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Abstract 
 
The ooid-sand shoals of the Joulters Cays area of Great Bahama Bank were chosen for 
detailed sedimentologic study to investigate patterns of internal heterogeneity within a 
modern carbonate sand deposit and to develop criteria for producing the lateral extent of 
porous and permeable carbonate grainstone facies in hydrocarbon reservoirs. Using aerial 
photographs, surface observations and shallow coring, we documented three sedimentary 
facies in a 2.7 km2 (1 mi2) study area dominated by mobile ooid sands. Cores were 
collected at the spacing characterisitc of wells in mature hydrocarbon reservoirs. 
 
The shoal crest at the locality had aggrading and northward prograding (parallel to 
depositional strike) washover bars composed of crossbedded, well sorted ooid sands. 
Burrowed, poorly sorted ooid sands were present seaward of the washover bars, and 
poorly sorted ooid sand and mud occupied a stabilized area bankward of the actively 
migrating shoal and local areas between washover bars on the crest of the shoal 
intraclast-rich zones and mud layers were also present. The shoal was crosscut by tidal 
channels, and older washover bars were in the process of being dissected by tidal 
currents. 
 
We anticipate that upon burial and compaction, the poorly sorted ooid sand and mud 
facies will most likely retain negligible porosity and permeability, whereas both the well 
sorted ooid sand and poorly sorted ooid sand facies will maintain their high initial 
porosity and permeability. However, in many ancient subsurface reservoirs, rocks with 
depositional textures similar to the well sorted ooid sand facies have undergone 
considerable cementation and have resultant low porosity and permeability. Thus, in 
many settings, the poorly sorted ooid sand facies could retain the highest porosity and 
permeability. Additional cementation of intraclast-rich zones will most likely result in 
thin, low-porosity barriers within a reservoir. 
 
Hurricane Andrew, a category 4 hurricane with wind velocities of approximately 240 
km/hr (150 m/h) passed over Joulters Cays in a westerly direction in August 1992, 
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subsequent to our coring program. The hurricane profoundly changed surface features in 
the study area by eroding washover bars on the crest of the shoal and by transporting ooid 
sand seaward leaving a nearly flat shoal crest overlain by a laterally continuous, 
decimeters-thick (foot-thick) lens of well sorted ooids that thins seaward and bankward. 
Post-hurricane tidal currents deposited a centimeters-thick (inches-thick) discontinuous 
layer of carbonate mud over this lens of well sorted ooids. This mud, although more 
likely to be preserved in tidal channels than on the shoal crest, has the potential to form 
low-permeability layers that will define reservoir compartment boundaries. 
 
Modern sediment analog studies are an important addition to subsurface reservoir and 
outcrop analog characterization. Knowledge of the internal geometry of a sand shoal is 
critical for geologically targeted deployment of production technology and for predicting 
the efficiency of waterflood and other enhanced-oil recovery operations. 
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Modem sediments on t&mate platfork of 
the Bahfuna tsbndrr contain several ooid shoal 
canpiexes previoudy examined using coring and 
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and (3) coring operations are rebtiiety simple in such 
a predominatefy shallow-water setting (Harris. 1979: 
Lanesky and others. 1979). 

Our choice of Jwlten Cays fw a modem reservoir 
analog study provided an unanticipated additional 
Wportunrty when Hurricane Andrew passed over this 
area on August 23. 1992. This major norm posldated 
our detailed coring program and allowed us to eval- 
uate the eYects of this infrequent (on a human ttme 

scale) event on sediment types and patterns and 
their effects on reservoir heterogeneity. By using OM 
aenal photographs taken as earty as 1947. we were 
able to use tnformation collected from wres to track 
the r m t  develwent of the Joulters Cays mid shoal 
caused by prevaikng tides and wind and to interpret 
Me short-term deoositional and erosioMl effects of a 
major n o n .  
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Exploration-Scale Heterogeneity 
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330m ~1.000-n) specho abql ees(-uvest wmsea 
~333mqwtCfiq4).Looetionswemmark~dm 
lhatlheycaldbereaapiedwhennecessaryand 
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cofm&dbyaeeb(etoagesdhemolor.adsmpfor 
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55-m(l8-ft)tripod,andarrinch.Acore~rwas 
noClsedbecause~~weleurablebdesignonem 
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~ b y i h e c o r e b e r d w e n t ~ h a r e a s d  
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q o u d s . ~ , o r - l a y e r s w e c e  
~ ~ ~ ~ s e 4 % n e n t - ~ ~ ~  
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A M  core urlthbewel the Sebment-fiSd core 
b a n e l w a s ~ ~ h a s p e c i a l y ~ w r e  
rack while draining to ensure that sedimentary 
s t ruc tu resand~var ia ( ions*vece~fv€ id .  
A n e r 0 w a t e r h s d ~ f r a n m e b a n e l . u l e  
core, still in a rectical position and capped. was 
tansported to the nearby research vessel. There. 
some of the cores were impregnated by fast- 
~ e p a w y r e s l n m u a s ~ ~ m e  
mdimemusingpre6sUreandveanm.m~men 
b e c a m s g b l e e n a g h t o b e ~ W t o t h e  
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and drawing a thin metal s M  through Me sediment. removed by Rushing with running water. Because the 
Resin was poured on the p a w  tya :  surface epoxy resin penetrated farther ~nto the more perm- 
of the hvo halves and allowed lo flow gravnationaly eabte paris of the core. subtle d i ierwes in perm- 
partly into bur not through the sedimeol. Aher sentng eab~lity were well displayed in the resulting core 
!or approximately 24 h. the pamy impregnated cores topography. Thts latter lechn~gue proved lo be the 
were inverted. and the uncernented sedtmenl was more useful of the hva methods for identivng bed 

