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ABSTRACT ■

Data front a three-summer monitoring program o f nearshore marine 

bedforas are presented- Bedform type,, o r ie n ta tio n , dimensions, and 

water depth and bottom v e lo c itie s  were measured along p ro f ile s  which 

were perpendicular to  shore. Beaches w ith rhythmic submarine bar topog­

raphy ex h ib it d is t in c t iv e  pa tterns o f bedform types which vary with 

water depth and wave energy. The sequence o f  bedforas observed with 

decreasing depth on the  seaward slope of the  inner bar i s :  symmetric 

rip p le s  asymmetric r ip p les  •+■ ladderback rip p le s  ■+■ lunate megaripples 

*► plane bed ( ra re ) .  The o rien ta tio n  o f  the  seaward slope bedforas re­

sponds to  changes in  wave d ire c tio n . Landward o f the  inner bar c re s t ,  

the bedform type and o rien ta tio n  responds to  a complex blend o f  waves, 

topography, and nearshore cu rren ts .

When the  inner bar is  welded to  shore a t  regu la rly  spaced in te r ­

vals i t  r e s t r i c t s  the type of longshore c irc u la tio n  which can occur. 

When shore-welded bars are p resen t, closed c irc u la tio n  c e l ls  and uni­

d irec tio n a l longshore flow (consisten t with the g rain  of the bar topog­

raphy) can occur but b id irec tiona l longshore flow is  prevented by the 

topography. Storm conditions produce a s tra ig h t-c re s te d  b ar, p a ra lle l 

to  shore , which is  not s tab le  under normal wave conditions and is  soon 

modified to  a cuspate bar.

There is  a strong  re la tio n sh ip  between bedforas, topography, and 

measured bottom v e lo c it ie s . A p lo t o f depth and w ater v e lo c ity  s im ila r
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to th a t used fo r  f lu v ia l  bedforas permits discrim ination o f the various 

types of marine bedforas on the b a r 's  seaward slope, Another p lo t of 

ve loc ity  and v e lo c ity  asymmetry a lso  allows d iscrim ination  o f bedform 

types. This p lo t reveals th a t  the  plane bed observed in  the swash 

zone ex h ib its  near-symmetric v e lo c itie s  unlike the  near-un id irectional 

curren ts which fo ra  plane beds in  the  breaker zone (C lif to n , 1976).

The in te rn a l s tru c tu re s  o f nearshore sands were examined by box 

coring. Sedimentary s tru c tu re s  are poorly preserved because o f the 

depth of d a ily  scour, the uniform nature o f the sediment, and bio turba- 

tio n . P a ra l le l ,  horizontal or s l ig h tly  seaw ard-inclined, fine  laminae 

a re  the  most common s tru c tu re s . Other sedimentary s tru c tu re s  in  the  

nearshore include medium-scale cross-bedding which is  shoreward-inclined 

and small sc a le  cross-bedding which is  both landward and seaw ard-inclined. 

The degree o f b io tu rba tion  increases in  the offshore d irec tio n  and is  

prim arily  a tt r ib u te d  to  polychaete worms and C allianassa shrimp.

Key Words

nearshore marine bedforas 
rhythmic topography 
bedform -related v e lo c itie s  
combined flow hydraulics 
nearshore sedimentary s tru c tu re s  
ladderback r ip p le s .
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INTRODUCTION

There i s  a large amount o f  geologic, engineering, and oceano- 

graphic l i te r a tu r e  on beach and nearshore environments. Perhaps re f le c ­

tin g  the complexity o f processes and the  pleasures o f working along the 

sho re line . The in te rac tio n  of the  atmosphere with the ocean and the 

coexistence o f o sc illa to ry  and u n id irec tio n a l flow in the nearshore 

complicate the investiga tion  o f nearshore sedimentary processes.

Nearshore bedforas had been la rg e ly  neglected in  the  l i te ra tu re  

u n til recen tly  when C lifton , e t  . (1971) stud ied  them. The impor­

tance o f modern bedform studies l ie s  in  th e i r  use fo r in te rp re ta tio n  

of ancient sedimentary environments. Observation of the  bedforas 

provides a key to  the hydraulics o f th e  overlying f lu id  medium. In 

add ition , inform ation on the behavior o f marine bedforas re la ted  to  

con tro lling  processes f i l l s  a gap in  geologic knowledge.

Frevi ous Work

Previous work on bedforas has been mostly re s tr ic te d  to  flu v ia l 

bedforas. These forms are prim arily  a product o f un id irectional curren t 

flow and th e ir  dynamics have been stud ied  extensively  in  flumes and in 

the f ie ld .  Simons, Richardson, and Nordin (1965) presented one o f the 

most complete descrip tions of the f lu v ia l bedform sequence which develops 

with increasing  flow streng th . Haras and Fahnestock (1965) described 

the d is tr ib u tio n  o f bedforas in the  modern deposits o f the  Rio Grande.
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Walker 0965) extended the work done on f lu v ia l  bedforas to  in te rp re t  

tu rb id ite  bedform: sequences*

C lif to n , e t  a]_. (1971) was the  f i r s t  serious attem pt to  analyze 

and c la s s ify  the  nearshore marine bedforas, A c la s s if ic a t io n  scheme 

was devised based on the shoreward increase in  ve loc ity  asymmetry. In 

theory the  bottom v e lo c itie s  below wave base a re  symmetric in  magni­

tude in  both the  onshore and offshore d ire c tio n s . Above wave base the 

bottom v e lo c it ie s  become progressively  more asymmetric in  shallower 

water. C lifton  was the f i r s t  to  describe the sequence o f marine bed- 

forms which develops under shoaling ocean waves. He noted the  s im ila r­

i ty  between the  f lu v ia l and the marine bedform sequence as they corres­

pond to  increasing  flow streng th . This model was developed from obser­

vations o f th ree  d if fe re n t  non-barred coasts with th ree  d if fe re n t lev e ls  

of wave energy. A more complete consideration  of C lif to n 's  model w ill 

follow in  the  d iscussion  section o f th is  rep o rt.

C lif to n 's  work was done on plane-sloping beaches without sand 

bars. A subsequent paper by Davidson-Arnott and Greenwood (1974) 

applied C lif to n 's  ideas to  the nearshore bedforms on a barred beach in 

Canada. My study a lso  deals with a barred beach but i t  i s  on the Gulf 

of Mexico on the  F lorida  Panhandle (Fig. 1 ). This coast is  charac ter­

ized by a double bar system (Fig. 2) with an inner bar of variab le  form 

and a passive o u te r  bar which is  continuous and i s  only modified during 

periods o f high waves. This double bar system extends as a s ta b le  con­

fig u ra tio n  fo r  100 m iles between Panama City beach and Santa Rosa Island  

near Pensacola.
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Purpose

The purpose o f th is  paper i s  to  rep o rt my in v estig a tio n  o f the 

fac to rs th a t control nearshore marine bedforas associated  w ith barred 

submarine topography. The curren ts and wave o sc illa tio n  occurring 

around barred topography are not as simple as those occurring on a 

plane-sloping beach. This i s  espec ia lly  tru e  o f the  inner bar whose 

fo ra  varies almost d a ily . Therefore a monitoring program o f the 

s ig n ific an t fac to rs  in  the  nearshore was begun in  the summer o f  1975.

The Panama City Beach area was se lec ted  in  an attempt to  minimize the 

v a r ia b ili ty  of some o f the processes e ffec tin g  bedforas. There i s  a 

small tid a l range (£ 6 0  cm) and the area has only one t id a l cycle per 

day. V ariations o f sediment grain s iz e  a lso  influence bedforas, but 

Panama City beaches are composed of a w e ll-so rted , uniform quartz  

sand (B a ls i l l ie ,  1975; Saloman, 1976).

Because f ie ld  descrip tions of the development o f nearshore bed­

foras are scarce in  the lite ra tu re *  my study was organized around a 

few simple questions:

1. What is  the e f fe c t  of the winds and waves on the nearshore 

bottom topography?

2. What i s  the  nature of the ve loc ity  f ie ld  associated  with 

nearshore bedforas and can ve loc ity  be used to  p red ic t 

bedform type?

3. What types o f bedforas e x is t  in  the nearshore o f a barred 

co astlin e  and how do they re la te  to  the submarine topography?
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4. Do nearshore marine bedforms conform to C lif to n 's  (1976) 

model of increasing shoreward ve loc ity  asymmetry and a re  they 

comparable to  f lu v ia l bedforms?

5. What types o f sedimentary s tru c tu re s  are  produced by near­

shore bedforms and what is  the like lihood  o f th e i r  p reser­

vation?
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METHODS

Bedforo-Veloclty P ro f ile s

Topographic p ro f ile s  were measured perpendicular to  shore by 

using two poles w ith meter s t ic k s  mounted on them. By sig h tin g  over 

the top o f the  seaward s t ic k  and a lign ing  i t s  top with the horizon, 

one can read the  e leva tion  d ifference  in  centim eters on the  shoreward 

s t ic k . P ro file s  were begun landward o f the  berm from a standard posi­

tio n  and were extended across the c re s t  o f  the f i r s t  b a r. The seaward 

lim it  of these  p ro f ile s  was governed by water depth and wave conditions 

and ranged from 1.5 to  2.0  meters in  depth.

Four ad jacen t p ro f i le  lo c a l i t ie s  were estab lished  25 meters 

apart on Panama C ity beach. One o f the l o c a l i t ie s ,  h e re a f te r  re fe rred  

to  as the standard p ro f i le ,  was measured almost d a ily . The o th er th ree  

lo c a l i t ie s  were measured every week or two.

Bedforms were mapped along the standard p ro f i le  on days when 

water c la r i ty  and wave conditions perm itted such work. A 75 meter 

length of washline was staked on the bottom along the  p ro f i le  with 

knots a t  5 meter in te rv a ls . For each in te rv a l the follow ing inform ation 

was recorded by a d iver: bedform type, h e igh t, wavelength, c re s t  o rien ­

ta t io n , s in u o u sity , and symmetry o r asymmetry. Bedform dimensions were 

measured with a meter s t ic k ,  c re s t  o rien ta tio n s  with an underwater 

compass, and sinuousity  was v isu a lly  judged as being e i th e r  s t r a ig h t ,  

sinuous, catenary , o r lunate (Fig. 3 ).
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n

V elocity data  recorded fo r  each in te rv a l included horizon tal 

bottom v e lo c itie s  perpendicular to  shore , longshore bottom v e lo c itie s  

and some v e rtic a l v e lo c it ie s . Horizontal bottom v e lo c itie s  and long­

shore bottom v e lo c itie s  were measured with a simple "swing-type" device 

(Fig. 4A). The swing meter was constructed from p le x ig la ss , copper 

wire and a lead t i r e  weight used to  l im it  the d e flec tio n  o f the  paddle. 

The advantages o f using th is  device were i t s  immediate response to  

sh o rt- liv e d  c u rre n ts , s im p lic ity  of operation underwater, and c o s t.

The sca le  o f the  swing meter acted as a vane in  the  w ater and therefo re  

the maximum component of the  ve loc ity  could be measured. Measurements 

were made j u s t  a few centim eters above the  bedform c re s ts  by a heavily 

weighted d iv e r , hand-holding the device. For landward and seaward 

o s c il la t io n s  the v e lo c ity  range, maximum, and re la tiv e  durations were 

noted. C a lib ra tio n  of the swing meter was done in  a flume with a 

Gurley Pygmy Current Meter. For more d e ta ils  p lease see Appendix C.

Longshore bottom cu rren t measurement was done in  a s im ila r  manner 

along the p ro f i le .  Some surface measurements of longshore cu rren t were 

made with a timed wooden f lo a t  over a measured reach between the  four 

topographic p ro f i le  lo c a l i t ie s .

V ertical v e lo c it ie s  were measured with a commercial flowmeter 

designed fo r  labo ra to ry  use (Fig. 4B). I t  co n sis ts  o f  a tapered, tu b u la r, 

g lass sca le  con tain ing  a nylon sphere. Apertures in  the top and the 

bottom o f the  tube allow liq u id  to  flow through the  device. Measure­

ments were made near the surface and along the  bottom a t  each 5 meter 

in te rv a l .
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Plan View Observations

To gain some in s ig h t in to  the  d is tr ib u tio n  o f bedforms and 

cu rren ts along shore, several plan view sketch maps were made o f  the 

area covered by the four p ro f ile  lo ca tio n s . No attem pt was made to  

preserve the exact geometry o f  the  topography. Mapping was done by 

diving and surface observation of bedfontt types and cu rren t d ire c tio n s . 

Emphasis was placed on the overa ll p a tte rn , not the d e ta i l s .  The 

o rig in a l sketches were made on a p lex ig lass ta b le t  with a grease p en c il. 

Aerial photographs were obtained to  survey the extent of v a r ia b il i ty  o f 

the nearshore topography. Photography fo r  four dates ranging from 

1942 to  1975 was purchased from the U.S. Department of A gricu ltu re.

The F lorida  Department of Natural Resources provided th ree  se ts  o f 

photography from the period of 1970 to  1975 including photos taken the 

day a f te r  Hurricane Eloise (September 23, 1975}. Five se ts  of a e ria l 

photos were obtained by the author from a ren ta l a i r c r a f t  during the 

course of the study (1975-1977). The l a t t e r  are  high oblique photo­

graphs taken from an a lt i tu d e  of 1000 fe e t with a 35 mm camera. All 

of the government airphotos were v e rtic a l in aspect and the a lt i tu d e  

varied  from 1000 to  20,000 fe e t .

Most of th e  coverage was fo r  a five-m ile  length o f beach between
t

S t, Andrews S ta te  Park and Panama City Beach. The area of in tensive  

study, Biltraore Beach, was centered between these two p o in ts . There 

was a lso  some photography av a ilab le  fo r Shell Island to  the southeast 

o f the study a rea .

Photo-mosaics were constructed from the oblique photographs to
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provide a continuous map o f the bar topography. Because o f the  sca le  

v a ria tio n  across an oblique photograph match po in ts  were located on 

the inner sand bar in  the cen ter o f the  photograph.

Navy Wave Records

The Naval Coastal Research Lab (NCRL) in  Panama C ity  provided 

data on waves, winds, and tid e s  fo r  the study a re a . Continuous informa­

tion  was co llec ted  from two offshore stag es . Stage I i s  loca ted  17.7 

km offshore in  31.7 m o f water and Stage II  i s  located  3.2 km offshore  

in  19.2 m o f  w ater (Breeding, 1972). Both platform s record s ig n if ic a n t  

wave h e ig h t, t id a l  f lu c tu a tio n s , and wind speed and d ire c tio n . S ig n if­

ican t wave heigh t i s  defined as the  average o f  the  o n e -th ird  h ighest 

waves in  a sequence of waves observed a t  a p o in t (Newmann and P ierson , 

1366). All o f the environmental inform ation was p lo tte d  ag a in st time 

on a s in g le  chart to  allow comparison.

The s ig n if ic a n t  wave height data are  most useful as a measure of 

the amount o f energy being expended a t  the sh o re lin e . Wave heights 

were measured by several wave s ta f f s  which sense re la t iv e  changes in  

water level by the  v a ria tio n  of the impedence through a nichrome w ire. 

Wave s ta f f s  o f varying length are located  on the n o rth , sou th , e a s t ,  

and west s id e s  of both s ta g es , allowing d irec tio n a l re so lu tio n . Wind 

speed and d ire c tio n  were measured with a 3-cup anemometer and a vane. 

The instrum entation  was o r ig in a lly  designed by Texas A and N U niversity  

(SCirst and Gaul, 1964) and has been in  use since  1962.

The s ig n if ic a r t  wave height data  were computed from continuous
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water level records which showed the complete sequence of waves passing 

the s t a f f .  Portions o f these o rig in a l wave records were obtained fo r  

eleven dates in  Ju ly  o f 1977 and were used to  determine the periods o f 

the waves impinging on Panama City Beach. Wave period was determined 

fo r  a 6001 second record by counting the number o f times the curve 

crossed the mean water level l in e . Only upward crossing (p o s itiv e -  

slopes) were counted and th is  number was divided in to  600 to  y ie ld  the 

mean zero-crossing  period (Draper, 1966).

NQM Wind Data;

Data on wind speed and d ire c tio n  were purchased from the  National 

Oceanic and Atmospheric Adm inistration (NOAA). The wind data were 

co llec ted  a t  Tyndall A ir Force Base, e ig h t miles southeast o f the  study 

area. Observations were made every hour or more frequently  when con­

d itio n s  varied s ig n if ic a n tly . This information was used to  supplement 

and confirm the accuracy of the NCRL data . Daily wind d irec tio n  and 

speed were p lo tte d  on po lar coordinate graph paper fo r the dates fo r  

which bedform p ro f ile s  were a v a ila b le . Summary p lo ts  of weekly wind 

p a tte rn s  were a lso  made to  evaluate  long term e ffe c ts  on nearshore 

topography.

Box Coring

Box coring devices were contructed from a design used by Dr. J .

D. Howard o f the  Skidaway Oceanographic In s t i tu te .  The boxes were 

made o f s ta in le s s  s te e l ,  each w ith dimensions o f 12“ x 8“ x 4" . All
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cores were obtained underwater by a d iv e r. This required considerable 

e ffo rt*  e sp e c ia lly  in  the  su rf  zone. Gores were allowed to  drain  

b r ie f ly  and were then extruded on the beach.

The o b jec t o f  coring was to  obtain  epoxy-impregnated peels of 

long itud inal s l ic e s  through the co res. The fresh ly  extruded core was 

c a re fu lly  la id  down on a p lex ig lass t ra y . Then a long spatu la  was used 

to  w h ittle  th e  core down to  12" x 8" x 3/4" s l ic e .  Later* the  core 

s l ic e  was sandwiched ag a in st a piece o f fiberboard , coated with epoxy, 

and allowed to  cure fo r  a few days. At th is  po in t the specimens were 

placed ou tside  in  a v e rtic a l position  to  allow the excess sediment to  

f a l l  o f f  and reveal in te rn a l s tru c tu re s .

Several techniques were employed to  maximize inform ation on the 

sedimentary and biogenic s tru c tu re s  in  th e  cores. Core s l ic e s  were 

sketched and photographed while s t i l l  wet and then X-rayed. Peels 

were photographed w ith low-angle illum ina tion  and X-rayed again.

