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Noordoewer and the Atlantic Ocean. 

1 

Figure 1.1 a) Drainage basin of the OrangeNaal River system. b) Study area between 
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Table 2.1 Distribution of the annual water resources within the Orange River drainage basin 
(after Everson 1999) 

Natural 

Description 
Catchment 
Area (km2) 

run-off 
(million 
m3/year) 

1. Vaal River basin _ 196 290 4300 
Senqu/Orange to SA/Lesotho border 24 680 4 010 

r 3. Caledon River basin to Welbedacht 15 270 1 240 F Dam 

. Remainder of Orange River upstream -59 400* 1 300 
f OranqeNaal confluence 

5. Remainder of lower Orange basin -670 000+ 420 
excluding Fish River basin 

Fish River basin 76 000 480 

otal 1 000 000 11 750 
+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). 

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 a/. (1983). 
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Figure 2.6 Burke's geomorphological development of Africa (after Burke 1996). 
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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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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 2.14 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 eology/ each 
O, 1725 246,552 0.005577 688 
02 1492 431,291 0.001261 427 

03 1300 733,175 0.000636 370 Karoo 

04 1261 871,955 0.000281 226 Karoo sedimentary 
05 1099 1,108,029 0.000686 679 Karoo se(Jnnentary intrus, es 

06 1047 1,214,827 0.000491 570 
07 995 1,268,706 0.000958 1189 Ventersorp 
O8 Confluence) 1,309,569 0.000587 757 Karoo (Dwyka) 
Oo 940 1,376,152 0.000466 625 Karoo(Dwyka) 

010 913 1,507,179 0.000206 297 Karoo(Dwyka) 

Oil 883 1,604,521 0.000308 480 

012 860 1,634,532 0.000766 1241 NMP 

013 820 1,737,250 0.000389 657 NMP 

014 761 1,819,633 0.000720 1280 NMP 

O15 663 1,863,885 0.002208 4066 NMP 

O16 620 1,915,667 0.000830 1569 NMP 

017 440 1,930,268 0.012328 23706 NMP 

Ole 400 2,043,260 0.000354 703 NMP 

O19 320 2,085,222 0.001906 3935 NMP 
020 300 2,134,191 0.000408 862 NMP 

021 260 2,155,563 0.001872 4014 NMP 

O, 220 2,195,817 0.000994 2162 NMP 
023 169 2,307,149 0.000460 1035 NMP 

024 153 2,337,509 0.000530 1232 Nama limestone 

025 37 2,491,615 0.000749 1810 NMP 
026 0 2,615,949 0.000299 764 Gariep Supergroup 

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

Reach Height (m) Dist along Profile (m) Gradient (m/m) SL (gradient index) Dominant Geology/Reach 
V, 1640 33,114 0.00423 70 Karoosedimentary 

V2 1620 86,994 0.00037 22 

V, 1600 99,484 0.00160 149 Karoo sedimentary 
V4 1549 238,636 0.00037 62 Karoo sedimentary 

V5 1519 269,990 0.00095 241 Karoo dolerite 
V, 1489 447,616 0.00017 61 Karoo sedimentary 
V7 1442 541,332 0.00050 247 Karoo and Ventersdorp andesite '', ... -. 
V, 1416 623,055 0.00032 185 r, iroo sed r' entary 
V9 1381 665,413 0.00083 536 Witwatersrand gtzites & Transvaal dolomite 
V10 1335 683,344 0.00255 1720 Parys Granite 
V11 1297 735,457 0.00072 513 Witwatersrand gtzltes 
V12 1280 801,480 0.00027 204 
V13 1251 868,020 0.00043 359 ] Ventersdofp andesite 
V14 1180 1,177,019 0.00023 236 Karoo sedimentary 
V15 1099 1,235,757 0.00138 1664 

V16 1083 1,298,734 0.00026 328 Karoo sedimentary 
V17 1016 1,344,785 0.00145 1912 

via 971 1,503,188 0.00028 405 Transvaal dolomites and Karoo (Dwyka) 
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Figure 2.15 Gradient analysis of Reaches defined in figure 2.12. 
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Figure 3.4 a-c Oblique aerial photos illustrating the incision of the Orange River into a landscape 
with a consistent summit level (500-600m) of the NMC basement rocks. Note the pre-Nama 
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Figure 3.5 The Fish River canyon to the northeast of the study area. a) Upstream 

canyon reach b) Mid-canyon reach c) Downstream canyon reach with Nama Group 

sedimentary cover removed from the underlying NMC basement. 
20 
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21 