npa&LaMnitudeobl~asMpmhgaOholacsMpn:dshnlWcQ1SlbrcsdsgMshd(aea ~ r n i t n r n 1 9 ~ ~  L j t l r  
s r c a s m ~ n ~ w b e - s f l ~ ~ 3 . 3 m O 5 n 1 l a 2 W ~ ~ s e a ~ ~ l 2 : o r M e ~ a . e * ~ ~ ~ ~ ~ ~ ~ r r r n c c l c r s d w 3 t n ~ P 1 ~  
Idr Se sucy em arC are are ascrcxinaw, a v a b n l  fowl wcn; n a qm--t le  sentse cl a z 'el: Carw mas arc TCM% 
w j m  s~at i l?~ h. h & 9 5  arc htnero~s a c e  A153 !-war are =re ICCabECS tcircks:. p t e  Imirm i13(lum1. ard 'mes 31 c ~ s  
*.-cr C ~ s s  w.mA-. 3-C an E-E slcrn r ' q r c  6 ?re s la ?nr swk n I r a ' ~ ~ r e S c z u s e  ttqs s ar ::J@x! :teqmm an:ar? 
crs?secm 1 % ~  stwn h2s r?h 'n~r  i':r ?ale 



Core Description 

T h e b n p r e O ~ t e d ~ w w e ~ i n ( h r ,  
manner ol rock corer, generally accodlng to the 
drrcriptlon format of Bebwt and Louciu (1984). 
- d M O n p h k c o m ~  
were ured for constructing detailed fades crow - (no. 6). 

Aerial Photographs 

~ a n d o W q u e ~ p h o t o g n p h s . t a k e n  
at 20yr It~I~wab (1947. 1987. and 
lm). were MwpWmd on the bash d ru(ace ob- 
~ m l d a w e ~ a n d m u B O d ( D ~  
theruffacedkbwtbndtedh.nt~andt0 
htapretlbh.-d(hr,dmd.Inl889, 
raowcroP==tpdWunloMokdrauhwm1992 
w m r d o . d B t l o n a l ~ ~ ~ a n d t Q O k  
~ a e d a l ~ t o k r t r r p n t l b ~ ~  
lbhun&ane. 



(a) A A' 
West East 

fi m High-tide level 
n-n 

(b) D 0' 
West East " ~igh-tide level 

OT0 0 1  03 M A  05 

(4 E o 500 1000 n E' 
West I , : . . >  

0 
East 

100 200 300m 

€6 

Intraclasf.rlch 
zones 

Well-smted oold sand 0 PPoor)y W e d  oold sand Pootly mod ooid sand and mucj 
OUPL 

D-tY aooes a similar sel of !am as A-A'and includes hrded md leyaJ inferbedded pca+surbioad sand m core ~ 3 . . h w e  mese 
mud lam wece not mamfered m a@amt mes. Ihe laferal enmi cd ms-9 lealures is m M .  lcl C m  seam E-E' madns seawnrd m , ~ ,  ~ ~~~ ~~~ ~ - - ... ..... 
a a& domMled by poorly ~ f l e d  &sand. lnfraciasf zones seaward are emumered h axes of ~ I S  o l ~ s  s e ~ o .  



Deporttional Facies 
Three depositional subfacbs predominate 

wiWn the odd Mnd faciea of Hanb (lQ79, 1983) 
~ c w % r . ~ o d d M n d ~ o n  
t h e ~ , h i @ M m q y ~ ~ m w f f a c e o f  
t h e c l h o a l a c # 1 b ~ a d b y m c h o v s r b e n  
having curved ax- cowex in a bankmud dim- 

ter). 5 to 20 percent coated pellate and unidenti- 
f i e d ~ ( ~ k w r m p n 0 X m m h d e m e t e r ) .  
and5m*-(ng.I) . -  
p o o r l y ~ M R l d a r f f l , ~ d ~ b u m m r  
~ a n d h e r d O l w n d - m ~ . -  
rounded skeletal material includes fragment8 of 
p e k c y p o d q ~ * ~ e l O a H e Y m s d r . ~  
eroolld loramlnlfen. and red aloe Oonlolithon. 

