
Fig. I Index map showing location of St. Croix, Candlelight Reef, 
and other geographic features. 
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ORIGIN AND EVOLUTION OF THE CANDLELIGHT 
REEF-SAND CAY SYSTEM, ST. CROIX 

by Lee C. Gerhardl 

INTRODUCTION 

The i s l a n d  of S t .  Croix, l a r g e s t  and most souther ly  of t h e  U.S. 
Virgin I s l ands (F ig .  1 )  i s  bordered on i t s  nor theas tern  margin by a  
well-developed Acropora palmata reef  t h a t  extends from t h e  e a s t e r n  t i p  
of t he  i s l a n d  over f i v e  mi les  (8 km)r westward. The western terminus 
of t h e  r ee f  i s  a  l a r g e  pa tch  reef  (Candlel ight  r e e f ) ,  s l i g h t l y  
separa ted  from t h e  main reef  by one of only t h r e e  boat  channels  c ross ing  
t h e  bay-barr ier  r e e f .  

P reva i l ing  wave t r a i n s  a r e  from t h e  e a s t  and nor theas t ;  t h e  reef  
e x h i b i t s  higher  energy communities i n  t h e  e a s t e r n  p o r t i o n s ,  inc luding  
c o r a l l i n e  a l g a l  caps. Poorly developed, very small bays and lagoons 
a r e  p resen t  behind t h e  reef  ( see  a l s o  Gerhard and Stoltzman, 1974). 
The western t r a i l i n g  edge gradual ly  d iverges  northward from t h e  coas t -  
l i n e  and b a r s  deeper and broader lagoons, t h e  most wes ter ly  of which 
i s  c a l l e d  Coakley bay. Candlel ight  reef  is  a t  t h e  western extremity 
of Coakley bay. 

Candlel ight  reef  has a  broad reef  f l a t  which i s  i n  p a r t  covered by 
a  sand p i l e ,  l o c a l l y  c a l l e d  Sand Cay, which changes s i z e  and shape 
p e r i o d i c a l l y  (Fig.  2)  . 

Bathymetric p r o f i l i n g  (Fig. 3)  through Coakley Bay ind ica t ed  an 
anomolous shallow r i d g e ,  a  ledge of rock extends from t h e  southeas t  
corner  of Coakley Bay shore l ine  towards Sand Cay, and Sand Cay was 
found t o  contain d e t r i t a l  cobbles  of mainland rocks (Caledonia 
Formation, Cre taceous) ,  although separa ted  from mainland by topographic 
depression.  

1 North Dakota Geological Survey Universi ty of North Dakota Grand 
Forks, North Dakota 58202. Manuscript received March 1979 --Eds. 



The purpose of t h i s  study wlas t o  t r y  t o  determine the  control  f o r  
t h e  locat ion of t h e  major northeastern S t .  Croix bay-barrier reef  
western termination and t o  study t h e  a t y p i c a l  nature of Coakley bay and 
Candlelight r ee f .  

METHODS 

Studying the  o r i g i n  and evolution of t h e  r e e f ,  cay, s t r and l ine ,  
and lagoon of t h i s  complex required severa l  sampling methods not  
commonly employed i n  t e r r e s t r i a l  f i e l d  s tudies .  Although normal SCUBA 
and f r e e  diving techniques were used throughout the  study, two coring 
methods were instrumental  t o  the  study. 

Three holes were d r i l l e d  through Candlelight reef  (F.ig. 3 )  by means 
of a por table  gasoline-powered d r i l l .  When major sand bodies were 
encountered, a s  on t h e  e a s t  end of Sand Cay, concrete re inforc ing bar 
was driven i n t o  t h e  sediment; ease of dr iv ing (hammer blows pe r  f o o t )  
changed a s  a function of depth and mater ia l  penetrated;  however, an 
abrupt change marked t h e  contact  between sand and underlying d e t r i t a l  
muds. In  the  western hole,  a s o i l  sampling tube was lowered through 
the  d r i l l e d  hole and driven completely through the  muds. Eight f e e t  of 
mud was recovered; a chip of underlying limestone subs t ra te  was a l s o  
recovered from the  collapsed core b a r r e l .  Dr i l l ing  was done from a 
d r i l l i n g  platform constructed of tubular  aluminum and anchored t o  t h e  
ree f .  This permit ted use of block and t ack le  f o r  r e t r i e v a l  of d r i l l  
tubing and reent ry  of holes. 