Figure 3.6 Satellite image showing superimposed route A as opposed to easier route A' 
and the short reach B occupying a Carboniferous age (Dwyka) glacial valley. 
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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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Figure 3.9 A-D Valley cross sections looking downstream (location of cross sections in 
figure 3.3). Grid dimensions on cross sections are 100x100 M. 
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Figure 3.9 E-H Valley cross sections looking downstream (location of cross sections in 
figure 3.3). Grid dimensions on cross sections are 100x100 m. 
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Figure 3.9 I-L Valley cross sections looking downstream (location of cross sections in 

figure 3.3). Grid dimensions on cross sections are 100x100 m. 
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Figure 3.9 M-P Valley cross sections looking downstream (location of cross sections in 
figure 3.3). Grid dimensions on cross sections are 100x100 m. 

27 



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

Figure 3.10 Satellite image showing tributary network and their drainage basins. 

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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Figure 3.14 Rotated 3-dimensional view of the Orange River channel and its tributary 
network in the study area. 
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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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Figure 3.17 Tributary drainage area vs average gradient (averaged 
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Figure 3.18 Drainage area analysis of the tributary catchments for Reaches 1-7. 
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Figure 3.19 Tributary gradient analysis per reach for equivalent drainage basin areas. 
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Figure 3.21 a-e Comparison between DGPS profiles and digitisea protiies 
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-I Tributary profiles colour-coaea per reacn. 
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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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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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Figure 3.27 Differential global positioning system (DGPS) equipment used in measuring 
Orange River surface profile. 
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Figure 3.28 Echo sounding equipment used in measuring Orange River bottom profile. 

43 

R. Jürgen Jacob 2005 



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

O 
O 
O 
O 
0 

W a C) 
L) cu E C) 

d) 0 :3 

m 
c =y 
i o 

X ° 
o 

Ö 0 
- oQ 
ö ö r o 
y - cö 

0 

s ö C: ) C 
ö o 

p ý g -ý o 

o 
.0 

N 
o 

13 4) O o 
Qi 

t 
C) 

ý 
V 
Cl) 

f 

OOOOOOo0oaO 00 Cfl tNO co (D d' NN 

(IsLUeLU) UOIIena13 

EÜ 

m (l) 

3 

C) 
V 
G) 

h 

U_ 
Y 

f0 

Y 
C 
N 

Q 
w 

ý 

N 
N 

o 

44 



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

CD 
O 
0 
C 
O 
c1r) 

L> 

04 - 

TO I 

t: I 
C) EITJi O 

-6 CD 6 CD CD 5N 
C0 w cc 

2G) 
it w jt IN 40 

0fO 

po 
NE 

O 
L 

yO 
cG 

It 
öo 

a ,. pC 
NrQ 

ao 
Qo 

ä° 00 

O 
4w to 

oý !-r 
O to 

° 
O 

o0 

°O 
V rý LO 

OOOOOOOOOOO 
00 CO qt NO 00 CO Iýt NN 

(Iswew) UO! eAG13 

45 



and Jacob 2005 

N 

M 

d 

O) 
w 
C_ 

d 
w 

C 
d 

y 
.r 

Co 
V 
C) 
O 

Ö 
d 

N 
d 

ao 
d 
I- 

C) 
O 

Ö 
d 
C) 
m 
C 

I- 
d 

0 
C 

t 

N 
a1 

w 
O 

a 
E 
O 
O 

.a 
v 
C ea 
m 

N 

m 
LL 



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

Sf'ý 

k 

ýý 

ý ý'!;: 
I 

b) 
1Nama limestone 12165 49 148.1 i01899 1 

.0 
0.00019 448 5.4 1.8 1.000086 

2Nama quartzite 1249989068 148.0 334.0 0.1 0.00022 51$ 7.3 1.2 1.000122 
3Mafic melavocanic 15724.67065 1451 32240 10 0.00092 2145 4.2 2.3 1.000008 
4R1C grange 2029386478 141.4 4569.2 3.7 0.00081 1689 7.3 5.7 1001036 
5RIC5 ae 2239201783 1396 20982 1.8 0.00084 1976 4.8 2.9 1.000355 

