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ABSTRACT 
1 

E x t e n s i v e  b u t  l o c a l l y  d i s c o n t i n u o u s  Holocene beachrock  c r o p s  o u t  w i t h i n  t h e  i n t e r t i d a l  o f  
N o r t h e r n  Jamaica .  A  s y s t e n a t i c  beachrock c o r i n g  w d  i n t e r s t i t i a l  water  sampling program was conducted 
0.5 km w e s t  of t h e  Discovery  Bay Marine Lab. The u n i t  r a n g e s  up t o  44 cm i n  t h i c k n e s s  and c o n s i s t s  of  
f i n e  t o  medium c a l c a r e n i t e s  of  s o r t e d  G o n i o l i t h o n ,  Halimeda,  and c o r a l  f ragments .  The a l lochems  a r e  
l i t h i f i e d  by a t  l e a s t  f i v e  d i s t i n c t i v e  cements :  m i c r i t i c  enve lopes  of h i g h  Eg c a l c i t e ,  e q u w t  t o  bladed 
h igh  Mg c a l c i t e ,  m i c r i t i c  h i g h  Mg c a l c i t e ,  p e l l e t o i d a l  h i g h  Mg c a l c i t e ,  and e q u a n t  t o  f i b r o u s  
a r a g o n i t e .  The cements v a r y  l a t e r a l  l y  and v e r t i c a l  ly  c o n t r i b u t i n g  t o  a  v a r i e t y  of p e t r o g r a p h i c  f a b r i c s  
t y p i c a l l y  i n d i c a t i v e  of  o t h e r  c a r b o n a t e  env i ronments .  Cement m i n e r a l o g i e s  approach  chemica l  

u i l i b r i u m  w i t h  t h e  p o r e  w a t e r s  and can  be  d i r e c t l y  r e l a t e d  t o  t e  d i s s o l v e d  C02 a c t i v i t y .  Whole r o c k  
"C d a t e s  s u g g e s t  accumula t ion-cementa t ion  r a t e s  of 1.4 mm yr-' below a  rock  d e p t h  of 1 4  cm and a l m o s t  
i n s t a n t a n e o u s l y  above  1 4  cm. 

De nombreux a f f l e u r e m e n t s  d e  g r h s  d e  p l a g e ,  loca lement  d i s c o n t i n u s ,  s o n t  v i s i b l e s  dans l a  zone 
i n t e r t i d a l e  du l i t t o r a l  Nord de l a  Jamaique.  Un programme de c a r o t t a g e  des g r h s  de p lage  e t  de 
p rCl ivement  d ' e a u  i n t e r s t i t i e l l e  a  C t C  men6 d e  faqon  sys tCmat ique  dans  un s e c t e u r  s i t u C  i 0 , s  km i 
l ' O u e s t  du l a b o r a t o i r e  m a r i n  d e  Discovery  Bay. L ' a f f l e u r e m e n t  a  u n e  Q p a i s s e u r  d e  p l u s  d e  4 4  an e t  
comprend d e s  c a l c a r e n i t e s  f i n e s  i moyennes formQes p a r  d e s  d e b r i s  i s o m Q t r i q u e s  d e  G o n i o l i t h o n ,  Halimeda 
e t  d e  c o r a u x .  Les al lochemes s o n t  c i m e n t k  par  au m i n s  5 t y p e s  de c iments  : enve loppes  m i c r i t i q u e s  de 
c a l c i t e  magnbsienne,  c a l c i t e  magnbsienne en c r i s t a u x  Q q u i g r a n u l a i r e s  i a c i c u l a i r e s .  Les c i m e n t s  v a r i e n t  
l a t h r a l e m n t  e t  v e r t i c a l e m e n t ,  c o n s t i t u a n t  un e n s e n b l e  d e  f a c i h s  ~ Q t r o g r a p h i q u e s  t y p i q u e s  d ' a u t r e s  
env i ronnements  c a r b o n a t b s .  MinQra log iquement ,  c e s  c i m e n t s  s o n t  p r a t i q u e m e n t  en Q q u i l i b r e  himique a v e c  
l e s  eaux  n t e s t t e l l e s  e t  s o n t  f o n c t i o n  d e  l o a c t i v i t Q  du C02 d i s s o u s .  Les d a t a t i o n s  l g C  d e  l a  roche  
t o t a l e  i n d i q u e n t  que l e s  v i t e s s e s  de s h d i m e n t a t i o n  - c i m e n t a t i o n  s o n t  d e  1 4  mm par  an i l a  profondeur 
d e  1 4  un e t  p resque  i n s t a n t a n h s  au-dessus  d e  1 4  un. 



