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supply of material is unidirectional ::eidge progrHdation 

will only take place on one side of the foreland and it's 

growth will be asymmetrical. However, if the supply of 

material is from both directions symmetrical development of 

the foreland will take place with ridge progradation on 

both sides of the foreland. The Marlborough f oreland is 

symmetrical with parallel progradation from the two exposed 

faces. (Plate 20). This indicates that littoral currents 

within this section of the coast are bidirectional and 

depend on the wave conditions prevailing at the time. 

This confirms the conclusions reached in Chapter V as to 

the variable nature of the littoral currents in this zone. 
-c--~~ 

Lewis (in Steei; 1971) notes that Dungeness foreland 

has grown in an attempt to face the.,dominant wave approach 

direction during progradation. The same is true of the 

Marlborough foreland. The two active faces have prograded 

to become orientated to the two dominant approach directions 

of the wave environment. This was confirmed by both field 

observations and an analysis of the wave refraction diagrams. 

The structure and orientation of this foreland also 

provides indirect evidence that helps clarify the relative 

importances of White Bluffs and the Awatere River as sedi-

ment sources. It has previously been noted that material 

from both White Bluffs and the Awatere River was thought to 

be important in the development of the depositional 

sequence of the Wairau Valley. However, evidence from the 

symmetrical structure of the foreland and the small scale 

of the depositional features south of the Awatere River 

(when compared with those of the Wairau Valley( tend to 

minimise the importance of the Awatere River as a source 

of sediment for deposition within the Waira.u Valley. 
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White Bluffs thus remains as the dominant source for 

marine sediments of the Wairau Valley. These findings 

are contrary to those of Cotton (1913) Wild (1914) and 

Jobberns (1935) who ignored the eroding cliffs at White 

Bluffs and considered the Awatere River to be the dominant 

source of sediments. 

Lake Grassmere. 

The synclinal dip of Lake Grassmere, like the Wairau 

Valley, was probably formed by the drowning of a low lying 

coastal indentation during the post glacial rise in sea 

lev.el. A barrier has subsequently been thrown across the 

head of this shallow bay to form the present coastline. 

Unfortunately, insufficient data are .. available to carry 

out a comprehensive study of the evolution of this feature. 

However; it's evolution probably paralleled developments 

in the Wairau Valley following the slackening in the rate 

of sea level rise. Material for the growth of such a 

barrier has been shown to be capable of movement south 

from the Awatere River and north from the marl cliffs to 

the south of Lake Grassmere by longshore drift. 
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CHAPTER VII 

CONCLUSION 

It will be recalled that four major aims were 

established in the introduction. The first of these was 

to undertake a study of beach processes and the responses 

to these in terms of beach morphology and beach materials 

in an unusual local environment for the New Zealand coast. 

This aim has been fulfilled with variations in energy 

process elements and variations in beach morphology and 

beach materials being accounted for. Causal relationships 

have been established between all three elements. In 

achieving this aim another case study of the comparatively 

"rare" mixed sand-shingle beaches has been presented. 

Concurrent with this discussion of present day 

processes it has been possible to establish patterns of l~ng

shore drifting of be·ach materials and thereby fulfil the 

second aim of the study. Previous researchers within Nsw 

Zealand up until the present time have been unable to 

establish even one dominant drift vector. Two such vectors 

have been shown to exist within the study area. Additional1y 

from this analysis of present day trends it has been possible 

to fulfil the two remaining aims of this thesis. The evolu

tion of the present coastal depositional landforms has been 

explained and this in turn has provided information as to 

the stability of the coastline which is vital to continued 

economic prosperity in the Marlborough province. 
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It will be recalled that the geological structure 

of the area is the dominant controlling force of the 

coastal landforms. Five fault bounded blocks control the 

nature and position of the initial shoreline. Two extensive 

areas of depositional coastline are present, that of the 

Wairau Valley, a graben which has fallen between two faults, 

and the synclinal dip of Lake Grassmere. Both these shore

lines are of beach barrier origins. By contrast the remainder 

of the coastline terminates in high cliffs. These cliffs 

have been masked by more recent depositional deposits, 

except for the small area of eroding cliffs at.White Bluffs. 

Despite these variations continuity in the nature of the 

beach deposits along the entire coastline has been brought 

about by more recent processes. 

Cook Strait has been shown to have an unusual bimodal 

wind regimeo Unlike, the exposed east and west coasts of 

the South Island,it shows a strong correlation with the local 

wave environment. The two principal components of the wave 

environment possess widely differing individual character

istics; the northerly is a smaller, shorter period, steeper 

crested wave than the southerly. The southerly may be 

considered typical of the swell environment of the east 

coast of the South Island, while the northerly is locally 

ganerated within the Cook Strait Easin. 

These differences in the internal characteristics of 

the two dominant wave approach directions have led to 

variations in beach morphology along the shore. Beaches 

exposed to the southerly and sheltered from the northerly 

waves are characterised by broad planar profiles, while 

beaches sheltered from the south and exposed to the north 

have narrower, steeper profileso Beaches exposed to both 
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modes of wave advance occupy an in-ternH:!idiate ]:H)Bi tiou 

along the shore and exhibited mixed morphologies, dependent 

on the immediate wave conditions. 

Both major components of the wave regime approach 

portions of the coastline at oblique angles. Consequently, 

longshore currents are established by each of these components. 

These are capable of moving materials in opposing directions. 

Under southerly conditions material may move northwards while 

under northerly conditions material may move towards the south. 

