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" In Grand Bay, four 1§g normal grain size populations and-

the patterns of their mixing and occurrence are consistent with
’ -s

the transpggrt competence of observed waves gqg“represent 188"
rolltng,-saltéting and suspended sediment populations. They
';are deposited as bimodal fine grained lagoonal sand and as’an‘

. overlying,lshore&ard~prograding bo%y of bimodal medium grained

'
*

sand. v, ' ‘ . ]
Ih Watering Bay, bottom sediment is in equilibrium with

the strongest tidal currents and is transported into deeper

¢

- 'water at the northern, open end of .the bay. Current velocities

can be closely estimated,using bottom -sediment &féin*sfze dis-

tributions, .transport competence curves, and the von Karman-
B ' v o

N Prandtl eguation for flow'over a hydrodynamically rough surface.

The Watering Bay .pattern of back-reef seditentation is

v -

-develqpeq after the Grand Béy pattern has led to restriction

of tidal flow and the development of strong tidal currents.
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. . . ) .
Deux baies formées derriére un récif a 1'est de Carriacou,

¢ - v .
" Ites du Vent, jamais étudiées auparavant, exhibent des mécanismes

- :

de ~transport et de déposition différents.

[y

/- ;
A Grand Bay, quatre populations a grosseur de grains en

« ! T . -
distribution logarithmigue normale ainsi .que leurs styles de.
mélange et d'occurence demeurent consistants avéc l'abilﬁfé des

B »
9 +

vagues dbservées,’ & Eransportér ‘le sable. Les populations repré;

N 1

seht;nt tes dépéts stationnaires'a%nsi*que les résultats de
- roulement, sautillement et suspension de; grains c&mposant—ce
dépbdrt. Elles sont déposées en‘eﬂsemble £i~modai 2 graing fins
dans un environneﬁent de sables lagunaires et eonstiQUent &n méme

temps une progression_vers la plage, d'un autre ensemble bi-modal

i

2 grains moyens, Tecouvrant le dépédt lagunaire":'

A'Watering Bay, les dépots de fonds éxistent en édquilibre

ve'rs les eauvx profondes a 1'extrémité ouverte, nord, de cet

bajie. Les distributions de grosseur des grains, les courbés

d'intensité de transport ainsi qﬁe 1'dquation von Karman-Prandtl

N

pour un c&urant‘liquide continu sur une surface hydrodyamique=-

ment irréguliére,permqttent une approximation de la velocité

N N . . Il

- "
des ces courants. . A \

! . W
Le mode de sédimentatiSQ en arriére-récif a Watering Bay

- f
-

s Ll - . .
a pris forme & la suite de Yasrestriction des courants de marde

- TS

d&a\ij>mode de déposition de Grand Bay. ’

sv

&
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.avec les plus intenses courants de marée et subissent un transport ¥

P




?

‘

B ot A Aok S R R i N S R 2 AT O e U (S
. X
. .

T ety SRS WS T CTONR Wy P Sk " ¢ g s AR .t il il

CONTENTS

. ' , ¥
LIST OF FIGURES .....,..,:...;)[............... .......

LIST OF TABLES ... fueenuneuonnnnuononnonennnenesns o
LIST OF PLATES ....... e e '

1 . INTRODUCTION ......... P R

REGIONAL.SETTING ... ..ccc0cvoeccconnononanns RJ..

Geography ..........iuuuiiennnn R R LR

GeolOgY 1o« v v v i e et e e f e e [P I
Climate (o ittt it e e J

Winds and Waves .........cotiiiennnnnnn [ P

B B B - Z2 S

METHODS OF STUDY ... vvinesonanseson Veeao . e e e es

ACKNOWLEDGEMENTS ,......... e J P

......

' 2 ENVIRONMENTS ...:........ e e ..
COASTAL ENVIRONMENTS ... ... e vewneeas s e s s e e e .
‘FRINGING REEFS .............. e e e s s s e e ooy
MARINE GRASS BEDS ........... e s e na e e s Ve e e v e h e e e
Fringing Reef Flat .. .....couiiervnnnannenonnsonnnns
Shoreward Watering Bay ... . ..ot v evinenacnoneesans
Central Watering Bay ... .. ¢ttt oo cninornneeannos
Shoreward Jew dnd Grand Bays ...... ..............
CentTal Grand BAY .. .. et i i ittt i ..

. PATCH REEFS ... i i it ittt et i e e e ien s a e e
N . " CORAL GRAVEL BANKS ... .. ... cnnnn e r e e e e
STABLE SAND . ... ... ittt anns C e et e e

UNSTABLE SAND . ....vovenvuunnnn e e e
GRAVEL-FLOORED CHANNELS .............. fa e m e e

REEF CREST ...... T e e e e e h e b e et e e e e

REEF SLOPE .... ... .o e et e e e e e et e e e

\ * FORE REEFP ............
| SUMMARY AND DISCUSSION ..ttt v v v cveenvetnsconsansases

\ 3 SEDIMENTS v v vvenvnneeanenennnnn e e e

| SOURCES ... ...t v IR AR

g Barrier Reefs . .......¢c.iiuiniinn.n e e e s e e

Patch Reefs8 ... ... i iiin o teenoneons e e e e e .

Marine Grass Beds .......ccouiaeuvennn et

Fauna .of Sand Environments ........coioeeerneranes

Tertiary OutcTOps8 .. ... .o iinnorvonencnos e

SEAFLOOR SURFACE FEATURES .. .. o ittt ittt ieneees e s

GRAIN SIZE CLASSES & it vt vt e o ot e io oo anoeaiosseenassos

AREAL VARIATION OF. TEXTURAL PARAMETERS .............
SCATTER PLOTS OF GRAIN SIZE DISTRIBUTION .

STATISTICAL PARAMETERS ............. S

Jew and Grand Bays ..... Do e .

Watering Bay ......... e e e e e ..

’ CONSTITUENT GRAIN COMPOSITION .....¢.veieoeen e e

MOLIIUBCSE ..o o vnonsvosense e e e e e e e

> o CoTals ..t e e e e e e e

- Coralline AlZAE ... . .uerueunemnmennnnnnnenns e

Halimeda ...... s s e s s s e aeeeaees e et e e e

- -
NV WNNN -

S




¥

=,

ST T

s

T

AT Y et

? oo
- !
SUMMARY ..:...... e e A .. -66.

: 4  HYDRODYNAMICS OF SEDIMENT TRANSPORT P et e e e e e 67

’ \B PREVIOUS WORK ... cotuoufouruponnenenns Mer e e 67

r { APPLICATION OF SAﬁg TRANSPORT EXPERIMENTS AND THEORY

= TO SKELETAL CARBONATE GRAINS IN SEA WATER ......... L. 70

Unidirectional Flow ..,.....cciceslvenons e e 73
Oscillatory Flow ....... %.— ........... . 79
, .

\ ﬁ SEDIMENT TRANSPORT AND DEPOSITION IN GRAND'BAY ........ 83
GRAIN SIZE COMPONENT POPULATIONS ...... Ve e s e e e e e ] 83
VARIATION IN GRAIN SIZE COMPONENT POPULATIONS FROM

| REEF CREST TO SHORE .. T .... 0. P I 86

’ INTERPRETATION ... i ii i v v v oo s vonnossnnons e e e 93
DISCUSSION ...t i it e TN sttt st tci e oonas 96
SUMMARY AND MODEL OF REEF SKDIMENT TRANSPORT  AND

DEPOSITION IN GRAND BAY ...........cc00.. e e e e 100
6 SEDIMENT TRANSPORT AND DEPOSITION IN WATERING BAY {.... 108
HYDROTLOGY - v vt v vt et ine s o s assooaaosonasesonscesssson ... 108
WABVESB .o v vims v onuneas e e e e s 109-
Tides and Currents ............... . N ... 110

! Nature of Current Flow in Watering Bay ............ © 115

SEDIMENT TRAPS ......... ot et s et e et e e e 116
Locatfion 35 ... ..ieuiiiiit i e . 117
Current MeASUTEMENLES ... o cocuvroeveosoonssonessns . 117
Current Véldcity Profiles and Roughness Length 118
Shear Velocities .....over v i eeaesloeneeenns 119.
Theoretical Competence and Grain Size .
Distributions ............... T 121
Location 75 .. ciiiinn it s 125
. Cdrrent Velocity profiles and Roughness'Length .. 126
‘Shear Velocities ........... e e e e e . 127
Theoretical Competence and Grain Sicze . .
Pistributions ..°.......... e et eee. . 127
' Location 24 ..... e e e h e e e e 132
Winds and Waves .. .. ..ve v v vvvn oo seneeneannss 132
! Current MeASUTEMENTES . ... .c.oouveorooeeeroeronansos 135
Current Velocity Profiles and Roughness Length .. 136
Shear Velocities ........couuunn et e e 137
Theoretical Competence and Grain Size
f‘ DIStributions . . v vt ieenennennceeeans G eesaeae... 138
‘Rates of Sediment TrapPping .....eececeonccenonnonns 143
- Summary and Discussion of Sedinent Trap Results ... 147
BED MATERIAL GRAIN SIZE DISTRIBUTIONS AND SEDIMENT i
TRANSPORT IN WATERING BAY .. ..%evvuonannrencoios A L.
SUMMARY AND MODEL OF SEDIMENT TRANSPORT AND + ¢
DEPOSITION IN WATERING, BAY . .......: et et s 162
7. SUMMARY AND GENERAL MODEL OF REEF SEDIMENT . -

g TRANSPORT AND DEPOSITION ......... T e eemieeeneseesese. 168
GENERAL MODEL ............l.»‘......,.............}.. 176
CONCLUSIONS ....... 0evvueenocncoannns Gt s S, .. 188

REPERENCES . ....ooonvonne- O e Yo, 191
(£1)

e




T FERERRIRRE T T Y

)

APPENDICES

"1, GRAIN SIZE ANALYSIS .......

2

LY

3

4

s s 0 09 8 0 s s v s

wCONSTITUENT GRAIN COMPBSITION ANALYSIS

W
J

ATERING BAY - CURRENT

TR

.
ta e s e s s et e e

.
.................

206

212

b

-

VELOCITIES AT FIVE FEET (1.52M). 216 l

4

-
.
= : !
5
i
L] 0
) o
v o L3
v ¥
-
e
— y
.
v
( !
¢ 1
s
) #
«
4 $
- = * t
- v
’- IS s
¢
4
-
! =
1 - - °
° o D) .
' -
-
H ) -
b . j /
o ! ;
i [ + (("
f
% v (] L
. S
£ = hd
¥
5 . *
{ ' s %
¢
= 0
% ~
: o :
£
& - -
i K .
r! 1
5 ) A
Al P o
k
N - € @ .
{ - a N -
s N
! .
. .
2o «
Y “~
|3 ’ - N
i P R
- TR
: , ' . B N v
- i
|
N
[
v .
\
,
R '
- f
® . a A D
)
: {Lﬁf/, .
’9 ¢
. ‘¢ %
f -
t - N -
' A L, o - t \Y
‘ (111), ' -
- ’ r
3 ¢ M
. »
4 '
L
R -




e e L PP

....................................

Bathymet

y and environments,
Watering y

----------------------------------

Bathym try and environments,

........................

Texturél classes of sediment
. \

...........

Map of seabed features
AN

Map of sediment tei;ufeﬁ

: |
Map of sediment medn grain size

Map of dispersion (standard deviati
sediment grain size distribution

.................

Ma#’of sediment gralh size distribution skewness
Map of sediment grain size disttibution kurtosis

Cross plots of grain sige distribution statistical

paramefers, Jew and Grand Bays

---------------------

~
Cross plots of grain size distribubion statistical

parameters,(ﬂai

Constituent grain compositions anh grain size
distributions of three representative -samples from
Grand Bay

ering Bay

...........................

----------------------

Settling veldcities related to grain size for
skel2tal carbonate grains in sea water

Relation of grain sfze to settling velocity and to
threshold shear velocity and roughness velocity
in unidirectional flow cen

Relation of grain size to threshold orbital
velocity in oscillatory flow

B e IR

10
16

18

25
43'
45
45

47

47
48

48
53

56"

60
71
76

81




T den

.

ES

N ot i P e
T PRI

-

A

PR W R

R R ¢
o

g

LA

&

,
Ry

I PRI > e
N ‘ *

©

AR R ) R

-—
ok e STRETRRIT

B e ARt [ 2 b SR SO ITER TGS ETGRREN'S IS BT

- v

& .,

18. Grain size component populations of sample 138R)-
(ripple trough), Grand Bay U U TR

L

ﬂﬁlN\prain slze component populations ohntraverse 16,

CTaANG~-BAY. « avvr o vvr i e e e e e e e
’ .

©20. Comparison of grain size component populations,
traverses 15 to 18, Grand BAY ..ccoc oot iateenasaass

21. Comparison -of sediment transport curves for

- oscillatory flow with grain size component
populattons of traverse 16 ........... et e ne e
o e
22. 'Model of sediment transport and depositiop in

Grand BAY . «oow oevcenn e e s e

23 .- Variations 'of grain size distributions in prograding

.baok-=reef sand body, Grand Bay model ...... e et e 106
B e
24. Neap and spring tides and tidal currents ft location
35, Watering Bay ..... 0 . e e e e e 111
25. Tidal current velocities at four stétions:in northern
Watering Bay and one station outside the reef ....... 112.
26. Tidal current paths followed by drift bottles releas-
ed during northward flow, Watering Bay e . 114
27. First approximations of roughness length from
‘current profiles at location 35, Watering Bay ....... 120
n
28. Shear velocities'at location 35, Watering Bay ..... . 122
29. Results of sediment trap at location 35 compared to ‘
transport competence of measured shear ve.locities
at same location .............iciiiiean fe e 124
30. First approximatibds of roughness length from
current profiles at location 75, Watering Bay ..... . 128
31. Results of sediment trap at location 7 compared to
transport competence of calculated she r ‘velocities 130
32. Wind, wave, sand ripple and tidal curftent observations
at location 24, Watering Bay ..........} . eeesencen . 134
33. Results of sediment trap 24-~1 compared to transport
" competence of calculated shear velocities ........... 139
34. Results of sediment trap '24-2 oomoared tb transport
compe tence of calculated shear velocitie ........... 141
. ]
35. Results of sediment trap 24-3 compared td transpoxt — .
competence of calculated shear velocities ........ . 142
(v) )
s C ’ ' - i - i ’



oy
+

- e s G, .
- T e

£
5
5

;
%

°

39.

40.

e

.‘ . .

cdonstant sea level

E I N I R I P T A I S I )

B el L RV P P

)

. 4 . - ) ¢
- N . c -
> Fwh
. .
J »
3J6. Sediment trap and surface sample grain size .
" .distributions for all traps, Watering Bay ........,..
. ; \ Y . "I AN - ”
37{A); Index map matering Bay . - R ..%. . .zﬁ.
37(B) ©64th percentiles of bed sample grain size !
. ‘distributions ............ e e et e et e,
37(C) 1Interpreted maximum shear velocities using 64th
percentiles and transport competence curves .......
"37(b) UCalculated maximumycurrent speeds at 5 feet
(1.52 m)_dgpth in Watering Bay ......0vevvwuveen., “
38. 'Generalemodels of back-reef sedimentation with . ;

’
K v e 00 0 d e

1

General models of back~ reef sedimentation

3

A&B:

rate of sea level rise subequal to rate -

of sediment supply .
C: rate of sea level rise much greater than
rate of sediment supply .......... .. ...,

Sequence of back-reef sedimentation for a given

sea level, ri Se curve
N

ey

------

7 ~
3:)
E
-
“
" o'\‘
©
.
Lo
A
]
.
&
- v
Es ] -
2 N
r ,I,_
.
i
g |
L
*
N .
«
*
,
x :
v L4
.
(vi) .
Y -
~
3
’ P -
o

153‘

158 \\

|

158

158

e AR s e R IO g s

5




'

IR S ey NI

rt
»

SIETY

.
i:;
]
.
5{;
¥
v

e
W)

2

A.

B,

e L L ok

LIST OF TABLES’

We§ghts iﬁ“grams of sample collected by sediment
trap - in half phi grain size intervals:and in
total sample ) |

Py

L I O O I T T S T O I I L A A T T R A R R R S

Rates of sediment trapping

D I R R R T R I R I P R ]
’

. 2 -8 : .
a \ ¢ "
.
.
o .
-
.
a
N
-
. B
.
. . .
. t
.
o -
hd .
[
.
. o : ,
.
©
i -
- ]
. Y
. J
«
.
.
.
.
.
.
-
.
[ 2
N
¥ E~3
- )
1
~
-
-
.
.
»
B
.
.
~
- d "
.
. -
> |
‘ o
; , \
y . e (‘ .
(Vii) 5 3
'
3
. .
* 1
5 . |
- - d TRV
L ¥ R
[ ) - - p '
‘r B
N * : .
- - .
- . S

145

148

ey

° -
-t
.
7
.
= i
“
N
A a N
LA et

p—

o

!
i
!
]
i

Mh % wat s B W



EBE  ARISAGE Aduiow ~- ——————— - — .
. RN ‘ : ' @ v
N DS e . . b
.
' LY -~ ooy, o . . B
h 53 . -
* * 1 4 : PR " - p N
s = o s AT R oy PRy
, * [ 4
s .
- ¢
r - - .
. . - .
Faic) -t . N
/ -~ * B
f , . . o
o _ - LIST OF BLATES T
J—
* -

2 1. périal photograph -<eastern coast and forthern

s - .

3 ~ N !
B
3 " . N N
. % ° . ") o N - .
|
.

Carriacou

v o # o 8 e * 8 & & ) 815 & 4 o 8 M e M s @ 3 s 4 & A & P 5P e o4 a4 s s

20 _Aerial photograph

~_ Watering Bay

.

e 5 8 s e e ee b a4 b e e

»

' 3. .Aerial phdéograbh ~ southwe@; Graod Bay R

. 4. .Reef slope and fare-reef envirofments, Watering
o -:_ Bay traverse SiX .....c..iiiighile e

! 5. - Upper réef-slope and reef éresp'énvirodments, -

TR RS

3
-

Ll
N

L
f

. o AT
- 5‘/4? ??

%

, Watering Bay

bArYier Teef 'v.'veeeromeeeeoneenn

8. wétetiﬁg Bay

6" Back édge“df reef

7. Watering Bay

b

erest

\-—-«\ . 7

lagoon environments

lagoon .and patoh reef environme

~
~

L A I I I A S I B
N t

<

¢
“« ¢ 5 8 % e o 0o s s &
s

.

nts .

¢ e

9
LAY

203 ;

~t

va

L

el

[N

> S . J." ‘
ER Y ) N
PR ————9—Grand Bay lagoon gnvironments ..........00000000.
- e . - v
' ke .
S 9
’ ’ ]
- [ N *
< o ! +
. . . .
o A B - .
1 4 ¢ -
v
s
» 5 . N ! " “C'
i AR ’ ‘
; . ‘ .
.‘_ B . . .
1 1 T ’y !
2 o 0 -
; : - !
e Ve L I -
Vo, < . K -
. , . A ,
i, - v -
% . . .
Ly ' Ik M 2 ! v. * k :
8\ . ’ » \ ’ <
- . . o V7 ’
1 ~ » P

.

Nt R ENTED
.
o

Y-

» o . 0
<, - . v .
. . .
fo it 4w “f ’
v 5 " PP S ' .’ 3 i foe o
: - M s 4
i A a0
. . ) R
. . * L .
& e R feo i
3 a . 3 K N o
. a - 4
A ,J v - k) . . . 7,
’ - 4 v N
< o A A ~ . ) L .
)
- o > ! . LY
. H -
L. ~ s
T .
- 0
' [
LN L Te )
o~ . K
R ST , . .
N [ R N
’ < + - . e
4’? . N - ° g R
- - ' 1 “
’ -
“ . s - . «
. 5 @
. ¢ , 4 X A .7
- i lv B R - ° Y
. [N B .
< - v . . ' .
B v . . - .o .
- - {viii) . . .
. ' »
, - R
N . 5 .
. P
Y L
. ' . .
‘ i - g -
' - ,” 1 4 7 -
. " A4 ¢
. v Ty * . e .

N
.
.
.
L.
,
s .
- +
L.
- v
.
. .
)
+
Y
-
.
- a
le
* r
.
. o
,
L.
.
.
-




- R S

- - . ]
] , - . )

L v PO -—rmw»-gﬁ 3, e o ) o
‘ §v i W [] B e T —
'%? v
0 -
E ",1 . . . |
i CHAPTER 1 - INTRODUCTTON , (
3, . . ' | ' ‘ ™ - |
-,%h " . Studies of modern carbonate environments and sedimentation
::. ,f B . ) ! ‘ R 7
st have been carried ou& in many parts of the world,lput in most ' i
; ' of thesé)investigations mechantcal analyses of the sediment
' . grain size- population$ have been used in a mainly descriptive
i, Py N
- - manner, Correlation of grain gizE distributions with pfoéesses
i of sediment production; transportation, and ‘deposition usually .
g‘ ‘has been in very feneral terms. To understand these relations
* ' \ " 2 , - I 4 ’ :
% ’ : §
£, . better the progesses responsible for the observed grain size
2 B t . !
E; distributions must be studied. - .0
'{:‘:" ' N3 ‘ - N B ' _”‘; -
L The barrier reefs and associated sediment east of -”m;?ﬂg
5 co A %
a’" — «;,:"q

Carriacou W.I. have not been investigated previously. The backﬁ

-
.

reef area is divided into two main bays (Fig. 1). Sediment in

y . L the lafget;‘sopthern bay is affected- and transported by waves
S R . . ’;‘P ! L}

moving shoreward from the reef. Sediment in the northern bay

té affected and transported mainly by strong tidal currenté

parallel to' shore. : . . . 7 ,

Theﬂprokimiéy of two relatively small and uncomplicated

L . . v X
i - v »
"areas with different - hydrologic and sediment transport regimes -

N I

- oﬁfeLs-an'qpportunity to test the significance of grain size ’

In
i -

distributions of ba¢k-reef skeletal sands in tefgs of the
. j - R e

ot ) .

- o N o
.~ ~ a processes which affect them. jﬂ_
- ™~ Q i
s . - The purposes £ this study have been to:

‘WLJ) Map the bathymetry, major environments and sedimént dis-

[ o aree

, tlme .’

-~

LR

(2) Investigate jand interpret the differences in grain aize




\ - 2 -
( - different hydrologic i'egimes.
fo 3 Investigate the grain size distributions of sediments in

2 9

transport along and near the sea f}oor, and to compare

Wy

T ¢ these with the grain size distributions of sea floor sands,
e
A&é!and with theoretically Lransportable grain sizes determined-
: G . . 1
o I-

from water current measurements.
4y . Investigaée the amount of control exerted bynskeletél
«.structure on the grain size distributions of carbonate
skeletal sands.
(5) Develop a modSi of ‘feef sediment sfoﬁ%qeion, traﬂsportation

- and dgpogition-on the basis of the above and other consid-

erations, such as time and sea level changes.

o e e v
"’} w -
1

“ - -
¢
. -
Friw L - ‘e f

5 s

% REGIONAL SETTING . . .

'g N ' ﬂ, 4 , 2 ; . - ) :
i [ Carriacou (Lat. 12°30'N.:Long. 61°26'W.), one of the

Grenadine .Islands in the Windward Group, 1is qpprogimaéely.Zl\

[y - . o
miles (33.8 km) north of Grenada and 48 miles (77.28 km) south

i
|
)

Ha oy

of St. Vincent (Fig. 1). It rises from a water depth of‘lﬁu-
to 20 fathoms (22 to 37 m) on the western side éf Fhé Lesser
Antilles ridge. It is a mountainoug island appnoiimatély 13
square miles (33.7 square km) in a;ea. Mt. p'Or and Chapeéu o
Carre rg&chlelevations of 817 Qnd 954 feet (249'an&Q29f‘m)
respectively, near the southern ena of the island. ‘A central
ridge of 660 to 800 feet (183 to 244 m) elevation joints Mt. -

D'Orfto ﬁigh North (975 feet - 297 m):at the northern ‘end of

0 ' . ' the islénd., oot

.
gt e, o,

(1) g g g.“'?q»fa.-;éf’
Uy T

[N - R e————

s,
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Carriacou is administered as a district of Grenada. It

- v

may be reached by motorized mail schooner, sailing for 5 hours
« between St. Georges, Grenada and Hillsborough, -capital of = _

Garriécou.‘ LIAT now stopé at\a.small airfield south of Hills~

borough .on fts service between-Grénadq_andet. Vincent. , On

the 1sland taxis and buses provide-éervice to all‘parté on an
R . . .
{

s

‘extensive sygtem of roads.

s %. 4 Ko
-]

The population of the island humbers-approximately 7,000

.~and is engaged mainly in agriculture, boat building and sea-

g

-,
i

faring. Agriculture provides the main exports of Marie Galante

.
PUIRE it aF

© o :cotton and lime oil. According to Kay (1966) 50 of 58 cargo

. : s . . 0 ’
sailing vessels registered in Grenada iq11959 were built on

P s T

. Carriacou or on the small nearby island of Petit Martinique.

° ' A small telephone exchange and cable office 'is situated

Q

in Hillsborough which is the only.area with electricity and .

t -
running water. Water is often a major problem. Wells have

- \
been sunk, but the water is of limited quantity and quality
Roof.caﬁéhments~serve the needs Qf the population, and a dry
. E-3 - . ° , .
year causés hardship for everypne. .

‘* .With the exception of bea fully zoned reefs around v
- .Sandy Tsland (Fig. 1) coral reef deve Bpgi?t to the west of
. - § ) :
) /

EN - . . j
. - * =~ Carriacou is poor. _Small frnnging reefs afz\b$ese t only

~ * .

the southqrn half of the coast Reefs along the southern \

- caasc, north of Saline Island and in Manchioneal Bay,
~_examiped. = - \ S ) \




-5 - ‘ i
u . . . .
& In the study<area along the éasthoast a well deVeloped'
i barrier reef 18 present at one-quarter to one mile (0.4 to .|
E - - . -
5 1.6 km) offshore. The lagoon is divided into three bays.

? Watering (w1ndwatd) Bay octupies the northern third 6f‘the

coast. -Jew Bay, between Point St. Hilaire and Tarlton's
N Point halfway along“thetcoast, is smallei. Tarlton's and fq;
Kengeqce ﬁointe bound Grand Ba§:alopg the southern half of : i
the-coést. , " 1
ﬂ Geology . ’
; . Qatriac;u fs on a voléwn{c erc which has beenﬁthe site of i

eruptions in historic times on the islands of St. Vincent and
. : o kY
- Martinique. It is the only island of the Windward Group south

" .. ‘ of Guadelupelwhibh isg not'predominantly of direct volcanic
v T ' & . - ) ~

origiﬂ and which has considereblé limestone. ‘The ‘general

geology and paleontology ‘have -been described by Trechmann

v

(1935) .and Martin—Kaye (1958). The sttatigraphy consists of

Uppgr E?cene*to Upper Oligocene Luwer Tuffs, the Lewer yiocene'
‘parriacou P;meetone‘SeriES, and the Upper Hioce;e and/or

?liocene Upper Tuffs. The units are bounded by and include

passible unconformities. Generally the strata have a gentle

"to moderate dip to the eoutheast,

o o R
R e~ , . . .
: *

. Climate

-

Cafriacdﬁihas a relativeLy dry'climate and no permanent
- . - streams. The uplands ate woodedﬁfer the most paf; reflecting

Ll *
‘4 !

a more abundant rainfall than .occurs .on the ‘eastern ‘and south-

[ N ~ R v

"érn coasts; where the vegetation consists mainly of ‘short

- . [ " v 1
» ~ v T . .




L R

$

E

( grasses, scrub and cacti.

S

1
The average annual temperature is a proximately 81°F

.-

(27.2°C) (Anon., 1948). ©The average mont 1y air temperatures

range from 78 to 82°F (25 6 to 28.3° C) The average monthly

sea water teémperatukes never differ By more\ than one degree i

from the average sonthly air temperatures.

‘Cargiacou is south of the aree of‘hfghy urricane proba-

~

bility. The last one to seriously effect th

island was on

«
September 22, 1955 (Kay, 1966).
~ . -~ -

T -
~

~ T

-

“Winds and Waves

~

. Carrfacou lies withig7thg bel

of tﬁe cdnECanthortheaste

g
%
[
4
4
‘
!
§
}

J/
e e

xr*"'—"(“»
Trade Winds. Generally the winds of te\autumn and winter are

strong dnd mainly nonﬁheaeterly, while these of spring, summer

and early autumn are- Weaker and more easterly (Fig. 2). Monthly
¢ mean wind speeds at Pea;l Airport on the eaet coast of Grenada,

from‘i963 to 1967 inclusfve, varied Erom 5 to 12 knots (9 3 to.

22.2,km/hr). For ehbs five years the avetage monthly mean

wind speeds for the-" windiest months, December and January, were

.

A MWMQ,W WY RS

10 knots (18.5 km/hr), and for the calmest months, August and

by et

September, were 8 and 7 knots ¢14.8 and }3.0 km[hr) xespectivel}
(written communication, Mr. W; Ogilvie) .

The seasonal variations in wave directions reflect those'

4

2 e . Sl A S
'

of winds, winteX being the only seaeon when there is a-strong,

» northeasterly compohent (Fig. 2): Variations 1n intensity, as

) 1nd1caﬁed by wave period and height, 'also ref ect those of'the:

,(} winds. Throughout the year the dominant wave p‘fiod iéibetween S ]

’
- g v o N e vy ———— e G m e et et
! A 7 N v k *
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i z between 4 /and 5 feet (1.2 and 1.5 m).. The median heights of

g all waves are 5, 4.75, 3.3 and 3.8 feet ™ 1.52, 1.45,/1.01, ‘ 3
‘ and 1.16%m) for hintgri spting;‘summer and autimn respectively °

* ) (anon. 1959).

TLdeé»ipfthe vicinity of Carriacou are of the}mixéd type.

The hafmonic c?nstants listed in theiAdmiraity Tide ?ablesy .

(1967) indicate that diurnal components are dominant in

Hillsborough Bay on- the west coast and that semi diurngl com=

é ) ponents are ‘dominant in the Tobago Cays apvroximately

(14.5 km) to the north. The tidaI ranges are small, the dif-\

{miles'

ferences between mean high high water and mean low low A ter

at the sp¥rings neag‘the solstaces being 1.7 and 2.0;feety(0.§

and 0.6 m) in Hillsborough Bay and the Tobago Cays“respéetf&ely.
" West- and northwést flowing regional eurreﬁfs ranging from
.0.3 to 1.5 khoﬁs (15.4 to 77.2 cm/sec) throughout the yf&r

(Anon.., 1948) probably represent local wind driven curqents

plus the Equatorial Current as it passes from the Atladtic into
. . , ‘ Yo
. the Caribbean . . .
TN R X o w Iy
Reversing tidal streams run in front of and betwepn the’ )

| s

-is8 ;nds in the area The regiopal current has the ‘e f ect ‘of

nor h and west flow The times|of change and the rat s of the

- b I" ) . . ) ‘ ! Coa Y s
coa N ' " .
.No currents were.observed in'the southern two bays .behind
the barrier treef east of Carriacou. 1In Watering Bay to the T
- N H * . ’ . 4 . ) ¥

¢ " roa B . - c .- N
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b{’t ' . . . 1 ‘ v ’
i + north however, there is a reversing current gsimilar to that '~ N ‘
A . . -
- . outside the reef. The predominance of the north-flowing !
i . current here is not a 'result of regional currents but of water
T ‘ being driven over the reef by the winds and waves and flowing
. 5 A "0
dbut the open northern end of the bay. -
‘: . ‘ N » i
7 METHODS OF STUDY: . ‘ .

Field work was carried out during an eight day reconnais- |
sance visit in Decemhep, 1966, Erom mid- June to mid-September,

L

1967, ;;d from, late-March to late May, 1968. .

IR o] waﬁ":-wvm“ﬁ;

‘As ' no-detailed bathymetry maps of the study area were

’
.

N

available.ir was necessary .to construct one during ‘the .course
of the study. Over 55 miles (88.6 km) of echo sounding pto=-

1 . ' :
' ) files were run (Fig. 3). A Kelvin Hughe's Inshore recording 4

.echo Ssounder, powered by a twelve volt battery, was used.

l: . The basic sampling pa;tern’consistqd of a rectangular ‘
] - 3 . N

! ) - grid'with a north-south sample abaciné of 1500 feet (457 m)

-y

and an eastPWest spacing of 750 feet (22§ m). .The east-west

sampliﬁg lines were given traverse numbers (Fig. 3) to facil~-

e gy

TR eTaey

' itate location and discussion in the text.
v ‘ ’ Air photographs (see Plates 1, 2 and 3) were used to
-locate sampling stations iun the shallow water lagoonal enQiron-l

.
4 n

. ments. OQutside of the reéfs the samplihgosystem broke down

o ek e

-

: because of tﬁe difffculcids\in recovéring samples- and in loeét- ‘ i )

- ) ing them accurately in the field Sextant sightings measuring

‘the angles ‘between at 1east three known points on shqre were

AR o iy

u§ed to locate unknpwn sampling stations Iater

- . , - - .
c ) l. At the time of the study’English units (feet) were used and .
- the echo sounder was graduated in feet. Metric equivalents .
. have. been calculated, . B

Lt
N

'
- - —th'rv .,

) . ) . mau-d(' on’ dr'/gwtl §‘

. . '
. , . -
. - . )
v \ . ' - * . -
) - « )
3 3 - [ - . - - - E
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SAMPLES

DREDGED

CARRIACOU, Wl

SNAPPER TYPE SAMPLER

OIVED

® o+ =

DIVED -2 SAMPS OF ADJACENT
SAND AND THALASSIA OR
ALGAE AREAS

® DIVED-2 SAMPS OF RIPRLE
CREST AND TROUGH
4 SEDIMENT TRAP,
5 SAMPLE REFERENCE NUMBER
IN TEXT
16 TRAVERSE LINE NUMBER
——~ECHO SOUNDING LINES

e ;-1




O 2
.

I (Plate 7C).

e e

!

11 -
Most gsamples were collected by scooping the upper few-

* centimeters of sediment in a 5 ounce (142 ml) bottle while. '
skin div{ng. Samples were also collected during two SCUBA

) . : '

: dives on the reefofront of Watering Bay on traverses 6 ard,7.

In deep or veTry turbid water samples were collected with a .
i ) . o . A

small dredge or with a spring-=loaded snapper type sampler.

Two cores, each approximately one foot long, were collected on

H ’,

T X traverse 16 by pounding a plastic core barrel liner into the

- e ’

sediment. ’ !

In order to bettér understand the relationships between P

the grain size diitributions of surface samples and' those of -«

sediment transported by tidal currents in Watering Bay, material
" in tréngport was collected in traps on and above the éga floor

An Ott current meter (Type V, Sonas-Rion) was used

during the 1968 season to.obtain current velocities while some
of the sediment trapslwere in place. This allowed comparisons -

- l 0
to be made between tﬁporeticilly transportable grains sizee and

[}

the. surface sediment and of "the

grain size distributijons of

8
[

sediment in franspor

N
/

A fotal of 234 sediment samples were mechanically analyzed”

S;hhtandard wet and dry sieving techniques. These .included 196

30 sédimentwtrap}samples

surface samples from 167 locations, d
) n* -

- )
.. and 8 core samples. - ' ‘ \ .
Abrasion of organic skeletons with variable durabilities

A

and definite structure may tend to produce preferred grain size
L4 . -

distsibutions. This éffect wasd partially evaluated by component

> ,
analyses of individual size fractions of three selected’

\

=~ Al
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- 12 - N

representative samples from Grand Bay. Coarse fractions were

]

-

v X .
examined in reflected light. <TFine fractions were mounted ‘and
thin sectioned for"EKamination in transmitted lighﬁlunder a .

microscope.
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CHAPTER 2 —“EN{lfR'(l)Nb;é,NTS' =
1 J}:' (;., .;.: g - ; éince ghé ﬁropertiés 6f thé,b%ofogi;él‘communities'and
/,‘ﬂ R :‘ “r bf the sediments are: inxerdé}endent /and since both are con-

p . . N
Boa 4 . '

trolled “to a 1arge degree by the physical- cﬁémical conditions,

a ‘ ". the environmants considered here are both bio}ogical and sedi— ’

o 4f N
' N ,
a,

mentary ~ The study, however, has been maQe maialy from a

. . ” , & L. . v R , . . - o
o sedimentolpgical viewpaint, énd the bompositions and,associa—

-

uons of the b1olg%ca1 communities Were non studied in detail

-

. , The floral and faunal communities and zonations of coral
y A

. o o

reéfs and 1agoqns 1n the Canibbean, Gulf of Mexico, Bahamas .

i - o

and Florida have been describéd in nymerous textbooks, papers

. ) )
' ¢ ' . and guidebooks (excellent SUmmary and bibliography in yéthurst,

2 ’

' Lo 187 1 gnd Milliman, 1974). Reefs_east ofﬂCarriacou are not

’/’ . . basically dif}erent,'differenqea being maidfildf degree and
: ’ w b & . , co . C
- . . A . .

*‘retated ta differences in bathymetry and wave inténsity. The

- v
-~

‘most notable divergence is thé,apparent*pauqity of 1iving ..

e e e

" Acropora cervicornis.in the area, élmhough-;his]gpeéies'was ob- -
served.in abdndance argund Sandy fsland OR the‘wesi coastwof -

,cétriacou and mround the islet of Mopion 2 milea (3 27 km) to the

@

a ’ northgast 'The only, Iiving AT cervicornis,opsqtvgd immediqtely

N

N .
L e T R Rt P
~—

cast of Carriacvu was a single bu;hyk§¥owfh appfoiimately 8 inches .

' (20 3 cm) acrposs 1mmediate1y behind the barrier reef between
Lo tniﬁgrses 7,and 8 Abundant dead and’ disarticulated branches‘of

~ e T a- coarser Q;owch form were observed be%ween 25 and 35 feet (7. 6

w et W e
.t

\nf

+ and 10 7 m) depth on the reef slope around traverse 5, 8o there

“\

i may be thickdts of 4. ervicornis on the reef slope‘in areas

i - -

- ) that were not obserwved (particularly in- ffpnf of Grand Bay). . >,

T, M
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‘Previous to thisfatudy only a small scale general bathy~

r" " metry map (Admiralty ﬁhart 2872) was available.: Profiles

along more than 55 miyes of echo sounding traverses (Fig. 3)

—~

{
were used to-construcﬁ a detailed bathxgptry map- (F£g. 4).
|

~ n o

The main environ$ents are mapped on Figure 5. 1In Figures
R J 4

1

o ) 6 and 7 detatls of thF bathyqetry and environments are ére~'

-

sénted for traverses 5 and 16, selected .to represent Watéring

[res
[l

3 ' and Grand Bays' respectively.
\1 v
COASTAL ENVIRONMENTS |

"Sea cliffs bound the main points of 14nd (St. HiLaire

L o e N RN ST S G

'Tarlton s and Kendeace) as well as the small points 1n Grand
v Bay. A gastropod fauna, dominated by Nerita’ and Purgura

populates the rocks in’the spray zone,

s

Well develoPéd white carbonate sand eaches ar

only 'in Jew and Grand Bays where vigorb,s sqrf cbnditions pr&

To (oo o=

‘vail \ The coast llne'in Wateting Bay 1

: ' A

sheltered by numenous~
{ . v patch keefs and shoreward shfals. Also,

d

beca ‘ of the banks

o trne ”

and isﬂands to the ‘east of W&tering Bay, vave s striking the

%

P "

R

'reef fr»nt are smalier thag/those os.the reef front.in Gtand
' ‘l""

Bay and, &ive rise to smalyér secondary waves in’ the back~reef

b o .. As & resultvmaugroves gnbw along 30me of the more protected
"o . /‘- e

co o xtrecphes of the shove in WBtering Bay near traverse 8 and behl
k. ' ‘. / ‘
w . hind the fringing reet and reef flat, between traverses 3 and 4.,

° Beaches in Watering Bay are poorly developed and Iess than IO o

‘ i

feet (3 m) wide., They are built mainly of terrestrial black'

. sand brought to the shore by ephemeral streama ‘and &heetﬂaah

. . . . o
. - i ¥ - - v ‘ L g
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rather phan of carbonaﬁe grains transported shorewards by

3

waves,.

FRINGING ‘REEFS o .
/ Lap

Fringing reefs are present in,fron¢‘6f the mangrove swamp

»

at the northeast corner of Carriacou, along the northern quarter

t

of Watering Bay, along ché northern shore of Point St. Hilaire

‘and along the southern shore of Tarltoﬂ's Point (Fig.. 5). The

ulatter three areas will be discussed first ~Marine grass

(Thalassia testudinum), non calcareous and coralline algae, and

Porites divaricata grow on the top of the reefs a few inches

°

below water leQel. Small gastropods and crabs are abundant.

¢

"The substrate consists of coral gravel formed from intexlocking

’

dead branches of P. divaricata. At thé seaward margins where
f. grvaricara N L

the bottom surface drops abruptly as much as 7j£eet (2.1 m) to

marine grass beds, the flora and fauna is slightly more diverse

with Eéléorites var, furcata, P. astreoides and the caléareous

green algae Halimeda oPunEia.

B -~

The fringing reef~in front of the manér&ve swamp‘is much
better deveioped than the above reefs because it adjdins‘deeper
water and is exposed to‘larger wavg}; fpe'réef crest is 'separ-
ated from the mangrove swamp by a 123 to_i?Sff&pt (38fto 144 m)
wide, shallow (1 féot, 9.3 m) -reef flat of Hal{méﬁa sanatand
Thalassia beds. : A

Between the flat‘ana the reef edge and parallei to‘che
reef edge are two 20 to 30 feet (6.1 to 9 1) wide ridges with
their tops at low water level. The inner ridge consiste mainly

‘o
of red algae ‘encrusted Porites debris. Pofites divaricata‘and,

= s 1y i

\é‘* 9
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Fig. 5 Map of submarine environments gast of Carriacou.
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P. Eorites-grow in shallow depressions améngsf the rubble,

Halimeda opuntia is abundant as is the long-spined élack sea
“ - ) Y. ’ - .- - M A

urchin Diadema antillerum and a brittle star-gastropod infauna.

‘The outer ridge consists of red algae encrusted Acropora

palmata debris averaéing one foot (0.3 m) across. .Large bldcks.

up to 3 feet (1 m) in diameter of é;-galmata branches bound to-

gether by red algae rest on this ridge and are completely ex=

poséd at low low water in the spring ﬁontﬁg.

3

The outer reef crest is narrow and has an abfupf drop off"

]

at the seaward margin. The substrate is cavernous, coral and . .

algal rock, with very little loose .sediment, Acropora palmata

[y

is the dominant framework coral-in this zone -to the northwest

and Montastrea annularis is domlnad;‘ﬁo the. southeast. Species -

of Diploria and Siderastrea, and Favia fragum are present as

secondary corals. Agaricia agaricites, bryozoa and red encrust-
’ ’ . N —

ing foraminifera, Homofrema rubrum, are common beneath overhang-
- " T -

+
“a
[Xial

ing "surfaces. . ,

On the reef slope between 8 and 17 feet (2.4 and 5.2 m)

depth 'Porites porites, P. astreoides and the calcareous hydrozaoan

1

Millepora are most common. The slopée 1s more gentle belbw 17
. —
feet (5.2 m)-and is covered with dead‘z; porites rubble and .

interstitial sand, At 35 feet (10.7 m).the:é is. a level sénd;‘

botfom with scattered gorgonians, Diploria and Siderastrea;‘gbn

echo sounding.profiles- a 5~foot (1.5 m) high ridge and outer
slope to a dépth of 50 feet (15.2 m) was obsefved’beyoﬁd—thé
level-sand area. The ridge and outer slope were not investi-,

‘gated by diving and could not be seen from the surface. ) ‘

ot
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- MARINE GRASS BEDS ' -

- Marine grass beds east of Carriacou display a wide varia-

< tion in development and associated flora and fauna, dependent

mainly unbn water depth and the nature and degree of water

o

agitation.

- Fringing Reef Flat '
e — ) ) '
The beds on the reef flat adjacent to.the mangrove swamp
at the north end of Watering Bay are the shallowest observed,

This is an area of ggnerhlly~hi§h and variable-water temperérh

tures, strong sunlight and small waves. The grass is Thalassia

\
1 N -

testudinum, much of which is 'killed during March, April and May

Trwhen the §t§37 are exposed at low low water during spring tides.

