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ABSTRACT 

Sha l l ow ma r i ne . Pa l e ogene carbona t e s  o f  t h e  E a s t e rn Gu l f  

Co a s t a l P l a i n cont a i n  a va rie t y  o f  unique and l arge l y  

undocument ed f ac i e s . Th e L a t e  Pa l eocene S a l t  Mount a i n 

L i me s t one o f  s ou t hwe s t e rn A l a bama is a co r a l -a l ga l -s p onge 

bu i l dup compo s e d  o f  l ar g e  f o ram-a l g a l  p acks t on e . a l ga l 

binds t one . and s ponge-c ora l ba f f l e s t one. Abunda nt cor a l l i ne 

a l ga e  a nd a l ow d i ve r s i t y cor a l f a una a r e  cha ract e r i s t i c o f  

Pa l e ocene re e f s . b u t  sponge s  are r a re in e ar l i e s t  Ter tiary 

s ed i ment s .  Th eir a bundance 1n t he Sa l t  Mount a i n  cou l d  

i nd i ca t e  an o p p o rtun i s t i c  r e s p onse o f  s po ng e s  a s  r e e f 

cons t ruct o r s  a f t e r  t h e  e x t i nc t i on of rud i s t-cora l  

commun i t i e s i n  t h e  La t e  C r e t ace ous. 

The Br i dg e b o ro L ime s t one. a rhodo l i t h a nd cor a l -be a r i ng 

l i me stone in sou t hwe s t e rn Georg i a. cont a i ns t h e  large r 

f or am i n i f e r a  Lep i docyc l i na ( Lep i docyc l in a ) man t e l l i  

(Mo rt on), 1- CNephro l ep 1 d i na1 vurnaqune n s 1 s  Cushman, and L .  

( Eu l ep i d i na) undo s a  Cus hman . an a s s emb l ag e  i ndica t i ve o f  th e 

Lep i docyc l i na (s.s.) s u bzone o f  the Z one o f  Ear l y  

O l i gocene a g e. The s e  f o r am i n i f era a l s o cha r act er i ze t h e  

Duncan Chu rch b e d s  o f  t h e  F l or i da p anhand l e . and an 

a s s emb l a ge of i s o l ep i d i ne and e u l e p 1 d i ne L e p i docycl i na 

occurs i n  the Glendon L i me s t one o f  A l abama . Th i s  and other 

st r a t i gr a ph i c  e v 1 de nce i nd i cat e s  t h a t  t h e  Bridge b oro. 
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Dunc an Chur c h. and G l endon a re b i ostra t i g r a ph i c a l l y  and 

l i t host ra t i graph i c a l l y corre l a t ive. 

Throug h o u t  t he E ar l y  O l i go cene . t he eastern Gu l f  Co ast was 

c h a racter i zed by t h ree pa l eogeogra p h i c  and c a rbona te f a c i es 

prov i n ces: (1) Shelf Prov i nce ( A l ab ama/NW F l o r i da ) ,  w i th 

f or amo l /bryomo l l i mest ones and l o c a l red a l ga l  pavements: 

(2) Gulf Trough/ Apa l a ch i cola Embaymen t Prov i nce (N 

F l o r i da/SW Georg i a) ,  a deep , c urrent-swe p t  s t r u c t ure w i th 

sha l l ow . f l ank i ng c o r a l ga l  ree fs: ,3.nd ( 3 )  Fl ori da. Pl a t form 

Province ( pen i nsu l ar F l or i da/SE Geo rg i a) .  a m 1 l i o l i d. 

pe l o i da l  c h l o r o zo a n  l i mest one w i t h  l o c al p a t c h  ree f s  and 

c or a l t h i cket s . 

D u r i ng t he m i d-O l i g o c ene h i g hst and, t he S he l f P r ov i nce 

bec ame a drowned ramp w 1 t h  a shel f marg i n  c ondensed sec t i on 

( G l endon LS) . Th i s  c a rbonate system was una b l e  t o  kee p-u p 

w i th sea l eve l r i se bec ause of i t s s l ow-grow i ng , t emperate 

wa ter ( 3 0 °N pa l eo l a t i t ude) f auna. Around t he G u l f  Trough . 

however . c o r a l ga l  r eefs ! Br i dgeboro LSl ke p t  p a ce w i th 

sea l eve l r i se and f o rmed a r i mmed p l a t f o rm . Des p i te t he i r  

c o m p a ra t i ve l y  h i g h  pa l eo l a t i t ude t29-32°N). t he t r o p i c al 

f auna o f  t hese c a rbonates t h r i ved bec ause of the i n f l uence 

o f  warm Gu l f  Trough wa t e rs or i g i na t i ng in the Car ibbea n . The 

F l or i da P l a t f o rm a l so kep t  p a ce w i t h sea l eve l r i se .  and was 

pa r t i a l l y  emergen t. Du r i ng the 30 Ma eust a t ic sea l eve l fa l l. 

c or a l ga l  ree f s  moved from t he flanks o f  the Gu l f  Trouah 
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(Br i dge b o r o  LSl into t h e  Trough ! Ok ap i l c o Mbr., Suwann e e  

LS). Th i s  t i me-transgre s s i ve s h i ft i n  r e e f  deve l opment 

c ont i nu e d  to s t ep down t h e  b a t hyme t r i c grad i e nt ( t ra ck i ng 

s e a l eve l fa l l )  unt i l  by t h e  e O l i gocene . r e efs e x i s t ed 

a l o ng t h e  nor t h e rn Gu l f  s h e l f  marg i n  i n  s o u t h e rn M i s s i s s i pp i  

and A l a bama (He t eros teg i na Zone )  a s  a r i mmed s h e l f . 

Lower O l i go c ene l arger b e n t h i c  forami n i fe r a  from t h e  Gu l f  

Coa s t a l P l a 1 n  prov i de a means of t e s t i ng t h e  mo rph o l og i c  and 

l i f e  h i s t ory effe c t s  of env i ronment a l  s t re s s . S t re s s­

s e l e c t i on o c curs i n  env i r o nments wh ere d i stu r b a n c e  i s  low. 

but cond i t i ons are pers i s t ent l y  s u b opt i ma l fo r norma l growth 

and func t i on . In s t ab l e  ( i . e  . .  l ow energy ) bu t s t re s s fu l 

( i .e . .  l ow l i ght for pho t o s y n t he s i s )  c o nd i t 1 on s . t he 

s eme l parous. symb i ont-be a r i ng l ar g e r  foram i n i fe r a  w i l l  d e l ay 

repr odu c t i on ,  grow t o  l a r g e r  s i ze s, and produ c e  l a rge r  (or 

more) embryons dur i ng a s exua l r e produ c t i on. Te s t  s i ze for 

Nummu l i t e s  paname n s 1 s. Lep i do cvc l i na mant e l l i . 1. 

yurnagun e n s i s . and 1· e xam i ne d  along a f o r e r e ef- t o -

d e ep s h e l f  pa l e o e nv i ro nme n t a l t r ans e c t. g e ne r a l l y w a s  found 

t o  i nc r e a s e  i n  b o t h  t h e  s h a l l ow and d e e p e r  e x tr eme s of the 

r ange of t hr e e  out of four s pe c i e s. Embryon s i ze shows t h e  

same pa t t e rn i n  t wo s p e c i es . 

Unde r  sha l l ow. h i gh ene rgy cond i t 1 ons . larg e a du l t  s i z e 

I t o  produce larger young) and large embry on s i ze a.r e 

advant a g e o u s  b e c a u s e  sma l l juvC111les can eas i l y  be d i s l odged 
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from t he i r  substra t e . However . deep, l ow energy/ l ow l i ght 

co nd i t i o ns a l so f avor large a d u l t  s i ze a n d  large juve n i l es 

wh i c h i nherit much symb i o n t -r i c h pro t o p l asm f rom the p a re n t  

( adva n t a ge o us i n  l ow l i ght c o nd i t i o ns) . Thus . l arge test a nd 

emb ry o n  s i ze are pred i c ted a t  t he l i m i ts o f  a spec i es' 

r ange . b u t  f or d i f f eren t  reaso ns . 

A l o n g  t he sha l l ow t o  dee p ecograd i en t . d i f f ere n ces i n  

growth r a t e  a nd reproduc t i ve s chedu l e  shou l d  o c c ur .  A t  t he 

sha l l ow end. h i gh l i ght i nt e ns i ty a n d  wa ter energy 

f a c i l i t a t e  re l a t i ve l y  r a p i d  growt h .  In deeper wa ters. l ow 

l i g h t  red u c es t he e f f i c i en cy o f  symb i ont p hotosy n t hes i s  a nd 

test ca l c i f i c a t i o n . The l a tter p o p u l a t i ons are stress­

se l ec t ed. b u t  i n  b o t h  c ases . l arge s i ze i s  att a i ned by 

hypermorph os i s. 

v i i i  



"The Gulf Str e a m  a fter the cre atio n of the C e ntra l American 
Barri e r. found its way b ack to the Atla ntic sweep i ng over 
southern G e org i a a nd northern Flor1d a . and s u p p lying the 
food n e e d e d  t o  build u p  the gre a t  organic bed s .  

--Ra p h a e l  Pum p e lly . 189 3 
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PART 1 

INTRODUCTION AND OVERVIEW 

1 



Terti ary Stra t i gra p h i c  a nd Paleontolog 1 c  Problems 

i n  the Eastern G ul f  Coastal Pla 1 n  

The strata o f  the Gul f Co astal Pla i n  o f  the southeastern 

Un i ted States and Mex i c o  c onta i n  a n  except i onal re c ord o f  

Terti ary sed i ments . from the earl i est Paleo cene through the 

Ple i stocene. Some se c t i ons. i n  f a c t. have been c h am p i oned a s  

among the most f oss i li f erous and strat i gra p h i c ally c om plete 

shallow mar i ne seq uences i n  the world . P erha ps the major 1 ty 

o f  Gulf Coast stud i es, h owever . con cern the more clast i c -

r i c h  areas o f  the c entral Gul f Coast. from Texas t o  Alab ama. 

Mu c h  less i s  known o f  the eastern Gul f Coa stal P l a i n  o f  

Flor i da and Georg i a . Here . sh allow ma r i ne, p ure c ar bonates 

dom i na t e  m uc h  o f  the Tert i ary sequence . 

Th i s  d i ssertat i o n  i s  i ntended to address several 

strat i grap h i c  and p aleontolog i c  problems i n  the eastern Gul f  

Coastal Pla i n. These pro blems are deve lo ped i n  t he f our 

major se c t i ons ( P arts 2-5) of the d i sserta t 1 on. and are 

br i e fly i ntroduced i n  the rema 1 n i na subse c t i ons o f  th i s  

i ntrodu c t i on . 

The Problem o f  Lower Tert i ary Ree f s  

A f ter th e ext i n ct i on o f  the w 1 de soread Cretaceous rud 1 st-

c oral ree f s  in the Late st Cretaceous ! Ma astricht i an!. true 

framework reefs d i d  not rea ppear aga i n  unt i l  the Late Eoce ne 



and wer e  not a bundant un t i l t h e  O l i go c e n e . Such a l ag t i me 

i n  t h e  r e c ove ry of r e e f s  a f t e r  mas s  ext i n c t i o n  e v e n t s  

a p p e ars t o  b e  a c ommon phe n ome no n , a nd h a s  a l s o  b e e n  

do c ume n t e d  f or t h e  L a t e  D e vo n i an e x t i nc t i o ns . t h e  P e rmo­

T r i a s s i c  e x t i nc t i on s . and o t he r s. 

Lower T e rt i a ry re e f s , t h e r e f o r e . a r e  n o t  we l l  kn own . 

Our p o o r  k n ow l edge o f  P a l e o c e n e  a n d  Eocene r e e f s  i s  a 

c o n s e q u e n c e  o f  s evera l f a c t or s : t h e s e  re e f s a r e  n o t  c ommo n 

t o  beg i n  w i t h , they are n o t  e x t e n s i ve l y  deve l op e d  whe r e  t he y  

d o  o c cur. a nd t hey ar e f r e q ue nt l y  s t i l l  bur i e d b e n e a t h  

s ub s t ant i a l  s e d i me n t ary c ov e r . Ye t f rom a p a l e o e c o l og i c  

s t a ndpo i n t . t h e  s t ru c ture a nd c omp o s i t i o n  o f  t h e s e  r e e f s  

shou l d  prov i de i n f orma t i o n o n  t h e  p o s t-ext i nc t i o n r e c overy 

o f  t h e s e  d e l i c a t e l y  ba l a n c e d  ecosy s t ems . 

I n  t h i s  c o n t e xt , a reexami na t i on o f  the L a t e  P a l e o c e ne 

S a l t  Mount a i n  L i me s t o ne o f  s o u t hwe s t e rn A l a bama proved t o  be 

e sp e c i a l l y s i g n i f i c a n t . Th i s  l o ng-neg l e c t e d  c ar b o n a t e  

bu i l dup w a s  known t o  cont a i n  mas s i ve c or a l s ,  but i t s  

abund a n c e  o f  c o ra l l i ne red a l ga e  a nd spong e s  h a s  never b e e n  

d o c ume n t e d . The abund a n c e  o f  sp onges . i n  part i c u l a r . may 

re f l e c t  a n  o p p ortuni s t i c  r e sp o n s e  o f  t h e s e  orga n i sms a s  r e e f  

b u i l ders in t he a b s e n c e  o f  d i ve r s e  c ora l f a u n a s . O nce cora l s  

re c overed t h e i r  pre-Tert i ary d i ve r s i ty, t h ey aga i n  dom i n a t e d  

r e e f f r.tmewo rk . A complete d e sc r ipt i o n and pa l e o ­

e nv i ronm e n t a l / p a leoeco l og ica l i nt e rp r e t a ti o n  of the S a l t  

Mou n t ain L i me s to ne i s  g i ve n  in Part 2 of th1s d i ss e r t a ti on .  
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B i os t r a t i gr a ph i c  Corre l at i o n  o f  Sha l l ow Mar i n e C arbona t e s  

Tert i a ry b i o s t ra t i gr a ph i c  c orre l a t i on h a s  be e n  e x t reme l y  

r e f i ned over t h e  past 2 0  y e a r s  o r  more by a n  abunda n c e  o f  

de t a i l ed s t ud i e s o f  var i ous m i cro f o s s i l  groups such a s  

p l a nk t o n i c  f oram i n i f era and c a l c a r e o u s  nanno p l a nk t o n  

( c o c c o l i t h o phor i ds) . c t i o ns f r om w i  pread g eograph i c  

reg i o ns c a n  o f t e n  be  c on f i de nt l y  a s s i gned t o  g l oba l . 

s t a ndard b i oz o n e s . and r ad i ome t r i c  d a t i ng met h od s  and 

pa l e omagne t i c  s t rat i graphy have f ur t h e r  re f i ned abso l ut e  

ages and c o rre l a t i o n .  

Th i s  b i os t r a t i gr a ph i c  r i gor . however. i s  u s ua l l y 

re s t r i c t e d t o  l i tho l og i e s  d e p o s i te d  i n  o c e a n i c  or d e e p  she l f  

cond i t i on s . Sha l l ow mar i ne a nd p l at f orm carbona t e s  norma l ly 

do n o t  c o nt a i n  the c r i t i c a l  i nd e x  mi cro f os s i l s .  

Co n s e que n t l y .  corre l a t i on o f  sha l l ow mar i n e .  Tert i ary 

carbona t e s  t o  g l oba l s t andards can be ve ry prob l emat i c . 

Ma cro f os s i l s .  such a s  mo l l uscs or e c h i no i d s .  c a n  u s ua l l y 

p e rm i t a n  a s s i gnme nt to e po c h  l eve l . but r e s o l u t i o n  is 

rare l y  b e t t er than t h i s . Larg e r  b e n t hic f oram i ni fe r a  h ave 

b e e n  us e d  success f u l l y  f o r  c orre l at i o n i n  some reg i ons . 

Th i s  problem i s  ev i dent in t h e  Ol i go c e n e  carbon a t e s  of 

Georg i a  a nd Florid a . t h e  p r e c i se age o f  wh i ch has be en 

deba t ed f or many y e ars . Pa rt 3 of  t h i s  d i s s ert at1 n 1s an  

at t empt to c orre l a t e  Cb i o strat i gr a p h i c a l l y  a nd litho­

s tr a t i gr a ph i c a l l y )  the new l y-de f i ne d  Br i dgeboro L 1 me s t one o f  
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southern Georg i a  and nort hern F l or i da . My a p p ro a c h . wh 1 ch 

I be l i eve c an be a p p l i ed genera l l y. 1 s  as f o l l ows: T o  

determ i ne t he age o f  sha l l ow mar i ne ( p l ankt on-po o r) 

c a rbonates . c orre l at i on must f i rst be made t o  l o c a l . 

p l a nkt on-be a r i ng l i t ho l og i es by means o f  m a c r o f auna . l arger 

f or a m i n i fera. and l i th ost r a t i gr a ph i c  re l at i onsh i ps .  I f  t he 

p l ankton-bear i ng l i t ho l og i es have been c orre l ated t o  g l ob a l .  

st and ard b i ostr a t i g ra p h i es .  t he n  t he age o f  t he sha l l ow 

mar i ne c a rbonate i s  a l so est ab1 i shed by v i rt ue o f  i ts l o ca l 

e q u i va l ence t o  t he p l ankt on-be aring un1t . In t he Bridgeboro 

c ase, t he f o rmat i on was known to he l ong to t he V i cksburgian 

Reg i o na l Stage ( Lower O l i g ocene ) be c ause o f  i t s ma c r o f a una . 

A c ons i der at i on o f  i ts l arger f or a m i n i f er a  and l i t ho­

st rat i gr a ph i c  re l at i onsh i ps .  h owever. a l l ow e d  c orre l at i on t o  

t he G l endon L i mest one o f  western A l abama spec i f i c a l l y ( one 

of severa l  V i c ksburg i an f o rmat i ons) . The G l endon i s  known t o  

l i e i n  nanno pl ankt on z one NP2 2 and t he Eseudohast i ger i na 

� 1 c rq plankt on i c  f o r am i n i ferai zone . 

O l i g o c e ne Carb onates o f  t he Eastern Gu l f  Coast al Plai n 

I n  add i t i on to t he di f f i cu l ty i n  c o r re l ating O l i g o c en e  

sha l l ow marine carbona� e s  o f  t h e  eastern Gu l f  Coasta l Pla1n. 

very l i tt l e  is currently known regard i ng t h e  pa l eo­

e nv i ronments r e p r e sen t e d  by t hese l i mest ones . St ud i es t hat 

h a ve been d one a re e i t her very genera l  1 n  a p p roac h . o r  dea l 
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only with loc;:tl sections or formations. There has been 

virtually no regional paleoenvironmental synthes is of 

eastern Gulf Coast carbonates. and despite many advances in 

our understanding of the paleoecology of marine benthic 

invertebrates. little of this knowledge has been applied to 

Gulf Coast Oligocene faunas . Furthermore. there has long 

been considerable evidence for a variety of coral reefs in 

the eastern Gulf Coast. but this information remains largely 

unpublished and unknown to the geologic community. 

Part 1 of this d1ss�rt�tion is a regional survey of Lower 

Oligocene carbonate facies of the eastern Gulf Coast. This 

work expands on previous paleoenvironmental and 

stratigraphic interpretations. and presents s everal new 

ideas on the evolution of carbonate environments throughout 

the Oligocene. Special attention is given to a summary of 

much largely unpublished information regarding coral reef 

development in northern Florida. southern Georgia. and the 

northern shelf margin of the Gulf of Mex1co. A complete 

paleoenvironmental model for the eas tern Gulf Coast 

Oligocene is presented 1n the form of paleogeographic maps. 

cross sections. and block diagrams. 

The Paleobiology of Larqer Benthic Foram1n1fera 

L'irGer benthic fr•ram1nifera lLBF: ts .c:m 1nformal 

desicrnat1on for numerous taxa which typically reach more 
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t h a n  t h r e e  cub i c  m i l l i me t e rs i n  vo l ume a nd have c omp l ex 

t e s t  morpho l og i es . I t  h a s  be e n  demo n s t r a t e d  f or mos t  e x t a n t  

s p e c i es t h a t  l arge s i z e  a nd c omp l ex t e s t s  a r e  re l a t ed to  

a l ga l symb i os i s . L i v i ng f o rms are a s s oc i at ed w i t h  cora l 

r e e f s  a nd re l a t ed o l i go t ro p h i c  c arbonate e nv i ronme n t s . whe r e  

symb i o t i c  re l a t i o nsh i ps w i th a l ga e  are e s p e c i a l l y  

adv a nt ageous . B e c a u s e  e x t i nc t  l ar g e r  foram i n i f era are a l mo s t  

i nvar i a b l y  a s s o c i a t ed w i t h  s i m i l ar fpa l e o ) e nv i ro nme n t s, i t  

i s  i nf e rr e d  t h a t  t hey a l so h a d  a l ga l symb i on t s  i n  the i r  

cyt o p l asm . 

Numerous s t ud i es on mod e r n  LBF have provi ded a s o l i d 

a c t ua l i s t i c  f ramework w i th i n  wh i ch f os s i l f o rms c a n  be 

I n t e rpre t e d . R e c e n t  LBF are p a r t i c u l ar l y  s e ns i t i ve to d e p t h  

( a s a f un c tio n o f  so l a r i l l um i n a t i o n), substra t e . a nd e n e rgy 

c o nd i t i o ns . I t  has  been argued on theore t i c a l  grounds ( a nd 

s u p port e d  by some emp i r i c a l d at a l t h a t  i n  s t a b l e  ( i . e . .  l ow 

e n e rgy l but s t r e s s f u l  (e . g  . .  l ow l i ght f or phot o syn t h e s i s )  

c o nd i t i on s . the  s eme l pa ro u s  LBF w i l l  de l ay re produc t i o n . 

grow t o  l arger s i ze s . a nd produce l arger embryons (juve n i l e  

t e s t s l dur i ng as exua l re produ c t i on . I n  o t h e r  words . a l ong a n  

i n c r e a s i ng d e p th grad i e n t . i t  i s  pred i ct ed t h a t  L B F  show 

i nc r e a s i ng l y l arge r t e s t  siz e a nd l arger embryon s i ze . The s e  

a nd o t h e r  r e l a t i onsh i ps . however . are on l y  beg i nn i ng t o  

t e s ted i n  f o s s i l LBF . 

Part 5 o f  t h i s  d i sser t a t ion 1 s  a udy of f our s p e c i e s o f  

LBF from a r e s t r i c t e d  i n t e rva l o f  t h e  Lower O l i go c e n e  i n  
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Georgia. Florida. and Alabama which is extremely rich in 

these fossils. This stratigraphic interval includes the 

Bridgeboro. Florala. Glendon. and Marianna Limestones. Part 

4 of the dissertation describes these lithologies in detail. 

and provides the paleoenvironmental context within which the 

paleobiology of these LBF can be examined. Test size. 

embryon size. and post-embryonic growth of Lepidocyclina 

undosa. L. vurnaqunensis. 1· mantelli. and Nummulites 

panamensis are examined along a reef (Bridgeboro Limestone). 

to deep forereef CFlorala Limestone). to deep shelf 

(Glendon/Marianna Limestones) transect. in an attempt to 

test the predicted morphologic and developmental responses 

of larger foraminifera as described above. The data 

collected resulted in a partial confirmation of the original 

hypothesis. and the development of a new. more comprehensive 

model which can be further tested. The results are 

interpreted in the context of heterochrony as a 

developmental and life history response to environmental 

stress. 

8 



PART 2 

A PALEOCENE CORAL-ALGAL-SPONGE REEF FROM 

SOUTHWESTERN ALABAMA AND THE ECOLOGY OF EARLY TERTIARY REEFS 
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I ntroductio n  

T h e  L owe r T e rtia ry was a time o f  re c ove ry a nd 

r e organi z ati on i n  p h ot i c  z o n e  r e e fs ( Fagerstr om 1 987) . A ft e r  

the demise o f  rudist-domi n at e d  bui l du ps i n  the Late 

Cret a c e ous . si gni fi c a nt s h e l f  margi n  f ramework r e e fs d i d  not 

r e a pp e ar unti l the O l igo c e ne ( James 1 9 83 ) . Ma ny P a l e o c e n e  

a nd E o c e n e  s he l f  ma rgi ns w e r e  c h a ra ct e rized by a c c umu l atio ns 

o f  c ora l l i n e  a l ga e  a nd l ar g e r  f o ramini f e r a  ( frost 1 9 86), but 

a var i ety o f  p at c h  r e e fs. c o r a l bi ostromes . a nd bry o z o an 

mounds have a l s o  be e n  doc ume nted . I n  genera l .  h oweve r . L ower 

T e rti ary r e e fs a r e  p o o r l y  k nown . n ot o n l y  b e c a us e  o f  their 

rar ity . but b e c ause o f  thei r  i n a c c essi bi l ity . Ma ny r e e f a l  

litho l ogi es remai n burl e d  under substa ntia l s e dime nt a ry 

c ove r . I n  additi o n. C e no z oi c  r e e fs are f o un d  i n  what are 

sti l l tropi c a l r egi o ns . whe r e  deep we athe ri ng can o b l iterat e  

f ossi ls ( We l ls 19 5 6: Frost 1 9 7 2 . 1 9 7 7 .  1 9 86: J ames 1 9 83: 

J ames et a l. 1 9 88). 

I n  the G u l f  C o ast a l P l ai n  o f  the United States . L owe r 

Te rti ary ree fs have o n l y r a r e l y  b e e n  d o c ume nt e d . a l though 

r e e f  l i k e  l itho l ogi es 1 n  the subsur f a c e  are f requ e nt l y  

a l l uded t o  ( e . g .  Chen 1 9 6 5 ) . This p a p e r  pres e nts a 

r e exami nat1 o n  o f  a l itt l e -k nown Late P a l e o c e ne r e e f  from 

southwestern A l a bama a nd o f f e rs a n  hyp otheti c a l 

p a l e o e nvir onme nt a l r e c o nstr u cti o n . The r e e f a l ba nks o f  the 

northwe stern G u l f  o f  M e xi c o  a r e  c o nsidered as pot e nt 1 a l  
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mod e rn g e o l og i ca l  ( no t  s tr i c t l y  e c o l og i c a l )  a n a l o g s . A l s o, 

t h e  k n own g l ob a l d i s t r i but i o n o f  Pa l eo c e ne and E o c e ne r e e f s  

i s  b r i e f l y  r e v i ewed i n  a n  e f f o rt t o  more f u l l y  d o c ume n t  t h e  

d i ve rs i ty a n d  p a l e o e c o l ogy o f  orga n i c  bu i l d ups t h a t  e x i s t e d 

s h or t l y  a f t e r  the t e rm i n a l Cre t a c e ous e xt i n c t i o n s .  

The S a l t  Mou nt a i n  L ime s t on e  

L o c a t i o n. S t ru c t ur a l D i s p l a c eme nt . a nd Age 

The S a l t  Mo unt a i n  L i me s t o n e  i s  a t horough l y  i ndura t e d  

r e e f a l  ca rbo na t e  o f  var i ab l e  t h i c kne s s  oc c urr i ng p r i m ar i l y  

i n  t he s u b s ur f a c e  o f  sout h e a s t ern M i s s i s s i p p i . s ou t hw e s t e r n  

A l a b ama a nd p a nhand l e  F l or i d a  (Murray 1 9 6 1 ) .  The S a l t  

Mou n t a i n  w a s  f i r s t  de s cr i b e d  by Sm i th and J oh n so n  ( 1 8 8 7 )  a s  

t h e  "Cor a l  l ime s t o n e " . a nd l a t e r  c a l l e d the " S a l t  Mount a i n 

l ime s t on e "  by Langdon ( 18 9 1 ) .  The type l o c a l i t y  a nd o n l y  

s i g n i f i c a n t  exp o s ure o f  t h e  S a l t  Mount a i n  L ime s t o n e  i s  

l o c a t e d  a t  S a l t  Mo unt a i n. a bo u t  6 m i l e s s ou t h  o f  J a c k s o n . 

C l arke C o  . .  A l .3.bama. on Cou n t y  H i ghwa y 15 ( s e c . 33 . T . 6  N . . 

R .2 E . : F i g . 2. 1 1. H e r e . t he S a l t  Mount a i n  w a s  brought t o  

t h e  s ur f a c e  o n  t he u p thrown b l o c k  o f  t he Ja c k s o n  F au l t  w i th 

a m i n i mum d i s p l a c eme n t  o f  4 0 0  me t er s  (Tou l m i n 1 94 0 b) . Th i s  

u p l i f t w a s  a s s o c i a t e d  w i t h  t he g r ow t h o f  t h e  K l e pe c  S a l t  

Dome a nd i s  o ne o f  the e a s t e r nmo s t  surf i c i a l  e x pre s s i o n s  o f  

s a l t  d ome i nt rus i o n i n  t h e  G u l f  o f  Me x i c o Bas i n .  Br i ne s e e p s 

a t  S a l t  Mou n t a i n  w er e  pro c e s s e d  f o r  salt dur i ng t h e  C i v 1 l 

1 1  
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Figure 2. 1 --Ty p e  l oc a l i ty o f  the S a l t  Mounta i n  L ime s to n e . 
l o c ated approx i ma te ly 1 0  km s outh o f  J a ck s o n , 
C l arke County. A l a b ama ls e c .  3 3 .  T. 6 N . .  R .  2 
E . ) .  Tra c e  o f  J a c k s o n  Fault is illu s trate d  o n  
C l ark e County out l i n e .  