BRIO amte 44672 93839 120.3 22280.9 19 4 0.00087 2054 6.1 3.8 1.000299 

7Viookdnl Suite 5064480567 115.7 5971.9 4.5 0.00075 1791 5.9 2.9 1.000237 

BRos t be ua tz0e 56964 16966 114.6 5319.4 1.2 0.00022 515 
-- -- 

9.6 40 1.000879 

afic melawcanc 62841 108.8 68774 
.8 

0.00084 Tar 4.4 3,3 1.000192 

IODw a 63391.60472 1080 550.0 08 0.00153 3658 3.6 0.8 1.000017 

11 Karoo sandstones and shales 74981.98033 1040 115904 4.0 0.00035 829 3.7 1.0 1.000046 
22a 75862.12809 103.4 880.1 0.6 0.00068 1643 2.3 1.1 1.000010 
13Nana .. de and In1esbne 79562 27861 101.3 3700.2 2.1 0.00057 1362 5.8 2.4 1.000673 
14Ma6c 6 Felsic metawk: adcs 82569 9587 98.4 30077 28 0.00094 22 3 7.3 3.6 1.000353 
15Viodsdrif Suite 8647449576 95.3 39045 3.1 0.00080 1923 4,5 2.3 1.000092 
16KUDoos-Bremen ran04 90855 16445 92.8 4380 7 25 0.00038 1405 809 35 1.000936 
17Mafio & Fe61c mels92ic8 cs 104893 9989 75.6 140388 17.2 0.00122 2964 5.9 3.7 1 000294 
18VOdsd of Sine 109944 1454 73.9 5050 1 1.7 0.00034 825 3.6 1.3 1.000120 
19MaLc & Fekic mefawkadcs 114769.966 67.0 48258 69 0.00142 3466 367 2.4 1.000301 
20Vlodsdr6 Suite 1401197604 51.7 25349.8 15.3 0.00060 1464 4.6 1.8 1.000141 
21 Mafic & Feblc meta. oicanics 154666.6044 37.6 145468 14.1 0.00097 2392 5.2 3.2 1.000441 
22Viodsdr6 Suite 160276.5893 30.7 56100 69 0.00123 3052 5.8 2.5 1.000623 
23NUmeesdlamlc8te 172773.8806 25.2 12497.3 55 0.00044 1099 5.5 2.1 1.000159 
24Gan ackef$CNSt 237102.964 9.7 643291 15.5 0.00024 610 4.2 21 16000106 
25G22ma0c vdc 245472.2747 8.1 8369.3 1.7 0.00020 507 3.4 1.3 1.000044 
26Ganep greywaCk 2777660871 160 322938 70 0.00022 564 3.0 1.9 1.000172 

Summary 
C) Litl Litho logy Ave. rad ent Ave. Depth Ave Depth Std. Dev. Ave ottom: u ace at o 

Nama 0.00029 5.7 2.1 1.00024 
Karoo 0.00042 3.7 1.0 1.00004 
RIC 0.00086 6.2 4.0 1.00041 
Vioolsdrif Suite 0.00069 4.8 2.2 1.00020 
Ros tjeber quartzite 0.00022 9.6 4.0 1.00088 
de Hoop Metavolcanics 0.00107 5.5 3.5 1.00031 
Kuboos-Bremen granite 0.00058 6.9 3.5 1.00094 
Gariep Supergroup 0.00025 3.9 2.2 1.00013 

dý 0, «ffl ., h.. g a.. a. M p., Lä a.,,, 
ow, m 

� Zwo 

e) ange RI- wuer. pe oath .w DOM as D. v. P.. uuwwyy 

no 

lo 

zo 
00 

L. -ý 
Figure 3.32 a) Location and b) data from the geological reaches of the profile presented 
in figure 3.31. 
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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. 