C ylindrical cores were obtained with a two-inch diam eter p lex i­

g lass tube. The average depth o f penetra tion  of these cores was about 

25 cen tim eters. Tube cores were taken by hand a l l  along the bedform 

tra v e rse s . Most o f  th is  coring was done in  1976 before the  box coring 

devices were constructed . Sediment samples were removed from the tops 

and bottoms o f the cores fo r  grain s iz e  a n a ly s is .
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RESULTS

Wind Data

Winds a re  u ltim ate ly  responsible fo r  water motion and the re su lta n t 

bedforms, so th e i r  p a tte rn s  are  important to  th is  study. The wind data 

which are summarized here p e rta in  only to  the summer months during which 

bedform data were co llec ted .

1975

During the  13-day period of August 6-19, 1975 the following wind 

patterns were recorded as summarized in  Table 1 (o rig ina l data are  in  

Appendix A). The wind was f a i r ly  constant from the Southwest except 

fo r August 8-10 when i t  came from the Southeast to  East. On days 

dominated by Southwest winds the d irec tio n  sh if ted  to  the West around 

mid-day and then returned to  the Southwest. Wind speed was le s s  than 

or equal to  ten knots fo r  most of the record. Winds of 20 to  30 knots 

occurred a t  the beginning of the record as a re s u l t  of a three-day 

storm.

1976

Data fo r  1976 were co llec ted  from dune 12 to  Ju ly  22. The record 

was dominated by d a ily  cycles of wind d irec tio n  change which began in  

the Worth in  the  e a rly  morning and ro ta ted  clockwise during the  day, 

ending a t  north again around midnight. Wind velocity  was a lso  con­

tro lle d  by th is  cy c le . I t  rose from zero in  the morning to  a maximum
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BAR PATTERN Crescent Bar Cuspate Bar Skewed Cuspate—Horn—Shore-Parallel

1975 1976 1977

WIND & WAVE 
VARIABILITY 
& DIRECTION

Primarily from the 
SW (perpendicular 
to shore).

Alternating between 
periods o f c y c lic ,  
variable winds (dom­
inant) and constant 
SW winds.

Alternating between periods o f constant 
SW winds (dominant) and periods of 
variable (cyc lic ) winds; constant S-SE 
winds during the storm.

WAVE HEIGHT 
RANGE

0 .3 — 2 .0  m 0.3  -  1,3  i 0.2 - 2,0 m

AVERAGE 
WAVE HEIGHT

0.5  in 0 .6  m 0,5 m

WIND SPEED t^lO Knots 
except for 10-20 
knots during a 
storm.

average Is 10-20 
knots; 20 knots 
1s maximum

average is  10 knots; 
25 knots 1s maximum

STORMS July 29-30,1975 
August 5-7,1975

none July 17-20,1977

WAVE
PERIOD no data no data x » 3,4 seconds 

range » 2 ,3 -8 ,0  seconds

Table 1: Summary o f wind and wave data for the three f ie ld  seasons at Panama City Beach,



of about 15 knots a t  1 to  2 P.M. and then dropped back to  zero a t  n ig h t. 

There were a few in te rv a ls  during which the winds were constan t front the 

Southwest to  t e s t  and these were June 16, June 29-July 4 , and Ju ly  I I -  

18. During these  in te rv a ls  of constant d irec tion*  wind v e lo c itie s  re ­

mained re la tiv e ly  constant (15-20 knots) and higher than those recorded 

fo r  days dominated by the clockwise cycle o f wind d irec tio n  change.

Weekly summaries o f the wind d irec tio n  and speed were p lo tte d  on 

rose diagrams to  b e t te r  d isplay the dominant winds (Appendix A), This 

wind data cores from observations a t  Tyndall AFB between June 15 and 

July  15, 1976. D irection was p lo tted  in  fo rty -degree sec to rs  o f the  

compass and v e lo c itie s  were classed  as 1-8 knots, 9-16 knots, o r  16-24 

knots. The p lo ts  d isp lay  consisten t winds from the  southwest q u a rte r 

which is  e s se n tia lly  perpendicular to  the shoreline  a t  Panama C ity .

1977

NCRL wind inform ation from 1977 spans the longest time period: 

June 11 through Ju ly  28. As in  1975 and 1976 the wind d irec tio n  

a lte rn a ted  between d a ily  cycles o f  clockwise change and periods o f 

constant southwest winds which p e rs is ted  fo r  several days. The d a ily  

cycles did not always involve a 360 degree d irec tio n a l s h i f t .  Some­

times the wind d ire c tio n  ro ta ted  from East in  the  morning through South 

to  the West in  th e  afternoon as the ve loc ity  increased . On o ther days 

the  d irec tio n a l changes were e r r a t ic  but generally  conformed to  the  

360° d irec tio n a l cycle with maximum wind v e lo c itie s  in  the afternoon.

During periods o f constant wind d irec tio n  winds were from the
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Southwest w ith the  exception o f th e  in te rv a l from July  17-20 when they 

o rig ina ted  from the Southeast. Southeast winds coincided with th e  

passage o f a small low pressure a i r  mass through the area and produced 

the h ighest wind v e lo c itie s  (25 knots) recorded fo r  th is  summer. A 

look a t  the NOAA weekly wind data summaries (Appendix A) shews th a t  

most of June, 1977 was characterized  by w est to  southwest winds w ith a 

s h i f t  towards the Southwest in  e a r ly  Ju ly . The wind source changed to  

the East-N ortheast during mid-July when the storm arrived  and returned 

to  the Southwest a t  the end of the month.

Wave Conditions

NCRl s ig n if ic a n t wave height records are  summarized in  Table 1 

fo r the th ree  summers of bedform observation . The following is  a qual­

i ta t iv e  summary of the wave conditions fo r  these  periods in  terms o f 

s ig n if ic a n t wave he igh t, d irec tio n  of approach, and occasional measure­

ments o f wave period .

Wave d irec tio n  is  assumed to  be the  same as wind d irec tio n  based 

on data from Tolbert and Austin (1956). Information on wind and wave 

d irec tio n s was gathered from an anchored vessel near Stage I I  from 

April 12 to  December 28, 1955. A comparison of wind and wave d irec ­

tions revealed th a t  92.4 percent o f  the  time they were the same and 

7.6 percen t of the time they d iffe re d  by 20 degrees or le s s .  Between 

April and September the agreement was 100 percen t.
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1975

During the th ree  week period in  August o f 1975 there  were two 

periods o f large  waves a t  the beginning o f the month. Two consecutive 

storms produced waves in  the 1.7-2.0 m and 1 .4 -1 .7  m range. The remain­

der of the time the s ig n if ic a n t wave height varied  front 0 .3  to  0.6  m.

Wind wave d irec tio n  during August of 1975 was p rim arily  from the 

Southwest and West. There were two days when sou theast and e a s t  waves 

dominated. During periods o f constant wind d ire c tio n  the  s ig n if ic a n t 

wave height increased continually  from day to  day. Variable winds pro­

duced the lowest wave heigh ts. All o f these trends can be seen in  the 

NCRL s ig n if ic a n t  wave height p lo ts  in  Appendix A.

1976

The s ig n if ic a n t  wave height data fo r 1976 were co llec ted  from 

dune 12 to  duly 22. From dune 12 to  duly 11 the wave height o s c illa te d  

between 1 m eter events and 0 .3-0 .6  m events which la s te d  fo r  approxi­

mately th ree  days each. During duly 12 through duly 17 the s ig n if ic a n t 

wave height increased to  the  1-1.3 m range and then dropped back down 

to 0 .3 -0 .6  m. Again the h ighest waves coincided w ith times of constant 

wind d irec tio n  and the lowest waves with variab le  winds. Although there 

was a t id a l  e f f e c t  a t  work here too , i t s  influence upon the  wave height 

was not as obvious as th a t  o f the wind.

The average d irec tio n  of wave approach fo r  the sumner o f 1976 is  

b est summarized on the NOAA weekly summaries o f wind d irec tio n  (Appen­

dix A}. From dune 15-29 the  wind waves were from the Southwest and the
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South, from June 29 to  Ju ly  13 the waves o rig ina ted  from the Southwest 

and the t e s t ,  and front Ju ly  13 to  Ju ly  IS they came from the West and 

Northwest, Therefore the 1976 study period was dominated by waves 

a rriv in g  with th e i r  c re s ts  p a ra lle l  to  shore. Towards the end o f  the  

f ie ld  season the wave source became more w esterly  causing oblique wave 

incidence a t  Panama City Beach. There was no wave period data a v a il­

able fo r  1976.

1977

Table 1 shows the s ig n if ic a n t  wave heigh t range fo r  the in te rv a l 

from June 11 to  Ju ly  28, 1977. This time period was charac terized  by 

comparatively small waves except fo r  a three-day  storm in  m id-July.

Most o f the waves remained in  the 0 .3 -0 .6  m range with an occasional 

1.0 ro event (June 12 and June 25-27). The la rg e s t wave heights coin­

cided w ith high v e lo c ity  winds and winds of constant d ire c tio n . The 

la rg e s t waves recorded fo r  a l l  th ree  summers occurred during a storm 

which las ted  from la te  Ju ly  16 through Ju ly  19, 1977. The s ig n if ic a n t 

wave heights fo r  th is  storm peaked in the 1 .5-2 .0  m range and averaged 

1 to  1.5 so in heigh t.

Mind wave d irec tio n  exh ib ited  a strong component from the West 

and Southwest fo r  June 1 to  June 22, 1977. During the week of June 22- 

29 the west and southwest wave components a tta in e d  equal streng th  and 

then the southwest waves dominated u n til Ju ly  13. The storm in mid- 

Ju ly  brought waves from the Southeast during the week of Ju ly  13-20. 

A fter the storm waves subsided th e  wave source swung around to  the
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South and then the  Southwest.

Wave period was sampled in  the afternoon on several dates in  

dune and duly o f 1977 (Appendix A). The data in d ica te  an average of 

two to  four seconds fo r  waves a rriv in g  a t  Panama Gity Beach. S lig h tly  

longer period waves arrived  during the storm.

Breaker type i s  a q u a lita tiv e  observation which c lasses the wave 

breakage as plunging or sp il lin g . Plunging breakers d iss ip a te  th e ir  

energy rap id ly  as the wave form co llapses instantaneously  upon over­

steepening. This s itu a tio n  occurs fo r  steep  wind waves (wave steep­

ness = wave height/wave length) on beaches with a steep  slope . S p il­

lin g  breakers d is tr ib u te  th e ir  energy over a broad area as they break 

gradually , m aintaining th e i r  wave form with progressively  decreasing 

wave height as they shoal on the beach. S p illin g  breakers were the 

most common type observed on Panama City Beach except during storms 

when plunging breakers also  occurred. Waves usually  broke tw ice, once 

on the inner bar and then again in  the swash zone. During storms the 

la rg e r  waves broke on the outer b a r, then the  inner bar and then again 

in  the swash.

Horizontal Bottom Velocity Measurements 

1976

Figures 12-23 display the horizontal bottom ve loc ity  measurements 

associated  with topographic p ro file s  measured in  1976. V elocity compon­

en ts were measured perpendicular to  shore. The topographic v a ria tio n  

during th is  period involved changes in  the  width of the inner trough,
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in  the shape o f the  b a r, and in  the steepness o f the swash zone.

Bottom v e lo c ity  p a tte rn s  a re  described here in  terms of the submarine 

topography.

In general the horizontal bottom v e lo c itie s  ind ica te  symmetric 

o s c illa tio n  in  the  deeper areas and asymmetric o s c il la t io n  in  the 

shallow s. The h ighest v e lo c itie s  a lso  coincide with the two shallow est 

poin ts along the p ro f i le ,  the bar c re s t  and the swash zone. The high­

e s t  v e lo c itie s  occur during times o f  large waves and often  exceed 92 

cm/sec, the  upper l im it  o f the swing-surge m eter. Figure 19 shows a 

good example of la rg e  waves and high landward v e lo c it ie s . In figu re  

16 the highest landward v e lo c itie s  are found on the seaward side  of 

the bar c re s t  and they are opposed by seaward v e lo c itie s  on the bar 

c re s t l

In the swash zone, bottom v e lo c itie s  are large and e ith e r  sym­

m etric  o r s l ig h t ly  asymmetric landward in  re la tiv e  in te n s ity . There 

are two surveys (F igs. 12 and 39} in  which seaward swash v e lo c itie s  

dominate.

The horizontal bottom v e lo c itie s  in  the inner trough are q u ite  

v a riab le . Symmetric o sc illa t io n  i s  the most common s itu a tio n  observed. 

Landward asymmetry i s  the  second most common ve loc ity  configuration . 

Seaward asymmetry o f water motion sometimes occurs a t  the base of the 

swash and a t  the base o f  the b a r 's  avalanche face (F igs. 16, 17 and 22). 

The d irec tio n  o f longshore water .movement in  the trough i s  ind icated  

by an arrow perpendicular to  the p ro f i le .  Eight surveys e x h ib it west­

ward longshore flow , four e x h ib it eastward flow.
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1977

The horizontal bottom ve loc ity  data from 1977 is  shown in Figures 

27-39. The changes in nearshore bottom topography fo r  th is  y ear are 

known more completely than those o f 1976. Therefore the v e lo c itie s  

a re  described here in  terms o f the general bar p a tte rn s  observed during 

the summer o f 1977.

P ro file s  in  Figures 27, 28, and 29 show a broad inner trough 

with a su b tle  bar c r e s t ,  a great d istance  from shore. In the f i r s t  

two p ro f i le s ,  seaward and symmetric v e lo c it ie s  dominate the  inner 

trough, landward and symmetric bottom v e lo c it ie s  are  found in  the 

inner trough in  the  th ird  p ro f i le . The longshore cu rren t flow in  the  

trough i s  eastward fo r  a l l  three d a te s . The p ro f i le  in  Figure 28 is  

the  only one which shows longshore v e lo c ity  components along the  e n tire  

tra v e rse . The longshore bottom v e loc ity  i s  f a i r ly  uniform across the 

inner trough but diminishes seaward of the  bar c re s t .  The onshore- 

offshore v e lo c itie s  on the bar c re s t  are landward in  Figures 27 and 

29 but seaward in Figure 28. Therefore, in  Figure 28 (dune 23, 1977), 

the v e lo c ity  asymmetry i s  seaward along the  e n tire  p ro f i le .

The th ree  p ro f ile s  of duly 3 , 5 , and 7 (Figures 30-33) a re  a l l  

charac terized  by steep-faced bars c lose  to  shore. The longshore curren t 

flow in  the  co n s tric te d  inner trough is  s t i l l  eastward. Onshore-off- 

shore w ater motion in  the trough i s  seaward in  Figure 30, landward in  

Figures 30-31, and mostly symmetric in Figure 32. On the bar c re s t  the 

asymmetry is  landward fo r a l l  th ree  d a te s . Synuietric and some s l ig h tly  

seaward v e lo c it ie s  e x is t  on the back o f th e  b ar.
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In Figures 34 and 37 (July 9th and 15th) the bar p ro f ile s  are 

rounded but s t i l l  r e la tiv e ly  close to  shore. Both p ro f ile s  have sea­

ward v e lo c ity  asyiranetry over the bar c re s t .  In fa c t  the seaward veloc­

i t i e s  dominate the  e n tire  p ro f i le  in  Figure 37. In Figure 34 the veloc­

i t i e s  a re  landward in  the swash, symmetric in  the trough, seaward over 

the bar c r e s t ,  and on the seaward slope they vary from symmetric to  

asymmetric in  both d ire c tio n s . The longshore cu rren t measurements in  

Figure 34 demonstrate a unique s i tu a t io n ;  flow is  eastward in  the inner 

trough and westward in  the ou ter trough! In Figure 37 the  longshore 

flow i s  eastward in  the  inner trough.

V ertica l v e lo c it ie s  measured on Ju ly  15th are shown in  Figure 5. 

Measurements made on the bottom are e s se n tia lly  zero . V ertical veloc­

i t i e s  near the  su rface  range from 0.3  to  3,3 cm/sec. The maximum read­

ings a re  located  above the bar c re s t  in  the breaker zone. Abundant 

q u a n titie s  o f suspended sand were observed in  the water column above 

the bar c re s t  on the  day these measurements were made.

The l a s t  two p ro f ile s  (F igs. 38 and 39) were measured following 

the three-day storm previously mentioned in  the wind and wave r e s u l ts .  

The bar form i s  very steep-faced and fa r th e r  offshore than the  preced­

ing forms. These two p ro f ile s  e x h ib it westward longshore d r i f t  in  the 

inner trough. The w ater motion perpendicular to  shore i s  seaward over 

the bar c re s t  on Ju ly  21 (Fig. 38) and landward on July  27 (F ig . 39). 

V e locities  in  the  trough are  mostly symmetrical. V ertical v e lo c itie s  

measured on the  21 st a re  in s ig n if ic a n t re la tiv e  to  horizontal bottom 

v e lo c it ie s .  The la rg e s t  values a re  near the water surface and measure-
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merits near the bottom are e s se n t ia lly  zero*

Bar Patterns

Figures 6* 7 and 8 display sketches made from a e r ia l photographs 

o f  various configurations o f nearshore sand bar topography along Panama 

City Beach. The inner sand bar assumes a few basic bar p a tte rn s  with 

interm ediate forms. The cuspate bar i s  the form most frequently  ob­

served on the a e r ia l  photographs (F ig . 6 ). The cuspate bar occurs as 

a continuous, n e a r-p e rfec t, sine  wave pattern  (Fig. 6 a ), sometimes i t  

is  skewed alongshore (Fig. 6b), and sometimes i t  i s  p a r t ia l ly  or 

completely welded onto the shoreline  (Fig. 6 c ).

Another basic  bar pa ttern  is  the "horn", which is  composed of 

discontinuous sh o a ls , welded onto the  shoreline a t  regu lar in te rv a ls  

(Fig, 7 a ). These shoals are often  associated  with a cuspate sho re line . 

The shoals can assume a skewed p a tte rn  alongshore producing the horn­

lik e  appearance (F ig . 7b).

The th ird  basic  bar pa ttern  observed in  the nearshore i s  the 

sho re -p ara lle l bar (Fig. 8a). The sh o re -p ara lle l bar is  a s tr a ig h t-  

lin e  shape in  plan view and the topographic p ro f ile s  show the uniform­

i ty  of i t s  cross section  alongshore. This i s  the sim plest configura­

tion  th a t  was observed but i t  a lso  has v a ria n ts . Photography from 

January 22, 1953 (F ig . 8b) shows a sho re -p ara lle l bar with occasional 

cusps on th e  shoreward s id e .