War ( Barksda l e .  1 9 2 9 : J o i n e r  & Moo r e  1 9 6 6 : Tou l m i n 1 9 6 6 . 

1 9 6 7) .  

B e f o r e  the recogn i t i o n  o f  t h e  J a ckson F au l t .  e a r l y  work e r s  

c o n s i d e r e d  t h e  Sa l t  Moun a t i n  t o  b e  V i ck sburg i an ( O l i go c e n e ) 

i n  age b e c a u s e  t h e  f au l t i ng h a s  j u xt a po s e d  t h e  S a l t  Moun t a i n  

i nt o  a p o s i t i o n  o f  a p pare n t  s u p e r p o s i t i o n over V i cksburg i a n  

c a r bo n a te s  ( C ooke 1 9 35) . A W i l c o x  <Lower Eo c e n e ) age wa s 

s ug ge s t ed f o r  t he S a l t  Mou n t a i n  a f t er t h e  r e c o gn i t i o n  o f  i ts 

s t ru c t ur a l d i s p l a c eme n t  ( Ho pk i ns 1 9 1 8 ) ,  subsurf a c e  

s t r a ti g r a p h i c  p o s i t i o n  ( B l a n p i ed I n  C r i de r  e t  a l . 1 9 32 ) . a nd 

t h e  d i s c overy o f  d is c ocyc l i n i d  l arge r  f o r am i n i f e r a  ( Vaugha n . 

1 9 36 ;  Tou l m i n 1 9 4 0 b ) . La t e r . Lo e b l 1 c h  and Ta p p a n  ( 1 9 57) 

e s t ab l i sh e d  a Lat e  P a l e o c e n e  age f or the S a l t  Mou nt a i n  b a s e d  

o n  p l a nkt i c  f or ami n i f er a . Subs e q u e n t  work b y  W i nd (1 9 74 )  a nd 

S i e s se r  ( 1 9 8 3) o n  c a l c a r e o us n a n no p l a nk t o n  c o n f i rms t h e  L a t e 

P a l e o c e ne age <F i g . 2 . 2 ) .  W i nd and S i e s s e r  have b o t h  

a s s i gned the S a l t  Mount a i n  t o  n a n no p l a nk to n  z o n e  NP 7.  

Reg i o na l Oc curr e n c e  a nd S t r a t i graph i c  Equ iva l e n t s  

The S a l t  Mou n t a i n  h a s  l o ng b e e n  c o n s i dered a n  of f s ho re 

e q u i va l e nt o f  th e cl a s t i c  N a n a f a l i a Forma t i o n b a s e d  on 

s u b s ur f a c e  l i t h o s t r a t i gr a ph i c  da t a  a nd the rare o c curr e n c e  

o f  Odo n t ogryph a e a  th i rs a e . a c on s p i c uous i nd e x  f o s s i l f or 

t h e  Nana fa l i a  lB l an p i ed 1 9 38 ;  Tou l m i n 1 94 0 b . 19 6 7: Ma cNe i l  

19 4 6 ). The S a l t  Moun t a i n  i s  o n l y  exp o s e d  a t  t h e  ty p e  a r e a  

whe r e  i t  r e a che s a n  a pprox i ma t e  t h i ckne s s  o f  4 0  me t e r s . b u t  
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Figure 2.2--Generalized stratigraphic chart of the Salt 
Mountain Limestone and its equivalents. 
including the uppermost Clayton Formation in 
southeastern Alabama. a time-transgressive Salt 
Mountain lithotype (see text for discussion). 
Data from Braunstein et al. 1988: Siesser et al. 
1 985; Siesser 1983; Toulmin 1 955). 
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h a s  a l s o b e e n  w i de l y  do cume n t ed i n  t he s ubsur f a ce f r om 

s o u t h ea s t er n  Lou i s i ana and s o u t h e r n  M i s s i s s i p p i , t hrough 

southern A l a bama . a nd a cr o s s  n o r t h e r n  F l o r i da ( F i g .  2 . 3 ) . 

Reported t h i ck ne s s e s  are qu i t e v ar i a b l e  but t he r e  s e ems t o  

b e  a g e n e r a l i n cr e a s e  i n  n o r t h er nmo s t  F l or i da o n  wha t  

a p p e ars t o  have b e e n  the f l anks o f  t h e  S uwa n n e e  Channe l .  a 

cur r e n t -swe p t  s t ra i t  wh i ch f l owed a cr o s s  north F l o r i da and 

s o u t h  G e org i a  f r om t h e  Cre t a ce ou s  through t h e  O l i g o ce ne 

( Po p e no e  e t  a l . 1 98 7 ) . The f l a nk s  o f  t h i s  cha nn e l were 

f re qu e n t l y  t h e  l o ca t i o n o f  r e e f a l bu i l du p s  ( Ch e n  1 9 6 5 : 

Man k e r  & C a r t e r  1 9 8 7 ; P i ne t  & P o pe no e  1 9 85 ) . Th i ck n e s s  

var i a t i on s  i n  Mi s s i s s i pp i  a nd A l ab ama probab l y  r e f l e ct 

s tru ct ur a l con t ro l a s  we l l  a s  var i ab l e  r e e f a l  growth a l ong 

the W i gg i ns U p l i f t  a nd J a ck s o n  Fau l t / K l e p e c  D ome ( F i g . 2 . 3 ) . 

I n  t h e  s u b s ur f a ce o f  s o u th e a s t e r n  A l a b ama . t h e  S a l t  

Mou nt a i n  b e come s con f orma b l e  w i t h  t h e  u p p e rmo s t  C l ay t o n  

Forma t i o n <F i g . 2 . 2 ) . a f orma t i o n  wh i ch t hr oughout we s t er n  

A l a bama i s  L ower P a l e o ce ne i n  age ( Tou l m i n 1 9 5 5 ) . Th i s  i s  

s i g n i f i ca n t  i n  t h a t  the u p p e r  C l ay t o n  i n  t h i s  re g i on .  a s  

s e e n  a l o ng t he C ha t t ahoo ch e e  R i ve r  a t  Fort G a i ne s . G e org i a . 

i s  a rhodo l i t h  l i me s t one very r em i n i s ce n t o f  t h e  S a l t  

Mount a i n .  a nd co n t a i ns a sma l l e r f or am i n i f era l f auna w i t h  

s t ro ng a f f i n i t i e s  t o  that o f  the type Sa l t  Moun t a i n  I Tou l m i n  

1 9 4 1 ) .  Th i s  t i me - tra nsgre s s i ve a s p e ct o f  the S a l t  Mount a i n  

a nd u p p e r  C l ay t o n  Forma t i o n s  h a s  b e e n  t h e  s our ce o f  mu ch 

c o n f u s i o n  a nd m i s corre l a ti o n  ( Ma cNe i l  1 9 46 ) . 
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Figure 2 . 3--F e n c e  diagram i l l us t rati ng the r e p o r t e d  
subsur f a c e  di s t ributi o n  a nd t hi c k n e s s  o f  t h e  
S a l t  Mountai n  Lime s t o n e . The o n l y  e x p o s ur e  o f  
t h e  Sa l t  Mou n t ai n  i s  a t  the t y p e  a r e a  ( � ) wher e  
i t  r e a c h e s  a n  a pproxima t e  t hi c k n e s s  o f  4 0  met e r s  
( Tou l mi n  1 94 0 b , r e p ort s o n l y  2 7  m ) . The s outh­

we s t e r n  e xt e n t  i s  i n  Was hingt o n  a nd ( e a s t e r n ) 
S t . Tamma ny P a ri s h e s  i n  Loui si a n a  ( £ ) , and P e a r l 
Rive r a nd Ha n c o c k  Counti e s  in Mi s si s si p pi ( Q ) . 
whe r e  t h e  Sa l t  Mou n t ai n  i s  1 2 - 1 5  me t e r s  t hick . 
We s t  o f  t hi s  are a , the S a l t  Mo unt ai n  grade s i n t o  
t h e  t y pi c a l argi l l a ce o u s  s e dime nt s o f  t h e  l ower 
Wi l cox G roup ( � )  ( Howe 1 9 6 2 ) . I n  G e o rg e  C ounty , 
Mi s si s si p pi ( £ ) , the S a l t  Mou n t ai n  i s  a 
g l au c o niti c , f o s si l i f e ro u s  lime s t o n e . o c c uri ng 
i n  t h e  midd l e  o f  the Wi l co x  G ro u p , a nd never 
exc e e d s  a bout 3 me t e r s  in t hi c k n e s s  ( Di nkin s  
1 9 6 7 ) . Five t o  6 me t e rs a r e  r e c orded f rom Wayne 
C o un ty (g ) , a nd 1 2  to 1 8  me t e r s  in J a c k s o n  
C o un t y  ( � ) . Mi s si s si p pi ( Braun s t ei n  e t  a l . 
1 9 88 ) . I n  Ba l dwi n  C ounty . A l a bama ( f ) , 27 met er s  
o f  S a l t  Mount ai n  have be e n  r e p o r t e d  ( Eby & Ni c ar 
1 9 3 6 ; Tou l mi n  1 94 0b ) . E l eve n me t er s  a r e  re ported 
f or Mobi l e  County . A l a bama ( g )  ( Br a u n s t ei n  e t  
a l . 1 9 8 8 ) . I n  F l or i da , C o l e  ( 1 9 3 8 ) r e c ords 6 0  
me t e r s  o f  S a l t  Mount ai n  L i me s t o n e  f rom a we l l  i n  
J a c k s o n  C ounty ( h ) . a nd a t  l e a s t  3 8  me t er s  
( po s si b l y  u p  t o  7 3  m )  i n  a Nas s a u County ( i )  

we l l  ( Co l e  1 944 ) . The Sa l t  Mount ai n  i s  2 1  t o  27 
met e r s  in Wa l t o n  a nd B ay Counti e s  ( j , k ) . a nd i s  
a b s e n t  n e a r  the c o a s t  i n  Gu l f  C ou nty a nd t he 
Ta l l ah a s s e e  a r e a  < l . ffi l ( To u l mi n  1 9 5 5 ) .  
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I n  F l or i da . t h e  subsur f a c e  c arbonat e  l i t h o l og i e s  o f  t h e  

O l d smar ( i n p a r t ) a nd C e d a r  Keys Li me s t o n e s  h a v e  b e e n  

c o n s i de r e d  S a l t  Moun t a i n  e qu i v a l e n t s  ( To u l m i n  1 9 5 5 : 

Brauns t e i n  e t  a l . 1 9 8 8 ) . B o t h  c o nt a i n  l arge r  f o rami n i f e r a  

a nd are r e p o r t ed t o  have r e e f a l f ac i e s  deve l op e d  a l ong t he 

northern e dg e  o f  t h e  F l or i da P l a t f o rm ( Le v i n  1 9 5 7; C h e n  

1 9 6 5 ) . a l t hough the n a t u r e  o f  the s e  ree f s  i s  q u i t e unknown . 

G e n e ra l P a l e o n t o l ogy 

The f au n a  a nd f l or a  o f  t h e  S a l t  Mount a i n  L i me s t o n e  h av e  

b e e n  o n l y  p a rt i a l l y  docume n t ed . W i nd ( 1 9 74 ) a nd S i e s s e r  

( 1 9 8 3 )  h av e  d e s c r i b e d  c a l c a r eo u s  n a nnop l ankt o n . Twe l ve 

s p e c i e s o f  p l a nk t o n i c  f or am i n i f e ra were r e p o r t e d  by Loeb l i c h  

a nd Tappan ( 1 9 5 7 ) . Tou l m i n ( 1 9 4 1 , 1 94 0 a ) d e s c r i b e d  sma l l e r 

b e n t h i c  f oram i n i f era ( 9 7 s pe c i e s . i nc l ud i ng p l a n k t o n i cs )  a nd 

brach i opo d s  ( 7  s p e c i e s ) . Two s p e c i e s o f  l arge r  b e nt h i c  

f or am i n i f er a , P s e ud ophr agm i n a ( At h e c ocyc l i n a ) s t ephe n s o n i  

a nd D i s c o cyc l i n a  ( D i s c o cyc l i n a) we aver i . h ave be e n  d e s c r i b e d  

b y  Vaughan ( 1 9 3 6 ; a l s o  s e e  C o l e  1 9 5 9 ) . Two mas s i ve 

s c l e ra c t i n i a n c o ra l s .  S ty l oph o r a  ponderosa a nd A c t i na c i s  

a l a b ame n s i s . were a l s o d e s c r i b e d  by V aughan ( 1 9 0 0 ) . 

Add i t i on a l f a una l e l eme n t s  me n t i oned by Tou l m i n ( 1 9 4 0 b ) 

i nc l ud e  2 6  s p e c i es o f  o s t r a c od s . nume rous bry o zo a . a n  

an n e l i d ( Tubu l os t i um ) . s t ar f i sh o s s i c l e s .  s t em f ragme n t s o f  

t h e  c r i no i d  Rh i zo cr i nus cy l i nd r i c u s ? We l l e r . and nume rous 

r egu l ar e c h i no i d  s p i ne s  a nd t e s t  f ra gme n t s r e p r e s e n t i ng t he 
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ge n e r a  Doro c i da r i s ,  Lor i o l i a ,  a nd S a l e n i a . 

The S a l t  Mou nt a i n  h a s  l o ng b e e n  r e c og n i z e d  a s  a l o c a l re e f  

b e c a u s e  o f  i t s  abund a nt . l ar g e  s c l er a c t i n i a n c o ra l s  ( wh i c h  

h ave l arge l y  be e n  removed f rom t h e  o u t c r o p  b y  " z e a l ous 

c o l l e c t o rs " ,  a c c o rd i ng t o  Tou l m i n  1 9 6 7 ) . U n f ort u n a t e l y , 

f o ss i l  p r e s e rva t i on i s  g e n e r a l l y p o o r  i n  out c ro p  and 

e x t e n s i ve c eme n t a t i o n ha s mad e  c o l l e c t i ng even more 

d i f f i cu l t .  However . r e c e nt t h i n  s e ct i o n a n a l y s i s  h a s  

u n c ov e r e d  a n  e x t e n s ive b i o t a , s ome o f  i t  pr e v i ous l y  u nk nown . 

Vo l ume t r i c a l l y . t h i s  c a r bo n a t e  p r i ma r i l y c o n s i s t s  o f  

c o ra l l i n e a l ga e  a nd s p o ng e s . a s  we l l  a s  c o ra l s . i n  a muddy 

mat r i x .  A c c e s o ry f o s s i l s i nc l ud e  p l a nkt o n i c a nd l arge r 

f or am i n i f e r a . bryoz o a n s . mo l l u s c s . b r a c h i o pods . and 

e ch i noderm d e br i s . The new l y  d i s c o v e r e d  s po ng e s  a nd 

c o ra l l i ne a l ga e  a r e  i n  need o f  b a s i c  t a x o nom i c  t r e a tme n t . 

a n d  wi l l  b e  t he s ub j e c t o f  s e p a ra t e  i nve s t i ga t i o n s . 

Methods 

A r e c o na i s s a n c e  of S a l t  Mou n t a i n  was c o ndu c t ed i n  Ju l y  o f  

1 98 8 . a nd two a dd i t i o na l t r i ps were made i n  May o f  1 9 8 9  a nd 

A p r i l o f  1 9 9 0 . The s e ct i o n  wa s me a s ur ed a nd b o t h  i n- p l ac e  

a nd f l o a t  s amp l e s were t ake n . F i gur e s  2 . 4  a nd 2 . 5  s h ow t he 

l o c at i on o f  s amp l e  a r e a s  o n  a r e produc t i o n o f  t h e  

t o pogra ph i c  ma p o f  Tou l m i n  ( 1 94 0b ) . a nd a cro s s -s e c t i ona l 

pro f i l e .  S amp l es we re th i n-s e c t i o n e d  f o r  p e t r ograph i c  

o b s e rvat i o n s  a nd e x am i ne d  f o r  ma c r o s c op i c  f e a t u r e s . Expo s u r e  
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Salt  
Mountain 
Limestone 

F i gure 2 . 4 -- P e t rograph i c  s am p l e  l o c a t i o n s  p l o t te d  on the 
to pograph i c  ma p o f  Tou l m i n ( 1 9 4 0b ) . A-B i s  
the t ra n s e c t  o f  F i gure 5 .  

20 



F i gure 2 . 5 --Cro s s -s e c t i o n a l pro f i l e  o f  t h e  t y p e  a r e a  o f  t h e  
S a l t  Moun t a i n  L i me s t o ne . s h ow i ng s amp l e  
l o c a t i o n s  ( sma l l numb e r s ) and t h e  s t r a t i g r a ph i c  
d i s t r i bu t i o n o f  t h e  f ou r  b i o f a c i e s ( bo l d numb e r s  
1 -4 l . V e r t i c a l  exagger a t i o n = x 6 . 
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at t h e  o u t c r o p  i s  v e ry d i s co n t i nuous . Some l a rge r o c k  f a c e s  

may . i n  f a c t . b e  d i s p l a c e d  bou l d e r s . mov e d  p erha ps dur i ng 

up l i f t .  The r e  i s  a l s o an a p p a r e n t  d i p  of 7 t o  1 0  degr e e s . 

re s u l t i ng i n  s ome i mp re c i s i on i n  t h i ckne s s  me a s ureme n t s . 

B i o f a c i e s 

The S a l t  Mount a i n  L i me s t one i s  a n  e xt r eme l y  muddy 

l i th o l ogy . I n  out c ro p . many o f  t h e  b e d s  a r e  ma s s i v e . 

e x t r eme l y  h a rd . a nd bre a k  w i t h a c o n c o i d a l f r a c t u r e  

re s emb l i ng c h e r t . A c cord i ng t o  Tou l m i n  ( 1 9 4 0 b ) . h ow e ve r . 

s i l i c a mak e s  u p  o n l y  a f ra c t i o n o f  t h e  c om p o s i t i on o f  th i s  

l i tho l ogy . The " ch e rt y " t exture mus t  r e s u l t  f rom t h e  

abunda n c e  o f  m i c r i t i c  c e me nt s  f o u nd t hrough o u t  t h e  ro ck . A 

t h orough d i a g e n e t i c  eva l ua t i on o f  t h e  S a l t  Mount a i n i s  mu c h  

n e e de d . 

At l e a s t  f our b i o f a c i e s  c a n  be d i s t i ngu i s h e d  o n  t h e  bas i s  

o f  th i n  s e c t i o n  e x ami n a t i o n a nd f i e l d  re l a t i on sh i p s . Ea c h  

p e t rogr a p h i c a l l y-de f i ne d  b i o f a c i e s i s  s up p l e me nt e d  w i t h  

ma c r o f o s s i l  d a t a  f rom f i e l d c o l l e c t i ng .  B e c a u s e  o f  t h e  

d i s cont i n u o u s  e x p o s ure . h oweve r . b o t h  vert i c a l a nd l a t e ra l 

s amp l i ng we re l i m i t e d . a nd n o  bedd i ng c o n t a c t s  were o b s e rved 

b e t we e n  a ny o f  t h e s e  f ac i e·s .  The ext e n t  a nd t h i ckne s s  o f  

e a c h b i o f a c i e s  i s  t h e re f ore u n c e rt a i n  a nd c a n  o n l y  be 

e s t i m a t e d . It i s  a l s o l i k e l y  t h a t  t h e r e  i s  mu c h  more 

va r i a b l i ty a nd d i ve r s i t y o f  l i t ho l og i e s t h a n  i s  r e p re s e n t ed 



h e r e . 

B i o f ac i e s 1 :  For am-bryo zoa n-a l qa l  b i omi cr i t e  ( F i g . 2 . 6A-E ) 

Th i s  f a c i e s i s  b e s t  r e pr e s e nt ed i n  the s amp l e s f r om 

l o ca l i ty 5 .  but i s  a l so deve l op e d  a t  l o ca l i t y  2 .  a nd t o  some 

ext ent 3 .  Lam i nar . e ncrus t i ng c a l c areous red a l ga e  a nd 

bryo zoa n s  predomi n a t e . but l a rger f oram i n i f e ra 

( d i s cocyc l i n i ds ) a r e  commo n . A c c e s ory f o s s i l s  i n c l ud e  

p l a nkt o n i c  f o ram i n i f e ra .  sma l l s ponge s . bran ch i ng c o r a l s ,  

mo l l us c s . a nd e c h i noderm s . Some un i den t i f i ed co l o n i a l  cora l s  

( p o s s i b l y S ty l ophora ponderos a )  were fou nd i n  o u t c r o p . but 

these do not a pproach the s i z e  of  the mas s i ve c o r a l s  i n  the 

s ponge-c o r a l f ac i es . Be c a u s e  o f  the dom i n a n c e  of  c r u s t o s e  

c o ra l l i ne a l g a e  i n  th i s  b i o f a c i e s , s evera l s p o i l s amp l es o f  

l am i na t e d  a l g a l bound s t o n e  c o nt a i n 1 ng bor i ng l i t h o phag i d  

b i va l ve s  were c on f i de nt l y  a s s i gned t o  t h i s  l i t ho l ogy .  

B i o f a c i e s 2 :  Cora l b i om i c r i t e  ( F ig . 2 . 7C , D )  

Th i s  f a c i e s  i s  c ha r a c t e r 1 z ed by the c ommon o c c urre nce o f  

d e l i ca t e . branch i ng c ora l and i s  s e e n  i n  samp l e s 6 a nd 7 .  

O t h e r  a l l o c hems i nc l ude sma l l er f orami n i f e r a . bryozoans . 

sma l l s ponges . a nd e c h i noderm ma t e r i a l . Cora l l i ne a l gae are 

rare 1 n  t h i s  f ac i e s . and a r e  on l y  f ound e n c ru s t i ng the 

branch 1 ng cora l s . Larger f oram i n i f era are a l so u n c ommon . 

Th i s  b i o f ac i e s i s  very s im i l ar t o  B i o f a c i e s 4 ( c ora l 

e ch i nod e rm b i omi c r i t e ) .  but may have l es s  e c h i noderm a nd 
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F i gure 2 . 6 --B i o f a c i e s 1 ( F oram-bryozoan-a l g a l  b i om i cr i t e ; 
A . B . C . D . E l a nd 3 ( S p o nge - c ora l b i om i cr i t e ; 
F . G . H ) , phot om i c rogra phs a nd h a nd s amp l e s . � . � .  
£ , Q .  F o r am-bry o z o a n- a l ga l  b i om i c r i t e ; � 
d i s c ocyc l i n i d  l arger f orami n i f er a . £ = c o r a l l i ne 
a l gae ,  Q = bryozo a n , � = s p o ng e  w i th s p i cu l e s . 
g .  Th i ck ,  c o ra l l i ne a l ga l  bounds t on e . f .  S p o ng e  
wi t h  s p i cu l e s  i n  m i cr i t i c  ma tr i x . � - Cro s s ­
s e c t i o n  o f  l arge , tubu l ar s ponge ( s c a l e  bar 
l cm ) . H .  Th i n  s e c t i on v i ew o f  s po ng e  s h ow i ng 
s po nge wa l l  ( l e f t ) a n d  s p o ngo c oe l ( Q )  f i l l ed 
w i t h m i c r i t e . Hor i zo nt a l d i me n s i on i n  
A . B . C . E . F . H  i s  5 . 5mm :  D i s  1 . 2mm .  
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F i gure 2 . 7--B i o f a c i e s  2 ( Cora l b i omi cr i t e : C . D ) . 3 ( Sponge­
c ora l b i omi c r i t e : A . B ) . and 4 ( Cora l -echi node rm 
b i omi cr i t e : E . F ) . photomi crographs a nd l arge 
cora l . A ·  Spec ime n  o f  S tyl ophora po nde rosa 
Vaughan ( S ca l e  bar = 5 cm) . � ·  Cora l l i t e s  of S .  
ponderosa . £ .  Un ident i f i ed branch i ng cora l i n  
mi cr i t e . � .  Un i de nt i f i ed bor i ng ( ? )  orga ni sm and 
ech i no i d  spi ne ( � )  i n  m i c r i t e . � ·  Cora l l i ne 
a l gae ( £ )  and branch i ng cora l i n  mi cr i t e . r .  
D i s c o cyc l i n i d  f orami n i fera ( � )  and e ch i no i d 
s p i ne s  ( � )  i n  mi c r i t i c  matr i x . Hor i zont a l 
d i mens i on i n  B . C . D . E . F  i s  5 . 5mm .  
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a l ga l ma t e r i a l  a s  we l l  a s  m i l i o l i d f or am i n i f er a . The c ora l 

b i om i cr i t e f a c i e s  a l so a p p e a r s  t o  h ave more s p arry c a l c i t e 

i n f i l l i ng o f  vugs tha n i s  s e e n  i n  B i o f a c i e s 4 .  I n  the s e  

vug s . c a l c i t e c rys t a l s i z e may i n c r e a s e  t oward t he c e nt e r  

a nd i n  s ome c a s e s  a pproa c h e s  a dog t o o t h  s p a r  morpho l ogy ( F i g  

2 . 7D ) . 

B i o f a c i e s 3 :  Sponge -c or a l b i om i cr i t e ( f i gs . 2 . 6F-H . 2 . 7A , B ) 

Th i s  f a c i e s  i s  d i s t i nc t l y  d e ve l op e d  both near t h e  b a s e  a nd 

t h e  t o p  o f  t he s e c t i o n a t  l o c a l i t i e s 4 a nd 8 - 9 . S po ng e s i n  a 

muddy ma t r i x  a nd ma s s i ve c o r a l s  c ompr i se t h e  bu l k  o f  t h i s  

l i t ho l ogy . Red a l ga e  may be f ound e n crus t i ng s ome s p o nge s . 

but are g e nera l l y uncommo n . P l a nk t o n i c  f or am i n i f e r a  a r e  

regu l ar l y s e e n  i n  t he m i c r i t e . At s amp l e  l oc a l i ty 1 3 .  a 

p a t c h  r e e f dom i n a t e d  by t h e  c o r a l S ty l oph o r a  po nde ros a  wa s 

f ound . a nd i s  re f e rred t o  t h i s  b i o f a c i e s b a s e d  o n  i t s 

l o c a t i o n i n  c ro s s -s e c t i o na l pr o f i l e  ( f i g . 2 . 5 ) . O t h e r  

mas s i ve c o ra l s . i nc l ud i ng Ac t i na c i s  a l bame n s i s  a r e  s e em i ng l y  

l e s s  c ommo n . S p o ng e s  wer e  a l s o o b s e rved i n  out c r o p  wh i ch 

i nt e rgrow w i t h  t h e  c ora l S ty l ophor a po nd e ro s a . S p i cu l e  

p a t t erns o f  t h e  S a l t  Mount a i n  s p o ng e s  are we l l  p r e s e rved i n  

t h i n  s e c t i o n ( e . g  . .  F i g . 2 . 6 F ) . F ur t h e r  s t u dy shou l d  reve a l  

t he i r  p r e c i se t axonomi c s t at u s . 



B i o f a c i e s 4 :  C ora l -e c h i noderm b i om i c r i t e l Fig . 2 . 7E , F ) 

Th i s  f a c i e s  i s  s e e n  at  t h e  t op o f  the s e c t i o n i n  s amp l es 

1 0  and 1 2 . a nd c l o s e l y  r e s emb l es the c ora l -b i om i c r i te 

f a c i e s . A l though s e emi ng l y  a gra i ns t o ne i n  hand s amp l e . t h e  

rock i s  very m i c r i t i c . w i t h abunda n t , c o a r s e  e c h i noderm 

debr i s  a nd branc h i ng cora l s . Bryozoans a nd red a l ga e  are 

a l so c ommo n a nd the a l g a e  f requent l y  e n c r u s t  e c h i noderm 

gra i ns .  Larger f or am i n i f e ra are rare but m i l i o l i d 

f orami n i f er a  are pre s e n t . De s p i t e  i t s  c o a r s e  gra i n  s i ze and 

h i gh poros i ty .  t h e  cora l -e ch i noderm b 1 o f a c i e s has l i t t l e  

s pa rry c a l c i t e . Lami n a t e d  m i cr i t e  i s  c ommo n . and may l i e i n  

abrupt c on t a c t  w i t h  coars e e c h i noderm d e br i s ,  sugg e s t i ng 

s ome degr e e  o f  e ar l y  m i c r i te ceme n t a t i o n . 

Pa l e o e c o l ogy a nd Pa l e oe nv i ronme n t s  

The Sa l t  Mount a i n  L ime s t one i s  a c ora l -a l ga l -sponge 

bu i l dup wh i c h i nc l ud e s  b i oc l as t i c  wa c ke s t o n e s  a nd 

p a ck s t o ne s . a l ga l  b i nd s t o ne s . s ponge ba f f l e s t o ne s . a nd 

cora l -s p o ng e  f rame s t o ne p a t ch re e f s . The s i z e . sha pe . and 

f u l l geograph i c  ext e nt o f  th i s  r e e f a l  l i th o l ogy i s  not fu l l y 

known a nd w i l l  requ i r e subsur f a c e  dr i l l i ng t o  det erm i ne . A t  

t he type l o c a l i ty .  the S a l t  Mou n ta i n  i s  a s s o c i a t  w i th 

f au l t i ng a nd s a l t  dome growth , a nd i t  i s  there f ore l i k e l y  

tha t re e f  deve l o pment wa s a c o n se q u e n c e  o f  l o c a l s ho a l i ng o n  

t h e  P a l e o c e ne she l f .  The pre c i s e t i mi ng o f  emp l ac eme nt o f  



the K l e p e c  Sa l t  Dome , however ,  needs t o  be  re s o l ved . 