Dead leaves drift shoreward and accunnlate‘on the beach or con-
tribute tp the knee~deep nyd%ogen sulphide~rich organic mud ‘
around the southern end of tné swamp behind the fringing reef
to the south, | | ﬂ '

Halimeda opuntia and the red algae Amphiroa, Goniolithon

'and Galaxaura are mostb abundant in the northeastern beds in
front of the swamp and behind the fringing reef crest Blue-
green -algae 1is abundant especially in the southernmost beds.

The substrate consists mainly of Halimeda segments with
Porites gravel to the northeast and more muddy, organic—-rich

sediments to the south. Mounds of coarse sand in thg\lntte;

region appear.to be the work of burrowing crabs. |

i
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Shoreward Waterin&}Bay . - B .

o . o
In Watering Bay Thalasqia beds extend from within 10 feet
¢
(3 m) offshore to a depth of around 7 feet (2. 1 m) In an area

“from 50 to 200 feet (15.2 to 60 m}) wide. Although waves pass—

.

ing over the beds are usually no higher than arownd 6 inches

*

(15 2 cm) the bottom is affected and the water is usually‘

turbid. No strong water currents affect the beds except at-thé"

outer margin in a few places

The beds are relatively simple and there is not an exten-~

sive associated flora and fayns.' Small apod?s, brittle stafg}‘;

the &:i:f sea utchfn-Tripneuétes escuientus, t%g coral Mahicina
, > - - L —————

areolata and ﬂalimeda'opuntia are found throughout thetpqdb.

Towatrdd the south colonies of Poritds porites vat;furcata aré
: o° ~ -

fair mmon (Plate 8D) A .
The coqrsé fraction of the muddy substrate consists mainly

of Halimeda segments. In the shoreward half of the beds terri-

.

genous grains form 'up to 50 pércent of the ‘'sediment. Seaward

this component dgcreasesfrapidly in abundance, as it is trapped

'

amongst’the graga anq: askéd by ndtochthonoqﬁ ékeletal.material.

‘*Central‘WAterjng"Bay -

Grass be&s‘asdociated'with~macroscopic,fuon—calbareous

1

green algae (mainly Caulerpa and Dichtyota) form north ~-gouth

orientated bands "in Watering Bay. (Plates 1 and 2). The orien~

:tatioh is a result of the strong nort§ and south flowing tidal

currefits in the bay,.

4
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The beds have a maximum reliéf of about one foot (0.3 m)

o - F ] ’ N
above the.adjacent sand, Etoded crescentic "blowoyts" aad

e N

% : T ‘ _
stabilized sand waves (approximately 10 feet (3 m)wlgng and’

v

5,inéﬁe§ (12.7 cm) high) are common within the bédsﬁ;F'thé
vorthern end of Watering Ba; in wat?r depths be tween 15:apd
20 feet (4.6 and 6.1 m). A | ' o

The beds are extrémgiy’simple (Plate 7D): T?aléssfa is
tge dqm}nant gfass witﬁ minor Czﬁsdocea: Calcareogqus algae are

gigas and -
and within

rare. Starfish and the large gastropods Strombus

Caési; tuberosa were occasionally observed arouh
tpe béds. , \ |

' The\prop;rtion of macroscopic; non-calcaregous green algae
in the beds increases with the amount of gravel suitable.to act

‘ag holdfasts in the dominantly coarse sand substrate. " The gravel

is red algae-coated coral debris (usually of Porifes porites),

—_— W, ]

-. The proportionfaf\g{gggi\iﬁg therefore of non-calcareous algae

increases southwprds, ’
v - '
f N
'* ghorewdrd Jew and Grand Bays

~ The shallow, shoreward grass beds in the two southern bays

are subjected to stronger wave action than those in Watering,

o

Bay .and hre, therefore, more complex. The grasses are Thhlassia;

Cymodocea and Dig}antgara;~Tha1aseia being the dominant form.
Calcéreous algae (both red and green), sponges, corals
gorgonians are all abundant within these beds. The ident ed

fqrm% are listed in Figpré 7.

Except for Porites divaricata and P. porites, wﬁich live

throug%ou; the envitonment, the corals and gorgonians are most,

~

T R st




B It S SR

£ e e —gn gy g TIPSR O WY T 05y e

S A e

s

( ' L - (- — .
kN = ! - F Ll
, . ( . W K
. ’ : .
et oo e v o 1 Ay = 4 e AT T YT XS TN A o 4 . R
v ‘ )
< ' - s h
N ' 9 . .
., . .
- N . )
S =23 - : :
'
- - T
;‘: - N
-
TRAVER SE 5, WINDWARD BAY: ' -
.
.
, () . ‘ ‘ P
€ . . . N L
: A BOTT-OM
BATHYMETRY | % SEDIMENTS ORGANISMS A
-Ty| DESCRIPTION : g
N, . H i [
—rTT 71 MORIN-SOUTH ORIINTED CORAL CORAL RUMREF AND AIGA!
’V-l Qo g RIPCES, 1=IM  HICH 30-60 | NODULFS  WITH SaN\D NFAR | CORCDVEANS ASD SPONGFS  LORALS
b4 METRES FORE | M 1toNc anp &-12 w4 ving REFP BASE NORYH-SOLTH QRAERVED ONIY FROM THE SURFALE s-h
w . SAND STREARS PROBARLY ARD, MOT IDENTIFLED.
REEF TRANSTTORY .
. oa u stopr 12-1%° ) '»zyluuu MOST ARINOIANT BT LOW 9
T * a1l - S FT  HKIGH CORAL S KFATE 15 1OR&t AlND toH- NTACTRE-A AMNUTARIS  PORITES 3-a
s RIDGE WITH PLANAR SLRFACED ALGAT ROIA  FI:F 70 , TORIITS, T ASIERDinTS aen
. . Sakh ./ POS]T REMIND  RIDEF | LOARSF SAND BN LOCAL SIVENASTREA ¥ CAVFRADSA -t
- ° FXTENDS AT LEAST 700 % FPROTECTED DETRESSIONS YTUIEToRA  MINOR A KOPORA 5-8
. . AN RFEF TRONT AND THE LUW RENIND TNF TR LU ORNIS  ABMSDANT CORGONIANS | bea
' AU I SLOFL 40° AXD RIDGF AT 12, SPONUES  AND (ORALLINE ALGAFE '
GREATER
/REEF N -/
.o SLOPE (a) (VRATIISE AVCAE,DEPIOKRDA,
(2} SO SAND  (OR-ATCAY TOALIFS PORTIIFS P ASTRROIDES -
- Ea) YIRY CENTLY SUOPING, ROCK WITN, MINOR KUABIH hTANIAETLS) \xAnrmu HeADS OF
N AOTION . (b9 (OR-ATGAL RDER, ( RA- ‘ﬂ“u\r«n« ANNLTARES OQRITNTFR
*_‘_ th) SHARP RISE PO0ORLY SFU ‘IN LOCAR DM IR SSLONS A«.l(‘l‘(‘l»\ FAIVATA o )MORFH,\KD‘
a PYAELOTED SFLRS AND CROULES ROULOFRS OF A FALMATA QUAKTT R
M I REEF NORMAL T, REFF Fhony 1 8- 'y 1o 1 4 AL KOSNS N (B rt ORMILINF ALCAF (ARENDAST .
RE N 2L 1S S T L 108G, TAGOONWARD HA RERNENLY) PALYINOS MAWUAIOSA S-A
LIADING ORTO LOW WAIFR - (e} STAVARD HALF IS FORTTES ASHRDINES PLADEWS 3=t
€1 CREST] 1ivitr #rir reoky Rincy ROLLNKLE FLAT  MAlMy ASTI L WIS TORCONIA FIARFLI'SY b-A
\ 1 (¢} WLAY GFNTLE $LOPE FLATY BOLRUFKS AVFRAL~ ASTTTRUFKD #ARCTR QISR HATLMEDA 5
. 1ACOONWARDS ING 20 6% KO ROSS OFLNIIA .
. s . 1 ACODRWARD HALF ottt ] (Y TOKALEINE ATCAF [N Y T
- - ' . ’ ERS (STICK 4NN FIATY) VARD NALF  ~CATIERFD Sune
R . Lt AVERACK 2210 ¢%  ACADSS CRIFNTED AUHOIORA FALMATA
(DARSE CRAINFI ISIFRa FORITES POMIIVE P ASTY ROI™ S,
STlT'AL-AhD FATCHY SahD NIPLORIA ll\lA IRA"N CORCONEA
BACK . INCRFASES LAGODNWARDS FUARLLITY TWALIMI 04 APLSTIN
(by & (o ABLNOANT FLHINODE RV
REEF . AND GASTROFOD MINTALNA N -
SANDO } -
' TAY CLXTLL S1OTE LACOMN- ' l
WARDS. RIFPLED sOTON, N v N
N FARAILEL 10 RFFF, FANEE COARSE SAND W1TH MINOR PATOHE S BF NONGUATCAREOUS ATL AF halv
toxe, ) K 4M pitu, STRAIGHT| CORAL RUBALE p | Ivrue progsa
. XOLROED CRISTS  LALODNWARDS . .
* THF~RIPPIES BECUNME NORMAL )
0 RELF
) ; ' \
‘;‘ s VERY GENTLE RFLIFF  SORTH- CRASS RENS DOMISANTLY THALASSIA
w AT TH ORIFRTET GRASY 8FDS TFSTLDINT Y SINOR CYMORRrE Y s
4, f- WAXIMLM OF 3 M ABOAE SAND WITH CATTTAPA AND DICHIYOTA  KARF '
a b SAND FIANAR SURFACED AND COARSF SAND, SOME (ORAL § CALCAREOLS AICAF  LOGCF RMEAD 1-a
w LAGOON!| RIPPIED NORMAL TO" R2EF AND ALGAI GRAVER IN SPONGFS, STROM®LS GIGAS NARE 7-8
brd ASYMMFTRICA! STFEP TO NORTH] GRASS RFDS £ASSS ILRE ROSA  ORFASTER. SAND 1-t
TSLALLY AROUND ) 4 LONG SHORFWARDS 120 3  HAS NOLIARS AN FELFCYPODS 7-p
AND ) B £M HICH  STRAIGHT | MLCH CORAL GRAVEL SHORFARD 120 % LRASS AFDS %S
* CRFSTED TO SCALLOPED IN PLAN ARDYY ALSO LORCONTIANS  SOATTFRED
ALSD SMALL NOXKTH~SOLTM RIDCF 4 BLABS OF SIDERASIREA DIPIORIA
- AKD GROOJE CERRENT LIRFAT- FAVIA FRAGUM, MANICINA AERFOLATA
1IONS  TO THE NORTM LN TIuts ®
ZONEL THERE ARL SAND WAAES
P10 3K LONG AND |3 (M .
. n HICH . ,
. - tad f
W E .
& w » i
3 R . .
g ° r .
n f 4 Y
g
IRKECELAR AFTIFF WITH MOINDS ] CALAT tanrr\' OF SEDl- CATUH KEZES A%ND BANKS DUMINAKTLY
N PATCH RANAS ANT ( HAKNE IS REL TG MENT IYEES TORITES ll‘ll!l\ PARLIY S LARY LSLER A /
‘ LP T4 e TOLS OF FATUH } CHAVEL 0% AND AROERE ANIVNIg S ARE B BINART AT .
b A REEFS| siirs asn mavey Fra1 ann ar Rrlrs COARSE 1D FINY Antapawe wALIm Ty o1 1WETA, Tonal- Py
AND | 10V VATER (EVTT SAND IS SAND FROIORTION OF LI%E ATCAL  DAATE WA ASTITIARLY n-n
s | rianar siaracio. airrign, DARK VOFANEC MINFRATS IRAPAILSITS FOEATIRIES  C RAsS MEDS| 8¢
GRASS | AND nimMOCKY DFCREASEY SEANMARD  NOT | “RTNLY IMALASSTA T1SIUDENLY 8.0
' AK OBVIOUS (OMPONFRT OF | CALCAREOUS AMD NONSCALCARFOUS
BEDS THE SAMO PRACTION IN THE | aLLAf, JRIPVELSTES $5CLLF™TILS,
SFAWAAD QLARTER 0OF THF FAVIA FRAGLS, MARLCINA ALREOLATA
LOKE HOLDIW{RTAKS, BURROMING SHRIWF
' - . ARD/OR VORMS /
.
.- .
' »
- FEET v
b b . .
w Q D
2 o ¢ W , ,
) N W S

6 Bathymetry and environments,

Watering Bay.
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* 'if . _aabundant seawatd in depths between 5 and 10 feet’' (1.5 and 3 m)
o e ) " where scattered small reef knobs  aré developed.‘ﬁ

! Circular and crescentic shaped "blowouts" are eroded by

> waves 1n water,depths of less than 5 feet (1.5 m). - These pits

are up to 15 feet (6.1'm) across and have a relief of one fqot

(0.3 m). The substrate, consisting of Porites porites and P,

divaricata rubble with interstitial coarse sand,fis'expoged at

v

é the edges of the pits. ‘ ' hl LT

| o ~ | - .

¥ Central Grand Bay

% BeloQ 15 feet (4.6 m) depth in Grand Bhylthe grass be&s !;

\ ? change character wheEher théy'ére extensiongvof the shﬁrewafd '

beds or are separate beds. The proportion of Thaiassia is ,

§ . reduced, and Diplantha;a apd szodocta are the dominant érasses.

; The calcareous algae are mainly green algae (Fig. 7, Plates 9D

T , ) and 9C). |

: N There is a geﬁtie, almost 1ndi?tinguishab1e_r;}ief be tween

% . the higher interior of‘the grass bed; and the adjacent sand. The

; ’ gubstrate,'botp within and adjacth to the grass beds, is fine
sand. . a7 )

; o ‘ P§tches of mh;roscopic non-calcareous algae, mainly

Dictyota and Sérgassum, are alsaﬁdéveloﬁed in the deeper parts
of Gtand Bay. The deepest beds observed, either of grass or

algae, were at 25 feétc(7.6 m) on traverse 16. At greater depths

e

in Grand Bay-samples were dredged, and the bottom could not be‘

°

‘seen because of turbid water.
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TRAVERSE

16,. GRAND BAY -
SEDIMENTARY ZONES .

. BOTTOM ENT A
BATHYMETRY LOC. SEDIMENTS ORGANISMS Plotes
DESCRIPTION ’ ; .
T REEF [ IRRFGULAR SURFACE 0-0 & W, B RN -AIGAL ROIE AW MUNTASTAFA ANMULARLS AT MARGINS
NP Q| CRESTLorFre. TRAVFE (MAINLY SH1cKS), | TORGIFS ASTFROIDFE AND GONDY TN ON
[ . ARUNDANT, MNILLYPORA IN FIAIFS
" p METRES| e ! SRR
< : CACANNELS ') 10 7 %, WIDF, COARSY, GRATNFD RIMODAL OX ROCKR RINGPS AS AROVP
W . ARRUPT SFAWARD FNDS WHEFRF SAND WITH PORITES GRAVEL .
. RADIAL | 1% s0cKk, GRADEAI IN GRAVFL. )
: ROLK RINCKFS RORMAL TO RZEF
1) ZONE | creST RISE PROY 3 M. 7O pESY .
. THAN | 9, DEPTH  SAND WLTH i
., . SYMNETRIUAL RIPPLES IN
\ FIACES, UNKIPPLED FLSEWHENE
: . . .
-
' .
. BACK- -
REEF |"ORIZOXTAL SURKPALE Witk LOARSE GRAINED SAXD SPARSE MOLIUSTAN AKD FrHINODERY
LOM REILIEY PATCHES OF RIFPFLE 4 RESTS UKINODAL ISFALKA. »
UN- GRAVEL NEAR BACK EDCE OF COARSE GRAINER, RIPPLE , LEFY
STABLE] agrr. saxp airrtEo-xanaow TROUGHS MIMOUAL, \FRY
- | SAND |uRrESTEO AND sYuMETRICAL~ COARSE AND NMEDIUM SAND.
. . LEXGTA 13-38 CX,, NEIGNT R .
.| FLAT [s5-7 ¢n. maprr, crrsts ar . ‘
" LLA-190° ALINUTN,
- wle URRIPPLED POR TP TO WO,
w P~ BACK OF RADIAL 708K .
el ol - , :
o = . .
(-] o ' .
@ ' n I
M T
n . FRON PLAT AT 3.1 4, TO | nivopaL MrOtUN YO PINE HEGLIGISLE, PATCHES OF SLUF-GREEN
t LAGOOW AT 3.0 M, CcOmVEX GRAINED SARD, ALGAL MAT ON LOMER HALY AXDICATE -3
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more open, seaward reefs. On the most shoreward reefs Porites:

porites ‘and P. astreoides occur.
1 - ) T —— P ————————————

PATCH REEFS

‘
3

" Patch reefs in Watering Bay range in size from small
R )

Porites clumps 10 feet (3 m)' across to Grand Cay which is an

elliptical reef approximately 900 feet (274 m) long and 480

feet (146 m) wide (Plate 2). Maximum relief of the reefs 4

.

above the floor of Watering Bay is 15 feet (4.6 m).
. . The reefs are poor in terms'of numbers of species.'&The

dominant species is Porites porites with lesser amounts of P.

divaricata and P. astreoides (Plates 8A and 8B). The latter

two specfes are common oniy near the top of the reef faces 8qd
‘ . ’ i
on -the reef flats near low water level. W Other coral species]

~

are presént only at the north end of Grand Cay which'is affeﬁtéd
by larger waves entering Watering Bay from the northeast. f Lo«
© . o I

Moﬂgstrea\hnnularis, Acropora palmata, Siderastrqg and;ﬂillégora

A .
are all common at that locality. Calcareéous algae, especi#&ly

s R

Halimeda opuntia, are major sediment producers on the patch reefs.

Skeletal fragments of the molluscan faurWa and the abundant

echinoids, Diadema antillarum and Tripneustes esculentus form

another fraction of -the sediment.

t .

Waves affecting the shoreward patch reefs of Jew and

1.

Grand Bays'hre larger than those in ﬁater;ng Bay. As -a resuit

the sand sized sediment {8 removed from the tops of the Jew and

- Grand Bay reefs 1eaving mainly coral and red, algal rock anﬂ

1 b

'gravel surfaces. The dominant corals are massive Digloria ‘and

Siderastre#. Millepora and gorgonians are also comnmon on the-

]
'

%
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The -700-foot (213 m) wide, subclrcular patch reef near the

centre of Grand Bay rises from a depth of 43 feet (13 m) td
- S ; .
- depth of 10 feet (3 m). The slopes and top are cbral and red

- . e
algal gravel and coarse sand. The proport1on é?ysand “increases -

down the slopes'and toward the landward edge. There. is a fairly

<

heavy cover of macroscopic non-calcareous green algae over mQqst

Pl

of the gravel. Scattered growths of Diploria, Siderastrea, Porites

'Eorites, P. divaricata, P. astreoides and Favia fragub populate

th; top of the reef. Halimeda gpuntia is common over most of the

\
g

reef but is most abuq@ant towards the landward edge.- A raised

rim at the northeast corner is mainly coral and red algal rock

’

with minor Diploria, Siderastrea, Acropora palmata, Millépora and

»

%

e '

CORAL GRAVEL BANKS

4

hAY

Three areas east of Carriacou have a shallow substrate of

g aemyae e

.

B e te ke Bl

s e Mo AT WS A ANNNA o o m e

JR— ,[/m.. .
reram

I

. coarse coral gravel populafed by scattered corals and abundant’
gorgonians. These areaé could be classed as réeés but oro s%f—
gic1ent1y different to be discussed separately, The differencéo
include a lack of a rigid framewonk, either of red hlgal encrusted
corals aor of interlocking growing corals, and a lack of abrupt
relief above adjacont sands. Similarly, where there.is abundant
mérine grass, corals and gOfgoniads are more abundant thon in’
those areas'discussed as maoine graog beds above. .
The three areas (Fig 5) are: north of Grand Cay (5 feet (1.5—

)deep) at- the north end of the barrier reef in ﬂitering Bay (10

to 15 feet (3 to 4.6 m) deep) and south of Tarlton s Point in Grand
X ]

. Bay (7 to 10 feet (2 1. toi§ m) deep). Corals 1nc1ude small clumps of

\
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‘Montastrea annwlaris and Qéa;teré&:nqada qf Diplora,-Siderastrea,

Porites astreqides; P. ébfifes ané Favia fragum. Millegora is
preSent as bladed,gvowths and as crusts on gravel and gorgonians. |
s - -4 T

The area in Grand Bay difﬁers from. the other twd in that there .

A

»

f
'

is abundqnt'Thalassfa testudinum andﬂqudocda amongst Ehe coral

- ~
- —~
a T

aﬂd-g%avdlwﬂ Halimeda qpunﬁia grows in aIl areas. T -

AP ]

. - o ) " - Y-
' STABLE SAND e : e

A av. .

. N h i .
"Stable" s a relative term. Fot example, Very cdarse sand

-

amay be stable in a given environment while medium sand Aand finer

u &

g;aLnMSIZes are reédily mdved. _In ‘the stable sand;environmént

o o
qascnof garriacbu the substrate .is fine sand with very 1ittle

t

.

d
!
b
i

-

. gravel ox mud. . IR .
. N A

Several areas east of Cariacou are protected from tﬁe strong
influence pf waves and cgrrents. The lack ‘of mgchhnical agita-—-

tion_ia'reflecbed"By'the‘Jack of current or wave—-induced sed14

ment»surface features, by the pteservation of shrimp and/or

- 1

worm’ burrow hummocks (Plate 8C), and by a grey cast to the color

H

.of the sediment.’ Thg grey~gas; is‘pfepumed to result from‘the'

__présence and action of‘blue~green.afgaé and/or bacteria and

- \

fungi In an agitated envirdnment soft drganLc films on sedi—

ment graihs are rapidly abraded and carbonate sand appears

ta .
v

/

T e . -, . - .,
white. - " R . o ;

. . N . [
”

The. region’%etween Gran%fCay and the ghore in Watering Bay

Ais protected from waves by, Grand duy and 8djacen; bAnks and patch
‘reefs. - These and the configur&tian of tke shoreline also nearly
negate the action of tidal currents.\ In local areas such as, to . j

4

-the north of raised grass beds tidal currents do ‘not appear ‘to.
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In Grand Bay below 20~ feet 6.1 m) depth there ie no'

evidence of strong wave OY current action.. As previously

,,,1

[

aoted the grasiﬁfeds in this . environment are mainly Diplanthara

and szodocea rather rnan Thalassia as in the shallower beds,:

hd 1

The differences may be related to the depths of water and degtee

s

.of light penetration, or .also~ possibly to differences in tu;bule

ence .
\

less solidly rooted~than~Thalassia, and it may be that they can

. . ey , T ————

Diplanthera and-%{modpcea appear to be more fragile and”

become the dominant grasses only in a stable non-turbulent '

N 3

environment. C C - - ; .o
W

k

.

Extensive areas of medium to coarse graineQ sand arg pte-.

These areas “are

1 ar

either shallow or unprotected so, that the sedumnt surface comes 

"\ sent in the lagoons of Watering and Grand Bays

under the influente of waves Or tidal.cun;ents, and the sand {8’
A ‘ e

ractively moved and transported,

and abundant envitonment 1n the area (Fig;S)

This is‘the‘most widespread -
Tne shall areas
of unstable sahd associated with the reefs'qr natine gfaas ber‘*

. "

are .not included here‘

- +

Moat of Watering Bay is between 7 an " Eeet (2 1 and 6.1

. 3

m@ deqp and 1s affected by waves and by strong reversing tidal

cutrents which distunb and transport the sand (Plate 7A and C).

‘UﬁsrABLs S AND ‘ , o

s+

I

i Linear north= trending marine
| .

]

}

i

rass and algae beds in this envir-

Q

onment have been discussed above. StromhuSgigas and Oreaster

— . »
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are commpnly obeeeved, '"Loggenhéaﬂ"fsbanges (Plate 7B).oEcur
near marine graés or m;croscppic non~caléareous g;een algae,
beds / Abundant worms, small gastropods and pelecypods also 1n—

habi the bottom. Features.on the sediment surface vary from

ema 1l curfent lineations to.sand waves approximetely IO feet
(3/m) long and 5 inches (12 7 cm) high. ' .

In Grand Bay the unstable sand enyironment is preaent for
proximately 2, 000 feet (610 m) behind. the barrier reef and

/on the ahoaling slope between the shoreward marine grass beds

" and the stable sand environments. . The - area 1s 4t a nearly

Constant'depth Jbetween 10 and 12 feet (3 .and 3.6, m), Medium

to coarse- grained sand on the surface is strongly rippled

v

(Plate 94A) by secondary waves passing shorewards from the reef

The shoreward edge of this back*reef sand flat (Plate 3) is a

slope of 25 to 30 degrees (Plate 98 and,C) extending to a

" depth of 20 to 40 feet (6.1 to 12.2 m) -in {hewstable aand

environment.

GRAVEL-FLOORED CHANNELS

Two'channels, one off Point St. Hiiaire and the‘othgt~off
Kendeace Point (Fig: 5), are floored by coral -and algal gravel

with intérétitial_qnd patchy coarse sand. Both channels are 20

to 26 feet (6;1 to 7.9 m) deep.

Scattered Diploria andSiderastrea heads, Montaétrea

annularis, gorgonians, Millepora and Diadema antillarum are

"

present in the channel. off Point St Hilaire., " There are outcrops

"of the volcanic conglomerate exposed on Paint St Hilaire to a

depth,of 26 feet‘(?.9 m) on the seaward side of the channel

[

3&%#
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This area 18 the site of some of the strongest tidal,éurrents
behind the.barrier reef, often resulting in choppy water when
’ . w' -
the currents oppose the wave direction. o .
v Lo ’ t

There are no large corais or‘gorgonians_in the channel off

1

‘ .

i
P

Kendeace Point. ‘'No currents Were observed' there during the
~

study. However, the presence of the channel and the texture
’ : ! , ‘ ,

5

of the sediment indicate that currents are active here, probhably -

vl'

during strong easterly storms when waves transport considerable

aeh
a

water oter the reef into the lagoon. . . ~

. T REEF CREST
This envir&nmenc, from the uppex break Jdn slope .on the el

reef front to the edge of the- back-treef gand} is the '‘biologically

iz

most complex and variable submarine epvironment east of Carriacou.

"It is the site of maximum organic production and the obvious .

source area of most of the lagoonal sediment.
All the reef crests mapped (Fig. 5) are characterized by

extensive encrusting growth of red algae, by abundant red en-

crusting foraminifera (Homotrema rubrum) and. by the absence of
sand except in small protected depressions. -
Y

Several sub-enﬁironmentg, anyone of which -may or may not
. . ..
be present along a given traverse across the reef, constitute the

reef crest environment. From the seaward side the sub~environ-
ments are: the gently sloping outer reef tefche at 17 to 10

feet (5.2 to 3 m) depth, the spur and groove zone, the algal

ridge, the boulder flat and the radial zone. ’ -

i

Watering Bay barrier reef ¢crest-is nearly 10,000'fee¥‘

(3048 m) ‘long and up to 1,200 feet (366 m) wide. .It is gemerally

R R - , - -
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“350 to 400 feet (107 to 122 m) wide. The reef crest on tra-

verde 5 (Fig. 6) 1s representative of the northerd half wherer .

the spur and groove and radial zone sub-environments are

absent.

South of approximately traverse 6 a radial zone i1s devel-

oped, reaching its greatest develépment near traverse 8 (Plate

2), This zone consists of ridges and-cthannels oriented‘normaf

¢

to the reef crest landward of fhé‘algal ridge and boulder flat.
Maximum relief is 10 feet (3 m). The channels are floored by
coarse sand and coral and algal gravel. ' The ridges are ex-
trémeiy variable and may consist of red h]éal coated bouiders,

of coral and algal rock,. of living-Montastrea annularis or of

living Acrbpora-palmata (Plate 6C). Seaward the ridges merge

‘with the bodlder flat and theﬂchannelé become shallower. Mounds

combosed mainly of Montastrea annularis and areas of scattered

*
Acropora palmata JFowth-were observed in this zone.

The bes$t developed spur and groove features observed. on
the reef frodt occur near traverse 9. Thej'ére less than, 100

feet (30.5 m) long with less qﬁaﬁ‘lO feet (3 m) of ;élief. The

;

!

grooves (surge channels) afe ﬂs to 20 feet (4.6 to 6.1~m)‘w1de
aﬁd floored ?y coral an& ;ed aléal rock. - ‘ -

On traversé 11 thefre i3 a major reef pass at a depth
of 50 to 60 feet (15.2 to 1§.3 m).>‘Strong watef.currénté wer;_
not\ébserved,in thg.pass which is floored by medium to coa?se—

grained sand. The coarsest sands in the pass occur near the

bottom of the adjacent steep reef élbpes.

S bW g i e |
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South’of the reef pass to approximatgly traverge &4 two
reéi ridges are separateé by a 50 foot (1§.2/m) deep channel
runningfpérallel to the reef front and opening onto the reef

pass. Shallower parts of the inmer ridge have abundant

Acropora palmata and Millepora growth, but for the most part

there is 1little coral or algal growth on - the ridge crests.

The Grand Bay barrier reef crest is not as.well known as

that of Watering Béy., The few observatipns made on the reef

front indicate that spur and groove structuyres are poorly -

-

developed or absent and that the reef front terrace-is mainly

coralline and algal rock with minor coral growth. Heavy surf
conditions precluded examination of the algal ridgé.
A wide radial zone is present on the lagoonward hé&f of

the reef crest and is extremely variable in composition and in

devélopment of the ridgés. Acropora palmata is not as abundant

as it is on the Watering Bay reef crest. Montastrea annularis

and Diploria are the most abundant corals. Where the ridges are

‘of corallinée and algal rock and growing corals (Plate 6B) the

relief is more abruptnthan in Watering Bay.
REEF SLOPE

The barrier reef slope environmént is outside the gently

@

sloping front terrace of the reef crest and extends from about

15 feet (4.~ 6 mf,to 60 to 75 feet (18.3 . to 25.9 m) water\depth..

&

The nature of the bottom, sediments and organisms of the Water-

ing Bay barrier reef slope north of approximately traverse 6.5

is outlined im Figure 6. ; .

-

b e s e S o . P . - - -
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To the south of traverse 6.5 the slope is gentler (6° slope -

o~

overall) and has .less coral growth, especially on the upper

. < B
parts. Ridges of 1living coral parallel tojythe reef crest
occur on the reef slope and have flat sand areas behind theﬁ.

-

They occur progressively deeper on the reef slope towards the

~south (Fig. &). The Gran%ﬂhay barrier ree f slope 1s probably

around 5 to 6 degrees. Ridges are developed at a depth of
. approximately 60 feet (18.3 m).
Coral growth ts gxfremely active in this environment.

Massive forms such as Diplorjia, Montastrea and Siderastrea are

- /i
- . /w\'- 2

the dominant corals.*

1
. FORE REEF e - -
t » .
4 This environment was observed only during dives near the

R A N Aty .
-

base of the Watering.Bay barriet reef slope, and on a few
s ra ' N
occasions when the water was unusually clear, through a glass—,

~

bottomed box froﬁ the surface between Littlé Tobago and Carriacou,
North-~south ridges and channels_predominate. Some, and probabl&
most, of the ridges a}e sites of aggive coral growth, Sand,. h
coral rubble and algal nodulés éake up the rest of the bottom.
Gorgonians and sponges probably ate abundant, as attempts to
sample the bottom with a snapper type. sgmpler oéten brﬁught up *
pieces of the se organisms. ' . - |

Kranck (1968)‘§e50tted that, in this region of the southern

Grenadines, sand pdttom is present behind the reefs and islands,

but that wherewer currents are _uninterrupted, as in the fore-
. < -

5 , N

(*} o reef and inter-island erdvironments, the bottom comsists of coral
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% . . " growth and algal nodules. - She interpreted thin patches and "°
fCo & in the corar | '

. : stringers of sand in the coral growth-algal nodule areas as

‘ being transitional, undergoing tidal and seasonal changes.

This interpretation is probably coredect on the basis of meas-—

ured current strengths.

’

i\ SUMMARY AND DISCUSSION

\
The submarine areas east of Carriacou are the sites of corr-

deposition. Three bays are enclosed by a well-developed barrier

7

é .
% siderable carbonate sediment production, transportation and
H

¥,

¢ .

§ — coral reef lying from one-quarter to one and a quarter mile
{

2

(0.4 to 2.0 km) offshore. The flora and fauna and. their
asgodiatiqns in the various environments are not significantly

- different than those described in many Caribbean reef areas.

4 +
s

The two main bays (Waterinéfand Grand) contain.the same

major reef and back reef environments (reef crest, unstable

sand, stable sand, grass'beds, patch reefs and beaches) but

TR W v

with differenceé\in their development. Thé”dlfferences can be
‘, related to differences in exposure to waves, size, bathymetry
and hydrology of the two bays. ) -

Grand Bay is more exposed, larger dand deeper than:Watering

O e e i

Bay. Larger waves impiﬁge on the reef front, and larger secomd-

ary and)wind waves are developed behind the reef in Grand Bay .

A °

than .Watering Bay, which is partially protected by baqk? and

STt e e ANTRORER
1

small islands to‘the east and northeast. However, the bottom
of Watering Bay is scoured by reversing north-south tidal cur-

rents which were not observed in Grand Bay.

s
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similar environments ;n the bays:

(1)

(2)

(33

(4)

¢s)

beds and the barrier reef is deeper than 20 feet (611 m) =

‘'waves. Stable sand substrate is uncommon in Watering Bay

and occurs mainly in. small areas assoclated with the outer

e B s L SR eEreerrrrh x ok s e e 4 [ Ro—
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Pl

The above differences cqase the following contrast in
. “a

‘.

Beaches in Grébd‘Bay are well developed'agd‘are composed
of carbonate sand trénsported shoreward by the waves.
Beaéhes in Watering Bay Are poorly devaloﬁed and are
composed mainly of black, terrigenousvsand tranaported‘to-

the shore ‘by ephemeral streams and sheet ‘wash du¥ing rain

storms.
Shoreward Thalassia beds have a much more extensive and

varied associated flora and fauma‘'in Grand Bay thanwin . Q;f

Watering Bay.
Thérunstablebsandasubstrgte in Grand Bay is transported '.;
sQoneward from the batrier réef into:tﬁe deeper lago;n by .
secobdary waves. That in Watering Bay 1is transported

mainly laterallyhby strong tidal burfentg.

Nearly half of Grand Bay between the shorewsrd Thalassia ;

and is floored by stable sand which is not moved by normal )

edge of the shoreward Thalassia beds behind Grand Cay
A back-reef radial zone is well developed on_ the landward

side of the barrier reef crest only in southern Watering

Bay and in Grand Bay.

=N
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" CHAPTER 3 - SEDIMENTS N

7 SOURCES

glr\;::both Grand and Waééring'B?ys sediment is mainly bio->

clastic carbonate with minor ampunts of terrestrial material
. o v

in the shoreward areas. No fndrganidall§ produced loose cat-

'

bonate &rains\were observed.. Tﬁerefore, thé'main“sediﬁent
sources are those environments having a high productivity of_,/u/—
organisms with.caybonate skeletons. o,

- . Barrier Reefs

»

- Barrier reefs are obvious sources of most of the sediment

in the bays. Corals, coralling’alg&e and Halimeda, the most
:

common sediment contributors, a

re all abundant on the reef
cfests where they are exposed to viggrous wave action and to °
weakening qu erosion by various boring and grazing orgahisms
(?ee Goreau and Hartman, 1563; giscussioﬁ.id‘Swipchatt, 1965,
Chapter é, yiiliman} 1974). Other sediment contributors on the
. reef crest include the echinoderm and gastropod infauna.’ |
, A wide range of grain sizes is produced on the barrier

»

reefs—from 3 feet (0.9 m) diameter boulders Bf Acropora palmata

to mud-sized grains. It is extremely difficult to estimate the

grain size distributjon of al]l sediment produced. There is no

.8ingle place one could sample such a grain size distribution.
. . )

.

The coarsest gravel sizes are proqdced and transported inter-
mittently by storm waves, and are concentrated on the boulder

flat of the reef cre;t or immediately behind the reef. Sand-
N - . 'l -
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sized, materiel is probably produced and transported in trgifion ’
: ' ‘ i

load nearly continually by the waves and currents washing over -

the reef., Very fine sand and mud-sized material.is probably
" .

v o pfoduced coptinually sand transported in suspension load almost ’ i
S~ ’ :

immediately. A long term, detailed éampiing program of these

materials would be required to estimate the rate and grain size

,
3
.

i

distribution of sediment pr&ductiqn. ’ s‘

. Sediment produced on the reef crests is moved into the

lagoons by waves and currents passing over-the reef. Sediment.

lobes trending to the northwest in Watering Béy behind the

e R

barrieyr reef indicate the direction of net sediment trangport

1
[
'
t
:
}
!

) “ i . under the influence of waves and the dominant north-flowing

tidal currents (Plate 2).

° /
‘ »
;

. o Patch Reefs

. . )

-

; ' ’ ' The role of patch reefs as suppliers of sediment to the
Ty . lagoon in Watering Bay is also clearly evident.on Plate 2.

North of most of the reefs there is a dark "tail" of green

g -

algae'and grass beds. The plants use Porites porites rubble

swept\from'the reefs by the north flowing tidal currents as .

P

[ holdfasts. ,Sand-sized materiel, derived from broken coral,

o . Halimeda and coralline‘algae on the patch reefs is tranéported

- .

o . along the same trend.
| ) The one large patch reef in Grand Bay does not appear to
supply coarse’ sediment to the‘a&jacent deeper environments

§ except possibly for a small amount in a landward direction.

i ( ) The sediment on the iower slopes of the rdef is as fine as “the : #
: h .
}
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Q(, v ' . sediment present in the adjacen; stable samd envitonment.'

. Marine Grass Beds

>

The generally abundant calcareous flora and infauna of
the marine grass beds produce considerable sediment. Within
the beds skeletal breakdown is probably mainly the result of

»« biological processes such as boring by algae, pelecypods,

., Worms aﬁd spdnges, and grazing by fish and gas;ropods

’

)
Kok

(Swinchatt, 1965).

Wave action on.the shoreward beds probably does not move

E ) Tt " much sand-sized detritus seaward. Most material of this size

: graée is trapped within the beds by the grass, or moves shore~

-~

~ward onto the beaches. Fine sediment éoved seaward ih suspen~'
sion is quickly removed from the study area by ;urrent;. o
Beds in a‘'position to suppiy sedimemgﬂto the unstable sand
;- ' environment (elongate, north-south beds in Watering Bay) were
described above as lacking a plentifui associated cdlcareous
ﬁlo;a’and fauna. vTherefore, they are unlikely to be impdrtani

'sediment sources, .

Deep beds in the stable sand environment of Grand Bay pro-

duce coarse (Gasttopods and Halimeda) and fine (Penicillus,

Melobesi;; Udotea).sediment. It is doub;ful thdt much sediment
! is moved from these b;ds except for some of the fines during
severe storms. )
. | In\genetalimarine grass beds do not supply Quch sediment
- T ta ad jacent environments bﬁp do produce andbzécumulate seaiment

e

in place (Scoffin, 1970). % - ;
. e [N

- i

™
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excavated by waves or currents and broken,
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quna of Sand Environments
. “ o - ' ]
The skeletal parts ofﬁpelecypods and echinoids living in

the sand environments form-only a small part of the sediment.

Cemented linings of burrows of shrimp and/or worms are often
supplying multi-
granular grains to the sediment., !

'Tertiégy Qutcrops’

N

onqene"to‘Plibqene outérops on land supply mainly sand-- -
) .

and mud-sized material -to some of the beaches and shoreward :

v

grass beds. Main sourcg rocks are andesitic and basaltic

variable agglomerates and tuffs. pyroxene, olivine

@

PlagiOCiase,
and magnetite are the main minerals,

IS

and the beaches are black

-

where terrestrial supply dominates (mainly in- Watering Bay) .

' - T

. During a‘rain storom samples were taken of material washing
- A t

down the c1iff on the southern side of Tarlton's Point, of the’

suspended material in sea water a few feet from shore and of

the bottom sediment a few feet from'éhorelv X-ray diffraction

analyses of the less than two micron size fractions of the three

.

samples exhibited .only peaks characterfatip of montmorillonictic

and expandable clays. |-
Boulder depasits of volcanics and 1imestone§ are present

k3

near shore at the foot of cliffs on the three maihupdintslpf.

: . -
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« ° SEAFLOOR SURFACE FEATURES .

5

N

Features such as ripple marks and current lineations are

direct evidence oé\fhe action of waves and currente‘whioh
. N /

transport bottom sediments and affeft their textures. Orient-

ations ‘of the5e features and the paths followed by bottles balf

N

filled with water and teleased to drift with northerly flowing-

tidal currents in Watering Bay are mapped pn Figure 9A.

-

In Watering Bay the dominance of northeriy flowing tidal %

currents is borne out by the abundance of irregnler asymetrical
ripple sets which are steep to the north .Asymmetricaf ripples,

steep to the south, were of short duration'and were observed

-only at two stationsthet were occupied for a. full day, ' Two

]

types of grain‘moveﬁent on planar surfaces were observed (sites
indicgted by "P" on Fig. 94A): scattered roliing of individual
grains at locwation 50, and gsaltation and 501116§ of toarse sand

over the ertire surface at location 45.

Regular, long-crested Symmetrical ripples, indicative of

\

‘

\Wave action (Harms, 1969), are present only in three ‘areas:

N

W

immediately behind the reef, in the shoreward third of the bay,
and atxthe northern end of the bay where qaves ate refracted
J »

around the reef and into the bay.

L
.

g 'Infcfand Bay very regular, 1ong—crested symmetrical ripples

are indicative of the dominance of 'wave action Waves passing

K

over the burrier reef,%re refracted and diffracted, crossing the

back- reef sand flat in different directions from diﬁferent

’ i
segments of the reef to produce a4 complex pattern of ripple

-
- .

orientations (Fig 9A)

o

. . -
‘.
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4@ or 0,06 am) in each of 262 seafIOor,

‘arbitrary division,

, purposes.

 near the base of the geef front of Watering Bay and the. other |

‘Z(IBTb)_was from & Iinear deposit' of moliusca
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» ) .
) / GRAIN SIZE CLASSES

~ . - ~
. . N v

Percentages of gravel (sieve diameter coaser than -10

or 2 mm),~«8and (4 to =1¢ or 0.06 to 2 mm) and ‘mud (finer than
e A i I'e
beach and core samples.

v

were plotted on a ternary diagram (Fig -8) which is divided _"' -
. : , 3

according to the grain size classification o£ FoIk (1968) and

The classtfication is modified in that one

Folk et 81.(1970). .
percent ra:;::\tﬂan 0.01 percent gravel content is required

This, is an

o

before the prefix “"slightly gravglly"his applied.

used to separate the samples in the "gand"

evenly for mapping
1‘_\ . 3

Y]

3

and "slightly grave11§ sand" fifelds more

A striking feature is the abunddnce of sand fg}lowéd by

gravel, with little mud-sized material. Only three samples
» -

¢

contain less than 50 percent sand and they contain.more - fhan’
A .

50 percent gravel. JfTwo-of these samples (21, 38).were collected

.

°

l{{ and coral debris;

-

at the ‘base of the sibpe from the back-reef sand flat in Grand
TS 7 o " ) . Ly

Bay. -
T 0f the seventeen samples contq%ning more than 5ipegcent

mud only five coﬁtain more than 10 percent mud. THé‘dost'mud’

rich sample contained 17, 06 percent mud. and was ftom location
{

109 in a shotewatd Thalassia bed on ttabgrse 14 in Grand Bay

Other mud rich samples were also from's oreward Thalassia beds,

from deep water ‘in central Grand and Je Bays and from depths

greater than 20 feet (6.1 m) at the northern end of Watering
Z-s..rn ' - .

Bay. (Fig. 9B). ' ! : )
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. gmS

CLASS  ~.

-

NUMBER OF
SAMPLES °

7
[

\/‘~45»
.69

s

x‘i - , ‘ l °
. N , | "
) - 4
Total 204

' M?DDY-SAND“ ‘ms'

MUD 121
(340 '
K0.062 MM)

"prefixed by "slightly.gravelty. (g)" if>1.0 % gravel

{

9:1
SAND: MUD RATIO

Fig. 8 Textural clanse.é,‘of éeQiir;xent.-
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SAND'
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(00625 to 2MM),
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. « AREAL VARIATION OF TEXTURAL,PARAMETERSk T

Maps of‘:exturel classes, mean grain size,,grain size
. . .

standard déviation, hkewneSSandIUJrEosis‘are presented in,

"Figs .98, 104, 103. 11A and 11B reééecéiéely. The statiptical

“parameters .are moment measures (see Appendix 1) calculated by

computer using 5.5 0 (O 0225 mm) as the mid point of the pan

fraction whie# was finer,rhan 4 9 (O.OQZSAmm).

o

In thé-ﬁorereef environment ocutside of Watering Buy;.