However, variations in effective fetch length and the wave 

"shadow" effect of Cape Campbell have led to the establishment 

of two dominant drift cells. North of White Bluffs material 

is moved northwards; while south of the Awatere River material 

is moved southwards. The shoreline ,between White Bluffs and 

the Awatere River was found to be characterised by a zone 

of mixed movements, no dominant trend was apparento 

Variations in the internal characteristics of the two princi

pal components of the wave regime have meant that all sizes 

of material are capable of northward movement in the northerly 

cell, while only fine material (coarse sand) is able to move 

southward in the southern cell. Counter drifting of some 

fine material may take place against these dominant current 

directions. These longshore patterns of sediment movement 

which were derived from wave refraction diagrams, and effective 

fetch lengths were confirmed by analysis of trends in mean 

grain size and sorting among both foreshore and backshore 

materials. 

The discussion of present day processes and responses 

provided a basis frornwh.ich to discuss the evolution and 

stability of the depofiltional sequences of the coastline and 



in particular those of the Wairau Valley. 

The evidence from carbon dating and well borings 

demonstrates conclusively that the lower Wairau Plains 

once formed a shallow arm of the sea. This area was 

subjected to a sea level rise following the last glacial 

era and was of a similar form to that established for many 

other areas of the coast. Since the steadying in the rate 

of sea level rise after the last glaciation this bay has 

been enclosed by a spit growing from a single major 

sediment source to the south at White Bluffs. This spit 

has grown across the bay to the cliffed shor$line of the 

Sounds Block. It thus enclosed the pre~ent Wairau Lagoons. 

Continued supply of material from White Bluffs has led to 

the growth of a depositional ridge series north of the 

present Wairau river outlet in the re-entrant angle formed 

between the spit and the Sounds Block. P~ogradation of the 

" coastline has continued while this supply of material has 

been maintained. It should be noted that the single major 

source of material in the south at White Bluffs identified 

in this study differs from that proposed by Jobberns (1935). 

He assumed that the Awatere River was it. However, it is 

significant that both Jobberns and the present writer agree 

on a dominance of sediments originating in the south. 

A parallel series of events is thought to have taken 

place within the southerly drift system in Clifford Bay. 

Lake Grassrnere is thought to have been encluBed at a similar 

time period by a simple beach barrier. 

A further significant aspect of this study has been 

the manner in which trends established by widely differing 

techniques have shown considerable agreement. This has been 
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particularly relevant to the discussion of the long term 

evolution of the coastline.. It will be recalled that the 

information on waves produced certain conclusions which 

were borne out by the studies of grain size. Similarly 

the results from the three different techniques used to 

assess longshore drifting of beach materials showed 

unexpected consistency. Numerous other examples may be 

cited within the text. These close inter-relationships 

highlieht the usefulness of adopting a conceptual framework 

incorporating process and response elements with their 

numerous intertwined cross linkageso Probably more 

significc:mt than this application to present day conditions 

is the use of this model of contemporary processes in 

unravelling the story of the evolutian of the previous 

shorelines. 
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BACKSHORE: 

BACKWASH: 

BERM: 
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GLO~SARY 0:.&1 TERMS 

That zone traversed only by storm wave 

swashes and worked by wind, extending from 

the upper limit of swell wave swash (near 

mean high water level), inland to the 

dunes or cliffs. 

Seaward return of water following the 

swash of waves. 

A low, nearly horizontal portion of the 

beach formed by the deposition. of material 

by wave action. 

BREAKER, PLUNGING: One in which the wave crest tends 

to curl over and break with a crash. 

BREAKER; SPILLING: One which breaks gradually over a 

considerable distance. 

B.P. 

FORESHORE: 

KURTOSIS: 

All carbon dated samples refer to years 

before 1950. 

That part of the shore lying between the 

swash berm crest (or the upper limit of 

swell swash at high tide) and the ordinary 

low water mark, that is subjected to swash 

as the tide rises and falls. 

Measures the peakedness or flatness of a 

frequency curve of grain.,...size distribution. 

Measures the ratio between the sorting in 

the "tails" of the curve and the sorting in 

the central por]ion. The Kurtosis measure 
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used he re is Fo 1k 1 s (1', ·."'. ·.::..:·•h ..• J· .. r: '<C.,r+ , .. , ,~ 1 '"! l " n.·:·,f:, ;" ~ Jl, u 1:-- ... -· Jn. IA.. v v -- "~ !,9 \ r :;1 .... "'·" 'j 

given by the formula, 

p95 ~5 

2.44 (~75 - ~25) 

KG less than 0.67, very platykurtic, 

0.67 to 0.90, platykurtic, 

0.91 to 1. 11 ' mesokurti c, 

1.11 to 1 • 50' leptokurtic, 

1. 50 to 3.00, very leptokurtic, 

Greater than 3.00 extremely leptokurtic. 

Shallow water refraction factor. The 

ratio between the spacing of wave 

orthogonals in shallow and deep water 

given by the formula, 

= 

where: S 
0 

(So) 

(S ) 
b 

1 
3 

= Spacing between deepwater 

water orthogonals. 

Sb = Spacing between shallow 

water wave orthogonals. 

MEAN GRAIN SIZE: The graphic measure for determining 

overall size. Folk's (1968) Graphic 

mean is used and is given by the formula. 

M.G.S. = (p16 + ~5 + p84) 
3 

MIXED SAND-SHINGLE BEACH: A beach composed of both sand 

and shingle with no less than 25% of both 

sand and shingle being present. 