The form o f the  offshore bar i s  s t r a ig h t  to  cuspate with a very 

long wavelength. The o u ter bar showed very l i t t l e  change during the 

three suniners o f observation. The passage o f Hurricane E loise on
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Beach

Figure 6a: Cuspate bar (symmetric) with p ro f ile  lo c a l i t ie s ;  
June 19,1976.

BeacK

50 m

Figure 6b: Cuspate bar (skewed); September 10,1942.
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5 0 m

Figure 6c: Cuspate bar (p artia lly  welded to  the beach); 
dune 22,1977.

B a r

50 m

Figure 6d: Cuspate bar (welded to  th e  beach) with p ro f ile  
lo c a l i t ie s ;  August 16, 1975.
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Figure 7a: Horn bar (discontinuous shoa ls); January 7,1972

Beach

B ar

50m

Fiqure 7b: Horn bar (skewed) with p ro f i le  lo c a l i t ie s ;  
June 29,1977.
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50 m

Figure 8a: Shore-parallel bar; July 27,1977.

Beach.

Bar

50m

Figure 8b: Shore-parallel bar with cusps; January 22,1953
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September 23, 1975 increased the depth over the ou ter bar c re s t  from 

about two meters to  over th ree  meters and increased the  width o f the 

bar. Between 1976 and 1977 the ou ter bar shallowed to  about 2.5 m eters. 

Breaking waves were only observed on the ou ter bar during storms and 

periods of high waves.

Topographic P ro file s

1975

Only two p ro f i le  lo c a l i t ie s  were surveyed in  1975 and they were 

25 m ap a rt. The nearshore topographic p ro f ile s  can be found in  Appen­

dix B. The two lo c a l i t ie s  used in  1975 were not fa r  enough a p a rt to  

show the complete v a ria tio n  in  topography alongshore but p ro f ile s  

measured by Sonu, e t  a l .  (1973) on shore-welded cuspate bars comple­

ment the Panama C ity Beach da ta . In Figure 9 one can see the d i f f e r ­

ence between a cusp and an in tercusp  p ro f i le .  The former i s  a smooth, 

convex-up p ro f ile  with no sand bar and the l a t t e r  shows a b a r , c lose 

to  shore.

1976

Many o f  the  1976 p ro f ile s  were only p a r t ia l  traverses because o f 

high waves and deeper water in  the  inner trough during th is  period . 

Therefore the  f i r s t  seven p ro f ile s  only record changes in  the  config ­

uration of the swash. A d is t in c tiv e  fea tu re  o f the swash zone i s  the 

break in  slope which occurs ju s t  below the water l in e . On June 18, 24, 

and Ju ly  1, 1976 the break in  slope i s  very pronounced and alm ost looks 

lik e  a small sand bar. On a l l  o f  these dates the s ig n if ic a n t wave
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height i s  la rg e r  than usual.

On Ju ly  14th th ere  i s  a most pronounced break in  slope in  the 

swash zone and a ridge and runnel system has formed in  the trough.

Ridge and runnel systems a re  small*, very regu la r bar forms which are 

common on some beaches but were only observed on Panama City Beach 

once. This unusual p ro f ile  and th e  two which precede i t  (July  13ft*

13C, and 14 in  Appendix B} were measured during a dredging and replen­

ishment program ca rried  out by the  Army Corps o f Engineers. Sand was 

dredged from offshore  and pumped in to  the longshore cu rren t system 

along the reach between P h i l l ip 's  In le t  and S t. Andrew's Bay entrance 

channel. The large waves which occurred on Ju ly  14th combined with 

the  abundant suspended sediment from the dredging to  produce the 

unusual bedforms.

Before the dredging began the  bar p a tte rn  was a very regu lar 

cuspate form as seen in  Figure 9. The accompanying p ro f ile s  show the 

v a ria tio n  in  nearshore topography w ithin one wavelength o f the cuspate 

bar. On the  cusp the p ro f ile  shows a massive b a r, located  c lose  to  

shore, w ith a s te e p , ac tive  avalanche face . In the  in te rcu sp , bay 

area the  p ro f ile s  in d ica te  a p rogressively  sm aller b a r, fa r th e r  from 

shore w ith a le ss  ac tive  avalanche face . In the bay the  overall slope 

of the p ro f i le  i s  s te ep e r.

The amount o f p ro f ile  v a ria tio n  observed in  the above-described 

cusp u n it  during one month in  1976 i s  re la t iv e ly  small except fo r  the 

changes seen during dredging. Most o f the  minor changes involved on­

shore-offshore  movements o f the  bar which are only apparent changes
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caused by the alongshore m igration o f the bar form.

1977

During the 1977 f ie ld  season, two d is t in c t  bar p a tte rn s were 

observed in  the nearshore o f  Panama City Beach. F ifty  topographic 

p ro file s  were measured and they can be found in  Appendix B in  chrono­

logical o rder. This group o f p ro file s  includes one from Shell Island 

and several se ts  o f four p ro file s  taken on individual days a t  25 meter 

spacings alongshore.

The f i r s t  bar p a tte rn  observed in  mid-dune was a skewed version 

of the cuspate form with some portions welded onto the beach (F ig . 6 c ). 

The a e r ia l  view o f th is  topography resembles a se r ie s  o f  elongate pools, 

arranged along the  c o a s tlin e . However th is  bar p a tte rn  was only an 

interm ediate form which gradually  evolved in to  a horn bar on June 29, 

1977.

The topographic p ro f ile s  associated  with a sing le  horn bar are 

shown in  Figure 10. The alongshore v a ria tio n  in  p ro f ile  shape is  

sim ila r to  th a t observed fo r  the cuspate bar. The d ifference  i s  th a t 

the horn bar p ro f ile s  show a f l a t t e r  bar which is  not continuous along­

shore and ends fa r th e r  offshore than the cuspate v a rie ty . There i s  a 

marked decrease in  bar s iz e , he igh t, and s l ip  face steepness in  the 

seaward d ire c tio n . The p ro f i le  across the seaward most portion of the 

horn bar portrays a broad, almost le v e l, nearshore sand platform  which 

drops o f f  rap id ly  in to  the ou ter trough.

Following the storm o f July  17-19 the bar was found to  have a

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



sho re-para lle l form as seen in  Figure 10. The four p ro f ile s  show no 

s ig n if ic a n t v a ria tio n  in the  topography alongshore. There i s  some 

d ifference  in  bar height alongshore but no d iffe ren ce  in  d istance  from 

shore. The cross sectional shape o f th is  post-storm  bar i s  unusually 

steep and narrow. During subsequent days the sh o re -p a ra lle l bar pro­

f i le s  became less steep and acquired a cuspate n a tu re . At regu lar 

in te rv a ls  alongshore, portions o f the bar migrated shoreward and became 

la rg e r in  s iz e . The la s t  network, measured on Ju ly  26, 1977 shows 

these m odifications (Appendix B).

A m iscellaneous p ro f ile  was obtained near the  easte rn  end o f 

Shell Island  on July  24, 1977 (Appendix B). This p ro f i le  was qu ite  

d if fe re n t than any o f the Panama City Beach p ro f i le s .  I t  dep icts a 

broad, shallow nearshore region with a wide, rounded trough whose th a l­

weg is  in  the cen ter of the trough. Panama City Beach p ro file s  show 

the thalweg of the  trough to  be a t  the base of the  bar avalanche face. 

The bar on the Shell Island p ro f ile  was low r e l i e f  but m assive, with 

a gentle seaward slope. Aerial photographs of Shell Island ind icate  

the presence o f  only one longshore bar. The bar p a tte rn s observed on 

photography from 1953, 1964, 1975, 1976, and 1977 are  p rim arily  cuspate 

with variab le  wavelengths.

Bedforms

Figures 12-23 and 27-39 d e ta il the  d a ily  bedform d is tr ib u tio n  

along the standard p ro f ile s . Figure 11 i s  the key to  the  symbols used 

in  these two s e ts  o f diagrams. There were twelve bedform traverses
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from 1976» fourteen  from 1977, and none from 1975, The figu res have 

two p a r ts ,  a plan view o f the  bedforms and a cross sec tional view. The 

plan view disp lays bedform type and o r ie n ta t io n . The cross sectional 

view d e ta i ls  the  bedform am plitude, wavelength, sinuousity  and re la tio n  

to  topography. The dominant wave approach d irec tio n  and the longshore 

d r i f t  d ire c tio n  are  also  ind icated  on the  plan view maps. The numbered 

in te rv a ls  along each p ro f ile  a re  mapping u n its  of five  meter w idth.

1976

The trav e rses  o f Figures 12 through 23 represen t bedform data 

gathered in  1976. Several general re la tio n sh ip s  can be seen in  these 

p lo ts  and w ill be noted in  th is  s e c tio n . These p ro f ile s  a re  character­

ized by an abundance of large  bedforms in  the form o f lunate  mega- 

r ip p le s  and as ladderbacks, a type o f  in te rfe ren ce  r ip p le . The ladder- 

backs have been variously  re fe rred  to  in  the  l i te r a tu r e  as cross­

r ip p le s , composite r ip p le s , and compound r ip p le s . They c o n sis t of 

two se ts  of r ip p le s  which a re  commonly o rien ted  perpendicular to  each 

o th e r . One s e t  has s tra ig h t  c re s ts  and i s  nearly  symmetrical in  cross 

se c tio n , the  o ther rip p le  s e t  is  asymmetrical in  cross section  and has 

a catenary C re s tlin e . Therefore the  s tra ig h t-c re s te d  forms resemble 

o s c i l la t io n  r ip p le s  and the ca tenary -crested  forms appear to  be current 

r ip p le s  m igrating down th e  troughs o f  the  o s c i l la t io n  r ip p le s  (Fig. 

24}. The lunate  megaripples a re  discontinuous dunes with crescen t­

shaped depressions in  fro n t o f  t h e i r  avalanche faces (Fig. 25).

Daily observation of the r ip p le  types on the seaward slope of the 

bar revealed a sequence of forms which occurred with marked re g u la r ity .
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As one progressed shoreward the forms changed from Tong-crested, sym­

m etrical o s c i l la t io n  rip p les  to  sinuous,, asymmetrical r ip p le s  to  ladder- 

backs to lunate  megaripples and sometimes to  a plane bed. This marine 

bedform sequence was f i r s t  reported by C lifton  et^ al[. (1971) from his 

stud ies o f  th e  Oregon co ast. The e n tire  sequence o f  forms did not 

appear every day bu t when i t  d id , the waves were la rg e r  than usual.

The p ro f ile  o f  dune 28, 1976 (F ig . 15) i l l u s t r a te s  a complete bedform 

sequence and a lso  ex h ib its  an ir re g u la r i ty  in  the p a tte rn . A s e t  o f  

lu n a te -c re s te d , asymmetrical r ip p le s  intervenes between the  ladder- 

backs and the lunate  roegaripples on th is  da te .

On some dates the sequence progresses only to  ladderbacks (Fig.

13, dune 24, 1976) o r i t  co nsists  e n tire ly  o f asymmetrical rip p le s  

(F ig . 21, Ju ly  9 , 1976) but the order of the forms i s  constan t.

A progressive increase  in  bedform amplitude and wavelength can 

be seen in  a shoreward d irec tio n  along most o f the bedform p ro f i le s .

The two param eters increase  in  magnitude with decreasing depth on the 

seaward slope of th e  bar and then repeat th is  trend  in  the  trough. 

Therefore the  la rg e s t  bedforms should be located on the bar c re s t  and 

the landward edge o f the inner trough. This is  not always tru e  of the

bar c re s t  as seen on July  5 , 1976 (Fig. 19). In th is  case the bedform

amplitude and wavelength increase  up the back o f the  bar but are dimin­

ished a t  the c re s t .  Ladderback ripp le  se ts  p resen t a unique s itu a tio n  

with regards to  trends in  amplitude and wavelength. Using the June 28,

1976 p ro f i le  (F ig . 15) as an example i t  can be seen in  in te rv a l four

th a t  the lu n a te -c res ted  rip p le  s e t  o f these ladderbacks conforms with
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M iscellaneous Notes; 1. "a"* bedform amplitude 1n cm ”X"« bedform wavelength In cm

2. Numbered sec tio n s o f  the  plan view map are  5 meter In te rv a ls ,

3 . Bedforms which a re  labeled  ’’t r a n s i t io n ” a re  ir re g u la r  1n form, 
o r ie n ta t io n , and dimensions,

4 . Dashed l in e  bottom p ro f i le s  were constructed  from po in t source 
depth measurements because surveying was not p o ss ib le .

Figure 11; Key to  Bedform-Veloclty P ro f i le  Diagrams 1n fig u res  12 through 23 

and f ig u re s  27 through 39,
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N gure 24: Underwater photograph o f ladderback r ip p le s . Trough rip p le s  are migrating 

towards the  camera. Wooden sca le  is  p a ra lle l to  the s tra ig h t-c re s te d , 

symmetric r ip p le s  and is  36 cm long.

MTHS,'
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Figure 25A: Photograph of a lunate  megaripple avalanche face 1n 

shallow water on the Inner bar c re s t .  Lead diving 

weight i s  8 cm square.

Figure 25B: Sketch of lunate megaripples forming under breaking waves.
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Figure 26: Photograph o f the abrupt tra n s itio n  from inner trough

rip p le s  to  the swash plane bed in  the upper l e f t  corner.
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the aforementioned trend in  bedform dimensions. However the s tr a ig h t-  

crested  rip p le  s e t  i s  invariably  la rg e r  in  amplitude and wavelength 

than the  lunate-crested  s e t .

Another important re la tio n sh ip  is  the agreement between rip p le  

c re s t  o rien ta tio n  and wind-wave c re s t  o rie n ta tio n . Except fo r  ladder­

backs, the bedforms are o rien ted  nearly  p a ra lle l to  shore in  most cases. 

However submarine topography and wave approach d irec tio n  ex h ib it a 

g rea t deal o f  influence upon the r ip p le  o r ie n ta tio n s . On the seaward 

slope o f the innerbar the  ripp les became increasing ly  p a ra lle l  to  shore 

with the decrease in  depth in  a shoreward d irec tio n  (Fig. 20, July  8 , 

1976).

The re la tio n sh ip  between tadderback rip p le  o rien ta tio n s and wave 

o rien ta tio n  is  not c le a r . The two rip p le  se ts  which compose the ladder­

backs a re  almost invariably  orien ted  North-South and East-West. The 

approaching wave c re s ts  are son®times p a ra lle l to  the lunate-crested  

rip p le  s e t  (Fig. 23, July 12, 1976) but more often  they display a b i­

secting  re la tio n sh ip  such th a t the  wave c re s t  o rien ta tio n  b isec ts  the 

angle between the two rip p le  se ts  (F ig . 18, July  3, 1976). The re la ­

tionsh ip  between ladderback rip p le  o rien ta tio n s  and o ther r ip p le s  in 

the bedform sequence is  a lso  noteworthy. The Tadderback r ip p le s ' 

catenary -crested  rip p le  s e t  i s  o rien ted  a t  45 degrees to  the forms 

which precede i t  in  the bedform sequence (F ig . 22, July  11, 1976). The 

lunate m egaripples, landward o f the ladderbacks are  o rien ted  p a ra lle l 

to  the catenary ladderback r ip p le s . The catenary-crested  ripp les are 

always asymmetric in a shoreward d irec tio n  regardless o f th e ir  o rien ta -
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t to n .

The t r a n s it io n  bedforms re fe rred  to  on several o f  the p ro f ile s  

are  ir re g u la r  r ip p le s  o f  variab le  form and o r ie n ta tio n . These f ie ld s  

o f confused r ip p le s  are  commonly found on the landward and seaward 

edges o f ladderback rip p le  f ie ld s .

Inner trough bedforms are  v a riab le  in  o rie n ta tio n  and do not 

always conform with wave c re s t  o r ie n ta tio n . The r ip p le s  in  the shallow , 

shoreward edge of the  trough o ften  p a ra lle l the wave c re s t  o rien ta tio n  

as shown in  In te rv a l 11 and 12 of the dune 26, 1976 p ro f i le  (F ig . 14). 

However the  o th er r ip p le s  in  the trough on th is  same date  e x h ib it varied  

o r ie n ta tio n s . On Ju ly  12, 1976 (Fig. 23) the r ip p le  c re s ts  in  in te rv a l 

10 and 11 a re  alm ost perpendicular to  the sh o re lin e . This r e la t io n ­

ship occurs on a day when the  inner trough was co n stric ted  by shoreward 

bar m igration . The r ip p le  c re s ts  in  the inner trough a re  nearly  shore- 

p a ra lle l fo r  the most of the  1976 p ro f i le  da tes.

Ladderbacks and dunes occur in  the  inner trough on occasion.

The dunes a re  comparable to  lunate megaripples in  s iz e  but e x h ib it a 

continuous C re s tlin e . Lunate dunes observed on June 21, 1976 (F ig . 12) 

have sm aller r ip p le s  o rien ted  a t  70 degrees to  them. Ladderbacks are  

more common and occur in  various s ta te s  o f development. On June 24,

1976 (F ig . 13} one can see a r ip p le  s e t  in  in te rv a l 8 with poorly 

developed trough forms o rien ted  perpendicular to  the  longshore c u rren t. 

Right next to  these  bedforms is  a well-developed s e t  o f  ladderbacks in  

In terval 9 w ith a s l ig h tly  d if fe re n t  o rie n ta tio n . However the catenary- 

crested  r ip p le  subset o f  the  ladderbacks i s  always asynm etrical in  the
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d irec tio n  of the longshore cu rren t.

The swash zone i s  charac terized  by an upper regime flow plane 

bed. The beginning o f th is  zone can be seen on the topographic p ro f ile  

as an abrupt slope change which w ill be ca lled  the swash ramp (F ig . 16, 

July  1, 1976). The inner trough rip p le s  end abruptly  against the  sea­

ward edge o f th is  swash ramp as shown in  Figure 26. The width o f the 

plane bed is  q u ite  v a riab le . On dates when the plane bed is  ex tensive 

(Fig. 13, June 24, 1976 and Fig. 23, July  12, 1976) the  topography o f 

the swash zone ex h ib its  a pronounced break in  slope.

1977

The bedform inform ation fo r  the sunnier o f 1977 i s  more complete 

than th a t  o f 1976 because o f b e tte r  topographic co n tro l. In addition  

to  the abundance of topographic p ro f ile s  fo r  1977 there  are a lso  several 

plan view, sketch maps of the bedform d is tr ib u tio n  alongshore. On 

July  5 , 1977 the  bedforms were surveyed a t  mid-day and then again in 

the la te  afternoon to  a sce rta in  the change in  the course of a day. The 

uniform wave conditions fo r  th is  period provided an ex ce llen t opportun­

i ty  to  observe bedform behavior under nearly  constant cond itions.