50 



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

ii 

:` 

a 

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. 
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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-Protol, Proto and Meso terraces at Sendelingsdrif. 
Note that terrace labelled as P2 is a lower terrace than P1, however they are underlain by 
the same bedrock strath, hence both are classified as Proto terraces. 
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Figure 4.4 Satellite image showing Proto-Orange deposits between Reuning Mine and 
Arrisdrif and the Proto-Orange and Meso-Orange River courses. 
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Figure 4.5 a) Type 1 terrace preserved by meander cutoff on straightening of channel. 
b) Type 2 terraces preserved by lateral erosion of meander prior to incision. c) Type 3 
terraces preserved downstream of tributary input delta. d) Type 4 terrace formed by 
dissection of modern channel, leaving paired terraces. 
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Overall Terrace Data Proto Meso 
Total Length (m) 302867 277160 
Terrace Length (m) 54789 135905 
% Length Preserved as Terraces 18% 49% 
% Type 1 58% 0% 
% Type 2 39% 59% 
% Type 3 3% 5% 
% Type 4 0% 36% 

Reach I Proto Meso 
Reach Length 21286 21286 
Total % Terraces Preserved 0% 0% 
Reach 2 Proto Meso 
Reach Length 28264 28264 
% Terraces Preserved 0% 17% 

Type 2 47% 
Type 3 53% 

Reach 3 Proto Meso 
Reach Length 36967 36967 
Total % Terraces Preserved 49% 8% 
% Type 2 100% 26% 
% Type 3 0% 19% 
% Type 4 0% 55% 

Reach 4 Proto Meso 
Reach Length 32007 32007 
Total % Terraces Preserved 0% 13% 

Type 2 71% 
Type 4 29% 

Reach 5 Proto Meso 
Reach Length 22617 22617 
Total % Terraces Preserved 0% 39% 

Type 2 56% 
Type 4 44% 

Reach 6 Proto Meso 
Reach Length 25118 25118 
Total % Terraces Preserved 16% 69% 
% Type 2 62% 92% 

Type 3 38% 0% 
Type 4 0% 8% 

Reach 7 Proto Meso 
Reach Length 136608 110901 
Total % Terraces Preserved 35% 74% 
% Type 1 67% 0% 
% Type 2 33% 59% 

1 

% Type 4 0% 41% 

Figure 4.6 Analysis of terrace types per reach for Proto and Meso terraces. 
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Figure 4.10 Oblique aerial views of Proto Orange River bedrock surface at Daberas 
showing straths, scours and inner channels. Surface was based on drilling data, created 
using Vulcan modelling software. 
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Figure 4.11 Various features of the bedrock surface at Auchas Major, exposed by mining 
operations. 
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Figure 4.12 Scour filling of Pre-Proto 2 scours a) Xarries North, where Meso gravel 
overlies scour filled by Pre-Proto 2 gravel b) Lorelei East Pre-Proto c) Close-up of 
Lorelei East gravel face - note the large bedrock rafts. 
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C 

E 

G 

P-Prn(o , . Rath 

Eocene to Oligocene? 
Further incision with some 
valley widening and cutting of 
the Pre-Proto 1 strath. 

Early-Late F 

Miocene 
Aggradation of 
Proto gravels. 
Lower sections 
are dated to 19- 
17.5Ma. Upper 
sections undated. 

B 
------------------ Original surface 

Pr. Prron I Krat. 

Early Pleistocene 
Aggradation of Upper Meso deposits due to 
sea level rise or increased sediment supply 
during wet phase or reaction of tributary 
network to incision event in F. 

H 

Late Pliocene 
Incision event 
incising Proto 
deposits, 
straightening the 
course of the river 
and cutting Upper 
Meso strath and 
scours. 

Pleistocene? 
Gradual incision and valley widening to cut 
Lower Meso strath. 

Pleistocene? 
Aggradation of Lower Meso deposits. 

J Recent 
Gradual incision and valley widening to cut 
modern channel. 

Figure 4.20 Interpretation 1 of the sequence of Type 2 unpaired terraces on the coastal 
plain. Progressive incision and valley widening on meander bends, punctuated by 

periods of alluviation. 
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Late Cretaceous 
Large meandering river 
flowing on Karoo basin 
sediments feeding the Kudu 
delta. 

------------------ Original surface D 

Middle Eocene 
Uplift and incision into NMP 
basement. Deep, canyon- 
like incision with no straths 
preserved. Meandering 
form superimposed onto 
basement. 

Mid Oligocene 
Further incision with 
pause to cut Proto 
strath and further deep 
incision to cut Pre-Proto 
2 scours. Thin bedrock- 
attached bars at base of 
scours. 
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A 

C 

E 

G 

H 

B 
Late Cretaceous 
Large meandering river 
flowing on Karoo basin 
sediments feeding the Kudu 
delta. 