F i gure 2 . 8 i s  a n  hy po the t i ca l  pa l e o e nv i ronme n t a l 

r e c o n s t ru c t i o n  o f  the f our b i o f ac i e s  and t he i r  d e po s i t i o na l 

re l at i on sh i p s . The vert i ca l  a nd ( pr e s umed ) re l a t i ve d e pt h  

re l at i onsh i ps amo ng t h e  f a c i es a r e  b a s e d  o n  s t ra t i gr a ph i c  

j uxtapos i t i o n ( s e e  F i gure 2 . 5 ) a nd t h e  a ut e co l ogy o f  the 

t axa pre s e nt . A g e n e ra l i ze d  mode l c o n s i s t i ng o f  a c e n t ra l 

re e f a l  bu i l dup . w i th " f orere e f "  a nd " backre e f " s e t t i ng s  i s  

a s s umed , but I do not propose t h a t  t h e  Sa l t  Mou nt a i n  i s  

d i re c t l y  c ompa r a b l e  t o  mode r n , wave r e s i s t a nt f rame s t o ne 

r ee f s . 

B i o f a c i e s 1 i s  t h e  mos t  abundant rock type i n  the Sa l t  

Mount a i n  L i me s t o n e . I t  i s  dom i n a nt l y  comp o s e d  o f  th i n  cru s t s  

o f  cora l l i na c e an r e d  a l ga e  ( ? Ar c h a e o l i tho thamn i um )  i n  a 

mi cr i t i c  ma t r i x .  C ru s t o s e  cora l l i ne s  are c ommo n i nh a b i t a n t s  

o f  ree f  a nd f orere e f  e nv i ronmen t s  i n  b o t h  Te rt i ary a nd 

Re c e n t  bu i l du p s  ( Adey and Ma c i ntyre 1 9 7 3 : Wray 1 977 : Gho s e  

1 977 ) . A l though some s amp l e s o f  th i ck . a l ga l bound s t o n e  have 

b e e n  f o u nd at Sa l t  Mount a i n  ( F i g . 2 . 6 E ) , t h e r e  a r e  no 

rhodo l i t h s . nor are t h e r e  any l arge s t ruc t u r e s  comparab l e  to 

an a l ga l r i dge . I ns t e ad . the a l gae c o n s i s t o f  very t h i n  

crust s  a nd they a re usua l l y brok e n  i nt o  sma l l f ragmen t s 

( F i g . 2 . 6 A . B . D ) . Th i n  l am i nae may e x t e nd l a t era l l y f o r  

s evera l c e nt i me t er s  over a m i cr i t i c  subs t ra t e . A c c ord i ng t o  

S t e neck ( 1 9 8 6 ) . s u c h  th i n  c r u st s  a r e  i nd i c a t i ve o f  gre a t e r  

wa t er d e p t h s  a nd s l owe r growth r a t e s  re l a t i ve t o  th i cker 
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F i crure 2 . 8--Hy p o t he t i c a l  r e c o ns t r u c t i o n o f  the S a l t  Mou n t a i n  
L i me s t o n e  r e e f . show i ng i n f e r r e d  l a t e ra l a nd 
d e p t h  r e l a t i o n sh i p s  among t he f ou r  b i o f a c i e s . 
S e e  t e x t  f or d i s cu s s i o n . 
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c or a l l i n e c rus t s . The d e p t h  r a nge o f  over l ap o f  t h i n  a nd 

t h i ck c ru s t o s e  c or a l l i ne s  i n  mod e r n  r e e f s  i s  a p pro x i ma t e l y  

1 0 - 2 0m ( S t e n e ck 1 9 8 6 . f i g .  4 ) . 

D i s co c y c l i n i d  f orami n i f er a  ·:i re a l s o c ommo n i n  B i o f a c i e s 1 

( f i g .  2 . 6 A ) . The s e  l arger f or am i n i f er a  w e r e  c ommo n d e e p  

f orer e e f  a nd u p p e r  b a s i n  s l o p e  i nh a b i t a n t s  dur i ng t h e  

P a l e o c e ne a nd Eo c e ne { Gh o s e  1 9 77; Fro s t  1 9 77) . B a s ed o n  t h e  

pre s e nc e  o f  d i s c o cy c l i n i d  f o ram i n i f e ra a nd abund a nt . t h i n  

c ora l l i n e  a l g a e . B i o f a c i e s 1 i s  c o ns i dered a d e e p  f or e re e f  

e n v i ronme n t  o f  l ow e ne r gy and l i ght i nt e ns i ty .  The a bund a n c e  

o f  b ryozo a n s  i n  t h i s  f a c i e s  i s  c o n s i s t e n t  w i t h  t h i s  

i nt erpre t a t i o n . I n  n o n- t ro p i c a l  c a r b o na t e  e nv i r o nment s ,  

bryozoans c a n  b e  ma j or s ed i m e n t  c o n t r i bu t o rs < Ne l s o n  e t  a l . 

19 8 8 ) . 

B i o f a c i e s 2 i s  n o t  a s  vo l ume t r i c a l l y  i mp o rt a n t  a s  

B i o f a c i e s 1 ,  but I S  d i s t i ngu i s h e d  by i t s c ommo n bra n c h i ng 

( ph a c e l o i d )  c o r a l s .  s u gge s t i ng a c ompara t i ve l y  l ow e n e r gy 

s e t t i ng .  B e c a u s e  o f  i t s s t ra t i graph i c  ne a r ne s s  t o  t h e  

s po nge-c ora l f a c i e s . I i nt e rp r e t  i t  a s  o c c ur r i ng j us t  o f f  

the c e ntra l r e e f a l bu i l dup . perha p s  a s  sma l l .  l ow-d i vers i ty 

p a t c h e s  or t h i c k e t s . Cora l l i ne a l g a e  are n o t  c ommon . a nd 

usua l l y o c c u r  a s  e n c ru s t a t i o n s  o n  c o ra l . Re gu l a r e c h i no i d 

s p i ne s  are f a i r l y  c ommo n . 

B i o f a c i e s 3 c o ns t i t ut e s  t h e  c e nt r a l re e f a l  bu i l dup a nd 1 s  

both a cora l f r ame s t o ne a nd s po nge b a f f l e s t o n e . Large cora l s  

h e ad s  are c ommo n . but o f  very l ow d i ve rs i ty .  Stv l ophor� 
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ponde ro s a  l f i g . 2 . 7 A )  i s  mos t  a bundan t . w i t h  l e s s er 

A c t i na c i s  a l a bame n s 1 s . S p o ng e s  a r e  very a bund a n t  a nd o c c u r  

i n  muddy l i t h o l og i e s ( f i g . 2 . 6G . H ) . sugge s t i ng a r o l e  a s  

s e d i me n t  ba f f l e r s . S p i c u l e  p a t t e r n s  a re we l l - pr e s e rved a s  

a r e  who l e  b ody f o s s i l s .  b u t  b o t h  c a n  on l y  be s e e n  i n  t h i n­

s e c t i on .  A c omp l e t e  t ax o n om i c t r e a tme n t  o f  t h e s e  s ponge s i s  

underway , a nd w i l l  c e r t a i n l y r e f i ne our unde r s t and i ng o f  t h e  

e c o l og i c  a nd e nv i ro nment a l  s e t t i ng o f  the S a l t  Moun t a i n  

L i me s t on e . 

B i o f a c i e s 4 ove r l i e s  t h e  s p o nge-cora l f a c i e s a nd i s  r i c h 

i n  d e l i c a t e l y  b r a n c h i ng c o r a l s  a nd c o a r s e  e ch i node rm d e br i s . 

Th i s  b i o f a c i e s i s  ve ry s i m i l a r t o  t h e  cora l -b i om i c r i t e  

f a c i e s . but a p pe a rs t o  have more e ch i nod e rm d e br i s . Regu l ar 

e ch i no i d  s p i ne s  a r e  e s p e c i a l l y  a bunda n t . The 

p a l e o e nv i r o nme n t  o f  B i o f a c i e s  4 i s  c o n s i de r e d  to be 

e s s e nt i a l l y t h e  s ame c omp o s i t i on a l l y  a s  B i o f a c i e s 2 .  and 

l o c a t ed near t h e  s po nge c o r a l bu i l dup . Howeve r ,  b e c a u s e  o f  

i t s s t ra t i gr a ph i c  s u pe rp o s 1 t o n  over t h e  s po ng e - c or a l  bu i l du p  

( i n a pre sumab l y  s ha l l ow i ng upwards s e q u e n c e ) .  B i o f a c i e s 4 

i s  i nt e r pr e t e d  a s  a b a ck r e e f  d e p o s i t  f f i g . 2 . 8 ) . 

The F l owe r  G a rde n B a nk s : A Mod e r n  Ana l og ?  

The S a l t  Mount a i n  may h a ve a c l os e  geo l og 1 c  a n a l og i n  t h e  

mod e r n  r e e f s  a nd b a nk s  o f  t h e  northwe s t  Gu l f  o f  Mex 1 c o ( i . e .  

t h e  F l owe r G a rde n B a nks ) . L i k e t he modern r e e f a l b a nk s . t h e  
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S a l t  Mou n t a i n  re e f  e v i d e n t l y  deve l o ped o n  a l o c a l 

t o p ogra p h i c  h 1 gh ! re s u l t i ng f rom s a l t  d i a p i r i sm )  o n  a n  

o t h e rw i s e  c l a s t i c-dom i na t ed she l f .  Subs e qu e n t  u p l i f t 

e ve n t u a l l y brought the o n l y  k n own o u t c r o p  o f  t h i s  carbona t e  

t o  the sur f a c e  o n  t h e  u p t h r own b l ock o f  t h e  J ac k s o n  F au l t . 

The F l ower G arde n B a nks . a nd numerous r e l a t e d re e f a l  

s t ru c t u r e s  o f  t h e  Texas-Lo u i s i a na s he l f . have deve l o ped o n  

t o pogr a p h i c  h i gh s  o n  the m i d- t o  ou t e r  s he l f . O n  t h e  c l as t i c  

Texas-Lou i s i a n a  she l f . t he s e  p r om i n e n c e s  r i s e  a bove t ur b i d  

bo t t om wa t e r s  o f  s e a s o na b l y  va r i ab l e  s a l i n i ty a nd 

t emp e r a ture ( i n f l ue n c e d  by runo f f  f r om t h e  M i s s i s s i p p i  R i v e r  

a nd wi n t e r  mi x i ng ) . i nt o  c l e a r  s u b t r o p i c a l  t o  t r o p i c a l  

wa t e rs o r i g i n a t i ng f rom t h e  C a r i b b e a n  w1 t h  w i n t e r  

t emper a t u r e  m i n i ma o f  o n l y  1 9  t o  2 0 o  C ( i n t h e s e  o f f s hore 

wa t e r s . the wa t e r  co l umn r ema i ns s tr a t i f i e d a nd l i t t l e  

i n f l ue n c e d  by wi n t e r  m i x i ng ) . Such c o nd i t i o ns are s u i t a b l e  

f or c o r a l -a l ga l  r e e f growt h . a l t h ough be c a u s e  t h e s e  r e e f s  

a r e  n e a r  t h e  nor t h e r n  l i m i t f o r  t r o p i c a l  r e e f s  ! 2 7 o N l . 

h e rmat yp i c  c o r a l d i ve r s i ty i s  muc h  l ower t h a n  typ i c a l  

We s t er n  At l a n t i c  r e e f s  ( Re zak e t  a l . 1 9 9 0 ; 1 9 8 5 ) . 

Re e f a l b u i l du p s  o f  C re t a c e o u s  a nd Tert i a ry a g e  a r e  k n own 

t o  h ave deve l o ped on t o pograph i c  h i ghs i n  t h e  Gu l f  C o a s t  

s u c h  a s  t h e  S ab i n e Arch o f  Lou i s i a n a  a nd M i s s i s s i p p i . t h e  

J a c k s o n  Dome o f  c e nt ra l M i s s l S S l p p l . a c r o s s  t h e  Wigg i ns 

Up l l f t o f  s o u t h e rn M i s s i s s i p p i  a nd A l abama . and nume rous 

s a l t  dome s i n  Lo u i s i a na a nd Te x a s  ( Murray 1 9 6 1 . f i g s . 6 . 3 3 .  
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6 . 34 .  6 . 3 6 ,  6 . 4 3 . p . 1 0 7 . 3 6 1 .  3 8 6 , 3 9 2 : F r o s t  & S c h a f e rsma n 

1 9 7 8 : Forma n & S c h l a nger 1 9 5 7 ) . De s p i t e t h e  age o f  mo s t  o f  

t h e s e  re e f s . t hey are s t i l l  l o c a t e d we l l  n o r t h  o f  a ny 

Te r t i a ry t r o p i c a l  Car i bb e a n  r e e f s . Eve n  t h e  n o r t he rnmo s t  

e x t e n t  o f  t h e  m i d-Cre t a c e o u s  rud i s t -c ora l r e e f s  i n  t h e  G u l f  

C o a s t  d i d  n o t  re a c h  the l a t i t ud e  o f  t h e  S a l t  Mo u n t a i n  

L i me s t o ne a nd r e l a t e d  Te r t i ary b u i l du p s  ( Ka u f fma n 1 9 84 : 

Mart i n  1 9 7 8 . f i g .  5 ) . Th i s  s ugge s t s  broad l y  s i mi l ar 

c o nd i t i o n s  f or t h e  deve l o pme n t  o f  h i gh s u b t r o p i c a l  l at i t ude 

re e f s  i n  the Gu l f  C o a s t  f rom Tert i a ry t o  Re c e nt t i me s . 

Dur i ng t i me s o f  h i gh s e a  l eve l i n  t h e  Tert i ary .  v i gorous 

curr e n t s s uc h  as t ho s e  of t h e  Suwa n n e e  C h a nne l .  wh i c h swe p t  

a c r o s s  G e org i a  and F l or i da ( Po p e n o e  e t  a l . 1 9 8 7 : P i ne t  a nd 

P o p e noe 1 9 8 5 ) . wou l d  have b r o ught i n  t h e  war m t r op i c a l  

wa t e rs ne c e s s a ry f or ree f deve l o pme n t . 

The re e f s  o f  the F l owe r G a rd e n  B a nk s  a nd a s s o c i a t ed 

bu i l du p s  h av e  we l l -d e ve l op e d  b i o t i c  z o n a t i o n s  wh i ch a r e  

s t r o ng l y  de p th c o n t ro l l ed ( Re zak e t  a l . 1 9 9 0 . 1 9 8 5 : M i nnery 

e t  a l . 1 9 8 5 ) . Ma j or zone s i nc l ud e : ( 1 )  h i gh d i ve r s i ty 

( D i p l or i a-Mo n t a s t re a-Por i t e s  Z o n e : 1 5 - 3 6m d e p t h ) a nd ( 2 ) l ow 

d i ve r s i ty ( S t epha no c oe n i a -M i l l i pora Zone : 3 6 -46m d e p t h ) 

hermatyp i c  c or a l zone s : ( 3 )  a zone o f  abund a n t . de l i c a t e l y  

br a nc h i ng c or a l ( Madra c i s  Z o n e : 2 8 -46m d e p t h ) : a nd C 4 )  a n  

e x t e ns i ve z o n e  o f  c o ra l l i ne a l g a e  a n d  s p onge s \ A l g a l - S po ng e  

Zo ne : 4 6 -8 8m d e p th l ( Re z ak e t  a. l . 1 9 9 0 : 1 9 8 5 . f i g .  6 . 1 ) .  

A l though t he S a l t  Moun t a 1 n  h a s  a muc h  l owe r d i ve rs i ty o f  
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cora l s  t h a n  t he F l ower Garde n Banks . as  we l l  a s  a n  obv i ous l y  

much o l d er a nd s ubst a nt i a l l y  d i f f er e n t  b i o t a . the s e  

s t ructures may neverthe l e s s  b e  very comp arab l e .  The modern 

re e f s  and the S a l t  Mount a i n  both o c c ur i n  the northern G u l f  

o f  Mex i c o b a s i n .  s i gn i f i ca nt l y  nort h  o f  b o t h  modern and 

Tert i ary t r o p i c a l  cora l re e f  deve l o pment . Topograph i c  h i ghs 

resu l t i ng from s a l t  d i a p i r i sm e l eva t e d  l oc a l areas i nt o  

c l e ar . s t e n o t h e rma l wat ers i n f l ue nced by t r o p i c a l  

c i rcu l a t i o n i nt o  t h e  Gu l f .  thus prov i d i ng t h e  c o nd i t i o ns 

ne c e s sary f or l ow d i vers i ty ree f growth . B i o t i c  zones are 

rough l y  c omparab l e . a nd i n c l ude areas o f  ma s s i ve .  l ow 

d i vers i ty cora l growt h :  de l i ca t e  branch i ng c ora l s ;  s p o nge s : 

a nd subs t a nt i a l  bu i l dups o f  cora l l i ne a l  . Add i t i o na l  

t a xonom i c and a u t e c o l og i c  s t udy o f  t h e  S a l t  Mount a i n  b i o t a . 

part i cu l ar l y t h e  c o ra l l i ne a l ga e  a nd s pong e s . s hou l d  f urt h e r  

re f i ne t h e s e  g e nera l i zat i ons . 

The E c o l ogy o f  Pa l e oc e ne -Eoc e ne R e e f s  

Org a n i c  bu i l dups o f  l e o c e n e  a nd E o c e ne a g e  have b e e n  

re ported f rom nume rous l oc a l i t i e s . ma ny o f  wh i c h are 

subsur f a c e . Few of t h e s e . howeve r .  have b e e n  g i ve n adequa t e  

p a l e oe c o l i c a l  st udy . a nd mu c h  b a s i c  t a xo n om i c  work i s  

s t i l l  requ i red t o r  the ma j or i ty o f  t h e s e  a s s emb l ag e s . Some 

o f  the b e t t er docume n t e d  Lower Tert i a ry bu i l du p s  are br i e f l y 

d i s cu s s e d  be l ow .  Th i s  l i s t i ng i s  by no me a n s  exhaus t i ve .  but 
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i s  r e p r e s e nt a t i ve o f  Lower Te r t i ary r e e f s  worl dw i d e and 

s e rv e s  t o  c h a ra c t e r i z e t h e  b a s i c  p a l e o e c ol og i c  s t r u c t ur e  o f  

e arl y p o s t -Cr e t a c e ou s  r e e f s . 

pal e o c e ne 

The e a rl i e s t  P al e o c ene ( Dan i an )  b u i l du p s  i nc l u d e  

a h e r·ma typ i c  c o r a l  t h i cke t s  f rom G r e e nl and ( fl or i s  1 97 2 ) , and 

t h e  wel l -d o c umen t e d  bry o z o an and c or al mounds o f  Swed e n  and 

Denmark ( Ch e e t h am 1 9 7 1 : Thoms en 1 9 8 3 , 1 9 7 7 , 1 9 7 6 : E e rne c k e r  

& We i dl i c h 1 9 9 0 ) . Coral -al g al b u i l dups o f  D an i an a g e  a r e  

a l s o  known f rom t h e  P ar i s  Ba s i n ( Cr o s  & Lu c a s  1 9 8 2 ) . 

I n  the G ul f C o a s t  o f  t h e  Un i t e d  S t a t e s ,  i s o l a t ed 

s cl e r a c t i n i an c oral s o f  Lowe r Pal e o c ene a g e  a r e  known from 

t h e  M i dway G r o u p  ( Vaughan 1 9 0 0 ; V augha n  & P o p en o e  1 9 3 5 ) , b u t  

t h e s e  a r e  l ar ge l y  s ol i t a ry a h e rma t y p e s  and c e r t a i nl y  d i d  n o t  

f orm r e e f al s tr u c t ur e s .  Und o c ume nt e d  rhodol i t h l i me s t one o f  

e a rl y  t o  m i d - P a l e o c ene a g e  o c c u r s  i n  s o u t h e a s t e rn Al a bama 

al ong t h e  Cha t t a ho o c h e e  r i v e r . and subsur f a c e  r e e f al f a c i e s  

( al s o unde s c r i be d ) o f  Lower to U p p e r  Pal e o c ene a g e  a r e  

re p o r t e d  f r om t h e  Monr o e  a n d  J a c k s on upl i f t s  o f  Lou i s i an a  

and M i s s i s s i p p i  < Murray 1 9 6 1 ) . and in no r t he rn Fl or i da ( Ch e n  

1 9 6 5 ) . The na t ur e  o f  t h e s e  s u b s ur f a c e  r e e f s  i s  current l y 

unknown . 

He rma typ i c  c o ral a s s o c i a t i ons a p p e a r  t o  have d e v e l o p e d  i n  

m 1 d- t o  l a t e  Pal e o c e ne t 1 me .  often a s  p a r t  o f  e x t e ns i v e  

c a rbona t e  bank f a c i e s . The s e  r e e f s e x hib i t  v e ry l ow c oral 
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d i ve rs i t i e s  a n d  c ru s t o s e  c o ra l l i ne a l ga e  i s  o f t e n  t he 

dom i n a n t  c o ns t i t ue n t . Examp l e s i nc l ud e  c o r a l -a l g a l p a t ch 

r e e f s  f rom B a n i j a . Yugos l av i a .  a n d  s ur r o u n d i ng D i na r i c  

r e g i on ( Ba b i c ' & Zupa n i c  1 9 8 1 : B ab i c '  e t  a l . 1 9 7 6 ) . c o r a l 

k n o b s  i n  s o u t he r n  Egy p t  ( S c h r o e d e r  1 9 8 6 ) . l e n s o i d  c ora l 

a l ga l  b i o s p a r i t e b u i l du p s  C bu t  n o  f rame s t o n e s ) i n  t h e  

we s t e r n  S u e z  ( Ku s s  & Le p p i g  1 9 8 9 ) , a n d  a l g a l b o u nd s t o ne s  

w i t h  a s s o c i a t e d  f or e re e f c o r a l s  f rom Oma n ( Ra c z  1 9 7 9 ) . 

Fora l ga l  bu i l du p s  a r e  r e p o r t e d  f rom I nd i a  ( Gh o s e  1 9 7 7 . 

1 9 7 6 ) . a nd l arge f o r am-a l ga l / rh o do l i t h b a nk marg i n  

a c c umu l at i o n s  f r om o f f s h o r e  B r a z i l  ( Ca r o z z i 1 9 8 9 ) . P u j a l t e 

e t  a l . ( 1 9 9 0 ) me n t i o n P a l e o c e ne r e e f a l  l i me s t o n e s  f rom t h e  

we s t e r n  Pyr e n e e s  o f  Nor t h e r n  S p a i n .  but n o  p a l e o n t o l og i c  

d e s c r i p t i o n i s  g i ve n . 

S ome o f  t he be t t e r-do c ume n t ed P a l e o c e n e  r e e f s  a r e  f ou n d  i n  

t he p e t r o l e um- r i ch S i rt e  B a s i n  o f  L i by a . T e r ry a n d  W i l l i ams 

C 1 9 6 9 l h a v e  de s c r i bed t h e  L a t e  P a l e o c e ne c o r a l -a l g a l I dr i s  

" A "  r e e f a nd i t s a s so c i a t e d  f a c i e s f rom th i s  b as i n .  Th i s  

re e f  i s  a n  ova l - s h a p e d  b i o h e rm r a ng i ng f rom 3 6 5m t o  1 9 5m i n  

t h i c k n e s s  a nd i s  deve l o p e d  o n  a t o p ogra p h i c  h i gh w i t h i n  a 

d e e p e r  s h a l e  b a s i n  r e e n t r a n t . I t  i s  o n e  o f  s i x r e e f s  i n  t h e  

S i rt e  B a s i n . Thr e e  b i o f a c i e s h a v e  b e e n  r e c og n i z e d : r 1 )  A 

l ow e r . 1 5 - 37m t h i ck ' Po r o s i ty Tr a n s i t i o n Z o n e ' .  c om p o s e d  o f  

a l g a l - f o r am i n i f e r a l b i o s pa r i t e  t o  b i om i c r i t e W i t h  a b u n da n t  

c r i no i d d e br i s  a nd s ome c o ra l : ( 2 ) A n  A l g a l -Foram i n i f e r a l 

Membe r .  e x t e nd i ng l a t e ra l l y  4 - 5  km a nd u p  t o  J O Om t h i c k  w i t h  
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s t e e p  f l a n ks . Th i s  f a c i e s c o nt a i ns l arge r f oram i n i f e r a . 

a bu ndan t  a l g a e . a nd c ommo n c r i no i d . bryo z o a n . a nd c o r a l 

debr i s .  In s i t u  cora l a nd red a l ga e  b u i l du p s  may r e a c h  l Orn 

i n  t h i c k n e s s ;  a nd ( 3 )  A Cora l Re e f  Memb e r  wh i ch c a p s  t he 

s e q u e n c e  a nd i s  f ur t he r  subd i v i ded i nt o  a l owe r , c ora l l i ne 

b i om i c r i t e  wh i c h i s  9 0 - 1 0 5m t h i c k . a nd a n  u p p e r  re e f  

l i me s t o n e wh i ch r e a c h e s  1 0 0- 1 5 0m i n  t h i ck n e s s  a nd i s  

c omp o s ed o f  c o l o n i a l  c ora l s . r e d  a l g a e . bryozo a .  a nd 

e n c rus t i ng f or am i n i f e ra . 

B e bout a nd P e nd e x t e r  ( 1 9 7 5 ) de f i ne d  1 5  b i o f a c i e s i n  t he 

Z e l t o n  Memb e r  o f  t h e  Ruaga L i me s t on e , a l a t e r a l e q u i va l e n t  

o f  t he I dr i s  r e e f  l o c a t e d  i n  t h e  c e nt r a l S i r t e  B a s i n . The 

Z e l t o n  c on s i s t s  o f  mi l i o l i d ,  bryozoa n ,  mo l l u s c a n , a nd 

e ch i no i d  l i me s t o n e s . l arger f orami n i f er a l b a n k s  o r  b a r s . a nd 

cora l ga l  m i c r i t e s . The e xt e nt o f  t ru e  r e e f deve l o pme n t  i s  

n o t  c l e a r . b u t  t h e  c ora l ga l  f a c i es i s  de s c r i bed a s  " a  l o o s e  

f r amewo rk o f  branch i ng a nd l ami n a t ed c o ra l s " . 

Wray ( 1 9 7 7 . 1 9 7 2 ) h a s  s umma r i zed t h e  d i s t r i bu t i o na l 

p a t t e rn s  o f  b e n t h i c  c a l c a r e o u s  a l g a e  i n  t h e  L i by a n  r e e f s  a nd 

f or P a l e o c e ne r e e f s  i n  g e n e ra l . The b i o f a c i e s p a t t erns a r e  

e s s e nt i a l l y t h e  s ame a s  those i n  Re c e n t  re e f s . I nt e rt i da l 

d e p o s i t s  c o n t a i n  a l ga l - l am i n a t e d  s ed i me n t s  a nd 

s t r oma t o l i t e s . Lagoona l d e pos i t s a r e  dom i n a t ed by c od i a c e a n s  

a nd d asyc l ad a c e a ns , f r e q u e n t l y  i n  r o c k - f ormi ng abund a n c e . 

S o l e n o p o r e s  ( no w  ext i n c t l may be f ound a t  the l agoon-re e f  

t r a ns i t i o n .  a nd c o ra l l i na c e an s  a r e  f o u nd i n  t h e  r e e f and 
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f or e re e f  e nv i r o nme n t  a nd c o n t r i bu t e  t o  t he r e e f f r amework . 

I n  the d e e p  f o r e r e e f .  c o ra l l i ne s  d e c r e a s e  i n  a b u nd a n c e  and 

are r e p l a c e d by p e l ag i c  d e p o s i t s o f  c o c c o l i t h o p h o re s . 

Eo c e n e 

I n  t h e  Eo c e ne . c o r a l d i v e r s i ty r a p i d l y i n c r e a s e d f rom i t s  

f orme r P a l e o c e ne l ow and a va r i e ty o f  r e e f s  a nd o t h e r  

bu i l du p s  a p p e a r e d . F o r  e xamp l e . t h e  E o c e n e  b a r r i e r r e e f o f  

t h e  K i rkuk o i l f i e l d  o f  n o rt h e a s t e r n  I r a q  i s  f r e qu e nt l y  

c i t e d  ( He ns o n  1 9 5 0 1 . Th i s  r e e f � s  p a r t  o f  a c omp l e x o f  

Te r t i ary r e e f f a c i e s e x t e nd i ng s ome 4 0 0 km .  The r e e f c o re I S  

pre s uma b l y  c omp o s e d  o f  c o r a l g a l  f r ame s t o n e  a n d  b o u n d s t o ne . 

but t h e  d e s c r i pt i o n s  g i ve n  by He n s o n  ( 1 9 5 0 ) a r e  v e ry g e n e ra l 

and i ns u f f i c i e n t  t o  d e t e rm i ne t h e  p r e c i s e  c o n s t ru c t i o na l 

n a t ure o f  t h e  r e e f  p r o p e r . D i s t i n c t i ve b a c kr e e f  a n d  f o re r e e f 

f a c i e s  a r e  neve r t h e l e s s  we l l -deve l op e d , a nd l ar g e r  

f or am i n i f e ra a r e  a bu n d a n t . He n s o n  a l s o r e po r t s v a r i o us p a t c h  

re e f s . f r i ng i ng r e e f s . a nd f o r am i n i f e ra l / a l g a l  s h o a l s  o f  

Eo c e ne a g e  f rom I r a q , we s t e r n  Sy r i a .  and t h e  Z a g r o s  

Mou n t a i n s o f  I r a n . 