approxlmaiely 20 to 30 degreer. Thew features 
a r e ~ m t l r d y o f t h e h o ~ o d d M n d  
taokamfpom&yof-barsand- 
docadur tngthewmld lUma) t ld i l l cyck~  
that thew features are largely built by bKxwnlng 
tides. Poorly sorted oold sand la present on the 
aeawafdlmIglndtheclhoalandhthekurlcwcva 
~ l o r v ~ ~ b e u r f a o e p a r t ~ f t h a ~ . T h . p o O r l y  
~ ~ 6 a n d a n d m u d f e c i e e . c c u m u l a t e d i n  
k w e r ~ ~ ~ w r r r h o v e t b a n o n i h e  
cmst of the shoal, when I b stablilrad by Rla- 
mentow algae. and in an area bankward of tha 
adiw shod, where il b atabikd by the ~lecl grasr, w # w a t i h e ~ ~ ( h e r e ~ r h ~ t ~  
nwass&. m dmribution of UKW fades wlUlln M the h M m ifk. 81. 
t h e h o ~ a b d y d ~ 4 b b o n u 0 6 8  
s a c l i o m h ~ 6 . ~ h O r s h ~ , Q I * I  
sorung, and 8edimentary stlucturea among these 
t h r e e f a c b w O I p o ( s n t i s l y k a d t 0 ~  

I t s h o u I d b a ~ t h r r t ~ M d k m n t r  
are unconso~kiatad: Wen smt~menta to be 
OWl)ed. i lh~thetwdk#rtedoddrnmd 
p o o r l y e 3 l w o o # a a n d w o u l d l m c o m e ~  
andpoorlye3lwoddeandwdmudwou#bemme 
a padgtmo (tamhokgy of DUJ111111.1982). A8 YY#( 
bedkuswdinmoredetrrilhafobwingreclkn. 
~ ~ ~ h ~ ~ ( a s w d l  
- d a w n - ~ ) - o l O o n b u ~ . ~  
to compaction and cementation differently and 
~robaMyn#ulth&@ff-t~~-WWwWW 
wlthin a slngle gralnstone deposltlonal cycle or 
~ ( l o w l n l a .  

WoII-Sotled Ooid Sand 

m p o o r l y ~ o d d r n f d m ~ 8 0 t o  
80 percent ookb (0.4 to 0.5 mm h -. 20 to 
40 percent coated pellet$ and unidentlRed grains 
(0.1 t o 0 2 m m i n ~ , a n d S p e m n t ~  
h.qr#ntr(ng.8).m--- 
h t h e u p p e r k w w n h e t e m o f t h e ~ a r e f r o m  



Poorly Sow Ooid Sand mad Mad 

Thlr(rebr,coMahabecoto20prr#n(ar- 
bonrrmb30to7opefmnlodQ20to40prr#n( 
coated pdhm and unidentified grains. and s to 
20P==lt-~(110.@).Burowr.( Iw 
common rtruduro in the corer, am exp~wmd at 
( I w ~ a 8 m o u K 1 , . n d ~ R o o b f r a n  
the 8ea grcuw 7hmbefaam alsocommon; lMng 
~~h and Oonlollfhon occur on the rufface. 
Sprm, mall bushes of Halimeda are prwent, 
particularly in the transition zone beween thin 
M.randth.mlaortedoo#aand(rebr,.Prn- 

roplkl fonuninlfem and phcypod fragmnb am 
pcnnknl 



Sedimentary Features 

zxmecl,asmanyas90pcwcentdthehem 
~ o r ~ ~ l ~ . 4 0 b 8 0 p c w c e n t  
maoldB,andasrmuyas7operclntareherdened 
~ . * d w o s b a r e a c a m u h l l n g i n ~  
on the msmt-day wrface. 

m ~ & ~ a r e ' m o s t c o m m o n i n t h e  
l a w e r p l u t ~ t h e ~ o d d s e n d f e d e e i n t h e  
northpartofthesbrtyerea. Inmrss,thesemmsare 
b e s t ~ o n t h e s e n w a r d d d e o f t h e c r o w ,  
wUianhRgue6c,wheretheyoaxlrhendllepping 
paltern that mflecta the pmgradation of Lhe shod 
~ T h e r e ~ w e r e ~ ~ a s t a r  
as 800 m (1.970 R) during sedimnl pmbhO and were 
traoed even farther by Hank (1979) h met m g b d  
sbrty .~themmsareareplvt )y .poroel ty  
a n d ~ h a v e n a t b e e n g m a l l y ~ i n t h e  
i n l m c b b . a s - b y - ~  
butthesemmscou#potentbly(onnben(enrbfluid 
I b w - t h e y ~ - ~ p r e f e r e n t i s l  
rmckatkncritesforedatknal-. 