------------------ Original surface D 

. -- I af. afh 

F 

Middle Eocene 
Uplift and incision into NMP 
basement. Deep, canyon- 
like incision with no straths 
preserved. Meandering 
form superimposed onto 
basement. 

Mid Oligocene 
Further incision with 
pause to cut Proto 
strath and further deep 
incision to cut Pre-Proto 
2 scours. Thin bedrock- 
attached bars at base of 
scours. 

D-G Mid Oligocene to Early 
Miocene 
Progressive incision and pauses 
to cut straths down to present river 
level. 

Early -Late Miocene 
Major aggradational event filling entire 
valley. 

Late Miocene to Present 
Gradual incision of valley fill to leave 
terraces. River re-enters old straths. 

Figure 4.21 Interpretation 2 of the sequence of type 2 unpaired terraces on the coastal plain. 
Initial incision and valley widening, followed by long period of alluviation and gradual 
incision into valley fill. 
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Figure 4.22 Cainozoic sea level curves (modified after Siesser & Dingle 1981). 
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Figure 5.1 a) Typical bar surface sampled on modern riverbars. b) Typical gravel face 
sampled from terrace deposits. Ranging rod is 2m long. c) Chart used to visually estimate 
clast roundness after Powers (1953). 
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Figure 5.4 Simplified stratigraphic table illustrating clast types found in the Orange River 
deposits and clast provenance, adapted from (SACS, 1980). 
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Figure 5.5a Mafic volcanic clasts from the de Hoop Subgroup of the NMP. 
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Figure 5.5b Felsic volcanic clasts from the de Hoop Subgroup of the NMP. 
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Figure 5.5c Rosyntjieberg Formation quartzites from the Orange River Group of the NMP. 
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Figure 5.5d Namaqua metamorphic province "basement" clasts. 

Figure 5.5e Various granite clasts from the Richtersveld igneous complex, Kuboos-Bremen 
Suite and NMP. 
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Figure 5.5f Metasedimentary clasts from the Gariep Supergroup. 
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Figure 5.5g Nama quartzite clasts from the Nama Group. 
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Figure 5.5j Vein quartz clasts from the NMP and Gariep Supergroup. 
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Figure 5.5k Basement quartzite clasts (quartz schist) from the Nona ana Stinkfontein 
Subgroup of the Gariep Supergroup. 
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Figure 5.5i Karoo sandstones 
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Figure 5.10 Pie charts showing composition of the MCS population on the normal and 
strath bars in the study reach. Links I to 4 are shown. Note the dominance of different 
lithologies in the MCS composition in each Link (cf. Fig. 5.11). 
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Legend 
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2 Fmsyntjieberg (Lartzite 10   Grarüte \ Link 1 
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Figure 5.11 Pie charts showing the composition of the MCS population on the tributary 
input bars in the study reach (cf. Fig. 5.10). 
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Maximum Clast Size vs Distance Downstream 
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Figure 5.26 MCS vs distance along channel per gravel age. a) Along entire study reach 
(Noordoewer to the mouth) b) Along Link 4 (Boom River to the mouth) for Nama quartzite 
population c) Photos illustrating values in b) at the Boom River, Sendelingsdrif and 
Arrisdrif. 
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site. 
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Figure 6.1 a) Typical face of gravel that was sampled for clast assemblage analysis. 
Ranging rod is 2m long. b) Close-up view of face illustrating area which was excavated 
and sieved. C) Sampling equipment used. 
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a) Size 
Fraction 
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Figure 6.2 a) Clasts assemblage analysis per size fraction: amount of clasts sorted per 
size fraction and their percentage relative error, based on twice the standard deviation. 
b) Visual chart for estimating % error (after van der Plas & Tobi, 1965). 
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Figure 6.5a Various types of banded iron formation (BIF) from the Transvaal Supergroup. 