Egy p t  i s  we l l -k n own f o r  i t s e xt e ns i ve M i dd l e  Eo c e n e  

nummu l i t i c  d e p o s i t s . s u c h  a s  t h o s e  o f  t he G i z a Pyrami d s  

P l a t e au ( A i g n e r  1 9 8 3 ) . H e r e . nummu l j t e  t e s t s  o c c u r  i n  ro cJ( -

f o rm i ng a bund a n c e  i n  ma s s i ve l i me s t o n e s  u p  t o  3 0 m  t h i c k . 

G rowth o f  t h e  b a nk s  wa s i n i t i a t e d  ove r L a t e  C r e t a c e ou s  

s t ru c t ura l h i g h s . Th e s e  nummu l i t i c  l i me s t o n e s  l a ck e d  d t rue 
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f r amework . but t h ey d i d  f o rm e nough re l i e f  t o  a c t  a s  

b a rr i e rs a nd t o  i n f l ue n c e  s urr ound i ng f a c i e s . They a l so 

grade upward f r om wa c ke s t o n e  t o  p a c k s t o n e  t o  g r a i ns t o n e . 

s ugg e s t i ng a c c umu l a t i o n  i n  i nc r e a s i ng sh a l l ow .  t urbu l e n t  

wa t e rs . Sma l l s ho a l o r  p a t c h  r e e f s . c o ns i s t i ng p r i ma r i l y o f  

t h e  c ora l A c t i na c i s . deve l o p e d  b e h i nd the f o ram i n i f e r a l 

b a nk s . Eo c e n e  nummu l i t i c  b a nks have b e e n  de s c r i be d  f rom ma ny 

l o c a l i t i e s  wor l dw i de . but t h ey a r e  i n  mu c h  n e e d  o f  

add i t i on a l p a l e o e c o l og i c a l  s tu dy . 

B e n j am i n 1  ( 1 981 ) a nd B e n j am 1 n i  a nd Z i l b e rma n C l 9 7 9 l have 

r e ported a l g a l a nd l arge f o r am i n i f era -r i c h c a rb o na t e s  f rom 

t h e  Eo c e ne i n  t h e  We s t e r n  Negev i n  s o u t h e r n  I s r a e l .  Cora l 

re e f s a r e  deve l o p e d  o n l y  i n  L a t e  E o c e n e s e d i me n t s  a nd are 

c omp o s e d  o f  a f ramewo rk o f  a t  l e a s t  f o ur va r i e t i e s o f  

c o l o n i a l s c l era c t i n i a n  c o r a l s  ( s ome r e a c h i ng o n e  me t e r  i n  

d i ame t e r ) .  and a bundant c a l c a reous a l ga e . The r e e f s  a r e  up 

t o  4 m t h i ck . f orm i ng prom i n e n t  c l i f f s  i n  o u t c ro p . a nd a r e  

f l a nked by r e e f  t a l us a n d  a l i me s t one f a c i e s  c h a r a c t e r i z e d  

b y  l arge Nummu l i t e s . S oudry ( 1 9 9 0 ) has de s c r i bed Eo c e n e  

s troma t o l i t e s . a l s o  f r om t h e  Neaev i n  southern I s r a e l .  

a l t h ough t h e s e  a p p e ar t o  b e  sma l l s t ru c t u re s . o n l y  s evera l 

c e nt ime t er s  i n  he i gh t . 

I n  nor t h e a s t er n  S pa i n . L a t e  Eo c e n e  c or a l -a l g a l p a t c h r e e f s  

c o n s i s t o f  a l t er n a t i ng t h i ck c o ra l l i ne a l g a e  a nd c o ra l s . 

Th e s e  sma l l r e e f s  C on l y a b o u t  1 . 5m t h i ck . but 2 0 0m2 i n  p l a n )  

grew on t h e  s l o p e  breaks o f  de l t a i c  f a n  d e po s i t s C Ta b e r ne r  & 
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Bo s e nc e  1 9 8 5 ) . From t h e  S o u t h-Pyr e n e a n  F o r e l a nd B a s i n  have 

b e e n  d e s c r i bed Eoc e ne mudmounds from mi xed c a rbon a t e ­

s i l i c i c l as t i c  she l f seque n c e s  I Ta b e r ne r  & B os e n c e  1 9 9 0 ) . 

The s e  mounds a.re l A s s  t h <'l n  :"im h i gh a nd 5 0m w i de . i:i nd a r e  

c ompos e d  o f  mud s t o n e s . nodu l ar muds t ones . and nummu l i t i c 

mar l s .  Bra nc h i ng cora l s  are pre s e n t  but do not f o rm a 

f r amework . However .  t h e s e  beds a p p ar e n t l y  a c c umu l a t e d  by 

phys i c a l , n o t  b i o l og i ca l proc e s s e s . I n  a dd i t i o n . U p p e r  

Eo c e n e  s t r omat o l i t i c  l i me s t o n e s  h a v e  be e n  d e s c r i be d  f rom t h e  

e a s t er n  p a r t  o f  t h e  Ebro B a s i n  o f  Northe a s t e r n  S p a i n  ( Tr ave 

& Marsha l l  1 9 9 0 : Trave et a l . 1 9 8 9 ) . 

I n  t h e  I ndo-P a c i f i c  reg i o n .  l ow-d i vers i ty r e e f s  o f  Eo c e ne 

a g e  h ave b e e n  e n countered i n  t h e  s ub s ur f a c e  a t  E n i we t ok 

At o l l .  Re e f a l d e p o s i t s o n  a vo l c a n i c  f ounda t i on we r e  

e n count e r e d  a t  a d e p t h  o f  4 0 7 0 -4 1 0 0 f e e t . a nd may have 

f orme d an a t o l l eve n at t h i s  e a r l y  da t e  ( S c h l a ng e r  et a l . 

1 9 6 3 ) . O t h e r  r e p o r t s  i n c l ude f or am-a l ga l / c o r a l -a l ga l  

l i me s t o n e s  f rum t h e  S a i p a n  Mar i a n a  I s l a nd s  ( C l oud e t  a l . 

1 9 5 6 : J o h n s o n  1 9 5 6 ) . and ext e ns i ve M i dd l e  Eo c e ne rhodo l i t h 

f a c i e s f rom E u a . To nga ( Bu ch b i nder & Ha l l ey 1 9 8 5 ) . McGregor 

( 1 9 8 3 ) d e s c r i be d  E o c e ne / O l i g o c e ne t empe ra t e  wa t er 

a l g a l / rhodo l i th i c  l i me s t o n e s  f rom New Z e a l a nd .  bu t t rue 

r e e f s  a r e  l a c k i ng .  

Add i t i on a l E o c e n e  re e f a l s t r u c t ure s . b i o s t rome s . a nd a l g a l 

or l arge f oram i n i f e r a l l i mes t o n e s  have b e e n r e p or t ed f rom 

I t a l y  I Ve c s e i  e t  a l . 1 9 9 0 ) . Turkey C Ke sk i n  1 9 6 6 ) . C a l i f or n i a  
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! Howe 1 9 34 : Hoo t s  1 9 3 0 1 , Mex i c o ( Fr o s t  & L a n g e nhe i m  1 l .  

a nd t h e  Gu l f  C o a s t  o f  t h e  Un i t ed S t a t e s  a n d  Car i b b e a n  ( Fr o s t  

1 9 7 7 . 1 9 7 2 : Ch e n  1 9 6 5 ; Murray 1 9 6 1 ) . 

I n  s umm a ry . mos t  Ear l y  Te r t i ary o r g a n i c  bu i l du p s  c o n s i s t e d  

o f  sma l l ,  l ow-d i ve r s i ty p a t c h  re e f s  o r  b i o s t r o me s . o r  de e p  

wat e r  a z o o x a n t he l l a t e  c o ra l a nd bry o z o a n  mo unds . Deve l o pme n t  

o f  e x t e n s i ve c o ra l f rame s t o n e  r e e f s  wa s a p pa r e n t l y  

ne g l i g i b l e .  Ma ny P a l e o c e n e  a n d  Eo c e ne s h e l f  marg i ns were 

i ns t e ad c h a r a c t e r i z e d  by a c c umu l at i o n s  o f  c o ra l l i ne a l ga e  

( o f t e n  rhodo l i t h s ) a n d  l ar g e r  f o r am i n i f era . Eve n  the 

P a l e o c e n e  and E o c e n e re e f s  o f  t h e  M i dd l e  E a s t are c o n s i d e r e d  

by s ome a s  me r e l y  f ora l ga l  a c c umu l a t i o n s  o n  c arbona t e  ramp s : 

t ru e  r i mme d  ma rg i n s be i ng abs e n t  ( J .  Kus s  1 9 9 0 . p e r s . 

c omm . ) .  The s e  f or a l ga l  b a n k s  c ou l d  n ever t he l e s s  c re a t e  

e n ough r e l i e f  t o  d i f f e r e n t i at e  f or e r e e f  a nd b a c k re e f  f a c i e s . 

C o n c l u s i o n : The S a l t  Moun t a i n  L i me s t o n e  a nd the P o s t ­

Cre t a c e o u s  Re c ov e ry o f  Re e f  E c o sy s t ems 

S ev e r a l a u t h o r s  have c omme n t e d  o n  t h e  p a u c i t y o f  r e e f s  

f o l l ow i ng t h e  t e rm i na l  C re ta c e o u s  e x t i nc t i o n e v e n t . a nd t he 

de l ayed re c ov e ry t i me be f or e  s i g n i f i c a n t  r e e f a l  s t ru c t ur e s  

r e a p p e a r e d  ( e . g .  F a g e r s t rom 1 9 8 7 : S h e e ha n 1 9 8 5 : u c o t  

1 9 8 3 1 . Thro u g h o u t  t h e  Pha nerozo i c .  r e e f s  s u f f e r e d  s e ve re l y  

dur i ng t i m e s  o f  ma r i ne m a s s  e x t i n c t i o n a nd wer e  ty p i c a l l y  

f o l l owe d by pe r i ods o f  e i ght t o  twe l ve m i l l i o n y e a r s  dur i ng 
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wh i ch t 1 me o n l y  l ow-d i ve r s l ty .  sma l l and po o r l y  s t ru c t ur e d  

re e f s . b i o s t rome s . o r  o t h e r  c a rbona t e  bu i l du p s  o c curred . 

Examp l e s i n c l ud e  w i d e s p r e a d  s t roma t o l i t e s  a f t e r  the L owe r 

C ambr i a n l o s s  o f  a r ch a e o cya th i d -dom i n a t e d  bu i l du p s . 

M i s s i s s i pp i a n Wau l s o r t i a n  mou nds f o l l owi ng t h e  L a t e  Devo n i a n  

e x t i n c t i o n o f  e x t e n s i ve cora l - s t r oma t o p o r o i d  re e f s . a nd t h e  

M i d - t o  La t e  Tr i a s s i c  o r i g i na t i on o f  s c l e ra c t i n i a n-dom i n a t e d  

r e e f s  f o l l ow i ng a n  8 -m i l l i o n -ye ar po s t -P e rm i a n  r e e f h i a t u s  

( Co p p e r  1 9 8 8 : Newe l l  1 9 7 1 ) . 

The Lowe r Te r t i a ry wa s l i k ew i s e a t i me o f  re c o ns t ruc t i o n 

f o r  re e f  c ommu n i t 1 e s . By t he e nd o f  t h e  C r e t a c e ou s . c o l o n i a l  

cora l d i ve r s i ty dropped f rom rough l y  9 0  t o  l e s s  t ha n  40 

g e n e ra . a nd f or t h e  f i r s t 1 0  m i l l i o n y e a r s  o f  t h e  Tert i ary 

c o r a l s  d i d  not f o rm sub s t ant i a l  r e e f a l s t r u c t u re s . nor w a s  

t h e r e  a ny d i ve r s i f i c a t i on amo ng s c l e r a c t i n i a ns du r i ng th i s  

t i me ( Newe l l  1 9 7 1 ) . Throughout the Eoc e n e . many o l d e r  c o r a l 

t axa b e c ame e x t i n c t  wh i l e  mod e r n  groups o f  re e f  c o r a l s  

a p pe a red a nd d i ve r s i f i ed . The O l 1 g o c e ne ma rked a n  a cme o f  

cora l re e f  deve l o pme nt i n  ma ny r e g 1 o n s . a nd by the e nd o f  

t h e  M i o c e ne . t he mod e r n . ma J or c o r a l prov i n c e s  ! C a r 1 bbean 

and I ndo-P a c i f i c ) we r e  e s t ab l i s hed ( J ame s 1 9 8 3 : Vaughan & 

We l l s 1 943 1 . 

I n  t h e  l t  Mou n t a i n  c o r a l -a l ga l - s ponge r e e f . the 

c o n s t ru c t i o na l i mp o r t a n c e  o f  c o ra l l 1 ne a l g a e  a nd t he l ow 

d i ve r s i ty o f  s c l e r a c t i n i a n c o r a l s  are chara c t e r j s t i c  o f  

P a l e o c e ne re e f s 1 n  genera l .  The mo s t  u n i q ue f e a t ur e  o f  t h e  
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l t  Moun t a i n  L i me s t one i s  i t s abundance o f  s po n ge s . 

Ter t i ary s po nges are very p o o r l y  known . p a r t i cu l ar l y i n  t he 

Lower Tert i ary ,  a nd have never b e e n  prev i ou s l y  r e p o r t e d  as  

re e f  bu i l de r s . D o c ume n t e d  Lower Tert L:try o c c urre nc e s  i nc l ude 

a s s emb l a g e s  f rom North Caro l i na  ( R i gby 1 9 8 1 ) , J a  

Ca l i f o rn i a  S ur ( Squ i re s  & Deme t r i on 1 9 8 9 ) . a nd I nd i a  ( Ri g by 

a nd Moha nt i 1 9 9 0 ) , a l l o f  E o c e ne age . Sp i c u l e s  a nd 

" s p i cu l i t e s " are not uncommo n i n  s e ve ra l a r e a s  t Na c hev & 

Nachev 1 9 8 9 : Kus s & L e p p i g  1 9 8 9 ) . None o f  t h e s e  s po nge 

f a unas . however . are a s s o c i a ted w i t h ree f s  ! a l t hough Squ i r e s  

a nd Deme t r i o n l i s t  s t romu t o l i t e s , c o ra l l 1 ne a l  e .  

d i s co cy c l i n i d  f orami n i f e ra . a nd co l o n i a l  c ora l s  w i t h  the 

Bah a  Ca l i f orn i a  s p o nge s : a n  a s s o c i at i o n ve ry rem i ns c e nt o f  

the Sa l t  Mount a i n  f a una ) . 

The abundan c e  o f  s pong e s  i n  t h e  S a l t  Mount a i n  L ime s t one 

co u l d  be of c o ns i dera b l e  i mp or t a nc e . S ponge s may have 

t emporar i l y f i l l ed a p a rt i a l l y  vacant n i che a s  reef 

c o ns tru c t ors . W i t h t h e c o l l a ps e o f  o l i g o t r o p h i c . rud i s t ­

cora l c ommun i t i e s  i n  the L a t e  Cre t a c eous . mor e  r a p i d -grow i ng 

me ;:=; o t r o p h i. c  be n t ho:3 \ v l. � . ,; or il l l i ne .:�. l g;:te .;, nd :·:; p o nq c ::.> )  ;n.Jy 

hove had d l i mi t e d o p por t u n ] t y t o  o r cnpy t h A  s p a c e  f l h e 

r s A e  Ha l l o ck 1 9 87 1 . A n  a l t e r n a t i ve e x p l a n a t i o t l  1 s  t hat t h e 

Si-; l t  Mou nt .'l. i n  r e e f  :3 i mp l y n: pt· c� s e n t s  a mod e r a t e l y  <i e e p  wa t er 

bu i l d up . where s po n g e s  m i qht be e x p e c t ed t o  c o nt r i bu t e  more 

t o r e e f c u ns tru c t 1 o n . Th i s  1 de a  may t i 1 1d :; u p p o r t .! n i : h e  
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s p o ng e s  t h ems e l ve s . wh i ch may b e  d e e p  or c o o l wa t e r  t a xa ( J .  

R i g by . 1 9 9 0 , p e rs . c omm . J .  Fur t h e r  s t udy o f  t h e  s p o ng e s  

s h o u l d  d e c i de t h i s . The l ar a e  c o r a l s . howeve r .  s e em m o r e  

i nd i c a t i ve o f  s ha l l ower c o nd i t i o n s . 

I t  i s  ev i d e n t  t h a t  our k n ow l e d g e  o f  Lowe r Ter t i ary r e e f 

e c o l ogy i s  m e a ge r . Mu ch b a s i c  d e s cr i p t i ve work w i l l  b e  

n e c e s s ary t o  i mprove t h i s  s i tu a t i o n . a s  we l l  a s  add i t i o n a l 

s u b s ur f a c e  d r i l l i ng w i t h  the s p e c i f i c  ob j e c t i ve o f  t ar g e t i ng 

r e e f a l l i th o l og i es .  But i f  we a r e  e v e r  t o  u n de r s t a nd t h e  

l o ng - t e rm dy n am i c s  o f  c ommu n i t y  evo l u t i o n  f o l l ow i ng m a s s  

e x t i nc t i o n s . a k now l edge o f  s u c h  d e l i c a t e l y  b a l a n c e d  s y s t ems 

a s  r e e f s  w i l l  b e  e s s e n t i a l . 
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B i o f a c i e s . Northern I l l i no i s  U n i ve r s i ty Pres s . 3 8 8  p .  

FROST . S . H  . .  AND SCHAFERSMAN . S . D  . . 1 9 78 . O l i go c e ne r ee f  
c ommun i ty s u c c e s s 1 o n .  Damon Mound . Tex a s . Gu l f  C o a s t  
A s s o c i a t i o n o f  G e o l og i c a l Soc 1 e t i e s Tra ns a c t 1 ons 2 8 : 
1 4 3 - 1 6 0 . 

GHOS E . B . K  . .  1 9 7 6 . P a l e oge ne r e e f -rock-comp l e x o f  Megha l ay a  
a nd i t s  o i l p o t e n t i a l . S c i e nc e  a nd Cu l t ur e  4 2 : 2 4 8 - 2 5 3 .  

GHOSE . B . K . .  1 9 77 . P a l a e o e c o l ogy o f  the Cenozo i c  r e e f a l 
f oram i n i f e r s  a nd a l aae --a br i e f  rev i ew .  P a l a e oge ography . 
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P a l a e o c l i ma t o l ogy .  Pa l a e o e c o l ogy 2 2 : 23 1 - 2 5 6 . 

HALLOCK . P . . 1 9 8 7 . F l u c t uat i o n s  i n  t h e  t r o ph i c  r e s o ur c e  
c o n t i n uum : A f a c t or 1 n  g l o ba l d i vers i ty cyc l e s ?  
P a l e o c e a nogra p hy 2 : 4 5 7-47 1 . 

HENSON . F . R . S  . . 1 9 5 0 . Cre t a c e ou s  a nd Ter t i ary r e e f 
f o rma t i o n s  a nd a s s o c i a t e d  s e d ime n t s  HI M i dd l e  E a s t . 
Amer i c a n  A s s o c i a t i o n o f  P e t r o l eum G e o l og i s t s . B u l l e t i n  
34 : 2 1 5 - 23 8 . 

HOOTS . H . W . . 1 93 0 . G e o l o gy o f  t h e  e a s t e r n  p a r t  o f  S a n t a  
Mo n i c a Mount a i ns . Ca l i f o rn i a . Un i t ed S t a t e s  G e o l og i c a l  
Survey P r o f e s s i o n a l P a p e r  1 6 5 -C . p .  9 9. 

HOPK I NS . O . B  . . 1 9 1 8 . O i l a nd g a s  p o s s i b i l i t i e s o f  t h e  
Ha t ch e t i gb e e  a nt i c l i ne . A l a b ama . Un 1 t e d  S t a t e s  G e o l og i c a l 
Survey Bu l l e t i n  6 6 1 h .  p .  2 8 1 - 3 1 3 . 

HOWE . M . A  . . 1 9 34 . Eo c e ne mar 1 ne a l ga e  ( L i � h o t hamn i a e l f r om 
t he S i e r r a  B l a n c a  L i me s t o n e . G e o l og 1 c a l S o c i e ty o f  Ame r i c a 
Bu l l e t i n  4 5 : 5 07 - 5 1 8 . 

HOWE . H . J  . .  1 9 6 2 . Subsur f a c e  g e o l ogy o f  S t . H e l e n a . 
Ta ng i p a h o a , Was h i ngton . a nd S t . Tammany P a r i s h e s . 
L ou i s i a n n a . G u l f C o a s t  A s s o c i a t 1 o n o f  G e o l og i c a l S o c i e t i e s 
Tra n s a c t 1 o n s  1 2 : 1 2 1 - 1 5 5 . 

J AMES . N . P  . .  1 9 8 3 . Ree f e nv i ro nme n t . I n :  S c ho l l e .  P . A  . .  
B e bo u t . D . G  . .  a nd Moo r e . C . H  . .  C eds . l ,  C �rbo n a t e  
De p o s i t i o n a l Env i ronme n t s . Ame r i c a n  As s o c i a t i o n c f  
P e t ro l eum G e o l og i s t s  Memo i r  3 3 . p .  3 4 5 -4 6 2 . 

J AMES . N . P  . .  CON I G L I O . M . . A I S S AOU I . D . M  . .  AND P URSER . B . H  . .  
1 9 8 8 . F a c 1 e s a nd g e o l og i c h 1 s t o ry o f  a n  o s e d  M i o c e ne 
r i f t -mar g i n  c a rbonate p l a t f orm : Gu l f  o f  S u e z . Egy p t . 
Amer i c a n  A s s o c i a t 1 o n  o f  P e t r o l e um G e o l og i s t s  Bu l l e t i n  
7 2 : 5 55 - 57 2 . 

JOHNSON . J . H . . 1 9 6 4 . Pa l e o c e ne c a l c ar e ous r e d  a l g a e  f r om 
nor t h e r n  I r a q . M i cropa l e o n t o l ogy 1 0 : 2 0 7 - 2 1 6 .  

J OHNSON . J . fl . .  1 9 5 6 . Cha p t er C .  P e t r o gr a p hy o f  t he 
l i me s t o n e s . I n : C l o ud . P . E .  J r  . .  e t  a l . G e o l ogy o f  3 a i p a n  
Mar i a n a  I s l a nds . P a r t  1 --Ge n e r a l G e o l ogy . Un i t ed S t a t e s  

G e o l og i c a l  S urvey P ro f e s s i o n a l P a p e r  2 8 0 -A . 

J O I NER . T . J  . .  AND MOORE . D . B  . .  1 9 6 6 . Stru c t ur a l f e a t ur e s  i n  
South A l abama . I n :  Co p e l a nd .  C . W  . .  1 ed . .  Fa c H � s Chang e s  
i n  t h e  A l a b ama T e rt i ary . A l a bama G e o l og c a l S o c 1 e ty 
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F i e l dt r i p  G u i d e b o o k . p .  1 1 - 1 9 . 

KAUFFMAN . E . G . . 1 9 8 4 . P a l e o b i og eo g r a phy a n d  e vo l ut i o na ry 
r e s p o ns e dynam i c  i n  t h e  Cr e t a c e ou s  We s t e r n  I nt e r i or S e away 
o f  Nor t h  Amer i c a . I n : We s t erma nn . 1J . E . G  . .  ( ed . ) .  J u r as s i c  
C re t a c e o u s  B i o ch r o no l ogy a nd P a l e og e og ra p hy o f  N o r t h  
Ame r i c a .  G e o l og i c a l A s s o c i t a t i o n o f  C a n a d a  S p e c i a l  P a p e r  
2 7 . p .  3-3 0 6 . 

KESK I N . C . . 1 9 6 6 . M i c r o f a c i e s s t udy o f  t h e  F i n a rh i s a r  re e f  
c omp l e x . U n i ve r s i ty I s t a nb u l Rev . F a c . S c i . . � e r . B . 3 1 : 
1 0 9 - 1 4 6 . 

KUSS , J . . AND LEPF I G . U . .  1 9 8 9 . The e a r l y  Ter t i a ry ( m i dd l e­
l a te P a l e o c e ne ) l i me s t o n e s  f rom t h e  we s t e r n  G u l f  o f  S u e z . 
Egy p t . N e u e s  J ah r b u c h  f ur G e o l og i e  und P a l a e o n t o l og i e  1 7 7 : 
2 8 9 - 33 2 . 

LANGDON . D . W . . 1 8 9 1 . V ar i a t i o ns 1 n  t h e C re t a c e o us a nd 
T er t i a r y  s t r a t a  o f  A l aba.ma . G e o l o g i c a l  S o c 1 e ty f Amer 1 c a 
Bu l l e t i n  2 : 5 8 7- 6 0 5 . 

LEV I N . H . L  . . 1 9 5 7 , M i c r o p a l e o n t o l ogy o f  t h e  O l d smar 
L i mes t on e  C Eo c e ne l o f  F l o r i da . M i c r o p a l e o n t o l ogy 3 : 1 3 7 -
1 54 . 

LOEBL I CH .  A . R  . .  AND TAPP AN . H . . 1 9 5 7 . C o r r e l a t i o n o f  t h e  
G u l f a n d  A t l a n t i c  C o a s t a l P l a i n  P a l e o c e ne a n d  Lower Eo c e ne 
f orma t i o n s  by m e a n s  o f  p l a nk t o n i c  f oram i n i f e r a . J o ur n a l 
o f  Pa l e o n t o l ogy 3 1 : 1 1 0 9 - 1 1 3 7 . 

MAC GREGOR , A . R  . .  1 9 8 3 . The Wa i t ak e r e  L ime s t o ne . a t emp e r a t e  
a l g a l  c a r b o na t e  i n  t h e  Lowe r Ter t i a ry o f  New Z e a l and . 
Quart e r l y  J ou r n a l o f  t h e  G e o l og i c a l  S o c i e t y  f L o n d o n  1 4 0 : 
.3 8 7 - .3 9 9 . 

MACNE I L . F . S  . .  1 9 4 6 . The Te r t i a ry f o rmat i o ns o f  A l a bama . 
S o u the a s t e r n  G e o l og i ca l S o c 1 e ty F o u r t h  F 1 e l d  Tr i p  
S ou t h e a s t e r n  A l a b ama . 9 1  p .  

MA RT I N . R . G  . . 1 9 7 8 . No r t h e r n  and e a s t e rn G u l f  o f  Me x i c o 
c on t i ne n t a l m a rg i n :  S t r a t i gr a ph i c  a nd s t ru c t u r a l 
f ramework . I n : B o uma . A . H  . . Moo r e . G . T . .  a nd C o l ema n . 
J . M . .  ( e d s . ) .  F ramework . Fa c i e ;;.; ,  ctnd O i l Tra p p i ng 
C h a ra c t e r i s t i c s o f  t h e  Up p e r  C o n t i ne nt a l Ma rg 1 n . Ame r i c � n  
A s s oc 1 a t i o n  o f  Pe t r o l e um G e o l o� 1 s t s  S t ud i e s  i n  e o l ogy 7 .  
p .  2 1 · -4 ?. . 

MANKER . .  J . P  . . AND CARTER . B . D  . .  1 9 t L' . Pa l e o e c o l ogy a nd 
P•:l l e o g e o g n1. p hy o f  d. n  e x t e n s i ve rhodo l i t h !' a. c i e s f rom t he 



Lower O l i g o c e n e  o f  s o u t h  G e o rg i a  a nd nor t h  F l or i d a . 
P a l a i o s 2 : 1 8 1 - 1 8 8 . 

M I NNERY . G .  A .  . REZAK . R .  . AND B R IGHT . T .  J .  . 1 9 8 5 . De p t h  
z o na t i o n ,3 nd q r owth f o rm o f  c rus t o s e  c o r a l l i ne ,3. l ga e : 
F l owe r G ar d e n  B a nk s . n or t hwe s t er n  Gu l f  o f  Me x i c o . I n : 
Toome y . D . F .  a n d  N i t e c k i . M . H  . .  ( ed s . l .  Pa l e o a l g o l ogy . 
S p r i n g e r  V er l ag .  B er l i n  H e i de l be rg , p .  2 37 - 2 4 6 . 

MURRAY , G . E  . .  1 9 6 1 , G e o l ogy o f  t he At l a nt i c  a nd G u l f  C o a s t a l 
P r ov i n c e  o f  Nor t h  Amer i c a .  New York . Har p e r  a nd Bro t h e r s . 
6 9 2  p .  

NACHEV . I . K . .  AND NACHEV . C . I . .  1 9 8 9 . D i s t r i bu t i o n a nd 
evo l u t i o n o f  s i l i c e o u s  r o c k s  i n  Bu l gar i a . I n :  He i n .  J . R  . .  
a n d  Obr adov i c ' . J . .  C e d s . ) . S i l i c e ous De p o s i � s o f  t h e  
Te t hy s  a nd P a c i f i c  Reg i o n s . S p r i nger V er l ag ,  N e w  York . 
2 4 4  p .  