Mud hyen 

1Luo~rmdlayen. thoupper leyer2an 
(08h)(hldcendIhelomulayer4an(1.8h)thkk, 
separated by 4 cm of poorly sorted oold sand 
(Rg.ll)ocaratlhtopdUmkmrrnapoorlyc#rted 
odd6andfade8lncon,D3(Rg.6b). Becsur#,thew 
m u d ~ m M , n o t ~ h a n y o l h e r c o n , , l h  
~ a r e ~ k c a l h d i r r M b u t b n ( r u h b h i s  
combomwby-fleld-d* 
conunww mud layam on tho wntace d the shoal, 

e a h a m m m M , ~ h 1 # d ~ b y ~ w r d m e n  
end Carney (1991) and Shlnn and cUhera (1993). 
~ d m m e ~ i n t h o k o l l Y z e d c l e t t l n g o  
~ m u d c m b e ~ a n d p r e s e n n d h d l r a d  





Local-scale patterns of heterogeneity wlthln 
theadk.par)oftheJdtemcnyacrhoPIarem 
f m m t h a f a d e s ~ ( R g a 4 a n d 6 ) . T h e w a C  
swtedooidsandfacienomnhthecenterofthe 
shoalcompkxwhomthe~atua(305to807m 
[1.000 to 2000 it] wide Md 1.8 to 2.4 m [8 to 8 R] 
thk4oisexporwdathrvude.mepoor(ywrtedodd 
uurdfadeaooanrbahbankwafdandsmwardd 
the well-sorted oold sand facles. Although the 
l lmbof thepoor tywl tedoo ldsandf~umo 
n o t e l l m m e d h t h b ~ t h e ~ r t u d y d  
Hanir,(1979)Inaoetc#thatBfomrr,averynanow 
bnndseawafddtherhoelandoccmocrwamy 
k o d a t u a ~ ~ w k b o n t h e ~  
wardskkthepoorlysortadooldsandfadeeand 
~ ~ ~ o o # ~ a n d m u d f i r d r r  

areO.6to1.5m(2to5h)~attheshoalandWn 
v 

~ i s m b a c a u s e d m u d c o n t e n t .  
anowhg.andqaln~wrirrtbnr~a#bwrC 
~ o a u o n a r # J e ~ ~ o f ~ ( c l p p m b  
m a w i . o o o n ) , ~ h l c h i s ~ w W I w ~  
hmatuohydrocubonresenrdnlke~oftha 
R m n t a n a a B h h t h a ~ W * T h e  

of variation lllualmted hem ahould thuo be 
~ ~ ~ a t ~ c a r m o n d e v e c  
o p m e n t M m r l s c a b . I n ~ , t h e ~  
ponay#lhereocam~aah@slecbs(oddam&) 
8 s ~ u r l ( h h h e m a I u ~ ~  
amrtudyofHanir,(1979).By~,rMlarrwWo 
t i D d u n l ~ ~ b e ~ t o p r o d u w b c l l l  
h-w-w-ooldm-ne- 

TO be- U- and dlbmte the almU- 
W W b ~ f a c i e n ~ ~ ~ ~ ( R g . 8 ) .  

r e d  (-W 40 a- 
~dewbpmWof lher tudyatuawi th thea ld  
of sequential aerial photographa. Using surface 
~ a n d t h e l ~ ~ p h o t o q . p h ~  
a t t h e U m e o f o u r R m t W e ~ n k n , w e ~  
thepoor(ywrtedoddsandandmud~htoiwo 
f ~ o n ~ ~ o f w h e t h e r t h e y a r e ~ ~  
by-or--.m~thelaw- 
er#rgy,benkwardpartdtheshoel,whlchmmalned 
mwkablym&angedfr#n1847urtDl~.boc- 
cupkdbythepoortywltedooldsandandmud- 
~ f a c i e n , a n d t h e ~ a r e a s o n t h e  
~dtheshoelareocoupkdbythepoor(ywrted 
oold sand and mud-fllamentous algae facles. 
Alth#lgheonwThdrrrbwasokmedh~,ule 
RlanmnWw algae wem not recognized In cores; 
~ , a w a w r r ~ d o ~ ~ ~  
hwo* 

In 1047 (Rgs. 12a and 130). the w a b a r t d  odd 
sand fade8 was spread acmas nearly the entire 
nor thJdtemcnyar tudy~Thepoor ly~odd 
sandandmud-~facieaonthebankward 
( ~ ) s i d e d t h e b a f ~ v l r t u e l y t h e ~ -  
Q v ~ d t h i a ~ T h e p o o d y w l t e d o o l d  
sand and mud-fihentow algae &&a occurred 
on the north end of the bar. where northward- 
p r o ( l n r d i n g ~ b a n o f ~ O 0 i d s a n d  
hdnotyamlgated.Arebtlvdyclmalatuaofpoor(y 
sortadooldsand~ontheseawardnaargbl 
h ~ t h e w n t e r o f ~ r t u d y a m a N o t e  
thatthemajorwashowbmlntheaomhpartof 
t h e r t u d y ~ w e m n o t ~ b y ~ ~  
p r s w m a # y b a c a u s e t h e ~ h a d ~ ~  
topography that recedbg Udea were able to drain 
unHormly across the ban without cawlng algn) 
cantemrlon. 

BylM(Rga 12b~13b).U10wclrhawrbarad 
well-sorted OM sand had migrated to the north 



~ 1 2 ~ ~ l P D l D g a p h o d h e ~ C a y s ~ s h o a l t a k e n h ( a ) 1 4 ( 7 s n d ( b ) 1 9 6 7 . ( c ) ~ w r i a l p h a a g a p h ~ h 1 9 8 9 .  
These phdogapho wen, Wan be(ore Huncane Andrew parsed mer the mdy am. 