In general the bedforms mapped during the summer of 1977 had 

sm aller dimensions than those mapped in  1976. Lunate megaripples 

occurred in frequen tly  but ladderback rip p le  se ts  were abundant. The 

most frequen tly  observed bedforms were asymmetric, sinuous r ip p le s  with 

an average amplitude of 2-3 cm and a wavelength of 10-20 cm.

The f i r s t  th ree  bedform p ro f ile s  (F igs. 27, 28, 29) are linked 

to a nearshore topography dominated by a broad, f l a t  inner trough and
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a d is ta n t ,  su b tle  bar* The trough is  covered w ith sinuous to  lunate- 

c rested  asymmetric r ip p le s  whose o rien ta tio n s  p a ra lle l  those o f the 

incoming waves from the southwest. The b a r 's  seaward slope i s  covered 

w ith s tr a ig h t  to  sinuous-crested , symmetric r ip p le s  which pass in to  

ladderback r ip p le s  near the bar c re s t .

Figures 31 and 32 show the two Ju ly  5th trav e rses  which demon­

s t r a te  the  evolu tion  of the bedforms between 1:30 PM and 6 PM. In the 

l a t e r  trav e rse  only a lte rn a te  in te rv a ls  were mapped. The two surveys 

were made on a topographic p ro f ile  showing a sand bar a t  an intermed­

ia te  d istance  from shore. The early  trav e rse  d isp lays an almost uni­

form f ie ld  o f  asymmetric r ip p le s  with wavelengths o f  10-20 cm and 

amplitudes o f 2 to  4 cm. Bedforms in  the deeper water ( in te rv a ls  1-4 

and 11-12) are  o rien ted  p a ra lle l to  the southerly  waves o f the  previous 

day, Ju ly  4 th . All o ther bedforms in  the trough a re  p a ra lle l  to shore 

and bar c re s t  bedforms are p a ra lle l to  the southw esterly waves which 

occurred on Ju ly  5th.

Under the  influence of the southwesterly waves the la te  traverse  

on Ju ly  5th shows changes in bedform type and o r ie n ta tio n . The bed­

forms a t  the  seaward end of the  p ro f ile  become p a ra lle l  to  shore. 

Ladderback r ip p le s  develop over most of the  bar c re s t  and seaward slope. 

The catenary -crested  rip p le  subset of these ladderbacks i s  approximately 

p a ra lle l  to  the  o rien ta tio n  of the asymmetric r ip p le s  found here e a r l ie r  

in  the day. The sinuous, asymmetric rip p le s  in  in te rv a l 11 m aintain 

th e i r  sou therly  o rien ta tio n  and develop minor trough bedforms whose 

asynmetry corresponds with the eastward longshore cu rren t. The ripp les
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in  in te rv a l 13 re o r ie n t themselves w ith respec t to  the southw esterly 

waves and a lso  developed trough forms* There are  no s ig n if ic a n t 

changes in  overa ll bedform dimensions during th is  afternoon except 

fo r  the appearance o f the s tra ig h t-c re s te d  subset o f the ladderback 

rip p le s  whose dimensions are  two to  th ree  times la rg e r  than those o f 

the  o ther r ip p le s .

During the period from June 22 through Ju ly  13, 1977 (F igs. 27- 

36} the ladderback rip p le  o rien ta tio n s  remain re la tiv e ly  constant under 

the  influence o f w esterly  to  southwesterly waves. The stra igh t-crested  

rip p le  subset is  o rien ted  approximately East-West and th e  catenary- 

crested  s e t  i s  North-South. On Ju ly  15th (Fig. 37) the s t r a ig h t-  

c rested  r ip p le s  a re  o rien ted  North-South and the luna te-c res ted  rip p le s  

a re  East-West. On subsequent dates the r ip p le  o rien ta tio n s  re tu rn  to  

th e i r  o rig in a l values.

Lunate megaripples f i r s t  appear on the Ju ly  15th bedform trav e rse  

(Fig. 37). They occur on the bar c re s t  but are asymmetric in  the  sea­

ward d irec tio n  as are  the ripp les in  the inner trough and on the bar 

avalanche face . The ve loc ity  data fo r  th is  date in d ica te  a strong sea­

ward asymmetry a l l  along the p ro f i le .  Ladderback rip p le s  on the back 

o f  the bar are  asymmetric in  the landward d irec tio n  as are  o ther rip p le s  

in  deeper w ater. The wind waves show a strong southeastern  component 

on th is  day as the three-day storm was about to  begin.
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Plan View 
Bedfora Maps

Horn Bar

The horn bar pa ttern  ex isted  from June 29 through Ju ly  15, 1977.

The bedfora p ro f ile s  fo r  th is  period w ill be s unman'zed and in teg ra ted  

w ith alongshore inform ation on the plan view bedfora maps shown in  

Figures 40 and 43-49. These sketch maps do not always rep resen t sp e c if ic  

dates but they do dep ic t observed bedfora p a tte rn s  which were recorded 

during the ex istence o f the horn bar configura tion . Figure 40 portrays 

the  nearshore bedforas on a day when the waves are  la rg e r  than usual 

and approaching from the WSW. A small low -profile  bar i s  shown on top 

of the la rg e r  horn bar close to  i t s  juncture with the beach. These 

small bars form in  very shallow water (<30 cm) and m igrate onshore. As 

they approach shore they acquire th e ir  own systems o f bedforas which 

mimic those o f the la rg e r-sca le  bar topography. Figure 41a i s  a photo­

graph o f one of these  small b a rs , m igrating toward the  beach on the l e f t .  

The white sca le  in  fro n t of the avalanche face is  50 cm. Figure 41b is  

a close-up of the  avalanche face and the small trough between i t  and 

the beach. Longshore flow in  the trough i s  from r ig h t  to  l e f t .  These 

bedforas are  more linguoid than those found in  the  la rg e -sca le  trough. 

The trough r ip p le s  are  also  superimposed on the b a r 's  a c tiv e  avalanche 

face  as are  the bedforas on the la rg e -sca le  bar. Figure 41c shows a 

s e t  o f tadderback rip p le s  as seen from the bar looking toward the beach. 

Longshore flow i s  from l e f t  to  r ig h t and wave approach i s  from the lower 

l e f t .  These ladderbacks are  unique in  th a t  the c re s ts  o f  the longshore 

forms are  superimposed on the c re s ts  of the o s c il la t io n  forms instead
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Figure 41A: Photograph o f swash bar m igrating onshore. Scale i s  50 cm.

Figure 41B: Close-up of swash bar avalanche face showing cu rren t r ip p le s  
perpendicular to  the bar c re s t  l in e . Scale is  50 cm.
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of forming in  the troughs. Again* th e  sca le  i s  50 cm.

Bedforas on top of the  sm all-sca le  bar include catenary-crested  

ripp les*  plane bed* and small antidune-1 ike bedforas. Figure 42a shows 

the  catenary -crested  ripp les in  10 art-deep w ater with a 70 c® sc a le . 

Wave approach is  from the upper r ig h t .  Figure 42b is  a photograph o f 

th e  sm all-sca le  bar c re s t  taken towards shore . The plane bed is  on 

the  l e f t ,  the  antiform s a re  cen tra l*  and the  bar avalanche face i s  on 

the  r ig h t .  Wave approach i s  from the  l e f t  and the  wavelength o f the 

antiform s is  about 10 to  15 cm.

Returning to  Figure 40 i t  should be noted th a t  the  d is tr ib u tio n  

o f lunate  megaripples and ladderbacks i s  confined to  th a t  p a rt o f the  

horn bar which has a steep  avalanche face . Ladderbacks are  found on 

the  seaward slope behind the  lunate  megaripples and a lso  aside o f them 

along the bar c re s t .  In both cases th e  ladderbacks pass in to  catenary- 

crested* asymmetric ripp les in  deeper w ater.

The trough bedforms in  Figure 40 appear to  conform to  the overa ll 

shape o f the trough and the d ire c tio n  o f longshore d r i f t .  Wave in f lu ­

ence upon r ip p le  o rien ta tio n  is  most obvious a t  the shoreward edge o f 

the  trough, low-amplitude dunes o r  bars a re  found m igrating down the 

trough, perpendicular to  the longshore flow.

Figure 43 shows the inner trough bedforms in  a d if fe re n t config­

u ra tio n . The waves are from the West-Southwest but the  bedforms are  

not a ligned  with th is  d ire c tio n . The trough i s  co n stric ted  by shore­

ward bar m igration and a strong  longshore cu rren t has produced rip p les  

and dunes which a re  perpendicular to  shore . Ripples in  the shallow ,
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Be<xch

Ftpure 43: Inner trough bedforms dominated by longshore d r i f t .
Trough Is  co n stric ted  by onshore m igration o f  the  
horn bar.

B e a c h .

Longshore
D r if t

SW W aves

Figure 44: Inner trough bedforms produced by small waves and weak 
longshore flow guided by the horn bar topography.
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shoreward edge o f the trough seem to  reflect the Crestline of the horn 

bar.

Figure 44 shows the inner trough bedforms on a day when the  wave 

height i s  small bu t a longshore d r i f t  is  s t i l l  opera ting . The c re s t-  

lines of the  r ip p le s  are  roughly p a ra lle l  to  depth contours. Again 

the alignment o f r ip p le  c re s ts  with wave c re s t  o rie n ta tio n  i s  not 

pronounced.

Figure 45 portrays the bedforms on a day in  m id-July when the 

horn bar has m igrated in  towards shore re su ltin g  in a long, narrow 

inner trough. The waves are  sm all, from the South-Southeast and the  

longshore cu rren t i s  very strong. L unate-crested , asymmetric-1andward 

ripp les cover most o f the bar c re s t .  They increase in  wavelength to ­

wards the  seaward end of the horn b ar. Near the end of the horn where 

the avalanche face has a gentle s lo p e , there  are  lunate megaripples 

which a re  asynmetrfc seaward. The lu n a te -c res ted  rip p le s  in  the  inner 

trough, landward of these m egaripples, are  a lso  m igrating seaward. 

Ladderback rip p le s  on the seaward slope of the bar are  asymmetric land­

ward. Bedforms in  the deeper portions o f  the  inner trough a re  asym­

m etric in  the d ire c tio n  of the longshore cu rren t. In the shallow , 

shoreward edge o f  the  trough bedform asymmetry is  landward. A f ie ld  

of in te rfe ren ce  rip p le s  or ladderbacks e x is ts  in  the shallow , closed 

end o f the  trough in  the lower p a r t  o f the diagram. The longshore 

cu rren t i s  very strong along the whole length o f the trough but seems 

to  be even s tronger where i t  flows seaward across the bar as a r ip  

cu rren t.
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Beach

Figure 45: Nearshore bedforms occurring when the  Inner trough
1s constric ted  by shoreward bar m igration. Rip cu rren t 
flow opposes SE wave approach.

Figure 46: Schematic diagram o f the  scalloped avalanche face 
of the inner bar and i t s  re la tio n sh ip  to  the bar 
c re s t  bedforms.
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Figure 46 is  a schematic diagram showing the bar c re s t  and 

avalanche face on a day when the bar fro n t Is  a c tiv e ly  m igrating 

shoreward. The main fea tu re  here i s  the scalloped upper edge o f  the 

b a r 's  avalanche face . The scallops were observed frequently  and were 

usually  a ligned  with lunate  megaripples on the  bar c re s t .

Shore-Parallel Bar

Bedfonn P ro f ile s

Two bedfora p ro f ile s  were snapped subsequent to  the three-day 

s to ra  which created  a sho re -p ara lle l bar. The bedforas are  shown in  

Figures 38 and 39. Southerly wave approach on Ju ly  21 (Fig. 38) i s  

re f le c te d  in  the  o rien ta tio n  of the ripp les on the seaward slope o f 

the inner b a r. Ladderback r ip p le s  on the bar c re s t  have s tra ig h t-  

c rested  subsets which a re  e s se n tia lly  p a ra lle l to  the wave c re s ts .

The o r ie n ta tio n  of the  inner trough ripp les ex h ib its  some wave in f lu ­

ence. Sm all, trough bedforas are migrating toward the west with the 

longshore d r i f t .  In general the rip p le  o rien ta tio n s  become gradually 

more p a ra lle l  to  shore in  the onshore d irec tio n . The bedforms mapped 

on July  27th (F ig . 39) d isplay the  same re la tio n sh ip s and in  addition  

there  are  lu n a te  megaripples on the bar c re s t .  The r ip p le s  a t  the 

base of avalanche face and the megaripples on the bar c re s t  are o rien ­

ted  alm ost perpendicular to  shore. The longshore cu rren t i s  flowing 

westward on both d a tes .

Plan View Waps

Three plan view sketch maps were made of bedforas associated  with
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the sho re-para lle l longshore bar. Figure 47 shows the arrangement of 

bedforms on the l in e a r  bar a few days a f te r  i t  was formed by storm waves. 

The waves are s t i l l  a rriv in g  from the South-Southeast and the longshore 

curren t flows w esterly . Lunate megaripples and ladderback rip p le s  

occur a l l  along the length o f the b a r. The bar avalanche face main­

ta in s  a slope o f 20 to  30 degrees along the 100 meter s tre tc h  which 

was surveyed. Inner trough rip p le  o rien ta tio n s  appear to  be influenced 

by the wave c re s t  o r ie n ta tio n .

With time the sh o re -para lle l bar develops minor cusps as portions 

of the bar migrate shoreward. Breaking waves occur only a t  these cusps 

instead o f  a l l  along the b a r. Therefore the la rg e r bedforms are con­

fined to  the cusps and are  no longer continuous in  th e ir  d is tr ib u tio n  

alongshore. This s itu a tio n  i s  portrayed in  Figure 48. The inner trough 

is  f a i r ly  broad and ripp les are  e igher p a ra lle l to  shore or to  the in ­

coming waves. The same cuspate bar i s  shown in  Figure 49 on a morning 

when the waves are small (<30 cm). The waves a re  a rriv ing  p a ra lle l to  

shore and most of them do not break u n til  they reach the swash zone.

A weak c irc u la tio n  ce ll cu rren t e x is ts  here. The only bedforms presen t 

are  sinuous to  ca tenary -crested , asymmetric r ip p le s . The c re s ts  become 

more lunate and discontinuous on the  c re s t  o f the bar cusp. The la rg e s t 

r ip p le s  are located on the bar c re s t  and on the seaward edge o f the 

swash zone. Ripple o rien ta tio n s appear to  be re la ted  to  the bar topog­

raphy in  th a t they are  symmetrical w ith respect to  the bar form.
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SSE
Waves

Figure 47: Bedform d is tr ib u tio n  on a sh o re -para lle l inner bar under 
the influence o f SSE waves.

SSE Waves

B ar

In n er
Trough.

Figure 48: Bedform pa ttern  on a cuspate portion  o f the sho re -para lle l 
bar. Breakers and high regime bedforms a re  confined to  
the  cusp.
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BEACH

Figure 49: Bedform p a tte rn  on a sh o re -p a ra lle l, cuspate bar
during small waves whose c re s ts  are  sh o re -p a ra lle l. 

Longshore cu rren t i s  weak and d isorganized.
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Outer Bar and Trough Bedforms

Bedforas in  these two environments were examined infrequently  

because o f lo g is tic a l  d i f f ic u l t ie s  and because of the minimal amount 

of physical reworking a t  these water depths. Changes in  the depth over 

the ou ter bar c re s t  was observed over the  th ree  year period of the 

study. I t  varied  from 2 meters in  August, 1975 to  3 .3  meters in  1976 

to  2.5 meters in  1977. The surface fea tu res o f  the ou ter bar were 

observed two o r th ree  times in  the course of each f ie ld  season. Each 

t in e  th ere  were sinuous-crested asymmetric r ip p les  p resen t with numer­

ous burrow s tru c tu re s  in  the rip p le  troughs. The rip p le s  were oriented 

p a ra lle l to  the bar and to  the shoreline  a t  about N45°W. Ripple ampli­

tudes varied from 1 to  4 cm and wavelengths varied  from 10 to  17 cm. 

Bottom v e lo c itie s  were never more than 30 cm/sec.

The ou ter b a r 's  avalanche face was a smooth, gen tle  slope deep­

ening gradually  in to  the ou ter trough. The o u te r trough was 4 to  5 

meters deep over most o f i t s  width (Fig. 2 ). The bottom of the outer 

trough was dominated by conical burrow mounds, 3 to  4 cm in  height. 

Ripples were usually  inac tive  and poorly formed. On duly 27, 1976 there 

were some continuous, s tra ig h t  to  sinuous-crested , symmetric ripp les 

in  the o u te r trough. Their amplitude was 3 cm, the wavelength was 20 

cm and th e i r  o rien ta tio n  was N50eW. The sediment was colored black with 

reduced m ateria l and fecal p e lle ts  were lo c a lly  abundant in the depres­

sions.
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Box Core Peels

Box cores were obtained with th e ir  long ax is perpendicular to  the 

shoreline in the  various sub-environments along the topographic p ro f i le s ,  

k  to ta l  of 29 core peels were made and they w ill be described and sutrc- 

marized in  th is  sec tio n . The core locations are shown in  Figure 50.

Swash

Two cores were co llec ted  from the swash zone a t  Panama C ity B each .* 

Core 2k (F ig. 51) has four d is t in c t  layers of a lte rn a tin g  coarser and 

f in e r  m ate ria l. The top layer i s  9 cm th ick  and contains medium sand, 

abundant she ll fragm ents, and low-angle, seaw ard-inclined laminae. The 

second layer from the top i s  7 cm-thick and is  composed o f f in e  sand 

devoid of sh e ll fragments with no apparent in te rn a l s tru c tu re . The 

bottom two layers a re  5 and 6 on-thick respec tive ly  and they repeat the 

sequence described above. The o ther core peel from the swash, core 7B, 

contains a 6 cm lay e r of landw ard-inclined, r ip p le  cross-bedding a t  the 

top and gen tly -d ipp ing , seaw ard-inclined laminae throughout the r e s t  o f 

the peel. Core 7B a lso  has abundant sh e ll fragments and medium sand.

Inner Trough

Seven cores were co llec ted  from the inner trough environment.