NELSON . C . S  . .  KEANE . S . L  . .  AND HEAD . P . S  . .  1 9 8 8 . N o n ­
t r o p i c a l  c ar bo na t e  d e p o s i t s o n  t h e  mode r n  N e w  Z e a l a nd 
she l f . S e d i me n t ary G e o l o gy 6 0 : 7 1 - 9 4 . 

NEWELL . N . D  . .  1 9 7 1 . A n  o u t l i ne h i s t ory o f  t r o p i c a l  o rg a n i c  
r e e f s . Amer i c a n  Mus e um N ov i t a t e s . 2 4 6 5 . 

P I NET , P . R  . .  AND POPENOE . P . .  1 9 8 5 . A s c e n a r i o  o f  Me s o z o i c  
C e n o z o i c  o c e an c i rc u l a t i o n over t h e  B l ak e  P l a t e a u a n d  i t s 
e nv i ro ns . G e o l og i c a l  S o c i e ty o f  Ame r i c a  Bu l l e t i n  9 6 : 6 1 8 -
6 2 6 . 

POPENOE . P . .  HENRY . V . J  . .  AND I DR I S . F . M . .  1 9 8 7 . The Gu l f  
Troug h - -Th e A t l a n t i c  c o n ne c t i o n . G e o l ogy 1 5 : 3 2 7 - 3 3 2 . 

PUJA LTE . V . .  ROBADOR . A . .  ROBLES . S . .  ORUE- ETXEBARR I A . X . .  
AND B A C ET A . J . I  . .  1 9 9 0 , Sh e l f  t o  b a s i n  P a l e o c e ne 
d e p o s i t i o n a l s eq u e n c e s . We s t e r n  Pyr e ne e s . N or t h  S p a i n .  
1 3 th I n t e r n a t i o n a l Sed i me n t o l og i c a l  Congres s .  No t t i ngham . 
E ng l an d . A b s tr a c t s  o f  P o s t e r s . p .  1 9 1 . 

R A C Z . C . .  1 9 7 9 . Pa l e o c e n e  c a r bo na t e  d e ve l o pme n t  o f  R a s A l  
Hamr a . Oma n . Bu l l e t i n  C e n t r e  R e s h . Exp l or . - P r o d . E l f  
Aqu i t a i ne 3 : 7 6 7 - 77 9 . 

REZ AK . R . .  B R I GHT . T . J  . .  AND M c G RA I L . D . W  . .  1 9 8 5 . Re e f s  a nd 
B a nks o f  t h e  N o r thwe s t e r n  Gu l f  o f  Me x i c o : The 1 r  
G e o l og i c a l . B i o l og i c a l  a nd Phys i c a l  Dy n am i c s . J ohn W i l ey & 
S o n s . New York . 2 5 9  p .  

REZAK . R . .  G I TT I NG S . S . R  . .  AND BR I GHT . T . J  . .  1 9 9 0 . B i o t i c  
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a s s emb l a g e s  a nd e c o l og i c a l  c o n t r o l s  o n  re e f s a nd ba nks 
o f  the n o r t hwe s t er n  Gu l f  o f  Me x i co .  Ame r 1 c a n  Z o o l og i st 3 0 : 
2 35 . 

R I G BY . J . K  . .  1 9 8 1 . The s p o ng e  f a una o f  t h e  e ne C a s t l e  
Hayne L i me s to ne f rom e a s t - c e n t ra l North ro l i na . Tu l a ne 
S t ud i e s  i n  G eo l ogy and P a l e o nt o l ogy 1 6 : 1 2 3 - 1 44 . 

R I G BY . ,J . K . .  AND MOHANTI . M .  . 1 9 9 0 . The f i r s t  reported 
m i dd l e  E o c ene s po nge f rom I nd i a ;  a Raph i donema f rom the 
Fu l ra L i me s t o n e  FoJ::ma t i o n . Ku t ch . I nd i a .  Journ a l  o f  
P a l e o n t o l ogy 64 : 5 1 0 -5 1 4 . 

SCHLANG E R . S . O . .  GRAF . D . L  . .  GOLDSMI TH . J . R  . .  MACDONALD . 
G . A  . .  SACKETT . W . M  . .  AND POTRATZ . H . A . . 1 9 6 3 . Subsur f a c e  
geo l ogy o f  E n i we tok At o l l .  U n i t ed S t a t e s  G e o l og i c a l Survey 
Pro f e s s i ona l P a p e r  2 6 0-BB . 

SCHROEDER .  J . H . .  1 98 6 . D i a g e ne t i c  d i vers i ty i n  P a l e o c e ne 
cora l k nobs f rom the B i r  Abu E l -Huse i n  A r e a . S Egy p t . I n :  
S chro ed e r . J . H . .  a nd Purs e r . B . H  . .  ( eds . l .  e f  
D i age n e s i s . Spr i nger-Ve r l ag Be r l i n  He i de l b e rg . p .  1 3 2 - 1 5 8 . 

SHEEHAN . P . M . .  1 9 8 5 . Ree f s  a r e  not s o  d i f f ere n t--They f o l l ow 
the evo l ut i onary p a t t e r n  o f  l eve l -bot tom c ommun i t i e s . 
G e o l ogy 1 3 : 46 -4 9 . 

S I ESSER . W . G  . . 1 98 3 . P a l e og e n e  c a l c areous n a nno p l a nk t o n  
b i os t r a t i gr aphy : M i s s i s s i p p i . A l a b ama . a nd Te nne s se e .  
M i s s i s s i p p i  De p a r tme n t  o f  N a t ura l Resour c e s . Bur e a u  o f  
G e o l ogy Bu l l e t i n 1 2 5 . 

S I ESSER . W . G  . . F I TZGERALD . B . G  . .  AND KRONMAN . D . J  . . 1 9 85 . 
Corre l at i on o f  Gu l f  C o a s t prov i n c i a l  s t ag e s  wi t h  Europe a n  
s t a ndard s t ag e s . Geo l og i c a l  S o c i e ty o f  Ame r i c a Bu l l e t i n  
9 6 : 8 2 7 ·- ::3 3 1 . 

SM ITH . E . A  . .  AND JOHNSON . L . C  . . 1 8 87 . On the Te rt i a ry .::t nd 
Cre t a c e ous s t r a t a  o f  t he Tus c a l oo s a . Tomb i gbe e , a nd 
A l abama R i vers . Un i t ed S t a t e s  G e o l og i c a l  Survey Bu l l e t i n  
4 3 . 

SOUDRY . D . . 1 9 90 . Phos pha t e  c o l umnar st roma t o l i t e s  f rom t he 
E o c e n e  o f  the Negev ( So u t h e r n  I sr ae l ) .  1 3 t h  I n t erna t i ona l 
Sed i me n t o l og i c a l  C ongr e s s .  Nott i ngham . Eng l a nd . Abs t rac t s  
o f  Pa p e r s . p .  5 1 5 -5 1 6 . 

SQU I RES . R . L  . .  AND DEMETRI ON .  R . . 1 98 9 . A n  e ar l y  E o c e ne 
pha r e t ro n i d  s p onge f rom the Ba t e que Forma t i o n . Ba J a  
C a l i f orn i a  Sur . Mex 1 co . Journa l o f  P a l e o n t o l ogy 6 3 : 
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44 3-448 . 

STENECK . R . S  . .  1 9 86 . The e c o l ogy o f  cora l l i ne a l ga l crus t s : 
C o nve rgent p a t t e rns a nd ada p t i ve s t ra t e g i e s . Annua l Rev i ew 
o f  E c o l ogy and Sys t ema t i c s 1 7 : 2 7 3 - 3 0 3 . 

TABERNE R , C . , AND BOSENCE . D . W . J  . . 1 9 9 0 . E o c e n e  mud-mounds 
from t h e  S o u t h e r n  Pyrene a n  f ore l and i n .  North- e a s t  
S pa i n : A n c i e nt a n a l ogu e s  f or F l or i da B a y  mound s ?  1 3 th 
I nt e r n a t i o na l i me nt o l og i c a l  Congr e s s . Not t i ngham . 
Eng l a nd .  Abs t r a c t s  o f  P a p e rs . p .  5 37 . 

TABERNER . C . . AND BOSENCE . D . W . J  . .  1 98 5 . E c o l og i ca l  
s u c c e s s i o n f rom c ora l s  t o  c o ra l l i ne a l ga e  i n  E o c e ne p a t ch 
re e f s . Northern Spa i n .  I n :  Toomey . D . F  . .  a nd N i t e c k i . 
M . H . , ( eds . ) ,  l e o a l go l ogy . Spr i nger V e r l ag .  Be r l i n 
He i de l be rg , p .  2 2 6  2 36 . 

TERRY . X . Y  . .  AND W I L L I AMS . X . Y  . . 1 9 6 9 , The I dr i s  " A " geohe rm 
a nd o i l f i e l d .  S i rt e  Bas i n .  L i bya : i t s c ommer c i a l  
deve l opme n t . reg i ona l P a l e o c e ne s e t t i ng a nd s t r a t i gra phy . 
Exp l or a t i o n f or P e t ro l e um i n  Europe a nd North A f r i c a . 
I ns t . P e t r o l e um .  Londo n , p .  3 1 -4 8 . 

THOMSEN . E . , 1 98 3 . G rowth o f  P a l e o c e ne r e e f -mounds . Letha i a  
1 6 : 1 6 1 84 . 

THOMSEN . E . . 1 9 77 . Phe no typ i c  var i ab i l i ty a nd f u nc t i o na l 
morpho l ogy o f  e r ec t  c he i l o s t ome bryoz o a n s  f rom the Da n i a n  
o f  D e nma r k . P a l e ob i o l ogy 3 : 3 6 0 - 3 7 6 . 

THOMSEN . E . . 1 9 7 6 . D e p o s i t i o na l e nv i ronme nt a nd deve l opme n t  
o f  Dan i a n bry o z o a n  b i om i cr i t e mounds ( Kar l by K l i n t .  
De nma rk ) .  S e d i me nt o l ogy 2 3 : 48 5  0 9 . 

TOULMIN . L . D  . . 1 94 0 a . Eoc e n e  b r a c h i o pods f rom t h e  S a l t  
Mount a i n  L i me s t o ne o f  A l abama . Journa l o f  Pa l e o nto l ogy 
1 4 : 2 2 7 - 2 3 3 . 

TOULMIN . L . D  . .  1 94 0 b . The S a l t  Mount a i n  L i me s t o n e  o f  
A l abama . A l a bama G e o l og i c a l  Survey Bu l l e t i n  4 6 . 

TOULMIN . L . D  . .  1 94 1 . Eoc e ne sma l l er f oram i n i f e ra f rom the 
S a l t  Mou n t a i n  L i mes t one of  A l abama . Journa l o f  
P a l e ont o l o gy 1 5 : 5 6 7 - 6 1 1 . 

TOULM I N . L . D  . . 1 9 5 5 . C e no z o i c  geo l ogy o f  s o u t he u. s t e rn 
A l abama . F l or i da . a nd G e org i a . Ame r i ca n  A s s o c i at i o n of 
P e t ro l e um G e o l og i s t s  Bu l l e t i n  3 9 : 2 07 - 2  
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TOULM I N . L . D  . .  1 9 6 7 . The S a l t  Mou n t a i n  L i me s t o n e . I n : J o ne s . 
D .  E . .  i ed .  l .  G e o l o gy o f  t h e  C o a s t a l P l a i n  o f  l d a b ama . 
Gu i d e b o o k  8 0 t h  A n nu a l Me e t i ng .  G e o l og i c a l S o c i e ty o f  
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I nt rodu c t i o n 

Sha l l ow mar i ne p l a t form a nd s he l f  c arbo n a t e s  nera l l y  

c o n t a i n  f ew p l a n k t o n i c  mi c r o f o s s i l s .  Cons e qu e nt l y , 

corre l a t i o n a nd age de t e rm i n a t i o n  o f  t h e s e  s e d i me n t s  mus t  

d e p e nd o n  b e n t h i c  orga n i sms . who s e  b i o s t r a t i gr a ph i c  

p o t e n t i a l i s  norma l l y l i m i t e d  t o  w i t h i n- ba s i n  or r e g i ona l 

c orre l a t i o n s . D i r e c t  b i os t ra t i gr a ph i c  t i e - i ns w i th s t a ndard . 

g l ob a l p l a n k t o n i c  zona t i o n s  a r e  rare l y  p o s s i b l e . Te r t i a ry 

l i me s t o n e s  o f  t h e  e a s t ern Gu l f  C o a st a l  P l a i n  ( i . e  . .  F l or i da 

a nd G e o r g i a ) . f o r  e xamp l e . h ave be e n  z o n e d  u s i ng var i ou s  

ma cro i nver t e bra t e s . l arger f or am i n i f e ra . sma l l e r b e nt h i c  

f or am i n i f e ra . a nd o s t ra co d e s  ( e . g . .  P u r i . 1 9 5 7 : McKi nney a n d  

J o ne s . 1 9 8 3 ) . C a l c areous nanno p l a nk t o n  may h o l d  s ome 

b i o s t ra t i gr a p h i c  prom i s e  f o r  e a s t e r n  G u l f C o a s t  carbonat e s . 

but h ave n o t  y e t  b e e n  sys t ema t i c a l l y  i nve s t i g a t e d . 

I n  the a b s e n c e  o f  p l ank t o n i c  m i cro f o ss i l s .  corre l a t i o n  t o  

s t a ndard g l ob a l z o n a t i on s  i s  e s s e n t i a l l y a two -s t e p  

pro c e dure . C o rr e l a t i o n  mus t  f i r s t  b e  made w i t h  l o c a l . 

p l a nk t o n -b e a r i ng s ed i me n t s  by me a n s  o f  ma cro f au n a  a nd 

l i th o s t r a t i gr a ph i c  re l a t i o n sh i p s . I f  t he p l a nk t o n - be ar i ng 

sed i me n t s  a r e  c o n f i de nt l y  a s s i g ned t o  a s t a ndard g l ob a l 

zona t i on .  t h e n  t he o f  the sh e l f  o r  p l a t f o rm l i me s t o n e  i s  

a l s o e s t a b l i s hed by v i r t u e  o f  i t s l o c a l e q u i va l e n c e  to t h e  

p l a nk t o n - be a r i ng u n i t . I n  t he G u l f C o a s t a l  P l a i n  o f  t h e  

Un i t ed S t a t e s . a f a i r l y c c n t i nuous Te r t i ary r e c ord o f  she l f  
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t o  p l a t f orm c ar b o n a t e  f a c i e s a f f ords a n  e x c e l l e n t  

o p p o r t u n i ty f o r  s u c h  a b i o s t r a t i gr a p h i c  e x e r c i s e . Th i s  p a p e r  

i s  a n  a p p l i c a t i o n o f  t h i s  p r o c edure t o  t he B r i d g e b o r o  

L i me s t o n e . a c o r a l ga l  c a rbona t e  f rom G e o rg i a  a nd N o r t h  

F l or i da . The b i o s t r a t i gr a ph i c  z o na t i o n o f  t h e  Ame r i c a n  

O l i go c e ne i s  a l s o r e v i ewed , w i t h  s p e c i a l  a t t e n t i o n g i ve n  t o  

t h e  Gu l f  C o a s t a l P l a i n . 

The Ame r i c a n  O l i go c e ne : A n  Endem i c  B i o s t r a t i gr a p hy 

The p re c i s e c h r o n o s t ra t i gr a ph i c  s t a t us o f  O l i go c e n e  

s ha l l ow-wa t e r c ar b o n a t e s  o f  t h e  G u l f  C o a s t a l P l a i n  and 

C a r i bbe a n  has b e e n  a c o n t i n ua l s o u r c e  o f  d e ba t e . I n  Te t hyct n  

reg i ons a nd i n  t h e  I ndo-P a c i f i c . O l i go c e n e  c ar b on a t e s  are 

z o ned on t he b a s i s  o f  l ar g e r  f orami n i f er a  ( e . g  . .  Adams e t  

a l . ,  1 9 8 3 1 . Ame r i c a n  O l i go c e n e  l ar g e r  f o r a m i n i f e r a . howeve r . 

are g e n e r a l l y e nd em i c a nd o f  l ow d i v e rs i t y .  s o  t he i r  

re l a t i on t o  o t he r  f a u n a s  i s  u n c e rt a i n  ( Adams . 1 9 6 7 . 1 9 7 2 . 

a.nd p e r s o n a l c ommun . ) . 

I n  t h e  G u l f  C o a s t a l P l a i n . the O l i go c e n e  h a s  b e e n  d i v i de d  

i n t o  two r e g i o n a l s t ag e s : t h e  V i c k s burg i a n S t a g e . and t he 

over l y i ng C h i cka s awhaya n  S t ag e . b o t h  o f  wh i c h c a n  b e  

re c ogn i z e d  b y  var i o u s  ma c r o f o s s i l s a nd l i t h o s t r a t i gr a ph i c  

re l a t i o n s h i p s . w i t h  r e f e r e n c e  t o  t y p e  l o c a l i t i e s . I n  t he 

c e nt ra l G u l f  C o a s t  ( i . e . .  M i s s i S S i p p i  a. nd A l a bama ) . t he a a e  

o f  t he O l i go c e n e s e c t i o n h a s  b e e n  d e t e rm i n e d  b y  p l a nk t on i c  
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m i c ro f o s s i l s a nd n a n n o f o s s i l s ( e . g  . .  S i e s s e r . 1 9 8 3 ) . 

However . i n  F l or i da � nd G e o rg i a . whe r e  p u r e . s ha l l ow -w � t e r  

c arbon d t e  f a c i e s p r e d om i na t e . c o rr e l a t i o n a nd a g e  

d e t e rm i n a t. i o n  d. re m u c h  l e s s  p re c i s e <'i nd <ir e  c urre n t l y  

d e p e nd e n t  o n  mo l l u s c s . e ch i n o i ds . a nd l arger f or am i n i f er a . 

Co l e  d e ve l op e d  a z o na t i on f or Ame r i ca n  O l i go c e n e  

c a r b o n at e s  b a s e d  o n  l ar g e r  f orami n i f e ra wh i ch h a s  b e e n  u s e d  

w i t h  re p e a t ed s u c c e s s  < F i g . 3 . 1 :  C o l e . 1 9 5 7 . 1 9 5 8 . 1 9 6 4 . 

1 9 6 7 : C o l e  a nd A p p l i n .  1 9 6 1 : S a c h s . 1 9 5 9 : S a ch s  a nd G o r d o n . 

1 9 6 2 : R ob i ns o n  a nd P e rs ad . 1 9 8 9 ) . A c c ord i ng t o  C o l e . t h e  

e nt i r e Amer i c a n  O l i g o c e ne i s  c h a r a c t e r i z e d  b y  t h e  o c c urre n c e  

o f  Le p i do cv c l i n a  f Eu l eo i d i na ) . The Eu l e o 1 d i n a Z o n e  i s  

s ubd i v i d e d  i nt o  a l ower z o n e . r e c o g n i zed by t h e  o c curr e n c e  

o f  L .  ( Eu l ep i d i na l . w i th L .  f Le o i do cvc l i n a ) a nd / or � ·  

( Nephro l ep i d i na )  w i t ho u t  m i ogy p s i n i d s : a nd a n  u p p e r  z o n e  

c o n s i s t i ng o f  t h e  s ame l e p i do cy c l i ne s  w i th t h e  a dd i t i o n o f  

m 1 o gy p s i n i ds . C o l e  ( 1 9 6 4 : 1 9 6 7 . t a b l e  3 1  a l so n o t e d  t h a t  t h e  

u p p e r  z o n e  o f  m i ogy p s i n i ds o f t e n i nc l ud e s  a n  over l a p p i ng 

s u c c e s s i o n o f  p r i m i t i ve m i o gy p s i n i ds ( v i z  . .  

t o  u n i s e r i a l  � i ogyps i na .  A bove t h i s . b 1 s er i a l Mi oqyps i na 

c h a ra c t e r i ze s  a Lep i do cyc l i n a -M i oayps i na z o n e  ( c o n s i de r e d  t o  

be M i o c e ne i n  a g e l . wh i c h i s  f ur t h e r  re c o g n i z e d  by t h e  

a b s e n c e  o f  e u l e p i d i ne l e p i d o c y c l i n i ds . 

The l owe r s ub z o ne o f  t h e  Z o n e  h a s  l ong b e e n  

r e c og n i z e d  1 n  t h e  G u l f  Co a s t a l P l a i n  ! G r ave l l a n d  H a n n a . 

1 9 3 8 1 . a nd i s  l ar g e l y  c on f i ne d  t o  V i cksbura i a n s t r a t a . 
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F I GURE 3 . 1 -- S t a nd a rd O l i go c e n e p l a n k t o n  z o ne s . Euro p e a n  a nd 

G u l f  C o a s t  S t a ge s . a nd l a r g e r  f or am i n 1 f era z o n e s  
o f  Co l e  ( 1 9 6 7 ) . Th e Eu l ep 1 d i na Z o n e  e n c omp a s s e s  
t he e n t i re O l i go c e n e  a nd c a n  b e  s u bd i v i de d  i n t o  
a l ow e r  s . s .  Z o n e  ! w i t ho u t  m i o­
gy p s i n i ds } . a nd an u p p e r  M i oavps i no i d e s  z o n e . 
Th e r a nge o f  L e p i d o cyc l i na d. l s o i nc l ud e s  t he 
s ubge n u s  Nephro l � o 1 d i na i f  t he r e v 1 s e d  t axonomy 
o f  Adams ( 1 9 8 7 ) i s  u s e d . Comp i l e d f rom 
S t a i n f o r t h  e t  a l . ( 1 9 7 5 ) . :3 i e s s e r  e t  a l . ( 1 98 5 )  
Co l e  ( 1 9 5 7 . 1 9 5 8 . 1 9 6 4 . 1 9 6 7 1 . Fros t  a nd 
L a nge n h e i m  ( 1 9 7 4 ) . a nd o t h e r s . Th e r e  i s  s ome 
d e ba t e  ove r t h e  a g e  o f  the � - kug l e r i  Z o n e  
( l a t e s t  O l i go c e n e  o r  e a r l i e s t  M i o c e ne : c p . Bo l l i  
e t  a l  . .  1 9 8 5 : S t a i n f or t h  e t  a. l  . .  1 9 7 5 : 
S t a i n f o r t h  a nd Lamb . 1 9 8 1 1 . b u t  t h i s  d o e s  n o t  
a f f e c t  t h e  B r i d g e b o r o  c o rre l a t i on .  A l s o , 
S i n f o r t h  a n d  Lamb ( 1 9 8 1 1 do n o t  u s e  
Ca s s i ae r i nP l l a  c h i o o l e n s i s  a s  a z o n a l i nd e x . 
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L. (Lepidocyclina) 

F I GURE 3 . 2 --Subge nera o f  Lep i do cyc l i na are d i s t i ngu i shed by 
char a c t er i s t i c s o f  the mega l o s phe r i c  embryon i c  
chambers . I n  k ·  ( 1_ep 1 do cyc l i na l . p ro t o c o nch a nd 
d e u t e r o c o n ch a r e  subequa l a nd t rue adaux i l l ary 
chambe r s  dre l a c k i ng . Lep i do cyc l i na ( Nephro­
l ep i d i na l  has at  l e a s t  o n e  adaux i l l ary chamb e r  
( wh i c h h a s  a d i re c t  s t o l o n i f e r ous c o n ne c t i o n  t o  
t h e  d e u t e ro c onch l a nd a k i d ney-sha p e d  deutero­
c o nch wh i ch par t i a l l y  embra c e s  the pro t o c onch . 
I n  1_ .  ( Eu l ep i d i na ) , t h e  deut e r o c o nch embra c e s  
over ha l f  o f  the pro t o c onch a nd t he re a r e  
nume rous ·3.daux i l l ary chambe r s : pr i nc i pa l  
a u x i l l a ry chamb e r s  a r e  rare l y  s e e n  i n  e quat or 1 a l  
v i ew . .P_ = prot o c o n ch : .Q = d e u t e ro conch : pac 
pr i nc i pa l  aux 1 l l ary chamber ( wh i c h r e s t s  on b o t h  
P a nd D l : = i n t e ra ux i  1 1  ary ch ambe r :  ad = 
adaux i l l ary chamber :  = c l o s i ng chambe r .  
Mod i f i ed f rom Adams ( 1 9 87 1 . S e e  F i gure 3 . 3  f or 
e x amp l e s o f  e ach . 
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M i oqyps i noj_cLe_� ( F i g . 3 . 1 ) h .:� s  b e e n  d o c ume n t e d  f r om t h e  

subsur f a c e  P ay n e s  Hammo ck F orrn;:� t i o n  ! Ake r s  a n d  Draeg e r . 

1 9 5 7 ) . t he u p p e r  Fr i o  F o rma t i o n ( Mu r r ay . 1 9 6 1 . p . 4 0 6 ) . a n d  

t h e  A n ahua c  Forma t i o n ( Co l e . 1 9 64 ) . Un i s e r i a l  M i oavn s 1 na h a s  

b e e n  f ound 1 n  t h e  we l l -k nown " H e t e ro s t eq i n a  Z o ne " o f  t h e  

A n a hu a c  Forma t i o n  a nd i t s e q u i va l e n t s  t hr o ug h o u t  t h e  Gu l f  

C o a s t  < Hu n t e r  a n d  Hudd l e s t u n . 1 982 : Fro s t  a nd L a n g e nhe i m . 

1 9 74 ) . B i s e r i a l  M i oqyps i na i s  f o und i n  t h e  u p p e r  A n a h u a c  

F o rma t i o n ( " P i s c o rb i s "  z o n e : C o l e .  1 9 6 7 ) a nd i s  w i de s p r e ad 

i n  ro cks o f  Ear l y  M i o c e ne a g e  ( Fr o s t a nd L a n g e nhe 1 m . 1 9 74 ) . 

I t  s hou l d  be n o t e d  t h a t  t he r e  i s  s o me c o n t r ove rsy ove r t h e  

l o c a t i o n  o f  t h e  O l i go c e n e -M i o c e ne boundary i n  t h e  G u l f  C o a s t  

( Bu t l e r .  1 9 6 3 } , a nd a ny d e c i s i o n o n  t he p l a c eme n t  o f  t h e  

b o u ndary w i l l  a f f e c t  C o l e ' s  b i o z o na t i on t o  s ome d e g re e . 

Howeve r . a n  ade q u a t e  t r e a tme n t  o f  t h i s  p r o b l em wou l d  r e q u i re 

a n  e x t e nd e d  d i s c u s s i o n . a nd i s  beyond t h e  s co p e  a nd i nt e nt 

o f  t h i s  p a p e r  ( s e e  F i g . 3 . 1 c a p t i o n ) . C o l e ' s  z o n a t i o n . a nd 

i t s r e l a t i o n t o  p l a nk t o n  ;:x nd o t h e r  z o n a t i on s . a r e  s ummar i z e d  

i n  F i gu r e  3 . 1 .  The d i a g n os t i c  f e a t ur e s  o f  t h e  i nd e x  

l e p i do cy c l i n i ds a r e  i l l u s tr a t ed i n  F i gure 3 . 2 .  

The B r i d g e b o r o  L i me s t o ne 

D e s c r i pt i o n 

The B r i d g e b oro L i me s t o n e  1 3  a ne•..v f orma t i o n f i r s t  p r o p o s e d  

b y  Hudd l e s t u n  ! 1 981 . a nd i n  r ev i e w !  f o r  c e r t a i n  s t r a t a  



f ormer l y  map ped as  Suwa n n e e  L i me s to n e  a nd F l i n t R i ve r  

Forma t i on i n  F l or i da and G e org i a . The Br i dg e boro i s  a 

rhodo l i t h  l i mes t o ne t ha t  o c c ur s  o n  t h e  northern a nd s o u t h e r n  

f l a nk s  o f  the G u l f  Trough ( Hudd l e s t un . i n  revi ew :  Hudd l e s t un 

e t  a l  . .  i n  r ev i ew )  a nd crops o u t  d i s c o nt i nuous l y  i n  a NE-SW 

b a nd f r om s o u t h - c e ntra l G e o rg i a  t o  northwe s t  F l or i da . a 

d i s t an c e  o f  near l y  2 9 0  km . The o u t c r o p s  i n  s ou t hwe s t e r n  

Ge org i a  a r e  n e ar t h e  ba s e  o f  t h e  we s tward- f a c i ng Pe l ham 

E s c a rpme n t . a c o ns p i cuous c ue s t a  o f  uncert a i n  or i g i n  ( Ma nk e r  

a nd Cart e r . 1 9 8 7 . 1 9 8 9 : Hudd l e s t un . 1 9 8 8 ) . Manke r a n d  C a r t e r  

( 1 98 7 ) h a v e  d i s c us s ed s ome a s p e c t s  o f  t h e  p a l e o e c o l ogy a nd 

pa l e oge ography o f  the Br i dg e b oro . L o ca l l y .  t he Br i dge boro 

c o nt a i ns a bundant mas s i ve s c l era c t i n i a n c o ra l s . i nd i c a t i ng 

ree f a l c o nd i t i ons . The reg i o na l re l a t i on sh i p s o f  t h e  ree f 

a nd nonree f  f a c i e s o f  t h e  i dge boro and c orre l a t i ve 

l i t ho l og i es a r e  curent l y  under i nves t i ga t i o n . 