0 sor(d oold sand 

Pouiy soned w ~ d  sand 
and mud-Thalassla 

P m y  sorted wld sand and 

~ 1 3 . S u ~ ~ m a p s d h J a J r a r , ~ o d d ~ k , ( a ) 1 9 ( 7 . ( b ) l 9 8 7 , a n d ( c ) l 9 8 9  Mgssn,bnsedmpho(agrgh 
Interpnwm(W 12 )andm~cocabudc ldhommres( fg  6) ~ d 1 9 ( 7 d l d ( 9 6 7 m a p s h a v e b e e n ~ l o ~ m m  
d I!3M Ahon~scaleamedbecausedMWuspenpedne,mm~4and6bchonronhlscsle  lbapoorlysmdcudsand 
and md lwes has been dmded mlo M lwes m WIE bagls d preserse of shMlznq ugamm&-uhemer 7halassyl u illamentous algae mls 
d~shKMn was not W e  m cwes themlore. meSe faaes are no1 dismpshed m me cross secbons in llgure 6 These bmsdlSWutun maps 
reflect pallem esW&M before Humcane Ardrew passed orw the study area 



enddthealudyarea.Inthesouihpartdthealudy 
~vvllnauwttarshndBOQded(0alRllliCbnl~ 
that r d l n g  tldal currents were beglnnlng to 
a m d e b a r ~ T h e e n # e b m w w n ~ e a r  
~ ~ p o o r ) y ~ o d d l l w d c n d m u d -  
R ~ a b a e . N o l e t h a t t h o ~ r b a r h  
~ m e m # b e d ~ w a r e s w a s p a t Q  
d l ~ a n d t h a t l h e ~ o f t h e b a r w a o ~  
appmxlmatdy midway behueen tho seaward and 
ku*wardmafghlsdthealudyarea. 

in I S M  (w. 12cand I*), when cores wed 
t o ~ t h e ~ w c t k w m h ~ 6 ~ ~  
~ . t h e ~ b a r s i n t h e w u t h p a l t o f ~  
aludy--~-bytid.l-. 
a n d ~ ~ ~ p o o c ) y ~ o a & l s a n d  
a d ~ a l g a e . T h e ~ k v h c l p  

HuniccmeAndrew,a~4hunlcrvw,wi(h 
wlndvebduesda#woJbneWy240knm(1mmuh). 
paswdovwJoulbmCayshawe8tedy~on 
Auguet 29, 1092. Before tho perslng d HunlcMe 
A n d r e w , t h e a l u d y ~ ( n g a 1 2 c a n d 1 3 c ) ~  
distinctive surface features dominated by tidal 
c u m n t w a r h o v e r b a m ( I ~ a f e a 8 ) m e ~  
~om~oan(1to2ft)abovereeb~datkwtideand 
wemIbodedbyonlyatervumUnmtm(lto3~) 
dWptsrathight#B.mearcmsmtyp&aaywere 
embellished by variously oriented symmdrlcal 
rlppbr.-~'JPoOlsphicaAyNgh-provided 
nominal protectlon for sparsely graw&abilked 
areas (a& areas on me bankward side of the 
~,hwNohgnJnrmromwdlaatildmdlQne 

~ c d . ~ , m d l m e n t w a s ~  
wawatddftho~.Theboudarybarrcnnthe 
a c u v e , ~ p a r t d t h e l l h o r r l a n d t h e O t a s e  
stabilized area to the we8t remalned relatively 
~cdtcwthe~dthestonn(t@ 15). In 
c o n t m a t h e ~ d t h e a c u v e p r u t 0 f t h e r h o a l  
chanQd--Law-whlchwerepra 
~ t h e c d t s o d c b p o d t k n d D o o r t y ~ o d d  
llwdandmu6flbunentocgalgae(Rg.l3C),arenaw 
c o v e d b y a ~ d ~ o o b d a w v w a l c e n t C  
metem thkk. The pasthuwicane relief acfo8s lhe 
acuvepaltdmeldroalhfduced,andthe~k 
now relatively feahrreiess. O o h  not trapped In 
l o w a m a s o n m a ~ ~ ~ ( I 8 1 W ( U d .  

U#yth In (aW~to lanWdc) , l a temWy 
carboMBemud~,anda lnoprw#ed lQne  ~ ~ d c a r b o n e t o m u d . g c n s r a l ) y n o  
proteaion for Rlammtous-algae-rt.MlIted areas mom thMatervmmm metem h area, were obesnad 
between~rbaraonthscrrwtdtharhoal ,  onthe~oltheahoalarwtatkwtick(Rg.16). 
w l ~ m ~ m u d d y ~ a l w ~ .  TMelbodwcmobesnadaWwedgcdtrrMnlccuw, 