Core 13A (Fig . 52) was taken a t  the shoreward edge of the trough , near 

the swash. I t  d isp lays an abundance o f  physical sedimentary s tru c tu re s  

and a possib le  organic s tru c tu re . The rip p le  cross-bedding in  the upper 

h a lf  o f the peel i s  prim arily  seaw ard-inclined. Most of the peel i s
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Figure 51: Core peel 2A 

Swash
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Figure 52: Core peel 13A;

Inner trough near 

the  swash.
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Figure 53: Core peel IOC;

Center o f the  inner

trough.
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Figure 54: Core peel 15C;

Inner trough a t  the 

base o f the bar s lip - 

face.
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Figure 56: Core peel 14A;

Upper bar avalanche 

face.
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Figure 58: Core peel 10A;

From a f ie ld  o f  lunate  

megaripples on the bar c r e s t .
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Figure 59: Core peel 7C

Ladderback rip p le  f ie ld

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



100

Figure 60: Core peel 4B;

From a r ip p le  f ie ld  

on the bar c re s t  a f te r  a storm.
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Midway down the b a r 's  

seaward slope.
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Midway down the b a r 's  

seaward slope.
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Figure 63a: Core peel 4A;

From in te rva l 1 on

the  b a r 's  seaward slope .
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p ro file  on the b a r 's  seaward slope
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Outer trough
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Figure 67a: Core peel 10B;

Outer bar c re s t
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^ ------  Laad.

Figure 67b: Met core s l ic e  of 10B showing the  heavy mineral 
lay e r in te rsec ted  by a fecal p e lle t- l in e d  
C allianassa shrimp burrow.
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characterized  by low-angle laminae, both landward and seaw ard-inclined. 

The lower h a lf  o f  the peel has abundant sh e ll fragm ents, some of them 

concentrated in  lay e rs . There i s  a large  area o f d isco lored  sand and 

d isturbed  bedding in  the lower right-hand com er o f  the core which 

appears to  be a burrow s tru c tu re .

Cores 9C and 5A were also  obtained from the shoreward edge o f 

the inner trough- X-rays of core 5A show a few low-angle landward and 

seaw ard-inclined laminae. There i s  a lo t  o f  coarse she ll included in  

th is  core peel. A mole crab and a marine worm were also  found in core 

5A. The upper h a lf  o f core 9C displays r ip p le  cross-bedding which is  

landward-inclined and the bottom h a lf  has horizontal laminae with she ll 

fragm ents. This core was collected  a f te r  the three-day storm.

Core IOC (Fig . 53) came from the center o f  the inner trough and 

was a lso  obtained a f te r  the storm. The upper h a lf  o f core IOC i s  cross­

bedded with landward in c lin a tio n . The lower h a lf  of th is  peel contains 

p a ra lle l  laminae whose o rien ta tio n  changes from horizontal to  seaward- 

inclined  with depth. Very few she ll fragments are  presen t in  th is  

sample. Core 12A was a pre-storm specimen from the cen tra l inner trough. 

I t  has some f a in t  horizontal laminae in  an otherw ise s tru c tu re le ss  core.

Core 15C (Fig . 54) is  from the inner trough a t  the base of the 

b a r 's  avalanche face. I t  i s  dominated by horizon tal p a ra lle l  laminae. 

X-rays show a layer o f  coarser sand and she ll fragments a t  the  base o f 

the core peel which has ripp le  cross-beds inc lined  in  both d ire c tio n s . 

Core 12B is  another trough core from the base o f  the  bar. I t s  upper 

h a lf  Is  fea tu re le ss  but the lower h a lf  i s  cross-bedded with landward
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in c lin a tio n . There i s  a horizontal * 3 cro-thick, layer o f coarser sand 

and shell fragments a t  the bottom of core peel 12B. A marine worm was 

found in th is  core .

Bar Avalanche Face

Four cores were obtained from the b a r 's  avalanche face . Cores 

15B, 9A, 14A, and 8A a l l  d isplay la rg e -sca le  cross-bedding in c lin ed  in  

the  landward d ire c tio n . The angle o f the cross-beds varies from 20 to  

30 degrees. None o f these cores contains a s ig n if ic a n t amount o f sh e ll 

m ate ria l. Core 8A (Fig. 55) displays to p se t and bottomset beds in  

association  with the bar fo re se t beds. Core 14A (Fig. 56) shows bar 

fo re se t beds on top of an erosional unconformity. Beneath the uncon­

form ity one can see horizontal to undulatory p a ra lle l laminae. The 

prominent ridge o f sand in  the lower p a rt of the peel i s  an epoxy- 

f i l l e d  crack in  the core, Core 15B ex h ib its  a marked a lte rn a tio n  o f 

coarser and f in e r  sand laminae in  the bar fo re se t beds.

Bar Crest

Cores 15A, 11A, 10A, 7C, and 4B were taken from the bar c re s t .

Core peel 15A contains gently landward-inclined laminae which are 10 to  

20 degrees from the h o rizo n ta l. Between some of these laminae in  the  

upper h a lf  of the core there  appear to  be vague se ts  of r ip p le  c ro ss- 

beds. Core 11A (Fig. 57} exh ib its  gently  landw ard-inclined laminae 

which steepen w ith depth. There i s  some poorly defined , landward, 

r ip p le  cross-bedding in  the uppermost layer o f th is  core p ee l. Two mole 

crabs were discovered in  th is  core. Core 1QA (Fig. 58} comes from a
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fie ld  o f lunate  megaripples on the bar c r e s t .  The upper portion  o f 

th is  peel has two layers o f w ell-defined , landw ard-inclined cross-bed­

ding. The two s e ts  a re  separated by a seaw ard-sloping unconformity.

The bottom h a lf  o f core peel 1GA is  almost s tru c tu re le s s  except fo r  a 

few vague p a ra lle l  lam inations which appear on the x -rays.

Cores 7C and 4B were removed from the bar c re s t  following the 

three-day storm o f du ly , 1977. Core 7C (Fig , 59} i s  from a f ie ld  o f 

ladderback r ip p le s . The sample was taken on top o f one o f  the s t r a ig h t-  

c re sted  rip p le s  with the long dimension o f the  core box p a ra lle l to  the 

r ip p le  c re s t .  The upper tw o-thirds o f core peel 7C i s  composed o f very 

low-angle, landw ard-inclined, f in e , p a ra lle l  laminae. The lower th ird  

of the peel contains seaw ard-inclined laminae in te rru p te d  by a probable 

burrow s tru c tu re , o rien ted  a t 90 degrees to  the surrounding laminae.

The angular unconformity between the upper and lower bedding se ts  i s  

v is ib le  but not obvious. Core 4B (F ig . 60} was obtained from a rip p le  

f ie ld  on the bar c r e s t ,  the day a f te r  the storm waves subsided (July 21, 

1977). This peel has a v a rie ty  of cross-bedding s ty le s  which are  a l l  

landw ard-inclined a t  d if fe re n t angles. Near the  top o f the core th ere  

are  two se ts  o f  2 to  3 cm-thick, r ip p le  c ross-beds. Below these th ere  

i s  a 5 and a 3.5 cm-thick layer of lower-angle cross-beds. The bottom 

th ird  of core peel 4B appears to  be a s in g le  u n it of low ang le , landward- 

in c lin ed , p a ra lle l  laminae. Two small marine worms were found in  v e r t i ­

cal burrows during the processing o f th is  co re . Shell m aterial is  ra re  

in  a l l  o f the bar c re s t  peels compared to  the  o th er environments.
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Seaward Slope

Cores 14B, 1A, UC, 6A» and 4A were recovered from the seaward 

slope o f the longshore b a r. Core I4B is  dominated by f in e , ho rizo n ta l, 

p a ra lle l laminae with sc a tte re d  she ll fragm ents. In the middle upper 

h a lf  o f the peel there  is  a 4 cm-thick lay er o f  landward, r ip p le  cross­

beds with lo c a lly  abundant she ll hash. Host o f  core peel 1A, shown in  

Figure 61 i s  covered with p a ra lle l  laminae dipping landWard a t  about 

10 degrees. In the  fragmented top portion  o f the peel one can see a 

3 cm-thick lay e r of landward rip p le  cross-bedding. Core peel 11C (Fig.

62) i s  a post-storm  sample from the back o f the  bar. The most in te re s ­

tin g  fea tu re  in  th is  core is  the  r ip p le  lens preserved in  the middle 

upper h a lf  o f the  p ee l. The rip p le  cross-bedding in  th is  lens i s  land- 

w ard-inclined as i s  the  r e s t  of the cross-bedding in  core 11C. The lens 

is  overla in  by a layer of gently-dipping cross-beds which a re  devoid of 

she ll m a te ria l. Beneath the r ip p le  lens are  two, 6 cm -thick, un its  

which contain  laminae composed of coarser sand and she ll fragm ents. The 

upper lay er is  cross-bedded a t  a 20 degree angle and the lower has h o ri­

zo n ta l, p a ra lle l  laminae. The bottom most layer in  core 11C contains no 

d isce rn ib le  s tru c tu re .

Core 6A is  uniform in  tex tu re  and appears to  have f a in t ,  horizon­

t a l ,  p a ra lle l  lam ination. Shell fragments and fecal p e lle ts  are  sc a t­

tered  throughout th is  core p ee l. Core 4A (F ig . 63a) d isp lays four layers 

of b id ire c tio n a l cross-bedding and a burrow s tru c tu re . A photograph of 

the wet core s l ic e  (F ig . 63b) shows the erosional unconformity between 

the f i r s t  two layers in  the top of the core . Shell fragments are  abundant
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in come 4A, e sp ec ia lly  in  the rip p le  cross-beds. A large echinoderra 

fragment is  located in  the lower right-hand corner. Several marine worms 

were encountered in  th is  core a lso .

Cores 3A» 68, 88, and 98 were obtained from the deepest p a rt  o f  

the seaward bar slope , where the ou ter trough environment begins. The 

water depth a t  th is  po in t is  approximately two m eters. The cores were 

taken a t  the seaward end o f the topographic p ro f i le s . The x~ray o f core 

peel 3A shows physical sedimentary s tru c tu re s  only in the upper th ird  of 

the core. At the top o f 3A there  is  a layer o f landward-inclined rip p le  

cross-bedding. Below th a t  there  are two gently seaward-sloping (^10 

degrees) laminae o f coarser sand and s h e l l .  This core contains an abun­

dance o f fecal m ateria l and a burrow which i s  not preserved in  the  f in a l 

peel. Core 8B (F ig . 64) is  p rim arily  composed of f in e , h o rizo n ta l, p a ra l­

le l  laminae. A 2 cm-thick lens o f landward, rip p le  cross-bedding is  

located in  the upper left-hand  corner of the p ee l. The rip p le  laminae 

contain shell fragments and sand which i s  coarser than the r e s t  o f the 

sediment in  the co re . A mole crab and a worm were found in  core 8B. 

Several worms were found in  th e i r  burrows in  core 9E. The only v is ib le  

sedimentary s tru c tu re  in  core 9B is  a wedge of landward-dipping, r ip p le  

cross-bedding in the middle of the peel. The cross-bedding is  composed 

o f coarse layers containing she ll fragments. Core 6B (F ig . 65) was 

removed from the back of the  bar two days a f te r  the three-day storm . I t  

contains many large she ll fragments and good physical sedimentary s tru c ­

tu re s . There i s  a 7 cm-thick layer o f  landward-dipping cross-bedding 

near the top of core 6B, This lay e r i s  overla in  by a small s e t  o f sea-

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



115

ward-dipping, r ip p le  cross-beds in  the upper right-hand co m er. The 

bottom h a lf  o f th is  peel contains in d is t in c t ,  h o rizo n ta l, p a ra lle l  

laminae. In the lower right-hand corner there  is  a burrow s tru c tu re  

f i l l e d  with fecal m ateria l.

Outer Trough

Core peel 11B i s  from the ou ter trough and can be seen in  Figure 

66, The e n tire  core i s  composed o f f in e  laminae which a re  horizontal 

and p a ra lle l to  each o ther. Very small sh e ll fragments are p resen t and 

they have th e ir  long axes aligned with the bedding. There were no

organized rip p le s  a t  the lo c a lity  where th is  core was taken.

Outer Bar

Core 10B (Fig, 67a) was removed from the ou ter sand bar a t  Panama 

City Beach, At th is  lo c a li ty  the water depth was 2.2 meters and the

bed was covered with 3 cm-high, sinuous-crested , asymmetric r ip p le s .

The only obvious physical s tru c tu re  in  the core i s  a 3 cm-thick layer 

of h o rizo n ta l, p a ra lle l laminae ju s t  below the middle o f the p ee l.

There i s  a heavy mineral layer a t  the base o f th is  u n i t .  Figure 67b is  

a photograph o f a s l ic e  through core 10B showing a few gently  shoreward- 

inclined  laminae above the horizontal heavy mineral la y e r . A lso, there  

is  a well developed burrow s tru c tu re  ou tlined  by fecal m a te ria l. Small 

fragments of sh e ll are abundant in the horizontal laminae.

Grain Size Analysis 

Sediment samples were co llec ted  a l l  along the measured topographic
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pro files*  a t  the bed level and a t  shallow  depths (</2G cm) w ithin  the 

sediment. Six p ro f ile s  were sampled in  1976 and two in  1977. One rep­

resen ta tiv e  p ro f i le  from each year is  shown in Figure 68. The mean 

grain size  was q u ite  uniform in  time and space on Panama City Beach. 

Samples from some layers a t  depth a re  s l ig h t ly  coarser than the average 

surface sediment sample. Sediment from the  swash zone is  usually  s l ig h t ­

ly  coarser a lso . One sample from the  o u te r bar i s  s l ig h tly  f in e r  than 

the average. The mean grain  s ize  fo r  a l l  the samples is  0.25 nan. There­

fore  the sands s trad d le  the boundary between medium and fine  sand.

The so rtin g  o f the  sediment samples is  a lso  f a i r ly  uniform in  a l l  

resp ec ts . The average so rtin g  value fo r  a l l  samples is  0.28 p h i, which 

means these sands a re  very well so r te d , some swash samples a re  le s s  well 

sorted  than the  average.

Burrow Data

Burrow counts were made along the measured p ro file s  to  obtain  a 

crude measure o f the degree of b io tu rb a tio n . Nine burrow p ro f ile s  from

1976 are  displayed in  Figures 69a and 69b. Nine burrow p ro file s  from

1977 are shown in  Figures 7Qa and 70b, These figures show the number o f 

burrows per square meter p lo tted  a g a in st d istance from shore. The most 

noteworthy trend  is  an increase in  burrow density  toward the seaward end 

of the p ro f i le .  No burrow counts were made in  the outer trough or on 

the ou ter bar but v isual observations confirm th is  trend o f increased 

burrowing o ffsho re . There i s  a lso  a small peak in  the number o f burrows 

in  the  inner trough. The swash zone and inner bar c re s t a re  lacking in
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burrows. The p lo t from July  21, 1977 i s  conspicuous because o f the 

uniform number o f  burrows along most o f  the  p ro f i le .  This burrow 

count was made on the day a f te r  the storm in  m id-July.
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DISCUSSION 

Wind, Waves and Bar Topography

The Sea Breeze Cycle

Sonu, e t  aJL (1973) describes and documents the control o f  coasta l 

wind systems over nearshore processes on the  northern Gulf c o a s t. Sonu, 

e t  a l , stud ied  a beach 50 miles west o f Panama City and found th a t  the 

d a ily  cycle o f onshore-offshore winds c o rre la te s  well with the c y c lic i ty  

in  wave, c u rre n t, and nearshore topographic behavior. The sea breeze 

cycle of onshore winds during the daytime and offshore winds a t  n igh t is  

driven by the d if fe re n t  ra te s  of heat lo ss of the land versus the  ocean 

under the in fluence  of so la r heating. This cycle is  widely recognized 

in  coastal regions but along th is  coast o f the Gulf o f Mexico i t  con­

t ro ls  a l l  o ther processes. Sonu, e t  a l .  observes th a t the daytim e, on­

shore breeze peaks in  in te n s ity  a t  1 to  2 PM and m aintains a fe tc h  of 

50 km over the ocean. The nighttim e, offshore breeze i s  much weaker and 

has a lim ited  fe tc h . Onshore wind v e lo c itie s  range from 5 to  10 m/sec 

which approaches the  in te n s ity  of storm winds. Wave records from Sonu, 

e t  al_. in d ica te  th a t  the afternoon is  dominated by high-frequency wind 

waves whose period , amplitude, and d ire c tio n  are con tro lled  by the  sea 

breeze with a one-ha lf hour lag . Wave-induced, nearshore cu rren ts  change 

from closed c irc u la tio n  in  the morning to  meandering cu rren ts in  the 

afternoon to  sho re -p ara lle l cu rren ts a t  n ig h t. In general the nearshore 

currents flow from the shoals (where breakers occur) to  the depressions
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in  the submarine topography. Changes in  bar p a tte rn s , observed over a 

period o f th ree  weeks, were re la ted  to the d ire c tio n  and in te n s ity  o f 

wind-driven waves. R ipples, megaripples and beach cusps were modified 

in a period o f an hour o r  two.

The d a ily  cycles o f  clockwise change in  wind d irec tio n  described 

from the Panama City Beach wind data confirm the conclusions o f  Sonu, 

e t  al^ about th is  coast. The wind d irec tio n  ro ta te s  clockwise in  the 

northern hemisphere from the nighttim e, offshore breeze to  the daytime, 

onshore breeze because of C orio lis fo rce . The occasional dominance of 

winds from the Southwest (perpendicular to  th is  coast} a t  Panama City is  

probably an ind ica tion  of the superior s treng th  o f the onshore wind 

e ffe c t .  During periods of s ig n if ic a n t so la r  heating in  mid-summer the 

onshore breeze was able to  continue through the  n igh t although with 

decreased in te n s ity . Figure 71 shows how the onshore breeze dominated 

over periods of several days as the average d a ily  tem perature gradually 

increased. In a l l  th ree  incidences shown in  the f ig u re  the period of 

constant onshore winds was broken up by the development of thunderstorms 

and the a ttendan t cooling of average daily  a i r  tem perature. Like the 

sea breeze cycle , the  thunderstorms are generated by so la r  heating of 

the atmosphere. The m oist a ir  a t  sealevel i s  heated u n til  i t  r is e s  and 

cools, losing  i t s  m oisture as p re c ip ita tio n . Whether the constant on­

shore breeze i s  broken-up by the cooling o f the a i r  o r the atmospheric 

convection curren ts is  not known but i t  appears th a t  the thunderstorms 

are the mechanism which re in s ta te s  the onshore-offshore breeze cycle . 