Figure 6.5b Karoo sandstones, shales and hornfels. 
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cm 

Figure 6.5d Vaal River type agate 

Figure 6.5e Orange River type agate 
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Figure 6.5c Karoo basalt and zeolite 
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Figure 6.5f Chert 

Figure 6.5g Epidosite 

Figure 6.5h Feldspar 
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Figure 6.45 Changes in clast assemblage maturity downstream for Proto, Meso and 
modern deposits, using the ratio of quartzite and quartz to more labile lithologies. 
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Figure 6.46 Nama quartzite roundness vs distance downstream for Proto, Meso and 
modern deposits between the Boom River and the mouth. 
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Figure 6.51 Stratigraphy of the iron formations in the Asbestos Hills Subgroup of the 
Ghaap Group (after Beukes 1986). 
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a) 
Sendelingsdrif S am le 5 Lower 

Weight (kg) % 
+300mm 0 0.0 

-300 + 200 mm 389 8.4 

-200 + 90 mm 2115 45.5 

-90 +40 mm 741 15.9 

-40+25mm 331 7.1 

-25+14 mm 221 4.8 

-14+8 mm 123 2.6 

-8+3 mm 156 3.4 

-3 mm 480 12.4 
TOTAL 4652 100.0 

b) 

C) 

  Rosyntjieberg_quartzite Q Karoo shale 

  Nama_quartzite Q Karoo sandstone 
Q Limestone Q Hornfels 
  Basement quartzite Ei Zeolite 

  Epidosite " Karoo Basalt 
  Felsic_Volcanic   Dolerite 
  Mafic_Volcanic   OrangeR agate 

  Namaqua_Basement   VaalR agate 
  Granite  B IF 

19 Feldspar   Riebeckite 

® Metasediments   Chert 

Q Vein Quartz Fj "9mm Sand 

Figure 6.52 a-c Gravel composition, based on the weight percentage of gravel. 

Sendelingsdrif Sam le 7 Lower 
Weight (kg) % 

+300mm 0 0.0 

-300 + 200 mm 481 12.3 

-200 + 90 mm 1472 37.6 

-90 +40 mm 610 15.6 

-40+25mm 298 7.6 

-25+14 mm 208 5.3 

-14+8 mm 153 3.9 

-8+3 mm 123 3.1 

-3 mm 505.6 14.6 
TOTAL 3918 100.0 

Sendelingsdrif S ample 1 Lower 
Weight (kg) % 

+300mm 0 0.0 

-300 + 200 mm 467 10.6 

-200 + 90 mm 1525 34.6 

-90 +40 mm 730 16.6 

-40+25mm 373 8.5 

-25+14 mm 199 4.5 

-14+8 mm 179 4.1 

-8+3 mm 158 3.6 

-3 mm 595 17.6 
TOTAL 4404 100.0 
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d) 

e) 

f) 

Sendelingsdrif Sample 2 Lower 
Weight (kg) % 

+300mm 45 0.6 

-300 + 200 mm 1771 23.3 

-200 + 90 mm 2920 38.4 

-90 +40 mm 1022 13.4 

-40+25mm 378 5.0 

-25+14 mm 261 3.4 

-14+8 mm 196 2.6 

-8+3 mm 255 3.4 

-3 mm 565 9.9 
TOTAL 7601 100.0 

Daberas Sample 4 Lower 
Weight (kg) Wt. % 

+300mm 221 3.1 

-300 + 200 mm 1310 18.4 

-200 + 90 mm 1028 14.5 

-90 +40 MM 1001 14.1 

-40+25mm 748 10.5 

-25+14 mm 609 8.6 

-14+8 mm 514 7.2 

-8+3 mm 583 8.2 

-3 mm 753 15.3 
TOTAL 7102 100.0 

Daberas Sample 9 Lower 
Weight (kg) % 

+300mm 48 0.8 

-300 + 200 mm 353 5.8 

-200 + 90 mm 2148 35.0 

-90 +40 mm 1224 19.9 

-40+25mm 443 7.2 

-25+14 mm 294 4.8 

-14+8 mm 181 2.9 

-8+3 mm 166 2.7 

-3 mm 1164 20.9 
TOTAL 6138 100.0 

Se od, ll. %. d, if S. mple 2 Lower 

Daberas Sample 4 Lower 

Daberae Sample 9 Lower 

  Rosyntjieberg_quartzite Q Karoo shale 
  Nama_quartzite Q Karoo sandstone 
Q Limestone C3 Hornfels 
  Basement quartzite p Zeolite 
  Epidosite ® Karoo Basalt 
  Felsic_Volcanic   Dolerite 