Hunkam Andrew paswd from umt to wwt oucw Andrew contained Iaqe amounts of suspended 
mealudyerw.andthecsntcwdme~was~ -md.~thatmudonths-arwt 
r o r t h d t h e J o J I M ~ o o i d ~ ( f i g . l 4 ) . W h d s  wasdeRnredtomh,daposbdsitebyt#ermten. 
Mew over the shoal generally from west to e& T h e c h a n g s e h ~ ~ d t h e ~  
becauwofthecountercloGkwlserotaWonofthe C a y s ~ a h o e l e c a u s a d b y ~ A n b e w w e c e  



profound, but they will probably be only paw pre- 
served. Prevailing winds and currents that caused 
formation of the aggrading and northward-prograding 
washover bars illustrated in figures 12 and 13 will. in 
all likelihood, reestablish the pattern of well-sorted 
w id  sand washover bars flanked seaward by poorly 
sorted w id  sand and flanked bankward and in low 
areas on the crest by poorly sorted ooid sand and 
mud. Although the storm layer of well-sorled ooid sand 
may be preserved in some low areas on the crest of 
the shoal. we have not found recognizable mid storm 
beds from previous storms in the prehunicane cores 
we collected on the shoal crest. 

Those w a s  swept seaward by easterly (coun- 
terclockwise) storm currents will most likely be 

preserved in areas normally having less agitated 
conditions, where finegrained sediments are normally 
deposited. Indeed. Harris (1 979) reported w id  grains. 
many of them micritized. in cores collected a few 
kilometers seaward of our study area. Because 
prevailing tidal currents transport wids bankward 
rather than seaward. those wids in seaward locations 
may be the result of earlier storms. 

The thin, discontinuous mud layers deposited 
on the crest of the shoal (fg. 16) probably have rel- 
atively low preservation polential. Several months after 
Hurricane Andrew passed over the study area. we ob- 
served diurnal tides resuspending these muds. (Shinn 
and others [I9931 reported a similar observation on 
wid  shoals at Cat Cay. Bahamas.) Moreover. the very 

Grand Bahama 

New Providence 

o 40 mi - 
0 60 km - 

- 
Sudy area was seaward 
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FIgm 16. Vev Hm, latmlh d~smnnruaa layen d carboMte mud depos(ed on well-sorted oads at lhn 
mist d the shoal bh~q H u m  Andrew A M w $  ms lea rn  my be preserved (see oUef er- 
n me D3.69 a). much d ths mud mll probaMy be removed by tides and oM beaw pan d me roc* 

5 cm [2 inches] thick) of laminated carbmate mud 
in trwghs of ooid dunes and ripples in high-energy 
subtial channels of Joulters Cays. They pcoposed that 
a slurrylike mixture of carbonate mud, which resulted 
f m  the passing of Hurricane Andrew, moved through 
the channels. As the storm winds and currents waned, 
mud settled to the channel floor and was preserved 
in ripple troughs. Shinn and others (1993) proposed 
that an older. more compacted mud layer strati- 
graphically below the Hurricane Andrew mud layer is 
also a storm deposit. Boardman and Carney (1991). 
whose investigation predated Hurricane Andrew. 
attributed the older mud layer in these tidal channels 
to direct precipitation from seawater at a time when 
the tidal channel was separated from the open sea by 
migrating mid sand bars. The mud layers deposited 
in tidal channels will be important, albeit local. 
permeability barriers when these sands have been 
buried and lithified. Note in figure 1 that although 
the tidal channels are local phenomena, their linear 

extent is as much as threequarters of the width of 
the shoal. 

Because the center of Hurricane Andrew passed 
a short distance no* of the study area and. thus, the 
prevailing direction of storm surge was seaward, the 
major features that will be preserved in the stratigraphic 
record are seaward of our study area. Had the center 
of the hurricane passed a short distance south of the 
study area. the prevailing storm surge would have been 
platformward. Under these circumstances it is likely 
that transport of well-Med odd sand would have been 
platformward and would have been overlain by a 
relatively thick layer of carbonate mud on the entire 
shoal crest. This thick mud layer would have a much 
higher preservation potential. Thus, a more southerly 
storm track would most likely resun in a major hori- 
zontal permeability barrier when these sediments 
were buried and lithified, and this would resuil in a 
major resenroir compartment boundary. 