INTRODUCTION: PDSING THE PROBLEM 

As both l i t h i f i e d  reef  and i n t e r t i d a l  
ca lcaren i tes  can be ind is t ingu ishab le  i n  
a l  lochem composition and cement 
mineralogy, po tent la l  problems o f  
d iscr iminat ion  o f  these fac ies i n . t h e  
ancient can resu l t .  This paper w l  l l  
examine a Holocene beachrock occurrence 
w l th  the purpose o f  attemptln not on1 y 
t o  l i n k  process-resul t, but a?so t ?  
describe the  systematic heterogeneity o f  
cement mor~holoav. chemistrv. and 
geometry d i  agnostic o f  beachroc k. 

Bv d e f i n l t i o n ,  beachrock r e f e r s  t o  
any b & a ~ h  deposit l i t h i f i e d  s n 
deposit lonal  l y or soon thereayter , 
consequently ~t may consist o f  quartz 
sand grains, coconuts, b o t t  l es, anything 
found on a beach. Most common1 y, 
beachrock a l  lochems are comoosed o f  
cal careous skel eta1 materi arl . Nel son 
(1840) f i r s t  described beachrock i n  
Bermuda (although the actual occurrence 
studied was not beachrock, but a meteoric 
cal cite-cemented PI eistocene eol i a n i  te ) .  
Since then beachrock has been reported 
from many a r t s  o f  the world, predomi- 
nant l g  i n f h e  t rop i cs  and subtropics: 
e.g. r a z l l  (Branner, 1904). south 
F lo r i da  (Ginsber , 1953). southern coast 
of  S a i n  (Al exan%ersson , 19691, Buatar 
( ~ a y y o r  and I l l i n  1969), and Grand 
Cayman (Moore? 19yi).  Hypotheses 
orooosed fo r  l t s  formation ranae from 
evaboration o f  seawater a t  l ow-t i de  
(Dana 1851), de assin of.CO2 (Branner 
1904; ' Hanpr , 1971). megeor lc-mar l ne  
water-mlxln (Schmalz, 1971), organic 
a c t i v i t i e s  ?Moore, 19731, t o  no s l n g l e  
unique o r l g i n  (Moore, 1977). Beachrock 
cements are charac ter is t l ca l  l  v 
hetero eneous i n  d i s t r i b u t i o n -  and 
minera?ogy (Ginsburg, 1953; Moore, 1973 

PHYSICAL SETTING 

Beachrock i s  extensive but local l y 
discontinuous i n  outcrop on the northern 
coast o f  Jamaica and u n t i l  now has 
received l i t t l e  study. The beachrock 
l o c a l i t y  i n v e s t i  ated i n  t h i s  paper 
occurs approxima?el y 0.5 km west o f  the 

Marine Lab (Fig. 1). The Discover$ Bay. . , 

s i ze  o f  he ~ t h ~ f l e d  allochems depends 
upon the  energr o f  the local  beach 
environment. or examole. the beachrock 
i n  the  study area, a p io tec ted pocket 
beach, cons ls ts  o f  sand s i ze  pa r t i c l es ,  
whi l e cobble-size fragments o f  coral can 
be observed i n  a cemented berm a l  vng a 
h i  her energy sect ion a few hundred 
meqers east o f  the studv area. The 
beachrock u n i t  i s  later51 l y and 
v e r t i c a l  l y discontinuous w l th  unconso- 
l idated beach. sands surroundina i t  . The 
u n i t  crops out i n  the i n t e r t i d a l  and d ips  
seaward a t  an angle. o f  100 comparable 
t o  the diD5 o f  l l t h i f l e d  b&ach sands 
found a t  man other l o c a l i t i e s  around the  
world, e.g. grpnd Cayman (Moore, 1973) 
and south F lo r i da  (Glnsburg, 1953). The 
u n i t  contains me ascoplc (scale o f  
meters) n en ortRn onal f ractures which 
are orienred aral?el  and normal t o  the  
shore l ine .  T R ~  u n l i t h i f i e d  sediment 
cover i n  the i n t e r t i d a l  t o  suprat ldal  
oar t  o f  the  studv area averaaes onlv a 
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Figure 1: Location Map o f  Discovery 
Bay, Jamaica! and the study area. Map 
drawn from a l r  photograph. 