Cores taken i n  t h e  lagoon were taken by SCUBA diver  teams 
operat ing a 100 pound s l i d i n g  hammer over aluminum i r r i g a t i o n  pipe o r  
p l a s t i c  ewing pis ton corer  l i n e a r .  A locking handle on the  core 
b a r r e l s  ac ted  a s  t h e  a n v i l  f o r  t h e  s l i d i n g  hammer. This method 
penetrated sands and gravels  without d i f f i c u l t y .  Where t h e  core 
b a r r e l  penetrated mud, the  mud e f f e c t i v e l y  sealed t h e  core b a r r e l  from 
sample loss .  In a t  l e a s t  one case (S-5) where the  core b a r r e l  could 
not penet ra te  coarse sediment, a concrete re inforc ing bar was driven 
i n t o  dense subs t ra te ,  recovering mud adhering t o  the p i t s  and r idges  
ornamenting t h e  ba r .  

Mud mineralogy was analyzed by X-ray d i f f r a c t i o n .  Two radio- 
carbon da tes  were run onlyontastrea annular is  from the  western d r i l l e d  
hole.  

GENERAL SETTING 

Candlel ight  reef  forms t h e  seaward margin of a small ,  complex 
lagoon named Coakley Bay (Fig. 4 ) .  The reef  proper is  covered with 
Acropora palmata, with smaller amounts of Por i t e s ,  Montastrea, and 
Diploria present .  The reef  f l a t  is  p a r t l y  a l g a l  t u r f  with l a rge  
numbers of t h e  grazing urchins,  Diadema ant i l la rum occupying the  
t r a n s i t i o n  between the  reef  fauna and t h e  a l g a l  t u r f .  Thalassia 
testudinum, t u r t l e  g rass ,  i s  common on t h e  reef  f l a t . a n d  on t h e  lagoon 



s i d e  of t h e  r e e f .  Echinometra (echinoid)  i s  a l s o  abundant i n  c rev ices  
of t h e  r e e f  f l a t .  

During much of t h e  year  wave i n t e r f e r e n c e  produces a westward 
e longat ion  of t h e  sand ba r  on t o p  of  t h e  r ee f  (Sand Cay). Winter storm 
waves may change t h e  shape of  t h e  cay r a p i d l y ,  a l though t h e  p o s i t i o n  of  
t h e  i s l a n d  may now be s t a b i l i z e d  by a shipwreck. The h ighes t  p a r t  of  
t h e  cay ,  about 0.5 meter above MSL, suppor ts  spa r se  vegeta t ion .  S h e l l  
middens from both modern and former human popula t ions  a l s o  a r e  wave- 
worked i n t o  t h e  cay. 

The lagoon o r  bay f l o o r  i s  covered wi th  Thalassia except  near t h e  
s t r a n d l i n e  where open, r i p p l e d  sand i s  p r e s e n t ,  and back of t h e  cemented 
sand "beachrock" r idge  (Fig .  3 )  where pavements of c o r a l  and mollusc 
rubble  occur.  The s t r a n d l i n e i n  t h e  e a s t e r n  p a r t  of t h e  bay i s  a s e r i e s  
of beachrock l a y e r s .  Bedrock (Caledonia Formation) i s  exposed on 
p o i n t s  de f in ing  t h e  e a s t e r n  and western l i m i t s  of t h e  bay. 

The r idge  of cemented sand i n  t h e  sou theas t ,  t h e  lobe i n  t h e  -5 
meter contour  a t  core  l o c a t i o n  S-2, and t h e  submarine r idge  connecting 
Candel ight  reef  t o  t h e  mainland po in t  a t  t h e  western end of t h e  bay 
a r e  t h e  most important f e a t u r e s  of t h e  lagoon (Fig. 3 ) .  The "beachrock" 
r idge  appears  t o  d e f l e c t  t h e  normal longshore c u r r e n t  seaward, and 
water has  always been observed t o  be more t u r b i d  along t h a t  r idge  than 
elsewhere i n  t h e  lagoon; t h e  b i o t a  of t h e  r idge  i s  l a r g e l y  a lcyonar ians  
and deeper  water  c o r a l s ,  such a s  Eusmilia. This appears  t o  
s u b s t a n t i a t e  t h e  continuing high t u r b i d i t y  which produces lower l i g h t  
l e v e l s .  The c o r a l s  a r e  poorly c a l c i f i e d  a s  compared t o  more c l e a r  
water forms, a s  wel l .  