  Mafic_Volcanic   OrangeR agate 
  Namaqua_Basement   VaalR agate 
  Granite   BIF 

m Feldspar   Riebeckite 

® Metasediments   Chart 

QVein Quartz Q-3imSand 

Figure 6.52 d-f Gravel composition, based on the weight percentage of gravel. 
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O Ma 
Modern 

Meso 

Intermediate 

Upper Proto 

Lower Proto 17.5-19 Ma 

Pre-Proto 2 (Aml1) 

Pre-Proto 1 (Snake) 

Granitberg 

Vaal River type agate 

BIF 

Jasper 

Riebeckite 

Karoo serfs 

Karoo basalt 

Zedite 

Vein quartz 

Locally-derived lasts 

Eocene 42 Ma 

Figure 6.53 Summary of clast assemblage changes through time in the study reach. 
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Push Bar, 

hush Bar . Scour L s°% 

Figure 7.2 Fixed and mixed and mobile trapsites and the 
Lower Orange River deposits. 

depositional environments in the 
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Cl) ff 1.6 
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" 
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R`=0.681 

A 
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Grade (cpht) 

Diamond Size Frequency Distribution 

30.0, _ 

25.0 

20.0 
0 

ä 15.0 

c 

10.0 
CL 

5.0 

Bar Gravel Sample 
Scour Sample 

0.0 
1-- 

<2.46 2.46 2.85 3.45 4.09 4.52 5.41 5.74 6.35 7.93 10.31 >10.31 
Sieve Size (mm) 

AREA TONS CARATS NE GRADE AVE STON IZE 
Auchas Bar Gravel Sample 399588 4082.32 3525 1.02 1,16 

Auchas Scour Sample 9884 2629.28 1191 26.60 2,21 

Figure 7.4 a) Grade vs average stone size plot at Auchas Major locality. b) Size frequency 
distribution of Auchas bar and channel samples. 
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MODERF 

MESO 

PROTO 

PRE-PROTO 

PRE-PROTO 

EOCEN 

/ I'\ 
/` 

i 
i 

LOW HIGH 

`Grade ` Diamond size 

Figure 7.7 Summary of grade and stone size changes in the study area. Grade data in 
deposits older than Pre-Proto 2 not comparable, hence the uncertainty. 
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Appendix A 

Surface and bottom profile survey of the modern Orange River 

See File: 

Appendix A. XLS 

Located in compact disc in sleeve at the back cover of this volume. 
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Appendix B 

Terrace levels data. 
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Appendix C 

Maximum clast size dataset 

See File: 

Appendix C. XLS 

Located in compact disc in sleeve at the back cover of this volume. 
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Appendix D 

Glast assemblage with grain size data 

Table I 

See Files: 

Figures 1-78 (see files "Appendix D Figs 1-78. ppt") 
For individual pictures and clast assemblages of samples. 

and 

"Appendix D Data. XLS" 
for raw data from all samples. 

Located in compact disc in sleeve at the back cover of this volume. 
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Table 7 Position of dart assernblaoe sarnoIPS 