Therefore these local thunderstorms function lik e  a therm ostat in  th a t
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Ju ly . 1976

Wind 
D irection ■

T h u n d ersto rm  s
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Dally 
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June-July 1977 H - 1----------- 1------------1----------- 1----------- 1

Wind 
Direction
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V
29,2t: 29.7° 29.8* 30.0* 27.7<

Thunder sto rm s

June.1977

Wind
Direction

Average
Daily
Temperature

27.6*C 28.5* 29.4° 27.9*
Thunctersforrns

Figure 71: Periods o f constant SW winds correlated with average 
daily  temperature trends.
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they fo ra  because o f  prolonged so la r  heating  and by th e ir  formation they 

lim it any fu r th e r  temperature increase .

Because of the strong re la tio n sh ip  between the sea breeze cycle 

and the wave patterns*  the recorded f lu c tu a tio n s  in  the l a t t e r  become 

more m eaningful. The wave period , am plitude, and d irec tio n  a re  j u s t  as 

constan t and p red ic tab le  as the winds. Peaks in  s ig n if ic a n t wave height 

correspond to  the peak wind v e lo c itie s  in  the  afternoon o r the wave height 

may build  over a period o f several days under the influence of constant 

onshore winds. Occasional fro n ta l storms lik e  the one from July  17-19, 

1977 may tem porarily d is tu rb  the sea breeze p a tte rn  but the onshore- 

offshore winds re -e s ta b lish  themselves immediately th e re a f te r .

Bar Patterns

A comparison of the  wind d ire c tio n  records from 1976 and 1977 f ie ld  

seasons shows a s ig n if ic a n t d ifference  (Appendix A). The 1976 record 

shows many d a ily  cycles re su ltin g  in  v a riab le  onshore winds while in  

1977 there  were many periods of constan t onshore winds. Sonu* e t  a l .  

(1973) recognizes two d is t in c t  nearshore bar pa tterns which re su lted  

from these two types of wind p a tte rn s . Hind waves which a rr iv e  p a ra lle l 

to  shore produce a cuspate bar and those which a rriv e  a t  some angle to  

th? sho re line  produce the horn bar p a tte rn . At Panama City Beach the 

cuspate bar formed under the dominant influence o f the sea breeze cycle 

with i t s  v a riab le  onshore winds in  1976. In 1977 the horn bar formed 

under the  dominant influence of nearly  constant West-Southwest onshore 

winds.
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ft sh o re -p ara lle l bar lik e  the one observed a t  Panama C ity Beach 

following the fro n ta l storm o f July  17-19, 1977 i s  an e n tir e ly  d if fe re n t 

problem. Although the waves from th is  storm arrived  a t  an angle to  shore 

they did not produce a horn bar. Perhaps the large wave amplitude (2m) 

and s lig h tly  longer wave period influenced the formation o f a shore- 

p a ra lle l bar. Kom-ma and Sonu (1963) s ta te  th a t  during in tense  long­

shore d r i f t  the bar form i s  smoothed and stra ig h ten ed . King and Williams 

(1949) found th a t  steep  storm waves cause seaward sand tran sp o rt in  the 

swash and landward sand tran sp o rt from offshore. The net e f f e c t  is  a 

s te e p -p ro file , longshore bar a t  an interm ediate d istance from shore.

The exact loca tion  of the  bar is  determined by the loca tion  o f the 

breaker zone which i s  in  tu rn  con tro lled  by wave heigh t (Keulegan, 1948). 

In general, a wave w ill break when i t  reaches a depth which i s  equal to  

h a lf  of i t s  am plitude,

The post-storm  m odification of the sh o re -p ara lle l bar in d ica te s  

a re tu rn  to  the onshore-dominated water motion along the bed o f the 

e n tire  p ro f i le .  The storm bar p ro f ile  became f la tte n e d  and portions o f 

i t  began to  m igrate shoreward. The inception of a regularly-spaced cusp 

system can be seen on a e r ia l  photography from July  27, 1977 (F ig . 8) 

ju s t  e ig h t days a f te r  the  storm. Sonu, e t  aK  (1973) c i te  the rapid 

recovery of nearshore topography following hurricanes as proof o f the 

streng th  of the  sea breeze system.

Rhythmic Topography

The o rig in  of rhythmic nearshore topography is  a contested  issue
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which has not been s a t is f a c to r i ly  reso lved , Sonu, e t  aU  0373} reports 

the f ie ld  conditions in  which beach cusps and assoc ia ted  rhythmic sub­

marine topography occur. Dolan and Fern (1968) d iscuss rhythmic bar 

topography as p a rt  o f  a h e ira rch ia l grouping o f  rhythmic shoreline  fea­

tu res ranging in  s iz e  from one meter to  one m illion  m eters. Dalrymple 

(1976) suggests th a t  beach cusps a re  caused by the  in te rse c tio n  o f  two 

separate  wave t r a in s .  Bowen and Inman (1971) proposed th a t  the  rhythmic 

fea tu res a re  caused by edge waves, a th eo re tic a l mechanism which cannot 

be substan tia ted  by f ie ld  measurements. Komar (1971) a lso  advocates the 

edge wave mechanism but emphasizes i t s  in d ire c t  influence upon topography 

through i t s  m odification of the breaker height alongshore. Sonu (1972) 

re fu tes the edge wave theory on the b as is  o f i t s  in a b i l i ty  to  generate 

the necessary v e lo c itie s  fo r  sand tra n sp o rt . One o f the  more imaginative 

theories was presented by Preston Cloud (1966) and invoked the p rin c ip le  

o f P la teau 's  Rule, The ru le  s ta te s  th a t  a liq u id  cy linder becomes un­

stab le  when i t s  length exceeds 2nr and breaks up in to  subequal portions 

whose lengths a re  proportional to  the  diameter o f  the cy linder. The 

water motion in side  an ocean wave approximates a liq u id  cy linder and 

Cloud thinks th a t  during wave co llapse  the segmentation of the wave 

fron t could produce rhythmic topography.

The form of nearshore topography is  o f in te r e s t  to  th is  study only 

in  terms of how i t  contro ls water dep th , wave breakage, and the re su lta n t 

cu rren ts . I t  should be recognized th a t  the  bar topography is  shaped by 

the average wave clim ate and th a t i t ,  in  tu rn , provides feedback to  the 

nearshore hydraulics (Sonu, e t  <FL, 1966).
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Nearshone Hydraulics

Research on the velocity  f ie ld s  in nearshore areas has been coup!i- 

cated by the complexity of the water motion there . The combination of 

o sc illa to ry  water motion o f v a riab le  asymmetry and u n id irec tiona l cur­

ren t flow a l l  in  one lo c a li ty  makes descrip tion  d i f f i c u l t .  In ad d itio n , 

the o sc illa to ry  motion i s  sh o rt- liv ed  and the hydraulics vary continuously 

with changing wave c h a ra c te r is t ic s . The l a t t e r  va riab le  was considered 

to  be constant a t  Panama City Beach because of the uniform wave charac te r. 

The b r ie f  duration  of o sc illa to ry  water motion was measurable with the 

swing-surge v e lo c ity  meter used in  th is  study.

C lif to n , e t  jr t ,  (1971) described the general v e lo c ity  f ie ld  and 

re su ltin g  bedforms of a non-barred, high-energy nearshore region on the 

Oregon co ast. He concluded th a t there  was a gradual t r a n s it io n  1n the 

onshore d irec tio n  from symmetric o s c il la t io n  offshore to  increasing ly  

asymmetric o s c i l la t io n  in  the su rf  zone. He allowed th a t  the ve loc ity  

f ie ld  was more complicated shoreward o f the breakers because o f longshore 

d r i f t ,  broken waves trav e lin g  landward as bores, and seaward re tu rn  flow 

from the  swash.

Breaking Waves

H ille r  (1964) was the f i r s t  to  unravel the in te rn a l ve loc ity  f ie ld  

of a breaking wave. He demonstrated the d ifferences between the ve loc ity  

f ie ld s  of s p i l l in g  and plunging breakers using f ie ld  measurements. The 

velocity  vectors in  a s p il l in g  breaker are  very asymmetric landward in  

comparison to  those of a plunging breaker. As a r e s u l t  of th is  d i f f e r -
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ence the  reversal from seaward to landward o sc illa tio n  along th e  sediment 

bed during the passage o f the wave i s  sudden and v io len t. In a la te r  

paper (H il le r ,  1976} H ille r  used a laboratory  flume to  demonstrate the 

presence o f  v o rtices  within breaking waves. Again he d istinguished 

plunging breakers from sp illin g  b reakers, th is  time on the basis of the 

number and s iz e  of th e ir  v o rtices . Plunging breakers exhib ited  one o r 

more large  v o rtic e s  o f  g rea t s tren g th . The sp il lin g  breakers generated 

much sm aller v o rtices  which remained near the  water surface.

M ille r 's  theory o f breaker v o rtices  (M iller, 1976) cannot be argued 

e ffe c tiv e ly  using the Panama City Beach data because o f the  predominance 

of s p i l l in g  breakers and th e i r  weak v o rtic e s . My near-surface v e rtic a l 

ve loc ity  measurements were la rg e r than those on the bottom but they were 

s t i l l  q u ite  small in  comparison to  horizontal bottom v e lo c itie s . This 

f a c t  casts  doubt upon the importance of the vortex mechanism in  genera­

tin g  bedforms but does not deny th e i r  ex istence w ithin breaking waves.

R oller V ortices

Robert Folk (1976) advocates a v o rtica l theory of water motion fo r 

the formation of a ll  bedforms regard less of whether they evolve under 

cu rren t flow or o sc illa to ry  flow. The theory i s  not supported by numer­

ica l data and is  an elaboration on an idea suggested by G. K. G ilbert in 

h is 1914 flume study. Folk suggests th a t  w ell-organized, continuous, 

cy lin d ric a l v o rtic es  occupy the troughs of ripp le  f ie ld s .  The ripp le  

c re s ts  supposedly re s u lt  from the heaping-up of sediment between the 

rows of r o l le r  v o rtic es . The v o rtices  are confined to  the boundary
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Tfryer and a re  in i t ia te d  by shear from overtying w ater layers* In the 

p ast i t  was genera lly  thought th a t bedforms were a product o f shear 

between the boundary lay e r and the sediment in te r fa c e . I f  Fo lk 's 

vo rtices e x is t  then th ere  should be measurable tan g en tia l ve lo c ity  com­

ponents in  the v e r tic a l d irec tio n  as well as the  h o riz o n ta l. V ertical 

v e lo c itie s  measured w ithin  the boundary layer a t  Panama C ity Beach are 

f a r  too weak to  suspend the  sediment o r even m aintain i t s  suspension.

I f  v o rtices  e x is t  a t  a l l ,  they form in  the le e  of r ip p le  c re s ts  as weak, 

disorganized eddies which are a r e s u l t  of the  r ip p le  form and not the 

cause th e re o f. T unstall and Inman 0 9 7 5 , p . 3483} found th a t  v o rtices  

generated by flow over r ip p le s  d iss ip a te  only seven percen t o f the  to ta l  

energy expended on the  bottom,

V ertical v e lo c it ie s  measured near the w ater su rface  in  the breaker 

zone are s u f f ic ie n t  to  m aintain suspension o f sand g ra in s . However the 

sand must be picked up o ff  the bottom by some o ther mechanism. The 

mechanism is  probably horizontal shear o f the  w ater over the sand bed.

Velocity Asymmetry

C lif to n 's  model fo r  the increasing  asymmetry o f bottom v e lo c itie s  

in  the onshore d irec tio n  c o n s titu te s  an ideal s i tu a t io n  which was seldom 

seen in  the f i e ld .  Although th is  genera liza tion  can be applied to  the 

seaward slope of the  inner bar a t  Panama C ity Beach, th ere  were many 

exceptions. The common s itu a tio n  on the back o f  the  bar was one of 

syniuetric o s c i l la t io n  along the bottom, r ig h t  up to  the breaker zone 

where asymmetric bottom v e lo c it ie s  f i r s t  appeared. The few p ro file s
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which do conform to  C lif to n 's  model ( f ig , 18* duly 3* 1976* and F ig . 19* 

duly 5, 1976) coincide w ith periods o f  large waves. In view o f  the 

fa c t  th a t la rg e r  waves begin to  '"feel bottom1* in  deeper water than 

sm aller waves do* th is  re la tio n sh ip  makes sense, Apparently the typ ica l 

low amplitude, high steepness, wind waves o f  Panama City Beach did not 

e x e rt any s ig n if ic a n t influence on bottom v e lo c itie s  u n til  the waves 

broke on the  bar c re s t .  Bedforms with asymnetric p ro f ile s  did occur in  

these zones o f synroetric o s c i l la t io n  but th e ir  asymmetry was probably 

preserved by e i th e r  an occasional la rg e  wave or a very s l ig h t  v e lo c ity  

asynraetry, not measurable with the swing-surge ve loc ity  m eter.

Longshore and Seaward Flow

Some o ther exceptions to  C lif to n 's  model involve the seaward 

v e lo c ity  asymmetries observed on the bar c re s t  and seaward slope . In 

a few cases these  seaward asymmetries r e s u l t  from the presence o f a r ip  

cu rren t. The v e lo c ity  p ro f ile s  from July  11, 1976 (Fig. 22}, June 23, 

1977 (Fig. 28), and Ju ly  15, 1977 ( f ig . 37} were probably influenced by 

r ip  c u rre n ts . Their f la tte n e d  bar p ro f ile s  and the seaward ve lo c ity  

asymmetry across most of the p ro f ile  suggests an organized seaward flow. 

Some other p ro f ile s  with seaward v e lo c ity  asymmetry over the bar c re s t  

can be explained by o ther mechanisms. The Ju ly  1, 1976 p ro f i le  (F ig . 16} 

was influenced by plunging breakers which are known to  produce seaward 

re tu rn  flow along the bottom. The Ju ly  12, 1976 p ro f i le  (F ig . 23} 

involved a steep  bar form, very c lose  to  shore. The seaward flow across 

th is  bar c re s t  probably resu lted  from the large waves which p ile d  up
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water in the co n stric ted  inner trough. In such a case , a general seaward 

bottom flow would occur a l l  along the bar fro n t in stead  o f being 

re s tr ic te d  to  a narrow channel.

Sonu, e t  a l . 0973) notes th a t c o as tlin e s  w ith rhythmic topography 

a re  more sub jec t to  general seaward flow than to  r ip  c u rre n ts . Sonu 

observed re la t iv e ly  slow, pulsating  flows which o rig in a ted  on the bar 

cusp shoals and then deflected  o ff  of the sh o re lin e  to  flow seaward 

across in tercusp  low poin ts in  the bar topography (Fig- 72a). This 

type o f nearshore cu rren t p a tte rn  is  c a lle d  a "c irc u la tio n  c e l l" .  I t  

d if fe rs  from the  c la ss ic a l idea of longshore d r i f t  because o f the opposing 

flow d irec tio n s  o f curren ts in  adjacent c e l ls .

The presence of a horn bar configuration  c rea te s  a s itu a tio n  where 

u n id irec tiona l longshore currents are well developed and submarine topog­

raphy exercises complete control over nearshore c irc u la t io n . The horn 

bar topography i s  characterized  by discontinuous reaches o f the inner 

trough which s la n t  seaward, away from th e  sho re line  (F ig . 72b). These 

channels drain  the excess water from the nearshore and often  produce w ell- 

defined r ip  cu rren ts  which can operate regard less o f the d irec tio n  of 

wave approach. The ve loc ity  p ro file  from Ju ly  9 , 1977 (F ig . 34) i l l u s ­

t r a te s  the pers istence  of topographic influence on nearshore curren ts 

in the face of opposing waves. On th is  date  the  incidence o f southeast 

waves on horn bar topography caused a w esterly  longshore d r i f t  on the 

seaward side  o f the  bar while a strong e a s te r ly  d r i f t  maintained i t s e l f  

on the landward side  of the bar.

The presence of a s tr a ig h t ,  sh o re -p a ra lle l bar allows b id irec tio n a l
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Beach Beach

a : Nonrtal wave incidence 
(c irc u la tio n  c e l ls )

b: Oblique wave incidence 
( r ip  c u rre n ts )

Figure 72a and b: Nearshore c ir c u la t io n  p a tte rn s .
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longshore cu rren ts  to  form, responding to  the  d ire c tio n  o f wave approach. 

Cuspate bars such as the one observed in  1976 exh ib ited  longshore d r i f t  

d irec tio n s which responded to  wave approach d ire c tio n  but were a lso  

influenced by topography. A perusal o f the bedform plan view maps front 

1976 (F igs. 12-23} shows how wave d irec tio n  and d r i f t  d ire c tio n  were in 

agreement fo r  most but not a l l  d a te s . The shore-welded cuspate topog­

raphy observed in  1975 is  the c la ss ic a l c rescen t bar p a tte rn  to  which 

Sonu, e t  aU  0966} a ttr ib u te d  the "c irc u la tio n  c e ll"  configura tion .

The cusps are  welded to  the sh o re lin e , c rea tin g  a s e r ie s  of iso la te d  

bays, preventing any continuous, alongshore, cu rren t flow.

longshore cu rren t ve locity  measurements were made fo r  several 

p ro f ile s  in  1977. The data are too sparse to  make any sp e c if ic  s ta te ­

ments about trends in  velocity  magnitude. R esults from four p ro file s  

show th a t  the maximum, longshore bottom v e lo c ity  vecto r was located in  

the shallow , landward h a lf  of the inner trough. Therefore the  maximum 

ve loc ity  i s  not co incident with the thalweg o f  the inner trough. In 

open channel flow the maximum velocity  vector l ie s  in  the thalweg of the 

stream channel. The measured bottom v e lo c itie s  ranged in  magnitude from 

zero to  55 cm/sec. An Array Corps of Engineers study found th a t  the 

average annual longshore curren t ra te  along th is  coast was 9 .4  to  12.2 

cm/sec and the maximum was about 123 cm/sec (B a ls i l l ie ,  1975, p . 28). 

Longshore cu rren t measurements a t  the water su rface  in  the  inner trough 

ranged from 20 to  37 cra/sec on Ju ly  27 and 28, 1977 according to  my data.