S t r and l ine  f e a t u r e s  a r e  a s t e e p  sandy beach and beachrock i n  t h e  
e a s t e r n  p a r t .  The sand beach i s  a ba r  s epa ra t ing  a sa l tpond from t h e  
lagoon. Two passes  c u t  through t h e  b a r ,  a smal l ,  now blocked, one a t  
t h e  west end, and a dra inage  a t  t h e  e a s t  end which i s  t h e  major channel 
between t h e  pond and t h e  lagoon. During pe r iods  of dry weather,  t he  
pond is  d ry ,  wi th  blue-green a l g a l  c r u s t  ch ips  and gypsum c r y s t a l s  on 
t h e  su r face ;  dur ing  high r a i n f a l l  t h e  pond w i l l  hold water t o  about 
0.5 meters  deep; excess  water e x i t s  through t h e  e a s t e r n  channel.  
Beachrock s t a r t s  downcurrent from t h e  p o i n t  o fen t r ance  of t h e  pond 
dra inage  i n t o  t h e  lagoon. 

I t  appears  t h a t  t h e  beachrock cementation along t h e  p r e s e n t  
s t r a n d l i n e  i s  a t  l e a s t  i n  p a r t  due t o  t h e  outflow from t h e  pond. 
Perhaps excess s a l i n i t y ,  o r  d r iv ing  of hypersa l ine  waters  by freshwater  
runoff  may fo rce  p r e c i p i t a t i o n  of cement (Hanor, 1978; Hanor and 
Moore, 1974) . 

The sediment cover of t h e  p resen t  lagoon f l o o r  does no t  conta in  
apprec iable  c l a s t i c s ;  no d e t r i t a l  g r a i n s  l a r g e r  than sand s i z e  a r e  
found more than a few meters from exposed Caledonia Formation. There- 
f o r e ,  d e t r i t a l  cobbles  on SandCay a r e  no t  now being t r anspor t ed  from 
a bedrock source t o  t h e  cay. 



SEDIMENT FACIES 

Lagoon co res  con ta in  sediments of s e v e r a l  d i f f e r e n t  depos i t iona l  
environments (Appendix A ) .  I n  a l l  ca ses ,  t h e  uppermost beds o r  zones 
a r e  low i n  d e t r i t a l  g r a i n s  and con ta in  l a r g e  amounts of s k e l e t a l  sand, 
inc luding  many Halimeda p l a t e s ,  both whole and broken. This  r e f l e c t s  
t h e  p r e v a i l i n g  modern depos i t iona l  s e t t i n g  of grassbeds with a s soc ia t ed  
codiacean a lgae  and molluscs.  Ten t o  twenty cent imeters  below t h e  t o p  
of each core  t h e  amount of d e t r i t a l  g r a i n s  abrupt ly  inc reases .  A 
sho re l ine  t o  lagoon environmental t r a n s i t i o n  can be seen between core  
S-1, S-2, and 5-3 i n  t h i s  zone (Fig.  5 ) .  D i sco ida lbeach  pebbles  i n  
core  S-1 a r e  i n  t h e  same s t r a t i g r a p h i c  p o s i t i o n  a s  a zoneof  broken 
mollusc and coarse  d e t r i t a l  g r a i n  i n  co re  S-2, which i n  t u r n  
corresponds wi th  d e t r i t a l  sand mixed with Halimeda and mollusc i n  S-3. 
Movement of t h e  beach zone upwards from core  S-2 t o  S-1 i s  ind ica t ed  
by t h e  coarse  d e t r i t a l  cobble wi th  S i d e r a s t r e a  i n  t h e  base of core  S-2, 
over ly ing  c l a s t i c  mud, whereas i n  core  S-1 t h a t  p o s i t i o n  i s  occupied by 
c l a s t i c  mud with some marine mollusc fragments and some Halimeda. 

Core S-4 a l s o  is  high i n  d e t r i t a l  g r a i n s  i n  t h e  depth below t h e  
e x i s t i n g  grassbed. These g r a i n s  a r e  coarse ,  pebbles  and g rave l s ,  bu t  
do no t  e x h i b i t  t h e  d i s c o i d a l  shape of pebbles  i n  core  5-1. 

Two co res  were taken i n  t h e  next  bay t o  t h e  e a s t  (S-6, S-7) f o r  
comparison. Core S-7, near  t h e  shore l ine ,  exh ib i t ed  no unusual 
sediments,  b u t  c o r e  S-6, i n  a backreef l o c a t i o n ,  c u t  a cemented l aye r  
j u s t  above t h e  yellow mud bottom (Fig. 6 ) .  

A l l  cores  except  S-4 penet ra ted  t h e  carbonate sediments and 
recovered a dense b lue  o r  green mud s u b s t r a t e ,  a s  d i d  two of t h r e e  
ho le s  d r i l l e d  on t h e  r e e f .  