METHODS OF DATA ACQUISITION - 
A H dradr i l l@was used t o  d r i l l  the 

transecx from the i n t e r t i d a l  t o  j u s t  
behind the  ree f  c res t  (F i  2). For 
o f fshore  d r i  l  l ing !  two 1.3-m high 
p la t fo rms were b u l l t  t o  subaer ia l l  
sup o r t  the r i g  and water pump i n  rhe  
bacRreef . Borehol e cave-ins prevented 
the  d r i l l i n g  o f  we l ls  on the supra t ida l  
beach. One meter tungsten carblde core 
ba r re l  b i t s  were.used t o  gather cores 
thoughout the d r l l l l n g  process- recovery 
averagaed about 80 per cent. br i l l =ng 
r a t e s  averaged 30 cm per hour, and I n  
a l  I, f i v e  we1 I s  were completed i n  20 
days. The recovered cores were washed 
immediate1 y w l th  fresh water t o  prevent 
s a l t s  from p r e c i p i t a t i n g  i n  the pores. 
Cores taken from the transect we1 I s  were 
s l  abbed and t hin-sect i oned. Rocks were 
named according t o  both Folk (1962) and 
Dunham (1962) and cements c l a s s i f i e d  
according t o  Folk (1965). To re in fo rce  
the  petrogra h i c  observations, smal l 
ch i  s from. tRe cores were analyzed on an 
E T E ~  Scannlng Electron Microscope (SEM). 
To help del jneate cement mineral o ies,  
e.g. aragonite or Mg-calclte, gua? i ta t i ve  
energ dispersive spectrographlc readings 
were raken. Back scat te r ing  ima ery  and 
more quant i t a t l v e  anal rses for  Za0, Mgo, 
SrO, and FeOl which w i  I be reported I n  
greater de ta l  l e l  sewhere, were conducted 
on s i x  selected specimens courtesy o f  
Phi l l i p s  Petroleum Research and 
Deve l opment ' s Jeol microprobe. 

The etrographic cha rac te r i s t i cs  o f  
the beacRrock var considerab l y both 
ver t  l c a ~  I y and I a r e r a ~  I For t ha t  
reason we shal l systemar~cal  l y describe 
each we1 l from the surface downward 
beginning a t  the u per i n t e r t i d a l  and 
moving oceanward (Fig. 2). 

f eu  cent imeters- in thl~ckness, The a 

sediment i s  under l a i n  and f I anked PETRMjRAPHIC OBSERVATIONS 
l a t e r a l l y  by the  Mlddle Pleistocene 
Falmouth Formation (named by Hi1 1 ,  18gg), Upper Middle I n t e r t i d a l  Zone: Wel l H-2 
a sparry c a l c i t e /  dolomite cemented 
limestone contain ing a typ ica l  s u i t e  o f  
rock types belon i n g  t o  a f r i n  i n g  ree f  
s e t t i n g  (Land an% E p ~ t e i n ,  1978). I n  the  
s u b t ~ d a l ,  the  l i t h x f l e d  sands grade i n t o  
u n l i t h i f i e d  coral l ine-calcareous a lgal  
meadows. The average su r f  on t h ~ s  beach 
i s  r e l a t i v e l y  mild. The breaking waves 
have an amplitude o f  s i x  t o  ten cm a t  
h igh t ide ,  and a t  low t i d e  the waves are  
so small t ha t  they merely lap up onto the  
beach. Northern Jamaica experiences a 
maximum t i d a l  ran e o f  1.5 m w i th  a mean 
annual r a i n f a l l  a9 ncarb Falmouth o f  
102 + 25 cm (Vickers, 19T9). Durin the 
time-of study (Jul  y-eugust 1982). ?h i s  
reglon was experlenclng a drought. 

From zero t o  t h i r t e e n  cm deep: I n  
t h i n  sect ion t h i s  rock i s  a f l n e  
cal careni te:  sorted b iospar i te,  
foss i  l i f erous grainstone. The a l  l ochems 
are ( i n  order o f  decreasina 
predominance) GonioI i th_oyasp., coral  
chips, Hal imeda se., ana ~ n f r a c l a s t s .  
The intraFTZZfE are orobabl v fossi  l s tha t  
have been m ic r i  tized'. s o r t i n  i s  good, 
and a l l a l l oc hems are subr oun%ed . We l l 
H-2 has the  1 east amount o f  cementation 
o f  an o f  the beachrock we1 Is. The 
cemenr i s  equant or BI i g h t  l y b l aded 
mlcrospar , isopachous and occasions l l 
meniscus. The steep1 y inc l  ined, poin$ed 
bladed c r y s t a l s  are i nd i ca t i ve  o f  a 



Figure 2: Mean t i d e  view of  cased 
transect we1 I s  from the beachrock t o  juc 
behlnd the reef f l a t .  The bracket 
indicates the location of the beachrock. 

F x u r e  3: Cross DOI arized 
h6tomicrogra h-omf beachrock from we1 l 

R-2.  thou R appearing on1 s l i g h t l y  
cemented. SEA ana l vsi  s revears these 
al  lochems t o  be we1 I-covered with a high 
MQ-calcite cement. Bar i s  0.2 mm. 

Figure 5: Scannin Electron Microsco e 
photo r a  h o f  beac#rock cement from 25 c m  
i n  H-7 sRowing the radial growth of  the 
M ca l c i t e  cement i n  spectacular c lus ters  
07-rosettes. Bar i s  10 micrometers. 

Figure 6: Scanning Electron Plicroscope 
photo o f  beachrock from H-5. Note the 
two enerations o f  cements: 1) ara on i te  
needyes and 2) equant bigh Ml-calcife 
crystals.  Bar i s  10 microme ers. 