Inner Trough V elocity  Trends

O sc illa to ry  ve loc ity  trends in  the inner trough were e i th e r  syirmet-
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r ic  or 1andwardly asymmetric with the exception o f a few ve loc ity  

p ro file s  across r ip  channels and zones o f seaward flow. The seaward- 

dominated v e lo c ity  p ro f ile s  usually  occurred on low p ro f i le  bars o r 

portions o f the  bar which were d is ta n t front shore. All o ther p ro f i le s  

demonstrated a v a rie ty  o f  ve loc ity  trends in  the inner trough. Some­

times the trend  a lte rn a te d  between landward asymmetry, seaward asymmetry, 

and symmetric o s c i l la t io n  on a sing le  p ro f i le .  On o th e r days the inner 

trough displayed an o rderly  increase in  landward v e lo c ity  asymmetry 

between the bar and the  swash zone. A s in g le , fiv e  meter in te rv a l o f 

seaward ve loc ity  asymmetry was often  treasured a t  the  seaward edge o f the 

swash. This repeated occurrence was a ttr ib u te d  to  the grav ity  re tu rn  

flow o f water from the swash zone.

Swash V elocities

Some o f  the h ighest measured v e lo c itie s  (>92 cm/sec) occur In the  

swash zone. The landward and seaward components o f the  swash v e lo c itie s  

are  o ften  o f equal magnitude. This re s u lts  in  symmetric o r nearly  

symmetric o s c i l la t io n  o f  g rea t in te n s ity . The extremely shallow depths 

and high v e lo c itie s  in  the  swash zone cause the  most sediment suspension 

(Brenninkmeyer, 1976) and make th is  the most competent portion  o f the  

nearshore p ro f i le .

Bedfortn O rientation

In the p ast i t  was assumed th a t  nearshore r ip p le  c re s ts  were 

oriented  p a ra lle l  to  shore. The re s u lts  o f th is  study show th a t th is  

is  true  in  a general sense but there  are  several exceptions. Bedfora
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C restline  o rien ta tio n  on the  seaward slope o f the inner bar is  invariab ly  

con tro lled  by wave c re s t  o rie n ta tio n . The re fra c tio n  o f wave fron ts 

during shoaling on the bar is  duplicated  on the bottom in  the increasing ly  

sho re -p ara lle l o rien ta tio n  o f r ip p le  c re s ts  in  the shoreward d ire c tio n .

Although the rip p le  c re s ts  do not vary more than twenty degrees from the 

shoreline  o rien ta tio n  (with the exception o f  ladderback rip p le s) they 

co n sis ten tly  respond to changes in  wave d ire c tio n . Bedforms on the  bar 

c re s t  a re  e ith e r  p a ra lle l to  shore, p a ra lle l  to  the  bar avalanche face 

o r they show influence from longshore cu rren ts . A strong longshore 

cu rren t can produce bar c re s t  r ip p le s  with o rien ta tio n s  perpendicular to  

shore.

Inner Trough

Bedform o rien ta tio n  in  the inner trough i s  highly variab le  depend­

ing upon wave conditions, s treng th  o f  nearshore c u rre n ts , and topography. 

On most o f the dates surveyed the r ip p le  c re s ts  in  the inner trough were 

e s se n tia lly  sh o re -p a ra lle l, e sp ec ia lly  in the shallow er, shoreward edge 

o f the trough. When wave energy i s  low and nearshore curren ts are  weak 

(which i s  often  the case in  the morning) the r ip p le  c re s ts  a re  o rien ted  

in  p a tte rn s  which r e f le c t  the  symmetry o f the  submarine topography.

This p a tte rn  (Fig. 49) is  probably the  r e s u l t  o f re fra c tio n  of low 

amplitude sh o re -p ara lle l waves across the inner b a r. When a weak long­

shore cu rren t i s  p resen t, sm all-am plitude rip p le s  (one cm high) form 

in the troughs of the  sh o re -p ara lle l bedforms. These trough forms are 

perpendicular to  the la rg e r  forms. On days when the longshore cu rren t

perm ission o f the copyright owner. Further reproduction prohibited without perm ission.



138

is  strong the inner trough bedforms graduate to  a fu ll- f le d g e  ladderback 

ripp le  system w ith o s c illa tio n  forms p a ra lle l to  wave c re s ts  and cu r­

ren t forms perpendicular to  the longshore cu rren t d ire c tio n * When the 

longshore cu rren t i s  very strong , sinuous dunes fo ra  perpendicular to  

the cu rren t d irec tio n  in  the cen ter o f the trough.

Ladderback Ripples

The o r ie n ta tio n  of ladderback rip p le  s e ts  in  the  inner trough is  

e a s ie r  to  explain  than are  the ladderbacks on the seaward slope o f the  

inner bar. The ladderbacks in  the  inner trough have catenary rip p le  

subsets whose asymmetry is  always consisten t with the d irec tio n  of 

longshore cu rren t flow. The s tra ig h t-c re s te d  rip p le  subset i s  ca lled  

"the o sc illa t io n  r ip p le  s e t” by Komar (1976) and i t s  formation is  

a ttr ib u te d  to  wave o s c i l la t io n . The o rien ta tio n  of the ladderback 

o sc illa tio n  rip p le s  in  the inner trough a t  Panama City is  generally  

conformable with wave c re s t o rien ta tio n . However the ladderback r ip p le s  

on the inner bar are  not th a t sim ple. Although th e ir  catenary r ip p le  

subset i s  usually  consisten t with the general d irec tio n  of longshore 

d r i f t ,  the o s c i l la t io n  (o r s tra ig h t-c re s te d )  r ip p le  subset i s  not p a ra l­

le l to  the wave c re s t  o r ie n ta tio n . C lifton  (1976) noted th a t  the d irec­

tio n  of wave approach commonly b isec ts  the angle between the two rip p le  

subsets of the ladderback r ip p le s . C lifton  a lso  observed th a t  both 

rip p le  se ts  m igrate during a landward o sc illa t io n  pulse. Both o f these 

observations a re  tru e  of the ladderback rip p le s  a t  Panama City Beach.

The tr a n s it io n  ripp les which often occur in  assoc ia tion  with 

ladderbacks do not d isp lay  any organization o r co n sis ten t o r ie n ta tio n .
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C lifton  (1976) described these forms as being arranged in an echelon 

p a tte rn  s im ila r to the diagonal p a tte rn  o f the ladderbacks. I t  i s  

possib le  th a t in  a higher energy environment such as the Oregon coast 

the tra n s itio n  r ip p le s  d isp lay  more re g u la r ity .

Bedfortrt Symmetry

The asymmetry o f  bedforms on the  seaward slope of the bar i s  

always landward desp ite  the  seaward v e lo c ity  asynmetry which is  occas­

ionally  observed th e re . Bar c re s t  bedforms are  also  asymmetric-land­

ward with the exception of r ip  channel bedforms which are  sometimes 

found on the bar c re s t .  Inner trough bedforms are qu ite  va riab le  in  

asymmetry. The deeper portions o f the  inner trough display bedforms 

with landward or longshore asymnetry and the shallower portions d isp lay  

bedforms with landward* seaward* and longshore asymmetry. Symmetric 

bedforms occur in  deep water on the seaward slope of the inner bar and 

occasionally  in the deeper p a rts  o f  the inner trough.

Bedform Sequence

The persistence  of a recognizable sequence of bedforms on the 

seaward slope of the inner b a r , in  the  zone of shoaling waves* lends 

i t s e l f  well to  a study o f marine bedforms. The su rf zone sequence of 

bedfornt types observed a t  Panama C ity Beach is  id en tica l to  th a t  obser­

ved by C lif to n , e t  a l . (1971) on a p lane-sloping beach in  Oregon (F ig . 

73). The only d ifference  being th a t  the  average waves on the Gulf 

Coast are not large enough to  produce the  complete sequence o f bedforms
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a l l  the way up to  plane bed. C lif to n , e t  a l . 0371} hypothesized th a t 

nearshore marine bedforms are  s im ila r  to  un id irec tional cu rren t forms 

in th e ir  response to  increasing flow in te n s ity . Using various wave 

theories C lifto n , e t  aK predicted  th a t  as waves shoa l, the maximum 

bottom ve loc ity  (U^) and the v e lo c ity  asymmetry (M)^) both increase  

onshore. V elocity asymmetry is  defined as the d ifference between the 

landward and the seaward maximum bottom ve loc ity  vector.

The observed sequence o f marine bedforms which e x is ts  in  the 

zone of gradually-increasing  flow in te n s ity  is  comparable to  th a t  ob­

served by Simons, e t 'a T , (1965) fo r  stream bedforms, Simons, e t  a l .

Cl965} found th a t fo r  a p a r tic u la r  s iz e  o f sediment the following 

sequence o f cu rren t bedforms evolves with increasing flow in te n s ity :  

r ip p le s  dunes plane bed ■+■ an ti dunes. C lif to n , e t  aK (1971) observ­

ed the following sequence in  the nearshore: symmetric ripp les ■+• asym­

m etric r ip p les  •* ladderback rip p les  -*> lunate mega ripp les -* plane bed. 

Davidson-Amott, e t  al_. (1976} observed a s l ig h tly  d iffe re n t bedform 

progression on a barred beach: symmetric rip p le s  -*> asymmetric r ip p le s  

■+- plane bed -► lunate megaripples •+ plane bed. This sequence was found 

on the seaward slope of the inner bar and then again in  the inner trough.

Factors C ontrolling Bedform Sequence

C lifton  (1976} s ta te s  th a t  the  nature o f marine bedforms i s  con­

t ro lle d  by the in te rac tio n  of many independent v a riab le s , including 

f lu id  fac to rs  (density  and v isc o s ity } , flow fac to rs (un id irectional}  

cu rren ts} , wave fac to rs (hag ftt, p eriod , d irec tio n , and v a r ia b il i ty } , 

bottom configuration (depth, local and overall slope}, and sediment
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fac to rs  (g ra in  diam eter, so rtin g , d en sity , and shape}. He assumes con­

s ta n t values fo r  f lu id , wave, and sediment fa c to rs . He a lso  assumes 

a uniform ly-sloping foreshore and no un id irec tional c u rren ts . The 

problem o f ch arac te riz in g  the bedforms according to  the variab les which 

d ire c tly  in fluence the forms then narrows to : !i , maximum bottom veloc­

i ty  j u s t  above the  boundary layer; dQ, the diameter o f the  o sc illa to ry  

o rb i t  near the  bottom; and AU ,̂ the v e lo c ity  asymmetry.

V elocity Asymmetry

C lifto n  (1976) contains a s e r ie s  of p lo ts  o f versus AÛ  fo r 

various ranges of wave period and sediment s iz e . The wave period is  

used to  rep re sen t o rb ita l  diameter because the o rb ita ls  are  d i f f ic u l t  

to  measure d ir e c t ly .  The p lo ts  a re  based upon shore-based wave observa­

tio n a l data and measured water depths from which values fo r  Um and AUm 

are ca lcu la ted  using Stokes second-order equation (U.S. Amy Coastal 

Engineering Research Center, 1973). C lifton  consulted f ie ld  data from 

Inman (1957) and Tanner (1971) to  support the v a lid ity  of h is p lo ts . 

However he s ta te s  th a t "v ir tu a lly  no system atic measurements of cu rren t 

v e lo c itie s  e x is t  th a t  can be re la te d  to  bedform developments and no 

fu l l- s c a le  experiments have been devised th a t approach the flow in te n s i­

t i e s  o f asymmetric oceanic o sc il la to ry  currents" (C lif to n , 1976, p. 

136).

Figure 74 i s  a p lo t o f  Um versus AUm sim ila r to  th a t  o f  C lifton  

(1976) and u t i l iz in g  data from Panama City Beach. The bedform f ie ld  

boundaries a re  modeled a f te r  C lif to n 's  p lo t fo r  waves with a f iv e  sec-
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ond period and a sediment diameter o f 0.354 mm. The average values fo r  

Panama City Beach were two to  four second waves and 0.25 mm sand. The 

f ie ld  data f i t s  in to  C lif to n 's  th eo re tica l model f a i r ly  w ell- There 

is  a lack o f separation  between asymmetric and symmetric r ip p le s  th a t  

might be accounted fo r  by the d if f ic u lty  in  d istingu ish ing  the  two 

underwater. Harms* e t  a]_. (1975) s ta te s  th a t asymmetric rip p le s  can 

be formed by a very sn a il amount o f ve loc ity  asymmetry.

The ladderback and lunate megaripple f ie ld s  are  conformable with 

those in  C lif to n 's  model. Swash plane bed measurements a re  included in  

the absence of plane bed data from the bar c re s t . Although C lifton  

did not intend th a t  h is model be applied  to  bedforms shoreward o f  the 

breaker zone the inclusion  o f the  swash data i l lu s t r a te s  a d iffe rence  

between the two types o f  plane bed. The velocity  asymmetry and the 

absolute magnitude of the measured v e lo c itie s  in  the swash zone are 

s ig n if ic an tly  lower than the th eo re tica l values proposed fo r  the plane 

bed formed on the bar c re s t .  There has to  be another im portant v a riab le  

which a ffe c ts  the bedform and i s  not considered in  th is  type o f p lo t .

The obvious v ariab le  is  depth.

Depth and Bottom Vel oci ty

A p lo t o f depth and Um was devised, sim ilar to  th a t  used by 

Southard (1971} fo r  stream bedforms. The resu ltin g  p lo t ,  using f ie ld  

data from 1977, i s  shown in  Figure 75. The separation of the data 

points fo r various bedform types i s  encouraging. Higher regime marine 

bedforms occur a t  shallow er depths and higher v e lo c itie s  as do stream 

bedforms. Southard 's stream bedform f ie ld s  are superimposed on th is
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p lo t fo r the sake of comparison* One im portant d ifference i s  th a t 

Southard's data were o rig in a lly  p lo tted  on a depth and average veloc­

i ty  graph. Here h is  data are compared to  depth and maximum bottom 

velocity  data . Southard's data p lo ts  a t  shallow er depths because o f 

the lim ita tio n s of flume s iz e . His bedform f ie ld  boundaries have a 

much steeper slope th a t  those shown fo r  marine bedforms. The slope 

of h is  boundaries suggests th a t  stream bedforms might be more depen­

dent upon depth than v e lo c ity . The diagonal slope of the marine bed- 

form boundaries suggests an equal dependence upon depth and v e lo c ity .

The fa c t  th a t Southard's data were obtained in  a laboratory  flume 

with p e rfec tly  uniform sediment in  fresh  water prevents any d e ta ile d  

comparison. Another d ifference  i s  th a t  the v e lo c ity  used to  charac­

te r iz e  the  f lu v ia l bedforms is  an average value fo r  the e n tire  water 

column overlying the bed. However the dependence of both marine and 

flu v ia l bedforms upon depth and v e lo c ity  seems c le a r .

A depth versus bottom ve loc ity  p lo t o f 1976 f ie ld  data fa i le d  to  

d iscrim inate between a l l  o f the various bedform classes (Fig. 76).

This p lo t shews many higher regime forms located in  lower regime posi­

tio n s among the asymmetric r ip p le s . I t  would appear th a t  these higher 

regime forms were measured during waning flow conditions and were th e re ­

fore  out o f equilibrium . The dominance of the sea breeze cycle during 

the 1976 f ie ld  season might explain the nonequilibrated bedforms. 

Continuous v a r ia b il i ty  o f wind d irec tio n  would keep the bedforms from 

reaching equilibrium . Have conditions during 1976 varied s ig n if ic a n tly  

in  height and d irec tio n  re la tiv e  to the 1977 season. I t  i s  extremely
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d i f f ic u l t  to  find  nearshore marine bedforms in an equilibrium  s i tu a ­

tio n .

inner trough bedform data from 1976 were a lso  p lo tted  in the depth 

and bottom v e lo c ity  format (Fig. 77). The bedform f ie ld s  are  not as 

well defined as the 1977 seaward slope data p lo t but the same trends 

are  shown. Asymmetric rip p le  height increases towards the lower r ig h t 

and the higher regime bedforms which are  present ex h ib it the same trend. 

The inner trough bedforms from 1977 were lim ited  to  asymmetric r ip p le s . 

A depth-velocity  p lo t of th is  data exhibited no c le a r-c u t trends in 

r ip p le  heigh ts.

Origin of ladderback Ripples

The presence o f ladderback rip p le s  in a p e rs is te n t sequence of 

bedforms on the seaward slope of the inner bar suggests th a t  they 

represen t a d is t in c t  stage in the evolution of bedforms with in ­

creasing flow streng th . Komar (1976) s ta te s  th a t  ladderbacks are 

formed by a combination of o sc illa to ry  and longshore cu rren ts . How­

ever the o rien ta tio n s  of the two rip p le  se ts  comprising the ladder­

backs are not p e rfec tly  conformable with the o rien ta tio n s  of the 

longshore and o sc illa to ry  water motion although they do agree in  a 

general sense. Ripple o rien ta tio n s have been observed to  change 

w ith wave d irec tio n  during the course of a day. Given the  com­

p lex ity  of water motion in  a breaking wave i t  is  possib le  th a t there  

is  a stage where the o sc illa to ry  and cu rren t flow c h a ra c te r is tic s  

become equal in  streng th . Consider the fa c t  th a t  o sc illa to ry  motion 

dominates seaward o f the ladderback rip p le  f ie ld s  and un id irectional
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current flow dominates in the landward d irec tio n . Ladderback r ip p le s  

occupy the tra n s it io n  zone. The lunate megaripples which occur land­

ward of the ladderbacks are very s im ila r to  the dunes found in  cu rren t 

flows. C lifton  (1976) observed th a t lunate megaripples did not form 

on days when the ocean surface was confused by several d irec tio n s  o f 

wave approach. The need fo r  fu rth e r  research on breaking wave flow 

transform ations i s  obvious but i t  appears th a t ladderback r ip p le s  

represent a stage in th is  tra n s it io n .

lunate  Megan pples 

lunate  megaripples are the la rg e s t bedforms found in the near­

shore (excluding sandbars). The megaripples found in the  inner 

trough have a continuous C restline  and sm aller dimensions than those 

on the bar c re s t . The la rg e s t lunate  megaripples occur a t  the sea­

ward edge of the breaker zone and diminish in amplitude and wavelength 

in  both landward and seaward d ire c tio n s . The highest bottom v e lo c i­

t ie s  do not occur over the la rg e s t bedforms but are instead  located  

over rippled-back lunate  megaripples of sm aller dimensions on the  bar 

c re s t .  This trend emphasizes the  importance of water depth in con­

tro ll in g  bedform ch arac te r. There were a few occurrences of lunate  

megaripples with amplitudes as low as four centim eters. These bed­

forms were e ith e r  being transformed in to  lower regime s tru c tu re s  or 

being washed-out by higher regime flow, tra n s itio n a l to  a plane bed.