~ g a i m b m a n b g a r l o t h e -  
immtigawatJoulterscapamhydroarbonre 
~ ~ ~ ~ I ~ ~ d ~ a r k u , O e o l o O i c ~ ( F W t  1@83;Hur(A 
loe4b;RorNndChopue(le.l-Kellhdtuppm. 
t-).wd=dmmampoducad(rom- 
oo#qainrtaremenminhtheIllhdr.kudukq 
~ . a n d W i Y 1 & o n ~ a n d t h e ~  
Embaymm(KeithandZuppam.1989).Th.moa 
p r o l n l c M I o f p m d u d k n f r O m M ~ o d d  
gminstomw k the Illinois Buln, when tho Ste. 
GmvkmUm(onracannlb(or743miRonkurdr 
( M M b b l ) o f d L o r 1 8 ~ o f t h e h 8 ~  
~ h o m t h e ~ ( K e Y h n d r u # m n , l ~ ) . b  
t h e H q l N o n H u g o ( o n d d - *  
Damme Reld has producd 13 MMW ol dl hom 
msWPPmodd---(Hndkrd. 
19B& Paham and Suneflin. 1989). Qmlnstoms. 
a)(hough not exclusiveiy oaid gdnrlomr. are a 
prindplll m N d r  W w  in the Son M m a  and 
~ F o m w b m d t h e P s m J r n m h w  
Tans and New Mexico, which haw a comMrnd 
~productknd7.7bllonbsndhor46r#r-  
cent of the oil produced from the entire basin 
(eaan and Hmls, 1000). Qmlnekwm d Junrrlc 
kllbCndhb-DlIxmmksdtheMdkEW,muy 
dwhicharsoddgramonw,mprolMc~ 
l f u b d . t h e ~ O h n t Q a t i f o f d S a u d ~  
h a s m ~ W m s t o m c o v m y o f O # l o n b M h  
of 0ll (liamuty and othen. 1070; Wilson. 10s). 
Jumsdc oaid gmlnstone rewwoln ~IIO occur in 
n o r t h a n ~ e n d ~ ~ ~ d  
o t m a I s s r ) ~ n 0 P L u b ~ F m c O ( ~  
nd kkdmn 10TI; Fwmr, 1978). h U C 8 0 ~ 8  oold 
g f a m o m a m d l a n d ~ ~ h t h e a J f  
CoWdT'(eaandLark. 1977;FMhonnd 
ouws,hpms),ndhtheM#dbE.rt(LonP- 
and Q~ow.  1888). 

* ~ b o ( h ~ t o ~ ~ ~  
genoitb in the carbonate sand deposks of tho 
~ c a y s M I n d ~ ~ c n c k n t ~  
FQI-w%--hhydrO. 

o c u b o n ~ d t h e s m k d m d a n y k r O  
F o m m l m s d t h e h e ~ h a v e b e m ~  
n r m t e d o n a ~ d h ~ d N ( m o r k s r  
@sludando(hen. 1987;F) rgpr lend~.  1988: 
~ n d # v h . I s s O . H m b n d H k l o r , l g B O z b ;  
~ , l s s o ; M l @ r a n d o t m a l s s O ) . n l O ~  
d m h r f s w ( d ~ h m ~ S h 0 w n h o u t a o p  
M d o g r f w t h w e s a m e ~ n h t h e ~  
M 0 U n t d ~  (Kerns and Nmcr. 1991: Qrnt and 
atholB,lsg);HMbmdouws,1894;BMlrbyand 
w a r d , l s s S ; K o m n a a n d ~ l s s S ; ~ a n d  
Fkhen. 1985). 

Thin-&Ion examination demonstrates that 
~ t h e ~ o d d s m l d f i d w a n d p o o l l y ~  
oo lds lnd~of theJou#m,cays~mwemud 
free and had Mgh initla1 pomalty at the time of 
c k p a i l i o n ~ e n d ~  lWO).Inronw- 
wbsudaw set t ln~~,  hwevw, similar well-sorted 
o o l d g l a m o m s s r e ~ b y ~ o r ~  

~ t o h ~ p o m s n y a n d m u r b a c u m e t h e ~  
m6atwk(aekr. 

A t J o u n # r , ~ , ~ p o a r ) y m m d ~ r u r d f i d w  
ocarronthe~ndbndrwd8lde8dthewelC 
wrtlldooldsmld~Md~undrrlrrthepoolly 
s o I & l d o d d a a n d m f J r m d l r d r U t h e ~  
~ t W w e ~ c r o b y w r h t h e ~  
~ 8 h o a ~ b a c t l l l r ~ ~ d ~  
~ ~ d t i g M ) y c a n n ( r d o m ! 3 ~ ( o r m  
hparclbk banters cro much as 0.6 m (2 n) wck 
w i t h h t h e ~ ~ f a c & s . c a u s i n g a  
rewnrdrlobacume--. 

Alabama Ferry Fleld 

O i l m d g m t r o m a L o w w ~ m u v d r  
h ~ F e r r y R d d , ~ t h e T ' O u l l C o r a  
h Leon Caunty, are producrd from a that 
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Slze d Jwnen Cays development- 
scale study area 

is analogous to that of the Joulters Cays area 
(Lomando and others. 1987: Pdlard. 1989; Bruno and 
othen, 1991; Fichen and others, in press). Conela- 
Eons across thls Lower Cretaceous reservoir indicate 
the presence of several north-offlapping grainstone 
units separated by thin shales (Fitchen and others, in 
press) (figs. 17 and 18). This offlapping pattern 
resembles that inferred to exlst at Joulters Cays, where 
bars migrated from southeast to northwest, parallel 
to the edge of Me shelf. Importantly, the grainstone 
unit at Alabama Feny field is. in terms of lithology 
and thickness, approximately equhralent to Me ooid 
sand facies of Hams (1979. 1983) (fig. 2). Thus. our 

development-scale investlgatlon of Joulters Cays 
provides insight that may suggest criteria to divide 
these grainstone units Into finer divisions that 
would be pertinent to subsurface fluM flow. 