NE.ARSHORE ZONE: A zone extending from mean low water to 

an arbitrary depth of 30 feet below mean 

sea level. 



PHI-UNIT (9,S): The negative logarithm to the base 

two of particle size in millimeters. 

p = log. 2 diameter in mm. 

REFERENCE POINT: That part of the foreshore which is 

traversed by swash at mid-tide. 

(Bascom, 1951). 

RIDGE, BEACH: An essentially continuous mound of beach 

material beyond the beach, in which a 

wave-formed base is overlain and 

dominated by a cap of wind-blown material. 

SIGNIFICANT WAVE HEIGHT: The height of the highest 

1/3 waves breaking on the beach. 

SKEWNESS: 

SORT ING (Cf) : 

Mesures the degree of asymetry of the 

frequency curve of g~ain-size distributions. 

The skewness measure used here is Folk's 

(1968) Inclusive Graphic Skewness given 

by the formula, 

= ¢16 + p84 - 2150 + ¢5 + ¢95 - 2¢50 
2(i84 - ¢16 2(¢95 - ¢5) 

SkI + 1.0 to + 0.3 Strongly fine skewed, 

+ 0.3 to + 0 .1 Fine skewed, 

+ 0 .1 to - 0 .1 Near symmetrical, 

- 0 .1 to - 0.3 Coarse skewed, 

- 0.3 to - 1.0 Strongly coarse 

skewed. 

The uniformity or dispersion of grain sizes. 

Results from the adjustment of individual 

grains to an equilibrium with the local 

hydrodynamic environment. The sorting 

measure used here is Folk's (1968) 

Inclusive Graphic Standard Deviation given 

by the formula, 



SURF ZONE: 

SWASH: 
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I - ~- ~16 
- 4 

+ 

6 less than 0.35,S very well sorted, 

0.35 to 0.50¢ well sorted, 

0.50 to o. 71 ¢ moderately well sorted, 

0.71 to 1. 00¢ moderately sorted, 

1.00 to 2.00¢ poorly sorted, 

2.00 to 4.00¢ very poorly sorted, 

Greater than 4.00,5 extremely poorly sorted. 

The zone of breaking waves and turbulent water 

between the breakpoint and the effective sea

ward limit of the backwash. 

The translation or rush of water up on to 

the beach following the breaking of a wave. 

SWASH-BACKWASH ZONE: That part of the shore subjected to 

SPIT: 

the action of swash and backwash as the tide 

rises and falls. Coincides basically with 

the foreshore, though under storm conditions 

may be the whole profile. 

A small point of land projecting into a 

body of water from the shore. 

STEEP~ESS, WAVE: The ratio between wave height and 

wave length. 

WAVE PERIOD: The average time between successive wave 

crests. 

WAVE APPROACH DIRECTION: Within the text this term refers 

to the deep water wave approach direction. 
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APPENDIX 1 

LOCATION OF TRANSVERSE PROFILES, SBDIMENT 

SAMPLING STATIONS AND DATES OF FIELD SllRVE'Y S 

1 ) Location of Transverse Profiles and beach Sampling 

Stati.Q.!!§. 

Profile No. ,Ma:Q Reference. 

1 • NZMS.1. S.29 465722 

2. N ZMS. 1 • s. 29 444737 

3. N ZMS. 1 • s. 29 435755 

4. NZJVJS.1. S.29 422798 

5. N ZMS. 1. S.29 426840 

6. N ZMS. 1 • S.29 . 431872 

7. NZMS. 1 • S.29 427886 

8. N ZMS. 1 • s .29 417896 

9. NZMS.1. s .29 404939 

10. N ZM S. 1 • S.29 38096 3 

11 • N ZlVIS. 1 • S.29 351985 

1 2 • .N ZMS .1. S.22 326008 

1 3. N ZMS. 1. S.22 311044 

14 • N ZMS. 1. S.22 313075 

1 5. NZMS. 1 • S.22 319100 

16 NZMS. 1 • S .• 22 330128 

2) Location of River Bed Samples. 

Sample No. Map Reference. 

RB .1. NZMS.1. S.22 254075 

RB.2. NZMS .1. S.22 265076 

RB. 3. NZMS.1. S.29 34806 

RB. 4. NZMS.1. S.29 34907 

---



Survey No. 

1 • 

2. 

3. 
4. 
5. 

APPENDIX 1 (cont'd) 

7.11.72 
1 . 1. 73 
1 • 2.73 

19. 4.73 
8. 6.73 

127. 

Dates. 

to 9.11.72 
to 4. 1. 73 
to 7. 2.73 
to 21. 4.73 
to 10. 6.73 
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APPENDIX 2A. 

VI.ave Records from C.aEe CamEbell Meteorological 
Station 20. 4.73 to 31. 5.73. 

Two observations daily at 0900 and 1500 hours. 

Date. Wave Period. Angle of Wind Speed 
Height. (Secs.) Wave and 

Approacho Direction. 