-

. gravelly to slightly gravelly, coarse to very coarse skewed,-
" b - -~

meso- to -leptokurtic sand samples and un'sampled grnbel areas

are attrihutable to proximity of source, in situ coral and
coralline algae growth,_ahd strong_tidal currents.-
. On the reef slope from south of traverse 7 towards the

north there 1is yn increase in graln size from mainly coarse

sand to very coarse gand. TextureS'chanée from‘sand, slightly-«

gravelly sand and gravelly s and to-shndy‘gravelﬂ The northward’

increase in grain size probably reflects the development “of .
~

_stronger tidal currents to' the north in the festriction between

the reef and the banks around Fota and LLtFla\Tobagd'Islands

(Figs. 1 and 3). . . . - Kl
. Lo \

The sea floor on the re¢ef crest is dominantTy‘ﬁoral—aIgall

‘rock, coral growth ahd gravel as large &s baulder size (coasser

than 25.5 cm). AnalyZed sand samples were from-small.dééressions

1n the rock and’ from amongst ‘corals.

In the unstable sand environment of Wdtering Bay che grain

size distribution of the.dominan; sediment type is moderatgly

-

widely dispersed; meso- to leptokurtic and qither‘positlvely or -

o R T o Theen e o oS
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negatively skewed coarse sand. \Wﬁves‘have their greatest

N v

influence. in the immediate back'reef and at the open northern
end of the bay. Oscillatory wave éuf}ents winnow and remove
the finer grain sizes to produce the coarser and ‘more ‘negative—

* ' S

ly (coérse) skewed sedimeqts in these 'areas. 'i’ :
Samples from deeper water immediateyx nor th of Watering ‘
Bay haye iess gravel and are f}ner (medium grained sand) than
samples'from ghe shallow back-reef area. They are also finer
than samples from further north. This is probably a '"shadow
effect" to produce an area of deposition., The coarsest grains
swppt from the -bay are deposited near the top of the slope, the
intermediate-sand grain sizes come to rest on the slope'a;d thea
finer gralns slzes are removed t& tﬁe north, PFurther to the

»

. . u '
north the currents sweeping ar%nd from outside the barrier

.reef affect the bottom and the sediments are coarser grained.

Fine sands and mud are swept from the area and deposited in the

lee of the island or in deeper water on the western side of the

Antilles Ridge. C

¥n Grand Bay, samples from both ripple troughs and ripple
crests were taken at most‘locations on the unstable back:regf
sand flat. The grain size distributions of ripple crest
samples have single modes iﬂtermediate to the modes of corresg-

ponding bimodal ripple trough samples. Ripple trough samples

always contain more gravel, do not differ greatly in mean grain.

_ size, are generally mére widely dispersed and are more platykurtic-

compared to correspgnding ripple crest samples.
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In both ripple crest and fipple trough samples, the

shoreward decrease in gravel weight percent , mean ‘grain size,

. and ‘standard deviation and thé concommitant increase in'néga—

tive (coarse) skewness is the result of shoreward transport and
proéressive selection and-windowing of thé reef produced ggain
size éopulations-by wave action. )

fhe finer grain sizes, winnowed from tﬁe back-reef unstabie
sand flat, come to rest in the deeper stgble sand environment .
where they form bimodal fine grainéd, moderately widely dis-
persed, sjﬁmetticél to strongly fine skehed, mesokurtic sands.

The general relative fineness, wide dispersion and fine

skewness of samples from shoreward Thalassia beds are the result

\of the baffling and trapping effects of the grass. These pro-

cesses and effects have been discussed at length by Ginmsburg
and Lowenstam (1958), Swinchatt (1965) and Davies (19701)
Samples from Thalassia beds in Watering Bay contain more
mud and less gravel, are finer grained and have more widely
dispersed and more finely skewed grain size distributions than

do comparable samples from Grand Bay. Larger waves in Grand

Bay cause greater winnowing of fine sediment sizes and greater

in situ o§ganic production of coarser se{fment.

If the blowouts observed in the”Thalassia beds of Grand
Bay migrate (Patriqdin, 1973) there 18 a periodic reworking
of the substrate to produce coarser sediments. The surf;ce
sample grain size.distributions may répresent only a transient
population. Deposits developed below the Thalassia beds where

blowouts are active’cgﬂgist of gravel with interstitial sand .
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and may be indistinguishable texturally from deposits of

higher energy en&ironmenés once evidence of grass growth is. .

removed (Patriquin, 1973). '
SCA%TER PLOTS OF GRAIN SI'‘ZE DISTRIBUTION
- 1, ~
STATISTICAL PARAMETERS

écatter plots of the moment or graphic.statistical para-
méters of graio size distributiond against one another have been
used by ;any authors in_an attémpt to distinguish’between‘depos—
itional ;Avironments and to elucidatg sedimehtary processes.

r

“ Mason and Folkl(f958) and Friédman (1961, 1967) are notable
examp'les of studies employing scatter plots with some Ssuccess .
to differentiate Beach, riveg and aeolian deposits. Friedman
(1967) has related the observed differences to simple process
models‘of beaches and rivers. Beach deposits are affected-main1§
by waves, river deposits mainly by currents. However, submarine
deposits may be affected by both waves and currents in any.ratio
of relative intensity. Also, in carbonate areas, sediment is
produced in situ by the growth and death of organisms with
calcareous skeletons. Thefefore, congiderably more difficulty
hfs been experien;ed in differentiating submarine environments
bytscatter plots of grain sizg digtributign statistical para-
meters (Ho?kiqs 1963). ] .

Folk and Wward (1957), Folk and Roblgs (1964), Folk (1967)
and Hoskins (1963) have found that plots of standard deviation,
skewness, and -kurtosis versus mean grgin size often result
in slnusoi&al rélationshipsfu fhege trehdg, which are best

developed for .beach samples and poorly developed for

submarine samples, have been explained (Folk and Robles,

©

ccanlicr e S
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., 1964)) to result from the mixingtof distinct grain size popu-~-

- 2

latfon related. to different source materials (eg. skeletal

ux- A

materials of different orgqﬁ%smslzi ‘ ) .
'Standqrd'deviation‘vs. mean grain size and standard de-

viations vs. skewness are plotted %or samples from Jew and

s

Grand Bays (Fig. 12) and for samples,ﬁrom-watéring-Bay (Fig.

The various environments from which the samples were

taken are inditated by different symbols which alse indicate
| . .
Sample-locazities on the index maps. .
No distinct groupings and separations Jf samples from

different environments would be evident without the symbolé.

Indeed grouping is somewhat obscure even with the symbols. In

»
Y

bétp a}eés the plot of standard deviation vs. mean grain size
has the greatest resolution. This is due mainly to mean grain

size. Skewness is less diggpfﬁf;ating of environment than is

1)

mean grain size.
No sinusoidal trends are readil; apparent in the plots of

Although some trends

standard deviation vs. mean grain size.

could be forced from some of the data, their reality would be
highly sus;ect, and they bear no relationship to what is known
of the preferential grain size distributions of different
skéletQI materials and possible population mixing. .

The patterns of the scatter plots may be e;plained in a
very genera} w;y in terms of pfoximity to qéurcé a;d current

v

and wave effectiveness. o ’ : .

w
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Jew and Grand Bays

7 @

'Samples from the fore-reef, teef front, inter-reef channel,

. immediate back-reef and patch reef are closest to or situated

within areas of very active sediment production, and ar%)also

e

subjecfed to the strongest waves. Fore-reef sediments agé

also affécted.by*strongxc;dal currents, Thééefore gample; from
thes; h;eas tend to be coarse‘graihed (Fig. 12). Except for
four of the-thi;ty samples, whiFh aré medium grained sand, their
-mean grain sizes fall.within the very coarse and coarse~grained
éahd size ranges. Samp1e8‘from these environments also have
the widest range of staédard deviations of ;ny group of sa;ples.

. o .
Samples with wide dispe?hions (i.e. large standard deviations)
can be explained by their being collected in areas of in situ
coatsé sédiment production. Narrowly dispe}sed grain sgize
distributions of other samples are S result of strong sorting .
by wa;es.and currents and a lack of coar;;‘sediment production
nearby.
Most of the samples from the back-reef unstable sand flat -

were collected in pairs from adjacent r;pple crests and ripple
troughs. Since this environment derives it; sediment from the

barrier reéeef and is not itself a very active area of sediment

production, the samples tend to have a finer .mean grain size

and  a smallér range of standard deviation values than do the

samples from reef associated environments (Fig. 12). Ripple

trough samples are all bimodal. Ripple crest samples are

unimodal, with a mode intermediate to thoase of the ‘trough

. ‘ . .
samples. - Therefore, these two groups of samples are not
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: (' distinguished from one another on the gasis of mean grain sizes,
r N
P which are similar. They are distinguished by ‘the wider dis-
™ - o N
* pefsion of the grain size distributions of the :rough"samples.
ki e ) . Ripple trouigh sample$ also plot separately from the ripple crest

samples on the stapdard deviation (dispersion) vs. skewness plot.

This is, in part,-because the sorting power of.wave's forming the.

e

ripples causes tﬁe grain size distributions of the ripple crest
hd .
samples to be neither preferentially coarse skewed nor prefer-

entially fine skewed, while the dominaint fine grained mode of
o : B
the ripple trough samples causes the standard devgatlon of the%r

L) “ Ed ¢

grain ‘size distributions to be coarse skewed.

S se .
e CPEINRIL SIS ot g

-t - The deep stable sand environment is well removed from the

>

d .
1

barrier reef and is the only bare sand area-not strongly affected

—

by the winnowing action of waves or thrents:~ Therefore, samples

from this environment tend to be -fine gréined and moderately

widely dispersed (Fig. 12). '

.

Marine grass beds in Grand Bay have.a wide occurrence: from

A

BT AW S wd

moderately ‘qaéiet water areas where theré is a sparse associated

fauna and fine grained, widely dispersed’grain size distributions

are deposited, to areas of considerable agitation'where an

i ' abundant associated calcareous flora dnd}faunE‘is developed and

coapsef'grained sediments (coarser fractions produced in situ)

with widely dispersed grain size diatfiﬁutions accumulate. Thus,

' %

a —_——

on the scatter plots, the field of occurrence of grass bed

7

samples is wide and overlaps most fields of other environments

-

Q (Pig. 12). o ' Ce

) R o ,.

i
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show a distinct trend. They become finer with a slight téndency

. i
 Sea it al ML TR T ISR A e o b e s 0a o:..,;(. -
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& N B i

.t
'

Beach samples were all collected during summer monthsAénd

v

the surface samples are fine grained as compared to samples P

taken dne-Half to.2.inches (1 to 5 cm) below the surface. The .

. ' ' ’ - B a - . N
coarser subsurface laminae probably represent winteér beaches, ~ . !

'

fn equilibrium with larger winter waves. All grain size dis- -

tributions ;are narrowlg to mgderately dispersed .and their scat—

ter plots'éveflap into the fields of occurrence of back-reef”
) B

-unstable sand ripple crest samplas and reef hssociatedrsediments

(Fig. fZ).lfThe grain size distributionsdo not show a tendency
to be either preferentially coarse skewed or fine skewed. . !

/
o
:

]
Watering Bay

The grain size distributions of samples from Watering Ba}

Bemmecteam = & -

to be more,widély disper%ed, ioving from barrier reef environments,

.

to the unstable back~reef sand,” to sand deeper than 20 feet north
of the bay and to marine grass Ekds (Fig. 13). This progression

is related to chanfes in proximity to sediment source and in

streﬁgths of waves and currents in éach environment. The fore-

; .o ?
reef and reef front environments are close to the sediment source:

and are affe&ted By large wavee and strong ﬁurrents. The back-

kg .
reef unstable. sand environment is not an area of sedimgnt"pro— .

'

ducmion and 18 affected by weaker waves and currents than are N
the reef associated envivﬁnments. The_érea north of the bay is .
not an area of sediment production .and is the lee of the reef ‘

and ‘back reef sediment pile with réspecc to the(strong north
¢ N ‘v
flowing tidal currents. The samﬁlea from mariqk gra%s beds are.
/ o . v

Lo o ' - \ S , /‘-
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‘ﬂall from shoreward areas which are not greatly affected by

they are determined bﬁt%nsﬁprt‘and depositional processes. Con-

v
- @
e 2s Py e e o e 3 b g e me s pé g s
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waves and currents and do not ‘thave an abundant associated cal-

careous flora and fauna.

CONSTITUENT GRAIN COMPOSITION

°

When the scatter plots and the maps of statistical para-

™ s et

metets of grain size distributions were discussed above it was

il

noted that ripple crest samples' f om the back-reef sand flat in

Grand Bay consistently have unimodal coarse to medium sand size, /-

moderately widely to moderately/narrowly dispersed grain size o

consistently intermediate to
15y 1
the modes of corresponding bimpdal ripple trough samples,

distributions. Also the mode 1

ngples from the'adjééent deeper stable sand environment are
bim;dal with a finer phi arit mélic mean grain size (fine sand)
than the samples on the back reef sand flag {fﬁg c%arse mode
corresponds to the mode of the ripple ‘crest -samples ;nd the fine
mode is finer than any on thp sand flat

" The non-random pattern of occurrence of the grain g1 ze
modes may be 1ntérp¥ecgd in one of two ways: the“mJQ%s represent

. | :

fundamental grain size populatjons controlled by the size dis- .
.- ! .

tributions of the structurallunits of different organisms, or

trol of the gtain'élée mode s/ by skeletal structures should be
J' .

discernible by determining #&he grain size distributions of

~
-

4
copstituent grains, o .
i

Constituent grain compositions of each of the half phi 8l ze -

fractions coarser than 3.5 phi (0.088 mm) weréd: determined for

three samples from Grand Bay. Grain counts of the available

Iy i

J

R
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grains in thin sections of each size fraction, up to a total of ;
) eight ) |
300 for each fraction, were divided into A. tlasses as follows:’ ;
) - . |

., Halime da,torais, coralline algae, molluscs, Homotrema, echino—
derms, miscellaneous, and unknowns (Appendix 2, Fig. 14)

t
The three samples were selected to represent the three main

types of sediment grain size distributions present “in Grand Bay

138 RT is a bimodal sample from a ripple trough on the back-~ 'é‘
-~ . ) Iu

reef sand flat, 138 RC is a unimodal sample from a ripple crest

o

at the samellocality, 136 is a finer grained bimodal sample from

the deeper stable sand enviroament.

¥

Even though the grain size distributions of the two samples

.

collected at locality 138 are diasimilar, the total constituent

L)

grain compo@ﬁtioms are essentialiy the same (Fig. 14). The,

change in composition from lécation 138 to location 136 consists

l’ 3

‘of an increase in the abundances of Halimeda and coral fregments-

and a decrease in those @f coralline algae and Homotrema fragments,

, -

the abundances of the other constituents remaining the same. All
of the Jat}ing constituents are.supined‘to the semple locations

only from the barrier reef and the change {no qompésition can-’

not be felated to differences in supply and source. Locgtion

136 is 625 feet (f90 m)yfutcher eway from the r‘eﬁ than location

138 and the change in composition miiht be congidered a res%lt‘

of different abrasional resistances of the congtituents. T@}s
. ’ T

might expl#in the decrease in abundance of Hom

v 3

trema fragments
X e : T o
A : “away from the reef, however coralline algae, with its denser

e ! N ’

2 & and more compact microstructure, should be morle resistant to

)
e

~,

( o abrasidp than Halimeda or coral. 1In the abpsenice of abrasional &

-

resistance data this hypothesis {is not indispu ae}\k

Pyt
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?hg left side of Figure 14 consists of ‘the grain size
htstograms of each of the main components in the three samples,
d.;;‘general thé actual size distributions of the various compon-
ents reflect the overall size distributions of the samples.
Exce tons are the mofluscan and coralline algae fragments in
sample' 136 and the Halimeda fr;gments in 138 RC, all of which
- have modes coérser than those of the overall distribut;%§s.
The histagrams demonstrate that individual constituents
do not have a strong effect on the overall grain size distri-
butions.“ In ordet to present the data in a form which allows-
tacogniti;n oflprefetred grain s8ize distributiods of coygtnent

types,- histograms of grain count percent per half phi interval

‘ . ' 4 :
-were constructed (centre of Fig. 1%). 'In this way the relative

proportion of a given constituent in a size fraction, independent

of the abundance of that size fraction in the whom sample is

obtained. - J .

r

Molluscs

Moiluscan fragments téndto be an importaﬂi constituent in
size fractions cdarten than ~-1.5 phi (2.83 mm? telatiée to the
other. components. These 8izes represgnt the whole or éqarly
whole‘skeletons of the molluscan 1n§auna. In.terms of absolute
abtndance héwever, mglldsc fragments show a non—preferantial
grain size distribution or reflect the overall grain size dis-
tribution. The sitze distribution of a pelecypod—gastropod'
‘placer from Isla Petez, analysed by Folk and Robles ¢1964), had

a somewhat coarser moda}around -1.75% phi (3.36 mm). Conaghan

‘. R
G Tl AT
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(1967) found that the proportion of molluscan fraghents,in the

various size intervals was more uniform than for most other

constituents although there was a tendency for them to dominate

in the size intervals coarser than 0.0 phi (1 mm) in some

sahples and finer than 2 phi (0,25 mm) in other samples. Samples

, from Mahe,‘aﬁalyzed by Lewis (1969), also had a higher propor-

tion of molluscian fragments in the size intervals coarser than

. . P -
0.0 phi (1 mm). o
o

The uniform micro-structure of molluscan fragments results

B

in their breaking down in a uniform manner so that ffqgments

~ N - ,ﬁ‘-
do not display preferred modes in restricted gﬁai?‘size ranges.
- “ : L '
‘Corals '

Coral fragments are. most abundant in the size intervals

around and finer than 2.0 phi (0.25 mm) relative to the other

components. These probably represent the unit microstructures

_of corals, such as the 1.25 to 2.25 phi (0.5 to 0.21 mm) thick

walls of Porites, Aoted by Folk and Robles (1964) to account
for thehgreat ab;ndance of coral fragments around 2.0 phi

(0.25 mm). Coﬁaghan (1967) also found coral fragments to be
proportionally more abundant’in the size intervals finer than

2.0 phi (0.25 mm). In terms of absolute abundance howeyer, the

- grain size distributions of coral fragments closely follow the

overall grain size distributions,

¥

§; Coralline Algae . ’

The absolute grain size distribution of coralline algae

3

also close1§ follows the overall g;fin size diatribution.:
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Relative to the other components coralline algae are nearl} un~
iformly present in all grain sizes with a possible slight

preference for sizes around 0.0 phi (1.0 mm). The relative
N [¢]

o~

homogeneity and fineness of microstructure results ih non-pre-

ferential breakdown of coralline algae in the sand size range.

Halimeda

The grain size distributions of Halimeda fragments show

the greatest development of preferential bteakéown‘indepenﬁeng'
of the overall grain size distributions. They tend to be more

abundant proportionally in the grain size ranges-around -1.0

. &, . .
phi (2.0 mm) and, to a lesser degree, finer than 2.0 phi (0.25

mm) than they do in the intermediate grain size ranges. The

coarger mode is composed of whole segments di_segment which have

been broken in half. The finer mode consists of fragments dis-

"playing the porous textﬁre of the surface layer or single tubes

or parts of tubes from the interior. Conaghan (1967) found that
- .
Halimeda fragments tended to have a uniform distribution, with

o consistent modes, Foik and Robles (1964) discussed two pre-

J

dominant modes at 0.5 phi and 10 phi, which theyﬂ%pterpfeted as
representing broken Halimedanseg;ents one-quarter .the diameter
of the. whole segments and individual araéoﬁite crystal units
réspectively. |

Given originally slightly different size ranges, dependent

upon species and growth conditions, the breakdown of Halimeda

segments tends to proceed in quantum jumps. The platy, fragile

whole segments tend tq break across into less platy, hence

“
©
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stronger frggmentg. This breakage continues until the result-
ing plates are in equilibrium with the stresses inherent in ‘the
envirénment, i.e. until there is:insufficient levérége across
the plate for the‘available forc; in the hydrodynamic eanviron-
ment to cause breakage. There is a lowgrklimit to this process,

probably around 1.0 phi (0.5 mm) diamp@er when the grain is

4

neatr equi-dimensional. S~
) /
Equi-dimensional Halimeda ains decrease in size mainly
by abrasion rather than breajiage. The_reéulting fragments have

diameters of 2.0 phi (0. mm) and finer, representing the inter-—

tube walls and porous -outer layer of' the fine structure of

"Halimeda segments Some grains of this size are also produced

during breakage of larger plateé into smaller plates.

E

A~ . .
The Gltimate structural units produced by abrasion in all

stagdf are the aragonite crystals in the 10’phi (0.98 microns)

rd o

e sizq range. ,Whether or not an abrasion or breakage product

remains in the enviropmént where it was produced depends on the
grain tranpport competence of the environment. For example 10
phi dust.will*hgt remain in a beach or réef flat environment but
will be remove& to settle in quieter environments. J

The above discusgion congiders only physical abrasion.
Biological abrasion caused by browsing fish, holothurians and
gastrapods,tburrowiqg o¥ganisma and biug green algae must also

play & role ftn the bteakdown of carbonate grains but {s consid~

ered to be of lesser importance in the shallow back—reefhenviroﬂi

’
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SUMMARY

The main sources of bioclastic carbonate sediments eagt

LYY N
of Carriacou are bartier reefs. Patjh reefs in.the back-reef

areas are fmportant;ghppliers oé sediment only in Wafering Bay.’
Marine grass .beds’do not suéply m;ch géediment to adjacegt'bare
sand environments but:do produce and atcumulate considerable”“
sediment in place, Tﬁe infauna of the sand environments fora
only a small part of Jhe'sedimént. Terrestrially derived. sands
are imgortant.compbne ts only in beach and very negrshore envi%»

onments of Watering Bay, where waves are weak and do)not supply

the nearshore environments with much bioclastic carbonate sed~-
. -

iment.

L
Maps and scatter plots &f the statistical parameters of

grain'.size'distributions are consistent with‘the relativg
'sxtensﬂ#es of waves and currents as deterﬁined by seabed surface
features and general observation.‘ Used in conjunction with one
another the map;°and scatt?r plots also allow some general in-

terpretation of transport and depositional processes. The

A}

scatter plots by themselves do not allow separation of environ-
?

. . : ;
ments. ‘

Samples from Thalassia beds have grain size distributions -

o (
i

.with wider dispersion and finer skewness than samples from un~

stable sand environments at the same water depth. Thalassia

\
\

grass .protects the bottom from waves and currents, allowing
finer grain -sfzes to be deposited. Larger waves in Grand Bay

°

than in Watering Bay cause a gredter winnowing of fine grain

sizes. and greater in situ organié‘piqduction of coarser grains, . g'

)

)

e
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As a regult Thalassia bed ;amples from Watering Bay are finer
grained and have ‘nore widely dispersed and finely skewed grain
s%ze disFributions.than do ¢comparable samples from Grand .Bay.
The grain siie‘distributions of sémplés from Thalassia
bgdé may %é‘a transient feature of{the:deposits. Migrationlof
%}owouts within the grass &eés (particularly in ‘Grand Bay)
would result in periodf:\winnowing and final deposition of sed-

iments indistinguishable texturally from deposits of higheT
. - . !

energy environments.
In Watering Bay 1ong crested symmetrical ripples,indicacive

of wave action, are present only immediately behind the barrier

'reef, in the shoreward half of the bay and at the northern end

of the 'bay. .Current 1ineatiqﬁs and irregular crested, asymmet-

rical ripples,'which are. steep to the north, attest to the
dominance-of the north flowiﬂgatidal currént over mQ%t of the
bay. The currents transport all dqnd size.matefial_supplied by
the reefs northwards. Coﬁrse sands are depgsited near the to%
of a Blope into deepér water étrihe oéen~northern end of th;

s

bay. Progressively finer (mediuﬁ sand size range) sediments

a
s

are deﬁosited down the slope. . Furthér north, the grain size
of Bottém se&iment is again.coarger~as strodg tidal currents
from outside of the reef gwgep‘atound the northérn edd of the
barrier reef ;nd swing towards the west north of Carfiacou.
Some of the fine sand and mud produced on the reef and in the

bay is deposited interstitially in the coarser sedimentss How-

ever, the bulk of the finer grain sizes does not come to rest
' ' . @

v




R

R v o—

L

Ty

4

T T

g p—

>

-

AN, N s e e

e o

——— e — - -y

’barrier reef produce an complek pattern of regular, long ¢rested,
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wifhin the study area and must be deposited in the lee of the
island or in deeper water on the western side %f the Antilles
Ridge.

In Grand Bay there are no sea floor features indficative

of current action. Waves crossing the back-reef unstable sand “

flat in different directions from different segments of the i
symmetrical ripples. fraqsport“a;d wih&owing of reef sediment
shoreward by waves result in decreasing mean grain sizes and
increasingly coarse skewed grain size distributions across the
back~reef flat. The finer grain sizes, winnowé& from the back-
reef flat, come to re;t in the deeper stable sand environment
of central Grand Bay. . ' ;

"The consistent pattern of occurrence of preferred modal
grain sizés in ripple crest and ripple;trodgh samplég from the
back-reef flat and in samples from the adjacent staéle ;ahd

environment is not controlled by the breakdown of different car-
P . . o

P

bonate skeletons into preferred grainxsiiea controlled by skelet-~

a} gtructural units. Only the breaydown of Halimeda appears to
be strongly controlled by organic‘étructure, but its preferred

grain sizes are not related to the modes of the total sample .

r

grains size distributions.

The preferred grain size modes are ted to

processes of transport and deposition of sand waves in the

back~reef environment,
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(LCHAPTER 4 - HYDRODYNAMICS OF SEDIMENT TRANSPORT -
(28 .

PREVIOUS WORK -

H

In general there are two approa;hes followed concerning sand

, t;ansport and depeseition. One appraach, typified by the preced-
ing thpter, consists of treating gfgin size data and‘their
derived statistical paramefefs by one or more analytical or -
plotting techniques in an effort to place tﬁed'gn empirically
and broadly defined env;ronmental groupinga: Often an atteéempt

is made to relate-the results to processes or‘Qon—quantitative

process levels such as 'winnowing action' or 'high energy'. The

ot e T e M e

other approach applies h&drodynamic theqty”éﬁa ﬁ@ume studies 6f

_sand Eransport and deposition for which there is a considerable
4 literature (See consolidated bibliography in Middleton, 1965;

pJopling, 1966). The main geological usé of most of the studies

has been to inferpret primary sedimentary structures in terms

of flow regime,.

ety

A few studies have attempted to apply results iﬁftheoretical
and xperimenéal work to grain size distributions of the maeerial

transported and deposited. Using an empirical transport compet-—

ency curve, Inman (1949) speculated on the progress sediment

sorting effects of unidirectional flow inthe Mississippi River,

»

Brush (1965) performed flume experiments to test the ‘basic

. o At~ ok L AT Y, AT 4

-equation describing the equilibrium suspended sedimi;’ concentra-
tion profile in steady, two-dimensional, oﬁep~channe1 flow and

speculated on bed~load sorting due to gravitatiofal pliding at

the lee. face of dunes and ripples, opling (1965

studied

.W.x.:.:"lr,.’r e nt g SRR - L R
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sediment sorting and grain size disqribution inysusbension

transport and deposited in the lee of small, flume-produced '

deltas aﬁd then (Jopling, 1966) applied these results in a

very detailed hydrodynamic interpretation’ of a similar natural

structure of Pleistocene age. . ° -7 .
B&fore theoretical and experimental results“can ‘be applied

to the geological record with any degrée of confidence, they
< v - N

must be tested in modern natural situations whéVe one can rmake

in situ measurements of the process inéuts as well as of the

o

. .
textural and sedimentary structural.responses. Whether omgfaot

the responses, as preserved in the ancient record, allow 9qeduate

definition of all the parameters necessary to interpret thea

processes has been, and remains, a major stumbling/block.

. Sternberg (1967 1968, 1971) and Kachel and

SternBerg (1971) used a special remote instrument system con~-

1st£ng of stacked current metres and a television camera w

L ) .

layer canditions and to observe initiation of sediment movement

3

and raggs of -ripple migration in marine chan

to 42 metres

deep of £ northern Washington State. 'The resylts, to be discussed

in Chapter V in connection with the Garriac u~dhta, generally
compared favourably with sediment - transport theory and flume .
study results L

Dyer (1972) related variationé‘in bed shgar. stresj&s (de~

rived from measured tidal cutrent velocity prbfiles) in the West
. .

¥
Solent between England and the Isle df Wight to the tppography

of sea floor gravel wdﬁes, and suggested that these variacions

"u , t

re e - e L ) - -
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can-producé éimultadéous\depositioh of sand arnd gravel in \
o : \
. varying proportions, . ) : \ J
- . ° ' ‘d
. | 3

N

Allen (1971) compared the areal variation of tidal current

. ’
T - .
’

valociti and sea bottom orbital velocities of waves in the.

PRI
[ A

"Gironde Est%ary'to td%-areal variétions of‘bottom sample. grain
. ' )

size parameters, He. found textural Parameters reflected the
* - o ’

A variations of the s&f)ngths and ratfos of tidal current and

wave ‘energies as represented by velocities ébﬂ these in turn .

were controlled by the bottom tepography. He also concluded ) Tl

. P . .

' i
‘ . that 'hydraulic analysis and eroeion curves can probahly be , 1

Cyoy .
¥ » o '

effectively used in analyzing modern:depositional environments'

e

?

- 2 ’ 5.
The above studigs all deal with' sediment transpart in uni- N

7

directional flow, either in stream or tidal currents. In the
= . - ' ' : L) Pz
' study of sediment transport by oscillatory {(wave) currents the '

. experimental work by Bagnold (1946) and Mafohar (1955) and the

,analyflcai work of Komar'and Miller (1973, 1975) are used extgns~-

YN o - ‘. ,
' tvely in the following sections.™ Cook and Goraline (1972) .

U

N

ST E R R 8 TG Bhrs sg e o

ks

employed ane 4nd wave. current meas1remencs and ‘sediment traps

‘to study sand transport by shoaling waves. off several beaches

?

s

- . " dn southern Califotnia. R o }
. v .
b . In the present study very limited wave data were collected.

T huowever, in Watering Bay tidal current velocities were measured

and §ed1ment craps were used to sample sediment,acfuaily :raJ§§
- potted undet varying conditiona and dt different lévela‘near the

L) -

aedtmﬂpt aurface. As fdar as the- author is aware, this 1is thes

b}

;only_shcﬁ stuay in a ﬁi; e unigirectional flow regdime.

.
“t C
.- . .
¢ Y \ o ' ’ .
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f APPLICATION OF SAND TRANSPORT EXPERIMENTS AND
THEOBY TO SKEE?i/ﬁ)CARBONATE GRAINS IN SEA WATER, .

& e

/ Most experimental and theoretfbal ‘data and results pe{éain

Py »

o terrigenous, dominantly quartzose.sands in fresh water. To

cbmplex“wiructu}es,and shapes and highly variable bulk dd gities

(Jelliet al,k1965) requires some theoretical modificatigns and

justification. The odly‘hY@godynsmic parameter of ske etal

carbonate grains for which there is sufficient Qsta is the\set~

! }

. { »
Maiklem (1968) measured the'intermediate diamete

T

tling wvelocity.

imating sieved sizes) and settling Velocities of individual

N

.(approx-.

skeletal carbonate grains in sea‘watedr The values for Halimeda,

coralline algae ahd coral grsins are replotted in Figure 15 and
’ & . A , ~
compared with settling velocity curves calculated by Rubey's

;' Y, - .
(1933} general settling equati¢n. The theoretical.curves are

L 4

for quartz sphepesiin fresh water, at *25° C afd_solid aragonite

©

and calcite spheres in se& water at 23.5° C. " The settling «

-

velocities of natural grains genetally ploc below these curves

,/4 -

/because of lower bulk densities and/or irregular shapes. Settling

~

veiogity, controd led by whage»andithe difference in density ;f

. 20 ‘ ; . ke :
the/pérticles and fluid medium, is,€;2-;:;§*psgameter determin-

— ing wﬁether a given grain will be carried in suspension or not.

[

x
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Fig. 15 Settling veloc:(itte‘s related to grain size for'
skeletal carbonate graéns in sea water,
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analyses of samples from Grand Bay are representative of' back-
M SN -

reef sediments east of Carriacou (61 to 68% caoral and coralline

N -

aigae and 12 to 21i.halimeda). Settling velociites on ;re average ., -

curve for skeletal carbonate grains are approximately 20% less

\
than on the curve for\ quartz spheres.

From.ghe data en bulk density of carbonate grains in Figure
15 it would appear that ¢t e average den81Ey for a mixture of
skeletal types is slightly greater than fer quartz (approximately
2;7§ versus 2.65). ‘An increase in buik densgity of 0.05 would
* have the'effect of increasing the settling velocity by less than
29%. Therefore, the 20% difference in settling velocity is a
™

. result mainly of shape factors
After size, density and shaperare alse che main sediment
grate parameters detefmining.threshoia uf'mqvegeet velecities
and tranmsport behavior in bed load. From the-above discussion
deneity eiffefences can be igﬁpteé. However; the effects of
shape verietiens in natural carbonate sediments are likely to
.Ibe.igsertaet but cannot be determined exactly beeauee of the
irregular- and wide variafion in éhape. "The emplrical'average(w
uettlingrvelocity curve £or skeletal carboniate grains\(Fig. 15)
will be used. This cutve is approximately equivnlent to that
for spheres with a density of 2 2. Eenerally apheres are_eaaier
to dislodge end tol% than are itregqlgr ehagesy‘ﬁhic? usually
come to rest with their minor axed near.vertical andftheir centres

of gravity lowet than those of spheres of equivalent siéve size.

(apprdximaced by 1ntermed1ate diamecer), Thus it may be expected

' Ty

‘that gredter ahear qcress would be tequired to initiate movement

)
‘of irregularly shaped cabbonate grains than would be required to
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initiate ﬁouement af the more equant and regularly shaped quartz

.pe%enéeﬁcurVEsﬂf5i"quarttj which_consists of velocity versus

- 73 - | | <

érains generally used in studies on which erosion competence

curves are based.

From'the'above, it is probablé that higher current velocities

A

are required to initiate movement of carbonate grains than equiv- ;
. \ . . '

. .t N } - ,
alent size quartz grains. . B In the absence of a traction competence
A . - *» .
t . - {
curve for carbonates, a published traction competence curve based

o !

on'teqfigenods (mainly qdartz) grains in fresh water will be used,
& - 4

Bottom observations, current measurements and sediment trap re- -

sulté.w(ll serve as a check on the applicability.of the curve to

carbonate sediments in sea' water, The effect of using the, com-

Rt
v

meak\grain stze, should be- to displace the apparent repreeenta-

i

tive "grain size towards the coarse tail of the grain size distri—

butions.

- F'Unidirectional Flow

,Q‘moré coﬁpletefdeveiopmént and discussion of hydrodynamic
theory~as it r;Iated to Bedineht erosion and trinsbqrt in uni-
directibnalelbw'ma&‘be foﬁnd in Inman éi?49)ﬁaﬁﬂ Inman (Chapter
J, in Shepard,'1?63). Only a hxief outline of the important

theoretical relationships 16 presented here.

Shear velocigy (u,) 18 defined as a measure of shear stress

(7ro) exerted by f\uid flow on the bottom such thatf

Gheré p 1s the £luid densi{ty. For currents over a rough surface

(one in which surface irregularities pro1ect through the boundary
7,

sublayer and tirbilence extendg to the very bottom)whe 3 veloéitf

is related to mean average velocity (ﬁ) at some distance s above
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the bottom by 'the von Karman-Prangtl equation:
i

[[:u* lnz+zo’
ko 2q

wiere k, 18 the von Karman constant (approximately 0.4) and Z,

is the roughness length related to the height of the bottom

roughness elements. This equation accounts for depth of flow

below the measuréd mean average velocity and bottom rougﬁness,
both of which h%if a strong effect on shear stféss applied’to

the surface beldwl a flow, of given velocity. The logarithmic

von Karman-Prandtl relationship allows plotting of velocity

’
¢

aghinsc the 1ogarithm of height above bottom, and straight line
excrapdlaﬁion to a velocity of zero to obtain an approximation
" of roughness length‘(mefhod more fully outlined by Inman, in

Shepard, 1963). The values of 2 ,, G and = may then be used to '

calculate shear yelocgﬁy.

The von Karman-Prandflvequatipn m;y be simplified and the .
:oughnesa length term rehoved’by assuming that zo 18 small rela-
tive to. two heights above bottom (Z; anq,iz) at Qnich average

. . . < e

velocities Uy andIUQ)‘are‘heasured.

UZ - U1

The %bove equaiion may be used to direcgiy calculate shear

Then: ux = kg

L

velocity. ‘ N . .

The threshold of movement of cohesionless gralns of a

planar bed can be defined by the threshold shear stress or

corresponding threshold shear velocity which 1s'juat sufficient

-~ ¥
.}‘* f

» . . A
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to Svercome the grqvitational and €rictional forces holding the
leaét firmly ‘bedded géains in place. Inman (1945), using
experimental déta from Wh;te (1940), the U.S. Waterways Experi-
menta)l Station, and Nevin (1946), calculated threshold shear
velocities which he plotted against .grain size to produce a'
competence}curée (Fig. 15). In this figure thé grain size
axis has been r;versed so that coargsest diameters are to ;he

left for comparison with standard ‘grain size histograms, These

valués of ux are generally referred to as threshold.criteria
* / "

9

‘for initiation of grain movement, when in actual fact they are

based o; measurements for general sediment motion (all grain
sizeg on the bed in more or less ;ontinuous motion). Hawever,
Ste?nberg's (1971) detailed obbervagioqs and data indicated
that the combéeence curve based on uffig appliéable to terrigenods -
gediments in the natut;1 marine environments. His calculated
vidues of uxy at the times of initiation of generalvaediment

motion on a variety of beds with diffetentﬂg;ain sizes and beddi®R

structures correlated well with the competence curve.

- ware
The data used to constkuct the comppetence ~curve based

on experiments with bed materials of. very limited grain size
ranges, using the ﬁedian diameter as tHe rebptesentative‘dia—
meter. Sternberg (1971) uséd mea: grain %}ameter for grain s#le
distributions with phi standard deviations ranging from.O.Q.phf
(weilhsorted) to 1.97 phi (6oot1y sorted, approaching very poor}Y
sorted). As reviewed by Jopling (1966), thg E%lﬁ of,evidence

from experiments using variouslytborted bed materials, suggests

? -

-y
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Fig. 16 Relation' of grain size to settling: eloc1t§
and to threshold shear velocity and roughness
velocity in unidirectional flow:
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thgt coarser particles tend to move first exﬁept where the grain
slize distribution of the mixture is very.poofly sorted, Turbul~
ent eddies generated by the coarser grains of moddrately sorted
,sediment migxtures do not penetrate fully into the interstices
where finer grains are partly shielded (Sundboxg, 1956; as re-
pofted in Jopling, 1966). Thefeéore, the finer grain:sizes of

a moderately 'sorted mixture do éot begin to move until after

the qéarser gtainé; and the threshold shear veloclty'corresponds
to that of the coarser size fraction. Thus the représentative
grain size diameter to be used with the competence curve appar-
gntly varies frpm the me&ian or ‘mean for begter softed bed mater-
ials towards the c&arse tail for more éootly sorted materials.
This Fffect will be oompounded‘by the apéareni‘shift in repre-
‘éentative grain size towards.tha coarse tail which results from
the use of the competen&e curve based on quertz for skeletal

carbonate grains.. ,As discusseq_dbove, carbdnate graihs are ex-

pected to have higher threshold velocities than equivalent size

P
’,

quartz grains. ) . ' &

i

The von Karman-Prandtl equation given above.for calculation

-

of shear velpcity can be used only for hydrodynamically rough

surfaces. Inman (1949) stated that experiments by Nikuradse -

' (1933), Fage (1933), and White (1940) indicate that the criterion

ﬁdr surface touéhness {s a critical value of a Re}nvlds Number
(u*d/v,\wﬁere d is°bottom gxgin diameter and v. 18 the kinematic
visco;ity) Such that 1f the number is greater th;n 3.5 the bottom
is hygrodynamically rough. A curve u, = 3.5v/d (vl-:0.009 cm?/se

o - r

for water at 27° C) is plotted on Figure 16, For plots of u, vs

3
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grain dia ete} lying above this curve, the bottom is 'rough',
From th7/'roughness curve' and the competence curve (Fig. 16)
it i8s opvious that sediment surches composed of sand 0.18 mm
(2.5 @) in diameter or céarser, and being transported by‘fluid

flow, must be considered to be 'rough' and the von Karman-Prandtl

equatioﬁ for rough boundaries used. | >

- Suspension of grains by fluid flow occpés when the grains
kave the sediment surface and follow the random motion of the
turbulent flow aboveythe bed. (riteria for the onset of siénifif
cant suspension wer; reviewed by Jopling (1966) who found that
available expefiméntal evidence indicated significanﬁ suspension {
of sand-sized particles should occur when shear veloclty equals
settling velocity. This was the criterion uggd by Inman (1949)

1"

on the basis of experimental work by Land and Ka}inske (1933).

A curve setting the average settling velocity of skeletal carbon-%,
ate grains (Fig. 15) equal to shear'velocity is included in.

Pigure 16 and is an empirical suspension.competence' curve for-

The combination of the traction competence and suspension

¢ompetence curves in Figune%lb divides the graph into three areas:

¢

(1) . Area of no ttagsporf below both curves,
(2) Area of bed—load\or traction transport between the
twey curves. '

(3) Area of suspensfon-load transport above the suspension '¢

competence curve. CoN . .

\
.‘\
Rlid
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As an example, a shear velocity of 3 cm/sec would be incapable

of eroding grainis coarser than 0 § (1 mm), would transport
J

grains between 0i g (1 mm) and 1.81 ﬂ (0.28 mm) in diameter as

\
LY \“

bed load, and grainq finer than 1.81 ¢ (0.28 mm) as suspension

L3

load. ' &

In realiEy the boundaries between non~transport and the
. ( ‘
two modes of transport are transitional. This transitional

character is reflected by the scatter of exﬁerimental data

which is enclosed in the broad band representing the traction

competence curve (see Inman, 1949;,éternberg, 1971).

2
Oscillatory Flow

x
2 - \

The passage of water waves proguces an orbital motion of
N - 3 & i

‘water particles 'in the’directionfof wave advance such that the

particles returnhnearly to the same position after the pasgage
of each wave and an oscillatory flow is set up.

Airy wave theory for sinusoidal wavesiﬁf low amplitude 1is
cdmmoaly upe& to‘describe the métion of water waves and is diw- ~
cuss;d more fully by Inman (in Shepgrd, 1963).

Measurements of wave period fT), water depth (h) aldow.cal-

- .
culation of an approximate wave length (L) by the equation::

L -'Trh tanh (3%‘.‘.1)

where g is the acceleration due 'to gkavity Beginniﬁg with deep

v

L\

water wave length on the right side oﬁ\the equation a new value

»

‘of L is obtained which is then-re-subst tuted into the eqqation

to obtain another vaiue of L. . By using hia'lfgrative process

A

Y T VAR e s i
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; until the value of L changes by less than a given percentage

. from the p;evious vliaues of L, a very close approximation of

, 'the actual wave length can be calculated.

The Lglculated wave length and the measured parameters may
»

then be used to calculate the theoretical maximum horizontal

P component of orbital velocity at the bottom:

up = EH sinh 27h \
T L ) ;

L%

where H = wave height.
When considering sedimgnt movemené by waves the maximum
£ horizontal orbiftal velocity on the bottom is/the obvious flow
] {parameter.to consider, However, there 1s no reason to asaumi
b that the threshold shear stress has a relationship to Uy 8imilar

‘to the relationship betweed shear veloéity and average velocity

4

s in steady unidirectional flow.