Three cores  were taken i n  t h e  v i c i n i t y  of Green Cay t o  t h e  west 
t o  t e s t  f o r  t h e  presence of t h e  dense mud i n  t h a t  a r e a ;  two 
recovered mud. One of  t hese  was seaward of  Green Cay, but  behind a 
l i n e a t i o n  apparent ly  marking an outward l i m i t  o f  mud and c l a s t i c s  
(Fig.  4) . 

Three holes  d r i l l e d  around Sand Cay encountered a cap of  c o r a l  
rubble ,  mixed c o r a l  rubble  and sand (approximately 3 meters t h i c k  i n  
each case )  and then t h i c k  s k e l e t a l  sand. Two ho les ,  west and e a s t  of 
t h e  cay, encountered dense mud below t h e  sand; t h e  t h i r d  i n  f r o n t  of 
t h e  i s l a n d  encountered limestone. I n  t h e  western co re ,  t h e  mud was 
cored through t o  limestone (Fig. 7 ) .  This  l imestone appears  t o  be of 
P le i s tocene  age and i s  an indura ted  coral-mollusc-Halimeda bank. The 
same m a t e r i a l  was encountered i n  core  ho le s  f u r t h e r  e a s t  along t h e  
r e e f ,  without any mud being p resen t .  Thus, a t  t h e  reef  c r e s t ,  no mud 
i s  p resen t  and t h e  r ee f  appears  t o  be cons t ruc ted  on an o l d e r  
l imestone " l ip" .  

Carbon 14 d a t a  on Montastrea a n n u l a r i s  from t h e  base of t h e  rubble  
zone i n  d r i l l  ho le  1 (west s i d e  of  Sand Cay) gave r e s u l t s  of 1495'65 
yea r s  and 1750'200 y e a r s ,  which f i t s  wel l  with t h e  s e a  l e v e l  curve 



used by Adey (Adey and Burke, 1976) . 

MUD SUBSTRATE 

Almost a l l  co res  i n  t h i s  s tudy,  p l u s  two more near  Green Cay, 
recovered blue-green o r  blue-gray muds, t h e  exceptions being cores  
d r i l l e d  on t o p  of t h e  r e e f ,  where mud was n o t  p re sen t  over  o l d e r  lime- 
s tone ,  and those t h a t  had mechanical pene t r a t ion  problems. Addit ional  
probes (S-5) e s t a b l i s h e d  presence of mud i n  a reas  where it was not  
cored. 

X-ray d i f f r a c t i o n  a n a l y s i s  of t hese  muds i n d i c a t e s  qua r t z  t o  be 
t h e  major c o n s t i t u e n t  with c a l c i t e ,  a r agon i t e ,  p l ag ioc la se ,  and h a l i t e  
a l s o  p r e s e n t  i n  s i g n i f i c a n t  amounts. These ana lyses  a r e  s i m i l a r  t o  
muds sampled a t  shallow depth i n  Great Pond, on t h e  oppos i te  s i d e  of 
t h e  i s l a n d ,  which i s  a pond with a  s i n g l e  narrow channel f o r  t i d a l  
communication. The q u a r t z  i s  l a r g e l y  t h e  r e s u l t  of weathering of t h e  
f ine-grained t u r b i d i t e s  of t h e  Caledonia Formation, and some q u a r t z ,  
p l a g i o c l a s e ,  and perhaps,  where p r e s e n t ,  hornblende, a r e  from t h e  
Southgate d i o r i t e  which crops  o u t  i n  a  b e l t  across  t h e  i s l a n d  from 
Great Pond t o  Green Cay. The mud has a  s loping  su r face  i n  t h e  Coakley 
bay a r e a  (Fig. 8 ) ,  r i s i n g  southward and apparent ly  jo in ing  t h e  e x i s t i n g  
s a l t  pond su r face  (Fig. 9 ) .  

O R I G I N  AND EVOLUTION OF CANDLELIGHT REEF AND COAKLEY BAY 

D r i l l i n g  has determined t h a t  a  P le is tocene  o r  o l d e r  l imestone 
unde r l i e s  t h e  length  of t h e  nor theas tern  S t .  Croix bay-barr ier  r e e f ,  a t  
l e a s t  from Candle l ight  r ee f  t o  Tague Bay, and probably through Boi le r  
Bay t o  t h e  e a s t .  Presence of a  r a i s e d  l i p  on t h i s  p la t form of  lime- 
s tone  i s  ind ica t ed  by t h e  c l o s e l y  spaced d r i l l i n g  around Candlel ight  
r e e f ,  where t h e  r ee f  margin limestone s u b s t r a t e  i s  shoa le r  than behind 
t h e  r e e f .  I n  a d d i t i o n ,  under t h e  r e e f ,  no mud i s  p resen t  between 
carbonate sands and t h e  l imestone,  bu t  it is p resen t  everywhere e l s e  
i n  t h e  lagoon behind Candle l ight  r e e f .  