M. (Ft.) -1 Km.hr. (Knots) 

20.4.73 0.4 ( 1 • 5) 3.7 N. N. • 28. (15) 
21.4.73 0.9 (3.0) 4.0 NW. NNE. 40 (22) 

1.1 (3.5) 4.0 N. N. 39 ( 21) 
22.-4.73 0.6 (2.0) 4.3 NW. NW. 24. ( 13) 

1.1 (3.5) 4.3 N. N. 55 ( 30) 
23.4.73 1.2 (3.7) 5.0 NW. NNW. 28 ( 15) 

o.6 (2.0) 5.0 NW. N. 28. ( 1 5) 
24.4.73 0.9 (3.0) 4.6 s. SSW/. 22 (12) 

0.9 (3.0) 4.0 s. s. 37 (20) 
25.4.73 0.4 ( 1. 5) 3.1 NW. NW. 17 ( 9) 

0.3 ( 1 • 2) 5.0 N. N. 15 ( 8) 
26.4.73 0.3 ( 1 • 0) 5o0 NW. WNW. 15 ( 8) 

1.1 (3.5) 4o0 N. NNE. 37 (20) 
27.4.73 0 •. 5 ( 1 • 7) 4.3 S,. s. 15 ( 8) 

0.3 ( 1 • 0) 4.0 N. N. 17 ( 9) . 

28.4.73 0.3 ( 1 • 0) 3.5 N. NNW. 1 3 ( 7) 
0.1 (2.5) 3.7 N. NNE. 26 ( 14) 

29.4.73 0.9 (3.0) 4.0 N. N. 26 ( 14) 
2.0 (6.5) 10.0 SE. NW 46 (25) 

30.4.73 1.5 (5.0) 10.0 SE. 
1.8 (6 .o) 10.0 SE. 0 0 

1 • 5.73 0.6 (2. 1 ) 3.5 NW. NNW. 33 ( 18) 

0.9 (3.0) 3.7 NW. 
2. 5.73 0.9 (3.0) 12.0 SE. SSE. 1 1 ( 6) 

0.6 (2.0) 4.0 SE. SE. 11 ( 6) 

3o 5.73 0.4 ( 1 • 5) 4.0 NW. 0 0 

1.2 (4.0) 3.3 N. N. 40 (22) 

4 . 5.73 o.6 (2.0) 3.7 N. NNW. 30 ( 16) 

0.9. (3.0) 3.5 N. N. 37 (20) 



129. 

Date. Wave Period .1-ingJ.e of Wind Sp:0ac1 
Height. (Sec.) Wave and 

AJ.2Eroach. Direction. 
M. (Ft.) -1 ( Km.hr. Knots) 

5. 5.73 0.4 ( 1 • 5) 3.3 NW. NN'liV. 35 ( 1 9) 
o.6 (2.0) 3.5 NW. NW. 37 (20) 

6. 5.73 0.9 (3.0) 3.3 NW. w. 24 ( 13) 
0.9 (3.0) 10.0 SE. s. 18 ( 10) 

7. 5.73 0.9 (.3. 0) 10.0 SE. SSW. 18 (10) 
0.9 (3.0) 1 o.o SE. SE. 17 ( 9) 

8. 5.73 0.9 (3.0) 3.3 NW. NNW. 39 (21) 
1.5 (5. 0) 3.3 NW. NW. 55 (30) 

9. 5.73 1 • 5 (5.0) 3.5 N)¥. NW. 43 (23) 
1.5 (5.0) 3.5 NW. WNW. 63 (34) 

10. 5.73 0.9 (3.0) 3.3 SE. s. 18 ( 10) 
1.5 (5.0) 12.0 SE. E. 13 ( 7) 

11 • 5.73 0.9 (3.0) 3.3 NW. NW. 46 (25) 
0.9 (3.0) 3.5 NW. NNW. 37 (20) 

12. 5.73 o.6 (2.0) 15.0 SE. s. 24. ( 1 3) 
1 • 2 (4 .o) 12.0 SE. s. 18 ( 10) 

13. 5~73 0.9 (3.0) 3.5 SE. SE. 33 ( 18) 
1.2 (4.0) 3.7 SE. SSE. 26 ( 14) 

14. 5.73 1.2 (4.0) 3.7 SE. s. 37 (20) 
1.2 (4 .o) 7.5 SE. SSW. 31 ( 17) 

15. 5.73 0.9 (3.0) 3.5 s. 0 
1 •. 5 (5.0) 12.0 SE. 0 

16. 5.73 1 • 1 (3.5) 3.7 NW. NW. 22 ( 12) 
0.9 (3.0) 3.5 N. NNW. 20 ( 11 ) ' 

17. 5.73 o.6 (2.0) 3.3 N. N. 26 ( 14) 
18. 5.73 1.8 (6.0) 3.5 s. SSW. 22 (12) 

0.4 ( 1 • 5) 3.5 SE. s. 13 ( 7) 
19. 5.73 1 .8 (6.0) ' 3 .1 NW. NW. 52 (28) 

o.6 (2.0) 3.3 s .. s. 37 (20) 
20. 5.73 1.2 (4.0) 3.3 NW. NW. 50 (27) 

1.2 (4.0) 3.5 NW. NNW. 28 ( 15) 
21 • 5.73 1.8 (6.0) 3.5 s. 