A p prox i ma t e l y  2 2  m o f  the i dge boro are exposed at  the  

type s e c t i o n .  However . the  c omp l e te th i ckne s s  of  t h e  

f o rma t i o n i s  c urre nt l y  u nkn own . The re f o r e . the f o l l ow i ng 

c o rre l a t i o ns a nd age de t erm i na t i o n s  a p p l y  o n l y  t o  the 

e x p o s ed t y p e  s e c t i on . wh i ch i nc l ud e s  the u p p e r  port i o n  o f  

t h e  Br i dg e boro . 

C e r t a i n  e l emen t s  o f  t h e  Br i dge boro f auna show c l ear 

a f f i n i t i e s  w i t h V i cksburg i a n  S t age f a unas . a nd 1 t  is  o n  t h i s  
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b a s i s  th a t t he f o rma t i o n  � a s  be e n  a s s i gn e d  t o  t h i s  Gu l f  

C o a s t  p r ov i n c 1 a l  s t age \ Ma nk e r  a nd C a r t e r . 1 9 8 9 1 . D i a g n o s t i c  

ma c r o f au n a  i n c l ud e  t he b i va l v e s  ( A n a t 1 o ope c t i n 1 

a n a t i oe s  ! Mo r t o n ) a nd C .  ! Lyrope c t i n )  du n c a n e ns i s  M a ns f i e l d . 

Th i s  a s s i g nme n t  i s  f ur t h e r  s u p p o r t e d  by t h e  r e c e n t 

re c ogn i t i o n  o f  t h e  d i s t i n c t i ve bryo z o a n  Tubu c e l l a r i a  

v i c k s bu rq i c a  C a n u  a nd B a s s l e r .  a f orm r e s t r i c t ed t o  

V i c k s burg i a n s t r a t a  ( Ch e e t ham . 1 9 6 3 ) ( f i gu r e  :3 . 3G l . 

The Br i d g e b o r o  a l s o c o n t a 1 ns a n  a b u nd a n t  f a u n a  o f  L:t r g e r  

f o r am i n i f e ra . The a s s emb l a g e  i s  d om 1 n a t e d  by t�o s p e c i e s :  

C u s hma n ( F i gure 3 . 3 A .  3 . 3 B .  

3 . 3F ) . L ep i do cy c l i na ( Lep i do cv c l i n a l !Jla n t e l l i  C Mo r t o n l 

t F i g u re 3 . 3E l  o c c ur s  i n  l e s s e r a b u nd a n c e . fh i s  a s s e mb l a g e  i s  

chara c t e r 1 s t i c  o f  t h e  l owe r s u b z o n e  o f  C o l e ' s  Eu l ep i d i na 

Z o n e  ( c o n s i d e r e d  t o  b e  Lower O l i go c e n e  1 n  ag e l . a nd i s  

there f o r e  c o ns i s t e n t  w 1 t h  t h e  a s s i gnme n t  o f  t h e Br i d g e b o r o  

L } me s t o n e  t o  t h e  V i c k s burg i a n ( s e e  F i gur e 3 . l l . Th 1 s  l a r g e r  

f o rami n i f e r a l a s s emb l age i s  1 de nt i c a l  t o  t h a t  o f  t h e  Dun c a n  

Church b e d s  de s c r 1 be d  bv Co l e  C l 9 3 4 ) f rom W as h i n g t o n  C o unty . 

F l o r i da . Th e Dun c a n  Chur c h  beds a r e  a l s o a l ga l r i ch . c o n t a i n  

d i a g n o s t i c  V i c k s burg 1 a n ma c r o f o s s i l s .  a n d  l i e a l o ng t h e  

s t r 1 ke b e l t  o f  t h e  Br i dg e b o r o . Th e Du n c a n  Church b e d s  a r e  

t he r e f o r e  i n c l ud e d  1 n  t h e  Br 1 d a e b o r o  L ime s t o n e  by Hudd l e s t un 

! 1 n r e v i ew l . 

Th e G l e nd o n  L i me s t o ne o f  M i s s i s s i pp i  a nd A l a bama h a s  a n  
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FI GURE 3 . 3 --Larg e r  f oram i n i f era a nd age -d i agno s t i c  bryo z o a n  
o f  t h e  Br i dge boro and G l e ndon L ime s t o ne s . � .  
Lep i d o cy<;: l i na ( Eu l e o i d i na )  un_do s a . f rom Duncan 
Chur ch . x 6 0 : f! .  1 .  ( Eu l ep i d i na i  u ndo s a . f rom 
Br i dge b o r o type l o c a l i ty .  x45 : s::_ . _b .  Cb§Pido-­
cyc l i na ) s p  . . f rom G l e ndon L i me s t o ne . S t . 
S t e ph e n s  Quarry . A l a bama . x 8 0 : Q .  1 .  ( ==�= 
i d i na )  u ndosa f r om G l e ndon L i me s t o ne . S t . 
S t e phe ns Qua rrv . A l abama . x 6 0 : � .  _b .  ! Le o i d o­
s;:v c l i na ) ma n t e l l i . f r om Br i dge boro type 
l oc a l i ty .  x 7 0 ; f .  1.  f Ne ohro l e p i dj na ) 

yu rnagu nens i s . from Br i dgeboro ty p e  l o c a l i ty .  
x 7 0 : Q .  bry o z o a n  Tubu ce l l ar i a  v 1 c k s bu rq i c a . f rom 
G l e nd o n  L i mes t o n e . St . S t e ph e ns Qua rry . 
A L1 b ama . . x 2 5 . 
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a s s emb l age o f  V i c k s burg i a n ma c r o f a u n a  as we l l  a s  a n  

a s s o c i a t i o n o f  i s o l e p i d i ne ( L .  ma n t e l l i ? )  a n d  e u l e p i d i n e ( 1 .  

u ndo s a ? ) l e p i do c y c l i n i ds ! F i gure 3 . 3 C .  3 . 30 ) . a s  I n  t h e  

Br i dgeboro . L e p i do cy c l i n a  ( Nephro l e o i d i na )  v u r n agune ns i s  i s  

c o ns p i c u o u s l y  a b s e n t  i n  t h e  G l e nd o n . b u t  a c omp re s s ed f orm 

o f  Nummu l i t e s  f P a l e o nummu l i t e s ) pa name ns i s  C u s hma n i s  

c ommo n . a l mo s t  c e r t a i n l y i nd i c a t i ng d e e p e r  or o f f -r e e f  

c o nd i t i o n s  f o r  t h e  G l e nd o n . B e c a u s e  o f  t h e  f au n a l 

s i m i l ar i t i e s . howeve r . we p r o p o s e  t h a t  t h e  Br i dg e boro 

L i me s t o n e  ( i n c l ud i ng the D u n c a n  C h u r c h  b e d s ) a nd G l e nd o n  

L i me s to n e  a r e  b i o s t ra t i gr a p h i c a l l y  c orre l a t i ve .  V a ugha n ( i n 

Co l e . 1 9 34 )  a l s o c orre l a t e d  t h e  D u n c a n  Chur c h  b e d s  w i t h t h e  

G l e nd o n  L i me s t o ne o n  t h e  b a s i s  o f  l ar g e r  f or a m i n i f er a . but 

a t  a t i me p r i or to b o t h  t h e  r e c og n i t i o n o f  t h e  Br i dge boro 

L i me s t o n e  a nd the de t erm i n a t i o n o f  the p re c i s e age o f  the 

G l e nd o n . 

L i t h o c o r r e l a t i o n 

The c o r r e l a t i o n o f  t h e  Br i d g e b o r o  L i me s t o n e  w i t h  t h e  

G l e nd o n  L i me s t o n e  I S  f ur t h e r  s u b s t a n t i a t ed by 

l i t ho s t ra t i g r a ph i c  re l a t i o n s h i p s . The Du n c a n  C h u r c h  b e d s  I n  

Wa sh i ng t o n  C o un t y . F l or i da . a n d  t h e  G l e nd o n  L i me s t o ne i n  

M i s s i ss i p p i  and A l abama . b o t h  ove r l i e t h e  Mar i a n n a  L i me s t o n e  

w i t h  a p p a r e n t  c o n f orm i ty . I n  add i t i o n .  t h e  Br 1 dq e boro i s  

l o c a l l y ove r l a i n  by t h e  S uwa n n e e  L i me s t o n e . a f orma t i o n 

c o n s i de r e d  t o  b e  t i me -e q u i va l e n t  w i th t h e  Byram F o rma t i o n o f  
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M i s s i s s i pp i  and A l a b ama b a s e d  o n  l a t era l f a c i e s 

re l a t i o n s h i p s b e t we e n  t h e  S uwa nnee L i me s t o n e  a nd Lazare t t o  

Cre ek Forma t i on o f  e a s t e r n  G e o rg i a .  The L a z a r e t t o  C r e e k  

c o n t a i ns a p l a nk t o n i c  f o ram i n i f era a s s emb l age mo s t  c l os e l y  

re l a t ed t o  t h a t  o f  the Byram Forma t i o n i Hudd l e s t un . I n  

rev i ew :  Hudd l e s tu n  e t  a l  . . 1 9 8 8 . a nd i n  r ev i ew } . a nd the 

Byram ove r l i e s t h e  G l e ndon i n  M i s s i s s i pp i  ( Ha z e l e t  a l  . . 

1 9 8 0 : Do c k e ry , 1 9 8 2 : Ma c Ne i l and Do ckery , 1 9 84 1 . Thu s 

phys i c a l s t ra t i gr a p h i c  re l a t i o nsh i ps ( i . e . .  t h e  Mar i a nna­

G l e ndon/Br i dg e boro-Byram/ Suwa n n e e  s u c c e s s i o n }  s u p port t h e  

l i t h o c orre l a t i o n o f  t h e  Br i dgeboro a nd t h e  G l e ndon . 

Aae o f  t he Br i dgeboro L i me s t o n e  

The G l e nd o n  L i me s t o ne h a s  b e e n  re l a t ed t o  s t a nd a rd g l ob a l 

mi c ro f o s s i l  z o n a t i o n s . S i e s s e r  ( 1 9 8 3 1 . u s e d  c a l c a r e o u s  

nanno p l a nk t o n  t o  a s s i gn t he G l e ndo n t o  n a n n o f o s s i l  Z o n e  NP 2 2  

o f  Ear l y  O l i go c e ne age . The G l e ndon L i me s t o ne a t  S t . 

S t ephens Q u arry . a s  we l l  a s  the By ram Forma t i o n  a t  Byram . 

M i s s i s s i pp i . c o nt a i n  P s e udoh a s t i ge r i n a  m i c r a  a n d  

G l oborot a l i a  i n c r e b e s c e n s . Th i s  p l a c e s  the G l e nd o n  we l l  

w i t h i n t h e  Lower O l i go c e n e  ch i po l e ns i � -

P s e udoh a s t iger i na m i cra Zone o f  Bo l l i  ( 1 9 6 6 1 a nd S t a i n f o r t h  

e t  a l . ( 1  5 1 . Z o na t i o n by c a l c a r e o u s  n a nn o f os s i l s  a nd 

p l ankton i c  f o ram i n i f er a  a re t hus c ompat i b l e  ! s e e  F i aure 

J . l l . Be c au s e  o f  i t s l o c a l e q u i va l e n c e  w i th the de f i n i t i ve l y  

Lowe r O l i go c e n e  G l e nd o n  L i me s t one . t h e  B r i dge boro L i me s t o n e  
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i s  a l s o a s s i gn e d  t o  t h e  E a r l y  O l i go c e ne ( Rup e l i a n ) . a nd i s  

o f  m i dd l e  V i c k s burg i a n a g e . 

C o n c l us 1 o n s  

Th e B r i dge b o r o  L i me s t o n e  i s  a d e ns e l y  f o s s i l i f e ro u s  

b i oc l as t i c  l ime s t o n e  w i t h  rh o d o l i th s  a nd l arge r f orami n i f e r a  

i n  r o ck- f o rm i ng a bu n da nc e . Ma s s i ve c o l o n i a l  c o r a l s  a r e  

a bu nd a n t  l o c a l l y . L i th o l og i e s  i n c l ud e d  i n  t h e  Br i d g e b o r o  a r e  

s t r a t a  o n c e  ma p p e d  a s  S uw a n n e e  L i me s t o ne a n d  F l i n t R i ver 

Fo rma t i on i n  s o u t hwe s t e r n  G e o rg i a . a n d  as Du n c a n  Church beds 

i n  p a nh a n d l e  F l o r i da . 

Th e c or r e l a t i o n a nd age d e t e rm i n a t i o n o f  t he B r i d g e b o r o  i s  

b a s e d  o n  b o t h  b i o s t r a t i gr a ph i c  a nd l i t h o s t r a t i gr a p h i c  

c o n s i de r a t i o n s . F i r s t . ma c r o f os s i l s are chara c t e r i s t i c  o f  

t h e  V i c k s burg i a n S t a g e . wh i c h i s  r e c og n i z e d  a s  L ower 

O l i go c e n e  i n  age C S i e s s e r  e t  a l  . .  1 9 8 5 ) . I n  a d d i t i on .  t h e  

l arg e r  f or am i n i f er a  i nde pe n de n t l y  sugg e s t  a Lower O l i go c e n e  

age . and are t h e r e f or e  i n  a g g r e e me n t w i th t h e  V i c k s burg 1 a n  

a s s i g nme n t . The l a rge r  f or am i n i f e ra l f au n a  i s  s i m i l ar t o  

t h a t  o f  t h e  G l e nd o n  L ime s t on e . wh i c h s ugg e s t s  a n  e qu i va l e n c e  

t o  t h e  G l e nd o n  L ime s t o n e  s p e c 1 f i c a l l y ( o n e  o f  many 

l i t h o s t ra t i gr a ph i c  u n i t s  i n  t h e V i c k s burg 1 a n S t a g e ) 

L i t h o s t r a t i gr a ph i c re l a t i o ns h i p s ( i . e . .  t h e  M a r i a n n a ­

Br i d g e b o r o -S uwa n n e e  s u c c e s s 1 o n l  f ur t h e r  s u p p o r t  t h e  

c orre l at i o n t o  t h e  G l e n d o n  L ime s t o n e . Be c a u s e  t h e  G l e nd o n  
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has b e e n  c orre l a t i o n to  s t a ndard g l oba l z o na t i ons o n  the 

b as i s  of  c a l c areous nanno f os s i l s  a nd p l a nk t o n i c  

f oram i n i f er a . t h e  geochrono l og i c age o f  t he Br i dgeboro 1 s  

a l s o e s t ab l i shed . c a u s e  o f  i t s  l oc a l e q u i va l e n c e  t o  t h e  

G l e ndon . t he Br i dge boro L i me s t o n e  deve l oped w i th i n  t h e  t i me 

i nt e rva l r e p re s e nt ed by nanno p l a nk t o n  Zone NP 2 2  and t h e  

C a s s i qe r i ne l l a c h i po l e ns i s -P s e udoh a s t iger i na 

p l ank t o n i c  f orami n i f e ra l z o n e . and 1 s  thus Ear l y  O l i go c e n e  

( Ru pe l i a n ) . a nd m i dd l e  V i cks burg i a n i n  age . 
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I nt rodu ct i o n 

The O l i go c ene was a t i me o f  e x t e n s i ve cora l r e e f 

deve l opme n t  throughout t h e  Car 1 b b e a n  and We s t e r n  Tet hy a n  

reg i ons . Barr i er . f r i ng i ng ,  a nd pa t ch re e f s . a s  we l l  a s  

other bu 1 l dups have be e n  docume nted f rom Mex i co . Pa nama . 

V e n e zue l a ,  Ant i gu a , Pue r t o  R i c o , J ama i c a . Cuba , a nd the 

South e a s t e rn Un i t ed Sla t e s . a s  we l l  a s  I ta l y .  Bavar i a . t h e  

Ba l kans . I nd i a .  I raq , I s ra e l .  a nd Sama l i a  ( Vaughan a nd 

We l l s .  1 94 3 : We l l s .  1 9 5 6 : Fro s t . 1 97 2 : 1 9 7 7 a : l 977b : 1 9 8 1 ) . 

The cora l f aunas wer e  d i ve r s e  a nd l a rge l y  c osmo po l i t a n . 

re f l e c t i ng a g e n e r a l l y unobst ru c t ed l ow l a t i t ud e  

p a l e o c i r cu l a t i o n be twe e n  Te thys and the C a r i bbea n  ( Fros t . 

1 9 7 7 a : Ke n n e t t .  1 9 8 2 . f i g .  1 1 6 ) . 

The Gu l f  C oa s t a l P l a i n  o f  the s o u t he a s t e r n  Un i t ed S t a t e s  

marked t he nort hern e xt e nt o f  O l i g o c e ne ree f  deve l o pme nt i n  

t h e  Ame r i c a s . I n  Texas a nd Lou i s i a nna . La t e  O l i go c e n e  r e e f s  

c ommon l y  deve l o ped o n  l o ca l shoa l s  produ c ed by s ha l l ow s a l t  

dome i ntrus i o n .  and f r i ng i ng r e e f s  deve l o p e d  a l ong t h e  

nort hern G u l f sh e l f  marg i n  ( Kru t ak and Beron . 1 9 9 0 : Fro s t  

a nd Scha f e rsma n . 1 978 : S ch a f e rsm.:�. n . 1 9 83 : :3 q u i re s  a n d  S a c h s . 

1 95 7 : Foreman and S ch l a nge r . 1 9 5 7 1 . I n  t h e  e a s t e r n  Gu l f  

Coa s t . howeve r . ree f s  have not b e e n  w i de l y  re cogn 1 zed . 

des p i t e  the e x i s t e n c e  t h e n  o f  a n  ext e ns i ve . s ha l l ow 

c arbona t e  p l a t f orm wh i c h c ov e r e d  mu ch o f  F l or i da a nd 

southern G e org i a . 
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Howeve r .  r e c e n t  f i e l d  i nve s t i ga t i o n s . c o r e  a n a l ys i s , a nd 

a n  e xt e n s i v e  survey o f  s ome o l d  l i t e ra t ure have shown t h a t  

var i ou s  typ e s  o f  r e e f a l bu i l du p s  wer e  c ommo n  i n  t h e  e a s t e r n  

Gu l f  C o a s t  dur i ng t h e  O l i go c e n e . F o r  ye a r s . i n  f a c t . gem 

e nt hus i a s t s  have r e c overed i mpre s s i ve c o l l e c t i o n s  o f  

c h a l c e do n i ze d  c o r a l f r om r i ve r  b a nks i n  north F l or i da a n d  

s ou t h  G e org i a  i n  O l i go c e ne ( and M i o c e n e ) s ed i me n t s . 

Neve rthe l e s s , f ew Gu l f  C o a s t  g e o l og i s t s  h av e  b e e n  c o n c e r n ed 

w i th the s e  Tert i a ry ree f s . a n d  t h e  age o f  t he cora l -be ar i ng 

l i tho l og i e s h a s  be e n  a s ou r c e  o f  c o n f u s i o n to t he pre s e n t  

day . 

Th i s  i nv e s t i g a t i o n  p re s e n t s  a r e g i ona l s t ra t i gr a p h i c  a nd 

p a l e o e nv i r o nme n t a l  s urvey o f  t h e  ma j or Lowe r O l i go c e n e  

c arbona t e  l i th o l og i e s o f  A l a b ama . G e org i a . a nd F l or i d a . w i t h  

p a r t i cu l a r a t t e n t i o n g i ve n  t o  t h e  i de n t i f i c a t i o n o f  r e e f 

f a c i e s . Th e e nv i ronme nt a l  c o n t r o l s  that i n f l u e n c e d  t h e  

deve l o pme n t  o f  t h e s e  r e l a t i ve l y  h i gh l a t i t ud e  bu i l du p s  a r e  

t h e n  e x p l o r e d . Us i ng t h i s  i n f o rma t i o n . a nd t h e  mod e r n  

F l or i da p l a t f o rm a s  a n  a n a l og .  a g e n e ra l . p a l e o e nv i ro nme nt a l  

a nd d e p o s i t i on a l mode l i s  pro p o s ed f o r  t h e  e a s t e r n  Gu l f  

C oa s t  r eg i o n dur i ng Lowe r O l i go c e ne t i me .  F i na l l y . t he s e  

b u i l du p s  a n d  the i r  a s s o c i a t ed f a c i e s a r e  br i e f l y c ompa r e d  t o  

o th e r  G u l f  C o a s t . Car i bbe a n . a n d  We s t e r n  Te t hy a n  O l i go c e ne 

r e e f s . 

7 9  



Me t h o d s  

F i e l dwork 

Nume r o u s  f i e l d e x c ur s i on s  we r e  c o n du c t e d  f r om De c ember 

1 9 8 7  t o  .J u n e  1 9 9 1 . A t o t a l of 2 5  f i e l d l o c a l i t i e s we re 

v i s i t ed . c o l l e ct e d  a nd d e s c r i b e d  f s e e  A p p e nd i x  A . E . C  f or 

de s c r i p t i o n s ) .  L i t h o l og i c  s amp l e s we r e  t a k e n  f or th i n  

s e c t i o n i ng a nd ma c r o f o s s i l s w e r e  c o l l e c t e d  f0r p a l e o e c o l og i c  

a nd b i os t ra t i gr a p h i c  I n f orma t i o n . Add i t i o n a l o u t c r o p  

de s c r i p t i o n s  f rom p ub l i s h e d  s o ur c e s  w e r e  u s e d  t o  s u p p l eme n t  

th i s  da t a  b a s e . I n  add i t i o n .  c o r e s  f rom t h e  F l or i da a nd 

G e org i a  G e o l og i c a l  Surveys we re d e s cr i bed a nd s amp l ed i n  

O c t ober ( FG S ) a nd De c embe r  i GG S ) o f  1 9 8 9 . a nd i n  J une ( FG S l 

o f  1 9 9 1 . A t o t a l o f  1 3  c o r e s  we re e xam i n e d  ( A p p e nd i x  D , E l . 

Add i t i o n a l c o re de s c r i p t i o n s  f rom p u b l i s h e d  a nd u n p ub l i sh e d  

s o u r c e s  w e r e  u s e d  t o  sup p l eme nt t h i s  d a t a  b a s e . 

Labo ra t o rv Work 

S amp l e s f r om bot h o u t c r o p s  a nd c ore s wer e  t h i n  s e c t i o n e d  

f or l i t h o l o g i c  i de nt i f i c a t i o n a nd p e t ro g r a ph i c  o b s e r va t i o ns . 

Reg i o n a l p a l e o e nv i r o nme n t a l i n t er p r e t a t i o n s  o f  ma J or 

c ar b o na t e  l i t ho l og i e s wer e  mad e  u s i ng p e t ro g r a p h i c  

o b s e rva t i o n s  o f  t h i n  s e c t i o n s . au t e c o l og i c  i n f e r e n c e s  f rom 

f o s s i l a s s e mb l a g e s . reg i o na l s tra t i gr a ph i c  a s s o c i a t i on s . 

l a t e ra l f a c i e s  r e l a t i on s h i p s . a nd p ub l i s h e d  i n f orma t i o n . 
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The Gu l f  C o a s t  O l i go c e n e : S t ra t i gr a ph i c  S e t t i ng 

I n  t h e  G u l f  C o a s t a l  P l a i n  o f  t h e  Un i t e d  S t a t e s  a nd Mex i c o . 

O l i go c e ne s t r a t a  h a v e  b e e n  subd i v i d e d  i nt o  two . p r ov i n c i a l  

chro n os tr a t i gr a ph i c  s t ag e s : t h e  V i c k s burg i a n S t ag e , a nd t h e 

you nger C h i c ka s awhay a n  S t a g e . Bo t h  o f  t he s e  s t ag e s  a r e  

re c og n i z e d  t hr o u g h o u t  t h e  r e g i o n b y  var i o u s  m i c ro f o s s i l s .  

ma c ro f o s s i l s .  a nd l i t ho s t r a t i gr a ph i c re l a t i o n s h i p s , w i t h  

r e f e re n c e  t o  t y p e  l o c a l i t i e s  i n  M i s s i ss i p p i . O n l y  s t ra t a  o f  

t h e  t y p e  l o c a l i t i e s a nd surro u nd i ng are a s  a r e  g i ve n  group 

( l i tho s t r a t i gr a ph i c )  s t a t us f i . e . , V i c k s b u r g  G r o u p . 

Ch i c ka s awhay G ro u p : S i e s s e r . 1 9 84 ) . 

N e a r  t h e  t y p e  a r e a s . mo s t  o f  t he s e  l i th o l og i e s h a ve b e e n  

c or r e l a t e d  w i t h  s t a nd a r d  Euro p e a n  s t ag e s  o n  t h e  b a s i s  o f  

p l a nk t o n i c  m i c r o f o s s i l s . A l l o f  t h e  V i cks burg G r o u p  i s  

Rup e l i a n  ( Lowe r O l i g o c e ne ) i n  age , a nd t h e  Ch i c k a s awhay 

G r o u p  i s  C h a t t i a n  ( La t e  O l i go c e n e ) i n  age ( S i e s s e r  e t  a l  . .  

1 9 8 5 ) . Howe ve r . a s  o n e  move s e a s t  o f  t he t y p e  a r e a s  i n t o  

G e org i a  a nd F l or i da , l i th o l og i e s  c h a ng e  f rom s a nd s . c l ays . 

ma r l s . a nd i mp u r e  l i mes t o ne s . t o  r a t he r  pure . s ha l l ow mar i ne 

c ar bo n a t e s  wh i c h n orma l l y  l a c k  t h e  p l a nk t o n i c  m i c r o f os s i l  

a s s emb l age s o f  t h e  we s t er n  l i t ho l og i e s . C o ns e qu e n t l y ,  

b i o st r a t i g r a ph i c  c or r e l a t i o n t o  t h e  t ype a re a s  i s  c u r r e n t l y  

d e p e nd e n t  o n  v a r i o u s  ma c ro f o s s i l s .  l a rge r  f o r am i n i f e r a . a nd 

g e n e r a l l i th o s t ra t i g r a ph i c  r e l a t 1 o n s h 1 ps i Bry a n  a nd 

Hudd l es t u n . 1 9 9 1 ) . 
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I n  F l or i da a nd G e o rg i a .  t h e  e x i s t e nc e  o f  Ch i ck a s awhay a n  

s t r a t a i s  pro b l ema t i c . I t  h a s  l o ng be e n  he l d  t h a t  t h e  

Suwan n e e  L i me s t o n e  i s  o f  Ch i ck a s awhayan age . but t he r e  i s  

s t r o ng f auna l and s t r a t i gr a ph i c  e v i d e n c e  t h a t  i t  i s  

p r e dom i n a n t l y  ( i f n o t  e n t i r e l y )  V i c k s burg i an ( Hudd l e s tu n . 1 n  

press : Hunt er . 197 2 ) . I n  a ny c a s e . mos t  o f  t h e  e a s t er n  

c a rb on a t e s  a r e  c l e a r l y  V i c k s burg i an i n  a g e  C Hudd l e s t u n . i n  

press) . I n  c o n t r a s t  t o  t h e  V i c k sburg Group i n  M i s s i s s i p p i  

a nd A l a b ama . t h e  e a s t e r n  V i c k s burg i a n  c a rb o n at e s  o f  F l or i da 

a nd G e o rg i a  h ave r e c e i ve d  c ompara t i ve l y l i t t l e  

i nv e s t i ga t i on . The mos t  r e c e nt a nd c ompre h e n s i ve 

s t ra t i gr a p h i c  s urvey i s  t h a t o f  Hudd l e s t u n  [ i n press ) . wh i ch 

i s  the s t r.� t i g r a ph i c  f rame wor k  I h ave ado p t ed h e r e . F i gure 

4 . 1  i l l u s t r a t e s  r e g i o n a l V i c k s burg i a n  s t ra t i g r aphy f r om 

M i s s i s s i p p i  t o  F l o r i da . 

Many o f  t he f orma t i on s  i n  F i gur e 4 . 1 h ave be e n  t horough l y  

do c ume nt e d  i n  a var i e ty o f  pu b l i c a t i o ns . but a b r i e f  

l i t h o l og i c  a nd p a l e o n t o l og i c  de s c r i p t i o n o f  e a c h  f orma t i o n 

i s  prov i de d  here . w i t h  p a r t i c u l ar empha s i s  g i ve n  t o  

e nv i ronme nt a l  a nd d e p os i t i o n a l 1 nt e rpr e t a t i o n .  Th e 

f o rma t i ons a re grouped a c c o rd i ng t o  t he i r  reg i on a l 

p a l e ogeograph i c  l o c a t i o n ( f i g . 4 . 2 ) . The Ea s t ern Gu l f  She l f  

Associ a t i on i n c l ud e s  the c l a s s i c a l  l i t hos t ra t i gr a ph i c  un i t s 

o f  t h e  V i cks burg G ro up f o und predom i n ant l y  i n  M i s s i s s i p p i  

a nd A l a bama . The Gu l f  Tro u gh- A pa l a chi c o l a Embaymen t 

A ssoci a t i on I nc l ud e s  f o rma t i o n s  d e p o s i t ed i n  a nd a ro und t h i s  
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F i gure 4 . 1 -- G e n e r a l i zed r e g i o n a l s t ra t i gr a phy o f  
V i c k s bu rg i a n  s t r a t a  o f  t he e a s t e r n  G u l f  C o a s t a l 
P l a i n . Comp i l ed f r om S t a i n f or t h  e t  a 1 . < 1 9 7 5 ) , 
S t a i n f or t h  a nd Lamb ( 1 98 1 ) , V a i l  e t  a l . ( 1 9 87 ) , 
S i e s s e r  e t  a l . ( 1 9 8 5 ) , Hudd l e s t u n ( i n press ) . 
a nd o t h e r s . 