Experiments concerning the movement of di{fferent graih size

T r—

s bed materials by ‘oscillatory currents have been carried out by
Bagnold (1946 and 1963), Manchar (1955) and .Vincent (1958),
employing oscillating beds beneath standing water to produce the

cuqrents.' The data fdr threshold bdttom velocities on quarts

sand beds are replotted in Figure 17. An 'average' curve could

be drawn through this data and used as a competence curve if the
threshold of grain movement under oicillating curr%nta was de~-

pendent only on'orbital velocity. However, as pointed out by

.
- i g

Bagpold‘(1963ﬁ% movement 18 §lso dependent on accelerat%ﬁn and

) deceleration, Acceleration and deceleration is a function of not

.
v \
¢ ' "
.
(




e < et ek

oo

(

SEDIMENT TRANSPORT
COMPETENCE CURVES FOR

OSCILLATORY FLOW
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COMPETENCE CYRVES
~ 1007 ‘Vo,’p FROM KOMAR AND MILLER (1975) -
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" “ " (1946)
4 I‘O : t 4 :
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{Maximum Velocity Oscillating Bed Beneath Standing Water)
Fig. 17 Relation of grain size to threshold '’
_— orbital velocity in osctllato’:y flow.
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'the above problem. FrOm published experimental data they

‘' normal . experimental errora and uncertainties arising from tbe

e . .
[V L e et et <

¢

© - 82 - . ' . ‘: b
. Voo . . ) ) .
only velocity but wave'orbital diameterVand wave period also. P

¢

The work of Komar and Miller (1973 and 1975) has raaolvad

P )

developéq empirical relationships between threshold velocity,\‘

S -

fluid and grain denﬁity, gfain diameter, orbital diameter and
wave period.. Ihese relationships. allow calculation and plotting“

of threshold of movement orbi;al velocitigs fo; different wave

periods. The resultings competence curves for -wave periods of

1, 5 énd 10‘second§ are ﬁeplotned from\§omar and Millér (1975)

A

1

on Figure 17 The curvea ate for quartz spheres and will be

uaed in this study for reasons givén above. ' -

.

The resulta of‘the above theoretical and experimencal work

with both unidirectional and oscillatory flow are subject to
~

transitionai nature of sediment transport phenomena and ftom
the approximations eften necessary in developing theoretical

v

equations. prever, the results obtained by Sternberg (1968

gnd 1971) indicate that the theoretical and‘experimental results

are applicahle ko the erosion of terrigenouw sands by unidirec-

tional flow: in the marine envitqnment. Vo ) )
, .
el & T . T ® Lo
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W © ' CHAPTER. S —,ggg;nENT TRANSPORT AND '
- R ~ " DEPOSITLION IN GRAND BAY ,

o g e RN A
@
e

o~

Sedimeht transport in Grand Ba;\iq mainly by waves passing\

. " w ) ) .
back from the barrier reef towards shore. At no time during .
' . .5 . e ° x :' - d"
. field work were currents obsered in the bHYu HOWever, as % ’

il

-
discussed above, the coarse grain siies and channgl off Kendeace

Point at the south end of the bay‘indicate that strong‘currents'

- { - 4
may be effective in that areg during strong easterly storms.

'; C ' From echo sounding records made while anchored at sampling\:
N ' . f q

S / locations and from visual estimates, the most common wave period

" - PRI P

ol o and wave héights.were 4 to 5 seconds and one to two feet re-

qugtiveiy; x}beae are gecoﬂdafy,waves-d@&elopgﬁ in the back
reef 5y7#aves breaking on the reef front. The dominant periodf
£7

and heights of ‘oceanic waves An the area are 5 .to 7 seconds and
¢

n AL W e g e

’

:, e 4 to 5 feet tespéctlvely (Fig. 2).,~ ,l

Interference patterns of refracted waves passing back from
dtfferenc negments of Grand Bay reef wete inferred from the

v .

' L pattetn of ripple c:est onlﬁntdttons meaewred on, the back-reef

i
F . o \ -
.

i sand flat gFis. 9a) and wete discussed briefly in Chapter 3.

. B P
- , -
\ ‘ - K - - -,' Y - ! ‘ ’ ]

-

| ' ”*i;",~° GRAIN STZE couvouxur porunk&xdns‘: o

g ) . r; 15 more fruttful to discuas the Grand Bay samples .

. ‘terms of‘their en:gre grain atze disttibutions rathgr -t
N - . e . o

" = tha terms of abstracted stacinttcal parameters a8 was
oy e te @ ’

ol - dong {n Chapter 3. rhe total gmain size distributions were
! L separated -into component populations. "cOmponent population"L
.4, . Co : oA . . - L .

"L}/ [ ' . y ‘ > . . ".
" . o “ ! - ,
} 1 , )Qi:} - ’ * ' A
it . ’ JI ) ) A
i - . P < ’n ”# ‘,
., e ' “3 ‘ -, s
] s //n | :" N \ ,
ety . L.
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a

in this context refers-to a log-normally.dist#ibuted grain size

. ‘L( ) ’
population which occurs mixed with one or more other log-normal
grafn size distributions to make up the total sampled populatién.

LI .
To varying degrees and by different methods Doeglass (1946), Moss
LY - .

-
(1962, 1963), Fuller (1961), Spencer (1963) and -Vischer (1965,
1969) have attempted this’type.of analysis.
! The method used h;re to identify and sépqratg component
pqp&lafiggs was the method of differgnées described by Tanney
.(1959y. Adjustments often had to be maée by progreséive.esﬁi—
mation using both probability plots ana bLst;grams. Four wide-
.spread and distinct component populﬂgions até recognized in
G;and Bay. : A ' .
An exanmple of a typlcal bimodal grain size distributiqn
(sample 138 RT) and ibs component population is shown in Figure
18. Proportions of two major popurations wete estimated from
th areaa of theutwo modes _on the histogram and from the point
of inflection between the two magjor straight line segments on ° v
the probability plot. .
The sigze di;tfibuéibn~bé-bbbuiatién IfI, comprising approx-—

imately 65 percent of the total gsamp led pdpulation, .was estimated

b4

by drawing a straight line on the probability plot, parallel.to

’

the straight line segment for sizes finer than 2 phi. This line

. 'was positioned so. that itésmean‘aphquimatea the ‘mode on 'the

histogram, and it and the estimated proportions could be- used

to estimate 'the total ffequeﬁcy percent for sizes finer than
P ‘ , .. .

2 phi. The size distribution of population I was determined by

K3

g

‘ -
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Fig. 18 Grain size component poyulations of sample 138RT
(ripple trough). Grand Bay. & .
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using the estimated proportion (35%) te calculate ‘the cumulative
percentages necessary to make the finalféalchlgted total size

o . .
distribution approximate the total frequency percent for-sizes

‘coarser than O phi. Small adjustiments were mgde to obtain a _.—

‘¢closer agreement Dbetween the calculated and actual total dis-— e\
© e ' IS J
tributions. The final difference between the calculated and \\f

\

actual whole samplé histogram is greatest in the 1.5 to 2 pht
interval, where the calculated whole sample weight percentage’

{s 17.46 and the actual value is 15.08.

N

VARIATION IN GRAIN SIZE COMPONENT POPULATIONS
FROM REEF CREST TO SHORE

Traverse 16 was the most fully sahpled traverse in Grand
£ * -

v

-

Bay and the grain size distributions of the 20 s;mples were

analyzed in detail by the above methods. Maximum-differences

between calculated and dctual frequency weight percentages per’
G

half phi interval were .less than 3 percent for all samples but’
. « N

three (differences bf,3.13,-3:27 and-4.08 in samples 136, 1374,

and 137B respectively). The fiq of those curves could probably

have been improved by adding minor compenent populations to the

-

total mikture., . ’
\4

Thé variation of the component populations of Ehg sediments °

from reef to shore. on Fraverse‘lﬁ is presented in‘Fiéu;e 19. .

. Nearly all of the-qediment on the'bécg-reefwflat and in the
«lagoon {8 derived from Ehé reef, approximgtely'qqe mile offshore,

with a rélatibely small imount‘beiﬁg derived ffom the”holluégan.

N .- - ( N ' o

. and echinoderm infauna 1&cf the back~reef sand. P e a
, . : L Fe )

a
-
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: TRAVE RSE

16, GRAND BAY
‘GRAIN SIZE- COMPONENT POPULATIONS

Grand Bay.

HE . COMFE) PODPISJE MAETAg GR'yNOFSIZgTA 4 REPRESENTATIVE .GRAIN SIZE
SAMPLE . STANDAR VIATION, Y% T L DISTRIBUTIONS 8 COMPONENT PoPS
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! - : PEACENTAGE OF / 4 SAMPLE i L
TOTAL SAMPLE ChAIN e
. ONE STANDAAD . BuTion !
.| BACK- E DEVEATION ngﬂ:m:;i l
| REEF ' MEAN GRAIN SIZE ) POPULATIONT""" ]
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Fig. .19 Grain size compontnt populations on traverse 16,
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Four main componeﬁt populaiions:argngvident,(Fig.-19).

1

These are’ present in different combinatfons and proportions to

make up most of the sampled grain size pcpulations. In order‘,,

- of coafseness,the main populations are as follows:

‘

-~ - i pagmezs o T4 Ly
e T OEFRLC L T e
o R R AR e e AL T L

1

11

ITI

. of these populations are consistent and distinctive.

1

q. - 3

% ==0.7 to =0.25 phi; o = 0.72 to 0.85 phi. The

. . . . . AN ) oL
coarsest representativés ¢f this population form .

the predominant component (46 to 70% By weight) of -
the unrippled reef sands., The finer representatives

constitute approiimately one=third, by weight, of

the ripple trough samples from the back-reef flat.

- . ) .
X = 1.05 to 1.40 phi; oo = Q.75 to 0.95 phi. This

-

populotion is the ripple c¢rest population on the

“back-reef flat. It also fokns the subordinate com- ‘

pEd *

ponent (35 to 50% by weight) of”’ the samples from the

4
:

lagoon. R ' .

~ 0

54% by wedght) of the ;éef.sampley and’ the predom~

inant component (2/3,By weight)- - af the rilple’trough'.

samples‘from the back-reef.flat.

-

X = 3,15 to 3.20 phi; o = 0.45 to-0.66 phi.~ This

' population forms the predominant- component (50 to

65% by weight) of the samples from the lagoon.

As nay be seen in Figuren19=the location and relationsnipé
I . s N

I and IItl are not, recognized in the lagoon and population IV is

Rt el - L e e S e b

Populationé
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.and the lagoon (samples 137b,c,"d and e) do not correspond. to\

downslope. Mean grain size decreases from similar tb population

- 89 -..
resgrfctéd Lo phé lagoon. s . "\
: . co )] .

The mean grain siZes of the component populations of bi-

moda1 §aﬁp1es from the slope between the ‘back-reef sand flat

J N

those of the four populations listed aboyé‘(Fig. 19). - On the ~\

upﬁer and middlé slope the coarse compbnent.populations have a

~
.

mean grain size intermediate to pdpulations I and IT and form

30 to 35 percent by weight of the total samples. At the base

L3

of the slope (sample 137c) the coarse component popunlation is
population I and forms 65 pe?cent by weight of the total s ample. o

The fine component’  population dgbreases in mean grain size

III to similar to population IV.

o

Sample 137 b was from a linear, coarse grained depdsit at .

the very base of the slope. The coarse 'size fractions.are \

3

mainly Larée fragments and whole- shells of ﬁo}luscs and echino-
derms. The grain size distribution iB a mixture' of at least
four component populations, the coarsest two ofuwhdich are coarser

-
than population I. The finest component population ie coarse

population IV similar to that of sample 137¢ on the base of the

slope.
In figure' 20 the means and standard deviations of component

populations,of selected samples on' traverse 16 are replotted

a

from Figure 19 fof comparison with the component populations of

core samples from traverse 16 and of samples from traverses 15,
S - -
? N M

[y

17 and 18 in Grand Bay.
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. X | ‘ ‘
(f. ’ ' ‘.aCord A was taken on the'b:ij—reef flat 25 feet (7.62 m)

from the ledge of the slope intg-the stable,hsand environment and .

N

was 14 inlches (35.6 tcm) longs Grain size digtribution of samples
in all paEts of’bhe core display the same component popﬁlations

- (I and II) in dpproximately the same proportions aslthé ripple’

{
¢

trouéh samples. There is no evidence of the ripple crest‘com—
1 p

ponent pobulation II'beiﬁé deposited at .the site (Fig. 20). C

) Coreﬁwaas taken part way down the slope in 13.5 feet (4.1 '

' m) of water and was'10.5 fnches (26.7 cm) long." Graip size -

distribution'of samples frog the core was essentially the eame as

N

"- nearby su face sample 137d (Fig. 20) ‘'with the exception of &
sample from an obviously coarser iéyer between 5.5 and 6 inches
{14 and A5.2 cmf depth. This sample had the same fine éomponenﬁ

populations II1 as:the other samples but also had a4 well devel— ’

oped componént population I rather than a fine population I or
coarse population LI. Also the coarse component .population

éomprised 60 rather than 40 percent of the total sample.

-

Although the component populations along the other traverses

.are not identiedl to tHose of traverse 16, their relationships

. s .
to one another- and occurrence in samples of ripple crests,

b, -

* ripple troughs and lagoon (stable sand environment) are similar.

e

On traverse 15 the reef sample is similar to those of
traverse 16, composed of gopulation I and IITI (Fig. 20): Only
one site of rippled}sand on the back-r;ef flat ofitraverse 15
was sampled. The ripple crest sample (126 RC) i% identical t§
similar samples from traverse 16. No sampléiof.the ripple F

(”3 trough was taken, however, a composite sample of ripple trough

|
©

1 R T TS

7 - v
g ! T : .
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"1 to 3 feet (.3 to’

&

. . =91 = R S

and ripple crést can be'split into‘th}ee pbpﬁlations (1,."11 and

. N - : A ] . ;

TI1). Sihceithe'ribple cmest sample was gomposed entirely of .
1,

population II, the ripplé trough must Qontain a bimodai grain ; .

©

size distribution of population.l and III. tie sameé as oh ‘
traverse 16.° The lagodn sampleg (123 and 122) ‘are composed “of »
i . . * . ) .

- -t 4 . °

grain size component poﬁulatidns'iI éand-IV as were similer

-

sampres on traverse I;T?\kn,y one slope sample (124) was {aken C

*

on traverse 15 and it"was dredged- from a terrace at 30 feet

v I

The grain size distributfdn of sample 124 appe%rs to be .

depth.

a mixture of 811 four -’ component populations.

- .

- Samples from traverse 17 have very similar grqin size dis s
tributions to tréyerse‘16 except for the two Sets of rippled . . i
back~reef flat samples (locations 150 and 1@9) which have fiher\

coarse populations in the rippie ‘€rough samples aiid finer ripple’

Noce that the back~reef aand flat is

"t

crest samples (Fig..20).
.9 m) deeper on_ traverse 17 than on traver8e~
Hence for .a "given, wave set the “pottom maximum orbital

. . - ' X . - .

16.

velocity will be less Pn_trave:se'17 than traverse 16, aceounp-'
ing. for the finer é#ﬁin'eizes." 'Q_ij ‘ ’ o ‘ | B .
The érqinksize distribp;ions oh sﬁmpies from traverse 18
are si@ilar to thode from t;eéerse”iérexcep;'fbr\two_of the:_r ’
. .o . © e

t - " .
three ripple crest samples (I59 RC, 160 RC) which are bimodal .

. >
°

gnd very similar to the'fipple tfough‘BAmples‘(f#g 20).
. - ¥ . i . '

-

-

N
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‘ ’ SAMP. WATER . I ! ! oo !
N .+ | IRAY ENVIR  _NO. DEPTH('}{ i A L C ] .
R 16 . FLAT 138 RT 12 } 3B % 5% | |
' " ) " :,; 138 RC ' l 100 % L_'_._J_ 7 .
R . e FLAT .COREA2-3" 11 - .| 55% [ 45% | | ,
BT e T W ¥ S | —457 : 55 % 4 ' {
! T ) Lo - R Lo ’ 55% - A5% % 3
6 SLOPE. 137D - 14 | 35 % | | "65%| sEE “
u;s~ SLOPE -CORE B 2.35" 3% | 40 % : 60! g . 5
‘ - T “w Y X — 5 ' !
' 55-6 © 60% . 140% | |
i
. " 6.8" . | 40% - | | 60% | |
: . T teest "] 40 %! : 60 % | |
E‘ ~ . . - " " 95405" “ l 40°/o - 1 Go OF. . i |
E 13 t s '—07'—_'_J
i - e wa6 e . 2 ) o _S0% [ __ _\50%. ___-
; .o s REEF 127 " { 80% | 20% 1 . ﬂ ]
' ) FLAT 26 RCRY " [ 40 % Q% T |7‘5‘% 3’ N
¢ < " 126 RC " | 100 % 1 | ' 4
?' . 128 " I 100% . | ! | %
. SLOPE ¢~ 124 30 : A% Legy 3% o i g
' LAG 123 a0 | 25 % I 75 % l
o, i 5% O/
_________ 2248 L o a5% | 55% ...+
i REEF 153 ~ 13 CSE RUBBLE 8 SAND - COMPLEX MIx
: , | e I
: FLAT 152-RT 3] 45% i | 55% | |
. . . " * =3 : )
152 RC U 00 % ' g o l|
‘ ) 15t RT 14 aiz %% E ‘—“"“—‘—l i
m " o, '
g . 15t RC ‘ ' | 100 /ol 69 0/ ) u]
" 150 RT "’ 13 | 9% 3 ] |
" 150 RC : 1 7100% ! ! :
" 149 RT 155 7y 40 %, | 60 % | [ .
; W " '49 RC CTIEY ' ' '00 O/o I ' I
{ ' SLOPE 148 ¢ 19 I 30% b :
{ : S " 148 8 24 1' . 70 % i 30 % ' :
i 148 A 25 COMPLEX CSE POPS. PLUS 60% i
5 - 768 | T | ‘f
. LAG 147 24 : 0% . 60 % i
' . ) . [} I
O a6 _ 23 A% — 0% o
p 18 REEF 163 F | 95 % | PLUS FINER POP « r
‘ FLAT 162 12 ! 5% - 25% ! |
- B S S~
" 61 RT 13 COMPLEX CSE. POPS. PLUS; 30 % I .
K i61 RC " | 00 % | 1 | .
- N 160 RT 15 55 % L 48%, ; ]
' ' oo 160 RC " : 0% ! 30 % o :
- - ‘ J59 RT 22 | - A6 % | 54% | i
* . 159 RC § | 7 % | 83°1o L |
, ‘ ( ; " <. SLOPE 158 23 } 22% | 78 % :
Lo " LAG 157 25 | 53 % | a7 % 1
| . . : - 3
T Fig. 20 Comparison of grain size component populations, ,
- traverses 15 to 18, Grand Bay. (Symbols as for
Fig. '19) < R : :
4 - jl.
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Any interpretation of the grain size data must be consist-~

aB

ent with the observed prevailipg wave and current coantions {

and allow for xhé'effeqﬁs-of extreme,:shoif-terM~conditions

A Y

duting stotms ‘The bottom featnres and grain size diatributions
of Grand Bay. had nét been subjected to storm conditions for at

» + \ .
least two mofiths prior to.the collection of the samplés on -

traverse 16.° Occasionél disturbance by passing waves of the '

grains on. the ripple crests during ‘sampling suggeats that they’

" were nepr'LquiIibriqm with the conditions pr¥evailing at-the time

+

(%Pmmer, 1968) . ' ) ' - i {}
N N 4
ansiderag;on of the nature: of sedimen; movement uander -

wave dction and the distribution of the four main ‘populations

s .
- . . " ",
- e O

suggests the following origins for each under prevailing wave.

Totu e

conﬁiéionsuonutﬂe back-reef ‘flat: ‘ o }/
Al = . P
yo Population I: Lag population \ ‘ S ///.
. Population II; ?Rolliné ) - \/l i
¢ * “traction populations Ao v ¥
Population III: .“7Saltating ) .+
Population IV: ' Suspended population . . /{
Population I ofthe regf and back-reef ripple trough ;e ies .
is a coarse lag population incapable of being cranspdrted inh a : :
depth of 10 to 12 feet (3. 0 to 3.7 m) by the prevailing w ves
For it to be present across the back~reef flat up to onejhalf .
mile from 1ts source on the reef ihaicéces it must also b; the
storm wave traction population. from the fesultswof core A ¥
. , .
. N




2l

o . ) E
AR e - L~
;ﬂ, ' : (figlvéO), population 1 is presgnt over the entiré bagk—geéf )
o ‘:' ’ n flat to a dépth of at least’laiincheg (35[6 cm) ‘Brougﬂé ‘to k o

. L S
s L s . the slope off the back-reef flat during storms, this population

{s distributed by rolling down the steep slobe under the in-
\ ! - . =
! fluence of gravity. Samples at the foot of the slope (137b,

> 1 a ° t Ay , .
148a) contain high proportiopns of coarse population* I (Figs.

J 19 and 20). ' Slightly higher on the slope3 butqstill near the
i . ) basg,ésamélé 137¢), ‘normal Qopulgtion I is ;bundant. Population
I, mixed ;ith population II, may comprise the coarse component

populations of mos; slope samples, the mean'grain sizes of

4

which are intermediate to populations I and II. During extended

gy W, Bowe

.

periods of storms population I may become abundant on the s8lope,
. . .

producing coarse grained cross' beds jin the back-reef sand body

a

.. - ) sample between 5.5 and 6'inches (14 and 15.2 cm) in Core B -
- N————Pig. 20).

Population II, concentrated in the ripple crests of the back-

w3

- reef flat, 1is the coarsest Eranspo table material in depths of

of 10 to 12 feet (3 to’3.7 m) in nprmal weather. It is slowly
brought to -the- slope where it is deposited. Since populations’

} . .
I and II are deposited at differenit times under different

R S it M L

. conditions, it is probable tﬁat they occur in separate laminae

o

L ;ﬁ' which were not noticed in the field.and which were mixed dur-

(. .

ing sampling.

- ek el v ¢

During storms population II in the fipple crests 18 the

one most exposed to wave action, and it is rapidly moved into
. . ]

' -~

the lagoon (samples 134, 135, 136, -137a,146, 147). It i's also-

(1 possibly distributed across the lagoon (stable sand édvlronment)

“
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. : ’ . . .
by the storm wavesw ’ . ‘
; .
Population III1, the saltation ‘population in water depths of

10 to 12 feet under prevailing conditions, move s rapidly across

the back reef flat to be deposited on the slope (samples 137D,
LY

Core B, 1480 - Fig. 20). It is also present 1n the ripple
troughs on the back-reef flat where it is protecteo by ‘the

coarser compoment population I.

[

Population IV, the suspended population in water deﬁtﬁs of
10 to I? feet under prevailing cond;tiOns, is the most rapidly

removed population from the reef and from across the back-reef

' flatk It forms the main component of  the lggoon sediments. The

©

coarsest representative grain sizes settle rapidly on 'and near
"the slope where they are intimately mixed with pppulation IIT
(samples 137B, '137C, 137D .and most of Core B - Figs. 19aand 20).

-

Sample 124 on:traverse 15.1is inceresoing in that it was'the
only sample wﬁich seemed to consist of alf\four of the basic
compdoent popdlations (see Fig. 20). This sample was deedged
from a terrace §t430 feet depth on the siope into the deepes;

part of the lagoon. It is possible that this'tegrace represents

the back edge of an old back-~reef flat developed at a lower

stand of sea level and “tha't it has not yet been COmpletely over~— .

riden by €he back~ree £ flat' being developed at present day sea
t\\level. ‘The dredged sample possibly represents a ?ixture of the
‘01d flat shrface sediments ‘(populations T and I1I) and the

present day lagoonal seoiments (populations II and IV).

- " The size distributions of the grass bed an&-adjacent sand

samples (133Th and 133S) on the slope between the shoreward

. '“"‘:"‘ e ‘K}:g""' \\

e

e
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( .. terrace and the lagoon (Fig. 19) suggeéﬁ that waves act on the -
. ‘ - @ ) . 4 '

B

sediment there as they do on'the back-reef flat but that the

B ] -Y
‘baffling effect of\&rass cover results in_ 4 near bottom current

,environménﬁ comparable to that of the deeper lagoon.

o

On .the beach foreshore 6f'tfaverse 16 t@é size disffibution

J ’ - surface sample appears to be a mixture of two very cloge popu-

-~ [y

' ) - lations. These may be related to thesswash and backwash of

. . ' [

normal conditions as was postulated by Vispﬁer (1969) for

-
-

simila} beach grain sige distributions. One half inch (1.27 c¢m)
' N e "

’
[ . *

- g beneath

, " the surf@ce of the foreshore theosgdimenc grain sizes are’.
. . - o e ) .
coarser and more #early uni@odal.~ This material was probably
. deposited under ‘storm conditions. } b,
* DISGUSSTION .

- g

Are the above iitetpreﬁations of the origin, transgortation~

al and depositional hfﬁtory'of the four main component populations

~ >

int Grand Bay’consistenf%with what £s known about sediment trans-~
; - ’ g . .
. - “ .
; . port and wave and current conditions? To check this the means
: . . . _LL . :
X s "and standard deviations of:the component populationg of traverse

g . ' 16 are replotted in Figure ig along with the wdve orbital velocity
: . ] Y —~

) . competence curves ffrom Figure%l?.. Since waves in Gfand Bay were.

* o . L'- .

observed to have periods of 4 to 5 seconds, the curve for a

N -
s .

period of 5 seconds is emphasized in- Figure 21. Interpolation

6 4

between the curves for peripdsof 1 and '§ seconds can be made .

i ’ to arrive at am estimate éf threshold orbital velocfties‘er
. . A .

. wave pétfods‘of 4 segonds,. - i A .

( « . . \ .
. .
- _ ° - S
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“\
-
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Waveg with a period ofIS seconds and having a maximum

bottom orbital velocity of 27.5 cm/sec should be capable of

- LN

- moying populatLons II, I1I and IV, while 1eav1ng population I

-
1

a9 a lag deposit (Fig. 21). The equivalenc threshold orbital

vélocity for waves with a periodzof 4 seconds is estimated at

‘ B

approximately 26.5 cm/sec. . ’: ,

Therefore; normal waves in Grand Bay with periods of 4 to

5 seconds and heights of 1 to 2 feet (0.3 to 0.6 m) in 12 feet

(3.66 m) of water- (depth observed on* back-reef %lht’on traverse

a

e

16)" should hawve, bottom orbi;al velocities of the order of 26.5

td 27.5 cm/sec\’“Waves with a period of 5 secondd and heights of

i J- .

1.5 feet (0.46 m) in 12 feet (3.66 m) of water have bottom maxi-

mum orbital velocities of 30.2 cm/sec. Waves with a period of
4 seconds and a height of 1.5 feet (0.46 m) in 12 feet (3.66 mY

have bottom maximum orbital velgéities of 25.9 cmf/sec.: There-,

. 3
R

fore ghé interpretagtion of grain size population I'as a lag p6p—

ulation wunder normal waves in-Grand Bay which t?anSpdrt popula-

¢

P . P
¢ .
- 4 M ¥

tions II, IIT and IV on the backwreef flat is consistent with
Q- . '
. the orbital velocfties of the observed nérmal wavgé (Fig. 21).

v

As a further check therboffom orbital Qelocitieg of the .
normal waves in 25° feet (7.62 m) of water (depth of Ehe lagoon .

v <
on travetse 16) ‘should not be capable of trapsporting ot rippling

-grain- size populations IT and IV (Fig 21). WaVes with a period
of 5 seconds and height of 1. 2 feet (0,46 m) in 25 feet (7. 62 a)

P H

of water have a bottom orbital velocity of 15. 2 cm/sec (Fig 21).

ey
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: “ s—with s-period of 4_seconds and

i wave set would be capable of transporting populazion IV grain

"

[N
.1‘
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‘& height of 1,5 feet (0,46

m) have a bottom orbital velooiéy 0of 9.9 cm/sec. The former

sizes in the lagoon. HoweveT, since'grain,siipfbopplation IV

is 1ntimate1§ mixed wikb coarser population II

which cannot be moved by 'a bottom orbital velocity of 15.2 cm/

' Sec& it £s:probable that the obseéved normal waves wou;d no
~move any of the bottom sediment {g the lagoon. . "‘£-ﬁ7
From:Figuré)Zl, bottoé orbital velociti;é of 45.0 cm/sec

would be required to move population I frqh %ﬁeﬁreef onto the -
back—r?ef flat. \%uch a level of competencé was 1nterp%eted to
oépur during storms. No s tonm waves were observed fé.egand Bay.
HPQever, orbital velocities of approximately 45,0 cm/seé are pro-
diced by waves with a period of 5 seconds and height of 2.5 feet
(0.76 m);‘and by waves witﬁ a period of 4 seconds and‘height of
2.5 feet (0.76ﬁm): The thgéretica}"bottpm‘érpical veiqcities of
the above waves in 12, feet (3.66 m) of water are 50.3 and.43.2
em/ sec respectivery“CFié. 21). ‘ | ‘

’ ' The above waves Ste a minimgm siie‘ﬁéquired to ﬁove popula-
'tion I onto the‘back—reef fiaq an&‘ﬁne migﬁt expeét.storm waves
in Grand Bay to be‘somewhat_highef than 2,5 feet (0.76 m). A

\ li;it‘to the gii;.of the waves existg Héwever. Since population.
II‘isldistribuééd throughéut‘tgeklagoon and thé"bottop is not !

rippled,’ghe’maximu;\orbital veiobi;y in 25 feet k7;62 mf of

water must be vefy close to 27.5 cm/sec or even slighcly leas.

-

‘Waves with a period of-5 seconds and a height of 2.5 feet (0.76

m), shown gbove to be capable of transpofting pppulation. I on

Y

oy s e s lovmeer - Y ¥ T R S . "
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at, generate a bottom maximhm orbital velocity

They would _there-.

5 feet (7. 62 m) of water.

of 25.4 cm/sec in

s v

_storms. 1t is probably put into suspension on the back—reef flat.,

"from the increased volume of water pumped over the reef,. As a -

‘storms and removed from the atea.

fore be iust barely capable of transporting population II in the

1

21). . c _ .

lagoon (Fig.

The absence of grain size population III in the lagoon must

E

be explained since one would expect this population to be trahs—

ported into the lagoon during storms. Population III forms

approximately 50% by weight of the ripple troughgsediment on the

back-reef flat and approximately 60% of the éeﬂiment on the slope

- .
’ . -

into the deeper lagoon. It arrives on the slope under normal .

wave conditions as the fine fraction of the bed load. buriné

Increased circullcion in Grand Bay during storms would result

result mPst of the sediment in suspension (population III) would
be removed from the back-reef. Therefore population III 1s °

deposited on the slope during normal weather and that portion

remaining on the backs-reef flat is put. in suspension during -

- @

’ SUMMARY AND MODEL OF REEF
SEDIMENT TRANSPORT AND DEPOSITION IN GRAND BAY

‘

Sediment transport {n Grand Bay i8 mainly by ‘waves passing

back from the barrier reef, one mile offshore. - The waves cross

a rtppled_baqk—reef unstable Qand flat which exﬁends Halfway to
shore at a fairly constant water depth about 12 feet (3.66 m).

The back—reef flat ends on a 25 to 30“

LN

'ﬂlope into ﬂeeper water
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(- gggdggf59~£Eet'é;ﬁfTb_Egd12119 m)  of the central lagoon.

L. ward'of the lagoon is a terrace leading to the beach.

Tl’;e

Sho're~

terrace is the site of extensive Thalassia beds and most of the

coatse Bediment produced in this environment is probably depos-

““‘"‘*‘~*-ﬁ—itgdwin*plﬁgg‘gghtransported towards the beach.

The barrier reef, back~reef flat, slope and lagoon are-the

main sites of sediment productio@, transporl and deposition and

> .'we%e studied in most detail..

Four basic grain size component populations are present 1in

the area. These populations are mixed in di{fferent combinations

and proportions to make up most of the sampled grain size popu=

= —

and environments of otcurrence of the basic component populations

- -

are ‘as follows (Figs. 19 .and 20):

I X ==0.7 to -0.25 phi; & - 0.72 to 0.85 phi.

¥

.

_11“ x!_a 1.05 to'1.40 phi; o = 0.75 to 0.95 phi,

)
v, . f

.- o tribution ‘of samples of ripple crests on the back*reef

€.

This population forms the predominant.componen(

Py within channels of the barrier reef and immediately

ent. Popuimqion I also constitutes 22 to 55% (by

This population forms the unimodal grain size dis-

R

<

. weight) of samples from ripple troughs on the back—

lations. In order of coarseness, the grain size charactéristics

[ &
(4§ to 95% by weight) of samples from unrippled sands

behind the reef. Population III is the other compon-

reef sand flat. Again it i3 mixed with popnlation III.

‘flat. It also forms the subordinate Qomponent’QZS “to

B
; — . N . »
H i B »
. .. N .
.
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53% by weight) of the samples from the lagoon where

-1

it i3 mixed with populati&n iv. !
iII & = 1.86 to 2.10 phi; e = 0.59 to 0.70 phi.
This population forms tge su;ordinate component (20
to 54% b& weight) of the reef samples and the prégo;—
'inant.component (45. to 78% by weight) of ripple trough
:samples from the bgck—reef f};t.
IV % = 3.15 to 3.20 phi; o = 0.45 to 0.66 phi.
This poéula;ion forms the predominant,component (47 t;
75% by weight) of.the'éambfes from the lagoon.
. Grain size distrib&tions of.samples from the slope between
the"back—}eef flat and the lagodbn are bimodal. The coarse com-
ponént population is intermediate in grain size to pop@lations
I and II except near the base ?f the slope where it is cozrset
and similar. to population I. .The fine component population de-
creases in mean grain ;ize déwnslope. Mean grain size changes :
from similar to popﬁiatiop ITT to similar to population IV,

A 14 inch (35.6 cm) long.core from the back-~reef flat had
component grain size populations similarnto the ripple_trough e
samples (populatiéns I and II) to the bottom of the core. ' The
grain size,distri?utions of samples from a 16.5 inch (26.7 cm)
long core on the slope were similar to nearﬂy ;utfhée samples

(fine populations I and III) except for ‘a half inch (1.3 em)

thick coarse grained layer that was comprised of a ‘normal popu=-

lation I and fine population III).

L

The sampled grain size bopulations of Grand Bay were 19,'“'

} ~
equilibrium with normal prevailing wave conditions. The grain

3

- ’
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of the coarse grain size component population of the slope de-

- 103 -
. 4

size component populations were interpreted in terms of lag,
bed transport and suspension transport under the prevailing

conditions. The interpretations are consistent with the trans-

.waves. A model of reef sediment transport and deposition in

Grand Bay is presented in Figures 22 and 23.
Stage I 6 (Fig. 22) represents the observed prevailing con-

ditions of sediment transport in Grand Bay when waves have per-
f ' .

4
‘port competence of the observed waves and of postulated storm i
g
jods of 4 to'5 seconds and heights of 1 or 2 feet. Particles )

finer than-0.43 phi (6.74 mm) are transported shorewards across

the back-reef sand flat. Grain size component population I is

-

not transported under normal conditions. Component population

II is transpprted very slowly by rolling in the bed load and 1s

organized into ripples on the back-reef flat. Upon reagping the

N

edge of the back-reef flat it is deposited on the slope“é?viart

~

posits. Saltating population III is moved rapidly across the

back~-reef flat. Except for that part caught interstitially in

RN BT

the‘coarse population of the ripple troughs, most of population
111 is deposited as part of the predominant grain size component
population of the slope deppsits (Fig. 22).

Grain size component population IV is transported across the i
‘back-reef flat rapidly, probably in suspension. Coarser grain
sizes of population IV come to rest on the slope as part of the
fine grains size Jggiknent population (Fig. 22). For a given v
wave set the maximum bottom orbgtal velocity decreases as the

water depth increases.s Therefore, progressively more and finer Q

©
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STAGE ]I - PREVAILING CONDITJONS WAVE PERIOD.-4 -5 SECS
) S . —)  WAVE HEIGHT 03-0.5I M
_ e N N TN\~ SEA LEVEL

/ \ ,tlll\ /,Hl“\ /HI\ : . ., Ca
L NE N Lo
TR m "y : . .
’ RIPPLE . ) . - .
CREST o .
l : .'J; :
1 . ‘ v. v - v
&
1 - LA IR 1y 18 "y
REEF | BACK REEF UNSTABLE SAND FLAT :f:L(JPEI LAGOON STABLE
R Lo R SAND

. . - { INER THAN .,
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. Ilh - ! s

WAVE PERIOD: -5 SECS.

STAGE II - STORM CONDITIONS 3 WAVE WEIGHT- 0.76 M .

.—-—’\/\/\/\/\/ sea Level N\ N\ VNNV
‘ : ' ' - MOST OF
3 ‘..-...-}|var|.n5'.....>
\ B TR T T T SR > «.-‘.‘...:.HH .v(:.,.’._.‘..)l:.
} pom— ab——e n—i— a—— a—_— ——— ampm—— ——— —— . . e ., . 9
\ [ —p | G }* " > 18 i+ < e . . t.
. ) ’ b 1 . f
DACK MEEF FLAT ERODED FROM PREVAILING EQUILIBRIUM .
*SURFACE TO STORM EQUILIBRIUM SURFACE . . . .
A v v v v

4
hd €
" tarsy, 1 " "

STAGE III --RETURN TO PREVAILING CONDITIONS

"PREVAILING EQUILIBRIUM SURFACE OF BACK REEF FLAT RE-ESTABLISHED
DURING WANING STAGES OF STORM MAINLY B8Y DEPOSIT!ON
OF POPULATION 1. (INFILTRATED BY POPULATION tIl TRANSPORTED
BY PREVAILING  WAVES ’

N

RESULTANT OBSERVED OCCURRENCE OF GRAIN SIZE
COMPONENT POPULATIONS

...——‘\_A'\/\/\/\/‘ssn LEVELW\
LN LN LN

., 18w Y 1awm ta '
—— —— — —— m— —— - —— . .
i1 8m
SIZE
cnom\
» ’ SALIA
’ ety
GRAIN SIZE
SEDIMENT TRANSPORT . Ml -4 C -2 o 2 a4
esss oD N SUSPENSION MM 16 4 /4 116
A WU UUUN VU TR W N W T
=T—=3 W mncnou (JUMPING - sm.rnnou?) - I | ‘“ ['”l"‘l

IN TRANSPORT OR DEPOSITED

~nmmard  GRAVITATIONAL ROLLING

Fig. 22 Model of sediment transport and deposition
in Grand Bay.
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portions of population Ivaecome étabie down the élope,frém the’

back-reef  flat. The.  progressively gtﬁater proportion ahd fine-

, h i ¢
ness of populatLoh IV mixed with population III down the slope

1 '

gives rise to an inverse grain size &rading of the fine compon-

ent of the slope“diposit (Fig. 23) Moﬁt of the suspended load -

Al

is depésited 4n the lagoon where it is kecognized as population

IV (X = 3.5 to 3,20 phi).

The bulk 'of the mud-size (finer than 4 phi) grains, which, .7

are’undoubtedly produced on—the\reef and lare not common in the

bay, probably remain 'in suspension long e%ough~to be removed by o
s ! B L
slow tidal and wave induced circulation to deeper water.

N

)
i
i
i
0

B

During storms (Stage II of Fig. 22) all awailable grain

-n

sizes finer than hpproximately -1.15 phi (2.2 mm) are transported

from the Teeffsrea and across the back-reef flat. Component pop- .

‘

ulation I forms the coarse portion of thetraction load moving

to the edge of che back~reef flat. At the top of thedsceep,slope,

which is at ornnear the angle-of repote for finer grain sizes,

'

"'thg coarse gréin size fractions are unstable dand roll to the

‘bottom. They form a coarse grained bottom-set deposit to the

shoreward prograding hack—reef sand body. 1f tge storm were
.severe or long enough, sufficient population I .grain sizes would
-be delivered to the slope to dldg~and form a coarse grained

|\ storm cross set in the back-reef sand  body (Fig. 23). N

s

Component population. II, which 'makes up the normal wave

back~reef flat during Storms, and is rapidly transported as the

. x . , ,

ripple crests, is the most exposed grain size population on the \




.
[ .

[P

’
JRPgva—

s s AR s s

Lo LRI P PP ey o

~ ' N v ‘_
v 2 N > [d
)
— - -y
) " VARlATION OF GRAIN SIZE DISTRIBUTIONS IN ~
o PROGRADING BACK REEF SAND BODY .
o
. N .
. GRAND BAY
w FROM _GRAIN SIZE DISTRIBUTIONS OF CORES AND .~ CQMPONENT
o < DEPTH SAMFLES_ON SLOPE FROM BACK‘REEF / ‘:g:L:JLATION DSETA;:?‘AORO
Vi N
o n FT M U,NSTABLE SAND FLAT GRAIN SIZE (Pm) (PHI) - |SKEWNESS
0Q . -2 o 4 1 21-1 0 1
mnl w043 R TR R
Q. r- CORE A I. (1 R ] v )
~a FEET . (137¢) . 138RT "
2 o 5 10- ) 1 v 1
‘o - L —
o M
o .
I —
o o
™3 '
- I \
h @n
. - > 2
s oo = ! 3
= | )
Q. Q. T /
(]
o o
O ¢r
S la]
<@ - P \ ¢
L~ o 4
=
Qe
o S o
o O
2 3
[= P97 ]
: LN
-]
B \:
I AN
. I B . el
. ,
) :
'"“"Wlﬁ-ﬁ‘“” o —— '_

. 90T




At e e e

° ‘ ’ ' v L. - 107 -
1 N . ' N 5
; (f ‘finest portion of the bed load (Fig. 22). It is swept down the*
P . ~ ] - , - ' - -
! slope into deeper water where the storm waves are stf{ll capable

of distributing it as ccarse bed load to form the coaXse compon-—
ent population of the lagoonal deposits. One might expect the

Bevelonment of bed sfruc;ufes and laminations in the lagoonal

© P

deposits because of alternating normal and storm conditions
? L. However, it is 1ike1y that growth of marine graSses and. burrow~
ing by various organisms durxng e¢xtended_ periods of normal

weather destroy primary sedimentary struc::::;\sna\hoggginjze

. the upperrlayers-of the deposit,.

B e W

'Component Ropulation 111 is pronably put into sSuspensign
: on the back-reef flat during a storm (Fig. 22). 1Its absence in
° the laéoonal deposits may be a result of increased circulation
in\Grand Bay during a storm so0 that the bulk of mate?ial in sus-~
: ‘ pension is removed to outoide of the back-reef area. .. R
" The observed water denth nn.the’back—neef flat, establighed
ouring normal weather, is not -in hydrodynamic“ehuilibrium H&th

storm waves and sgburing probably occurs during a storm. Depos~

I
- i o

ition of a coarse grained (population I) top set deposit would

. . occur during, the wnning stages of the storm. A return to normal

conditionsvwould re~establish the observed water depth“and popu-~

IaFion II1 would infiltrate the coarse, top~set grain size popu-

’

“lation to form:the grain size distributions observed in Core A.
» : Alternation of normal and storm conditions in Grand Bay

(Fig 22) resultsin alternations of sediment transport patterns

and deposition of a back reef aand bodly prograding shoreward

2
(1 over finer grained lagoonal deposits (rig. 23). §F~" .
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) CHAPTER 6 -~ SEDIMENT TRANSPORT AND

t

HYDROLOGY T

4 ' v

[} ’

Sediment'tr323port and epbs;ti?n in WaQerfhg Bay'is do%idl
ated'by unidirectional flow 'fiungqual reversiné tidal curre%ts
(norchward flow strongesﬁ) WaVes normally affect bottom‘onxy
immediately behind the barrier teef and in shoreward Zones.

See Chapter I and Figure 2 fo ragional Lharacter and sehsonal
variation of'tﬂé winds, waves and tides. More detailed informa-
tion within the bay was gathe#ed:durgng December, 1966 'and June .°
to Septemper 1967 (quniitiative énd 1im1téd quantitative obsé;;

vations). Since the measurements had to be fitted into a mapping,

sampling and echo sounding program, the observations were in=~

o

/

frequent .and of short duration. Funds were not available for
purchase Qf'recording measurement devices which would have allow-
ed a more complete program. ]

A Sonas-Rion Type V Ott current meter was usedcduring April

b

and May 1968, Measured current'veiocifiqs are average values
over three minute intervals and velocity profiles are based on
successive rather than gimultaneous measurements.