1.5 (5 .o) 3.5 s. SSW. 37 (20) 
22. 5.73 0.2 (0.8) 3.3 w. WNW. 17 ( 9) 

0.2 (0 .8) 3.0 N. N. 1 5 ( 8) 

23. 5o-73 o.6 (2 .o) 3.0 NW. NNW. 37 (20) 
o.6 (2.0) 3 .1 w. w. 33 ( 18) 

24. 5.73 0.6 (2.0) 3.5 NW. NNW. 41 (22) 



130. 

lla te. Wave Period Angle o:f Wind SJ)ieed 
Height. (Secs.) Wave and 

A12:eroach. Direction. 
M. (Ft.) Km.hr. -1 (Knots) 

24.5.73 0.9 (3.0) 3.1 N. NNW. 35. (19) 
25.5.73 0.2 (0.8) 3.0 w. w. 13 ( 7) 

CALM E. 4 ( 2) 
26.5.73 CALM 0 

CALM N • 7 ( 4) 
27.5.73 0.4 ( 1 • 5) 3.5 N. N. 33 ( 18) 

0.9 (3.0) 3.3 NW. NW. 28 ( 15) 
28.5.73 0.8 ( 2. 6) 3.3 NW. WNW. 37 (20) 

0.9 (3.0) 3.3 NW. WNW. 33 ( 18) 
29.5.73 1.5 (5.0) 3 .1 NW. N. 74 (40) 

3 .. 3 NW. NW. '46 {25) 
30.5 ... 73 0.7 (2.5) 3.3 NW. WNW. 33 ( 18) 

o.6 (2.0) 3.0 NW. WNW. 33 ( 18) 
31.5.73 0.2 (0.8) 4.3 NW. WNW. 7 ( 4) 

0.4 ( 1 • 5) 3.0 N • ·. NNE. 28 (15) 



APPENDll 2B. 

Wave Records from Profile Survey~. 

Survey 1. 7.11.72 

Profile Breaker 
No. Height. 

lVI • (Ft.) 
1. 0.51 ( 1. 7) 
2. 
3. 0.36 ( 1 • 2) 
4. o. 36 ( 1 • 2) 
5. o. 36 ( 1 • 2) 
6. 0.51 ( 1 • 7) 
7. 
8. 0.3 t1.0) 
9. 0.36 ( 1 • 2) 

10. 0.3 (1.0) 
11 • 0.27 (0.9) 
12. 0.3 (1.0) 
13. 0.42 ( 1 . 4) 
14. 0.45 ( 1 • 5) 
15. 0.21 (0.7) 
16. 0 .15 (0.5) 

* Sp. Spilling. 
Pl. Plunging. 
Pl/Sp.Mixed. 

to 9.11.72 

Period Angle of 
(Secs.) Wave 

Appi'oach. 

4.2 N. 

4.0 N. 
4.6 N. 

5.4 N. 
5. N. 

6. N. 
4.2 N. 
4.6 N • 

4.2 N. 
4.6 N. 

3.7 N. 

5. N. 

5.4 N. 
5. N. 

131. 

Breaker* Width 
Type. of Swash 

Zone. - . 

Sp. 

Pl. 3.9 ( 13) 
Pl. 4.5 ( 15) 
Pl/Sp. 2.3 (7.5) 
Pl. 2.7 (9 ) 

Pl. 4.2 ( 14) . 
Pl. 3.6 ( 12) 
Pl/Sp. 3.0 ( 10) 
.Sp. 3.9 (13) 
Pl. 4.5 (15) 
Pl/Sp. 6. 1 (20) 
Pl. 4.8 ( 16) 
Pl. 6.1 (20) 
Pl. 6.4 (21 ) 



APPENDIX 2B. (cont'd) 

.§~Ll· 1. 1.73 

Profile Breaker 
No. Height. 

J.\11 • (Ft.) 
1 0 0.85 (2.8) 
2. 1. 31 (4. 3) 
3. 1. 37 (4.5) 
4. 1. 34 (4 0 4) 
5. 1. 21 (4.0) 
6. 1. 21 ( 4. 0) 
7. 1. 31 (4. 3) 
8. 1. 34 (4.4) 
9. 1.12 (3.7) 

10. 0.97 (3.2) 

11 • 0.45 ( 1 • 5) 
12. . 0 .45 ( 1 . 5) 
13. 0.82 (2.7) 
14. o. 91 (3 .o) 
1 5. 0.82 (2. 7) 
16. 0.91 (3o0) 

* Sp. Spilling. 
Pl. Plunging. 
Pl/ Sp .Mixed. 

to 4. 1. 73 

Period Angle of 
(Sec. ) Wave 

A:E:Eroach. 

5.4 N. 
5. N. 
5. N. 
5.4 N. 
5.4 N. 
5.4 N. 
5.4 N. 
4.2 N. 
4. N • ·. 
5.4 N. 
6 • N. 
6 • N. 
5. N. 
5. N. 
6. N. 

132. 

::Breaker* Width 
Type. of Swash 

Zone. 

Sp. 12.2 (40) 
Pl/Sp. 12.2 (40) 
Pl/Sp. 15.2 (50) 
Pl/Sp. 12.2 (40) 
Pl/Sp. 30 .. 5 ( 100) 
Sp. 30.5 ( 100) 
Pl/Sp. 21 • 3 (70) 
Pl/Sp. 12.2 (40) 
Pl/Sp. 6. 1 (20) 
Pl/Sp. 10.3 (34) 
Sp. 9. 1 (30) 
Pl. 10.6 (35) 
Pl/Sp. 18.3 (60) 
Pl. 22.8 (75) 
Pl. 15.8 (52) 



APP~JJIX 2B. (cont'd) 

Survey 3. ~.73 to 7. 2.73 

Profile 
No. 

1 • 

2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11 • 
12. 
13. 
14. 
1 5 . 
16. 

* Sp. 
Pl. 
Pl/Sp. 

Breaker 
Height. 