Porosity at Abbama Ferry field is highest (as much 
as 20 percent) in the upper part of each grainstone 
unn and lowest at Me base. At Jouners Cays. we con- 
dude that the rate of deposnion is probably less in the 
lower part of the pragrading shoal complex than in the 
upper parl, as evidenced by the presence of well- 
developed intraclast-rich zones, that is, hardgrounds 
and gravel zones (figs. 6c and 10). At Alabama Ferry 
field. Fitchen and others (in press) also interpreted 



.. . 

porosities. The ofAapplng pattern of ooid ban at 
Joultenr Cays, demmtmted by the shlft in pwitkn 
0fbarcrcwtsandtheofReppinOputtemof~- 
r l c h z o n e S M ~ h a o s s r e c t k n , b a t 3 0 ~  
at~FerryRe(dbythe~northwardinpoau0n 
d the grainstone units. 

San Andms Formation Outcrop 

An-annbQforrwknrftlcecarbonrm,gnh- 
stone m6andn In tha Wm*m San Andre8 Fomabn 

of the Guadalupe Mountalna of West Texas and 
W s w ~ ~ ~ ~ h ~ . ~ , a n d  
gmnatry to the odd sand fadm of Harris (1979. 
1983). Kerans and Fltchen (1995) hwrpmtd an odd 
gn*lstor#Intheircyde7(LswysrCMyonarsad 
Aigorltcr Escarpment) to have formed a8 part of a - cyde (Rg. 19). 
Thla oold grainatone. Il)though subdivided on the 

( H o v o r k a a n d ~ ,  1093),bdesckasadngk 
ckpositknal tedea By MekOy wrth our 8uWMdon 
of the odd 8Md tader d Hen(B (1879) at JolAW8 
C a y s , t h k o o # ~ m a y * b e B v b i b l e M o  
--scab &poshA sublsder that wauld 
affect fluid flow in dmllarly deposited subsurface 
lwewolm. 



aulnooeokoicdwinmW-dhydrocrubm-hm 
carbonates, a detalled geologlc framework must sewe as a template for 
m d . r d e n d l n g p o r o J L y m d ~ ~ a n d ~ d f U d . f k w  
u n i c s . M o d e m ~ a t J o d b m C a y 8 b e g m w l t h a ~ o l W d a l  
~ l h a t ~ u p w a r d i n t o ~ f a d e a ~ , t h e e x l e n t d  
k n o w h g . M l o u n t d ~ a n d ~ d g d n r ~ a w a y h u n a c U v e ~ d  
t h e M - w h a d n - w - d - -  
d ~ w l t h i n a n a v e n l ~ ~ l h a t c ~ ~ k c J ~ .  
T h e m o d e m ~ ~ h e r e ~ t h e b ( B n J ~ a n d ~ d  
hcbmWamh@6whgarmocdeded(Itawellepachgappmp&btoidsntny 
---. 

C e f t a I n l y w o h ~ C a m o t b e h r l l y ~ i n n w m a l ~  
~ ~ d O w n h d e k g a n d ~ a w t , M o n n e t l a n . ~ ~ w m e  
d t h e ~ a x r r r a t ~ d ~ ~ n w m a l w e l l e p a c h g e v a n h  
~ ~ R d d a A n ~ d t h e ~ o f 8 u c h ~ ~  
b ~ ~ i n r c # w v o k s t u d & a t D ~ ~ ~ ~ a n d  
Row unit8 between wells and to constrain Input Into reservoir models. An 
udenfflvdh#offaciwverh#l#yatW.xabb~alticaltorrecwmrolt 
modeling & creating area~ kograms, deigning teipiato for attribute 
d l o b i b u l k n . d s & e b l l r h h g ~ b l n s k r ~ ~ a 4 u d y o f m o d e m  
wdhmtMdogllRlChasmeJOUltenCay8rhacrl!6anmpatanladdllanio~ 
dhyQocerbar-andouterop-anakOs 

~ a n d W l ( a C a ~ r r m p p k l O i n ~ ~ C s y s o o k l . h w l o l  
areat Bahama Bank rswat the t h ~ ~  compkxity d an upmud- 
coMlsnhgandupmvdahakvv lnOcycb.~~eaMlpk~di fRcul tks  
i n ~ a n d ~ ~ z o n e c l i n ~ s t u d & a d ~  
c a r b o n a t e ~ . S h w l g r o w ( h , L a r g e ) y h ~ t o a m t a I h f e ~ r t l # ,  
~ r d d ~ d o d d ~ n c h . ~ f o r m a t b n a n d ~ m c r t e o r l c  

a ta&mbpmund.  
Sand gmmUon and topography varkd gmUy in the JOUlten Cay6 a m  as the 

~ ~ a n d t h e ~ ~ . S u c h v s r h l & l ~ b e n x p e d e d i n  
~ ~ . W I ( N n t h e ~ ~ ~ a t J o u l t e n c a y s u I a l  
h a v a k # n ~ h s r d n , t s r h n a l ~ a n d ~ d b p e n a i c ~  
conMkRe to potential fine-6cale hete- equivalmt to dew- -- hydroclubon rerenrolr -. Fadm pattam are 
~ b y m l q r d h O ~ ~ ~ t h e a c U v e ~ d t h e r h a c r l d ~ l m p e d e d  
by shalt-tenn cltorm wanm. 
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