Bumpnose LS 



100 km 

FPA/ 
FPFP 

� 

. �  0 . • 

F i gure 4 . 2 - -Lowe r O l i go c e n e  p a l e o g e og r a ph i c  ma p o f  t h e  
e a s t e r n  G u l f  C o a s t  show i ng s t r a t i g r a ph i c  
a s s o c i a t i o n s , f a c i e s p r ov i n c e s . a n d  t r a n s e c t  
l i n e s  f o r  c r o s s  s e c t i o n s  o f  F i gure 4 . 3 .  EGSA 

= E a s t e rn G u l f  S he l f  A s s o c i a t i o n ,  S C F P  = She l f  
Carbo n a t e  F a c i e s  Prov i n c e , GT-AEA � Gu l f  Tro u gh­
A p a l a c h i c o l a  Embayme n t  As s o c i a t i on .  GT-AEAFP = 

G u l f  Trough-A p a l a c h i c o l a  Embayme n t  F a c i e s 
P r ov i n c e . FPA = F l or i da P l a t f o rm A s s o c i a t i o n , 
F P F P  F l or i da P l a t f o rm F a c i e s P r ov i n c e , 
O r a nge I s l a nd . £- i = l o c a l i t i e s o f  F i gure 4 . 3 .  
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e l o ng a t e  s tr u c t ur e . The Fl or1 da P l a t form Assoc 1 a t i on 

i n c l ude s f o rma t i o n s  g e n e r a l l y f ou nd t o  t h e  s o u t h  o f  t h e  G u l f  

Tro ugh o n  t h e  sha l l ow F l o r i da P l a t f orm .  De s c r i pt i o n s  g i v e n  

f o r  t h e  Gu l f  Trough a nd F l or i da P l a t f orm A s s o c i a t i o ns are 

pre l i m i nary . as  p a l e o e c o l og i c  work o n  t he s e  c a rbona t e s  i s  

j us t  beg i nn i ng . The c r o s s  s e c t i o n o f  F i gure 4 . 3  i l l us t r a t e s  

t h e  l a t er a l r e l at i onsh i ps o f  V i c k s burg i a n  f orma t i o n s  i n  t h e  

e a s t e rn Gu l f  C oa s t  us i ng s e l e c t  out c r o p s  a nd c o r e s  f r om 

a c r o s s  t h e  r eg i o n . 

P a l eogene s t r a t a  o f  the G u l f C o a s t a l  P l a i n  h av e  i n  r e c e n t  

ye a r s  b e e n t h e  f o c us o f  i n t e ns i ve i nve s t i ga t i o n by nume rous 

s e q u e n c e  s t r a t i gr a phers { e . g . , V a i l e t a l  . .  1 9 8 7 : B aum a nd 

V a i l .  1 9 88 ) . The G u l f C o a s t  wa s p e rh a p s  o n e  o f  t h e  f i r s t  

reg i o ns whe r e  s e qu e n c e s t ra t i gr a ph i c  c o nc e p t s  wer e  a p p l i ed 

t o  out c r o p s . S ome s e q ue n c e  s t r a t i gr a ph i c  t e rms are emp l oye d  

i n  t h e  d e s c r i p t i o n s  o f  l i t h o l og i e s i n  t h e  E a s t er n  G u l f  She l f  

A s s o c i a t i o n C i t i s  i n  t h i s  reg i o n t h a t t h e  c o n c e p t s  have s o  

f ar b e e n  a p p l i e d ) . A l though t he s e  t e rms a r e  e xp l a i ned t o  

s ome e x t e nt . t h e  reader i s  r e f e rred t o  V a n  Wago n e r  e t  a l . 

( 1 9 8 8  l a nd B a um and Va i l  ( 1 9 8 8 )  f or f ur t h e r  de t a i l s o n  t he 

t e rm i no l ogy o f  s e q u e n c e  s t r a t i gr a phy . F i gure 4 . 1 i nc l udes 

t h e  c o a s t a l  o n l a p c urve a nd s e qu e n c e  s t r a t i gr a ph i c  

i nt e rpre t a t i o n o f  V i cksburg l i t ho l og i e s o f  A l a bama a nd 

Mi s s i s s i p p i  ( f r om V a l l e t  a l  . .  1 9 8 7 : Baum a nd V a i l .  1 9 8 8 ) . 
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F i gure 4 . 3--Cro s s  s e c t i on s  o f  V i cks burg i a n s t r a t a a c r o s s  t h e  
e a s t e r n  G u l f  C o a s t . � .  t r a ns e c t  a - f  o f  F i g . 4 . 2 .  
a / HB = Hayne s  B l u f f . M i s s i s s i p p i  ( Do c k e ry , 
1 9 8 6 ) ; b / S t S  = S t . S t e ph e n s  B l u f f , A l a b ama ; 
c / S t o  = S tova l l Quarry , n e ar F l or a l a .  A l a bama ; 
d /W-8 1 0 4 = F l or i da G e o l og i c a l Survey c or e  W-8 1 0 4 
( Brown i 1 ) ,  Wa l t o n  C o unty , F l or i d a ; e / D C 1  = 

F l or i d a  G eo l og i c a l  S urvey c o r e  D u n c a n  C h u r c h  # 1  
( W- 1 1 4 8 7 ) . Wa s h i n g t o n  C o unty , F l or i d a ; f / AB 1  
F l or i d a  G e o l og i c a l S urvey c or e  A l um B l u f f  # 1  
( W- 6 9 0 1 ) ,  L i be r t y  County . F l or i da . V e r t i c a l  
s c a l e : 1 em = 1 2 m .  � .  t r a ns e c t g - j  o f  F i g . 4 . 2 .  
g / BBQ = Br i dg e bo r o  Quarry ( ty p e  s e c t i o n ) . 
M i t c he l l C o u n ty , G e org i a ; h /MPF = G e or g i a  
G e o l og i c a l  S urvey c or e  Mob l ey P l a n t  F arm 
C GG S -3 5 3 5 ) .  C o l qu i t t  C ou n ty , G e o r g i a ; i / G G S - 3 2 0 8  

= G e o rg i a  G e o l og i c a l Survey c o r e  G G S - 3 2 0 8 . 
Brooks C o u nty . G e org i a ; j / B 1  = F l or i da 
G e o l og i c a l Survey c or e  B a s s  # 1  ( W- 1 04 8 0 ) .  
Mad i s o n  C ounty , F l or i d a . SL = me a n  s e a  l eve l 
( modern ) .  V e r t i c a l  s c a l e : 1 em = 1 9 m .  
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E a s t e r n  Gu l f  She l f  A s s o c 1 a t 1 o n 

R e f e r e n c e s : Gr e g o ry . 1 9 30 : T"la cNe i 1 . 1 9 4 4 .  1 96 6 ; ·�·h e e t h a m , 

1 9 57 . : 963 : Mur r ay . 1 96 1 : Mars h . 1 9 6 2 : P u r i a nd V �? r no n . 

1 964 :  Hudd l e s t u n . 1 965 : Hudd l e s t u n  a n d  Tou l m i n .  1 9 6 5 : 

C op e l a nd a nd D e b a o . 1 9 67 : Hu n t e r . 1 972 . 1 976 : N i c o l e t  a l  . . 

1 976 : H a z e l e t  a l  . . 1 9 8 0 : Dock e ry. 1 9 80. 1 9 82 : B l a c kwe l l  e t  

a l  . . 1 98 1 : J o h n s o n . 1 98 2 ;  S i e s s e r . 1 9 8 3 : C o l em a n . 1 9 8 3 : 

Ma cNe i l  a nd D o c k e ry . 1 9 84 ; M a n n i ng e t  .:il . . 1 9 8 5 : Va 1 1  e t  

a l . ,  1 9 87 :  B a um a nd V a i l .  1 988 : L o u t i t  e t  a l  . .  1 98 8 : H e l l e r  

a. nd B:rya n .  1 n press) . 

Bumonose � ime s t one (she l f ) . Th e Bump n o s e  L i me s t o n e  has 

b e e n  i d e n t i f i e d f r om t h e  E a s t e r n  G u l f Sh e l f  a nd on t h e  

F l o r i d a P l a t f o rm . On t h e  s h e l f  1 t  i s  a g l a u c o n i t i c  t o  p u r e  

m i c r i t i c  l i me s t o n e  C F i g . 4. 4A l w i t h a b u nd a n t  l a r g e r  

f o r a m i n i f e r a . bryo z o a , a nd mo l l u s c s . and i s  c o n s i d e r e d  a 

c a l c a r e o u s  f a c i e s o f  t he Red B l u f f  Forma t i o n .  I t  r a ng e s  f r om 

3 t o  4. 5 m i n  t h i c k n e s s . and 1 s  p r e d om i n a n t l y  f o u nd 1 n  

s ou t h e r n  A l a b ama a nd p o r t i o n s  o t  no r t h e r n  F l o r 1 d a . 

Charac t e r i s t i c  f a u n a  i nc l u de t h e  l a r g e r  f o r am i n i f e r a n  

Lep i docvc l i n a  c h ap e r i .  b i va l w� s  Soo ndy l u s d umo s u s . Ch l amys 

§. n a t i pe s . Lopha. y i c k s bur::g_Q_n s i s._ .  a nd t he e c h i n o i d �� l v pe a s t_t?r:_ 

a nd S .  d umo s u s  a r e  1 n d e x  f o s s i l s f o r  t h e  

f orma t i o n . Th e Bump n o s e  h a s  h a d  ;j_ c o n t rove r s i a l  h 1 s t o ry . 

A l t h ough l i t h o l o g J c a l l y v e ry s i m i l a r t o . a n d  c o n f o rmab l e  

w i t h . t he unde r l v 1 ng O c a l a  L i me s t o n e  o f  La t e  E o c e n e  a g e . i t  
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h a s  c l o s e r  f au n a l a f f i n i t i e s w i t h t h e  over l y i ng O l i go c e n e 

V i c k sburg Group c a r b o n a t e s . The g l a u c o n i t i c  Bump n o s e  

L i me s t o n e  i s  c o n s i de re d  by s e q u e n c e  s tr a t i g r a p h e r s  a s  p a r t  

o f  a c o nde n s e d  s e c t i o n .  c o i n c i d i ng w i th a s e a l eve l 

h i gh s t a nd . 

Fores t Hi l l  Sa nd . The F o r e s t  H i l l  I S  l arge l y  r e s t r i c t e d  t o  

M i s s i s s i p p i  whe r e  i t  re a c h e s  u p  t o  3 0  m i n  t h i c k n e s s  i n  t h e  

c e nt ra l a nd we s t e r n  p o r t i o n s  o f  t he s t a t e . a nd t h i ns r a p i d l y 

t owards A l a b ama whe r e  i t  g r a d e s  i n t o  t he Red B l u f f  C l ay .  The 

f o rma t i on c o n s i s t s  o f  dark . t h i n-bedded s i l t s .  c l ays . a nd 

s a nd s . w i t h  l o c a l c ro s s - b e d d i ng a nd l i gn i t i c  l e n s e s ; c l ay 

c o n t e n t  i n c r e a s e s  e a s tward . L i g n i t i z e d  r o o t s  e xt e nd i nt o  

u nd e r l y i ng f or a m i n i f e ra l -r i ch Eo c e ne mar l s . a nd f os s i l  

l e av e s  a nd mo l l u s c s  a r e  p r e s e rv e d  a t  t h e  t o p  o f  t he 

f o rmat i o n . S ome c h a nne l e d s a nd s  de e p l y  i nc i s e  u nd e r l y i ng 

E o c e ne d e p o s i t s a nd may c o nt a i n  nume rous p e t r i f i e d l ogs 

( " l og- j ams " ) . a s  s e e n  at t he M i s s i s s i pp i  P e t r i f i e d  F o r e s t  

n e a r  F l or a . A t  F l or a . t wo s p e c i e s o f  l og s  have b e e n  

i d e n t i f i ed .  b o t h  o f  wh i ch have s t r o ng t r o p i c a l  a f f i n i t i e s . 

Th e For e s t  H i l l  h a s  b e e n i nt e r pr e t e d  a s  a f l uv i a l -d e l t a i c  

s e q u e n c e . w i t h  m i n o r  mar i ne i n f l ue n c e  I n  t h e f o rm o f  s t orm 

d e p o s i t s w i t h i n  an e s t u a r i ne s e t t i ng .  S e q ue n c e  

s t r a t i gr a ph e r s  h ave c o ns i de r e d  t he Fore s t  H i l l  a b a s a l . 

p r o g r a d i ng .  r e g re s s i ve h i gh s t a nd d e p o s i t . 
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Red Bl u ff Cl a y .  The R e d  B l u f f  c o n s i s t s  o f  dark g r ay o r  

brown , s i l ty a nd g l au c on i t i c  c l ay ,  w i t h  s i d e r i t e c o n c r e t i o n s  

a t  i t s b a s e . The Red B l u f f  i s  o f  var i ab l e  t h i c k n e s s  ( 3  t o  9 

m ) , a nd g r a d e s  b o t h  l at e r a l l y a n d  v e r t i c a l l y i n t o  t h e  F o r e s t  

H i l l  S a n d . The Red B l u f f  i s  v e ry f o s s i l i f e rous , p a r t i c u l ar l y 

i n  t h e  l owe r s e c t i on .  and c o nt a i n s i n  abunda n c e  t h e  

a h e rmaty p i c  c o r a l B a l a nophy l l i a e l o ngat a ,  s c a ph o p o d  

De n t a l i um s p . ,  b i va l ve s  C o r b u l a  r u f ar i pa a n d  A s t a r t e  

t r i a ngu l a t a , a nd f i sh o t o l i t h s . The de e p  wa t e r b i va l ve D i mya 

ru f ar i pa o c c ur s  l o c a l l y .  a s  do s t a l ke d  c r i no i d s  

( Pe nt a c r i nu s , Rh i zo c r i nu_� ) a nd a c oma t u l i d c r i n o i d . Th i s  

l ower p o r t i o n i s  c o n s i de re d  a n o rma l mar 1 n e . but de e p , 

prode l t a de p o s i t . Th i s  i s  s u p p o r t e d  by d e e p  wa t e r  

a s s emb l a g e s  o f  b e n t h i c  f or am i n i f e r a  and o s t ra c ode s . Th e 

u p p e r  Red B l u f f  p r o b a b l y  r e p re s e n t s  s ha l l ower c o nd i t i o ns . 

s u c h  a s  s h e l f  or ma rg i na l  bay e n v i r o nme n t s .  L i ke t h e  F o r e s t  

H i l l ,  t h e  R e d  B l u f f  i s  p a r t  o f  a prograd i ng h i gh s t a nd 

d e p o s i t . a l t hough d i s t a l t o  t h e  For e s t  H i l l .  

Mi n t  Spr 1 nq Mar l . The M i n t  S p r i ng i s  c omp o s e d  o f  

g l au c o n i t i c . c a l c a r e ous s a nd wh i ch 1 s  l o c a l l y c r o s s -bedded 

( f i g . 4 . 4 8 ) . I t  averages a b o u t  3 m i n  t h i c k n e s s  i n  c e n t r a l 

a nd we s t e r n  M i s s i s s i p p i  ( a l t h o ugh mu c h  g r e a t e r l o c a l l y ) . a n d  

t h i n s t o  a bo u t  0 . 5  m i n  we s t e r n  A l a bama . The M i n t  S p r i ng 

l o c a l l y  l i e s i n  s c oured c h a n n e l s  i n  t h e  Fore s t  H i l l  S a nd . 

The b a s e  o f  t h e  M i n t S pr i ng c o n s i s t s  o f  b i va l ve s he l l 
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grave l s  ( pr i mar i l y  C a l l i s t a  s o br i na ) . bor e d  c l ay c o bb l e s 

\ bored by t h e  b i va l ve ,Jouanne t i a . a nd e n c r u s t e d  by cora l s  

and serpu l i d worms ) der i ve d  f rom t h e  under l y i ng F or e s t  H i l l  

Forma t i o n ,  a nd shark and ray t e e th . The pre s e n c e  o f  the 

i n f auna l b i va l ve Donax f un e r a t a  i nd i c a t e s  near shore l i ne 

cond i t i ons . The M i nt Spr i ng i s  i nt e r p r et ed as a 

des truc t i o n a l de l t a f a c i es ,  mark i ng t h e  i n i t i a l  

tra nsgr e s s i ve pha s e  over the F o r e s t  H i l l  de l t a i c  c omp l ex .  I t  

has a l so  b e e n  shown t o  be t ime � t r a n s g re s s i ve . c o n t a i n i ng 

nanno p l a nk t o n  z o n e  NP 2 1  i n  wes t e r n  A l abama a nd e a s t ern 

M i s s i s s i p p l , a nd t he younger z o n e  NP 2 2  i n  c en t ra l a nd 

we s tern M i s s i ss i p p i . I n  t e rms o f  the s e q u e n c e  s t rn t i graph i c  

mode l .  the  M i n t  Spr i ng i s  a t r a nsgre s s i ve d e p os i t . but 

ove r l i e s  a Typ e  2 u n c o n f orm i ty ( i nd i c a t i ng o n l y  a m i nor d r o p  

i n  s e a  l eve l . n o t  be l ow the she l f  e d ge l . 

Mari anna L 1 mes t one . 'The Mar i a nna L i me s t o n e  i s  a n  

e x t e ns i v e . p redom i nant l y  pure c a rbon a t e  mud s tcne and 

packs t o ne ( F i g . 4 . 4 C )  wh i ch s t r e t ches from the e a s t ern 

p a nhand l e  o f  F l or i da to we s t e r n  M i s s i s s i pp i . Out l i e rs of t h e  

Mar i a nna ( c o nt a i n i ng t h e  e ch i no i d  have 

b e e n  f ound a s  f ar e a s t  as Hawk i nsv i l l e l P u l a s k i  County ) .  

G e o rg i a . The Mar i a nna i s  l e ss  t h a n  o n e  me t e r  t h i ck i n  

we s t ern M i s s i s s i p p i . t h i ckens t o  1 8 m i n  wes t e rn A l abama . 

a nd res t s  c o n f ormab l y  over t he M i nt S pr i ng Forma t i on . I t  i s  

a p prox i ma t e l y  1 0  m t h i ck arou nd the type a r e a  o f  Mar i a nna . 
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F l or i da . F o s s i l s  are abundan t . but s t r i c t l y  c a l c i t i c . and 

i nc l ude the l arge r f orami n i f e r a n  Lep i do cyc l i n a  ma n t e l l i . 

b i va l ve P e c t e n  pou l s o n i . b ry o zo a . a nd e c h i no i ds C l ype a s t e r  

r oge rs i .  a nd Rhync h o l ampas gou l d i i . The r ema i n s o f  t h e  

o s t e i c h t hy a n s  Lut i a nus ( s n a p pe r )  a nd Ho l o c e n t r i t es 

( sq u i rr e l f i sh )  h ave b e e n  r e c ove r e d  i n  a bu nda n c e  n e a r  

t h e  typ e  a r e a . The Mar i a n n a  i s  a f u l l y  ma r i n e s h e l f  

c arbo n a t e  and h a s  b e e n  i nt e rp r e t e d  a s  a h i gh s t a nd de pos i t  by 

s e q u e n c e  s t ra t i gr a ph e r s . 

Gl endon L imes t on e . The G l e ndo n i s  a c oa r s e . g l a u c on i t i c . 

b i o c l as t i c  c a l c ar e n i t e  r F i g . 4 . 4D . E l . w i t h  b 1 o ch ems 

f r e que nt l y  s h ow i ng s ome degre e o f  round i ng a nd a b r a s i o n . I t  

h a s  be e n  t r a c e d  f rom we s t er n  M i s s i s s i pp i  t o  s ou t h c e nt r a l 

A l a b ama . w i t h out l i e rs a s  f ar e a s t  a s  Hawk i ns v i l l e ,  G e o rg i a . 

The G l e ndo n ma i nt a i ns a f a i r l y un i f orm t h i ckne s s  througho u t  

i t s  ext e n t . ra ng i ng f rom about 4 t o  6 m .  a nd c o n f ormab l y  

over l i e s  t h e  Mar i a nn a . I t  i s  d e ns e l y  f os s i l i f e rous . but 

c o n t a i ns o n l y  c a l c i t i c  orga n i sms such as the l arger 

f o rami n i f e r a  Lep i do cvc l i na ma nt e l l i  a nd Nummu l i t e s  

pa name n s i s . bry o zo a . b i va l ve s  byrame n s i s  a nd Lopha 

v i cksburqe ns i s .  a nd t h e  e c h i no i d  C l vpe a s t e r  roge r s i .  The 

c o nve nt i o na l  i n t e r p r e t a t i o n o f  t h e  G l endon h a s  b e e n  a 

sha l l ow i ng-upwards f a c i e s  ove r the Mar i a n n a  L i me s t one . Th i s  

sha l l ow1 na marked t h e  I n i t i a t i o n o f  a regr e s s i ve p h a s e  wh i ch 

c u l m i na t e d  i n  the Bu c a t unna Forma t i o n t a nd c o i nc i de d  w i t h  

9 3  



t h e  m i d-O l i go c e ne s e a  l eve l f a l l  a t  3 0  Ma l .  S e qu e n c e  

s t r a t i gr a ph e r s  have c o n s i d e r e d  t he G l e nd o n  a s he l f  marg i n  

d e p o s i t . The u p p e r  sur f a c e  h a s  a burrowed om i s s i o n s ur f a c e . 

a nd i s  i nt er p re t ed a s  a c o n d e n s e d s e c t i o n . 

Fl ora l a  L imes t one . The F l ora l a  L i me s t o n e  i s  a n  e x t reme l y  

f o s s i l i f er ou s  wa c k e s t on e  a nd p a ck s t o n e . c om p o s e d  l ar g e l y  o f  

p l a t ey ,  c o ra l l i ne red a l g a e  a nd l a rge r f o r am i n i f e r a  i n  ro c k­

f or m i ng a bu nda n c e  ( F i g . 4 . 4f-H ) . Twe l ve me t e r s  a r e  e x p o s e d  

a t  t h e  t y p e  l o c a l t i y i n  s o u t h e r n  A l a b ama . The f u l l 

ge ogr a ph i c  e x t e n t  o f  t h e  F l or a l a  i s  n o t  c u r r e n t l y  k nown . b u t  

i t  i s  t h ought t o  g r a d e  l a t e r a l l y i nt o  t h e  G l e nd o n  L i me s t o n e  

t o  t h e  we s t . a nd t he Br i d g e b o r o  L i me s t on e  t o  t h e  e a s t . The 

f a u n a  c o n s i s t s  a l mos t  exc l us i ve l y  o f  c a l c i t i c o rg a n i sms . 

pr i ma r i l y t h e  l a rg e r  f or am i n i f e r a  Lep i d o cyc l i n a  u nd o s a  a nd 

Nummu l i t e s  pa n ame n s i s ; c o r a l l i ne a l ga e : b i va l ve s  Ch l a mys 

a n a t i pe s  a nd Lopha v i c k s b u rqe n s i s ; a nd t h e  e c h i no i ds 

br i dg e b o r o e n s i s . 

a nd Ma c r opneus t e s  mor t o n i . Th i s  a s s emb l age c o n t a i n s e l eme n t s  

o f  b o t h  t h e  G l e ndon a nd B r i dge bor o f au n a s . I t  i s  i nt e r p re t e d 

a s  a n  i n t e rmed i a t e  a nd t r a n s i t i on a l f a c i e s  b e t we e n  t h e  

G l e nd o n  a nd Br i dg e bo ro L i me s t o ne s . 

Bvram Mar l . The Byr am c o n s i s t s  o f  s a ndy . g l a u c o n i t i c .  

ca l c a r e ou s  c l ay ,  w i t h  l o c a l c a l c a r e ous l i t h o l og i e s . Th e 

aver age t h i ckn e s s  i n  M i s s i s s i p p i  i s  7 t o  9 m .  a nd t h i n s t o  a 
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F i gure 4 . 4 --Th i n  s e c t i o n pho t om i c rographs o f  ma j or 
l i tho l og i e s o f  t he E a s t e r n  Gu l f  S he l f  
A s s o c i a t i on / Sh e l f  C a r b o n a t e  F a c i e s  Prov i n c e . 
A .  Bump nos e  L i me s t o n e  ( S t . S t e ph e ns Quarry , 
A l a b ama } . � .  M i nt S pr i ng Mar l ( St . S t e ph e n s  
Quarry . A l a b ama ) . £ .  Mar i a n n a  L i me s t o n e  w i th 
l a rge , m i crospher i c  s p e c i me n s  o f  Lep 1 do cyc l i n a  
man t e l l i  ( Ma r i an n a , F l o r i da ) . Q .  G l e ndon 
L i me s t o ne w i t h  L ep i do cyc l i n a , Nummu l i t e s , and 
c a l c i t i c  b i va l ve ( St . S t e ph e n s  Quar ry , A l a b ama ) . 
& .  G l e ndon L i me s t o n e  w i t h  Lep i do cyc l i na i n  
p e l o i da l  ma t r i x  ( S t .  S t e p h e n s  Qua rry , A l a bama ) . 
E .  Lower F l ora l a  L i me s t o n e  w i t h a bunda n t , th i n  
crus t s  o f  c o ra l l i ne r e d  a l g a e  ( St ova l l Quarry . 
A l a bama ) . � .  F l o r a l a  L i me s t o n e  show i ng m i c r i t i c  
a l ga l  bound s t o n e  ( S t ova l l  Quarry ) . tl .  U p p e r  
F l ora l a  L i me s t o n e w i t h  a bunda n t  Nummu l i t e s  
paname ns i s  ( S t ova l l  Quarry ) . S c a l e :  hor 1 z o nt a l 
d i me ns i on = 5 . 5mm . 
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f e a t h e r  edge i n  we s t e r n  A l a bama . Byram- l i ke l i t h o l og i e s a r e  

a l s o f ou n d  i n  t he F l or i d a p a nha nd l e . Th e Byr am c o n t a i ns a 

d i ve r s e  f au n a . C o n s p i cuous f o s s i l s  i nc l ud e  t h e  l ar g e r 

f orami n i f e ra Lep i do cyc l i na ma n t e l l i  a nd Nummu l i t e s  

pa name n s i s ; bry o z o a : a nd nume r o u s  b 1 va l ve s . i n c l ud i ng P e c t en 

byrame ns i s . S c a ph a r c a  l e s u eur i ( i nd i c a t i ng n e a r s h o r e . 

p os s i b l y  b r a c k i s h c o nd i t i o ns ) . a nd t h e  n e a r s h o r e  s p e c i e s  

s obr i na a nd m i s s i s s i pp i e ns i s . The Byr am 

i s  g e n e r a l l y c o n s i d e r e d  a sh a l l ow .  b u t  l ow-e ne rgy s h e l f  

d e p o s i t . Wh·:i t a. p p e a r  t o  be c ar b o n i ze d  i mp r e s s i o n s  o f  

s e a g r a s s  b l a d e s  are f ou n d  i n  t h e  Byram a t  M ar i a n n a , F l or i da . 

whe r e  i t  over l i e s  t h e  Mar i a n n a  L i me s t o n e . Th e n e a r s ho r e  

s e t t i ng o f  t h e  B y r am i s  f ur t h e r  c orrobo r a t ed by t h e  

o c curre n c e  o f  t he rh i no c e r a s - l i ke ungu l a t e , M e t amv n od o n  

p l a n i f r o n s  S c o t t  a n d  Os b o r n . i n  t h e  By ram o f  M i s s i s s i p p i . 

The s e qu e n c e  s t r a t i gr a p h i c  i nt e r pr e t a t i o n  o f  t h e  Byram i s  

t h a t  o f  a p r o g r a d i ng h i gh s t a n d  d e p o s i t  . 