M. (Ft.) 
0.21 (O. 7) 
0.45 ( 1 • 5) 
0.45 ( 1 • 5) 
0.91 (3.0) 
0.97 (3.2) 
0.76 (2. 5) 
0.55 ( 1 • 8) 
0.76 (2.5) 
0.79 (2.6) 
0.10 (2.3) 
0.61 (2.0) 
1 • 1 5 (3.8) 
1.37 (4.5) 
1.52 (5.0) 
1.43 (4.7) 
0.82 (2.7) 

Spilling. 
Plunging. 
Mixed. 

Period. Angle of 
(Sec.) Wave 

Approach. 

12 s. 
10 s. 
10 s .. 
10 s. 
7.5 s. 
8.5 s. 
9. s. 
7.5 s. 

10. s. 
10. s. 
9. E. 

7. N. 
6. N. 
6. N. 
7. N • 

7. N. 

133. 

Breaker* Width 
Type. of Swash 

Zone. 

Sp. 11. 5 (38) 
Pl. 10.6 (35) 
Pl/Sp. 11.5 (38) 

Pl/Sp. 
Pl/ Sp. 16.7 (55) 
Sp. 22.8 (75) 
Sp. 9. 1 (30) 

Pl/Sp. 12.2 (40) 
Pl. 11. 5 (38) 
Pl. 9.7 (32) 
Pl. 9. 1 ( 30) . 
Sp. 
Sp. 36.5 ( 120) 
Sp. 18.3 (60) 
Pl/ Sp. 16.7 (55) 
Pl. 15.2 (50) 



APPENDIX 2B. (cont 1 d.. ) 

Survey 4. 19. 4.73to21. 4.73 

Profile Breaker 
No. Height. 

M. (Ft.) 
1 • 0.39 ( 1 • 3) 
2. 0.79 (2.6) 
3. 0.76 (2.5) 
4. 1.83 (6. 0) 

5. 1.28 (4.2) 
6. 1.43 (4.7) 
7. o. 91 (3.0) 
8. 1.22 (4.0) 
9. 1. 37 (4.5) 

10. 1 .. 06 (3.5) 
11. 1.12 (3.7) 
1 2 • 0.61 (2.0) 
13. 5.49 ( 1 • 8) 
14. 8.53 (2.8) 
1 5. 0. 91 (3.0) 
1 6 • ) . 7'0 (2.3) 

* Sp. Spilling. 
Pl. Plunging. 
Pl/Sp.Mixed. 

Period Angle of 
(Sec.) Wave 

ApP,Eoach. 

8. N • 
8.5 N • 
8. N. 

5.4 N. 
6. :tl • 

5. N. 
5.4 N. 
5.4 N. 
8.5 N. 
8.5 N. 
6.6 N. 
5.4 N. 
4.6 N. 
7.5 N. 
7.5 N. 

8.5 N. 

Breaker* 
Type 

Sp. 
Pl. 

Pl/Sp. 
Pl/Sp. 
Sp. 
Pl/ Sp. 
Pl/Sp. 
Pl/Sp. 

. Pl. 

Pl. 
Pl .. 
Pl/Sp. 
Pl/Sp. 
Pl. 
Pl. 
Pl. 

Width 
of Swash 

Zone. 

9.5 ( 31) 
10.3 (34) 
22.2 (73) 
16. 1 (53) 

8. 5 (28) 

1 7. 1 (56) 
13.7 (45) 
11.8 (39) 
11 • 5. (38) 
7.0 (23) 
8.5 (28) 

13.1 (43) 
15.5 ( 51 ) 
10.9 (36) 



APPENDIX 2B. (cont'd.) 

Survey 5. lh 6.73 to. 10 .. 

Profile Breaker 
No. Height. 

M. (ln.) 

1. 0.45 (1. 5) 

2. 0.36 ( 1 • 2) 
3. 0.21 (0.7) 
4. 0.61 (2.0) 
5. 0.45 ( 1 • 5) 
6. 0 .15 (0.5) 
7. 0.15 (0.5) 
8. 0.61 (2.0) 
9. 0.61 (2.0) 

10. 0.39 ( 1. 3) 
11. 0.39 ( 1 • 3) 
12. 0. 31 ( 1 • 0) 
13. 0.45 ( 1 • 5) 
14. 0.45 ( 1 • 5) 
1 5. 0.52 ( 1 • 7) 
16. 0.61 (2.0) 

* Sp. Spilling. 
Pl. Plunging. 
Pl/Sp.Mixed. 

Period 
(Seca.) 

5.4 
10. 
10. 

7.5 
10. 

6. 
5.4 
6.6 
6 . 

8.5 
12. 
8.5 

10.0 
8.5 

6.73 

.Angle of 
Wave 

AE2roach. 

N. 
N. 
N. 
N. 
N. 

N. 
N. 
N • . .. 
N. 

N. 
N. 
N. 
N. 
N. 

135. 

Breaker* Width 
Type. of Swash 

Zone. 

Sp. 

4.5 ( 15) 
Sp. 5.5 ( 18) 
Pl. 7.3 (24) 
Pl. 8.5 (28) 
Pl. Surf 
Pl. 4.5 (15) 
Pl/Sp. 7.6 (25) 
Pl/Sp. 8.5 (28) 
Pl. 5.5 ( 18) . 

Pl. 6 .1 (20) 
Pl/Sp. 4.5 ( 15) 
Pl. 7.0 (23) 
Pl. 9;.1 . (30) 
Pl/Sp. 8.5 (28) 
Pl/Sp. 9. 1 (30) 



136. 

APPENDIX 3. 