SAMPLE NAME LAT LONG 
EOCENE 
EOCENE MAI -28.583200 16.413750 

2 GRANITBERG EOCENE -27 340673 15.383192 
3 810 AREA -27.385949 15.421636 
1 BUNDFELDSCHUH -27.588552 15.569658 

PRE-PR t7 1 
ISNAKE -28.162520 16.871820 
PRE-PR T2 
LORELEI PUSH BAR LOWER -28.056370 16.984550 
AM 11 LOWER -28.367280 16772360 
PR T 
DREIGAT PROTO (PUSH) -28.139540 16.875680 
SENDELINGSDRIF SAMPLE 5 LOWER -28.152940 16.855170 
NOORDOEWER PROTO SOUTH -28.723300 17.632233 
NO R EWER PROTO NORTH -28.72 0000 17.629111 
GRASDRIF PROTO LOWER -28.384528 17.384917 
3RASDRIF PROTO UPPER -28.384867 17.384783 
BOOM PROTO LOCAL -28.029370 17.070230 
BOOM PROTO LOWER -28.037972 17.060583 
BOOM PROTO UPPER -28.038222 17.061889 
MACLEKOP PROTO -28.069070 16.999570 
ZEBRASFONTEIN PROTO LOCAL -28.064240 16.995500 
LORELEI PUSH BAR UPPER -28.056500 16.984990 
LORELEI WEST PROTO -28.072090 16.948860 
SENDELINGSDRIF SAMPLE 1 LOWER -28.163445 16.867843 
SENDELINGSDRIF SAMPLE 5 UPPER -28.152680 16.855340 
SENDELINGSDRIF SAMPLE 7 LOWER -28.147058 16.849513 
SENDELINGSDRIF SAMPLE 8 UPPER -28.149930 16.847890 
DABERAS SAMPLE 4 LOWER -28.265400 16.800150 
DABERAS SAMPLE 4 UPPER -28.264220 16.799450 
DABERAS SAMPLE 9 LOWER -28.258710 16.795991 
DABERAS SAMPLE 9 UPPER -28.258540 16.793340 
DABERAS OUTLET -28.248640 16.764890 
AM59 LOWER -28.365050 16.767140 
AM59 UPPER -28.364980 16.766920 
AM 11 UPPER -28366880 16.772000 
AUCHAS LOWER PROTO LOWER -28442580 16.750580 
AUCHAS LOWER PROTO UPPER -28443010 16.751090 
ARRISDRIF PROTO LOWER -28476360 16.706050 
ARRISDRIF PROTO UPPER -28.473930 16.702710 
INTERMEDIATE 
AUSENKEHR SAMPLE -28.377440 17.429870 
GRASDRIF INTERMEDIATE 

-28.396500 17,397917 
LORELEI WEST INTERMEDIATE UPPER 

-28.073860 16.948840 
LORELEI WEST INTERMEDIATE LOWER -28.074110 16.945000 
SENDELINGSDRIF SAMPLE 2 LOWER -28.163807 66.861259 
MESO 
NOORDOEWER MESO -28.690667 17.552889 
SEVEN PILLARS MESO 

-28.517560 17.373230 
GRASDRIF MESO LOWER -28.421500 17.393267 
GAMKAB MESO UPPER -28.264270 17.361790 
GAMKAB MESO LOWER -28.264530 17.361350 
BLOCK 6 MESO UPPER -28.212833 17.188278 
BLOCK 6 MESO LOWER -28.212806 17.187417 

5. j BLOCK 5 (KJ TERRACE) -28.105790 17.195310 
FISH PLANT MESO UPPER CHANNEL -28.084030 77.134270 

52 FISH PLANT MESO LOWER CHANNEL -28.084710 17.133480 

13 DABIMUB MESO LOWER 036350 17.093790 
51 BOOM MESO UPPER -28.040889 17.055528 

BOOM MESO LOWER -28.040972 17.057333 
LORELEI EAST MESO LOWER -28.062700 16.988170 
LORELEI EAST MESO UPPER -28.062920 16.988630 
LORELEI WEST MESO -28.062650 16.921620 
DABERAS MESO LOWER -28.271770 16.815310 

DABERAS MESO UPPER -28.270930 16.815000 
AUCHAS OUTLET MESO TRENCH AMOT -28.371330 16.782730 

". AUCHAS LOWER MESO -28.457890 16.747250 
ARRISDRIF MESO -28.493190 16.710750 

64 ARRISDRIF YOUNG TERRACE -28.495500 16.709660 
65 FD TRENCH -28.555780 16.453080 
66! E 01 -28.576320 16.407780 
67 BROWN PLEISTOCENE IN EOCENE PIT -28.583200 16.413750 

MODERN 

68 SEVEN PILLARS MODERN -28.542264 17.376667 
69 ENTRANCE BAR -28.244950 17.271770 
70 CUTTING -28.312810 17.375030 
71 GENAS RAPID BAR -28.052470 17.029660 
72 LORELEI WEST MODERN -28.068950 16.923780 
73 SENDELINGSDRIF MODERN -28.165180 16.886980 
74 AUCHAS MODERN -28.359020 16.808770 
75 ARRISDRIF MODERN -28.502110 16.710570 

UR 
RENOSTERKOP PROTO 
RENOSTERKOP MESO 

-28.678410 
-28.684667 

20.455190 
6 20.45155 

DABERAS UPSTREAM -28.453000 19.93558 
STOLZENFELS KIMBERL TTE -28.504389 19.6562211 GLASGOW 

UNIVERSITY 
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