Figure 4: Cross ~ o l a r i z e d  photomicro- 
graph o f  beachroc a t  22 cm i n  H-1. Two 
enerat ions of high Mg-cal c i  t e  cements 

~HMC, and one generation o f  aragonite 
cement (A) are present. Bar i s  0.2 mm. 

-- - - 

Figure 7: Cross olarized l i gh t  hoto-p 
micrograph from 25-26 cm i n  H-7. bp t o  
seven generations of  m i c r i t i c  and laded 
high magnesian ca lc i te  cements form 
these unusual p isol  i ths.  Bar i s  0.2 mm. 



high magnesian c a l c i t e  cement. The 
cement code according t o  Folk (1965) i s  
P.EI-P:B~C. Supportingl y, micro robe 
ana s i s  confirms the  cement t o  ge a 
1 6 . d  + 0.3 mol % M ca l c i t e .  

From seventeen 2; 25 centimeters 
deep: The r a i n  s i ze  i s  s l  i g h t l  
coarser, mazing t h i s  sec t ion  o f  rhe  core 
a medium calcareni te:  sorted b iospar i te ,  
foss i  l i ferous grainstone <Fig. 3). The 
a l  lochems i n  decreasing predominance a re  
Goniol i thon ST. r H_a_Limeda se. coral  
fFH@XTiif E;-mo l usc s, 7 EFSmin i f er a, 
echinoid fraaments, and i n t r a c l  asts. The 
cement i s  a n - i n i t i a l  isopachous crust ,  
P.B2C. The cementation i s  be t te r  
developed than cements up section. but 
the  cement i s  s t i  l l a h igh Mg-cal c i t e .  
The SEM photo o f  the  cement shows 
ubiqui tous and we1 l formed rhombohedra1 
c r y s t a l s  o f  h igh Mg-calcite. 

From 30 t o  36 cm deep: With in t h i s  
in te rva l .  the  rock i s  a f i n e  calcareni te:  
sorted b ios  a r i t e ,  f o s s i l i f e r o u s  
packstone, f e x t u r a l l  c l a s s i f i e d  as a 
packstone owing t o  t x e  presence o f  
m i c r i t e  as an i n t e r p a r t i c l e  cement. The 
rock 1s gra ln  su ported and the cement 
:xpe i s  s imi la r  f o  t he  cements higher i n  

e we1 I .  A l  lochems consist  o f  
Goniol i t hon  s p., coral  f r a  ments. 
ZFhiEEia-pra es, br yozoa. ?or ami n i  f  era, 
and i n t r a -  c las ts .  A l  lochems are 
e n t i r e l y  coated by isopachous h igh  
Mg-cal c i t e ,  P.B2C. 

Middle I n t e r t i d a l  Zone: Wells H-I and 
H-5 

Petrographical l , the cores from the  
lower i n t e r t i d a l  werls H-1, H-5, and H-6 
are  more complex than well H-2. A 
greater va r i e t y  o f  cement. t pes and 
amounts o f  cementation e x i s f s  even w i th in  
one t h i n  section. 

The beachrock u n i t  i n  H-1 i s  33 cm 
th i ck  and d i r e c t  l v over l  i e s  the  Fal mouth 
Formation. A medium calcareni te:  sorted 
Goniol i t hon  SF., Hal imeda se. b ios  a r i t e ,  
TSEEiTifPFZuE ar a i i is f  ZiiP-i E found fwo cm 
deep i n  H-1. Blvalve fragments. foram- 
i n i  fera, eshinoid l  ates, and i n t r a c  l  asts 
are a lso present. 7 he f i r s t  cement, a t  
twcn cm i s  an isopachous m i c r i t e  P.E1 
fo l  low&d, e i ther  by aragonite f i b e r s  
P F3C (Fig 4) or by a micros ar w i th  a 
c i ys ta l  m ~ ; ~ h o l o g ~  o f  a h igh  RgTcalci te. 

A t  four cm dee - The.rock i s  a f i n e  
cal carenite, w i th  fk ree  d i s t i n c t ,  cements: 
two layers o f  m i c r i t e  cement i ns ide  an 
aragonite isopachous r i m .  The f i r s t  
m i c r i t e  l  dyer i s  a m i c r i t i c  envelope, 
approximately 20 micrometers th ick .  The 
high angle c rys ta l  terminations on the 
second cement P, E. 2, a.  boarder I i ne 
microspar, are i n d i c a t i v e  o f  high 
Mg-calcite. The allochems are m i c r i t i z e d  
so heavi l  y  a t  four centimeters tha t  i t  i s  
d i f f i c u l t  t o  i d e n t i f y  them. 