RESULTS Oll1 GRAIN SIZE AN ALY SIS 

Surve;y No. 1 

Sample No. MZO SKG KG 

1A SW 2.9170 0.3105 -0.1818 0.7974 
1B -1.7789 0.4515 0 .1078 1 • 4255 
1C -1.0318 1 • 3841 -0.4838 2.6554 
1D -1.9478 0.5814 0.3590 1.4409 
3A 0. 6 312 0.4643 0.0677 1.0157 

3B 0.1718 0.6412 -0.1305 0.9S13 
3C SW 0.0040 o. 360S -0'-. 2204 0.9014 

4A 0 .1368 0.71S1 -0.1350 1 • 0759 

4B 0.3704 0.9251 -0.2843 1. 084S 

40 -2.1764 1 • 0719 o.ooso 3.0205 

4E SW -1.9S18 0.6877 0.2502 1.07S6 

5A -1.7680 0.6246 0.31S1 0.8736 

5B -2.4936 3.0461 -0.4249 0.4889 

5C SW -3.2051 . 1 • 56 38 0.5507 0.9580 

6A SW . 0.0383 1.8732 0.17SS 0.7057 

6C .:..5. 9640 0.3243 -0.5417 1. OS57 

6B -4.0659 0.9697 -0.1357 1.2533 

SA -5.2230 0.5633 -0.2993 0 .. 7735 
SB -2.2225 2.6621 -0.4044 0.5979 
SC SW -0.6575 2.1184 -0.2202 0.5871 

9A -4.9055 0.5182 0. 1386 0. 96 33 

9B SW 1 • 2S72 1 • 2410 0.350S 0.9150 

10A -5 .4849 0.6250 -0.2726 0.93S9 

10B SW 0.7435 1.5406 -0.2974 0.6182 

11A -5.7495 0.6050 -0.3767 1.03'22 

11B SW 0.7572 1.3915 -0.3340 0.8720 



Sample No. 

12A 
12B 
120 SW 

1 3A 
13B 
130 SW 

14A 
14B 
140 
14D SW 

15A 
15B SW 

150 SW 

16A 
16B 
16C SW 

M 0 z 

2.1478 
-0.2229 
-0.5254 
-5.3550 
-4. 0837 

0.1199 
1.2651 

-4.9564 
0.7881 
2.2460 

-0.0909 
2.5831 

-2.5327 
-1.3257 
-2.9000 

1 • 3996 

0.4848 
3.0910 
2.2823 
0.6037 
2.0713 

2.3359 
0. 5834 
0.6637 
0.7697 
0.5719 
2.1674 
0.3877 
1.2167 
1.6976 
1 . 4481 
1 • 356 6 

SK 
G 

0.0764 
0.8055 

-0.2212 
-0.3198 
-0. 5891 
-0.4376 
-0.1147 
-0.0476 
-0.1202 

0 .1582 
0.0081 
0.0426 

-0.3339 
-0.2287 
-0 .6452 

0.6353 

137· 

1.1097 
2.7313 
0.5856 
1.0189 
1 . 9021 
0.9240 
1 .0331 
0.8568 
1 • 0201 
1 .0678 

. 0. 9612 

0.9444 
1.0853 
1 .2784 
1 • 6 976 
0.7628 



138. 

_eurvey No. 2. 

Sample No. M 0 SKu KG z 

1A SW 2.8648 0.3941 -0.0186 1. 991 
1B -0.1367 1. 8845 -0.8-86 0. 5 389 
10 -1.8763 0.4247 0. 196 5 1.2079 
2A SW 0.0003 0. 36 34 0.1478 0.8627 
2B 0.4470 0.4422 -0.0234 0.9816 
2G 0.6311 0.4405 -0.0302 0.9193 
2D 1 • 0070 0.4687 -0.0331 1.0593 
2E 0.3764 0.5532 -0.1159 1 • 0021 

3A SW 0.3479 0.3400 -0.1315 1.2715 

3ll 0.6711 0.5164 0.0588 0.9502 

4A SW 0.0673 1 • 2021 0.2220 1 • 2877 
4B 0.4310 0.8855 -0.3076 1 • 3770 
5A SW 0.2443 0.7798 ';...O. 25 37 1 . 2321 
5B -2.6855 0.9298 0.2340 0.9449 
6A SW 1.6614 0.5513 0.0935 1 • 1087 
6B -4.8305 0.8147 0. 1284 0.9674 

7A SW 0. 036 3 2.1538 0. 5 385 1.4791 
8A SW -1.1666 1 • 8280 -0.0407 1 • 4100 

9A SW -1.5677 2.6425 0.2657 0.9192 

10A SW ·-o. 2202 1. 3720 0.2005 0.9171 

1 OB -4.6729 0. 7388 -0.0914 1.1214 

11A SW 1.0509 1 • 3403 -0.3009 0.6422 

11B -4.0020 0.9983 -0 .1944 1 • 3 360 

12A SW -2.6777 0.9427 -0.0181 1 . 3073 

12B 1 • 51 90 1 . 406 5 0. 5289 2.4703 

120 2.0677 0.3993 0.0223 0.9728 

13A SW -0.0023 0.5010 -0.0677 1. 0797 
14A MSW. 1.7191 0.6787 0.0704 1 • 0201 

14B 1 • 14 76 0. 61 37 -0.0917 1. 1 319 

15A SW 1.6665 0 .1405 0. 5048 1.1151 

15B 1.2741 1.3899 0.5454 1.4354 

16A SW -1.0289 1 • 0520 -0.4995 2.6597 

16B 0.2190 1.4387 -0.7113 1. 8834 



139. 