Adey and Burke (1976) have r e l a t e d  s e a  l e v e l  r i s e  with time f o r  
S t .  Croix. Based on t h e i r  graphs and t h e  rad iometr ic  d a t e s  from 
Candle l ight  r e e f ,  a  s cena r io  of events  from approximately 5500 y r  BP t o  
p re sen t  can be cons t ruc ted  (Fig. 10 ) .  

The mineralogic i d e n t i t y  of cored muds t o  those i n  t h e  p resen t  
s a l t  pond, t h e  t r ansg res s ive  cha rac te r  of t h e  sediments over ly ing  t h e  
muds, and t h e  gradual  r i s e  of t h a t  su r face  from reef  t o  sho re l ine  a l l  
suggest  t h a t  a l l  t h e  mudswere depos i ted  i n  r e s t r i c t e d  c i r c u l a t i o n  
s a l i n e  environments, probably s i m i l a r  t o  t h e  p resen t  bar red  pond. 

I n i t i a l  t r ansg res s ion  over  t h e  l i p  of  t h e  Porites l imestone would 
have c rea t ed  a  bar  on t o p  of t h e  limestone (an extension of  t h e  former 
beach) wi th  a  r e s t r i c t e d  pond o r  lagoon behind. Muds depos i ted  i n  t h i s  
pond i n  p a r t  cover t h e  e a r l i e r  l imestone. 



The o r i g i n a l  t r e n d  was p a r a l l e l  t o  t h e  e x i s t i n g  reef  t rend.  A s  
t ransgress ion  progressed, the  sand bar  was moved landward and reef  
coloniza t ion  progressed on the  o r i g i n a l  d e c l i v i t y  over t h e  limestone 
l i p .  Longshore cu r ren t  from t h e  e a s t  was developed. 

A t  Coakley bay, however, a  combination of cu r ren t  de f l ec t ion  by 
rock r idges  and f l u v i a l  in t e r fe rences  from t h e  Southgate drainage a t  
Green Cay d e f l e c t e d  t h e  longshore cu r ren t  northward, and a  s p i t  was 
developed nor th  from western Coakley Bay, along which c l a s t i c s  were 
t ranspor ted  northward. 

The bar  by t h i s  time was mcved shoreward, but  was anchored a t  t h e  
s i t e  of Candlel ight  reef  by t h e  growing s p i t .  The s p i t  is  now the  
submarine r idge  between Candlel ight  reef  and t h e  shore l ine .  

The next  s t e p ,  a t  about 3000 y r  BP and -2 meters s e a  stand a  pond 
was enclosed by t h e  remnant bar  and s p i t  (Fig. 10D). Drainage from 
t h e  pond helpe'e form beachrock, which s t i l l  e x i s t s  a s  t h e  submerged 
l i n e  of cemented mate r i a l  i n  t h e  eas te rn  p a r t  of Coakley Bay. A l a t e r  
pond drainage c  annel may be on the  s i t e  of t h e  -5 meter bathymetric 
contour nose a t  -2 (Fig. 3 ) .  There i s  no doubt t h a t  a  well-developed 4 
beach ex i s t ed  a t  9-1 where d i sco ida l  beach pebbles a r e  present ,  
t ranspor ted  northward by longshore cu r ren t s .  

C l a s t i c s  were c a r r i e d  ou t  t o  the  s i t e  of Candlel ight  reef  by 
longshore d r i f t  along both s p i t  and ba r ,  c rea t ing  a  p i l e  of debr i s  a t  
t h e i r  conjunction. A s  Acropora palmata was es t ab l i shed ,  reef  
coloniza t ion  became rapid .  

The cur ren t  t r ansgress ive  episode slowed and t h e  spi t -bar  
combination migrated shoreward t o  i t s  p resen t  p o s i t i o n ,  barr ing  t h e  
p resen t  s a l t  pond. 

SUMMARY 

Candlel ight  r ee f  i s  the  bu t t r e s s ing  western terminus of the  
northeastern S t .  Croix reef  system because of a  combination of paleo- 
topography and longshore d r i f t  which c rea ted  a  s t a b l e  p i l e  of d e t r i t a l  
ma te r i a l  a t  t h e  pos i t ion  of Candlel ight  r e e f .  Reef coloniza t ion  
proceeded eastward along t h e  former s lope  break on t h e  limestone 
t e r r a c e ;  t u r b i d  gyres along t h e  eas te rn  margin of the  former Southgate 
drainage prevented f u r t h e r  westward coloniza t ion .  I t  i s  q u i t e  poss ib le  
t h a t  t h e  o l d  limestone bench has a l s o  been breached west of Candlel ight  
r e e f ,  o r  e l s e  t u r n s  northwestward (which appears l i k e l y  on a e r i a l  
photographs) . 