..Water level measurements were made on & marked wooden stage

. -
driven into shallow bottom-in a quiet backwater just south of:the

mangrove swamp at the northérn end of Watering Bay. Also, when
the boat was anchored for a lengthy pefioﬂlof current observa-

tions, some idea of tidal trends and times of high and low water

3
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could be obtained by 'running the echo sounder every 15 minutes;
. - A

and measuring the first #ater bottom multiple 1if it was pfesentl‘
“Wave periods were estimated by counting the number of wave‘

crests passieg under the anchored boat during 3 to 16 minute

1ntervals Wave heights were estimatéd or, in waterdpess than

5 feet deep immediatly behind the reef measured on a marked

‘

pole standing on bottom,

11

Waves
2 =z

Secondary waves behind the reef in Watering Bay during two
days in“April 1968 had average periods of 2 tJ 2.5 seconds and
estimate; heigets of°1 to 1% feet (0.30 to 0.46 m). These waves
are thought to.be representative of normal conditions in Water}ng

,
Bay during spring. In the winter months wave periods and heights
are probably greater, following tﬁe trend for ocean swell in
Figure 2. \ . PR

On occasions a longer, higher wave set was observed entering
Watering Bay from'the north or northeasf. These waves weregoften
recoénizable as far south as t}averse 6, and were,6 observed eo
break on the back-reef margin an& on the north and west sides of
Carib, a small sandy 1islet behin@ the reef (Plate II). Ther:
longer period suggests that it was ocean swell, ettenuated by

refraction and diffraction through and around the small islands

of Pinesse, Mopion, Petit St. Vincent and Petit Martinique to the

3

.east and northeast. In the open ocean the swell is probably from

.

ah east-northeast ¢o northeasterly direction. Waves from more

i

nof¥therly. or southerly directions would be too dissipated by the

.}'\
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islands and reefs in thoge diréctions to be recognizable in
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Watering Bay.

The nor;herntﬁalf of Watering Bay must be affected by long:

R T DR S |

¥ .
.period waves to the greatest extent during thgﬁwgnﬁér mon ths

v T

when swell,gfom the northeastaig‘most common. From figure 2 the

9
3

. N .
most common wave period should be around $ix seconds. The only * .

AT T e et 35

measured set of‘%%ese waves was on April 27, 1968 when a period
- . - .

o

of 9.6 seconds and a maximum height of two ot three feet (0.61 .

o J . X
to 030 m) was %bserved at location 23 (Fig. 3). \ AN
, . ) , | o

1 . h

tave

! ’ * Tides and Cur}ents ' oo ’ ’ \ y

The tidal harmonic éonscants,Listed in the Admiralty Ti&ﬁg

h ) , . s \\ v . \
Tables (1967), when used to calculat¢ the "Formsahl"\TDefant,\

\
4 A

. « L. 4
Vol. 1Y, p. 307, 1961), predict mixed tides with dominant diurnal

components (F = 1.86) in Hillsborough Bay on the west coast of

4
v

v

Carriacou, and dominant semi-diurnal components (F = 1.02) in
> ' v -

Tobago Cays, nine miles to.fhg north, Scattered observations in
Watericg Bdy (Figs. 24 and 253 indicate that tlrere are two hlgh
. i N .

‘waters per day througuggg“the month (i.e. that the semi-diurnal
.. e o ‘
components are dominant).. > .

Figure 24 shows the relaticonship between predicted high and

’

low waters in Hilfsboréugh Bay, observed tides in Watering Bay,

1

. and measured cgprents'ih the middle of Watering Bay at''the third

- ' o~
quarter of the moon (near\neap tide) and one day a§ter the new
. .

moon {near spring’tiQE). Limitaed current data for five stations 3

’ <

two days aftexr ".full moon are compared,.in Figure 25, with _ ! :

- -

predicted spring B&qal streams betwégn Carriacou and Petit

- R R 2
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. Martinique (tidal stream table, Admiraaty Chart 2872).
From Fiéure; 24 and 25, the main features of the tide and
current system in Watering Bay are:
(1) Semi -~diurnal tides are dominant.

(2) The'tidal range is small; Fhe-differencé between.sﬁting( 1
ZﬁHw and LLW is'gpproiimately 1.5 feet (0.46 m).
(3)~ Maximum current‘f%ow to the north Qccuts at or near
" high water. ) ' . .

(4) Maximum current flow to the south occurs at or near

i
[}

' ; low water.

(5) Cureent velocities are greatest near spring tides.

(6) C;rrent veloqitiés ou:sidé the reef are gonsi&eraﬁ;y,
greater- than those in Watering Bay. . : )

(7) North flowing currents are always faster and of longef

duration than south flowing currents, At times there
: > e

-18 no flow to the south.
f k

(8) 1In Wateripg Bay the velocity of the north flowing cur-
rent decreases from the centre towards the shore and

towards the reef.

0y

(9) Time of slack water'in‘Wa;eriak Bay precedés‘that out—i

~8side the reef. = ‘ - S : .
‘(Iof“The_asymmét;y of curreptwvelpcities indicates the pres—
- ence of non-reversing north flowing currents of)approx-
1mate1y 50 cm/sec outside the reef (% to 1% knots, West

K\‘J' J ' Indian Pilot, 1955), and between 5 and 20 cm/sec in-
\ ) .
H

Watering Bay.
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currents éa which the revqrsihg tidal cu

. x R
dre variable. Outside the reef and be-

current is prebably the regional north~

westward drift. Weaker currents within Watering Bay are & re~

sult of water driven over the reef by wind aﬂd waves and flowing .

out. the open north end. These variable currents cause variations

-
B e )

r—

" in periodicity, relative strengths and durations of the reversing

currents; ¥

¥

_Bay, afe shown in Figure 26.° During times-of northerly flow,

the rorth and passes out: through fhe'bpen riorthern end 'of the bay.

Héfe‘it joins the strong westward fléw between Carriacou 'Island

" and Union Istand four miles to]tﬁe north. Water also enters the.
bay by way of the channel between the reef and Point St. Hilaire.
Puting times of sodtherly flow, most of the vater'lehvgs the bay

. by way of this channel.

‘Only once was the fiow over the reef

observed to reverse towards the outside. ’ e ‘

"Nature of Current Flow in watering;Bay

" Maximum water depth’(h) inaWateripg.gay is slightly less.thaq

30 feet (914 tm) and most of cthe béyr where -transport by tidal

currepts Ls Important, is kreater:than 5 feet (152 cm) deep. -The . J

critical value of the Reynolds Number (R = Uh/v) sépargting

laminar fromﬂtufbu%ent flow is 600. Using @.008 éﬁzﬂse%_ﬁar

,the kiﬁematic viscosity (v) oé sea water ét 25° C, the critical

-Q ) :~ r .
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The pathSIEQIIOWed by drift bottdes, released in Watering '
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values of average velocity (é) corresponding to a Reynolds
Number of 600 are 0.032 cm/éec for ﬁepths of 5 feet (152 cm)
and 0.005 cm/sec for depths of 30 feet (915 c;). Tidal cu;rénf
velocities in Watering Bay are considgrably ggeater than the

tritical velocities, and the flow is turbulent.

.The‘critical-value of the Froude Number (F = ﬁA@Ej separat-

"ing traﬂquil from rapid flow is unity. At the“depths given above

the cfitical véiues of average flow velocity corresponding to a
Froude number of unity are 386 cm/sec for depths of 5 feet (152
cm) and 946‘cm/sec for depths of 30Afeet (914 cm). Since tidal

current velocities in Watering Bay are considerably less than

the critical velocities, the flow is €tranquil.

)

SEDIMENT TRAPS ) !

The sediment traps employed are essentially open—ended boxes

with cloth mesh bags attached to one end (Plate 7C). They were _.- - §

stacked on top of one another on the sea floor to sample sediment

in. transport at different levels.

! The sediment trap design used during the summer of 1967 pro-

duced equivocal resulcts because it had a tendqpcx to tilt back

with the .current. As a result the front lip of the bottom trap
was 1{fted from the sediment, scouring occurred beneath the trap
and. bed load was not adéquately saapiedl The results were suf-
ficiently encouraging however, that a more staﬁle"trap was de-

signed and used in 1968. The traps were stacked three high to

sample sediment in tghnsport‘at 0 to 2 inches (0-5 cm), 2 to &

t
1

B e ot byt o~
. .

€,

e waee




e

e

o w
- e

gt b,

o b

RN € R B P e
v

- 117 - . .

a

v otzen sy g 1

_inches (5-10 cm) and 4 to 6 inches (10-15 cm). above the bottom.

Trap results af’S localities, where current velocity measurements

were made will be considered jn detail. Location 35 (Fig. 3f

i

is

representative of most of Watering Bay. Location 75 is {ia the

channel between Point St. Hilaire and the reef through which
: A .

much of the tidal flow passes. TLocation 24 is near the bafrier

reef at the northern end of Watering Bay and observations were

a
*

F a2
-made at a time when waves as well as tidal currents were having

a strong influence on the "bottom.

Location 35

Current Measurements

The most complete tidal current data collected during this .

study was at location 35 (Fig, 3) which, on the basis of bottom

observations, bathymetry and central location, was selected as

Bging representative of most of Watering Bay. Current velocity.

variations at this location near neap tides on May 19 and 20,

1968

and near spring tides on May 28 and 29 were presented above: in

-Figure 24. None of the southward flowing currents represented

in Figure 24 were capable of transporting sediment.

During -the current measurements near neap tides on May 19,

the greatest bottom shear occurred during northerly flow just

after 11:30 hours, when the velocity 6 feet (183 cm) above bo

v

ttom

B

was 28.02 cm/sec and the velocity 6 incheg (15 cm) above bottom

" was 14.30 cm/sec. From the equation

Up- U (see page 74)

=k
A TYS Py EPp)

| ,
’

'
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tge corresp;nding shear velocity was 2°.20 cm/sec. From gigure

16 this Sottom shear was capable of eroding well sorted sand

with a mean grain size of 0.48 mm (1.04 #). Since the bottom
sediment at loca;ion 35 has a mean ;rain size of 1.04 @ and is
moderately to poorly sorted with a standard deviation of 1.08 4,
it is fheortically possible that the measuredvnorthériy fiow-neqr
neap Eides was juq&/barely capable of transporting the bdttom

sediment for a very short time only, In fact, no sand was ob-

served to be moving on the bottom during the current measurements

of May 19.

The measured northward flowing currents on May 28 and i9.
near spring tides, however, were capable of erodiné and transport-
ing thegbottom sediment at location 35, They~were observed to

do so over a nedarly planar surface with _small.scale current‘linr

*

eations on May 28.

As a general conclusion and in keeping with non-quantitative
'( ’

observations during the field work, net sediment transport in

!

WateringBay is towards the north, and it may be very seldom that

thg'séuth flowingﬂcu;xent is competent to transport bottom sand.

~

Also, most sediment transport occurs around spring tides.

Current Velocity Profiles and Roughness Length

Eleven sets of coysecutivé'current measﬁ}emengs at two depths
during tbe afternoon of May 28 are éssqmed to approximate the
average current profiles,. A further agsumption that the profiles
are légarithmic allows graphical estimaticg of roughness lengths

(Fig. 27) by the method outlined by Inman (in Shepard, 1963).

.
T e —

g P Y o b i S8 PO




RSy S

M ) r’"’.‘?“"ﬂ—«m.‘ -

R UUSNO

- 119 - oo -

First approximation values'range from 0.018 to 1.97 cm, and the
) . 1. ' :
profiles appear to be fairly consistent with' the éxceptibn_of

that” for the slovest currents. Ignoring the value derived from

this possibly spurious profile, the|roﬁghnes; lengths vary from

0.78 to 1.97 cm end'average 1.11 cm (~3.46 @§).. This diameter is

within the -first half phi size interval coarser than the coarsest

.~ A

grains in the bed material. o /h‘\j.

Shear Velocities -

Using a roughness length of 1:11 cmt ahd the: von Karman-

Prandtl equation for rough boundaries,~shear velocities were cal-‘

culated for all the measured velocities and plotted od\Figure 28
¢

‘along with field observations

At 13:45 hours, when there was a shear velocity of 1.7 em/
P &

A

sec, no ‘'sand was observed to be moving. At 14:00 hours, - when the

MY

next dive and bottom observations were made, the shear velocity

was 2.7 cm/Sec,*;;;\13§E$mi§£iﬂf_rolling of sand was noted. If

the latter value is taken as threshold shear velocity. then from

"Figure 16, -the corresponding grain size is 0. 80 mm (C.31 @) which'

is the twenty—eighth percentile of the bottom sediment grain size
distribution. The theoretical threshold shear velocity, based on

the mean grain size of the bottom sediment,(@l47 ;m (1.0@ ?), 19‘
2.20 cm/sec and should hold foe well-sorted grain size distribu-

tions. However, the bottom sediment .at location 35 is.moderately
to poorly sorted witﬁ a standare deviatioq of 1.08~¢, and there-

fore the qbeerved qisplacement of the‘represeneative grain size

t ~
towards the coarse tail is to be expected. From Figure 28, the

il 8
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qime during which the shear velocity was equal to or greater

h than the threshold shear velocity was 4.5 + 4.1 = B.6 hours out

‘

"of every 25 hour tidal cycle near spring tides. .

«

Theoretical Competence and Grain Size Distributions ‘ .

On April 14, 1968 a sediment trap assembly was emplaced at
location 35 for 48 hours (nearly two full tidal cycles) during
whiﬁp time the currents ran northward four times. Since ApTil

14 was near spring tides, .the analysis of the currents observed

i Lo — : pmarne

on May 28 and 29 cah be considered. ' ’ .
In Figure 29- the grain size histograms of the bed material
and of the samples collected in the traps are csmpared to the'

theoretical competence curves for skeletal carbon?té grains in
: -
sea water and the shear velocities calculated from the current

measurements of May 28. The grain size distribution of the three
traé samples are very similar, with mean grains sizes of 2.80,
2.79, and .3.08 phi, and standard deviations of 0.98, 0.92 and

1.05 phi i; order of imcreasing height above bottom. The fineness

.\ 1
of th'e bottom trap sample is unexpected until it is realized that
the trap had been considarably ‘underscoured by the time of retrie-
val ‘and thédt the bottém 1ip was above the sediment surface. There-

fore the bottom trap was unable to sémph:the trag n load mowving

[

'very close to the sediment surface, byt'sampled he suspension

vy -

loadd
The maximum calculated shear vélocity (approd. 4 cm/sec) de-

fines & bed 1load ste.range between 1.77 and 0.375 mm (-0.81 and-

(7; ; 1.45 @) and a suspension load size range finer than 0.375 mm

e
"
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(1.45 @).. The. coarse grain siZe limit of ‘the theoretical bed

e e L T,
< L.

« 1al grain size distribution is a result 6£ deposition of progress-
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load 1is close to the maximum grain sizes of the bed material |
' ¢

and corresponds to the 0.35, 0.15 and 0.12 percentiles of the

trappeq grain size distributions. The grain size separating

bed from suspension load cqrresponds to the 65, 5, 3.9 and 2.3

percentiles of the’graih d¢i2ze distributions of the bed material, ' ]
™ ‘ :

Eottoh trap sample, middle trap sample and upper trap sample

respectively.

The presence of sizes coarser than the coarsest theoretical

suspended load grain size in the middle and upper traps (Figure

29) 1is pfobably a result of gfansitory instantaneous shear

*

velocitfes which can be many times that calculated &rom the :

average velocities (Kalinske, 1943; reported in Inman, 19435.

o

The fine skewed (3rd moment = 0.26) nature of the bed mater~

1

ively fining bed1load grain size distributions as the tidal

curfenké wane and also the normal entrapment of suspen%ed load

gyiia_sizes withfn the 'bed load. ° - ‘ | o
The large amount of fine susgéqded }oad grain size collected

in the middle and upper traps (37.64 and '19.84 gms respectively)

would fndfcate that thé bed material would not remain fine skewed
for anyllength of time if it were the only source of suspended

load grain sizes. It is probable that much of the suspended load

N >

material transpdrted in Watering Bay 1is produced on the barrier

reef, suspended by waves and swept-through the bay in one tidal

Y o o

cycle, never coming to rest on the bottom of the bay.

. . f.ogm ; e res - . . B v
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IN PLACE FATING L78° FfOR 48 HOURS FROM {2°35 P M APRIL 14, IQGB{‘)
! NEAR SPRING TIDES (FULLMOON APRIL 13) P N
. - . ) 30 ':’ -
» TOP TRAP 2
s : . <
a
SAMPLED 4-6 IN (l10-15CM) 50— -
ABOVE SURFACE .
SAMPLE WEIGHT 1984GM . _ 10—
MIDDLE TRAP T
. . ‘ . 30—
SAMPLED 2-.4 IN (5-10CM) =
‘ABOVE SURFACE . . =
LA ) TW 20 -
SAMPLE WEIGHT 3764GM o
’ s 4
- a
© 104
l -
- z R
BOTTOM TRAP o
, T : T . 30
¢ \ . © '
SAMPLED 0-2 IN (0-5CM) 2
=)
ABOVE SURFACE » S 20-
SAMPLE WEIGHT 29 85GM - N
(UNDER SCOURED WITH BOTTOM LIP-ABOVE 10+
SURFACE WHEN RETRIEVED-NO BED LOAD)
pe— ; . , o l’
DEPTH 11 FEET(3.35 M) )
SAND BOTTOM, CURRENT:LINEATIONS, 04
' LOGGERHEAD SPONGE, STARFISH,
MINOR SEA PLANTS
- v O 7 ..:. ’
SHEAR VELOCITIES DURING FASTEST : asb':’(;splm:eo
> 6| NORTHWARD FLOW NEAR SPRING TIDES \ \ LOAD "
G (FROM FIG. 28) ) \ ST
) . ] A W
E prs 4 P NAXINMUN U4 hee e TN v
~ P - baad . ,
> Z P : e . & ‘t\ l
. %X} e o —— — — _ﬁ_on_s_e_quz_g_rnnzsn_o*u:__. . /
a 'y oo ’ ) . THRESHOLO Us . //
;3 2 - : * " BASED DN MEAN DIA \ o e
s . . .OF BED MATERIAL ' a
T T T 4 T T T T T T 1T 71
18 00 B 20 00 PH! -2 - o 2 4
TIME (HOURS) :
MAY 28,1968 m 2&‘.\:94[5:2:'“ e
Fig. 29 Results of sediment trap at location 35

-t

compared to transport competence of measured

shear velocities at same location. %

ot
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"with sediment transport tﬁeory and eiperimental results, byt are

not completely ugambiguous since the bed load was not sampled .

in the channel entering Watering Bay from the south around Point

, of water. The other was placed approximately 2,200 feet (670 m) -

*similar bécause of the similarity of thelbottom sediments at the

. ward zones, increases rapidly (Fig. 4). The channel must become,i:’ '\5

- 0125 - ‘ . . T~

In general, the data from s¥®diment trap 35 are in agreement

) 4

p;gperiy ia the sedimenﬁ trap. ' T -

N -
! ¢

Location -75 . ’ i

-

On April 10, 1968 two sgdiment grap assembldies were set out

§t. Hilaire. One was placed at location 7§ (Fig 3) directly off

the tip ‘of the.point and.facing 175° azimuth in 26 feet’ (7.92 m)

T ..I -

R=y

& \f

to the north-northwest and facing 140° azimuth in 18 feet (5 49

m) of water. The traps were left in place for 25 hours to sample

@
g

sediment transported by the dominant northfflowing currents over

§

a full tidal cycle. " S L o

It-was thought that the re;ults of the two traps would pe,°
cw ‘ , .

tQy sites (mainly Porites ;ubblé{ algai encrusted gfavel andur

coarse sQnd) The chaanel LP which the two sites were located

is probably near hydrddynamic equilibrium all but the\very |

coarsest material supplied to it being transported by nearIy

constant bottom scresses along it. The maintenance oﬁ_constan;

shear str%sses along the channel is reflected by its sha}lowing

3

tnétbmst ¢d where the width betweeg ‘the barrier reef and the’ shore~ )

i
..

shallewef tp maintain,thq bottom shear stresses with the decreased

water flow. S e | _— -
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feet (91, 244 and 396 cm) above bottom. Meaau:ements made con-

velocity profile, which should be logarithmic in  the fully tur- L )

bulent flow.

-
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On the basis of the above argument, current measutements
made at the second site are related to the sediment trap.data at
location 75 where no current measurements were made. T% sedi-.

ment trap ‘at thé~secon§,gjte was fouleéd by .drifting sea plants. .

-

ahe‘Wae,underscoqved coﬁsi&erably,by the time of retrieval. ‘_t
Therefore, the sedimentncolleeted gas‘considered unrepteaentb;
tive(of the élow and n;bgtain slze analyses were made. Then.
sedimentttrgp at loeatipn_TS, however, collected cpnsidefebié’~:ﬂj,
sediment, end wah‘not_fégled or underedoureﬁ, ehh:gtgﬁh size -
analyses were made .’ ~

The channel bottom is affected only b§\tid81(c6£tents.f
Short period (2-3_eec), low (1-2 f¢t (30—61<m)).weyes-obeefue& in :
wetering Bay do not proéute sigqificant ﬁnttoﬁ:oscfllatery Ehr-
re&ts in water depshs of,the.ctrtentnmeqsuremeqtla;éfseéiment.

trap sites.

Current VEIoc{ty Ptofiles aﬁd;Roughness Length o .

Current velocities were measured at heights of 3. 8 amd 13

secutively at the three heights provide a cloSe estimate of the P

+ N *
N .

Five profiles were measuted and are plotted on semi logari—

»

thmic paper in Figure 30. Best fit sttlight Lines we e drawn

¢ .- ~ s

through the data of each profile. ‘Deviation of each

velocity from the 1line is a measute df\tﬁe deviation of -the

profiles from log normality -and are presented.in table fors in ..
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L

e e

B e )
At 2% ‘1 H

ﬁ%igﬂre 30. The deviations, of which only two of the iiftegé ~

,von Kafman—Prandtl equatipn for rough boundaries. The shear wvel-

C =127 -

. - . -

<
)
L

exceed 4%, 1Indicate that the profiles are lognormall Sternberg”
(1968), with much more sophisticated equipment, considered a .

profile to be lognormal if at least 4 of 6 velocity measurements

fell within 10%.6f a 1linear relationship.

First approximations of. roughness leng:h (z,'= height axis

intercept) for each profile are also included in the table on

Figure 30.° The waLues range from ng9 to 3:10 cm. By om ittiné

the profile with deviatignS'from lognormality greater than 5%,

v oe

. .- e . .
- the range of values-is reduced }b 0.?9“50 1.33 cm and the average

value {8 0.71 cm (~2.81 ¢). This roughness ledgfh correé%onds to

-

a grain size diameter within the first half phi interval coarser

than the coarsest grains im the main mode of the bed material

-grain size distribution.

- . - Shéar- Vélocities

Shear velocity values were calculated from the current meas=— g

u}émen;s using the average roughness length of 0.71 cm and the ' A
* | . .

ocitieé vary from 4.98 to-7.00 ¢m/sec (Fig; 31).

- ‘

4Theoreticél Compé;}ence and Grain Size Distributions’

[y

) Hiéﬁograms of the grain size dfmtr{bukioﬁs.of ‘the bottom sed-
ifment and'of the traﬁped‘sedimeng"at 1ocat16n 75 (Fig. 31) are
compared with ‘the: thebreticaf competence;curves_for'egrbonate
-gga&ﬁs in sea water and the calculhted,shear'velocities.',The

grain size distribution of sediment collected in the bottom trap

Y n . N ' , i

- . &y
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occdrring-b:\weeh 14:00 and }5:00 hours.:

.72nd and 67th‘péreentiles of the bed material grain size distri-~

idcation 75 as they were at locatdon 35 and the threshdld shear

- 129 - ’ ' \\ :
is similar to that of thé¢ main mode of the bed material sample i
' . X : P
and 1s coarser than those of the sediment collected #n the mid-

[}

dle and top'traps._ Based on the trapped sediment grain size
diécrigutions, tthe best separation of bed load and suspended

load grain sizes occurs at 0.5 @ (0.71 mm) whiéh, from the F

suspensiqn‘dompetqnce curve, cbrres;onds to‘a 6.4 cm}sec shear o
vélo}ity. Thisvshear is capable of transpérting, in traction,

graioy sizes up to -2.16 @ (4.5 mm) which cpr;espogds élpéaly to

the coarsest grain. size collected in the pottom trap (in the -1.5

N &

to ~-2.0 ¢‘size range). Also from Figure .31, the sediment trab

IS
1
}
l
.

derived shear velocity of 6.4 cm/sec 1is a close approximation of

'

the maxi@um'calculatgd shear velocities (6.63 to 7.00 cm/sec) .
The grain size sepafating ﬂedload from suspended lpad on
the basis of the frapped‘grain size distribution and on the basis

of‘the quimuﬁ calculated shear velocity corresponddswsg to the .

hd T

bution respectivély. ¢ -
: -~

Observations of bottom' sediment .transport were not made at

velocity musthbe estimated:, Thé minimum threshold shear “veloc-
ity, based on the median grainllsizq of the bed mategtél (-2.0 0

(1.12 mm)) is approximately 3.2 cm/sec. Since the bed material

at location 75 is poorly sorted with a standdrd deviation of
1.81 @, the representative grain size is expected to be coarser
than the median grain size and should be at least as coarse as

n

the ‘twenty-eight percentile which was the representative grain
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’ SEDIMENT TRAP LOCATION 75 -+ ’
' \ % IN PLACE FACING 175° FOR 25 HOURS FROM 10-30 A M " APRIL 10, 1968
. | TOP TRAP
. ' SAMPLED 4-6 IN 110-15CM) ~
. * ABOVE SURFACE -
o SAMPLE WEIGHT 7.5 GM
’ I
]
. MIDDLE TRAP
: - ,
SAMPLED 2 —4 IN (5-10CM) -~
ABDVE SURFACE E
¥ N . R w
v SAMPLE WEIGHT 341 6M Q
'{ wl
[+ 4
. Q.
o BOTTOM TRAP i
. ,
y X . SAMPLED 0-2 IN (0-5CM) E
) , ABOVE SURFACE
i . S . >
i ot SAMPLE WEIGHT. I7456M 0
| , ‘ 2
>
X BED MATERIAL o
' J x
} ; : ’ DEPTH 26 FT (792M) W
*  RORITES GRAVEL 8 COARSE SAND
; .
# Ot 7T 17
. - ) NO use
: I i I I ! | TRANSPORT SUNRas el
f? ' 10— X "
E:*. , : - 8 LIS . -]
3 - x — Ug FROM SEDIMERT TRAP§
. - -~ - o = &> = ¥ Y
\ ; ES 6 o N \ -
: S g < ! 0% THRESHOLD Ug FROM @350F
-, ) > 5 L 1/ . N, MIN THRESHOLD Us
‘é ,. 7 YUSING MEDIAN OIA /)
g ) e Mo n 210 (2572 BED MATERIAL )
= L . . S
2] . © U.--kﬁ/ln(.l0l°/l'¢)'lgt 0.7ICM - " s
‘ T T T T T T T T T T T T T TT
e 12 00 14 00 16:Q0 ' PR -4 -2 [+ 2 4
; T TIME ( HOURS) MM 6 4 1 /e ne
_'5\ ( . : APRIL 10,1968 GRAIN SIZE

- ‘ Fig. 31 Resulés of sediment trap at location 75
' . compared to transport competence of
. . ’ calculated shear velocities.
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size for'the moderately-softed bed material at location 35. The

threshold shear velocity, based on the twenty-eighth percentile

» N . ]
of the bed material grain size distribution (-1.25 @ (2.38 mm))

b »
is 4.7 cm/sec. .

Using'the latter thre;hold Qhear velocity and Figure .31, 1t
appears that the shear velocity in the channel around Point §St.
Hilaire is equal to or greater than the threshold shear velocity
for 7.8 hours out of every 25 ho;r tiJalycycle near(Spring tides
as compared to 8.6 hours at location 35.

Simitar to location 35, the positive'(fine) skewness of
the main grain size mode éfﬂthe ged haterigf at location 75.aﬁh
of the sample collected in the Botqoﬁ trap is probably a result
of deposition of progressively fining bed 1load grain»siée dis-
tributions by'waning tidal currents and the normal entrapment of
suspended load grain sizes in the béd\load. However, the skéwnegs
of the whole bed materisal grain:ssize distribution in this case is
adtually'neéative (~0.69) because of the presence of a céarse mode.

The presence of grain sizes coarser than the coarsest theo-

retical suspendedlload graiﬂ‘%ize in the middle apd upper traps
(Eié. 31) is probabily a‘result of transitory instdnt;néous shear
velocities (Kalinske, 1943; .reported in Inman, 1949). The shear
vélocityicapable\of suspending the coarsest grain sizes collected
in the middle and upper ;r;ps (2 8 (4 mm)) is abproximately 16
cm/sec (Fig. 16) which is 2.3 timés the maximum calculated values.

From Figure 16 these transitory shear velocities are capable of

moving grains up to -4.5 @ (23 mm) in diameter. Significantly,
- * S . °
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Observations of winds, waves, tidal gprrent velocities and bottom

.orbital velocities resulting from these waves vary from 1.9 to
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this is the maximum diameter of the bed materfal. ﬁence, the N

- ¢

gravel in the coarse mode may be in very slow fntermitiant trans-—
2

o

port under normal conditions, and there is no need to consider

it as lag material formed in situ or as material tranpgported only i

under abnormal conditions. ' 3

As was found for the currents and trap data at location 35,
there- is generally a good ;orrelation be tween sed?ment transport
theoxry and expérimeﬁts'and the data from sediment trap 75. Also,

the grain size distribution 6f the bed materfal logically reflects

and relafeg to the hydrodynamic conditions.

"Location 24

I

Another sediment trap and current measurement experiment was

-

made- in 14 feet (4.27 m) of water at location 24 (Fig. 3) near .

v

the northern end of Watering Bay on April 26, 1968. Three trap

i i b e s e o 8

assemblies were emplaced consecutively, and current measurements

"

weré made at the -same site throughout the day. Both waves and
tidal currents had an effect on the bottom during the éxPeriment.

~

. %
features areé included In Figure 32. ‘- _

Winds and Waves

~ Winds were light and from the northeast and east-northeast

throughout the ﬁay. Secondary local waves passiﬂg back from the

——

bardder reef had periods around 2 seconds and eétimated’hegght&

from 1.5 to 2.3 feet (46 to 70 cm). Calculated maximum bottom

Q/

- ﬁi ' v
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8.2 cm/sec and on the basis of Figure 17 are insufficient to

erode the bottom.

During the f;rst'wave ?bservations of ;pe day it was noted
that there seemed' to be more than one set of waves dcting, but ,
it was not possib{e to distinguish the character of the sec;nd
set. By 16:;20 hours, as noted on Figure 32, the secohd,set bg—

came recognizable as entering the bay from a northerly direction

with a longer period than the secondary set. By 16:35 hours,

" sand ripples on the bottom became symmetrical in spite of’ the

north-flowing current being at 1its maximum‘rate¥of flow. Bottom
H ~

sediment moved in’ an oscillatory manner, @ut net sediment trans-

port was still northward. - '/

The next day (April 27) at 11:00 hours, 1ocatiop 24 was re-
visited, and the second set of wa§es wag clearly distinguishable
as being directly from the north and héving a wave périod of
9.§ seconds, a &Qve length of approximately 200‘féet (61 m) and
a wave height'of'approximately 4 feet (1.2 m). The ease Jf

recognition was obviously due to an increase in wave height

overanight.

Since the bottom sand ripples became symmetrical when the

t

tidal current was slack around noon April 26, the long period

wave set was probably affecting the botthbm at location 24 through-

out the sediment trap experiment. Also the bottom orbital veloc-

ity must have been competenf\to move the bottom sediment. Using

the mean grain size (0.85 @ (0.55 mm)) of the moderatéely—sorted
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* WIND, WAVE, SAND RIPPLE & TIDAL
) -  CURRENT OBSERVATIONS - LOC. 24
. APRIL 26, 1968 - TIME OF DAY (HR:MIN) )
! 9.00 oo 1300 -~ ., woo 17 00 -
- ’ 1 ! 1 { S SR | 1 1 i ]
- WIND ’ . K
_DIR {AZ®) 45 55 60, 40 S50
. WAVES . (LONGER HIGHER SET FROM 23° BEGINNING AT 16:20)
PERIOL (SEC ) 2.1 2.0 2 2.0 _ . 2.3
HEIGHT (FT) IRREG ’ 15 2.0 25
DIR (AZ9) . a5 60 40~ 45
BOTTOM ORB 1.9 2.6 8.2
» ’ - ,’-— Ay
SAND RIP | ASYMMETRIGAL SYMrETRICAL _ASYM CSYM
“LENGTH (FT) 1 (STEEP (STEEP . g Is. \\
HEIGHT {IN } 1 E%Ury, -+ NOATH) 2 .2 e
. $TRIKE(AZ9) [ 1o S T 78 /
/ CurmenTs N T oo !
- FROM M8° / .
40 + . FROM 170° -
. t Lo . . . .
> 30 . . : G FLO s +
- ) ) . _
Ee : RO I FrRom 1e0° Tt ™ -
5%, . g o
~'e 20 FROM 323° . . R + 4
o 3 20 ; ] . -+ L. + o “Zx 274 CM
> A . +Z:122CM
‘ et
10 | | | | | I | ! | -
FiRST APPROX 2 09 2.44 449 o0 94 s
Z_o {CM)- 044 0 4 201 076 i i8 7 ) 23.2
x N -
5 %~ . . . -
S . NP, x XX
x -
' \\ x * x - x * % \;xx
— . XX Jx X X - x X
. 4 - N x XX . x X~
3 A x x,ﬁ 'K.xx
RN X x x
P N\ x X x& XX,
\ re
Loy 3 \ - . —
o - \ . s _ CONSTANT
3 . Ny SO
: W%)’ 2 ~ *, ‘ -
>\ » " . . ’ - 1
= .. o :
[ 28 ‘ . ‘e . ) X . B
w 1 — . . _
R - CURRENT EFFECT ONLY U,¢= ku/in(Z+425/24), Zo= 0.7CM
X CURRENT + WAVE EFFECT U= Uge*+ 2.33CM / SEC.
0+ | | I ! I (R ! I A
SEDIMENT i , | : l
4 - 24-2 24-3
TRAPS }"‘_“ 2 1 — | |«
' T T T

T T T T T T T
9:00 t 00 i3 00 t$ 00 1700

CAPRIL 26, 1968 —- TIME OF DAY (HR: MIN)

Fig. 32 Wind, wave, sand ripple and tidal curreént
observations at location 24, Watering Bay,
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2

bed material ripple crest sample as the representative grain

size and the competence curve for 10 second period waves in
3

Figuré 17, the bottom orbital/velocity must have been between
. Y4 .
appraximately 28 cm/sec. .

w

Waveswith a period of 10 seconds and a height of 1.19 feet .
(36 cm) have a bottom orbitai velocity of appfoximately 26 cm/

sec in 14 feet (4.27 m) of water. The long period'and low wave

height are the reason the wave set was not easily separated from

the shorter period, higher secondary wave set. The wave height

must have Increased to around 2 feet (60cm) in order to be rec-

ognized at 16:20 hours. ' -

«

For the sake of simplicity it will be assumed that the wave~
]" .

induced bottom orbital velocity was constant at 28 cm/sec for the:

entire éxperiment although velocities were probably greater while

trap 24-3 was in place. From Figures 16 and 17 this bottom orbit-

al velocirty is as competent to erode sediment as a shear velocity

In considering the results

=n

of 2.33 cm/sec in unidirectional flow.

of the experiment ‘an increment of 2.33 cm/sec will be added to

the calcul;ted shear velocities of the tidal curteh;sbto'arrive
. . .

at an estimate of the total erosive: and transport competerce re-’

sulting from the action of both waves and currents. ’ ) N

Current Measurements

Observations began shortly after 8:00 hours on a waning

southward flowing current (Fié. 32). Between 11:25 and 12:45

“
R o
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not due solely to tidal flow. Before 10:00 hours and after 14:00

generated by the waves was hear zerxo.
.This was the onlz-occasion when current flow to the south
- ~

was observed to be as fast or faster®ffan the northward flow-and

was probably a locai phenomenon near the barrier reef in the

northérn part of the bay. The usual constant northerly flow of

1

water pumped over the barrier reef by wind and waves was probably

°

uulfified by\the long period waves entering the bay from the
north and actually forming small béeakeré on the back of the

reef as far south as traverse 6. .

- o

chrrent Velocity Profiles and Roughhess Length

0
B ot

Velocity profiles were drawn on semi-logarithmic paper as

-straight lines between twb values since there.were no current

measurements at a third height above bottom to serve as a check"

on Eﬁe lognormality of the prbfilas."First approximations of

roughness length are listed in Eigure 32 immediately below the

.
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current velocity graph.
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The wide range in values from 0.03 to

44.9 cm and the high average value of 11.8 cm/sec indicate that

most of the profiles were not logarithmic as measured;

becausgse of wave action.

probably

The values derived from the current .

»

velocities measured early in the day before 10:00 hours are .

ptobably the most unaffected by wave action and indicate that

the roughness length was somewhere between 0.4 and 2.4 cm.

v

On the basis of the results of the experiments at locations

35 and 75,

ki

the roughness iength wag assumed to be equivalent to

a grain diametet within the first: half phi grain size interval

coarser than the coarsest half pht interval of the .bed material,

9

- which was -2.0 to =2.5 8 L 4 to 5.7 mm)

™

A value of 7 mm 2.8 B)

wasg selected which is also within the range of 0.4 and 2.4 cm

estimated from the’ velocity profile's before 10: 00 hours.

5 I Shéar Velocities

- Shear velocities were calculated from the current measutements-

N

3

u G

using the von Karman-Prandtl equation'for~rough boundaries and

the assumed roughness length of*0.7 cﬁ.

to 1.03 cm/sec (Fig. 32).

Values‘radge*from 2.83

As discussed abovew "the high values

before 10: ‘00 hours and after 14: 00 hours should reflect the

strength of the tidql currents.

I3

o

However,

é

calculated shear veloc-

<@
[ 4

ities between 10:00 ‘and 14:00 hours are based on current measure-—

‘ments that are in error because of wave action.

As discussed above all shear velociiy Valuee.were increased

[§)

by 2 33 cm/sec in the upper shear velocity curvye on Figure 32

2

-

to provide an estimgte of &he total erosive competence resultiqg
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- v

-- from the combin\iion of long period waves and tidal currents

( ) ThHese larger shear velocities will be_ d@ed when considering
5 . 14 '
’ the sediment trap data. -

~ ~

- o Theoretical Competence and Grain Size Distributions 3

The intervals of time during which each of the three sedi-

méqt trap assemblies were inh place are indicated at the bottom of

- Figure 32. All traps were'ilaced parallel with the ripples within

[]
e~
t

/ripple troughs and facing the current flow at the time.

e e
k
~

-

In Figures 33, 34-and 35 the grain size distributions of the :

>,
A %

sediment collected in the traps are compared to the competence
) L curves for carbonate grains in sea water and to theirelevant cal-

culated shear velocities. , .
2 s A

The results of. sediment trap 24+« 1, emplaced for 3 hours and

47 minutes during the waning sduthward current, aré presented in
Figure 33. The grain size geparating béd ‘load from suspendea
3 ‘
ALY [

Ioad on the . basis of the Ltrapped sedi@ent histograms is 1.25 ¢

ot

(0. 43 mm). ‘From the suspended load competence curve (Figs. i6

. and 33) a shear velocity of 4.35 cm/sec is required to suspénd

. grains finer than 1.2508 (0.43 om). ¢ w "
;. Q

& Another gaximate of shear‘belocity is possible using the "

¢
meximum grain size collected in the bottom trép Ignoring the

i’ ’ "o?
‘ ’ . 0.03 percent of the sample occurring in the ~1.5 ta -2.0 (2.83

o ° to 4 mm) size’ tange the maximum:grain siZe is ~1. 5 ¢ (2.84 mm)
‘ 1’9 - i '

which corresponds to a’ shear velocity of 5.2 ¢tm/sec capable of

3 ’] L ;, a
suﬂpending greain sizes finer than 0.9 0 (0 53 mm).

j Y The estimates of shear velocity (A 35 and 5.2 cm/sec) deriv-

. ed from the sediment trap data are of the same order as the maximum

» - - - .
f f
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. SEDIMENT TRAP LOCATION 24 -]

ABOVE SURFACE =

t
a b o . 10

SAMPLE WEIGHT ' 33,87 GM

'
L

IM PLACE FACING 348° FOR 3 MR 4! MIN APRIL 26, 1968 8
e . : - :
) ! GRAIN S‘IZE DISTRIBUTIONS
’ SR / OF TRAPPED SEDIMENT
S- ‘30J 8
TOP TRAP ]
'SAMPLED ‘4‘6_‘th (10°15 cMY Sod 1
" ABOVE SURFACE ‘
* l . ° .
SAMPLE WEIGHT 334 GM 10
] =
ST b o
RS 7 I I B
MIDDLE TRAP ¢ L
N = 20— ‘O
SAMPLED 24 IN (5°10 CM) o ¢ AR
ABOVE' SURFACE b {=
‘ i ) R ; 10 ’
SAMPLE WEIGHT : 4 64 GM & )
N o a °7
. BOTTOM. TRAP £ .
" SAMPLED 0-2 IN (0-5 CM) 207

transport competences of calculated shear

velocities,

SEDIMENT MOTION DOMINATED BY CURRENT LT
FROM THE. NORTH - - , SUSPENDED
. . - : , LOAD
=0 SEDIMENT TRAP FACED -348° AZ ]
Q IN PLACE .3 HR. 47.MIN
8- ' . o
3 . e
[ -~ « 2 1 . ‘
e & " -
:’ e -~ A a
e .] L .. Uy - 435 aﬁﬁro ON SEPARATION OF BED \
s TS . ., A0 SuSP. LOADS iN SED TRAPS\ . = |
C,' ~ B PR A
o ~ - ‘4. ¢ ) /
o ©, M INngSeolD v uSING MEAN ’
> 2 - GMAIN SIZE OF BED RiPPLE CREST \ A
- ok F1G g . . NN/
§ (FHOM FIG. 32) : . ’ . <\ ,
Tl : . ’ B /
4 T T T T 1 T T T rIrIT
.00 10:00 1100 12:00 PHL 4 -7 N AR
» TIME OF DAY (HR:MIN) I A
/ APRIL 26, 1968 GRAWN_SIZE
o o
' Fig., 33 Results of sediment trap 24-1 compared to
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calculate@ughéar velocity (4.80 cm/séc) acting whfle the

was in place (Fig. 33).

The maximum calaulated shear Valocity

trap

14

- \ is capable of suspending grain sizes finer than 1 04 ¢ (0.48 mm)

l", &
gt

-

1 4

r

‘ in diameter.

is equivalent

" distributions

rippie trough

Sediment

A1
This upper grain size limit of the suspgnded,load

to the 50th and 66th percentiles of the grain size

of the bed material ripple crest {/g bed material -

samples respectivély

trap. 24 2 was in plfbe for 4 hours -and 7 minutes -

N

facing 1nto a waning northward flowing current.

Figure 34,

preted shear velocities are 1dentica1.

shear vélocity of 4.74 cm/sec 1ies between the two 1nterpreted

5
shear velocities and is capableﬂwfssuspending grain'sites finer

m

than 1,08 0 (0 47 mm) in diametet

to the 60th and 67.5 percentiles of the grain size distributionn

of. the bed. mnterial ripple crest and bed material ripple trough

i 3

. : samples respecmively.~

a

35)

Sediment trap 29—3 kFig.

4 minutes dering which interval the

"1y from its maximum'fate‘ané‘yave
. ~40minant. |

If theiwages};hd a 10 second

;a8 was likely, the bottom nrbitQL

43 8 cm/tec From Figure 17,

wave period of 10 seconds,

, grains finer than =0.56 phi (1.45 mm).

using the competence curve for .a

this velocity is capable of moving

’

The results,’in

are similar to those of trap 24-1 and the two inter—-

.

The maximum calcnlated

-« This grain size is equivalent

\

-
RS

was 1in place £or T’ hour and 8

northWard floy, decreaaed slight—

»

action incteasad and became

i
)

sl

peri&dIAnd a heiént of 2»f€et,

velocity wa? approximately

shear . !

From Fighri 16,
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Ciagd

'SEDIMENT TRAP LOCATION 24 -2

IN PLACE FACING 168° FOR 4 NR

3

T MIN

APRIL 26,

I968

TOP TRAP
SXM?LEb 4-6IN [10°15 CM)

ABOVE SURFACE

SAMPLE  WEIGHT 22 69 GM

MIDDLE TRAP

SAMPLEDG 2-4IN (5°-10 CM)
- ABOVE ‘SURFACE

Ll

SAMPLE  WEIGHT : 37.64 GM

i}

BOTTOM TRAP

" SAMPLED 0-2 IN (0-5 CM)
ABOVE SURFACE

SAMPLE WEIGHT 153.i1 GM

SEDIMENT MOTION DOMINATED BY CURRENT °
FROM SOUTH, MINOR EFFECT OF WAVES

FROM 40° AZ

PERCENT)

{(WT

"FREQUENCY

GRAIN SIZE DISTRIBUTIONS
OF TRAPPED SEDIMENT

30% . 7
a
-
o
-

20+ w
o

104

Ot =¥

204

104

SIZE

8 10 SEDIMENT TRAP FACED 168° AZ.

