i

__.I-.l‘.l.li..l.ll.
R— ._..l.ll.l.l...-l.-l-..r.l..l...l..lul._.l-.ll
L - ._I.r.-.lur.-....__..l.r-.-_l_._.l

. -
i, . il

*qi-Hi

Al

t

Mty
I3

A e e —

L

i

L

P e M b

:_:“‘E-.:: 313

i
4
!

il iy s I

sl

L 61

i

Ld

FifEER B R

BiHHI R R

r'.‘"':'l-'

]

IS e el

183

L2

ey
.

.I‘!i;JJ

Wt
=
?{i%éjj'.
f L & _y':'l

1

i II
yral

]

i

Le

|

]
%

.l

{

1B

) it

{
I

I

:

]
!

t
H

P Valley cross sect

.
'!:.
|1|ﬂ|-|'|-'i
vat hod
] ]

=gl
i

l

§
)
 J
v

1: 1071
}

-

TR

o
244

|!1"'

R

AT 1EB A f hey
_—ry

i

ENd
1
11k

f

i

g v
¥

&
L3 U'-llll"di'
ol 191 1 111 radl
PR s | L

R T e 1

R

B

PR LI N i i
car-mld Bl L 5

T YY1 T - & - - & .
[

I T . L el .'| 1111111 L.l.-..-
L|

i
e T NI E————

e

NG

hi»

HIIR
S

TR

B
. lil.illlJl_.l.i'l.l!f*ttll.l:It.l.:.l.l..l. - ‘.._..'._l

- - - L LR R = LR - 'I.I..I‘. .'-*.l.f...*.lh.l-
- - = iy Fow o - LR il = LR ] - L W ew lm.l..l....
- - - lll_l.‘ll*.ll.l..ll_l. - LE . B R

[ —-— .
e & l..l.i..'.'.l_r_l]l.'llu..l_  —
= - iy | |

oo
byl

'1i]ﬁ§IiﬂﬁiﬁﬂlﬂﬁiiLL

4w PRRFERE LEEE S

¥
[ Jl_..llll.lll-..llr'll i, e e i

e LT

bl

FEH I

&

-
v

iR

] LR N . R
E .

i

BRI

[T a2

—— e, RS =

FHIEEE EE TR R R

i

<

i

1

H L
M 1” 'I
- I L -
‘TeaBdd. AR RN L
: g Y

=, . - 5
e s el oty o |
p

- N w "

it
i
i
i

-

- LR l_.l.-.ll.r..l..l.lul..d.ll - -
LI R - . - L B Sk L A Rk

e

1
4

i

[ S ——— i .m_.

:

)
1
304

i

i

pa

-
i
i
AL
igure 3

1

'l

il

:‘H

i

i

i
1

F

"~

or
Lt
i}

Byl

s
o

!

B s R

27



Chapter 3 Study Area Geomorphology and Drainage R. Jurgen Jacob 2005

Figure 3.11 Oblique aerial photograph showing Orange River (bottom right) and different
sized tributaries. Large meandering tributary is the Fish River.
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Figure 3.12 Satellite image of study area showing Reaches 1-7.
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Figure 3.13 Comparison of overall characteristics per geomorphic reach.
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Tributary network

Orange River trunk stream

Figure 3.14 Rotated 3-dimensional view of the Orange River channel and its tributary
network in the study area.

Orange River Profile and Tributary Profiles
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Figure 3.15 Longitudinal profiles of tributaries in relation to the Orange River profile.
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Figure 3.16 All tributary profiles in the study area. Low gradient tributary is the Fish River.
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Trlbutary Drainage Area vs Gradient
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Figure 3.17 Tributary i:lraiﬁage area vs average gradient (averabed
over the entire tributary length).
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Figure 3.18 Drainage area analysis of the tributary catchments for Reaches 1-7.
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a) Average Trib Gradient per Reach
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Figure 3.19 Tributary gradient analysis per reach for equivalent drainage basin areas.
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a) Auchas Lower River
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Figure 3.21 a-e Comparison between DGPS profiles and digitised profiles
from the 1:50 000 scale topographic maps with a 20m contour interval.
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Figure 3.22 A-C Tributary profiles colour-coded per reach.
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Figure 3.22 D-F Tributary profiles colour-coded per reach.
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Figure 3.22 G-l Tributary proﬂlos colour-coded per reach.
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Figure 3.22 J-L Tributary profiles colour-coded per reach.
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Figure 3.23 Knickpoints in tributaries from Reach 7; a-d) Tributary No.57 _(Fig.3.22H); e)
Tributary No.61 (Fig.3.22F); f) Bar EQ tributary (Fig.3.22E); g-h) Bar EM tributary

(Fig.3.22J).
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a) Profile along Bar AM Tributary
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Fi_gure 3.24 a-c Profiles alonﬁ selected tributaries in Reach 2.
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Figure 3.25 a-c) Photos illustrating the flat-topped nature of the Rosyntjieberg
mountains. Deeply incised tributary in a) is the Bar AH tributary in (Fig.3.24c).
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Modern Longitudinal Profile
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Figure 3.26 Comparison of the longitudinal profiles of the modern Orange River in
the study area obtained by different means.

Figure 3.27 Differential global positioning system (DGPS) equipment used in measuring
Orange River surface profile.

Figure 3.28 Echo sounding equipment used in measuring Orange River bottom profile.
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Figure 3.32 a) Location and b) data from the geological reaches of the profile presented
in figure 3.31.
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Lo L

Tensile Strength (O; ) (MPa)

Figure 3.33 Plot of tensile strength vs rock erodability for various lithologies (after Sklar &
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Figure 3.34 Analysis of the effect of flow direction on gradient for north-south and east-

west reaches.
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Boulder

Figure 3.36 Example of the Boom River tributary input bar a) In rare flood during
April 2002 - note the dark, sediment laden water and large boulder being tumbled
down the channel (photo courtesy of J.Botes). b) Aerial view of the same tributary
in December 2002. Note the channel constriction and turbulence at point of

constriction and the presence of bedrock in the rapid.
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Transition to a softer lithology
Limit of coarse gravel bars

——y Transition to a softer lithology

|

Limit of coarse gravel bars

Figure 3.37 Surface and bottom profile showing the effect of coarse gravel bars on the
profile (areas of interest are within oval shapes). Red lines above the profile are tributary
input deltas.
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Figure 3.38 Surface and bottom profile showing the effect of tributary fans on the profile
(areas of interest are within oval shapes). Red lines above the profile are tributary input
deltas.

92



Chapter 3 Study Area Geomorphology and Drainage

R. Jurgen Jacob 2005

Figure 3.39 Inner channels with flanking straths in the study reach (flow direction
indicated).
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Figure 3.40 Inner channel in the Sambok area displaying abundant features
Indicating recent incision.
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Figure 4.2 a) Oblique aerial view showing Proto and Meso Terraces at Daberas
b) Oblique aerial view showing Pre-Proto1, Proto and Meso terraces at Sendelingsdrif.
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