The presence of  d e t r i t a l  cobbles i n  Sand Cay and Candlel ight  reef  
is  e a s i l y  explained by t h i s  model, a s  wel l  a s  t h e  submerged r idge  and 
submerged beachrock. 

One of the  i n t e r e s t i n g  subs id iary  r e s u l t s  of t h i s  s tudy i s  t h e  
demonstration t h a t  an unconformity between underlying f ine-grained 



quartzose rocks and overlying carbonates, with basal  conglomerate, need 
represent  only an e u s t a t i c  sea l eve l  r i s e  r a t he r  than any fundamental 
t ec ton ic  event. Dynamic environmental t rans locat ion of sediment bodies 
can appear t o  represent  disconformities t h a t  do not r e a l l y  ex i s t .  
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APPENDIX A. CORE DESCRIPTIONS 

S-1. On approximate l i n e  with submerged beachrock northwest of M i l l  
Po in t .  

0-17 cm 

17-75 cm 

Halimeda--elastic sand wi th  T h a l a s s i a  rhizomes. Contact 
wi th  lower u n i t  i s  f ine-grained s i l t y  sand. 

Gravel of  d i s c o i d a l  pebbles  of  Caledonia Formation and 
l a r g e  broken mollusc fragments i n  a f i n e  sand matr ix.  
Large c l a s t s  a r e  a l igned  p a r a l l e l  t o  bedding. B ioc la s t s  
i n  p a r t  encrusted by P e t a l o c o n c h u s .  C e r i t h i u m  common. 
One ungaped P i t a r  a t  65 cm. 

Pea t ,  u n i d e n t i f i a b l e  o r i g i n ,  wi th  minor carbonate g r a i n s  
and one l a r g e  d e t r i t a l  c l a s t .  

D e t r i t a l - s k e l e t a l  conglomerate; t h in - she l l ed  molluscs,  
Hal imeda ,  l i k e  mangrove b i o t a .  

Blue-green mud with very few carbonate g r a i n s .  

Blue-green mud. 

S-2 Northeast of end of  submerged beachrock. 

Halimeda p l a t e s  i n  f ine-grained s k e l e t a l  sand. A few 
mollusk fragments. Whole Halimeda p l a t e s  i n  lower p a r t  
of u n i t ;  T h a l a s s i a  rhizomes i n  upper p a r t .  Transi t ioned 
con tac t  with lower u n i t .  

Medium-grained Halimeda-mollusc sand wi th  d e t r i t a l  pebbles .  
Mesophyl lum and gorgonian s p i c u l e s  a r e  p r e s e n t ,  many 
C e r i t h i u m .  Sharp con tac t  wi th  lower u n i t .  

Massive bedded, c las t ic -mol lusc  g r a v e l ,  c l a s t i c s  well- 
rounded, many small gastropods,  a few l a r g e  pelecypods. 

Nearly t h e  same a s  upper u n i t  bu t  average g r a i n  s i z e  of  
l a r g e r  c l a s t s  i s  increased .  

C l a s t i c  gravel  i n  carbonate sand matr ix.  Lowest p a r t i c l e  
i s  f i s t - s i z e  d e t r i t a l  c l a s t  encrus ted  by S i d e r a s t r e a .  
"Basal conglomerate." 

(TD) Blue-green mud. I r r e g u l a r  con tac t  l i k e  disconformity 
wi th  over ly ing  u n i t .  



S-3 Northeast  of 5-2, ou t s ide  (NE) of t h e  submerged beachrock 

Poorly s o r t e d  s k e l e t a l  sand with few l a r g e  mollusks. 
Halimeda, gastropods,  pelecypods. Gradat ional  con tac t  
with lower u n i t .  Thalassia rhizomes p resen t .  

Cerithium, o t h e r  l a r g e  mollusks, Halimeda, i n  a  f ine -  
gra ined  s k e l e t a l  sand matr ix .  A few d e t r i t a l  medium t o  
coarse  sand g r a i n s .  Contact  with underlying u n i t  is  
sharp.  

Cerithium grave l  with l a r g e  numbers of unbroken Halimeda 
p l a t e s ;  minor matr ix of f ine-grained s k e l e t a l  sand. Many 
smal le r  molluscs appear abraded. Gradat ional  con tac t  with 
underlying u n i t .  