T 89 IN PLACE 4 HR 7 MIN

z A

O 61 [ S, |

e 4 2Tt T3, Us BASED ON

> 44 ) .07 SEPARATION OF BED AND.SUSP LOADS \ <

= Ve e o IN SEDIMENT TRAPS

3. 7~

o e MIN_THRESHOLD U, USING MEAN GRAIN

Y .4 SIZE OF BED MIPPLE TRMEST o -

x FROM FIG 32 )

< . .

w :

P = T T T T T T | R |
* 1300 14:00 13:00 18:00 PHI -4 ‘2 o 2 .
. TIME OF DAY (HR:MIN} T 2] ] 174 116

APRIL 26, 1968 GRAIN SIZE
. Fig. 34 Results of sediment trap 24-2 compared to

transport competences of calculated shear

‘ velocities.
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SEDIMENT TRAP LOCATION 24-3

ToP TRAP

SAMPLED 4-6 1IN (10-15CM)
ABOVE SURFACE"

£

SAMPLE WEIGHT 26.16 GM

MIDDLE *TRAP

SAMPLED 2-4IN (5-10CM)
ABOVE SURFACE

SAMPLE WEIGHT: 37 8% GM

BOTTOM TRAP

SAMPLED 0-2IN (0-5 CM)
ABOVE SURFACE
SAMPLE WEIGHT 7 60

SURFACE SAMPLE

"RIPPLE, CREST —=

RIPPLE TROUGH ——3=

GRAIN SIZE DlSTRlBUTiONS

OF TRAPPED SEDIMENT-

- .

OF TRAPS

SEDIMENT MOTION DOMINATED BY
WAVES FROM 25° WITH CURRENT
FROM THE SOUTH

20-
5
w 104
[5)
[+ 4
w
a.

o-
w20
E 4
v

i0-
S

ol
Z 20-
2
Q
W
@x
W 'o-

0

)

(3]

a.

N

x

»

(8]

=

W

h J

[e]

[}

x

LT‘“'.

- SVS;E;DED
L e

& 107 SEDIMENT TRAP FACIN -
€ 81 168° IN PL MIN
Z 6
A MAXIMUM u,
o
3
o MIN THRESHOLD y USING MEAN
> 24 GRAIN SIZE OF BED ETPPLE"GES?
x
f.‘:

1] NS § T T "1 ~—7r b Y Y =T
5 1500 1600 17:00 18:00 19.00 24 2 O 2 4

TIME OF DAY GRAIN SIZE
{Hr. :Min )

Fig. 35 Results of sediment trap 24-3 compared to
transport competences of calculated shear
velocities. '
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velocities of 3.60‘em/sec are required to move -0.56 phi (1.45 -

mm) size grains, The maximum shear veloeity repregenting the

‘sum of current-and wave action would then be 6. 01 cm/sec rdther

- - - v

than 4.7& cm/sec.

However, a shear velocity of 4.74 em/sec is already compet~

_ent to move all but the very coarsest grains present in the bed

material at loeation 24, The effect of a greater competence is
to speed up the rate of transport. Another effect of the higher

waves and greater competence may be observed in the increasesvin

¢

rate of trapping of suspended load relative to bed load (Fig. 35).

Y

Rates of Sediment Trapping

Bleached, dry weights of samples co}}ected»in\pediment Erape
35,75, 24-1, 24—i and 24-3 areipnesented in fable A by ﬁalé phi
gtain\siZe intervals and by elévacQOn‘above b:ttom. For a given
sediment trap assembly these weights should bhe eroportional to
the concentration of gsediment {in transport at the sampled eleva—

tions, ~assuming non~1nterference of the traps with the flow.

The established and experimentally verified equation describ-

ing the concentration gradient of suspended sediment in equilibrium

unidirectional flow .is:
c H ~ 2Z Za
L= "1 27 w/Bkour
Ca i‘l - Za Z].
where C) is the concentration at efevationA21 above bottom of

eedimeﬁt size fraction with terminal fall veélocity W, Ca is the

concentration at an arbitrary reference-elevation Za of the same

: dpaomn




Bt W e

4 a A
DU —— —-s -
oo N

./'/

AT e e

bt ot v e .

B e,

ZZT e s oy B e e gz

"a

»‘J*'%

i % f\

B T e

- 144 -
size fraction, H is total depth, B‘is"a\coefficignt‘relati;g
sedipent d%ffusion coefficienf fo momentum diffdsion coefficient,
ko,is the vagn Karman constapt:and U* is the. shear velocity -
(Briggs and Middiéton, 1965, Brush, 1965). For a given:equil- "
ibrium unidirectional flow condition the equation predicts a
concentration gtadient such that for 8ach grgin‘size f:;ction
the concentration incteaeeé towa}ds the bottoﬁ and fider size
fractions have a more hniform‘distribufion than coarser size
fractions. ' |

On tﬁe basis of the above, the weights of samples collecfed

i R t * N
. by each of the sediment ,rap .assemblies should display the follow-

- {ng trends:

(1) Weights of total samples and of individual size
fractions should decrease from the bottom trap to
the middle trap to the top trap.

(2) The ratio.of weight of a given size fraction collected
in a trap to the weight of the same size fraction in
tﬁe underlying trap should increase for progressively

&

finer gfain size frﬁctions.

'

It is obvious from Table A that the results do not uniformly

‘follow the theofetical treads. In two of the five assemblies the

weigpts of the total samples collected in the bottem traps are

less than the weights of chextotal‘sambles collected in the'mid—
dle traps. In four of thelfive assembligs'weigh;s of individual
size fractions collected in overlying twaps are greater‘than the
weights of the same size fractions collected in underlying traps.

These inversions are greatest for Ehe finer grain Bizes and be-

L
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i TABLE A SEDIMENT TRAP 24-1
% ) ‘ ) . . @ Bot. Mid. - Top
; WEIGHTS IN GRAMS OF SAMPLE. © Mid Pt. Trap Trap Trap
T ( COLLECTED BY EACH SEDIMENT -1.75 0.0L i
y TRAP - IN HALF PHI GRAIN -1.25 0.21 <0.01 3
v , SIZE INTERVALS AND IN -0.75 1.12  o0.01 0.0l 1
D) TOTAL SAMPLE -0.25 5.50 0.11 0.02
; . 0.25 8.38 0.20 0.05 ]
o . € Sample weight in overlying trap 0.75 6.60 0.23 0.09
, ‘ is anomalously greater than 1.25 "~ 5.41 0.48 0.20
. sample weight in underlying 1,75 2.71 0.65 0.38
' trap. L 2,25 1.98 1.19 0.93 f
‘ 5 . 2.75 1.25 1.21  1.05 §
N NOTE: Trap openings 6" x 2" 3.25 0.40 0.40 0.39 ¢
% ' (15.2 x 5.0 cm) 3.75 0.08 0.02 <0.05
& Total 33.87 4.64  3.34 !
: ? SEDIMENT TRAP 7-5° SEDIMENT TRAP 24-2
% . 0 Bot. Mid. Top -9 - Bot. Mid, Top
& Mid Pt. Trap Trap Trap Mid Pt. Trap Trap Trap
¥ -2.25 <0.01 -2.25 0.17 :
¥ -1.75 0.70 0.10 0.06 -1.75 0.43 0.01 -
£ -+1.25 3.6l 0.32 <0.41 -1.25  2.09 0.08
H +0.75 6.59 2.11 1.30 " -0.75 10.37 0.29 0.10
-0.25 9.10 4.00 2.50 . =0.25 33.49 0.99 0.23
“ 0.25 7.39  5.68  3.89 . 0.25 34.12 2.09 0.60
; 0.75 5.39 <6.,10 4.63 0.75 20.95 2.83 0.96
3 1.25 5.15 <7.39  6.48 1.25 '16.00 5.10 2.03
1.75 2.44 <4,09 3.97 ‘- 1.75 10.38 5.90 3.21
2.25 1.20 <2.05 <2.19 . 2.25 11,21 8.40 5,70
2.75 0.40 <0.80 <0.93 2.75 9.79 8.20 6.54
~ 3.25 0.15 <0.39 <0.55 3.25 3.18  2:91 2.50
’ : 3.75 0.05 <0,15 <0.19 3.75 0.23 0.20. 0.20
Total  42.25 33.47 27.50 Total 153.11 37.64 22.69
i . SEDIMENT TRAP 35 SEDIMENT TRAP 24-3
: , ] Bot. Mid. Top : 0 Bot. Mid. Top
E ‘ " Mid Pt. Trap Trap Trap Mid Pt. Trap Trap Trap
3 -1.75 0.01 <0.02 -0.01 1,75 0.01 0.01
1 -1.25 0.07 0.03 0.0l -1.25 0.08 <0.13 0.03
: ' -0.75 0.09 0.02 0.02 -0.75 0.40 <0.54 0.20
3 . Y ~0.25 0.16 0.10 0.035 . -0.25 “1.30 <2.03 0.90
: . 0.25 0.20 ©.19 0.06 T 0.25 2,00 <3.6L 1.75
' 0.75 0.29 <0.30 0.10 0.75 1.80 «<3.83 2.12°
1,25 0.72 <1.01 0.30 ' 1.25 2.21 <5.,39 3.78
3 g 1.75 2.10 <3.00 0.95 1.75 2.15 <5.69  4.40
: 2.25 6.51 <8,29 3.31 . 2.25 - 3.08 <7.30 6.23
- : 2.75 9.30 <12.40 6,07 ‘ 2.75 3.21 <6.50 6.21
3.25 6.81 <8.65 5.20 \ 3.25° 1.13 <1.99 <2.00
3.75 1.78 1.55 1.51 3.75 0.08  <¢p.17 0.15
Total _29.85 <37.64 19.84 Total 17.60 <37.55 28.16
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( tween bottom and middle traps. Also note that 1f there 1s an
< #

inversion in a given size fraction, other than the coarsest,
the results of all finer size fractions "are also inverted.
The discrepancies with theory are probabiy a result of the

trap assemblies modifying the fluid flow. The trap assembiles

R e L TP

may be considered as a semi-permeable barrier to the flow, the

mesh of the collecting bags slowing and interfering with the flow
through the traps. The streamlines of the non-random, non-~tur-

bulent component of the flow were partially deflected around and

;
§

a

over the trap assemblies rather than being parallel to the bottom.

i

This introduction Gf a non—-random upward vector to the fluid
flow in front of the traps upset the random turbulence.pattern on
which suspended suspended sediment transport theory is based;
"The grain size fractions most affected by the deviation in flow
are those in suspended transport following the turbulent flow.
Little ox n; effect should be expected on grain size fréccions
in bed load transport except where underscouring of the trap

occurred and little or no bed load material was collected (as in"

sediment trap 35). The;efore, theﬁdata from the traps different-
fating the‘grain sizes in bed load transpoit from those.in sus-
pepded load ‘transport remain valid but data concerning the rates
of trappihg‘or transport are suspect.

The occurrence in sediment trap 24-3 of inversion of the
expected concentration gradient th;ougﬁ virtually all collected'
size fractions and not—just in the suspended size fraétiéns is <

possibly a result of 1kt developed by dominant oscillatory wave

- currents at the.time of sampling.

BT :
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For the reasons stated above, aLd since the results of only
eleven temporally and spatially scaJtered sediment trap assemblies -

are- available, no detailed analysis/of variations and average sed-

iment transport rates in Watering j&y are attempted. The results

/
3
however, are presented in Table B ds data to be considered in 5,

designing possible future studies: ! The rates of trapping, which

e — e

vary from approximately 15 to 337 gm per 25 hqur tidal cycle in X
~ a b inch cross-section from 0O to Ziinches gbove the bottom are 3
 minimum estimates of the rates of sediment tranéport by unrte-~ g
stricted flow. R;ther than being part of a férggr program, future 5_
studieé should be specialized and Pay more attention to the design

of traps having a minimal iﬁfluence on fluid flow and to a more i

siystematic and representative samp:ling program with respect ta
.- i .
variations in wind and sea states,}tidal phases and seasons.

'
1]

They should also include observat%onsof standing crop and sedi-

. ment production rates at selected rest sites on the barrier reef

and patch reefs in order to compare these rates with the trans-

' port rates. Oan the basis of gros§ observations it is thought
{
that in Watering Bay, seaward of dk!shoreward Thalassia  beds,

total sediment production and tot%l sediment transport are equal,

~ . f
' the bay being in hydrodynamic equilibrium,

v

i
'

Summary and biscussion of Seldiment Trap Results
{ .

In general the grain size dﬁstributions'of the samples col-
- |
i}ecped by the sediment traps ar# significapt 1in that they. i

correlate with grain size ranges defined by maximum calculated
PR J B 3
shear and shear velocity-grain size competence curves. Also

’, 1

:

!
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' " TABLE B RATES OF SEDIMENT TRAPPING
(t ’ ‘ Time in Rates (a, b, c) Between Given Elevations
Sediment Place 02" 2-4" -~ 3-5" 46" -
Trap (min) 0-5 cm 5210 em 7.6-12.7cm 10-15 cm
! 24-1 227 (a) 8.95 1.23 0.88
26/4/68 (1) ¢b) 13,11 . 1.80 1.68 B
! 242 247 (a) 37.19 9.14 . 5.51 4
(2) (b)Y 40.47 . 9.95 6:00
243 ] 68 (a) 15.58 33.23 24.92 .
3) 2 ‘
* 33 3000 (a) 1.65 - ¢ 0.64
, 6/8/67 (4) , (b) 4.85 . 1.91
‘ (c) 41.23 16.20
‘ * 34 3000 (a) 13.46 11.32
'6/8/67 (4) (b) 39.61 33.29 )
© (c) 336.62 282.97
* 35 3000 (a) 0.60 0.75 - 0.40
14/4/68 (b 1,76 2.22 . 1.%7 }
(¢) 14.93 18.82 ‘ 9.92
* 61 3000 (a) 2,62 1.87 . 1,28
11/4/68 (b) 7.71 5.49 3.77
(c¢) 65.51 46.70 32.05
) ‘ * 71 71500 (a)  4.00 - 4.09 ,
: 5/8/67 (5) (b) 11.77 12.04 .
. (c) 100.05 102.30
* 72 1500 (a) 8.70 5.11
5/8/67 (5) {(b) 25.58 : 15,04
- (c) 217.47 _— 127.81
73 1500 (a)  3.82 , 1.20
5/8/67 (5) (b 11.23 3.52
(c) 95.49 ) 29.95
75 1500 (a) 1.69 1.34 1.10
10/4/68 (b) 4.97 3.94 3.24
. (c) 42.26 33.47 - 27.50

! Strong effect of long period waves from a northerly direction.
* Traps tilted or underscoured at timé of retrieval.
(1) Only trap measuring transport towards the south.
(2) Waxing current - full range of velocities to north.
(3) 'Waning current — full range of velocities to north.
(4) In place at® same time — time period includes half hour with
v strong wind and whitecaps in Watering Bay.
(5) In place at same time - no unusual conditions,
(a) Average rate of trapping over time in place (gm/hr).
(b) Average rate of trapping during effective transport (gm/hr).
= calculated on basis of 8.5 hours effective transport
per 25 hour tidal cycle.
{c )\ Amount trapped during one tidal cycle (gm/25 hr).

3

a
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there appear to be fairly consistent relationships between the

!

grain size distributions 0of the bed materials, hydrodynamic

’

parameters and maximum shear velocities.

However, the sediment'traps‘intérfered with fluid flow and?®
collected less sediment than the amount transported by unrestric-
ted flow. Therefore sediment trapping rates cannot be used to
estimate tranéportiyétes con(identlyf'

Specific observations relating velocity and sottom shear of
the ;idal currents, the competence curvés and grain size distri-
butions of.trapped samples and of bed samp1e§ are:

‘(1) Roughness lengths, extrapolated from measured current

velocity profiles are of the order 0.4 to 2.4 cm. .These values

aré equivalent to grain size diameters within the first half phi

size interval coarser than the coarsest grains in the main mode
of bed sample grain size distributions. A comparable range of
roughﬁéss lengths (0.1 to 1.8 c¢m) 1is reported by Inman (p. 122,

in Shepard, 1963) on -the basis of data from several sources. No

’

/

information was given concernipg grain size distribution or
bottom roughness elements. Sternberg (1968) calculated roughness
lengths for approximately 140 measured velocgty gradients in
h;dtodyqpmicélly rough flow over anwide variety of bottom types
in tidal channels off the state of Washington. Grouping all the
data, he derived ;~mean roughness length balqe of 0.07 cm and

95% confidence limits of 1.06 and 0.0006 cm. No correlation was

observed between roughness lengths and the bed roughness elements

or grain sizes. Mean grain sizes during Sternberg's (1968)‘study

!

o

s
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.stderably 1ess'than the values obtained in this study.  However,

' ¢competence curves a shear Velocity maT bé derived which corres-—

'
-

. s
e e Sl e T T e VT [

5

L. = 150 - - %
varied from 4.02 to -0.12 phi' and boundary roughness in the "

form of gravel or ripples varied from heights of 2 to 10 cm.
T ° . b .
Sternberg's (1968) mean value of roughness length was con-

i

ugse of his value (Zp = O.bZ cm) with the.Carriacou velocity data

leads to shear velocities incapable of transporting the sediments

———

s
»

that were observed to 'be in transport.

1 f ¥

(2) ‘Caltulated maximuﬁ‘shea;.véloéities resulting from tidal

} &
currents near spring.tides at three ‘locations in Watering Bay

| .

A oty 8 g

varied from 2.5 to 7.0 cm/sec. Adding a correction factor for

wave action at one location (24) produces a range of maximum

shear velocities from 4.0 to 7.0 cm/sec.

(3) A gpain'sizé separating bed |load frokauspended:ioad

¢can be selected on tﬁe basis of the grain éiiq distributions of

sedimerdt colleCted in sediment :raps “at different heights above

bottom.. Using this grain size and ch4 shear velocftf-grainlsizé

ponds closely with thexmeasured‘maxim*m shear velocities as - y

HfOllows: ‘

t -

(a) éedimenw ‘trap 35, méasuréd‘raximbm shear velocity,
C

4.0 cm/sec versus 3.7 cm/selc from grain sizes and

competence curves.
‘ ’ <«

J
C ,
1 - 4 . A
/

(b) Sediment trap 75, measured maximum dhear velocity R

o 7.0 cm/8sec versus é;&,cm/aec from grain sizes and

- ' competence curves. .
' ' v,

' . -

"

- '
L e e A v, v
Y 0
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‘o R (c) Sedimentltrap 24, measured maximum shear velocities of

2.47 chrrent) + 2. 33

R ‘ .

(wavés)

=4.80,

grain siZes and competence curves

I

*

versus 4.35 from R

(4) Also on. the basis of ‘the eompetence curves, theimaximuﬁ
.f. . _18 grain.sfizes transpontable fn bed lbad by cﬁé ebove shear velocw
. N ji'. ities-correspond c}oseiy égltpe maximum grain sizes coI}ected in*
e the bottom tfape at’the.sedimentosurfece. . .
« , .
Q\h e (5) On the basis of one oesegvation ap-}odhtionJBS;_Fhe :

representétivé grain size, with respect to the competence curves .
’ { . ! o ) r

. . - d
B ‘ and threshold of movement, 18 the 28th percentile of the be, mat—~ .
oo ‘ . . . . ‘ ~" -
- erial grain size distribution. This is in keeping with the theory

iy
- ‘s

that the representative ‘grain s1 ze should vary from the mean ‘grain

size for very well sorted bed materials towards the coarse tail
a7 ~ . N

e . for poorly sorted bed materials.

The grain size boundafy bexWeep:bed and suspended loads

(6)

o

ﬂ(from 3 above) corresponds to a narrow range of percentiles of
the bed material gfain size distributidns as follows;:

(a) Sediment trap 35: " 65th percentile (based on suspended

o . grain size and maximum calculated shear velocity). N

! o (b) Sediment trap 75, 72nd§(based .pn suspended grain size)

! - . . ‘and 67th percentile (based on maximum shear velocity).

. (c) Sediment ‘trap 24: 69th and 72nd (b;sed on -suspended

) grain-size); 50th and 66th (based on maxidujushear

‘« . : .velocity); and S5lst and" 62nd (based on maximum grain-
size in’ bottom trap). Above pairs of percentilee are
for ripple crest and ripple’ trough samples respectively.

“

. The average boundary petcen;ile is the 64th percentile. @
' 8 ‘ hl ; ‘ ’ ~
® [
N W * L . . "
1 ’ - '&: °
i * - [
t ((” - - “
: ‘ a .
i - -~ "
‘{\ . . G . e w
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BEﬂ MATERIAL "GRAIN SIZE DISTRIBUTIONS AND
. . SEDIMENT TRANSPORT IN WATERING BAY

. ' For the three sediment traps discusséd in detail above, the

grain:siZe separating hed load from suspénsion load transport

)

Q

ranged from the 50th to the 72nd percentile {average 64th per-
'centiie) of the bed material gr%zn size distributione. "In order

* to eva}eate whether this was generally true in Watering Bay, the

.grain size histograms of all analyzed sediment trap and corres—

ponding bed samples are plotted in Figure 36 and the 64th percent—

‘ ‘{'les of the bed sample grafn size distributiqns 1ndicated as the.

boundary between bed and suspended load.
]

‘

Plotting"the above grain size boundary on the competence

4

curve for‘g@nspbrt in suspension (Figf 16) defines a shear vel-
K

. !
gcity which allows definition, on the competence'cur%e for trans-

N »

port in traction, of the maximum grain size in bed load transport.

™.+ " These values are also indicated in Figare 36 to define a bed load

<.
o 5

‘. ‘E

\grain size range.

of . the eleven sedimen® trAps at nine locations, only four

“

(at locations 24 and 75) collnected ‘a sample which can be related

[

* ‘to~the bed loadﬁ These were discussed in detail abave. The re—

. & .
® ~maining assemblies, excepting those at locations 72 and 73, were

.# . tilted or underscoured, and _sampled the suspended loads only.

4 e 4

% * ,,5(

On the basis of the suspended 1oad grain size distribuﬁions
-(collected in the middle and top- traps)land the maximum grain,
siZea present on the surface, the use of the 64th percentiles

v -~
of the surface sample grain size’ distributions as the grain @ize

4
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~ SEDIMENT TRAPS. ~
: WATERING BAY - , ,
24-2 "24-3
/
. {3.05) @3 . ! s
2 (3.35) - ,
2 . o

-1}

3
~
[~

FREQUENCY
(wT. PCY )

[y

ys

O.

o

{3.96) wATER DEPTH (METRES)

FA

oo
LEGEND
SEOIMENT TRAP LOCATION
CLOCATION NUMBER

ED LOAD
"" iq—susrtuo LOAD
64TH pznctunu: of smnu SAMPLE
-1 61 TRAP LOCATION NUMBER
(BRACKETED 7 TILTED
OR UNDERSCOURED)
{

° 4 PHI
GRAIN SIZE

b

3 TOP TRAP SM‘PLE

Z MIDOLE YRAP SAHPLE B

1. aon'on TRAP SAMPLE

o

'
s  SEDIMENT SURFACE
SAMPLE

' F

Sediment .trap and surface

1. 36 ‘
‘ distributions for all traps,

Faa

sa:mp]e grain size

Waterxing 'Bay.
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. boundary between auspenéed and bed load ‘transport appears to

be reasonable
“The trap assemblies at locations72 and 73 were not tilted

or underscdured: At location 72 the use of the 64th percentile

- as the suspended /bed load transport grain size boundary-is con-

sistenF with £he grain sizé distr{pdti;ﬁs of thé su&%qce saﬁpl%
and of the upper trap'bample. No explanation can be' made as ta
- ‘s
why the bottom trap sample did not consist mainly of grain .sizes
in the intérpreted bed load range since these‘grain sizes were
agﬂilable on thenboctOm. The grain.qize discrtbutio? of the
bottom trap sample 15 éimilar to that of the upper trap sample
except for a largerx coarsehtail~ ‘

At lo;ation 73 the 64th percentile of the bed material grain
size dist;ibutgon corresponds to the mode of the uppér trap
sample at 1.75 phi. 0On the basis of the tra; éampfé grain size

distributions 4 boundary between suspended and bedy load grain

sizes 1is seIected -at approximately 0. 75 phi, which is the 37th

- percentile of the bed material graiq sizg d;stribution. Location

73 was within 100 feet (30 m) of the back edge of the reef crest

where the bottom was more affected by wéves than by cuorrents. ‘The

bottom was symmetrically rippled parallel to the reef crest, -but

v u

" weak currencs and current lineations parallel to the¢ crest were

observed, The sediment trap was emplaced facing southwards into

’

the‘currenn. The relative scqrc@ty‘of bed 19ad grain sizes com—

pared to suspended load graiu sizes in the bottom trap may be a
similar effect to that observed in sediment trap assembly 24-3

where wave transport was dominant ®dao.
\ o .
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Excluding ‘the results at location 73, the use of the 64th

percentiles (ranging from 0.22 to 1.42 @) of bed material grain
B ‘
" size distributions at eight widely separated locations of vary-

ing depth (10 to 26 feet) as the baundary between suspended and

bedcload grain sizes is consistent with the grain size dis%ri—
butions of sediment tfap samples at those 1ocationé (Fig. 36).
On the basis of the sediment trap and current measurement

. A -
results, it is suggested that in areas affected by tidal currents

in Watering Bay curfent velocities -may be derived from -the-grain ’

¢ size distrib?@ion of the bed material, the known water depth,
the competence curves -and the von Karmen-Prandtl equation.
The‘boundary between bed toad and suspended 1load tﬁanspért
is derived from the 64th percentile of the bed material grain
size distribuqﬁyn, This value 1is entéged into the competence
curve graph (Fig. 16) to derlve a shear velocity (ux) which 1s
equivalent to the maximum sheax veaociby affécting the bbttom
during a spring tidal cycle. Roughness length (zo) s setlequal
to the mid-point of the half phi g:;in sfze interval coarser thiz
the coarsest grains in the bed material sample. These<va1ues are

substituted in the von Karma-Prandtl equation:

- U zZ + 2o
Y004 1n ( zo )

to obtain the mean average current velocity (&) at any height
(z) above bottom. }
Thg\fbove procedure was used for all samples in,Watering Bdy

4 ki
" and outside the reef to give estimates of maximum current veloc-

ities during spring tides at a depth of five feet. A-depth of

A e s
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five feet was chosen because actudl current measurements in more

locations were made at that depth than at any'ofher depth during
this study and can be compared to the calculated velocities.
Me%sured ‘and calculated values are presented in table form in

Appendix III and in map form in Figure 37. ¢

Figure 37a is'an index map of bathymetry and locations of

"all samples in the Watering Bay area. The sixty-fourth percent-

iles of their bed sample grain'size distributions are mapped in

Figure 37b. Not surprisingly the map pattern is similar to that
for mean grain size (Fig. 10a). Coarsest values occur ocutside the
reef, in the immediate back reef and in the channel north of Point

St. Hilaire. Finest values occur in the shoreward Thalassia beds

v
-

and in deepetr water north of the b;y.

The map pathrn of interpreted shear velocities in Figure
37¢ 1is similarg‘high shear velocities corresponding to the
coarser 64th percentile values and low shear velocities corres-
ponding to finer values. 2

, The mép pattern of calculafed maximum current speeds .at
5.£eet'dépth.1n Figure 37d {is élsg/glmilar except for a decrease
in valuip from th; central bayﬁ:;ith; back-reef. This is because,
in the shallower‘watey depths of the immediate back-reef; lower
flow velocities are required to develop a gi%en shear velocity.

Figure 37d may be used as aiéheck on the Qccuracy of the
%ethod~by considering volumes of flow, bathymetry and the mapped
flow pgtCern and $y‘comparing actual current speed meagurementh

with thoéecalcu}ated at the site of the .nearest bed sample.

b,y RS NG o S 0
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If a given constant volume of water moves north or south-

. wards through Watering Bay then the flow speed shoudd increase

where the east~west sectional area of the water in the bay de-
creagses and decrease where the east-west gsectional area of, the
watér increases. Cﬁanges in»thé sectional area result from
variations in the swidth and deptﬁ of the bay. The highest
current- speeds are mappeé to the east and just‘ﬁor;h of Point St.
Hilaire at the séuthern end of the bay, where the constriction

, f
between the barrier reef and 1A@d is greatest. The constriction

is so great that the east-west seéﬁional area hasg been enlarged

by scouring and maintainance of a channel. 1In the central pazt

[ 4

of the bay, where constriction of flow is least, the velocity of
flow is least. To the north the flow is again constricted between
the barrier reef and the shoreward patch reefs resulting in flow

speeds greater than those in the central part of the bay. The

high speeds continue northward for a short dlstanceabeyond the

constriction until water depth increases and velocity decreases

"correspondingly. . At the, north end of the map, -flow speed increases

again, joining the more rapid'floq_outside the reef. "Shadow
- PE . , ‘
zgnes" of low speed flow.exisc immediately north of the barrier

reef and the shoreward patch reefs. The mapped variations in

flow speea (Fig. 37&) are reasonable and expected assuming constant
volume of flow through a varying cross-sectional area.

Rough estimates of average east-west sectional areas and
- . .

average northward flow speeds lead ‘to a flow rate of 1.5 to 1.8

X 103 m3/sec through a given section. The volume of Watering BayS

is approximately 8.8 x 106 m3. Therefore, duriﬁg northward tidal

T
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flow the residence time of water in Watering Bay is 82 to 98
minutes or roughly 1.5 hours. Thgrefore, as stated above, it 1s
unlikely that particles put into suspension in Watering Bay came
to rest, but are flushed into deeper water within one tidal
cyéle. ) «

~The calgulated flow velocities are interpreted to represent
maximum flow velocity affecting the bottom.. Tberefore, they will
be'gompared only with maximum velocities measured near or at
spring tide. The eight such measurements (Fig: 37d) are'listed "

below and compared with the ca&lculated velocities at the nearest

bed sample locationé which are in comparablé positions relative

to channels, reef, etc. M . \
° { .
MEASURED NEAREST CALCULATED DIFFERENCE DIFFERENCE
VEL. SAMPLE LOG. VEL, {cm/sec) (%)
(cm/sec)  (Distance) ~.(cm/sec) . *
32 .27 (310m) 36 4 . #12.5
71 29 (260m) 77 +6 © + 8.4
60 23 ( 70m) 66 +6 v +10.0
41 24 (  Om) - 13 ) +32 ' +78.0
39 31 (180m) - 35 -4 -10.3
165 25 (190m) 115 -50 sy -30.3
.51 35 ( Om) 51 0 0
105 59 ( 40m) 107 +2 k1.9

The speeds interpreted and calculated from the grain size
distributions of the bed samples differ from the measured speeds .
by +78.0% to -30.37% (average + 18.9%). 1Ignoring the sapeed and

sample at location 24, where detalled analysis above demonstrated

b <t e O - - B T L —————
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a strong wave effect, and the speed and sample (25) outside the
(; - reef, the range of differencgs is +12.5% to -10.37% (average +7.1%).
Therefore, 'not only is the mapped pattern of calculated flow
sbeeds reasonable on the basis of bathymetry'and,flow restriction,

but the actual calculated values in Watering Bay are a close

approximation of the measured flow speeds except where there,is
a strong wave 1nf1uence. In Watering Bay the g;ain size distri-
butions oé bed samples may be used in conjunction with the com-
petence curve and the von Karman¢Prandtl equation to estimate the
maximum shear velocity and“flow speed raffecting the bottom.

While the map of maximum curfent speeds (fig. 37d) serves

to delineate the pattern of water flow in Watering Bay, the map ’

of-~shear velocities (Fig. 37c) serves to delineate sediment trans=

port and posgiﬁle depositional patterns, since shear velocity.

is a measure of bottom shear stress and sediment transport com-

©

petence of the currents. ,

°

.Not surprisingly.the lowest.- shear velocities (1.0 cm/sec -

@

: . no transport) were obtained for samples 48 and 66 in the shoreward
Thalagsia beds where curren;s were observed to be weak and
Thalassia protebted the bottom. However, the technique émployed
above to arrive at shear velocity values assumes equilibrium of !
the bottom sedimént\grain size distribution with the current flow.

t ; Thié is not necessarily so in an area where the currents areﬂtoo

Weék to move any bbgtom sediment. 1In a carbonate sedimént area,
locally\highly productfve organisms=such"as Halimeda or gastro- )
pohs may develop a bottom_deposlt"guch coarser than would be

»

expected from the hydrodynamic regime. 1In particular this might

ot

be the case’ for sample 67 from a Thalassia bed in which currents

H
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could have little effect on bottdm.

T N P R

The grain size distribut-

ion of the sample however, leads ito the interpretation of -a

current acting with a shear velociity of 3.5 cm/sec. Therefore

]

interpreted ‘shear velocities incabablé of moving dny sediment

(u*~<1.80m/sec) do indicate no sediment transport, but cannot
! -

be used to calculate a flow velocity.  Also, interpreted shear

i

velocities capable of moving,fideiand medium san@-(u*=l.8-2.2)

should be 8uspect unless there is icorroborating sedimentary

structural or other evidence of seLiment transport, since they

l

may be a result of in situ growth ?nd breakdown of organisms..

’ |
Another problem with the shoreward Thalassia bed samples

!

i,
is the occurrence of 'blowouts' where storm‘waves have stripped

away the Thalassia cover and rémovep finer grain sizes. The
{

i
grain size distributions of the botfom sample truly reflects a

- i
hydrodynamic regime stronger than if usually associated with

: |
Thalassi-a beds, but it is a wave re§1me. Sample 57 (up=3.0)

‘ |
was taken from the floor of a blowout. If blowouts migrate

TET DR o it

L

« o
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|

the entire deposit underlying a Thalassia bed may be réworkeé.'

1 .
The resulting coarse grain size disﬂribution will not be indic-

I

ative of the deposit's origin in a Thalassia bed (Patriquin,

1973).

i

1
3

The only other samples to 1ndi§ate non-transport were samp-

les 7 and 8 (u,= 1.5 cm/sec) which were collected from a water

depth of 38 feet in a trough bet eenfthe northern fringing reef

t

crest and a seaward reef ridge r sinb to a depth oﬁ 30 feet.

These sample sites were protecte frpm all directions and iie

in a lécal depositional area.
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In Watering Bay, ]ust beyond the line of shoreward patch

4

reefs, the pattern of intetpreted shear velocities in Figure

37c shows a 'stream' of high sediment transport Eompetenee

extending from Point St. Hilaire to the ﬁorth end of the bay.

Lowest shear velﬁfity value (along this trend {8 5.3 cm/sec

L

which theoretically is capable of transporting grains up to

-1.8 9 (3.3 mm) in diamete; (gr‘anules).~ Seaward, within the

main part of the bay the 1ntérpreted shear velocities are between
3.0 and 4.3 cm/sec (c;pablé of transporting very coarse sand). In
qhé nqrthern pért of the bay shear velocities are between 4.3

and 6.3 cm/ sec (capable of transporting-granules).

/

SUMMARY AND MODEL OF SEDIMENT TRANSPORT
AND DEPOSITION IN WATERING BAY

Sediment transporf’ and deposition in Watering Bay 1is domin~-

\

ated by unequal reversing tidal currents. Waves normally affect

bottom only immediately behind the barrier reef and in shereward

shallow water ateas.

»

Observed normal weather waves in the bay had average periods
of 2 to 2.5 seconds and estimated heights of 1 to “1.5 feet (0.3

to 0.46 m). Occasioﬁally lé6nger, higher wave sets are observed

to enter the bay from the north. These waves are probably north-

-

easterly ocean swell.which has been attenuated by small islands
and banks to the northeast.

Semi—diurqgl tides ére dominant and the tidal range is
approximately 1.5 feet (0.46 m) between high htgﬁ water and low

léw water levels. Maximum tidal current flow to the south 15 at
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3 I
.(, ; or near low water and to the north is at or near high water.
” Current velocities are greatest near spring.tides and least near
' R

O TR ek e s SRR B g sy

’ neap tides. Within Watering Bay current velocities decrease from
the centre of the bay towards the shore and towards the barrier

reef. A variable non-reversing north flowing ¢urrent causes the

north flowing currents in the bay to be faster and of longer dur- a
» e ( . . -
ation than south flowing currents. When tidal currents are weak,

aroGnd neap tide, there may not be a period of flow towards the

south.

-

During times of flow towards the north water, enters the bay

-

~over the reef and‘thrpugh\Fhe channel off Point St. Hilaire at

the south end of the bay. TQe flow accelerateﬁ towards the north

PEC N‘«*M%W*M‘_ -
\

N

P Ty

and passes out of the bay throhgp the open north end where it joins
! s . :

the strong westward flow between éhgrtacou Island and Union Island

(4 miles north). Observed current fl1o in Watering Bay is turbu-
lent (Reynolds No.» 600) and tranquil (Fro \f No.< 1).

~

Cloth mesh sediment traps, stacked above 5he\fnothér on the

AU, i b st =

- ' bottom; were used to sample grain size aistributigak~of sediment

[ 4 .
in bed load and suspension tramnsport. Current measuremen

or near three of the sediment traps, were used to calculate s?ea
! velocities. The grain size distributions of the samples collected

in-the sediment traps correlate well witﬁ grain size ranges de-~

fined by maximum calculated shear velocities and the_shear veloc~-

ity - grain size competenqe’curvea for unidirectional flow. ‘Also

A

there are fairly consistent relationships between the grain size

distributions of surface sediment samples, hydrodynamic paéameters

i ( i ' and maximum shear velocities.

'

\
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( [ From the&fesults of the three sediment ‘trap experimEnls for 5'
which there were current measuréments, and compatible with the
results of. six other sediment trap experimengs’for which there i

were no current measurements, hé important relhtionships are: 3

(1) ﬁoughness 1en§ths ar equiValenf to graip'size dia- , 'R

meters within the first half.phi grain size interval

‘coérser than the,coaksest’grains in the mainagrain >
siz% mode of the surface sedimenf samples.

(2) Graih size boundarie$ between: traction and suspended

-

load ftransport can b# defined by the grain size distri-
butions of.the trapped samples and by él?ng the calcu-
lated‘Qéxigum shear |[velocities. and the competence

Iy

curve for suspénded transport. The .boundaries corres~-

’ pond to & marrow range of percentfles of the correspond-
o B ' in suffacé sediment samples (59th to 69th percentiles;
averqgetéath percentile).
! I areas“whére'sediﬁent ild tfansported by curtend& the 64th
percentile of tggréraiq,sfze distriﬁutiod of any surfaée sediment

{ e\ .
sample 'can be used'wfth\the competen%e curve for transport in

- suspended load (relationship 2 bové)\t define a maximum shear
veloqify. A roughness lepgth value can bg obtained equal to the

mid-point of the half phi grain size interval coarser than the ﬁ

/

coarsest grains ﬂn the surface sediment sample (relatigﬂghip 1 A

above), The values-of shear velocity (ux) and roughnéss length

( can be substituted in the von Karman-Prandt]l équation,

i} N G gk, 1nZt 2o,

<
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to@obtein the mean ayquie'current welbctty:(u) atlEdy height’
, - .

“{z) abdve boﬁtom; If the water depth (h) is RQOwn, the ve'loci-

ties at an‘y depth (h z) can be determined . Q . Do,

~r

i~ s

v

The abov@ procedure was fqllowed for all surface sediment

o — 3
. s ? -

samples {in. Watering Bay. Maps were constructed showing maximum

shear velocity and m&ximum current velocity at 5 feet depth.{u\

'

Ignoring samples from areas strongly ‘affected by Waves and from

o ~

.Thalassia beds, the resulting map patterns of flow are consligﬁnt

with what would be expected g1ven the flow. volumes and bathymetry

of Watering Bay xlso, maximum velocitiee, calculated by the’

Pl

above procedure, ‘differ from ne&rby measured maximum velocities

by only +12 5 to ~10.3%. The caLculated veloqigies_are therefore
close approximations of actuai'yéiogittes where the sediment

+

surface is controlled by curtents.

4l

r

; In the ancient tecord the above prdcedures could conceivably

be’ used on reef asaociated deposits with primary sedimentary

'xstruCCures indicating the aption of currents, Qap ,of paleq-

'

. f ‘.,,"'
shear vel&gity,would delineéte patternq of sediment tmansport and

allow extrapolatibn to 1bcate‘de§dsi;£¢hal.dyea ,(deegéa and -

source areas (reefs)’ ] meoe o ' e -

o o ‘ * o

Watering Bay is essentially a sediment vbypass . area except'

~ '
>

in 'the shoreward beaches, mangroves‘ shpreward Thalassia bg 8’ and
KJ

and patch reefs. Progradacion of these envitonments could eventr
%3ly lead to fllling ‘most of thg bay to sea Level
‘Sediment supplied byx;he batrier reefs to the bay are. fin

equtllbrium with the currepts. 3Ihe grain aize distribuciona of

" . . , . . l,‘ ! ‘! “‘“ x‘ A t .‘ - {
the hed materials accuragely reflect 'the sediment transported in

§

]
N 5
v

o
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.iate area ig on the slope into deep water at the north-end of theu

'égﬁtre pf the bay (Fig. 4) and bylthe general pattern of increas-—

- that gand~de§osition could extend much fﬂrther to tﬁq noxrth., The

., the protection from these turrents that ould be necessat for
{ y
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bed- load by the currents ‘and are not depoeited except temporar—

» P

ily: Only a. . rise in relative sea level or increase in size of .

material supplied by the barr;&x reefs would result_in deposition

‘ r
inemost 6f Watering Bay. -Then, when sufficient deposttion had

oo

-

taken place to constrict the tidal flow and increase the tidal
¥ ] . - n

current shear velocities sufficiently to be comﬁetenﬁ, the fs

equilibrium would be- re-established (at the original water depths
. . , . ,

if a sea level rise occurred, and at shallewer water depths if.

theré had been an increase in grain size).

o

The only important site of sediment deposition in the immed- -

- N .

3

bayé The expected depositional pattern is of a slowly northward

prograding sand b&dy with increasingly fine grain:sizes towards

its base. This possibility _1s supported by the bathymetric

shape of the slope which {s broédly lobate northward cut of the * ﬁ

..

ing fineness of sample grain sizes dow4 the slope (Fig. 104A).

With the present reef configuration however, it is doubtful

v ' /';
area"is swept by scrong tidal currenus'from'au%side the reef as
Y,

they swing towards the west arnund the north -end of Carriacou 1f

the barrier teef crest were to extend northward it wouid offer

B} [

-

aand ¢eposipion 4o progtess northvard This may actually be

happening. The outer edge of the north end ‘of the back- reef sand

body is a coxal rubble bank with abundant grod&ngmassive corgls,

S . '
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.
;

- " e, P s e gt
AP s I LT TTTTERITTTY . & ;



- - B LXS s

. < -
L e e T e e I T IS

.- - 167 - g

L] v

R R T g o

.
-

mainly of various Digloria species (Fig. 5). This bank develop~-

-

ment may be the precursor of full reef developmeﬁt. Thus depés-

itional ﬁrogradingng)sand nbrthwafd beyond the edge of the reef .

provides a shallow environment neéessary for coral boulder bank
- ) . L) ’

~ ' ‘development and possibly eventual full reef development which
Q ' would then provide the necessary protection for furthetedepos~
. itional progradatiqn to the north. =
- fal L .
The rate limiting facter to this process i{s probably the
v rate at which tWe reef can be extended. Most of the sediment
. 5 presently being sweﬁf from Watering.Bay does not come to rest
- ) N ' 1] ' . -
on the slope but {§ caught up by strong iwrrents from outgide the
° ! . N . . .
’ bay and removed from the area. . . .
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CHAPTER 7 - SUMMARY AND GENERAL MODEL OF
REEF SEDIMENT TRANSPORT AND DEPOSITION

Carriacou, W.I. (12°30'N.] Lat.: 61°26'W. Long.) is a small

2

island (713 mi" - 33.7 kmz) on the Antilles Ridée. Bedrock

consists of Upbé; Eocene to Pliocene volcanic tuffs and or-
ganicilimestoneg dipping gentli_to the southeast.. The climate

is relatively dry. and khere,are no bérmanentjstreahg‘on the

island. » oL o -, '
: N % . N
Carriacou lies within the belt of constant Norftheast °

Trade Winda, Windsg and waves of laté aﬁtugp and wintet are -

‘mainly from the noxtheast while those of sprinsg and summer

.

are more easterly.

a

The area af study included the barrier coral reef and "’
back~ reef ,areas, exte@ding for one~quarter to qne and one-

quatter miles (0 A ‘to 2.0 km) offahote and for approximateff
4
4, 7miles (%. 5" km) along the east coagt. The back—reef area

{

‘.is divided into three bays. The middle bay (Jevw Bay) half way

up the coavtiis the smallest of the’ bays. The study chcen~
v
trated on the contrasting bathymecry, environments, hydtology

and sediment transport patte:na of the northern (Watering) and

southern (Grand) bays. No prbvious similar studies of this or
. A - ’
other areas have been made. o

t ~ N s

® Grand Bay is more exposed, 1arger, deeper and has lgrger

waves than Watering Bax‘ The bottom of Watﬂ#ing Bay 18 scour-

ed by strohg,zdominantly semi-diurnal, reversing tidal curr-

ents, which wére’ not opaerveduin Grand Bay.
9 - - S o . S o

»
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In general, the flora aﬁd:fauna of ;eef‘and‘reef assoc-
fated environments are not significantly diffe%ent than those
described\in oshen Caribbean reef areas. However, the above
differenses in size, exposuée{ bathymetry and hyi?logy cad}e
differences in dsvelopment and character of many epvirodments

BA in tﬁe two bays .as follows: .