A t  22 cm: The Mg-calcite c r y s t a l s  
form spectacular roset tes  (Fig. 5),  
P.E2C. These c r  s ta l  faces are curved, 
i n  contrast t o  t x e  other Mg-calcite 
cements. S im i l a r l  Marshall and Davies 
(1981) have i den t i y i ed  curved h igh  
Mg-calcite c r  s t a l s  i n  submarine cemented 
rocks on the great Bar r ie r  Reef. 
Ginsberg, e t . a l  (1971) a lso  noted curved 
h i  h Mg-raTciEe c rys ta l  faces i n  Bermuda 
suzmarine cements. oostul a t i na  tha t  these 

curvature i s  s t i  l l  a u i t e  oroblematical.  
A microprobe trdnsect '  from the  

surface of  we1 l H-1 downwards del ineates 
two d i s t i n c t  cement generat ions: 
aragoni t e  and a h igh  Mg-cal c i t e  cement 
which spat ia l  l var ies  i n  magnesium from 
12.6 + 0.2 t o  39.37 + 0.30 mol %, w i th  a 
mean Galue o f  17.78 2.7.79 mol %. 

We! l H-5 i s  a l  so 1 n the l awer 
i n t e r t i d a l  zone and l i e s  acmroximatelv 
one meter west of  H-1. Thy beachrock-is 
a t  least 30 cm th ick ,  un for tunate ly  i t s  
t o t a l  thickness i s  utjknown because- the 
core bar re l  bent and forced abandonment 
before compl e t i on  i n  the under l y ing 
Fal mouth Formation. 

From zero t o  f i v e  cm deep: The 
sur face o f  the beachrock i s  covered w i th  
l i v i n g  vermi t ids and green algae. The 
rock i s  a medium calcarenite: sor ted  
~ a l i m e d a  sp.9 G o n i o l i t m q  s b iospar i te ;  
fESEiTif elous a ra i  nsf  one. -%her 
a l  l ochems are  gastropods, foramini  f  era, 
coral  fragments, and echinoid p lates.  
Aragon j t e  i s  + predominant cement 
appearing as isopachous r ims P . F ~ ~  and 
as a pore f i  l l ing.  cement P.El. 
Microprobe anal s i s  o f  t h i s  rock confirms 
aragoni te !icri{e as an i n i t i a l  cement 
and aragoni te needles as a subsequent 
cement. The Hal imeda s f lakes  a re  
heavi I y micr f i ~ ~ a l r ~ n 8 i h e r e  i s  
not iceabl  e d isso lu t ion  o f  some 
Gonio l i thon s Aragonite i s  f i  l l i n g  i n  
fhZ-pEFZEr- &h ana l ys i  s  i nd i ca tes  t h a t  
equant t o  f ib rous  h i  h Mg-calci te cement 
i s  common. P. El-P. ~.g, a morphol osy 
and mineral og -prevrousl describGd by 
Ginsbera e t  ar. ( 1971) for  Bermudan 
submarine cements. This cement type a l so  
occurs I n  H-1. I n  some areas the  
Mg-cal c i  t e  equant cement d i r e c t l y  
ove r l i es  the  araaonite needle cement. 
whi le i n  other afeas, the  aragoni te 
need l es rot rude through the  equant 
cement. E uch cement sequences ma e i t he r  
i nd i ca te  simultaneous t o  a l  ternaxing 
growth o f  these cement types or t h e  
growth o f  high.Mg-calcite around previous 
aragoni te prec i  i ta tes .  

From seven f o  eleven cm deep: The 
rock i s  a f i n e  t o  medium calcareni te:  
sor ted b iospar i te ,  f oss i l i f e rous  
rainstone. A l  lochems increase from f i n e  

&o medium gragn s i r e  w i th  depth. Those 
a t  seven t o  n ine  cm are subrounded t o  
subangul ar coral fragments, Hal i meda 5 ~ .  , 
and G g f i j o l i t h g ~  _se. From te6-€5-ZTeven 
cm t L e  aTTEFherns are rounder and much 
larger  (a  medium cal careni te) .  Here, 
Halimeda sp., Gogiol i thon sp., b i va l ve  
fFZ-iiiZ6fsp corar  fragmenfs. and gastropod 
sheyls a re  the major a l  lochems present. 
The cements vary i n  type and amount i n  
t h i s  t h i n  sect ion also. From seven t o  
e igh t  cm dee the rock i s  heavi l y 
cemented wi tRrthree d i s t i n c t  cement 
enerations: 1) a m i c r i t i c  h igh  

#g-ca lc i te  envelope surrounding the  
a l ochems 2) i sopachous ar agoni t q  
needl es. PI F ~ C ,  and 3) isopachous h igh  
Mg-cal c i t e  equant microspar P.E3. 

From 24 t o  27 cm deep. The beachrock 
i s  a medium calcarenite: sor ted 
b iospar i te ;  f oss i l i f e rous  grainstone. 
The a l  l ochems consist o f  coral  fraaments. 
Halimedg l e . ,  Goniol i thon sp., b i v ~ l v e s , ~  -- --- 
and ecl i inoid TZfFST--TFiZ Came three 
cement t v ~ e s  f hat were seen a t  seven t o  
eleven c i i  i n  t h i s  we1 l are seen a t  24 t o  
27 cm. The m i c r i t i c  envelope i s  best 
developed a t  24 cm and i s  fol lowed by 
aragoni te needle cement P. E3C. The 
cementation i s  less a t  55 cm, the  
m i c r i t i c  envelopes become fewer. and the  
aragoni te need l es disappear, I eavin on l y 
a m i c r i  t i c  and equant microspar h ig8  
Mg-calci te cement. A t  27 cm, the  
m i c r i t i c  envelope disappears en t i r e1  y. 