Survey No. 3 

Sample No. 

1A SW 3.0179 0.3239 0. 1144 0.7460 
1B -1.7433 0.3894 0 .1606 1 • 9 375 
2A SW 0.0100 0.4099 0.0371 0.9863 
2B -0. 9483 0.5026 0.0580 1 .0574 
3A SW 0.2201 0.3870 0.0136 1 . 326E3 
3B -0.7739 0. 604 3 0.0839 1.0127 
4A SW -0.9389 0.4405 0.1479 1 . 0809 
4B 0.4778 0.7633 -0.0841 0.7475 
5A SW -0.8752 0.8165 -0.4535 1 . 6296 
5B -4.2474 1 . 1021 -0. 1280 0.8952 
6A SW -0.8851 1.4652 0.1618 1 . 0781 
6B 1 • 34 39 0.6024 0.0546 1.2076 
7A SW 0.3498 1 • 14 58 0:3107 0.9816 
BA SW -1.0475 0.4678 -0. 1802 1 • 1587 
8B -5.1742 0 .6944 -0.2168 0.8202 
9A SW -2.5337 0.5356 0.1112 1.0372 

10A SW -1 . 9014 0.3868 0.2486 1 • 1373 
11 A SW -0.8483 1.6821 -0.3860 1 • 56 30 
11 B -5.5118 0.9291 -0.5585 0.7648 
12A SW 6. 1524 2 .1890 0.7097 0.9212 
13A SW 0.5437 1.9675 0.5182 0.7813 
14A sw 0.9714 1 • 0594 -0. 146 3 0.7688 
14B -4.1119 

I 

0.6937 0.0023 0.9390 
15A SW -0.7998 0.3795 0.05Y1 1 .4978 
15B -1.1277 0.4426 -0.2600 1.7914 
16A SW -1 .0410 0.3165 -0 .1382 0.7567 
16B -1.4664 0.4057 0. 1142 0.9899 

.. 



140. 

---------
Sample No. 

1A SW 2. 9091 0. 3355 -0.1237 0.8278 
2A SW -0.0854 0.8552 -0.0591 0.9612 

3A SW 0.7860 0.3107 -0.0447 1 • 3494 
4A SW -0.6572 0.4864 -0.0450 1 .0899 

5A SW -1 . 9464 0.7340 0.4187 1 .6512 
6A SW -2.2908 2.2543 0. 3271 0.3067 

7A SW 0.0812 1. 3740 0.3237 1. 04 78 
8A sw 1 • 0999 0.6932 -0.2097 0.9907 

9A .SW -0.3996 1 • 5 351 -0.2693 0.7776 

10A SW 0.0013 1.7319 -0.0286 0.7212 

11 A SW -1 .9602 0.7193 0.0062 1.0393 
12A SW -1.5617 0.3739 0.01._39 0.9456 

13A SW 0.4972 1.5970 0.3520 1 . 1948 

14A SW -0.2550 0.5243 0. 1399 1 • 4548 

15A SW -0.5560 0.3500 -0.1833 0. 8491 

15B -2.0171 0.7137 0.2094 0.9761 

16A SW -0.9285 0. 79.08 -0.2651 2.6325 



141. 

Surve;y No. 5 ---

~ample No. M 0 SKG K z G 

1A SW 2.9773 0.3787 -0 .1824 0.8751 
2A SW 0. 7 325 0.7146 -0.1433 1.2733 
3A SW 0.8326 0.9436 -0.5749 1 . 234 7 

4A SW 1.8976 0.7320 -0.3153 0.7619 

5A SW 0.3075 0. 6 304 0.0066 1 . 461 5 
8A SW -2.6447 0.6664 0.2874 1.2482 

9A SW 0. 3401 1.5144 0.0912 0.8761 
10A SW 1.7908 0.5789 -0.0857 0.8275 
11 A SW 2.3169 0.5223 0.1693 1 • 0187 
12A SW 1 • 6 951 1.1482 0.3932 2. 36 34 
13A SW -1.1535 1 • 5501 -0.3683 1 • 3356 
14A SW 1.6794 1 . 0582 0.2863 0.8626 

15A SW -2.1476 0.5565 -0.0216 1.0259 
16A SW -0.7717 0.6895 ·0.1590 1 . 3441 

River Bed Samples 

RBl -1.8951 1.2484 0.4328 0.8001 

RB2 -3.7210 2.0154 -0.1357 1. 5361 
RB3 -2.4936 1.8653 0.3031 0.9851 
RB4 -1. 9041 0.8926 0.1331 0.7816 

Cliff Sam12les (White Bluffs) 

Cl -2.3481 1.3826 0.5681 0.7814 
C2 -4.8658 ' 1.2436 0.2471 0.9841 
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APPENDIX 4. 

Aerial Fhotogra~used in the Text. 

Run Number. Photogra12h Numbers 

1947-48 Aerial Surv~. 

1296 19 to 21 
1297 57 to 61 
1298 54 to 58 
1299 48 to 52 
1300 49 to 54 
1 301 49 to 55 
1302 37 to 45 
1303 42 to 54 
1304 48 to 57 
1305 79 
1306 80 and 81 

1307 80 and 81 
1308 82 and 83 
1309 82 and 83 
1310 84 and 85 
1 311 85 to 89 
1312 84 to 98 
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