(1) " Beaches in Grand Bey‘aee well developed and are composed
of carbonate sand transported shoreward‘by waves.
Beacﬁes in Watering Bay are poorly developed and are
gémpesed mainly of black, terrigenous sand transported to
the shore by ephemeral streams and sheet wash- during rain

v
storms,

&

3

(2) Shoreward Thalassia beds have a much more exéghsive and

“

vatied associated flora and fauna in Grand Bay than in

Y

Watering Bay. o k

4 (3) The unstable sand aubatrate in Grand Bay 1s transported

L3

shoreward from the barrier reef into the deeper lagoon

«

“ by secondary waves. That in WAtering Ray is transported

o

mafnly laterally by strong tidal currents.
(4; Nearly half of Gtand Bay, betdeen the shmreward Thalassia
beds and the barrier reef, is deeper than 20.ieet (% 1l m)
and is floored’by stahle.aand which'is not moyed by
normal waves, gtable‘sand aubatrate 1s uncommon in .

-

. watering Bay and occurs mainly in amall areas assocliated
!

with the shorewatd Thalassia beds behind Grand Cay. SR

,(55 A back~reef radtnl zone ia uell developed on che lsndward'

x\

. " gidé of the barrier reef crest only in aputhern Wateting

Bay,andfin Grand Bay.*» . - =

. -

.
.

«
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The main sources of bioclastic carbonate sediments east (
(t of Carriacou are the batrier reefs. Maps and scatter plots of s

the statistical parameters of 'grain size distributions of sed-

:

. ment samples are consistent with the relntive‘intensities of
waves and currents as determined by seabed surface features and

direct observations. Used in conjunction with one another, the
o

maps ‘and scatter plots allow some general‘1nte}pretations‘of'

»

sediment transport and depositien.
A-much fuller understanding of sediment transport and:de—

position §as obtained by considering the grain size distribut-
g

fons as mixtures of log normal populations repregsented by

cumulati}e curves or higtograms rather than by derived numbers,
Use of populations allows 1nterprgtat£on of the cnmplete‘gtain
si}e distributions as rnspnnses‘to procgsses,‘for.which there
is a cghaidérable fund of theory and experimental data. A
Sediment transport in Grand Bay is dominated by ;aves

crossiné the back-reef unstable sand flat, Increasing mean’

2w

grain siee -and coarse skewness of é}in size distributions ot
. {Fdiment samples across the back—retfxflat away from the reef
attest to Ehe,transport and’prbgresaive wtnnowingheffécts of
the waves. The finer grain sizes winnowed from €he flat come
to rest in the deeper water stable »dand. environment of central
Grand Bay. i i
To pro;fbas beyond the ‘above interpretation it was nec-
. esnary'to consider‘tne sampl&d gra;n si ke diatributions as

3

mixtures of basic 103 normal grain sisze distributions. Deter-

3

-
x , 4 .
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organic constitueqts in three representatiVe samples demonstrat—

(i ed that thg basic ﬁopulations are not a result of organi¢ skel~

L

etal structural units controlling. the grain sizés of the pro-
©. ducts of abrasion ané breakage, | ‘

By comparing the basic grain size campoﬁent populations -
with competence curves for transport by waves and the comp-
‘etence of the pbservad waves, the following model of reef sedi—

* ment transport and deposition in.Grand Bay was developed (see
Figs. 22-and 23). '
| During obseéVed normal weat£er.conditions, waves in Grand

Bay have periods of 4 to 5 seconds and heights of 1 to 2 feet

PR it ase Sttt i AT G ke g e ¢

(0:3 to 0.6 m). These waves are capable of trhnspor;ing grain

[N

sizes finer Fﬁan 0.43 phi (0.74 ﬁm)ain 12 feet (3.6 m) of waté;.
Grain size component population I (x =:-0.7 to ~0.25 phi;*

‘= 0.72 to 0.85 phi); occurring as Fhe co;rse mode of bimodal
reef and bgck~reef Fipple trough saﬁples, is not traﬂspo;ted.
Component population II (xv= 1.05 to 1,40 phi; GJ- 0.75 to

0.95 phi) 1is transported slowly by rolling and.sliding and is

A e

organized into ripple crests on the beck reef sand flat,

4y O
Those™ grains that reach the /steep slope between the back-reef

Sk " and the deeper water stable sand (13800“) are deposited as

2z e
"1

— part ‘of the aubgrdinate coarqe grain size‘populati9n of the .
.g ’ bimodql}slope deposits. |
Popui;t(on ITI {i = 1,80 to 2.10‘ﬁhi; o = 0.59 to 6.70
phi) is‘tranaportgd rapidly across the béck-reef flat_as bhounc-
g ing (saltacing?) tractgon load, It is present as 4 transitory .
': (:x | population in the back-reef flat ripple trough samples'énd as
‘the ﬁal; grain size mode of the slope deposits.

¥

hanl L o LA YO s ute LS S




B i d 3 ca Lai P . P s

BTN,

, - 172 -
- Population IV (X = 3.15 to 3.20 phi; & = 045 to 0,66

( ) phi) is transported most raég@ly across the back-reef flat,

gly 16 suspension. The population 18 not recognized in

* bottom samples of the reef and back-reef flat environments,

proba
‘Down the‘glope. progressively more and finer portions of
population IV are mixed with population III to produce an *
inverse graiﬂ size grading in the fine mode of the slope
deposits. Most of‘pogulation’IQ comes to rest as the fi&e grain
size mode of the bimodal sands of the stable sand (lagoon)
environmené (Figs. 22 'and 23), . , ¢ .

1

During storms, which were nojy obsgrved, gréin gizes finer

x
o o s
B A,

than approximately -1.i5 phi (2.2 mm) are transported from the

Al

reef and across the back reef flat (Fig. 22). Component pop~

ulation I forms the coarse grained .portion of the traction

load. At the top of the steep slope, which {s at or near the 3

/ . )
angle of repose for finer grain sizes, the coarsé grain . frac-

00 N S T s LT I
. e

tion¥ of population I roll to the bottom where they form a
discontinuous bbttom—aet deposié of éhe ;horéwgﬁg prograding
back-;eef sand body (Fig. 23). Llogging of populatién I on
the slope may occﬁr to produce a coarse g;ained storm cross-
se.t bed in the -sand body. ‘During xhg waning stages of'a‘sgoth
population I -is aéposited"oﬁ ,the top of the back*feef‘fla%
where 1t f&rmg the coarse grain size mode of th;vnbrmal weath-
, er éfpple trough samples. ' R .
Population 11, in the nogha{ wave ripple crests, is_the

most exposed grain sige pdpulation oh the back-reef flat,ic

the Btart of 5 storm and is rapidl&‘tianspcrted across ;Be

1

L=

Uﬁck—reéf’flit as the finest portion of the bed load., 1t is-

4

) o
"3 -
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swept down the slope into deepeS\fater where storm waves are
( still capable of distributing it as the coarse fraction of the

. \
traction load (Fig. 22). It forms the coarse grained component *

population of the bimodal lagponal deposits. Biogenic rework-

ing of the lagoonal deposits during non-stormy weather inti-

mately mixes populatfon II and IV into a homogeneous deposit.
\ * ) )
Component population III, ‘in the normal weather ripple

”’troughs; is probably put into suspension on the back-reef

flat during storms. Increased water circulation during storms

<

probably removes this population from the study area. Some

/

.
o ?WT"”“W -

of population IV, originally deposited in the lagoon during

.pormal weather may be disturbed during storms, placed in sus-
’ ' L™ 2%
pension, and removed from the study az?%. It wotld not be

placed into suspenéion as high in the ;Eter column as popu=-:

N3

/

laiion I1II on the backfreéf flat, however, so much would re- T

main in the lagoon and be redeposited after the storm.
ghe net result of the apove model iq'to deposit a shore-
I/ Al
ward progading sand body with a discontinuous, coarse grained

B i

bottom-set over homogeneéus,,fine grained, bimodal (populations
a . , :
I1 and IV) lagoonal deposits (Fig. 23), The grain size dis~ .

tributions of the sands in 'the main b74y are bimodal (popﬁd !

A

T )
' lations I to II plus III to IV). Th% grain sizes of the modes

the sand/body. The mean grain size
2 ;

of whole jample grain size distributions increases downwards

decreases downwards. within

however, because of the increasing ﬁropof:ton°of the cogrse
mode. The sand body 1sacappqd by a coarse grained, bimodal

| i (} (populationa I and III) top-set deppait. the thickness of
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which depends of the difference in scouring abilities of normal
weather and storm waves, -

Sediment transport in Watering Bay is dominated by unequal,

- reversing tidal currents of which the northward flow is the

strongest. Sand sized sediment, supplied by the barrier reefs,

S k)

1s moved into the bay by waves and transported northward by

the tidal currents. Waves during normal weaéher have lift}e

&

or no effect on the bottom sediments over most of ‘the bay. -

a

Grain size distributions of samples collected in cloth e

¢
-~

mesh sediment traps at the sediment surface and at various
heights above boétom co;reiate well with traction and susp-:
ended load grain size ranges defined by maximu; shear velocity
calculaged'ftom cprrengme;surenents and plotted on transport
competénce curves (shear yelocity"vs. grain size).

Fromﬁthe sédiment trap results it was found that the
grain size distributions of bottom sediment samples in equil- .«
ibrium'witﬁ the' currents could be used to défine the grain

4

siZe boundary between traction and suspended load and the rough-

W

ness length. Usigg the boundary and the transport cBmpetepée
curves, the maximum shear vélocicybécgigg on thelbottom was
defined. The sheér velociéy and roughness ngth values were
used, with water dhptﬁs:'in tﬁe von KJ;rman;Prandtl equaFion to
caléulategcurrent velociéies at 5 féet (1.52 m) depth.” These

%alculated velocities wéte approximately the same (ilz.SZ)

as measured maximum velocities at nearby locations.

|

(tuxzﬁnﬁ velociti, the

buaps of maximum shear velocity and

i
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results of the sediment traps and current heasuremeuts, and
mapé of érain size distribution statistical parameters were
all used to develop a model 9f reef sediment tranéport and
deposition in watering Bay. The only sites of sedimemé de~
oéition in Watering Bay aré the beaches, mangroves, shore—~
wafd,Thalassia bedsland patc@ reefs which could conceivably
eventually lead to filling most of ‘the bay to sea’ievel.

The ustable sand environments are sediment bypass areas, in

(equilibrium with the currents. The grain size distributions

o
of the bed materials accurately reflect the sediment trans-

ported by the currents; and are not deposited except tempor-
. , ! /
arily, when the currents are slack or weak.

Bignificant deposition in Watering Bay would occur only
if there were a-rise in relative sea level or an increase in
b .

the grain sizes“;upplied by the reef. Deposition would d%nr

Einue until tidal fiowhwas constricted sufficlently that shear

velocities were competent to transporxt_all_sediment sypplied

by the reef. The new equilibrium surface 80 established

wéuld e at original water depths if a sea lgvei rise had

qcburred and at shallower depths if an inct?aeeoin grain siiéw

had occurred. ’ o TS M,
i . % B . ® ’ -
Much of the sediment swept fr?m the bay at present is de-

po?ited on the slope into deeper water at the northern end of
the bay to form a alowly northward'gtogridingtsan& bod&.
‘Continued progradation northward is dependent on exéenslon

of the barrier reef to protect the depog}t from sérong‘tidal

. T
currents sweeping arocund the north end of the reef,

-

N

Laaamn P S

s
- e
' -

eye

Tl
1

Pt e



L e R e s

‘ . ‘ -
S n et e o o e o

L

TR

o T e e T G T AT { S NS R e e
[ 'z
Mt

- 176 -

An unknown, but probably major, portion of the sand swept from -
the bay continues to be ﬁransported outside of the study ‘area
¥ ‘ﬁuv .
by the currents from outsiyé of the reef.
) I

o

L

" GENERAL MODEL .
The éﬁovg models for reef sediment transport and dgpasit—
ion in Grand and Watering Bhys wége deQeloped on the basis of
present day sedimentary patterns and processes. Implicit in
the models is an uﬂchanging sediment supply and constant relaiﬁ
tive sea level, Continuity of gedimenttsupply from-the reef
might be expécted barri&g major ecologic.and/or evolutioﬂary
changes. However, it is obvious from the geologic record
(E?aé aJiong term sea level still stand is an unusual occurrence.
_There?ore a discussion‘of the ;mdels.is incomplete withoﬁt
'cdnsideting at\leayt the time and sea level factors and the
possible relationship of‘the Grand Bay model to the Watering
Bay model, |
The two models may be at different stgges rather than’
just different type% of back—reéf sedimentation. Given a
constant sea level, one canlim.gine the érogradational filling
of the Pack-reef according to the Gtﬁn? B?Q.model to the ;

¢ ~

L]
point that the cross-sectional area of Water above the deposits

'

"is small relative to the area of the deposit (i.e. small in

2

_terms of the volume of water that must flow through the cross-

sectionallatealfb allow for tidal exchange oyér‘thg area of
the’ deposié and ‘fér the pumping of water by waves aver the

reef). At this sfage‘sigpificant currents would be set up

a

" ~

» A

s
L
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‘and the Watering Bay model would come into effect. This is
model #1 illustrated in Figure 38. 1Its essential character-
istics are a c;ntinual increase in the areal extent of the reef
and reef derived sediments and a continual supplying of reef
detritus iéto the adjoining basin. The rate of areal’ increase
1s'%ependent upon the productivity of the reef and the‘deﬂth
of water in éhe ad joining basin. Over-steepening ﬁf slﬁpes
and sudden, catastrophic collapse to sendnﬁebris flows out
igto the basin should be a common feature of the model.

A modification of the firét model (Stage .3 of Fig. 38)
would result {f the,reef were in front of a land mass, as in
Watering Bay. 1In this c;se, depositional prograding of the -
shoreward environments would cap the sequence with é mixed .
pattern of coral patch reef, coral rqbblé,,beaqh, and f}ne
grained organic-rich mangrove swamp and Thalassgia bed facies ¥
extehdiné to the ihtertidal,lgve1.~ The thickness of these
facies wo%ld represédt the equillbr;um aepthsof the ba;k-_
reef sedimg;t b&pass.environment (W&teriqg Bay model)l |
Eventually the reduction ;h areas of the back-reef would
decrease the tidal exchange and the fates'of curreat flow.

. . . Cy

The end result would bé a wide, low qéastal plain with

, . \
mangrove swamps behind a narrow, very shallow, very coarse

grained back-reef flat, and what ﬁould‘then be es%entially a

fringing regf. All of, the sand d4ize and fider grains produc-
1 . : ) Q i’
ed on the reef would be transported:'into the basin in front

of the reef.

I3 . -

s st o
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MODEL ¥ :

RATE AF SEA LEVEL\ RISE CCRATE OF SEDIMENT SUPPLY .

"} STAGE 1: GRAND Em PATTERN

EXCHANGE AND WAVE

IRCULATION OVER A LARGE,
"AREA INITIATE SIGNIFICANT CURRENTS =

", ) \A

DEPICTED AT THE POINT “WHERE TIDAL
SHALLOW .

€~ WIND AND WAVES

‘ Y

o~

SEA LEVEL
. . ) €~ SED|MENT

TRANSPORT BY WAVES

A e T S e T
| ;.........~‘~4-.,...u.¢..f_'::;

‘.STAGE 2: WATERING BAY PATTERN

SEA LEVEL

’

\ % k2l -
STAGE 3: WwITH LEEWARD LAND .
® t H
L‘~° . y i
SEA LEVEL > et
’ t
7
of
. \ ’
. 4 N 4
-LEGEND: ‘ f
TO o] PROGRADING BACK-REEF SANO BODY, UNIMODAL SAND " :oululmuu '
P 2" ) sinopaL. MEDIUM GRAINED SAND wiTH TIDAL cauunrs ; 9
- mscmnnuous, énaveL » rton- cuuunr otvosnto. umuolnt. .
. SAND PRISK

- SEY llD

BINODAL, FINE GRAINED
"REEF - DERIVED "4AND'

o

u'sm AL (SHELPF) MUDS .

Fig. 38

E 3 .

NANGROVE SWANP
AND PATGN REEF DEPOIITS

. COARSE GNAINED REEF OETRITUS

)

"THALASSIA 8ED,

'Genetal models of back-reef sedimentatlon, with
constant ea’ level : o ‘
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The secondxmodel to be considered is one 1in which the

" rate of sea level tise is subequal to the rate Qf sediment

supply. There are two possibiiiC1es, depending on,whether the

Grand Bay or the Watering Bay model is in-effect when the rate ”

of sea level ;1se becomes subequal to the rate of sediment
supply (A and B respectively in Fig. 39).

/5? The Grand Bay model (Fig. 39A) would, result in the Grand
@ -

' Bay gype-cy;;;\pzﬂded back-reef sand body‘reing <apped by p‘

'sequence of laminar bedded to massive, b§y6d41 grain sized,

storm reworked saqdé,'interbedded with wave ripple cross -

1

.lamingted, unimoddl grain sized sands. Cross laminated beds

would have sharp contacts with updprlyihg’stotm reworked beds
3 . o+ .
- . B

and scoured and eroded upper contacts with overlying storm

deposits. The modél.is'oqe qf sldw:growth:ih ared]l extent of

the reef and- reef associated sediments.‘ Also, less reef

derived detyitus is supplied 'to the 'adjacent basin than in

model #1 IR

»

Beginninngith the Watering Bay model (Fig. 39B) the re~

‘sult. would be very similar to model #ZA, except the sediments

deposited in the back-reef would consist of sands’ reflecting .

!

the unidirectional ttaﬁ@pbrt regi‘me, with lensLtic bedding
eV, -

and evidence of cut and £1Y1.7F Units with current ripple cr033'

laminae,WOuld be common, as would lena;pic coarsée rubble »i

deposits fepresenffng the occasional washing 1p_bf coarse

. .ooen .
\ &

reef debris during storms. Small patch reefs and lenses of

Porites debris would also be common.

[

Model '#3 (Fig. 39C) involves a rate of sea level rise ;

much greater than the réte of sediment supply. 1In this

L

- N .
N
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MODEL %o A: RATE, QF, SEA LEVEL RlSE RATE OF SEDIMENT SUPPLY
- - ‘ BEGE’NNING ‘WITH MODCL |, STAGE | (GRAND BAY PATTERN) ! . “
i , N ’ ” . , . ‘“Q gm .
. ‘ ) © £
SEA.LEVEL T - 7 v .
. 'E* ‘ . €~ SEDINENT TRAMSPORT BY WAVES . \/m;a\
B L, - ‘REET
s ‘ OO-'UUQO JuU °°U0 v o - -
- BoA g:c-ci.g fq ’6‘ 30_09390_
7 T
¢ »*
) ' * - v~ [3 ' - , <
) MODEL "2B:-RATE OF SEA LEVEL RISE = RATE OF SEDIMENT SUPPLY .
_BEGINNING WITH MODEL |, STAGE 2 (WAJERING BAY PATTERN] .
» . T . e [ ' ! o
| : T . LN T
“SEA LEVEL ' : - - - - 7 . -
0
« . & N NS ¥
/ MODEL "3-> RATE OF. StA LEVEL RISE»‘RATE *QF: SEDIMENT SUPFLY .
. A' . . c N r ‘ ‘ ‘~,y . ' S ‘ » ' ) © e
- ‘ SEA LEVEL ~—t | e e ; »
. SR - L
h ! L T )
) “{J , N - 3 ‘“ . » A B ' - N . 1
’ g S — = = SESSEES S
LEGEND ) N o ‘ ‘ .
' T m muoon. NEDIUM AND coanse; cnmen : ., UNIHODAC SAND (N FQUILIBRIUM m;ny T -
- - - © SAND G WAVE mipPLES 3 : TIoAL CURRENTS, GumRENT BED - v
: - - . e rnrun!s, cnwtu LENSES :‘ <t - .l
j Co S S1MODAL utowu praineD, smo ‘e : ; A A *
S . ) AR sy -uumoou saNps orrosiTED Y - R 7 .
_ E _ e T I I TioRL ‘CummTNYS ¢ P PEEEETINE SIS
| - ' oo e "‘"‘“ e, o BAGK™ acer, amnon of »oomiv sortcol.
| . o R . ©o., HIGHLY vunc;m.c GRAIN SIZES: .- . !
' l N s N ) + . i i . . ‘2’. . P
| - “5"‘“- sweur) wups ST e e Ut wgnfsmonu SURFAZE) . i
- . LI . s . . , R , . . , ";
r\é‘ : _.ﬂ-qlr ‘ - . N ' T . ;. | ¢ ‘56“ {;:
. (} ' Fig. 1?9 General models of back-reef sed"i!,mentation' , - :
i : ’U L,‘ s A&B "rate of dea Ievel rise subequal to. rate e
- .o : . . of sedimenq supply - . ' .
| e ; o T ¢ -~rate of sea level rise much 3redter than .
[ ' b B UL T, rate of Sediment supply . .. v
E ) ' ’ ‘[ . M n‘ . ‘, . ’ .’ o W h " e’
: ’ ‘ : l ) ' ' : !
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case the reef derived detritus does not extend far into the

(: ad jacent basin, . all of it stayfng in the vit¢inity of the &eef

hee LRV TP

to form a steeply-dipping wedge, or apron;'of sediment.
° L)
‘In the discussion of the above models several character-
istics and procesées of carbonate sediment prgduction and
. » .

deposition have been ignored because this study has dealt

mainly with back-reef sedimentation in an area with only

a g

B
organic carbonate clasts. Processes on the reef, such as

rate of sediment supply, cementation and organic abrasion in

B O
.
<

4
<

particular may be important factors affecting the present

day northward eitension of the Watering Bay barrier reef.

RPRRprSY

Another factor not considered is the effect of friction
over a large shallow area to reduce tidal exchange and current
strength. The enlargement of the back~reef ared& could lead ’

f to -quiet water conditions and deposition of carbonate muds.

i

Around the margins of the back-reef area, waves .and tidal
currents would still-be active. Oolite shoals would be A
4 developed in the agitated nutrient¥poor, possibly supéb—‘

sgturated wa;ers at the ;?;gins of a large carbonate ‘bank
3 . \

' area similar to the present day Bahamas Bank behind Andras

-

Igland . The area. at which the Bahamas Bank model would come U' .
into effect would depend mainly on the tidal range and’ the

. . sttenggh ofiprevgiling‘winds and waves, If tidal range was

.39511 and winds and waves were weak it is possible that the
-~ Bahamas Bank modelz rather than the Watering Bay model, would
i . - v - v

. " succeed the Grand Bay model. The Bahamas Bank model will not

N e N ’

N

‘Z§‘ be considered further here. ; . .T .,

i LY

o

Kot 6 Rntge
[N
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) The stratigraph&c and sedimentologic sequences that

» would result from the operation of the Grand Bay and Watering

e :
o LTI P
O

- Bay model during intermittgnt ‘and variable rates of sea .

G

level risef are {1lustrated in cross section in FPigure 40,

i

A,
.

i P ( The assumptions and simplifications used in constructing the
' figure are as follows: ' 1 -
€ . o R M ' ﬂ . N =
1. The reef is developed‘near the outer edge of a uniformly"

subsiq&ng shelf sea without the influence of coarse grained

terrestrial sediments.

, 9
-2, Wind, ve\and tidal conditions are constant’. The dir-

waves 1s landward and normal to the shelf

ection of winds a

N

ikl i o

-
n
¥

edge. a
3: There i8s no inorganic production of carbonate except;fof P

cementation inherent in the production and maintainance of a

.

R NS 38 e

"reef framework,

< “ < -

4, ~All sediment is considered to be derived from the reef,

~

‘althqugh recent studies by Neumann and Land (1975) havé demon~

ORNAR T R R

strated that important -sources and a high rate of sediment

production can exist in .back-reef quiet water environments,

5. In a given unit pf"éime a constant thickndss of basinal

. -

sediment and constant volume (arealin cross section) of reef
framework and/or reef der;veh sediment are deposited.

6. Only detritus shed.'fnto the back—reef is considered.

*

Fore-reef processes and the Bupply of reef sediment to the

reef slope are ignored.

- 1

. . . ! t N
- 7. The reef grows veﬁ}cagly and no consideration is given

o -
o o \ N &

to lateral expansion, contraqtidn or migrat(onu
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,, STRATIGRAPHIC SEQUENCE ‘
FROM- GIVEN SEA LEVEL “RISE CURVE
" AND CARRIACOU BASED MODELS ' . - .
: i OF BACK-REEF SEDIMENTATION :
T e ‘ .o
. 2 ’ ,
ST TIME BOUNDED GENETIC UNITS

s
o ¥

L Yo OI1STANCE FROM REEF AT
#HiCH WATEAING BAY MODEL BEGIN
e T =

-

LITHOLOGIC UNITS
~ \ . - *
) BARRIER REEF CORE BIMODAL FINE GRAINED SAND ’ : .
" (CORAL- ALGAL ROUXE, . Ao (LAGOON- GRAND BAY) « .
. A . . ~ . .
- pe O3 BACK-REEF COARSE GRAINED APAON m \!NOMODAL COARSE -“MEDIUM GRAINED SAND v ',
2'9d (nOT oBSERVED) TUBED LOAD - WATERING BAY)

BIMODAL MEDIUM GRAINED SAND
(SLOPE - GRAND BAY - DISCONTINUOUS

BIMODAL COARSE GRAINEO SAND
(RIPPLE TROUGH -GRAND BAY)

UNIMODAL SAND - COARSENING UPWARDS .
(SLOPE -NORTH END WATERING BAY) N ot

D BASINAL MUDS . R

4
GRAVEL BED ‘AT BASE) S >
s
/ ' '
. . |
b DISTANCE FROM REEF AT e . N
! : WHICN WATERNG BAY MODEL BECINS e
et o f i e 1 4
I8 9100
HAS .
.. .
o, M '
i
) Fig. 40 Sequence of back-reef sedimentation for a given
“
) sea level rise curve.. °
a -~ ‘ - .
. .. 2
ﬂ : ¢ " .
- CR o’( -
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8. gefore sediment ¢an be derived from the reef it must be
gy \ ' ' ks
at 'sea level. . . ' . zﬂ\ j

-

. 9. No conaideration is given<fpwposaib1e lowering o'f relative -

sea level, an occurrence which has been demonstrated to be
L

common and important in many ancient reefs,. Therefore, the R

5

f\- )
effects of subaerial diagenesis and island formation on water

. ’
flow patrerns and reef development are ignored. ., ) 3

* 10. There is a water depth above which back-reef sediments

e
.cannot be deposited and which represents the equilibrgﬁ? 7
. & - A

) surface for the grain sizes of the sediment and the wind, wave 3

t

and current conditions,
% . 1;. When the back-reef sediment pile reaches a given distance

[}

from the reef, strong tidal currents are developed to facil-

>
o

.- itate water exchange in a shallow, wide water columyn. Thus

-

o the wétergpg Bay model replaces the Grand Bay modeljof back-

. reef sedimentation. ] i @

et o s

The sea level rise curve (Fig. 40) was designed to

. P \ .
investigate the effects on back—reef-sedimentation of several

. differ%nt patterns of sea level rise. From time O to 5 the ,
] > .
> rate of sea level rise 18 moderate and decreas¥ng, A short

period (time 5 to b) of sea level still stand separates the. oL

first,sea level rise from a rise which initially outstripg, the

rate of sedimént production and then decreases to a prolonged

¥

still stand from time 8 to 10. The still stand is followeg ’ \

° by. a gradually accelerating rate of sea level rise to com-
’ a plete the modeling -sequence. .
‘Z} ’ The sequence begins at time 0 and sea level "a", with

\\' . . (- .
the reef at sea level and no back-reef sediment deposited.

@

Tah
)

'
~
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From time O to 4 there 18 a constant rate of séa level rise
) . . ©

v

froa level ; to e, Tﬁis rise has been broken into four equal
éimé s\hges to demonstrate éhé dbfference‘betweén f&cteé and
time bpundaries. In the early part of time O to.l, back-reef
sedimg t is deposited as’an apron Gmo&el 3)'until 1t reaches =

the egu%librium debth (assumption 10) and deposition accord~
. ing to the Grand Bay model begins. At the.given rate of sea

-

- level rise, the back reef sand body does not prograde rapidly,

Fl L]

much of the carbonate prodiction being required to keep the

reef at seg level and the top of the back reef flat at the

equilibrium depth (model 2A). Most of the back-reef sediment

is deposited as- horizontally bedded, bimodal, c5atse\grained

sands similar to the back-reef ripple trough samples of Grénd

Bay. Preservation of wave produced ripéles wit*\iiéyodal,

v

. N well sorted graftn sizes is possible, . : -

From time 4 to 5, the rate of sea level rise is decreased.

e i

Less material is required by the reef and back-reef sand flat

f . >

to keep pace with the rise. The dominant deposits are bimodal,

P mo

. medium grained sands of the slope. The sand body progrades
1 S - . M B
i rapidly away - from the reef. ’

, During the subsequent sea level still stand (time 5 to 6)

the reef and back-reef flat are sediment bypass areas, a11
Y

. . ~ ¥

£ d ' carbonate production being deposited on the slope. -Prograd-
at®n of the back-reef sand body away from the reef is at
a maximum (model 1lA). .

o

The ;equirements of the reef keeping pace with the very

14
[ B
e nse

rapid sea level risge ftom‘time°6 to 7 do not lesgve sufficieht

POV
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‘sediment for the back-reef deposits to maintain an equilibrium

’ ’ - -

surface. "As a result, a sediment apron (model 3) is deposdtéh

~

adjacent to the reef and, if bottom currents allow, basinal

muds transgress over tBe'pfévioug equilibrium surface.
. .

From time 7 to 8 the rate of sea level'rise is_decreased

o

80 as not to exéeed seéiment supply.“"initially deposiéiou of

a8 sediment apron continues until. the equilibrium depth fs

~ ®
reached and the Grand Bay model ai\i::;sitioq éstablished.
. The subsequent sea level still nd from time 8 to 10

allows the back-reef sand body to prograde rapidly-.away from
the reef (model 1A). The Mhtetipg"Bay model of back-reef
sand body déposition takes effect at time.9. Channels are
cut in the back—r;ef equilisrium surface and dunes establish-

ed. All sediment bypasses the reef and back reef flat to be ’
H

deposited on the slope. The deposit consists of sand with

unimodal grain size distributions similar to those at the,

.

north end of Wafering Bay. R ) '?

« . "
.

The following low "rate.of sea level rise from time 10 to

11 produces a continuation of ‘the Watering Bay model of de~-

position with some aggrédation on top of the back—reef‘sana

-

body to maintain the equilibrium surface (model 2B). The top

set deposits are irregularly bedded with abundant scour and

-

fi11 features and abundant current ripple .-and dune cross-

v

laminae. Grain size:distfibutions of .the sands are sk?ilar

to° those of samples from Watering Bay.

The increase in rate of sea level rise from time 11 to

,‘v wfﬂ

m iﬂhv,

e oo
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12 cauges._an increase in the rate of aggiadation of Ehe_tﬁp P

. - ~ f [ )
set depoaité, and does not le'ave sufficient volumes of sedi-— .Qf -
C ! : '
ment for significant depopigion on the.slope. ’ // . .
{ . N
incrgas{ng rates of sea leval rise, ffom time 12 to 13,

-

and ,fron time§13 to 14, 1ead'to reduction in the area of the #3

-

2 -

back~reef sand bédy and trhnsgression of basinal muds over

previous depqsits. Since the increages in rates of sea level-

rise are abrup{~an& stebékike, the resﬁlting deposits,afé step-
. v

,like. A gently curvfng sea level rise curve would result in

a segimentgry wedge, thkinning away. from the reef, and capping

. ®

the }eqdence. ) _ -
* > B
Elements of the above or similar sequences may be recog-

: ! - . . .
nizable in the ancient sediméﬁtar§ record allowing interpret-~

$
atioh in terms of the Grand Bay and Watering Bay sedimentary -

: modelé. Alléwances,wouldbhave to be made for periods of sub="

) diagenests allows, grain size distributions plus estimates,
p

" periods and heights. i \ /

s -

aeria¥ exposure and early and late diagenetic effects, It ©y

* - s - b : ;
should be .pogsible to derive sea level rise curves for the / ’
ancient sequences- and then analyse elements for details of /

the transport and i}ositfonal précesses. ;f the degree of
» ’ ~ ¢

of water depths should allow eﬁtimates to be made of currgnt

/
velocities” and patternsg and poékible combinations of wavd

/

A3 \ - .
Tests of the above procedura \would be best carrieéd out

initially on young and hgnce organically similar sequences,

- 4

such as the Pleistocene reef terraces of-Barbados, W.I,
. .

’
‘ ' <
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; L “ v \
1.1 Cumulative curves, h&x&ograms, and the coaceéept of mixtures

-

- ’ '

{ -
of log normal, populations provide a much more complete Xepre- ,

sent{?on of bottom sample grain size distributions than
| 1 N
!

do der-
1 v A\

,ived statistical parameters. They are also mpre‘easily And N

: compleﬁely related to transport and depositional Jroceasiél

- M -

2. In Grand Bay there are strih&qigy consistent and sy tematic

diﬁferences in the 'grain size distriButionsd of bothom samples
,frém differén; envir;nmentq. . ' -
3: Basic grain size component populations and th; pattern of
their occur}ence in Grand 'Bay are ‘consistent &ith the tf;nsport

»

eompetence of, observed waves and do not reflect structugal units
» » P >

~ ’ L

of different organic skeletons.

v ‘e

<
[N ' -

T4, Alternation of normal and storm conditions in Grand Bay

results in transport and deposition of reef“derived seddment
as 4 shorewafd'prograding, cross bedded body of bimodal, medium

grained sand. The top of the sand body 1is a'jipplé marked, non-—_
“depositional surface at approximately 12 feet (3.6 m) water
. . - .

-depth. The depth represents an eduilibrium between grain-sizes

supplied from the reef and the transport competence of the waves.

The base of the sand body is a discontinuous bed of dominantly

qolluséan gravel overlying bimodal, fine grained lagoonal sand
§ - .

+at 20 to 30 feet (6.1 to 9.1 m) water depth. . ,

5. In Wd#tering Bay sediment transport and dgstition in the

J 5

back reef i8 controlled by semi-&iurnal, reversing tidal currents,

P

6. Net sediment transport is towards the north, parallel to the

reef. The south flowing current is very seldgm competent to’,

0
v £

transport sediment, . ’ ‘
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' water depth may then be.calculated asing the von Karman-Prand

B L R P ”

7. Tidal current vellocities, observations of sediment trans-
port, and grpin'size {stributions of‘sedfment in transport are

consistent with published transp&ft competence curves (thresh-

d settling velocity versus grain size).

e .

ibutions of bottom sediment samples from

+

ola'sheqf velocitly'a

8. éréin size dist

Wa;tring Bay reflect/ the .maximum shear velocities attained during
flow. The ‘64th percentile of a bottom
N 4

sediment grain size distrib tion may be used as an estimate of
2

bea northward  tida

the boundary betyeen bed and suspended load, and plotted on the

suspension transpott competence curve to estimate the maximum
A

‘An estimate of maximum fliow velocity at any

e ca ‘ tﬂ,

8hear velocity.

*

gbowr a rough boundary. .

.. .

eqﬁatioﬁ for flo
9. The .floor of Watering| Bay is a non~depositional Qurface »
across which tfdal currents swéep all reef sediment supplied ¢to

. |

it. The sediment is efther deposited on a slope into deeper

waCering,§9ys\appear to represent diffetent stages in a

o,
0y

"

eriyed. At B constant -sea 1€ve1,‘partial filling of the back-

Y, ° -
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reaf according “to the Grand Bay pattern could reach a stage
LI .

whefe.sigﬁifitfnt tgdai currents wguld be necessary to-facil-

itate‘water exchange over a shallow, wideyback~reef flat. The_

\

deve lopment of tidal currents.wouldfﬁark the establishment of

3

the WaQeriné Bay pattern of back-reef sedimentation.

12. The Grand and Watering Bay patterns of back-reef sediment
{ &

transport and depqsition, with their distinctive sand body geo-

» .
metries and grain size distributions, were used with a varying

sea level rise curve to model a hypothetical, realistic back-

feef sedimentary sequence. ELements of that or similar sequencif

may he recognizable in the anclent stratigraphic record, g

©

. : , :

W e
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PLATE 1: ) o a
AERTAL PHOTOGRAPH - EASTERN COAST AND NORTHERN CARRIAGOU.

The study area incTEHEi‘th@“bntk-ree%—&n&~ne&£—£nxa‘r_______

reef environments east of the lsland. The. lagoonal bays,
from north to ‘south, are wqteringﬁnay, Jew Bay, and Grand
Bay. . - L ‘

Wave action on tﬁ; reef front is least intense alooag
the northern half of the Watering Bay barrier reef, which
is protected from 0c¢an1c waves by the banks and {slands

td the east (Islands-of Fota and Little Tobago .to the right

on the. photograph, The largetr islaand of Petit Martintque
is just to the east).

’,
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PLATE 2- , .
AERIAL PHOTOGRAPH — WATERING BAY,

a
N —

=

The back-reef environments and sediment transport are
controlled by\north-south reversing tidal currents. These N
are reflected by the lineation of the maring, grass and macro-
scopic algae beds in the main lagoon. The dominance of the
northward flow is demonstrated by the sediment lobes 'leading
from the back edge of the barrier reef and by the grass-. bed
"tafils" north of banks and patch reefs.

The northern end of the bay’is open between the barrier "
reef and the fringing teef around the mangrove swamp. Grand
Cay (the largest patch reef east of carriacou) and the coral
and gravel bank to the north'of it cause some constriction
of the currents. The greatest constriction occurs bétween
the barrier reef and Pt. St. Hilaire, where a 26 feet (8 m)
deep channel is present. Water depths over most of the bay
are between 10 and 15 feet (3 and 4.6 m). The effect of ‘
the tidal currents diminishes shorewards, where marine grass

[

banks with a dense growth of Thalassia are developed.
- ———————

Carib is a sand cay built of coarse, reef derived sand,” 'Y
and undergoes a yearly cycle of buildup and destriction re-
lated to seasonal variations in the directions and strengths:

of waves. .

., A well-developed trickle zon%, consisting of coral and
algal ridges and sand and gravel channels, is present only
behind the southern half of-the barrier reef because the
northern half is protected from waves by banks and islands .

to the east (Plate l). !

Windward v&lfage was the operationalxbade for this
study. - S ’

<
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PLATE 3: .. e
_ AERIAL PHOTOGRAPH _ SOUTHWEST GRAND BAY,

The back-reef environments . ‘and sediment transport
are controlled by waves, which are larger than those 1in
Watering Bay. No tidal currehts were observed

8and, derived from the barrier reef , 18 transported
shorewards across the 12 feet (3.7 m) deep back~reef sand
flat and deposited on the slope to the main lagoon floor
at 20 to 43 (6 to 13 m) depth. Fine sand to silt size
material is deposited in the lagoon.

¢ ° '] .

: The 30 feet (9 m) deep terrace and re-entrant on the
back~reef flat seaward of the patch reef to the north may
e an 0ld back-reef sand flat surface, which {s being
transgressed and covered by the present day back-reef flat.
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PLATE 4:
REEF SLOPE AND FORE-REEF ENVIRONMENTS, WATERING BAY, TRAVERSE
S8IX. C.

A and B: .

Reef slope surface- at approximately 40 feet (12 2 m)
depth and 50 feet (15.2 m) depth respectively. Note platy -

-~

Diploria,auontastrea, "and abundant Gorggnianaﬂ
. ) A\
C and D: 7 .
.Base of reef slope and start of fore-reef environments !
at 60 to 65 feet (18.3- 19 8 m) depth

£ -

(Photographs cohrtesy of R. Boulanger, Atlantic Oceanographic

.

Laboratory, Bedford Institute, Dartmouth, Nova Scotia)
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PLATE 5 -
UPPER REEF SLOPE AND REEF CREST ENVIRONMENTS, 'WATERING

BAY BARRIER REEF,

4

A Front of reef crest between traverses 5 and 6 in water
depth of 7 feet (2.1 m). Red “algal coated coral rodk is
encrusted with the bladed growth form of'the hydrozoan s
Millepora. Most of the coral rock appears to.have been
formed originally by Montastreg annularis of which a rem-
nant knob is seen towards the top of the photograph.

Weakly oriented to unoriented growths &f Actopora palmata
(right foreground and background of phdtograph) are
scattered throughout this environment to a depth of approx-
imately 10 feet (3 m). ; .

B: Reef slope near. base of a cliff between traverses 5 °
and 6 in 25 (7.6 m) water depth. Coral rock with living
Montastrea annularis and a delicately branched growth
form of Millepora.. Abundant gorgonians and sponges, Y

C: Reef crest immediately behind front ridge of red
algal encrusted coral rock. Between traverses 5 and 6 in

.2 feet (0.6 m) water depth. Unoriented growth form of

Acropora palmata to the right in the photograph. Porites
porites and Porites astreoides are the other abundant ’
corals. 'Stick ig marked in {nch (2.54 cm) and foot (0.3m).

'intervals

D: Boulder flat on lagoonward half of reef crest on
appoximately traverse 9: Depth 2 feet (0.6 m). Red algae
encrusted boulders, derived mainly from Acropora palmata,
average 4 to 6 inches (10 to 15 cm) across. Large boulder
in centre has sent out a small branch of 1{ving Acro
palmata. Abundant calcareous green-algae Halimeda opun t 1
(foreground of photograph). - : .

>
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. PLATE 6: o . ' .
5 BACK EDGE OF REEF CREST:. .
‘ A
A: _ Near lagoonward maréin of bowlder f£lat on reef crest ia
Watering Bay. Depth 2.5 feet (0.7%5 m). Red algal encrudt—~
ed coral rubble (Porites porites and Acropora Ealpata) wi
interstitial sand. Abundant macrogcopic green algae

. (?Cladophora). . B .

B: Abrupt Iagoonw:rd edge of reef crest on traverse 18 in
Grand y. Depth to sand 11. feet (3.4 m). ’Almgal encrust-
ed coral rack originally*Montastrea annularis which is still
i growyng near_the top. Accegsory corals are mainly Digloria

c? Near lagoonwgrd edge of reef crest in tri kle zone
. between traverses 8 and 9 in Watering Bay. ge composed -
of Acropora palmata. Ovyerturned°A. palmata at05 feet
O (1.5 m) depth in coral gravel and coarse sand floored
clrannetl.

v D: Unstable,s;nd behind reef crest boulder flat just north
* 9f traverse 6 in Watering Bay. Depth 2 feet (0.6 m).
Symmetrical, rounded, wave ripples are parallel to the reef

. crest which is to thé left of the photograph. Pole is

o marked in 1 inch (2.54 cm) intervals,
I . ) .
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PLATE 7:
WATERIgG BAY LAGOON ENVIRONMENTS.

A: Unstable sand quiroﬁmenc with Porites rubble, 'sea
plants and crescentic, irregular, current ripples.
Depth approximately 10 faet (3 m).