L o w r  I n t e r t i d a l  Zone: Wel l H-6 

The lower i n t e r t i d a l  beachrock i s  
characterized by an extensive cover o f  
ve rm i t i d  tubes and green calcaerous 
a l  ae. Uel l H-6 i s  located i n  t h e  lower 
i n z e r t i d a l  and i s  a proximatel 50 cm 
seaward from H-5. ~g t h i s  locarion, the  
beachrock i s  the th ickest ,  44 cm. and 
d i r e c t l y  ove r l i es  the Falmouth. 

From zero t o  four cm dee . The rock 
i s  a medium calcarenite: pacf;d 
b iomicr i te ,  f oss i l  i f e rous  ackstone. The 
a \  lochems are s im i l a r  t o  tRe other cores, 
and inc lude f r a  ments o f  Hal imeda SF., 
c  or a l , ~ g m i ~  l i t z g ~  sp . , eFfiiEEia-pTat es 
and foraminifera. Tn contrast t o  t h e  
other we1 Is, the  cement consists o f  h i  h 
Mg-calcite m i c r i t e  which i s  pel le to ida? 
w i th  local  areas o f  h igh Mg-calcite 
i s o  achous bladed cement P.B C. 
~urehermore, aragonite i s  no$iceabl 
absent. M i c i r i t e  i s  not r e s t r i c t e d  t o  
envelopes but becomes pervasive t o  t h e  
a l  l ochems. The aragoni t ic  HaLLmeda se. 



and high My-calc i t ic .Gon~ol i thon BE. are 
par t icu lar  y suscepti6Te €0 
micr i t iza t ion.  Another d ia  enetic 
pecu l ia r i t y  i s  the i n c i  ien? replacement 
of  some forams by phospRate. 

From 41 t o  44 cm deep: The rock i s  a 
f ine calcarenite: packed biomicrite. 
poor l washed microspar i t e .  fossi l i ferous 
packszone. The allochems are in t rac las ts  
(which may be un ident i f iab le  mlcr i t ized 
biogenic al  lochems). coral. Hal imeda sq.. 
Goni ol i thon 5 ~ .  . and mol l usc- i f  s@iiGFts. 
TKZ-cViSrZiif i s  predominantly pel letoidal  
micr i te, isopachous micr i te. and b l  aded 
microspar. A l l  cements are o f  high 
Mg-calcite mineralogy. Pel letoids. 
f i f t een  micrometers i n  size. as we1 l as 
al  lochems are being cemented by the 
jsopachous high M -ca lc i te  cement P.B3C 
ind icat ing that t#e  microspar i s  younger 
or a t  least as o ld  as the pel letoids. 
Pel l etoids have been found i n  submarine 
cemented rock by Land and Moore (1980) 
and Marshal l and Davies (1981). Hozre 
(1973) sug ested pel le to ids t o  be f ine 
c las t i c  naverial trapped by intergranular 
algae or.fungal filaments". However i n  
these t h i n  sections no algal or 
fi lamentdl structures are observed. 
A l  te rnat ive l  y, Chafetz and Folk (1984) 
has suggested that  bacter ia l  col oni es 
form some el  le to ids i n  carbonate rocks. 
~ u p p o r t i n g y ~ ,  bacter ia l  cocci and baci l l i 
are petrogra h ica l  l y observable and 
abundant i n  goth. these beachrock 
pel l eto ids and m ic r i t i c  cements. 

Upper Subtidal Zone: Uel l H-7 

Wel l H-7 i s  located i n  the upper 
subtidal zone where beachrock i s  resent 
and d!rectly over l ies the ~a~moutR. Here 
the t i d a l  water de t h  varies- from 
approximately ten po 25 cm with the rock 
surface never becoming. subaerial. The 
thickness o f  the un i t  i s  24 cm. thinner 
than i n  the i n t e r t i da l  zone. Seaward of  
H-7 the beachrock abrupt l y ends. Unl 1 ke 
the lower i n t e r t i da l  sites. no vermitids 
or #reen ca l careous a l  gae are present. 
L i t  o logical  ly. the rock i s  most s imi lar  
t o  the core from H-6 and i s  described as 
a medium calcarenite: packed 
biomicrite/ooorlv washed micros~ar i te .  
fossi l i feroks aEkstone. 