S k e l e t a l  sand grading downward from Cerithium-Halimeda 
grave l  t o  mollusc sand. Some c l a s t i c  sand g ra ins .  

Coarse pelecypod-clast ic  g rave l  with Oculina, Cerithium, 
Nerites, and c rus tose  c o r a l l i n e  a l g a l  coated Porites. 
Sand matr ix.  Contact with underlying u n i t  i r r e g u l a r  and 
sharp.  

(TD) Yellow-green and blue-green mud. Contact  with 
over ly ing  u n i t  has 2-3 cm r e l i e f .  A minor amount of 
f i n e l y  comminuted s k e l e t a l  d e t r i t u s .  

E n t i r e  core  e x h i b i t s  very l i t t l e  bedding, may have been 
b io turba ted  , no p r e f e r e n t i a l  o r i e n t a t i o n  of f l a t  
p a r t i c l e s .  

S-4 Taken on t h e  submerged r idge  between t h e  western headland of 
Coaklev Bav and Candle l iuht  r ee f  

0-8 cm Medium- t o  f ine-grained sand with some r e l a t i v e l y  unbroken 
Halimeda p l a t e s :  a  few small mollusk s h e l l s .  Thalassia 
rhizomes, few c l a s t i c  g ra ins .  No bedding. T r a n s i t i o n a l  
con tac t  with underlying u n i t .  

8-24 cm Moderately coarse  s k e l e t a l  sand with f ine-grained sand 
admixture grading downwards t o  base of u n i t  which has  l a r g e  
broken Codakia s h e l l s .  Halimeda abundant. Some c l a s t i c  
sand, i nc reases  downwards. Abraded Homotrema. 
T r a n s i t i o n a l  con tac t  with underlying u n i t .  

24-32 cm Coarse sand and g rave l ,  whole Cerithium, o t h e r  gastropods,  
l a r g e  c l a s t i c  g r a i n s ,  and broken Halimeda p l a t e s  i n f i l t r a t e d  
with f ine-grained sand. C l a s t i c s  a r e  rounded. 
T r a n s i t i o n a l  con tac t  with underlying u n i t .  



32-69. Coarse c l a s t i c  g rave l ,  wel l  rounded, a s  i f  beach pebbles;  
d i s c o i d a l  c l a s t s .  Abraded Cerithium s h e l l s ,  o t h e r  l a r g e  
mollusc fragments. Contact with underlying u n i t  i s  abrupt .  

69-91 cm (TD) Halimeda-mollusc sand with well-rounded c l a s t i c  
granules  and pebbles ,  bu t  a  much l e s s e r  amount than i n  
over ly ing  u n i t .  

5-5 Probe, j u s t  no r theas t  of  5-4 

Blue-green mud on probe t i p  a t  depth of  195 cm. 

S-6b Taken i n  f r o n t  of Coakley Bay condominiums a few meters 
lagoonward from reef  

0-11 cm Coarse s k e l e t a l  sand. May be washed. 

11-32 cm Medium coarse  s k e l e t a l  sand, nea r ly  10% c l a s t i c  sand 
g r a i n s .  

32-68 cm Halimeda-mollusc-clastic gravel .  Cerithium abundant. 
Well burrowed. Homotrema abundant. 

68-83.5 cm Coarse mollusc va lves ,  elastics, wi th  l e s s  Homotrema. 
Cemented nodule of pelecypod fragments,  o r i e n t e d  p a r a l l e l  
wi th  sediment-water su r face ,  about 1 cm t h i c k .  

83.5-87 cm (TD) Yellow-green mud wi th  few carbonate g ra ins .  

5-7 Taken j u s t  o f f  beach i n  f r o n t  of Coakley Bay condominiums 

0-13 cm Fine-grained s k e l e t a l  sand wi th  foramini fera ,  Halimeda 
p l a t e s  and Thalassia rhizomes. Molluscs common. 

13-62 cm Overa l l  coarser  than over ly ing  u n i t ,  poor ly  so r t ed  with 
c o r a l  fragments, Cerithium and extremely abundant whole 
Halimeda p l a t e s .  C l a s t i c s  l e s s  than 10%. Many l a r g e  
mollusc valve fragments,  inc luding  Codakia. Oculina and 
Mesophyllum both p resen t .  Gradat ional  con tac t  wi th  
underlying u n i t .  

62-82 cm Grain s i z e  g r e a t l y  increased  because of very  l a r g e  mollusk 
fragments and sub-rounded t o  sub-angular d e t r i t a l  c l a s t s .  
Oculina a t  t o p  of u n i t  and Mesophyllum i s  abundant. One 
l a r g e  Natica i s  i n t a c t  wi th  r o o t  e tch ings .  Many broken 
but  f r e s h  pelecypod s h e l l s .  Contact with underlying u n i t  
is  r e l a t i v e l y  sharp.  