B: Loggérhead sponge in approximately 15 feet (4.6 m)
water depth in-north-central Watering Bay. Unstable

-

sand environment.
. ”

LT
i

C: _ Sediment trap assembly in place in unstable sand

environment in central ‘Watering Bay. Water depth 11
feet (3 4 m)., Current-is from the right’ 1n the photo-

) graph.- Note cloth mesh bags billowing to the left gf

.the sediment trap boxes which are stacked inches
(15.2 cm) high. J ) \ )
D: Shoreward Thalassia bed in approximate y'5 feet
(1. 52 m) water depth on traverse e . .
v a,-
. v 8
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PLATE 8:
WATERING-BAY LAGOON AND PATCH REEF ENVIRONMENTS.

A-and B: B

North end of Granﬂ Cay patch reef at 3 feet (1 m)
water depth, Thick finger coral is Porites porites.
Thin finger coral in lower right of A is Porites
divaricata. Lumpy coral head in centre of A is Porites
astreoides. Spiny sea urchin to top of B is Diadema i
antillarum. Abundant calcareous green algae Halimeda
opuntia is v;sible amongst the corals in both A and B.

¢

C: Stablé, burrowed sand adjacent to shoreward Thalassia

bed 'shoreward of; Grand Cay. Water depth 10 feet (3 m).
Abundant Cladophkora associated with Thalassia.

D: Shoreward Thalassia bed' near traverse 8 in 6 feet
(1.8 m) water depth. Small clump of Porites porites
top centre of photograph - approximately 6 inches (15.2
cm) high, , .

1
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PLATE 9: . .
GRAND BAY LAGOON ENVIRONMENTS. .

A: Bdck~reef unstable sand flat at 12 feet (3.7 m) water:
depth. Regular wavé ripples are 1 foot (0.3 m) crest to
crest and 4 inches (10 cm) high. Looking towards reef.

B: Slope from back-reef unstable sad flat to stable sadd
of deeper lagoon. - ) ‘

C and D:

Stable sand}environment of the deeper lagoon on traverses
17 and 16 respectively . Water &&bths 21 to 24 feet (6.4 to
7.3 m). Grasses are Diplanthara and §folerpa. Abundant
talcareous green algae: Udotea, Penicillus and Halimeda.
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APPENDIX 1
GRAIN SIZE ANALYSIS ) ‘ ﬁ

Wet samples, which had'been_stored in the field in bottles

~with a few drops of .formalin, were split by quartering on a

glasg plate until a repfesentaeive sample weighing approximately
50 gﬁ had been obtained. The‘sample was then treated with . l :
bleach‘(sodium hypochlérite) to break down and remove “organic
matter. Wet sieving through:.a U.S.S. 230 mesh (62.5um ) ‘sieve %
washed the sample and separated grain sizes finer then 4 phi
which were recoVvered by washing through a Millipoge vacuum
filter.
The sample coarser than 4 phi (62.5m) was drigd‘and sieved

into half~phi size intervals on’% Tyler Ro-~Tap machine. The

»

pan fraction, passfng through th; U.S.5. 230 mesh sieve, waé
added to the wet sieved and filtered fractfon.

. The grain size fractions were then weighed A simple .com=~
puter program was devised to transformgthe weight and size data
into 1nd1v1dual and, cumulative weight pereentages; to "calculate
the éhi aritﬁmetic mean, standard deviation, skewness and ‘
kurtosis (moment mehsu::s given by Friedman, 1967); to calcu-

late the percentages of gravel, sand and-mud; and to classify

according to Folk's (1968) textural classification.

In the following table a sample identification code 1is
used. The first number (1 to 167) identifies the locatiom of
the sample (Chapt. 1, Pig. 3): An "S8" and a number follwing
the location number signifies a sample taken from below the :
s;diment surface and gives the depth in cm:' "TH" gignifies a

sample from a Thalassia bed. "ST" signifies a sediment trap

1 ' .
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sample ("STA"-sediment surface sample, "STB"-trap sample between °

0 and 2" (0 and 5 cm) above surface, "STC"-trap sample beftwe
2 and 4" (5 and 10 cm) above su;face, JSTD"—traé.saﬁple'b ween
4 and 6" (10 and lswcm) aoné'Surface, "S@E"-grap samplé'between
3 and 5"(7.6 and 12.7 cm) above surface). "RT" denotes a ripgle

trough sample and "RC" a ripple crest sample. "ad, Whr, he'r,

etc. following the location. number signify samples taken in close

‘proximity to one another. Differences are usually i;r;:}er -

depth on a slope or in'elevation on a beach.

WATER MOMENT MEASURES
DEPTH % % % ME AN STND.
SAMPLE (M) GRAV. SAND MUD 0 DEV.® SKEW. KURT.
1 18.3. ° 3.09 96.68 0.22 1.03 1.03 -0.73 4.96 o
283 10.7 1.86 94.37 3.77 “1.34 1.37 0.87 4.37
3 20.4 - 22.94 76.72 0.34 ~0.33 2.12 ~0.96 '2.73
4 17.4 0.34 99.32 0.34 .0.76  0.73 1.04 8.51 _
5" 23.8 1.82 97.81 0.37 0.82 0.90 . 0.36 5.03
6 7.6 °6.05 93.51 0,44 0.95 1.29 -1.52 7.62.
7. 11:6 0.20 93.52 6.28 2.23 1.34 0.34 3.50
8 11.6 0.16 95.24 4.60 2.20 1.23 . 0.33 3.77
9 15.2 1.46 98,32 0.22 1.57 1.01 -1:38 8.44
10 11.9 21, 7.94 0.35 0.36 2.25 -0.88 2,50
11 10.7 8.:§“\§T758\\_Q;§;*_ 0.42 . 1.32 ~-1.74 7.59
12 19.8 3.31 96.38 0. 0.86 1.04 -1.55 10.64
13 9.1 0.18 99.30 0.53 1.69 1.04 -0.30" 3.06.
14 10.7 11.22 86.90 1.88 1.17 1.99 -1.15 4.62
15 "14.9 . 0.41 99.30 0.29 1.70 0.80 -0.36 4.79
1 9.4 0.00 94.68 5.32 1.85 1.35 0.73 3.73
1 8.5 0.52 99.33 ' 0.15 1.19 1.05 «0.03 2.30
18 6.4, 7.79 92.07 0.13 0.44 1.10 -0.05 3.65
19 6.4 0.85 98,91  0.24 1.25 1.10 . -0.01 . 2.49
20 6.4 ' 0,13 99.46 0.41 1.83 0.99 -0.32 3.01
21 13.1 " 75.57 23.54 0.89 -2.62 2.75 1,20 2.86
22 8.5 0.43 99.04 0.53 1.86 0.89 -0.40 4.67
.23 4.9 1.38 98.51 0.10 0.82 0.99 0.11 3.13
24STARC 4.6 0.64 99,25 0.10 0.85 0.79 0.22 - 3.82
24START " 1.78 98.13 0.10 0.66 0.96 0.43 3.04
24ST=1B " 0.65 98.70 0.65 0.79 0.98 1.12 5.60
248T-1C " 0.00 96.98 3.02 2.17 1.03 0.33 5.05
248ST~1D " 0.30 94.91 4,79 2.48 1.00 0.57 6.19
248T-28 "o 1.76 97.79 0.46 0.72 1.13- 0.81 3.64
248T-2C, " 0.24 98.06 1.70 1.96 . 1.04 0.06 4.37
248T-2D " 0.00 97.27 2.73 2.29 0.96 0.30 5.53
24ST-3B " 0.51 '98.64 0.85 1.60 1.17 -0.05 2.84
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WATER MOMENT MEASURES
. DEPTH % % % MEAN _ STND.
SAMPLE (M) GRAV, SAND MUD ) DEV.® SKEW. KURT,
"24ST-3C  &.6 0.37 98.67 0.96 1.67 1.09 -0.01 3.38
24ST-3D " 0.11 98.51 1.39 1.93 1.02 -0.01 4.08
25 ©22.3 1.91 97.85 0.24 0.66 0.72 0.34 +-8.47
26 11.9 0.09 99.75 0.16 0.84 0.62 0.89 . 7.78
27 2.1 6.03 91.69 2.28 1.16 1.44 -0.39 3.32
28 2.1 0.70 98.75 0.55 2.0%6 1.00 -0.91 4.53
28TH " 0.52 97.13 2.35 1.75 1.22 0.32  3.60
29 3.4 10.63 88.96  0.42 0.25 1.44 -1.06 5.39
30 3.4 4,64 95.02 0.34 0.76 1.19 -0.43 5.06
31 2.1 0.61 99.21 0.18 1.59 0.70 =1.42 11.30
32 0.6 31.39 68.29 0.31 -0.67 1.73 -0.63  3.12
33STA 3.4 8.06 91.42 0.52 _ 0.52 1.17 . 0.16 4 .42
33STB " ''1.31 98.31 0.38 1.44 0.93 \-0.10 4.67
33STE ,oom 1.14 97.35 1.51 1.88 1.05 |\ 0.17 &4.88
34STA 3.4 2.40 97.45 _0.15 0.82. 0.97 '0.12 3.22
34STB " 0.52 99.39 0.09 1.81 0.91 =0.74 3.78
34STE " 0.21 99.43 0.35 2.046 0.08 ~+0-.49 5.16
35STA 3.4 I1.18 98.48  0.34 1.04 1.08 0.26 3.24
35STB " 0/27 93.67 6.06 2.80 0.98 0.41 6.15
358TC. oom 0.13 94.10 5.77 2.79 0.92 0.82 6.32
35STD " 0.10 88.56 11.34 3.08 1.05 0.80 4.60
36 1.2  45.68 54.32 0.00 -0.98 1.03 =-0.17 3.31
37 3.0 46.25 53.75 0.00 =~-0.90 0.98 0.14 3.15
38 - 18.3 51.00 48.98 0.02 -0.97 1.44 -0.21 :3.02
39 0.0 0.01 98.57 1.41 1.99 0.95 0.73 4.21
4o 3.0 0.27 97.07 2.66 1.62 1.16. 0.79 4.65
41 3(0 19.08 76.95 3.97 0.93 2.29 -0.50 2.83
42 2.4 0.00 97.48 2.52 1.84 1.13 0:51 4.21
42TH " 0.47 93.96 5.57 2.23 1.33 0.22 3.44
43 3.4 2.97 96.13 0.90 1.20 1.20 -0.01 3.80
A 4.0 0.10 99.76. 0O.14 1.22 1.00 0.17 2.39
45 3.7 0.88 98.79 0.33 1.13 1.06 0.11 3.02
46 3.0 3.76 96.14 0.12 1.02 1,12 ~0.42 . 2.98
47 1.5~ 11.97 87.35 0.68 0.58 1.36 0.40 3.21
48 1.8 0.74 87.21 12.05 2.46 1.61 0.21 2.64
49 2.1- 0.43 95.53 4.03 1.84 1.36 0.43 3.39
50 5.2 16.40 82.71° 0.89 0.32 1.43 0.01 3.94
51 4.6 0.15 95.34 4.51 ° 1.97 1.27 0.59 3391
52 2.1 "7.12 92.27 0.61 1.04 '1.38 -0.64 4.19
53 1.5 17.00 82.65 0.35 0,21 1.45, ~0.16 -3.59
54 10.1 6.56 93.16 0,28 0.16 0.82 0.45 7.99
55 13.7 9.27 90.52 0.21 0.27 1.47 -1.80 6.82
' 56 17.7 40.27 59.50 ° 0.23 -1.21 2.26 -0.39 1.77
57 1.2 9.78 79.95 10.27 1.33 1.99 0.66 2.66
58 1.5 24.13 73.11 2.76 0.69 1.95 -0.12 2.78
59 5.2 7.08 91.63 1,29 0.27 1.06 1.57 9.09
60 2.7 6.72 90.00 3.28 1.33 1.56 0.26 3.10
61STA 4.0 , 3.77 95.79 0.44¢ 0.91 1.11 0.60 3.83
61STB " 0.38 97.91. 1.7 1.98 0.93 0.32 6.40
61STC " 0.26 96.78 2,9 2.26 0.93 0.83  6.48,
61STD " 0.11 95.24 4.6 2.39 0.99 1.01 5.93

’
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WATER MOMENT MEASURES B
: DEPTH % % % ME AN STND.
SAMPLE (M) GRAV., SAND MUD ° @ DEV.# SKEW, KURT.
62 p 4.0 8.89 90.98 0.13 0.01 0.82 -0.38 7.24
63 20.1 15.34 84,24 0:42 =-0.06 1.64 =1,28 4.78
64 19.8 26.27 73.53 0.20 -0.52 1.84 ~0.85 2.72
65 23.5 23.49 75.85 0.66 -0.42 1.63 =~0.61 3.79 .
66 6.1 0.67 89.31 10.02 2.60 1.45 0.03 3.30
67 ( 9.1 "1.57 96.49 1.94 1.25 1.26 0.73 3.96
68 5.2 17.69 81.96 0.35 0.16 1.56 =~0.84 3.75
69 4.0 16.78 82.74 0.48 0.24 1.45 =~0.42 3.74
70 2.7 10.91 88.17 0.92 1.38 1.67 =-0.51 2.50-
71STA 4.3 8.61 90.58 0.81 0.67 . 1.31 =0.18 4.80
71STB " 1.24- 98.74 0.02 1.37 0.79 -0.92 4.60
71STE " 0.76 - 99.20 0.04 1.40 0.73 -0.88 4.71
72STA 3.0 26.00 73.45 0.56 0.17 1.59 -~0.03 2.91
72STB L 4.07 95.77 0.16 1.78 1.07 -1.99 9.07
72STE " 0.20 99.72 0.08 1.85 0.53 -0.48 8.82 7
73STA - 2.4 10.61 88.77 0.62 1.00 1.52 =-0.77 4.06
73STB " 6.38 93.46 0.16 '1.08 1.11 =-0.72 3.50
73STE " 0.34 99.56 0.10 1.79 0.62, ~0.59 7.50
74 1.5 7.25 92.34 0.41 0.52 1.07 0.13 4,32
75STA 7.9 31.11 68.76 0.13 -0.68 1.81 -0.69 2.57
2 75STB " 10.20 89.59 0.21 0.20 1.01 0.67 °4.08
75STC " 1.28 97.88 0.84 0.88 1 1.03 0.78 5.44
’ 75STD v, 1,71 96.84 1.45 1.07 1.11 0.82 5V43
s 76 ~2.1 13.30 86.28 0:42 0.28 1.20 0.28 4,04 .
77 3.0 43.03 56.74 0.22 ~0.86 0.80 1.45 12.65
78 9.1 8.45 91.45 0.10 0.00 0.73 -0.22 6.99
79 19.2 16.50 83.38 0.12 0.26, 1.5 =1.21 4,09
80 0.0 0.03 99.57 - 0.40 1.76 0.98 -~ D.41 . 2.70
81 2.7 3.42 94.87 1.70 1.03 1.42 0.66 3.13
82 8.5 0.19 91,57 ~ 8.24 2.33 1.52 0.17 2.70
. 83 13.7 0.03 98.69 1.28 1.52 1.05 0.63  4.28
84 2.7 39.86 59,86 0.26 -~0.79 2.67 -0.29 1.68
85 ,18.3 2.30 97.52 0.18 0.69 _ 0.74 0.08 6.41
86 3.4 5.50 91.07 3.43 1.13 . 1.44 0.75 4,28
87 3.4 4.38 94.46. 1.16 1.27 1:09 =-0.59 7.57
88 8.8 5.60 93.98  0.42 0.94 1.15 =~0.03 3.13
89 10.1 7.65 91.93 0.42 0.28 1.19 -0.44 7.08
90 19.2 0.07 99.82 0.11 1.39 0.47 0.01 11.84
91a 15.2 8.31 91.45 0.24 =-0.23 0.65 2.05 18.46
91b 18.3 1.36 98.58 0.07 0.46 0.55 0.18 8.84
92 5.2 1.76 98.14 0.10 0.47 0.69 0.40 -5.99
93 15,2 0.13 99.66 0.21 . 1.53 0.67 ~0.05 5.94
94 . 18.3 9.04 '90.76 9.21 0.28 1.03 -0.91 6.44
95 18.3 2.70 97.18 0.12 0.67 0.83 -0.19 4.50
96 24.4 - 10.90 88,81 0.29 0.51 1.46 -1.19  6.97
97 3.4. 4.42 95.04 0.54 1.10 1.24 =~1.31 7.61
98 4.9 11.06 88.45 0.49 0.44 1.40 -0.68 4.86
99 8.5 39.74 58.70 1.56 -0.66 1.79 0.62 4,44 i
100 “7.6 7.91 -92.00 0.09 0.73 1.06 =0.59 3.95 .
101 0.0 0.00 99.93 0.07 2.34 0.47 0.09 4.49
102 4.3 0.00 98.89 1.11 2.07 0.98 0.03 3.68
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WATER . MOMENT MEASURES

DEPTH % % % MEAN STND. ]

SAMPLE M) GRAV. SAND MUD ) DEV.@# SKEW. KURT.
103 3.4 11.63 88.00 0.37 0.55 1.52 =-0.73 3.89
104 6.7 4.12 .95.13. 0.75 1.87 1.14 =-1.15  5.26
105 11.0 0.02 97.87 2.11 " 1.94 1.20  0.30 3.17
106 5.8 3.03 95.53 1.44 1.26 1.30 0.21 3.97
107 3.0 0.11 99.82 0.07 1.96 0.51 -1.15 10.06
108a +1.2- 0.00 99.38 0.62 1.73 0.92 0.20 3.80
108b +1.5 0.00 99.84 0.16  2.06 0.69 =0.17 3.91
108¢c +0.9 0.00 "99.91 0.09 ' 2.30 0.54 -0.16  4.35
108ds1  +0.9 0.00 99.90 0.10 1.75 0.71 0.42. 3.72
108e 0.0 0.00 *99.23 0.77 2.52 0.73 -0.73  4.83
108 £S5 0.0 0.13 99.83 0.03 - '1.32 0.87 0.30 3.00
108¢g 0.3 2.80 96.79 0.40  1.27 1.35° 0.09 2.21
109 4.3 0.67 -82.27 “17.06  2.86 1.64 =0.04 2.54
110 2.7 " 9.45 86.61 3.94 .1.30 1.93 -0.94  4.92
111 4.6 4.31 88.10 7.59 1.28 1.76  0.88 - 3.19
112 12.2 0.03 96.63 3.35, 1.80 1.25. 0.69 .3.81
113 11.6 0.56 89.43 10.01 ' 2.88 L.44  -0.42 3.52
114 3.0 5.47 94.45 0.09  0.44 0.93 -0.40 5.27
115 3.4 0.86 99.03 0.11 0.29 0.52 1.03  14.44
116 3.4 3.58 91.15 5.28 1.86 ' 1.72 " 0.07 2.32
117 6.7 1.74 88.27 ,9.99 2.25 1.73  0.10  2.39
118 8.2 0.06 96.66 3,28 1.57 1.33  0.71 3.60
119 9.4 0.04 93.15 6.80 2.22 1.50 0.23  2.65
120 3.7 16.75 81.82 1.42 0.93 1.87 ~0.40 2.74
121 2.7 29.59 69.33 1.08 -0.16" 2.09 ~0.37 '2.83
122 13.4 0.00 97.04 2.96 1.98 1.33 0.20 2.84
123 12.2 0.11 94.61 5.92 2.56 1.29 -0.03 3.08
124 9.1 0.03 97.61 2.36 . 1.87 1.35  0.22 2.63
125 3.7 2.08 97.84 0.08 0.83 0.91 0.06 3,20
125A e 7.19 92.71 0.10 1.35 1.39 -1.57 5.47
126RC 3.4 0.73 99.16, 0.11 * 0.99 0.88 0.20 3.45
126 RCRT " 6.83 93.06 0.12 ,0.81 1.17 <0.35 3.22
o127 3.4 5.81 93.92 0.27 0.5] 1.16 0,63  3.46
128 7.0 0.14 '97.07 2,80 2.27 1.29° -0.22 2.92
129 4.9 1.86 97.34 0.08 1.99 1,290 -0.65 3.15
130RC 3.4 1.61 98.36 0.03 ' 1.38 1.11 ~0.41 2.34
130RT " 5.62 94.23  0.15 °© 1.03 |, 1.33 -0.17 2.11
13 1a 0.0 0.00 99.84 0.16 2.16 =0.80 -0.08 2.78
131bs13 " 8.30 91.67 0.03 0.28 -1.04 0.68 3,83
132 2.7 3.34 96.32 0.35 0.99 1.09 -0.15  4.51
133 4.9 +1.96 97.62 - 0.42 1.40 1.31 -0.83 5.61
133TH " 0.25 94.41  5.34  2.45% 1.35 -0.10 3.10
134 7.6 0.03 93.56 6.41 2.50 1.34  0.10 2.99
135 6.4 0.05 99.55 4.40 2.37 1.26 0.19 3.05
136 6.4 0.05 96.70 3.24 2.22 1.33  .0.00 2.64
137a 5.8 0.84 96.34 2.83 2.35 1.38 =0.42  2.95
137b J 66.39 31.82 _ 1.78 -0.91 2.02 1.28 3.95
137c¢ " 9.90 87.43 ~ 2.68 0.99 1.78  0.45: 2.30
137d 4.3 2.37 97.23 0.41 " 0.79 1.26 -0.62 3.05
137ds7 4.1 0.92 98.61 0.48 1.81 1.13 -0.45 3.02
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WATER MOMENT MEASURES

: DEPTH Yo % % MEAN  STND.

SAMPLE (M) GRAV. SAND MUD 6 DEV.P SKEW. KURT,
137ds15 4.1 12.95 86.35 0.71 0.76 1.59 0.26 2.14
1374518 " 1.82 97.33 0.86 1.59 1.29 =-0.21 2.61
137d522 v 1.37 96,93 1.70 1.66 1.32 =-0.01 2.93
137ds25 " 1.17 96.61 2.22 1.87 1.28 -0.08 3.35
137e 3.4 ., 0.88 98,95 0.16 1.50 1.03 -~0.31 2.79
137es6 i 10.55 89,23 0.21 0.88 1.49 =0.47 VA
137e513 " 8.94 90.77 0,29 1.05 1.47 ~0.72 3.33 °
137eS34 ' " . 6.03 93.01 . 0.96 1.04 1.39 -0.02 3.02
138RC 3. 0.95 98.97 0.08 1.02 0.94 0,11 "2.82
.138RT " 7.50 92.29 0.21 1.28 1.37 -~0.62 2.78
139RC 3.7 0.26 99.67 0.07 +1.38 0.84 =-~0.12 3.12
139RT " 5.65 94,22 0.13 1.16 1.31 0.51 2.85
140 3.7 24.43 75,37 0.20 0.03 1.54 0.02 2.64
141 3.4 12.55 86.65 0.08 0.89 .1.51 =-0.04 2.43
142 w— 2.1 29.97 69.84 0.19 -0.59 2.22 =~D.61 2.04
143 2.4 20.81 78.75 0.44 0.34 1.45 0.18 2.44
144 2,4 3.93 91.32 475 1.42 1.45 0.58 4.80
145 s.2 12.59 87.09 0.32 1.08 1.59 =~0.73  3.06
146 7.3 0.11 96.42 -3.47 2.38 1.29 -0.08 2.75
147 7.3 0.00 98.21 1.79 2.18 1.20 -0.05 2.74
148a 7.6 2.14 91.23 6,63 2.50 1.50 ~0.43  3.43
148D 7.3 0.96  97.80  1.24 1.47 1.26 0.41 2.98 °
148c 5.8 '0.34 99.31 0.35 2.16 0.94 -0.81 4.13
149RC 4.7 0.28 99.66 0.06 1.49 0.89 -0.20 2.78
149RT .\ " 1.67 98.12 0.21 1.57 1.13 =~0.51 2.77
150RC \a.0 0.15. 99.73 , 0.11 1.42 0.82 0.05 3.14

- 150RT A" 1.89 98.00 ' 0.11 1.63 1.10 '~1.39 [6.79
151RC 4.3 0.27 99.65 0.08 1.53 0.73 ~0.30 5.28

"151RT " 4.18 95.74 0.08 ° 1.56° 1.19 ~1.13 _ 4.54
152RC 430 4,78 94.89 0.32 1.2 1.26 -0.51 3.23

. 152RT - 9.34 90.32 %0.34 1.21 1.50 =0.49  2.45 .
153 4.0 6.03 93.47 0.50 0/40 1.04 0.32 6.44
154 z.? 7.86 91.86 - 0.28 0.26 . 0.83 0.09 7.4
155 2.4 19.85 79.48 0.66 0.58 1.96 ~-0.90 3.07
156RC 5.8 0.16 99.75 0.09 1.40 0.83 ~0.11 3.18°
156RT " 6.17 99.69 0.14 " 1.54 0.92 -0.19 3.00°
157 7.9 0.54 98.32 1.14 1.95 1.30 =~0.18  2.43
158 7.0y 1.01 98,02 0.96 1.97 1.18 =~-0.50 3.29
159RC 6.7, 0,42 99.40  0.17 1.57 0.95 =~0.34 3.17
159RT " 2,06 97.67 0.27 1.32 1.22 -0.14  2.32
160RC 4.6 Y 4.40 95.35 0.24 ~0.68 1.11 0.31 3.03 p)
16DRT " \14.29 85.47 0.24 0.70 1.46 ~0.18 = 2.35
16 1RC 4.3 " 6.23 93.69 0.08 0.50 1.01 0.08 3.57
16 1RT " 33.68 66.20. 0.12 ~~0.07 1.74 -0.09 2.07
162 4.0 11.94 87.68 0.38 " 0.40 1.30 0.51. 3.15
163 3.0 3.48 96.20 ° 0.32 0.45 0.87 ' 0.77 6.59
164 5.2 5.80 94.12 0.08 0.65 1.08 ~-0.46 4.39
165 5.2 25.07 74.55 0.38 -0.40 0.88 1.45 10.53
166 1.5 1.97 97:67 0.36 0.63 0.78 0.51 7.72
167 1.5 22.78 76.66, 0.56 0:48 1.38 =-0.08 ° 2.60
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APPENDIX. 2

CONSTITUENT GRAIN COMPOSITION ANALYSIS

-

The grain $ize fractions coarser than 3.5 ¢ (0.088 mm) in,
three representative samples from Grand Bay were analyzed for -
1 / L
skeletal constituents. The three”  samples werF 138RT, 138RC -

and 136. The former two samples were ripple trough and %ipplE‘
crest samples from the unstable sand flat .and the latter sample
’ L 4

was from the deeper water of the stable sand envirorment.,

'The distance be tween 1ocafion 138 and 136 was 625 feet (190 m)?

A total 6f 35 sub-samples (sieved grain size fractions) were

analyzed. ° v
The constituents of the coarser size fractiohs were usually

recognizable under a binocular mic}oscope. To identify the con-

. "

;tituents of the f}ner size fractions it was necessary to mount

the grains in epaxy and grind them down so they would be ident-

ifiable under a 1light tran;mitting microscope. Grain counts of

the.available grains in each siz; fraction,up to a4 total of 300
eight

grains -for each fraction, were divided into A Cclasses as :

[y

;folloqs: Halimeda, corals,’éoralline algae, molluscs, Homotrema,

)
1

echinoderms, miscellaneous (eg. crab fragments, foraminifera), :
and unknowns.

Grain counts were normalized to percentages of each size
fraction. Each gré{n count per;entage was then multiplied by
the weight percentage of the sige fraction in the Wh°1§7 original
sample.- The result was an estimate of the é%undance of the
given constituent in the given g)ain size fraction as a pe}cent—

R
age of the whole sample.
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SAMPLE 138RC,_~ CONSTITUENT COMPOSITION

GRAIN

SIZE (PHI) cor. ’
* FRACTION Hal. Cotr. 'Alg. . . Hom. Mis. Unk,

"22.0 to -1.5 (Wt. % = 0.08) '
Grain Count 17
Pct. of Frac. a 100
Pct. of Whole A o B

. =1.5 to =1.0, (Wt. % = 0.88).

Grain Count 11 4 9 1 3,

Pct. of Frac, 32.4 11.8 26.5 2.9 ‘8.8

_Pct. of Whole 0.29 0.10 0.23 0.03 0.08

~™~-1.0 to _*0.5 (We. % = 3.19) ' )

)Grain Count 52 25 35 5 1 1 2 ,

+ Pect.. of-Frac. 29.1 18.8 . 26.3 3.8 + 0.8 0.7 - 1.5
Pet. of Whole 1.25 0.60 0.84 0.12 0.03 0.02 0.05

~0:5 to 0.0 (Wt. % = 10.04) \ .
Grain Count 62 90 88 10 3 2 22
Pct, of Frac. @0.7 30.0 29.3 3.3 1.0 0.7 7.3
Pet., of Whole 2.08 3.01 2.94 0.33 0,10 0.07 0.73
0.0 to 0.5 (We. % = 17.28) 4
Grain Count 30 100 94 12 . 5 5 28
Pct. of Frac. ,10.0 33.3 31.3. 4.0 1.7, 1.7 9.3 .

. Pct.*of Whole 1.73 5.75 5.41° 0.69 0.29 0.29 1.61

0.5 to 1.0 (We.. % ="17.46)

Grain Count 31 124  88. 6. s 1 6 20
Pct. of Frac. 10.3 %1.3 29.4 2.0 0.3 2.0 6.7
Pct. of Whole 1.80 7.21 5.13 0.35 0.05 0.35 1.17

1.0 t6 1.5 (We. %= 20.47) B ‘ ,

»Grain Count 26 116 93 9 7. 6 17
Pct® of Frac. 8.7 38.7 31.0 3.0 2.3 2.0 5.6
Pct. of Whole 1.78 7.92 6.35 , 0,61 0.47 0.41 -1.15-
1.5 to 2.0 . (Wt. % = 14:27). Lo —

Graiom Count .20 134 . 89 0. 3 -4 18
Pct. of Prac. 6.7 .42.7. 29.6 - 0. . 1.0 1.3 6.0

» Pct. of Whole 0.96 6.09 4.22 ‘0 0.14 0.19 0.86
2.0 to 2.5 (WE. % = 10,79)

Grain Count 39 160 47 , 1 2 3 29 .
Pct. of Frac. 13.0 53.3 «15.7, 0.3 0.7 1.0 9.7
Pct. of Whole 1.40. 5.75 1.69 0.03 0.08 0.11 1.05
2.5 to 3.0 . (Wt. % = 4.51) CoL .

Grain Count . 47 . 171 36 0 1 4 ) 33
Pet.» of Frac. . 15.6 57.0 12.0 0’ 0.3 1.4 -11.0
Pct. of Whole. 0.70 2.57 0.54 ‘o 0.01 '0.06 0.50
3.0 to 3.5 " (Wt. % = 0.88) :

Graid Count- 52 - 160 11 0 5 2 60
Pct. of Frac. 11.3 '53.3 .3.7 0, 1.7 0.7 20.0
Pct. of Whole 0.45 '0.47 . 0,03 0 . 0.01 0.Q1 0.18

1 $
- = —— . TR T T e SRS




A . SoQhiats =50 it e e — U,
T . \
f - 214 - -
g \ B ) ) ; *
| : SAMPLE 138RT ~ CONSTITUENT COMPOSITION / |
. (' /'GRAIN . // .
A . '8I2E (PHI) © cor. ) .
. FRACTION Hal. Cor.' Alg. Mol. Hom. Ech. Mis. Unk,
—3.0 to =2.5 (WE. % = 0.78) P ) , '
Grain Count - 4 - 7
- Pct. of Frac. ° 100 1@
. Pct. of Whole s 0.78
| -2.5 to -2.0 (Wt. % = 0.54)
Grain Count ) 1 3 .
Pct. ‘0of Frac. . 25.0 75.0 :
Bet. of Whole . 0.13 0.41
-2.0 to,~1.5 (we. % =/1L-47) -
S . Grain Count 4 1 =4 6 4 0 3 0
{ Pct. of Frac. 18.2 4.6 18.2 27.3 18.2 0 13.6 0
b Pct. of ‘Whole 0.27 0.07 0.27 0.40 0.27 0 0.19 0
5 -1.5 to -1.00 ‘(Wt. % = 4.71) »
! Grain Count 43 19 35 20 14 0 2
| pct. of Frac. 32.3 14.3 26.3 15.0 10.5 0 1.50
& ; Pct. of Whole 1.52 0.67 1.24 0.71 0.50 0 0.07 ‘
i ‘v .+ =1.0 to -0.5 (WE. % = 5.60)
% Grain Count 111 46 133 44 27 0 11 0
i Pct. of Frac. 29.8 12.4 35.75 11.82 7.3 0 3.0 0
, Pct. of Whole 1.67 0.69 2.00 0.66 0.41 0O 0.17 ©
-0.5 to 0.0 (Wt. % = 8.14)
X Grain Count 63 62 107 26 9 2 14 17
i Pct. of Frac. 21.0 20.6 35.6 8.7 3.0 0.7 4.7 5.7
. Pet. of Whole 1.71 1.68 .2.90 0.71 0.24 0.06 0.38 0.46
0.0 to 0.5 (We. %2 = 6.72) )
Grain Count 47 64 108 21 11 4 18 27
- Pct. of Prac. 15.7 21.3 36.0 7.0 3.7 1.7 6.0 9.0
y - . Pet. of Whole 1.05 1.43 2.42 0.47 0.25 0.11 0.40 .0.60
; 0.5 to 1.0 (We. % = 7.12) .
¥ ‘ Grain Count 44 95 105 14 7 5 9 21
Pct. of Frac. 14.7 31.7 35.0 4.6 2.3 1.7 3.0 7.0
i o Pct, of Whole 1.05 2.26 2.49 0.33° 0.16 0.12 0.21 0.50
- 1.0 to 1.5 (Wwe. % = 11.81) ’ '
- @Grain“Count ‘33 101 104 13 6 4 - 14 . 25
é . Ppet. of Frac. 11.0 33.0 34.7 4.4 2.0 1.3 4.6 8.3
“®pct. of Whole 1.3 3.90 4.10 0.52 0.24 0.15 "0.54 0.98
4 1.5 to 2.0 (Wt. .72 = 15.08)
% Grain Count . 32 137 74 16 3 3 10 25
by Pct. of Frac. 10.7 45.7 24.7 5.3 1.0 1.0 3.3 8.3
' Pct. of Whole 1.61 6.89 3.72 0.80 0.15 -0.15. 0.50 1.25
P 2.0 to 2.5 (Wt. % = 19.60) N
" Grain Count 25 147 74 11 4 2 .8 29
: Pct. of Frac. 8.3 49,0 24.6 3.7 1.3 0.7 --2.7 9.7
" Pct. of Whole 1.63 9.60 4.82 0.73 .°0.25 0.14 0.53 ,1.90
, 2.5 to 3.0 ° (We. 72 =.13.77) - )
Grain Count 29 151 43 7’ 1 - 2 6- 61
Pct. of Prac. 9.7 50.3 1.3 2.4 0.3 0.7 2.0 20.3
- pet. of Whole’ 1.34 6.93 1.97 0.33 0.04 0.10 0.28 2.80_
[ 3.0 to 3.5 (We. % = 4.15) f
-~ Grain Count 28 158 29 11 0 3. 4 67
Pct. of Frac. 9.3 - 52.7 .9.7 3.7 0 1.0 1.3 22.3 -
Pct. of Whole 0.39 2.19 ,0.40 0.15 0 - 0.04 0.05 0.93

e e T e e 1
N




[

rom e PSATNER T R g

R A S TN A s
.

RO

v B .
o ER S {0 LA S

B T

SAMPLE 136 — CONSTITUENT COMPOSITION

GRAIN ' :
STIZE (PHI) . Cor. ) .
FRACTION - Hal. Cor, Alg. Mol. Hom, Ech. Mis. Usk.
-2.0 to -1.5 (Wt. % = 0.03) ’
Grain Count 1
- Pct. of PFrac. ‘ 100
Pct. of Whole 0.03

>

, ~1.5 to -1.0 (We. % = 0.03)
Grain Count
Pét. of Frac.

"Pct. of Whole l
-1.0 to -0.5 (Wt. % = 0.62)
Grain Count 12 ? 14 19 1 0
w Pct. of Frac. 22.2. 13.0 25.9 35.2 1.90 0
Pct. of Whole 0.14 0.08 0.16 0.22 0.01 0
-0.5 to 0.0 Wt. 7 = 3.94) £
Grain Count 55 100 56 71 0 7 .
. Pct. of Frac. 18.3 33.3 -18.7 23.7 O 2.3
Pct. of Whole 0.72 1.31 0.74 0.93 O 0.09
0.0 to 0.5 (Wt. %.» 7.86) ‘ )
QGrain Count 60 112 60 50 1 9
‘Pect. of Frac. 20.0 37.3 20.0 16.7 0.3 3.0
"Pct. of Whole 1.57 2.93 1.57 1,31 0.02 0.24
- 0.5 to 1.0 (Wt. % = 8.48) N
Grain Count 40 140 51 43 0 17
Pct. of Frac. 13.3 46,7 17.0 14.3 O 5.7 -~
Pct. of Whole 1.13 3.96 1.44 1.21 O 0.48
\ 1.0 to 1.5  (Wt. % = 11.02) . \
Grain Count 51 156 51 23 0 1 5 V13
Pct. of Frac. 17.0 52.0 17.0 7.7 0 0.3 1.7 - %.3
Pct. of Whole 1.87 5.73 1.87 0.85 0O 0.03 0.19 0\47
1.5 to 2.0  * (Wt., % = 9.97) - \
Grain Count ‘30 190 40 19 0 5 6 10
™ Pct. of Frac., 10.0 63.3 13.4 6.3 0 1.7 2.0, 3.3
Pct. of Whole 1.00 6.31 1.34 0.63 0 - 0.17 0.20 0.33
2.0 to 2.5 (Wt. % = 11.38) _
Gratn Count 68 ‘145 33 13 0 3 9 29
Pct. of Frac. 22.7 48.3 11.0 4.3 0o . 1.0 3.0 9.7
Pct. of "Whole 2.58 5.50 1.25 0.49 O 0.11 0.34 1.10
2.5 to 3.0 (We.. % = 12.19) i "
Grain Count 78 147 24 12 4] 5 4 30 )
Pet., of Frac. 26.0 49.0 8.0 4.0 0 1.7 1.3 10.0
~ Pect, of Whole 3.17 .5.97 0.98 0.49 O 0.21 0.16 1.22
3.0 to 3.5 (Wt. % = 19.75)  _ '
é\\ Grain Count '~ 72 162 14 8 0 b 3 37
- Pct. of Frac, 24.0 54.0 4.7 2.7 0 1.3 1.0 -12.3
¢ Pct. of Whole 4.74 10.67 0,93 0.53 0 0.26 0.20 2.43
(3 ,
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APPENDIX 3 °
WATERING BAY -~ CURRENT VELOCITIES

AT FIVE FEET (1.52 M) ‘ !

AN

~

De tailed anaﬁysig of sediment trap and tidal current data
(Chapt. 6) demonstrated that in Watering Bay the 64th perctﬁt—
ile of the bottonm sedimené grain size distribution is a close
apprbximation of the grain size bounda}y between\bed and suspend-
ed load transport. This boundary reflects the‘competencé\of the
maximum current velocities. The 64th percentile may therefgre
be used to obtain an approximation of the maximum shear wvwelocity
(ux) from a transpor£ competence curve (Fig. 16),. It was also
found that the mid-point of the half phi grain size interval
coa}ser than the ;oarseét interval in the bottom gediment grain
size distribution is an approximation dfhroughness length (ze).
From the above, and knowing the water depth, the maximum current

. ) -~
velocity at any given depth can be calculated .from the von
Karman—Pra;dtl equation for unidirectional flow over a hydro-

: I

dynamically rough boundary:

. - ﬂ* 1 T+2o
u = ~% in
ko Zo

Where u is the average current velocity at a height z above

'bottoﬁ. and ko 18 the von Karman constant (0.4). The above pro—‘

D 3 *
cedure was followed forikll bottom sediment samples from

Watering Bay to obtain current velocity values at a depth of 5

feet (1.52 m). The results are presented in Figure 37 and the

°

following table. ' ’ .

The following code is used in the table: RC = ripple crest

sample, RT = ripple trough sample,. Thal. = Thalassia bed sample,

NBLM = no'bed load movement, ST5 = shallowgr than 5 feet (1.52 m).
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ROUGH WATER DEPTH- VELOCITY AT

SHEAR VEL. LENGTH ~5'

SAMP. 64th (1.52m) % ' (1.52m)
NO. PERCENTILE ux (cm/sec) 2Zo (cm) z (cm) i (cm/sec)
1, 1.53 3.6 1,36 - 1,676 64
2 1.60 3.4 0.68 914 1
3 .0.77 5.7 1.36 1,981 104
bn 1.01 5.0 0.34 1,585 106
5 1.15 4.6 0.68 2,225 93
6 1.39 24,0 0.68 610 .68
7 2.69 1.5 0.34 1,006 NBLM
8 2.63 1.5 0.48 1,006 NBLM .
9 2.02 2.5 0.96 1,372 45
10 1.65 3.3 0.68 1,036 60
11 ' 0.90 5.3 0.48 884 100

12 1.19 4.5 0.68 2,134 91

i3 2.25 2.1 0.34 762 41
14 2.09 2.4 0.68 853 43
15 2.04 2.5 0.48 1,341 50

16 2.22 2.2 0.24 762 - b4
17 1.72 3.2 0.34 701 61
18 0.89 5.3 0.96 488 , 83

19 1.78 3.0 0.48 457 . 51 -

20 2.37 1.9 0.34 518 35

21 -3, 54

22 2.23 2.1 0.48 701 38

23 1.19 4.5 0.96 - 335 66

24RC 1.14 4.6 0.48 274 73

24R 0.96 5.2 0.68 274 78

25- 0.92 5.3 0.34 2,073 115

26 1.02 5.0 0.48 1,067 96

27 1.71 3.2 0.68 61 36

28 2.51 1.7 -0.48 61 25

28Thal, 2.22 2,2 0.48 61 27

29 - 0.77 5.7 ° 0.68 152 17

30 1.18 4.5 0.96 183 59

31 1.85 2.9 3% 0.48 61 35

32 0.19 7.4 1.36 ST5

33 0.97 5.1 0.68 152 69

34 1.20 4.5 0.68 183 63

35 1.42 3.9 0.96 183 51

36 -0.58 \10.2 1.36 STS

37 ~0.51 . 10.0 1.36 152 118

38 ~0.44 9,7 1.36 1,676 173

39 2.20 2.2 0.34 ST5.

40° 1.98 2.6 0.34 152 40

41 2.08 2.4 0.68 152 32

42 2.23 v 2:1 0.24 91 31 -

42Thal., 2.72 1.4 0.48 91 NBLM

43 1.71 3.2 " 0.48 183 48

44 1.62 3.4 0.34 244 56

45 1.60 3.4 0.48 213 52

46 1.58 3.5 0.68 152 47

47 1.03 4.9 0.68 STS

48 3.02 1.0 0.48 30 NBLM

49 2.31 2.0 0.48 46 23
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ROUGH WATER DEPTH VELOCITY AT

SAMP, 64th -- ~SHEAR VEL. LENGTH -5' (1.52m) 5' (1.52 m)
NO, PER%PNTILE uy (cm/sec) zo (cm) z (cm) i (cm/sec)
50 0.90° 5.3 0.68 366 83

51 2.33 © 2.0 0.68% 305 . 31

52 1.75 3.1 0.96 61 32

-53 0.69 5.9 1.36 -~ : ST5

54 0.40 6.8 0.68 " 853 121

55 0.84 5.5 0.96 1,219 98

56 0.20 7.4 1.94 <~ 1,615 124

57 1.78 ~ 3.0 . §TS. :
58 1.73 3.1 0.96 30 © 27 ,
.59 0.45 6.6 0.68 457 107

60 1.99 2.6 0.68 91 32

61 1.38 4.0 0.96 244 ‘ 55

62 0.31 7.0 0.68 ‘244 ., 103

63 0,61 6.2 4 0.68 '1,859 | 123

64 0.48 6.5 0.96 . 1,829 123

65 0.28 7.1 0.96 2,195 137 ° . .
66 3.08 ST5

67 " 1.58 3.5  °  0.48 STS

68 0.91 5.3 0.68 366 83

69 0.89 5.3 0.96 244 73 .

70 2.40 1.9 0.96 122 23

71 * 1.16 4.6 1.36 - 244 | 60

72 0.92 '5.3 1.36 ’ -152 . 63

73 1.76 3.1 0.96 91 . 35 -
74, 0,52 6.4 0.68 STS

75 L 0.22 7.3

0.68. 640 125
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