From zero f o  ten cm deep: The 
al lochems are Halimeda se.,' Goniolithon 
se.. pelletoidE;-iEfFZcTastsI-SEaaCOfIT 
fraaments. The cement i s  isopachous and 
meniscus high M ca l c i t e  m ic r i te  and 
micros ar ~ . ~ 1 2 ,  The microspar 
crystays are we1 l formed rhombohedra 
typ ica l  o f  h i  h Mg-calcites. Pel le to ids 
are abundant getween the grains and i n  
intragranular pores. 

From 22 t o  26 cm: The beachrock 
cement i s  extremelv extensive and 
contains multigeneiations of  isopachous 
high Mg-calcite m ic r i te  and microspar. 
There are as many as seven layers of  
rad ia l  and concentric pendulous cement 
around the allochems forming an unusual 

i so l  i t i c  rock (Fl 7). The pel l etoids 
getween the i so l  i ? ~ s  are eopetal . 
cemented w i t R  micros ar. %t 24 cm the 
beachrock contacts tRe Falmouth 
Formation. The contact i t s e l f  i s  
i r regu lar .  obscured by pervasive micrite. 

AIXLMLATIONCPENTATION RATES FROM 
CARBON 14 DATING 

Cores from three ver t ica l  zones i n  
well H-2 were radiocarbon dated t o  a id  
i n  determining the age o f  the l i t h i f i e d  
sediments and ra tes of  sedimentation - 
l i t h i  f i ca t i on  of  the.beachrock. Whole 
rock radiocarbon dating was necessary. 
w l  t h  post-de~osi  t ional and 
age-contaminkting cementation y i e l d i n  a 
maximum age d i l u t i on "  of  less than 58. 

Four em from the surface. the whole 
rock a e i s  690 4 50 years. The a e i s  
670 + 20 years a f  a depth of  fouraeen 
centimeters. The simi l a r i t y  i n  ages 
indicates an almost simultaneous 
deposition-l i t h i  f i ca t ion  for these ten 
centimeters o f  rock. The a e date o f  the 
t h i r d  sample. a t  a depth 07 22 cm. 

i s  1240 + 50 years- i n  sharp contrast t o  
the shalrower section. t h i s  date su ests 
an ear l i e r .  s l  ower sedimentat ion-l i?tt - 
f i ca t ion  rate. averaging 0.14 mm yr- 

WATER aMISTRY SYNOPSIS 

Waters withdrawn from the cased beach 
rack we1 l s and from ambient waters were 
sampled-in the f i e l d  for pH. P602. 
temperature. and ia ter  for gar onate 
a l k a l i n i t y  ac f v i t y  of  Ca2 . and 
a c t i v i t  o f  Mg5 . .Saturation states 
upre caycul ated with resoect t o  araqoni t e  - - . - - - . - - . - . - - 
and a.var iety o f  Mg-calcites (usin -the 
sol ubi l i t y  data o f  PI ummer and Mac?enzie. 
1974). Results are t o  reported i n  detai l 
el  sewhere, but Table I summari.zes the 
more sal l en t  ~ o i n t s  appl icabl  e during . . . - - - - - - 

mean t ide. B'riefly. the surf  zone - 
demonstrates the l owest dissol ved C02 
a c t i v i t y  owin t o  mechanical wave 
de assing w i t #  conse uently the highest 
sa2uration states. a i t h  depth the beach - - . -. - . - 
rock waters from the middle. i n t e r t i da l  
show the l owest saturation states, 
approaching equil ibrium with aragonite 
( i t s  only cement loca l i ty ) .  These lower 
saturat ion states are for the most part  
due t o  the advection o f  fresh waters 
(decreasin the C I  o/oo down t o  11.06) 
wi th h i  h !issolved C02. I n  sharp 
contras?. both the upper i n t e r t i da l  and 
upper subt ida l  environments show insig- 
n i f i can t  fresh water d i l u t i ~ n  low 
dissolved CO and substant=ally higher 
saturat ion szites. ap~roachinq stoichio- - -  - - 

metric equi l ibrium with respeet t o  the 
more soluble Hg-cal i c i t e s  of  high molX 
Mg C03 - 

SYNTESIS AND INTERPRETATION 

The beachrock wi th in the studv area 
i s  located i n  a protected pocket beach. 
The bul k age of  he beachrock i s  
approximately 670 t o  1240+ 50 years; 
deposi t ion- l  i t h i  f  ica t ion Fates var 
episodical ly from an.almost instanzaneous 
few cm yr . t o  a minimum sedimenta ion 
l i t h i f i c a t i o n  ra te  o f  0.014 cm yr-1: 

- 
We document f i ve  d i s t i nc t  beachrock 

cement types i n  Jamaica. They are: 1. 
equant and bladed high Mg-calcite cement; 
2. m i c r i t i c  h i  h Mg-calcite cement; 3. 
pel le to ida l  his# Ma-calcite cement: 4. . 
aragonite ?quafit a6d needl e cement; and 
5. m i c r i t i c  aragonite cement. 
The high Hg-calcite cements contain 
between 12 and 29 mol L MgC03. The 
cements can occur toaether as 
intergrowths or as d i s t i nc t  l a  ers. An 
in te rp re t i ve  beach p ro f i  l e  o f  The 
d i s t r i bu t i on  and mineralogy of  the 
cements i s  resented i n  Figure 8. 
~nterest ingyy.  some pore spaces i n  the 
uppermost part  of  underlying Falmouth 
(not described here) have simi lar  
cements as the beachrock. indicat ing that 
the same processes o f  cementation can 
occur i n  any rock situated i n  the 
i n t e r t i d a l  zone provided that the 
condit ions are r iah t .  