Summary of Bedform Parameters 

TabTe 2 summarizes the dimensions of the bedforms on the seaward 

slope of the inner bar and the values of the flow fac to rs  a ffe c tin g
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BEDFORM AVERAGE AMPLITUDE WAVELENGTH um
AUmm DEPTH

Symmetric
Ripples

x » 3 cm 
range * 2-4 cm

x * 15 cm 
range * 10-20 cm

28-36.6
cm
sec

0-10 cm 
sec

1,4 -  1,8 m+

Asymmetric
Ripples

x * 2-3 cm 
range « 1-4 cm

x » 10-20 cm 
range * 10-40 cm

22-45
cm
sec

4-6 cm 
sec

0*8 -  2,0  m

Ladderback
Ripples

s tra ig h t-c re s te d

x * 2-4 cm 
range « 2-7 cm

catenary -crested

x * 2-3 cm 
range * 1-4 cm

s tra ig h t-c re s te d

x a 30-50 cm 
range » 20-70 cm

catenary -crested

x *» 10-20 cm 
range « 8-30 cm

32-62
cm
sec

10-32 cm 
sec

0,5 - 1.4 m

Lunate 
Megarlpples

x * 10-15 cm 
range » 9-26 cm

x » 1-2 m 
range * 0 .5 -3 ,0  m

50-92 + 
cm 
sec

25-60 cm 
sec

0,3 -  0,8 m

Table 2: Summary of average bedform param eters from f ie ld  d a ta . Note- Ind ica tes th a t  the 

magnitude may exceed the  range o f values given.

ia
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there. The values in  th is  tab le  r e i te r a te  the trends already d is ­

played in  graphical form in Figures 75, 76 and 77, One in te re s tin g  

and new aspect is  the range in ladderback r ip p le  am plitudes. In the 

p a s t the  d is tin c tio n  between ripp les and dunes has been the large  gap 

between th e ir  c h a ra c te r is t ic  amplitudes (r ip p le s  a re  <4- an and dunes 

a re  >9 cm (Hams, e t  afL , 1975}}. Ladderback rip p le  amplitudes f i l l  

th is  gap and provide a continuum o f values through the range o f r ip p le s , 

ladderbacks, and lunate  megaripples. Therefore the d is tin c tio n  between 

rip p le s  and dunes i s  more marked fo r cu rren t bedforms than i t  i s  fo r  

marine bedforms.

Dependence on Nearshore Topography

In the previous discussion of marine bedforms and th e i r  evolution 

with increasing  flow s tre n g th , very l i t t l e  a tte n tio n  was given to  the 

overa ll bedform p a tte rn s . The bedforms d e a lt w ith in  the p lo ts  were 

prim arily  those occupying the seaward slope o f the inner sand bar.

That is  because th is  portion  of the nearshore i s  the  e a s ie s t  to  in te rp ­

r e t  in  terms of hydrau lics . The inner trough forms are sub jec t to  more 

v a r ia b il i ty  in  terms o f o sc illa to ry  and u n id irec tio n a l curren ts and 

topographic in fluence . A model fo r  bedform development in  the inner 

trough was not attem pted here because o f a lack of f ie ld  tim e. D etails 

o f the longshore cu rren t s tru c tu re  and the inner trough topography would 

be required to  accu ra te ly  describe the c o n tro llin g  fac to rs  fo r  these  

bedforms. The form o f the inner bar plays a large  ro le  in  co n tro llin g  

the  processes which in  tru rn  control the bedforms. The bedform d i s t r i -
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b u ticn , ty p es , dimensions, and o rien ta tio n s  a l l  e x h ib it a strong re la ­

tionsh ip  to  nearshore topography* This dependence on submarine topog­

raphy i s  probably not as marked on p lane-sloping beaches such as the 

one C lif to n , e t  al,. (1971} stud ied . Kith such a simple bottom config­

uration  the most s ig n if ic a n t  e ffe c ts  on bedforms are  probably wave 

v a r ia b il i ty  and t id a l  control o f  water depth. Shorelines ex h ib itin g  

rhythmic topography such as the Gulf Coast a re  more common than plane- 

sloping beaches in  the modern environment (Komar, 1976). Therefore 

my study has wide a p p lic a b ili ty .

In ternal S tructu re

Figure 78 i s  an idealized  cross sec tion  o f the nearshore, summa­

riz in g  the  sedimentary s tru c tu re s  discovered by box coring . There i s  

nothing revo lu tionary  in  th is  depiction o f the  in te rn a l s tru c tu re s .

The nearshore fa c ie s  described from a double-barred nearshore in  New 

Brunswick, Canada by Davidson-Arnott, e t  a l-  (1976) a re  e s s e n t ia lly  the 

same. The main d ifference  is  the b e tte r  p reservation  of cross-bedding 

in  the  New Brunswick beach.

Physical s tru c tu re s  dominate the swash zone and the bar avalanche 

face. The in te rn a l s tru c tu re  of the swash zone i s  characterized  by 

w ell-defined  coarse and fin e  layers of sand and s h e l l .  The layers dip 

seaward a t  angles of le ss  than ten degrees. The bar avalanche face 

produces la rg e -sc a le , tangen tia l cross-bedding which i s  the la rg e s t 

fea tu re  found here . An unconformity w ithin the inner bar speara tes an 

e a r l ie r  and low er-p ro file  bar from the overrrid ing  cross-bedding o f  a
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more recen t b a r.

The inner bar c re s t  and seaward slope contain  a lo t  o f fine* 

p a ra lle l laminae which dip gently seaward, p a ra lle l  to  the surface 

slope. The in te rn a l s tru c tu re  of the bar c re s t  includes occasional 

examples o f  medium and sm all-scale  cross-bedding. The medium-scale 

cross-beds a re  produced by lunate megaripple m igration and they dip 

landward. Ripple cross-bedding i s  present but does not r e f le c t  the 

abundance o f r ip p lin g  a t  the surface o f  the sediment bed. Further 

down the seaward slope of the inner bar the  occasional lenses o f  rip p le  

cross-bedding dip both landward and seaward.

The inner trough sediments are p a ra lle l-lam in a ted  with occasional 

rip p le  cross-bedding and burrow s tru c tu re s . Layers of abundant shell 

debris from periods of weak longshore cu rren t flow a lte rn a te  with clean 

sands from periods of strong longshore cu rren t. The dip o f rip p le  

cross-beds i s  dominantly landward but seaward dips a re  abundant near the 

swash zone.

The o u te r trough and outer bar have the le a s t  d i s t i n c t iv e  in te rnal 

s tru c tu re  except fo r  the abundant burrow s tru c tu re s . Physical sedimen­

ta ry  s tru c tu re s  are  lim ited  to  the ever-p resen t f in e  p a ra lle l  laminae 

and some landward-dipping rip p le  fo rese ts  on the ou ter bar c re s t .  I t  

is  su rp ris in g  to  find  any preservation  o f physical s tru c tu re s  in  the 

bioturbated ou ter trough. Fine p a ra lle l laminae are  the  most often  

observed s tru c tu re  in the twenty-nine box cores o f  the  nearshore.

Newton (1968) observed th a t  th is  type o f p lanar bedding can re s u l t  from 

m igration o f long-crested  rip p les  under conditions o f  slow sediment
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accumulation. The other possib le  o rig in  fo r planar bedding i s  upper 

regime flow. At Panama C ity  Beach* upper regime flow is  confined to 

the swash and probably the inner bar c re s t  during large  (storm) waves.

Preservation

The preservation  of nearshore sand deposits is  usually  lim ited  to  

storm deposits (Harms, e t  a l .*  1975). The depth of scour induced by 

typical*  d a ily , wave conditions i s  s u f f ic ie n t  to  remove sand accumula­

tions to  a t  le a s t  a depth o f  one h a lf  meter. The d a ily  changes in  

measured topographic p ro f i le s  shown in th is  paper support th is  f a c t .

The removal o f sand to  the offshore by storm waves i s  a more l ik e ly  

way to  preserve the  nearshore sands in  the geologic record . I f  the 

Panama City Beach nearshore were to  experience a r i s e  in  sealeve! then 

the burrowing organisms offshore would migrate landward and o b li te ra te  

a ll  physical s tru c tu re . However, the  coarser sand layers in  the swash 

might re ta in  enough o f th e i r  id e n tity  to  allow recognition  of the 

nearshore sand body in  the rock record . Sea level drop would expose 

the beach sands to  wind erosion and chemical a lte ra t io n  re su ltin g  in  

poor p reservation .

Figure 79 shows an id ea lized  nearshore s tra tig ra p h ic  sequence 

fo r a reg ressive  sh o re lin e . Under conditions of abundant sediment 

supply a prograding shore line  on the Panama City Beach could produce a 

deposit s im ila r to  th is .  The sequence o f bedding types would be the 

most important c h a ra c te r is t ic  used to  recognize the nearshore o rig in  o f 

these sands. The tr a n s it io n  from bioturbated offshore sands to  shore­

ward-dipping, bar avalanche face cross-beds to  low-angle, seaward-dip-
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pin<{ swash layers  i s  most d is t in c tiv e .

Other d is t in c t iv e  c h a ra c te r is tic s  o f the nearshore sedimentary 

deposits include the  v a r ia b ili ty  o f bedding dip d ire c tio n . Most bedding 

dips landward but seaward and alongshore dips a re  also  q u ite  abundant.

The grain s iz e  and so rting  are  most uniform throughout these sands. 

B ioturbation i s  most abundant in  qu ie t water areas such as the lagoon 

and offshore  (Frey, Howard, and Pryor, 1978). B ioturbation in  the sub­

a e r ia l beach is  la rg e ly  confined to  crab burrows fo r  which there  i s  no 

data on abundance.

Biota

Carl Saloman (1976) conducted a d e ta iled  survey of the b io ta  of 

the  Panama City Beach nearshore during 1975. His re s u lts  are o f in te re s t  

to  th is  study in  terms of the e ffe c t  o f burrowing organisms on the pres­

erva tion  of physical bedding tex tu re .

Saloman (1976, p . 2) found th a t the most abundant taxa in  the 

Panama C ity nearshore i s  69 species o f pdychaetes. Fourteen o f the 

species o f polychaetes made up 80 percent of the indiv iduals recovered. 

Amphipods (sand f l e a s ) ,  Donax (su rf  clam s), and polychaetes (worms) 

are  the most abundant infauna d is tr ib u te d  across the nearshore. Less 

abundant, but more s ig n if ic a n t in  terms o f burrow size  is  the presence 

of C allianassa  shrimp and heart urchins. Both organisms in h ab it the 

inner trough , th e  seaward slope of the  inner bar and the outer trough 

and bar.

Saloman (1976) discovered th a t  the number of species and the
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d iv e rs ity  index i s  lowest in  the swash and both parameters increase 

s te ad ily  offshore . Surveys were made on a da ily  basis before and a f te r  

Hurricane E loise on September 23, 1975 with su rp ris in g  re s u l ts .  The 

number o f species and ind iv iduals increased rap id ly  on the day a f te r  

the hurricane and remained high fo r  s ix  days! T hereafter i t  dropped 

un til the l a s t  sampling da te . This fa c t  would make i t  d i f f ic u l t  to  

preserve even storm deposits i f  i t  were not fo r  the fa c t  th a t 75 per­

cent o f the indiv iduals were found in  the f i r s t  ten centim eters o f the 

sediment (Saloman, 1976). Thicker, rap id ly-deposited , sand deposits 

have some chance fo r  p reservation .
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CONCLUSIONS

1. The re g u la rity  o f  the nearshore processes a t  Panama City Beach 

under the in fluence o f the sea breeze system allows con tro lled  

experiments on bedform behavior.

a . Wave charac te r i s  a d ire c t function o f  d a ily  wind p a tte rn s .

b . Wave approach d irec tio n  is  variab le  on days when the sea 

breeze cycle i s  operating and is  from the Southwest to  West 

on days when the onshore winds dominate.

c . Nearshore topography i s  normally con tro lled  by the  d irec ­

tio n  o f wave approach and sometimes by wave s iz e  during 

prolonged storm conditions (more than a day in  du ra tion ).

2. Submarine topography plays a dominant ro le  in  the breaking wave 

hydraulics* the wave-induced nearshore c u rre n ts , and the near­

shore bedforms.

a . Topography is  involved in  a dynamic re la tio n sh ip  with wave 

charac te r such th a t each parameter m odifies the other in

a constant quest fo r  equilibrium .

b. Topography appears to  be the dominant control over bedform 

type and d is tr ib u tio n  on coasts with rhythmic topography.

c» The "horn" bar p a tte rn  exercises complete control over 

nearshore cu rren t d irec tio n  and some influence upon i t s  

in te n s i ty .

3. The p resen ta tions in  th is  study, o f coordinated bedform and
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v e lo c ity  data fo r  nearshore bedforms represents a f i r s t  step 

in  the  in te rp re ta tio n  of the flow regime o f s tru c tu re s  preserved 

in  the  geologic record.

4 . Nearshore marine bedforms can be successfu lly  d iscrim inated on a 

dep th -velocity  p lo t lik e  th a t  used by Southard (1971) fo r  uni­

d irec tio n a l flow bedforms.

a . Bedforms on the seaward slope o f the inner bar* in  the 

zone o f  shoaling waves, a re  best discrim inated on such a 

p lo t.

b. Inner trough bedforms are  su b jec t to  highly va riab le  flew 

conditions and therefo re  cannot be discrim inated as well 

on a depth-velocity  p lo t.

c . F ie ld  data from th is  study conforms f a i r ly  well with a 

th e o re tic a l p lo t involving maximum bottom velocity  (Um) 

and ve loc ity  asymmetry (AUm) .

5. Ladderback rip p les  are unique bedforms which probably r e f le c t  the 

transform ation from o sc illa to ry  motion to  un id irec tional flow in 

the su r f  zone.

a . Lunate megaripples may be the c lo se s t th ing  to  a un id irec­

tio n a l flow bedform found in  the nearshore.

b. In the swash, a plane bed re s u l ts  from near-symmetric 

o s c i l la t io n  o f high in te n s ity . This s itu a tio n  co n trasts  

sharply  with the un id irec tional flow a ttr ib u te d  to  plane 

beds formed under breaking waves (C lif to n , 1976).

c . The v o rtic a l theory of r ip p le  formation (Folk, 1976) i s  not
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supported by v e lo c ity  data gathered a t  Panama City Beach.

6. In ternal s tru c tu re  in  the Panama City Beach nearshore sands i s  

dominantly f in e ,  p lane , p a ra lle l lam ination. The bar avalanche 

face produces la rg e -sca le  cross-beds which a re  the  most prominent 

fea tu re  observed.

a . Physical sedimentary s tru c tu re s  a re  not well preserved in  

the  Panama C ity Beach sands because o f the uniform nature 

o f  the  sedim ent, daily  reworking o f the  d e p o sits , and bio­

tu rb a tio n .

b. Storms provide the  most promising mechanism fo r  p reservation  

o f  nearshore sedimentary s tru c tu re s .

7. Recommendations fo r  fu tu re  work on nearshore marine bedforms include:

a . F u lle r  instrum entation of the nearshore than was possib le

in th is  study to  d e ta il the continuous flu c tu a tio n s  in  long­

shore c u rre n t, wave charac ter, and bottom v e lo c ity .

b. The gathering  of bedform and v e lo c ity  data associated  with 

storm wave conditions, which are the most im portant in  terms 

of the geologic record.

c . Laboratory stud ies of the transform ation from o sc illa to ry  

to  u n id irec tio n a l flow associated  with breaking waves.
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This appendix contains Panama C ity Naval Coastal Research Lab 

p lo ts o f environmental data from the summers o f 1975» 1976, and 1977. 

Appendix A a lso  contains wind roses p lo tte d  on a weekly basis  fo r  the 

1976 and 1977 f ie ld  seasons. Wind rose data was derived from NOAA 

weather observations accumulated a t  Tyndall AFB, southeast o f 

Panama City Beach.
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and a lso  the speed in knots.
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th is  appendix contains topographic p ro f ile s  o f  the nearshore 

a t  Panama C ity Beach. P ro file s  from a l l  th ree f ie ld  seasons are 

included. All o f the p ro f ile s  were measured a t  one standard lo c a lity  

except fo r  those p ro f ile s  labeled A» B, C» o r B. The locations o f 

the  le t te re d  p ro f ile s  are described in  the “Bar P atterns" section 

o f  the r e s u l ts .
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The swing cu rren t meter used in  th is  study was ca lib ra ted  in  a 

flume belonging to  the Engineering Department a t  the U niversity o f  

Cincinnati* Three d if fe re n t  w iers were used to  obtain the  range of 

v e lo c itie s  which the swing m eter was capable o f recording. The th ree  

setups were: a low rec tangu lar w ier with normal slope , the  high 

rec tangular w ier with normal s lo p e , and no wier w ith reverse slope .

For each setup the procedure was to  gradually increase the d is ­

charge or slope of the  flume to  produce a s e r ie s  of c losely-spaced , 

incremental v e lo c it ie s . Each v e lo c ity  was measured with both the 

swing meter and a Gurley Pygnjy Current H eter. This i s  a commercially- 

obtained device which functions on the same p rin c ip le  as a water 

wheel. The wheel co n sis ts  o f  a se r ie s  o f  cups which are deflected  

by the curren t and the speed o f the w heel's ro ta tio n  determines the 

f lu id  v e lo c ity .

The Gurley meter readings were p lo tte d  against the swing m eter's  

readings to  obtain  the  p lo t shown in Figure C l. A semi-log p lo t 

CFig. C2) was used to  s tra ig h ten  the curve and provide a more accurate 

c a lib ra tio n . The shape of the p lo t in d ica te s  th a t  there i s  a s ig n i­

f ic a n t  in e r t ia l  e f fe c t  involved in  the  i n i t i a l  d eflec tion  o f  the swing 

m eter's  weighted paddle. The remainder o f the m eter's  ve loc ity  range 

(from 27 cm/sec to  92 cm/sec) i s  a s t r a ig h t- l in e  re la tio n sh ip .
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Figures Cl (top) and C2 (bottom): C a lib ra tio n  curves fo r  swing v e lo c ity
m eter. The same data i s  shown in  an 

a rithm atic  p lo t and a sem i-logarithm ic p lo t.
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