82-89 cm Fine-grained sand conta in ing  Oculina, Mesophyllum, and 
d e t r i t a l  sand. Abrupt contac t  w i th  underlying u n i t .  



89-99 cm (TD) Blue-green mud w i t h  few ca rbona t e  p a r t i c l e s ,  s u r f a c e  
w i th  o v e r l y i n g  u n i t  1-2 cm r e l i e f .  S h e l l  f ragments  appear  
t o  be th in -wal led  mol luscs .  

APPENDIX B. DRILLED HOLE LOGS 

SC-1 West o f  Sand Cay 

0-4 f e e t  Water 

4-5 f e e t  Cap rock o f  c o r a l  r ubb l e  

5-10 f e e t  Sand and c o r a l  r ubb l e  

10-19 f e e t  Carbonate sand 

19-25 f e e t  Blue-green mud 

25-28 f e e t  Green mud 

TD Pori tes l imes tone  ( P l e i s t o c e n e ? )  

SC-2 North o f  Sand Cay 

0-4 f e e t  Water 

4-5 f e e t  Cap rock of  c o r a l  r ubb l e  

5-9 f e e t  Sand and c o r a l  r u b b l e  

9-25 f e e t  Carbonate  sand 

TD Limestone 

SC-3 E a s t  o f  Sand Cay 

0-3 f e e t  Water 

3-3.5 f e e t  Cap rock of  c o r a l  r ubb l e  

3.5-9.5 f e e t  Sand and c o r a l  r ubb l e  

9.5-24 f e e t  Carbonate sand 

24-24.4 f e e t  TD Blue-green mud 



Fig .  2 A e r i a l  photographs of  Sand Cay and Tague Bay r e e f  complex. 
A.  Tague Bay r e e f  complex, view looking e a s t .  Acropora 
palmata i s  major c o r a l  o f  r e e f  c r e s t .  B. Sand Cay, August, 
1973. C .  Sand Cay, February,  1974. D.  Sand Cay, March, 
1977. E .  Sal tpond behind b a r ,  Coakley Bay, S t .  Croix.  
B ,  C ,  and D looking sou th ,  E looking sou theas t .  
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Fig. 3 Bathymetric map of Coakley Bay a rea ,  S t .  Croix, showing core 
locat ions  ( X )  and l i n e  of sec t ion  f o r  f igure  9. 



Fig. 4 Substrate types c e n t r a l  north S t .  Croix she l f .  Lineation 
north of Green Cay may ind ica te  l i m i t  of muds or  edge of 
Pleistocene limestone t e r r a c e ;  N-S l inea t ion  appears t o  be 
formed drainage channel. 



5 Correlation of cores S-1, S-2, and S-3 with (a) interpreted 
environments of deposition. Dark triangles indicate relative 
abundance of detrital clasts. Photographs are from: (b) S-1 
(59-71 cm); (c) S-2 (110-145 cm) ; (d) S-3 (71-85 cm); (e) 
S-3 (19-34 cm) . 

3-3.0 Meters I 





Fig .  6 Photomicrograph of cemented l a y e r  recovered i n  core  S-6 
showing Halimeda, mollusc and foramini fera  g r a i n s  i n  m i c r i t i c  
cement and matr ix.  F i e l d  of view i s  10 mm wide. 

F ig .  Photomicrograph of l imestone s u b s t r a t e  below sand cay,  
Halimeda g r a i n  and bored and m i c r i t i z e d  probable Porite 
Halimeda g r a i n  i s  2 mm diameter .  
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Fig. 8 Topography of mud surface ,  Coakley Bay, S t .  Croix. 
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0 100 200 meters - 
Fig. 9 Schematic cross-section through Coakley Bay showing 

stratigraphic relationships between modern and earlier 
sediments. 
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PLEISTOCENE LS. ? 

SEA LEVEL - 8meters,- 5 5 0 0  YBP. 

Fig. 10 Interpre ted development s tages  fo r  Sand Cay, Coakley Bay, 
and associated features .  A.  >5500 YBP. B. Q5000 YBP. 
C.  Q4200 YBP. D.  Q3000 YBP. E. Present. 

SEA LEVEL - 7 meters, 5 0 0 0  YBP 

SEA LEVEL-  5meters,-4200YBP 
0 5miles - 
0 .5 kilometers 



SEA LEVEL -2  meters, 3000 YBP. 

E. APPARENT MUD L IMIT  

CI=  2meters PRESENT SALT 
POND 

0 Smiles - 
0 .5 kilometers 