The pore wate; chemistry r e f l ec t s  the 
eaui l ibr ium cementation which i s  
continuing i n  the Holocene beachrock o f  
Jamaica. High Mg-calcite i s  the dominant 
mineral phase. with the exception of  the 
anomal ous aragonite cement dominance 
which occurs i n  the lowest carbonate 
saturated waters of  we1 I s  H-1 and H-5. 
As noted ear l ie r .  the beachrock i s  
fractured orthogonal l y, not unl i ke  other 
beachrock occurrences reported by 
Ginsburg (1953). As these large open 
fractures enhance rock permeabi l i t i e s .  
possibly the low ch lo r i n i t i e s  i n  these 
middle i n t e r t i da l  we1 I s  are due t o  
extensive fresh water advect ion through 
the roximal fractures. 

The more soluble higher Mg-~alc i te  
cements (15-29 mol%) are precipi tates 
which thermodynamical l y are the most 
favored. dur ing an increase i n  water 
saturat ion states. such as when CO;! 
degasses throu h a i t a t i o n  of  the surf 
during the higaer ?ides. Converse1 y, 
dur in the low t i d e  when the surf  i s  
next 90 n o n e x i ~ i t e n i ~  the Cop does not 
mechanically degas. urther. i t  i s  during 
the low t i d e  that fresh water i s  more 



F igu re  8: Di  agrammat i c 3D c r  oss-sec t i on o f  beac h r  oc k cement f  ac i es. 

l  i C:el y t o  f low seaward i n  a c~c r ss  C:nowti 
as t l d a l  . pumpin cHanny. 1976; ' -+he 
coci~b~tiatln3n o f  202 bu l  ldup w i t h  t i d a l  
purisping ,of n ie t ror ic  waters a f  f e c t s  
g rea tes t  t t ie  ctierit istry o f  t he  r i~idd l  e 
i t i t e r t i d a l  pcwe waters, e.g. we1 I s  H-1 
and H-5. Durino t t ie  law t i d e  then. t h e  
equilibrium p r e c i p i t a t e s  are t h e  l&w&r 
so l  crbl e aragoti i  t e  and l  ower Mg-cal c i  t e s  
(12 t m  15 riaol%). Prol~onged t ime s ent 
under sucti condi t i ons  caul d u l  t ima re l  
lead t o  d i s s o l u t i o n ,  r i t i c r i t i z a t i o n ,  o r  
neori~orphir f a b r i c s  o f  rcmt-r so l ub l e  
r i ~ i  nera l  phases. 

I t  i s  t l iese 13sci l  1 a t  i ons  i n  water 
s a t u r a t i o n  s t a t e s  es ec i a l  l  y t h a t  o f  
d i  ?so l  ved C02, t t~:~~ugR t i  rile and space 
which have g iven r i s e  t o  t he  observed 
sequent ia l  and l  a t e ra l  v a r i a b i  1 i t y  o f  
cement mineral og ies i n  Jamaican beach ,, L -  - - 1.. . . Pcgssi b l  y , suc t i  osc i l l  a t  i otis a r e  
i r i~par tan t  i n  p rudc~r ing  t h e  heteorgenei t y 
~f cement r i~ inera l  ogy and f ab r i c  n,bserved 
i t i  beachrcacl: envirm,nrnents e l  sewhere. 
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TABLE I: MEAN TIDE DATA 

SURF UPPER MIDDLE UPPER 
SAMPLE LOCATION (Ambient)  INTERTIDAL INTERTIDAL SUBTIDAL 

( H - 2 )  I H - 5 )  ( H - 7 )  

CI (oleo) 2 1 . 0 1  22.01 11.06 2 0 . 5 8  

( p  "01 1.') 6 . 8 8  9 . 1 6  1 2 . 7  1 2 . 6  

ACa2+ (rn mol  1.') 2 .32  3 .32 0 . 5 4  1 . 8 3  

A l k C  (meq I - ' )  3 . 0 5  2 . 3 8  2 . 5 0  2 .49 

'ARAGONITE 4 . 2 1  2 . 4 9  0.95 2 . 9 2  

MAX. MOL I MgC03 I N  19 16 9 17 

Mg-CALCITE !? SATURA- 

TION 

' D i s s o l v e d  C02 
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