.=:.::�:!...!::..::::c!-::..:..:..:�.::......::...:-!=�:..::::...:..:. · Th e Bu c at u n n a  c o ns 1 s t s  o f  t h 1 n l y  

be dded . l i g n i t i c  a nd b e n t o n i t i c c l ay a n d  s a nd o f  va r i a b l e  

t h i c k n e s s  { u p t o  3 0  m J  a nd ex t e nds f r om Lou i s i a na a nd 

M i s s i s s i pp i  t o  t he we s t e r n  F l or i da p a n h a n d l e . I n  we s t e rn a nd 

c e n t r a l M i s s i s s i p p i . t h e  B u c a t un n a  c o n f o rmab l y  ove r l i e s  t he 

Byram . Howeve r . i n  e as t e r n  M i s s i s s i p p i . t h e  typ 1 c a l  

Bu c a t u n n a  i s l o c a l l y r e p l a c e d  by t h e  Way n e s boro S a n d . Th e 

Way n e sboro i s  a nor t h / s o u t h - t r e nd i ng l e n t i l o f  t h e  
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Bucatunn a . r ang i ng u p  t o  3 0 m i n  th i ckne s s . a nd c o n s i s t s  o f  

l o c a l l y c ro s s -bedded . f i ne-g r a i ne d  f l uv i a l  s a nd s  wh i ch 

i n c i se under l y i ng V i cksburg f orma t i on s  a s  f a r  down a s  t h e  

Mar i an n a . W i t h t h e  e x c e p t i o n o f  t h e  f l uv i a l Wayne s bo r o  S a nd . 

t h e  Bu c a tunna i s  t h e  t e rm i na l d e p o s i t  o f  t h e  r e g r e s s i ve . 

u p p e r  V i c k s b urg s e qu e nc e . and i s  c o n s i de r e d  a marg i na l  

mar i ne / e s t ua r i ne d e p o s i t . I t  i s  g e n e r a l l y n o n- f o s s i l i f er o u s . 

but c o n t a i ns l o ca l l e n s e s  w i t h  mo l l u s c s . S i re n i a n  b o n e s  a nd 

we l l -p r e s e rved l e aves have b e e n  r e port e d  f rom t h e  u p p e r  p a r t  

o f  t h e  f orma t i o n . L i ke t h e  Byram . t h e  Bu c a t u n n a  re p r e s e n t s  a 

prograd i ng h i ghs t a nd d e p o s i t . The ove r l y i ng Wayne sboro S an d  

i s  c on s i de r e d  a n  i nc i s ed-va l l ey- f i l l  d e p o s i t  by s e q u e n c e  

s t r a t i gr a ph e r s . 

Gu l f  Trough-Apa l a c h i c o l a  Emb ayme n t  A s s oc i a t i o n 

( Re f e r e n ce s : P ur i a nd Vernon . 1 9 6 4 ; Ma nke r  a nd C a rt e r . 1 9 8 7 ; 

Bry a n  and Hudd l e s t un . 1 9 9 1 : Hudd l e s t un . i n  press : 

Hudd l e s t u n . p e rs . c omm . l .  

Gu l f  Tro uqh -Apa l a ch l co l a  Emba vmen t . Dur i ng t he Ear l y  

O l i go c e n e . a n  e l o ngat e . funne l -sha p e d  t o p ograph i c  l ow c a l l ed 

t h e  Gu l f  Tro ugh-A p a l a ch i c o l a  Embayme n t  e x i s t ed 1 n  

s o uthwe s t e r n  G e org i a  a nd p a r t  o f  p a nh a nd l e  F l o r i da C F i g . 

4 . 2 ) . The Gu l f  Trough wa s narrow . p a ra l l e l -s i ded a nd ope ned 

w 1 de l y  i nt o  the A p a l a ch i c o l a  a r e a . Cora l ga l  bu i l dups 

deve l o p e d  on t h e  f l a nks of  t h i s  s t ru c t ure ( Br i dg e b o ro 
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L i me s t one } .  and a sha l l ow carbona t e  p l a t f o rm ( f l or i da 

P l a t f o rm ) d e ve l o ped to the southe a s t . The pa l e  agra ph i c  

a nd pa l e o e c o l og 1 c  s 1 g n i f i c an c e  o f  t h e Gu l f  Trough wi l l  be  

d i s cu s s e d  subs eq u e nt l y . 

Ma ny Gu l f  C o a s t  g e o l og i s t s  are f am i l i ar wi t h  the t e rms 

S u wannee Cha nne 1 or Suwa nnee Stra 1 t .  as u s ed by s eve r a 1 

workers ( e . g  . .  Da l l  a nd Harr i s . 1 8 9 2 : Hu l l .  1 9 6 2 ; Che n . 

1 9 6 5 : McK i n ney . 1 984 ) . a nd may a s s ume t h a t  t h e  G u l f  Trough 

a nd Suwa n n e e  Channe l are one and the same . Howeve r . t h e s e  

a r e  two . s p a t i a l l y  and t empo r a l l y d i f f er e n t . b u t  re l a t ed 

s t ru c t u r e s  C P o p e n o e  e t  a l  . .  1 9 8 7 : Hudd l e st u n . 1 n  press ) . The 

Suwannee Channe l e x i s t e d  f r om L a t e  Cre t a c e ous t o  M i dd l e  

E o c e ne t i me .  and wa s i n f i l l ed by s e d i me n t s  f rom t h e  L a t e  

Pa l e o c e n e  t o  t h e  M i d-Eo c e ne . The Gu l f  Trough e x i s t ed from 

the M i dd l e  e ne t o  the M i dd l e  M i o c e n e , a nd was p e r haps 

i n i t i a t e d  a f t e r  s e d i ment i n f i l l i ng of the o l de r  Suwa nnee 

Channe l and a sh i f t 1n  current f l ow away t rom t h i s  o l de r  

f e a ture . The Trough b e c ame sed i me n t - f i l l ed dur i ng t he 

O l i c e n e  a nd e ar l y  M i o c e n e . Howeve r .  both Gu l f  Trough a nd 

Suwa nnee Channe l we re conne c t ed t o  the Apa l ac h i  o l a 

Embayme n t . wh i c h o p e ned H i de l y t o  the s o uth·we s t  i n t o  the 

G u l f  of  Me x i c o . 

The or 1 g i n  o f  t h e s e  f e a t ur e s  j s  n o t  unde r s t ood . Var i ous 

hyp o th e s e s  have sugges t e d  t h a t  t h e  Trough and Channe l 

re f l e c t  a d e e p l y  bur i ed syn c l i ne . a s t ru ctura l downwarp . a 

l arge s o l u t i o n va l l ey . e t c . ( Po p e n o e  e t  a l  . . 1 9  } .  I t  i s  
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we l l  k nown t h a t  t h e  b a seme n t  r o c k  o f  t h e  F l or 1 da P l a t f o rm 

cons i s t s  o f  r emn a n t  A f r i c a n  c rus t ( Opdyke e t  a l  . . 1 9 8 7 1 . 

Hudd l e s t u n  ! i n press ! sugg e s t s  tha t t he l o c a t i o n o f  the Gu l f  

Trough / Ap a l a c h i c o l a  Emb ayme n t  may a p pro x i ma t e  a zone o f  

f l e xure a t  t h e  s u t ur e  b e twe e n  North Ame r i c a n  c o n t i ne nt a l 

b a s eme n t  wi t h  A f r i c a n  b a s eme n t . A l t er n a t i ve l y .  t hey c ou l d  

re f l e c t  t h e  d e e p l y  bur i ed Ta l l ah a s s e e  G r a be n . a r e l e c t  

Tr i as s i c  f e a t ur e  ( s e e  f i g . 1 o f  Opdy k e  e t  a l  . .  1 9 8 7 ) . 

Och l ocko n e e  Forma t i on . Th e O c h l o c k o n e e  i s  a p o o r l y  

f o s s i l i f e rous ( bu t  b i o t urb a t ed ) . t h i ck-be dde d .  p a rt i a l l y 

do l omi t i ze d . c h a l k l y t o  c a l c a r e n i t i c  l i me s t on e . r e s t r i c t e d  

t o  t h e  A p a l a c h i c o l a  Embayme n t . I t  r a n g e s  f rom a p p ro x i ma t e l y 

1 1 4 m t o  2 1 5  m i n  th i ckne s s . i n cre a s i ng s o u t hwe s tward l y  i nt o  

the Emb ayme n t  whe r e  i t  may even r e a c h  u p  t o  3 0 0  m i n  

t h i ckne s s . The O c h l o cko n e e  i s  the o n l y  f orma t i o n i n  t h e  

Trough/ Embayme nt a s s o c i a t i on I n  wh i ch p l a nk t o n i c  f or am i n f e ra 

have be e n  re covere d . and i s  t h e r e f or e  c o ns i d e re d  t o  

r e p r e s e n t  c ompar a t i ve l y  d e e p  c o nd i t i o ns i n  t he G u l f  Trough . 

The O ch l o ck o n e e  grade s l a t e ra l l y nort h e a s twa rd i n  the 1'3 u l f  

Trough i nt o  t h e  P r i dg e n  L i me s t o n e  Memb e r . 

Pri d ae n  L imes t on e  Memb er . Th e P r i dge n L im e s t one Memb e r  

o f  t he O c h l o c k o n e e  Forma t i o n I S  a g e n e ra l l y m o r e  c oar s e l y  

b i o c l a s t i c  e xt e ns i o n o f  t h e  typ i c a l Och l o c k o n e e  i n t o t he 

Gu l f  Trough . a nd i s  part i a l l y do l om i t i c  i F i g . 4 . 5 A l . I t  
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c o nt a i ns much c a rbona c e o u s  ma t e r i a l  ( i nc l ud i ng s e ag r a s s  

i mpre ss i ons ) .:tnd c ommon l ar g e r  f or ami n i f e ra ( e . g . , 

L e p i d o cyc l i na , Nummu l i t e s , D i c tvoconus l .  The P r i n ranges 

f r om 78 t o  9 7  m i n  t h i ckne ss and grades t o  the north i nt o  

t h e  Br i dgeboro L i me s t one . 

Wo l f  Pi t Do l os t on e . The Wo l f  P i t  Do l o s t o n e  i s  a p o o r l y  

f o s s i l i f erous . brown sucros i c  do l omi t e . a pp r o x 1 ma t e l y  m 

t h i ck .  a nd i s  c o n f i ned t o  the G u l f  Trough and A p a l a ch i co l a  

Embayme n t . I t  i s  s i mi l ar 1 n  a pp e a r a n c e  t o  the Suwa n n a c oochee 

Do l om i t e  of  the  F l or i da P l a t f orm . The Wo l f  P i t  l i e s  b e t we e n  

the Och l o ck o n e e  a nd S uwa nnee ( Oka p i l c o Memb e r ! Forma t i o ns . 

a nd i s  i nt erpre t e d  a s  a sha l l ow wa t e r  depos i t . f ormed dur i ng 

a l a te V i cks burg i a n drop i n  s e a  l eve l . 

Okap1 l c o Member of Suwa nne e L i mes t one . The Ok a p i l c o i s  a 

d i st i n c t i ve . c o l on i a l  c o r a l -be a r i ng memb e r  o f  t h e  Suwa n n e e  

L i me s t o ne . a nd i s  r e s t r i c t e d t o  t h e  Ap a l a c h i co l a  Embaymen t  

a n d  Gu l f  Trough . Th e Oka p i l c o  grades a t e r a l l y t o  the s o u t h  

i nt o  t he Suwannee L ime s t o n e . and r a nges i n  th 1 c k ne s s  f rom 1 8  

t o  6 4  me t er s . S uwa nnee l i k e  l i t ho l og i e s a r e  pre s e n t  i n  t h e  

Okap i l c o . but  t h e  t e x t u r e s  a r e  mu c h  more va r i a b l e  and 

I rregu l ar .  Be s i d e s  c o ra l s . f o s s i l s  1 n c l ud e  rare l arger 

f o ram i n i f er •:t ! Nummu l i t es . Lep i docyc l i na l . m l l i o l 1 d 

f o rami n i f era . bryozoa . and mo l l u s c s . A l t h o ugh t h i s  un i t  l i e s  

w i th i n  t h e  Gu l f  Tr ough . ve ry sha l l ow .  ree f a l c o nd i t i ons a r e  
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ev i d e nt . a nd a p pare nt l y  deve l o ped J Us t  pr i or t o  f u l l 

e xpre s s i o n o f  the m i d-O l i go c e ne e u s t a t i c  s e a l eve l f a l l  at  30 

Ma . The Oka p i l c o i s  thought to have be en de i t e d  dur i ng 

the same t ime as  the prograd i ng .  regre s s i ve Buc a tunna 

Format i on . 

Bri dgeboro L imes t one . The Br i dgeboro i s  a c ora l ga l . 

b i o c l as t i c  gra i ns t o ne ( f i g . 4 . 5 B-F 1 wh i c h deve l o n  the 

northern . t o  a l e s s e r  e x t e nt sout hern . f l anks o f  the 

(:;u l f  Trough and A p a l a ch i c o l a  Embayme nt . I t  ou t c r o p s  i n  a 

northea s t -s o ut hwe s t  t r e nd f o r  n e a r l y  280 km . and I nc l ud e s  

l i t ho l og i e s o n c e  map p e d  a s  F l i nt R i ver Format i o n .  Suwannee 

L i me s t one . and Duncan Church ( pr e v i ous l y  c o ns i d e re d  a 

f a c i e s o f  the Suwa nnee L i me s t o ne I n  the F l or i da panhand l e : 

Pur i and Vernon , 1 96 4 , p .  1 0 6 ) . The t o t a l t h i ckne s s  o f  t h e  

Br i dgeboro i s  unknown . b u t  t he re a r e  s ome 2 0  m e x p o s e d  at  

the type s e c t i on .  The Br i boro i s  d e n s e l y  f o s s i l i f e rous . 

wi th common l arger f oram i n i f era Le o i d o cyc l i na undo s a  a nd 

L e p i docyc l i na yurnagune ns i s . rhodo l i ths i n  ro cJ.� - f orm i ng 

abundan c e . b i va l ve Ch l amys a n a t i oe s . a nd e c h i no i d  C l ypea s t e r  

..:::....:::_;:::..,;;:...;;:..;:::..=.=. · r1a s s  i ve r e e f c o r a  1 s are pre s e n t  l o c a  1 1  y .  The 

Du n c a n  Church beds . a s  s e e n  i n  Wa sh i ngton County . F l or i da . 

l i e ad j a c e n t  t o  t h e  w i de Apa l.:':l. c h  i c o  1 a Emb<:l.yme nt .'J. nd c o n t a  1 n 

abundant bnJ. nch i ng c ora l l i ne ·l l g a e  ( ' ' mae r l s " l .3. nd f ewe r . 

sma l l e r rhodo l i t hs t h a n  t he typ i c a l  Br i dge boro o f  G e o rg i a . 

The a n  Churc h  beds are t h e re f ore c o ns i dered a d i s t i n c t  
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F i gure 4 . 5 --Th i n  s e ct i o n phot om i crogra phs o f  ma j or 
l i t ho l og i es o f  t h e  Gu l f  Trough-Apa l a ch i c o l a  
Embayme nt A s s o c i a t i on a nd Fa c 1 e s  P rov i n c e . � .  
Pr i dge n L ime s t o ne Memb e r  o f  Oc h l o ckonee 
Forma t i on . w i t h  l arger f o ram i n i f era i n  do l om i t i c  
ma tr i x . f rom c o r e  G G S - 35 4 1  a t  743 ' ( C o f f e e  
County , G eorg i a ) . � .  Br i dg e boro L i me s t o ne 
showi ng typ i ca l  Lepi docyc l i na gr a i nstone 
( Br i dgeboro type s e c t i o n ) . £,  Lower Br i dg e boro 
L i me s t o ne wi t h  a bundant a l g a l a nd l arger foram 
debr 1 s  ! Br i dge boro t y p e  s e c t i o n ) . Q .  Br i dg e boro 
L i me s t o ne show i ng th i n-crus t e d  a l ga l bound s t o n e  
w i t h  mi l i o l i d  f or am i n i f era ( Br i dg eboro t y p e  
s e c t i o n ) . � .  Br i dgeboro L i mes t o n e  rhodo l i t h  w i th 
c o n c e n t r i c a l l y l am i na t ed red a l ga e  i nt ergrown 
wi th bryo zoan or e n c rus t i ng f oram i n i f e r a  
( Br i dge boro type s e c t i on ) . f .  Br i dgeboro 
L i me s t one l arg er f orami n i f e ra l gra i ns t one wi t h  
abundant Lep 1 do cyc l i na yurnagun e ns i s  ( Br i dgeboro 
type s e c t i on ) . S c a l e : hor i zo nt a l d i me n s 1 on 
5 . 5mm . 
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f a c i es o f  the i dgeboro . A b i oherma l / r e e f a l o r i g i n  f or Lhe 

B r i dge boro i s  c l e ar l y  i nd i c a t ed . The Br i dgeboro i s  l o c a l l y 

ove r l a i n  by t h e  S uwa n n e e  L i me s tone . 

F l or i da P l at f o rm A s s o c i a t i on 

( Re f e rence s :  V a ugh an . 1 9 1 0 : Mans f i e l d . 1 93 7 ; A pp l i n  a nd 

Ap p l i n .  1 944 ; Mac Ne i l ,  1 944 .  1 9 6 6 : Carr and A l ve rs o n . 1 9 5 9 ; 

Hunt e r . 1 9 7 2 . 1 97 6 : Har p e r . 1 9 7 2 : Yon and He ndry . 1 97 2 : 

Hudd l es t u n . i n  press) . 

Bumon ose L imes t o n e  (pl a t form ) . The f u l l ext e nt o f  t h e  

Bumpnos e  L i me s t o n e  on t h e  F l or i da P l at f o rm i s  u n c e rt a i n .  a nd 

the name h a s  b e e n  a pp l i e d t o  l i t ho l og i e s  o f  q ue s t i o nab l e  

Bumpnos e a f f i n i t i e s . D i  s t  i n e t  l i t ho s t ra t  i gr a ph i c un i t s ;:�.re 

d i f f i cu l t  to s e p a r a t e i n  the c arbo n a t e  s e c t i o n o f  F l or i da . 

Part o f  t h e  prob l em conce rns the f auna l a f f i n i t i e s .  age . a nd 

a s s i gnme nt o f  c e rt a i n  beds betwe e n  de f i n i t i ve l y  Eo c e ne 

f Oc a l a  L i me s t one ! a nd O l i g o c e ne ( S uwa nn e e  L i me s t on e ! rocks . 

Th i s  i n t e rva l i nc l ude s the s o - c a l l ed Ro t u l ar i a  Zone 

o f  p e n i nsu l a r a n d  ( po s s i b l y )  p a nh a nd l e  F l or i da . wh i ch 

conta i ns a f a una w i t h  both E o c e ne and O l i go c e ne � f f i n 1 t i e s . 

I t  i s  curre nt l y  cons i dered t o  be Eocene  i n  age by N i co l  a nd 

ass o c i a t e s  ( N i c o l e t  a l  . .  1 9 89 . 1 9 84 . 1 9 7 6 : .:J o n e s  a nd N i co l . 

1 98 9 ) . but Hun t e r  ( 1 9 7 6 ) h a s  sugge s t e d  a n  O l i g o c e ne age . a nd 

has prev i ous l y  r e f erred t h 1 s  i n t e rva l t o  t he Bump n o s e  

r Hunt e r . 1 9 7 2 1 . Che e t ham C 1 9 5 7 . 1 9 6 3 ) re cogn i ze d  the 
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Bump n o s e  f r om the Avon P a r k  B omb i ng Range We l l  *1 i n  P o l k  

C o u n ty , F l or i da , a t  3 2 0 - 3 3 5 ' d e p t h . 

Fur t h e r  s t udy o f  t h i s i n t e rva l 1 s  c l e ar l y  warr a n t e d . The 

d e s i g n a t i o n o f  s ome p e n i n s u l ar c a rbo n a t e s  as Bump n o s e  s h o u l d  

probab l y  be d i s c o n t i nued . I f  t he Ro t u l ar i a  v e r n o n i  Z o n e  i s  

O l i go c e n e i n  age . i t  may r e pre s e nt a pre -Bump n o s e  i n t e rva l 

o f  t i me . But t h e s e  s t r a t i gr a ph i c  u n c e r t a i nt i e s  d e mo ns t ra t e  

t h e  t r a n s i t i o n a l a nd comp l e t e  na t u r e  o f  t h e  Eo c e n e -O l i go c e ne 

boundary i nt e rva l i n  F l or i da . The l i t ho l og i c  c h a r a c t e r  o f  

t h e  p l at f orm " Bump n os e " i s  n o t  we l l  docume nt ed. , b u t  a t  t h e  

GTE P i t  i n  C i t r u s  C o unty . F l or i da C A ppe nd i x  C ) . i t  c o n t a i ns 

gr e e n  a l ga l -r i ch c a l c a re n i t e s  w i th c ommon mo l l u s c a n  rema i n s .  

i nd i c a t i ng e x t r eme l y  s h a l l ow c o nd i t i o ns ( f i g . 4 . 6 A , B ) . 

El l a v1- 1 l e L imes t one . The E l l av i l l e i s  a ma s s i ve .  

ca l c are n i t i c  l i me s t one C F i g . 4 . 6 C l  rang i ng f r om 2 . 5  t o  1 1  m 

i n  t h i c k n e s s . a nd i s  e x p o s e d  a l ong t h e  b a nk s  o f  t h e  S uwa n n e e  

a nd l owe r W i t h l a c o o c hee R i ve r s  o f  n o r t h e r n  F l o r i d a . I t  

c o nt a i ns l o c a l f o s s i l i f e ro u s  b e d s  w i t h l arger f o ram i n i f e r a . 

m i l i o l i d f o r am i n i f e ra . rhodo l i � h s . c ora l s .  mo l l u s c a n  mo l d s 

( commo n Turr i t e l l a  mart i ne n s i s l . bryozoa . a nd t h e  e ch i no i d s 

C l ype a s t e r  r oge rs i a nd Rhyn c h o l ampa s gou l d i i .  Th e E l l av i l l e 

grade s  l a t e r a l l y i nt o  t h e  l ower Br i dg eboro L i me s t o n e  i n  t h e  

s u b s ur f a c e  o f  G e org i a ,  a nd i s  a p p a r e n t l y  c o n f orma b l e  w 1 t h  

t h e  under l y i ng Eo c e ne Oc a l a  L i me s t o ne . I t  i s  c o ns i d e r e d  a 

rhodo l i t h-poor f a c i e s o f  t h e  l ower Br i dge boro . 
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Suwa n n a ccochee Do l os t on e . The Suwa n n a c o o c h e e  i s  a poor l y  

f o s s i l i f er o u s . brown sucros i c  do l o s t o ne ( s i m i l ar t o  the Wo l f  

P i t  Do l om i t e ) wh i c h c o n f o rma b l y  .:t nd grada t i o na l l y ove r l i e s  

the E l l av i l l e L i me s tone a nd h a s  the s ame ge ograph i c  e x t e n t  

a s  t h e  E l l av i l l e .  Th i cknes s  ranges f rom 3 t o  1 7  me t e rs . a nd 

i n  Georg i a . t h e  Suwanna c o o c h e e  grades l a t e ra l l y i n t o  t he 

11p p e r  Br i dge b o ro L i me s t one . L o c a l l y ,  the Suwa n n a c o o c h e e  h a s  

a t h i n l y- l am i n a t ed . f e ne s t ra l f abr i c , a nd c ont a i ns 

c arbona c e ous mat e r i a l . i nt ra f o rmat i on a l bre c c i a . a nd sma l l 

mo l l u s c s . V e ry sha l l ow t o  pe r i t i da l  c o nd i t i o n s  are 

i nd i c a t e d . The e c h i no id Rhyncho l ampas i s  o n e  o f  t he 

f ew recogn i z ab l e  ma cro f o ss i l s  i n  t h e  Suwa nn a c o o c he e . 

Suwa nn e e  L imes t on e . The Suwa nnee i s  a ma s s i ve . b i o c l as t i c  

c a l c i l u t i t e  t o  ca l care n i te . w i t h sma l l s ca l e  c r o s s -bedrl i ng 

ev i de n t  l oc a l l y C F i g . 4 . 60-F l . The Suwa n n e e  i s  r e s t r i c t e d  

pr i mar i l y  t o  t h e  F l or i da P l at f orm a nd 1 s  e x t e ns i ve l y  

deve l o ped a c ross southern Ge org i a  a s  f a r north a s  the 

Sava nnah R 1 ver . whe r e  r e s i dua l Suwa nnee bou l ders are f ound 

near the Burke -Screven County l i ne . The Suwa n n e e  i s  re p l a c e d  

by t h e  C o o p e r  Format i on i n  South Caro l i na .  a nd a l o ng t h e  

G e o rg i a  C o a s t . t h e  Suwa n n e e  i nt e r f i ngers w i t h  the c a l c a r e o u s  

s a nds o f  t he Lazar e t t o  C r e e k  Forma t i o n .  The Suwa nnee 

L i me s to n e  does not e x t e nd f ar north o f  the G u l f Troug h . 

Th i ckne s s  r a nges up t o  4 6  rn . a nd ge nera l l y t h i ns 

southe a s t ward away f rom the Trough . The Suw� n ne e  may ove r l i e 
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t h e  Eo c e ne O c a l a  L S . t h e  S uwa n n a c o o c h e e  Do l o s t o n e . o r  t h e  

B r i dg e b o r o  L i me s t o n e . a nd g r a d e s  l a t e ra l l y i n  t h e  G u l f 

Tro ugh i n t o  t h e  O ka p i l c o Membe r . O l i go c e ne s e d i me n t s  are 

a b s e n t  o v e r  muc h  o f  e a s t e r n  p e n i n s u l a r F l o r i d a  a n d  

s o u t he a s t e rn G e or g i a . and mos t  o f  t h i s  r e g i o n  ( s o - c a l l ed 

" Or a ng e  I s l a nd " )  i s  thought t o  have b e e n  s u b a e r i a l l y  e x p o s ed 

dur i ng t he O l i go c e ne . The S uwa n n e e  L i me s t o n e  h a s  b e e n  

i de n t i f i ed i n  t h e  s ubsur f a c e  a s  f ar s o u t h  a s  K e y  We s t . 

F l or i d a . 

The S uwa n n e e  c o n t a i n s a n  a b undant a nd d i ve r s e  1 nv e r t e br a t e  

f au n a . mu c h  o f  i t  unde s c r i bed . C o n s p i c u o u s  ma c r o f o s s i l s o f  

the t yp i c a l Suwa n n e e  L i me s t on e  i nc l ud e  t h e  l ar g e  

f or a m i n i f e r a  D i c tyo c o nus a nd D .  f l or i da nu s . b i va l ve 

Kuphus i n c ra s s a t u s . a nd e ch i no i d  Rhyn c h o l amp a s  gou l d i i I a  

g o o d  i nd e x  s pe c i e s ) . B i v;: d ve C h l amys a na t i pe s  ( a  s t ro ng 

i nd i c a t o r  o f  V i c k sburg i a n age ) i s  r e p o r t e d  f r om s i l i c i f i ed 

Suwa n n e e  L im e s t o n e  i n  n o r t h e r n  S c r e v e n  C o u n t y . G e o rg i a . 

Lo c a l l y .  s u c h  a s  a t  the Terramar Q u a r ry i n  P a s c o  C o u n t y . 

F l or 1 da . t h e  S uwa n n e e  i s  v e ry s a ndy a nd c o n t a i ns a d i ve r s e  

l a nd unde s cr i be d ) . s i l i c i f i ed mo l l us ca n  a s s emb l a g e  

a s s o c i a t e d  w i t h ma s s i v e c o l o n i e s  o f  t h e  s c l e ra c t i n i a n  cora l 

S i d e ra s t r e a  s p  . .  bra n c h i ng c or a l S ty l oph o r a  s p . a bu n d a n t  

t e s t s  o f  t h e  e c h i no i d C l ype a s t e r  . a nd t h e  r ema i n s  o f  

f i s h and s i re n i a n s . 
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F i gure 4 . 6 --Th i n  s e c t i on pho t om i c rographs o f  ma j o r  
l i t ho l og i e s o f  t h e  F l or i da P l a t f orm A s s o c i a t i on 
a nd F a c i es P r ov i n c e . A .  Bump no s e  L i me s t on e  
show i ng abund a n t  m i l i o l i d  f orami n 1 f er a  a nd gre e n  
a l g a e  ( ga )  ( GTE P i t . F l or i da ) . � .  Bump n o s e  
L i mes t o ne show i ng l arge gree n  a l g a l f ra gme n t  
< GTE P i t . F l or i da ) . Q ,  E l l av i l l e L i me s t o ne . 
gra i ns t o ne w i t h  a bu ndan t  e ch i noderm a n d  
forami n i f era l debr i s  ( Suwa nne e  R i ve r  S t a t e  P a rk . 
F l or i da ) . Q .  S uwan n e e  L i mes t o n e  w i th c ommo n 
D i c tyo c onus ( d )  a nd mi l i o l i d f or am i n i f er a  ( c ore 
W- 1 04 8 0 at 1 5 0 ' , Mad i so n  C o u n ty . F l or i da ) . � .  
S uwa n n e e  L i me s t o ne show i ng ty p i c a l m i l i o l i d/ 
p e l o i d a l p a c k s t o n e  ( c ore W- 1 04 8 0  at 9 9 ' . Mad i s o n  
Count y , F l or i da ) . f .  S uwa nne e L ime s t o n e  show i ng 
r e d  a l ga l  packs t o ne / bo unds t o ne a s s o c i a t e d  wi t h  
c or a l t h i cke t ( Brooksv i l l e Qua r ry . C i t ru s  
C ounty . F l or i d a ) . S c a l e : h or i zo n t a l d i me n s i on = 
5 . 5mm . 
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Carbon a t e  Fa c i e s . Pa l e oe nv i ronme nt s . a. nd Pa l e o e c o l ogy 

Lower O l i go c e n e  c arbona t e s  o f  t h e  e as te r n  Gu l f  C o a s t a l  

P l a i n  c a n  be broad l y  subd i v i de d  i nt o  t h r e e  r eg i o n a l f a c i e s 

prov i nc e s  wh i ch corre s p o nd t o  t h e  reg i on a l p a l e ogeograph i c ­

s t rat i gr a ph i c  prov i n c es de s cr i bed a bove . The s e  t h r e e  a r e a s  

a r e  h e r e  de s i g n a t e d  t h e  Sh e l f  Carbona t e  Fa c i es Pro vi n c e  

( mo s t l y t he V i c k s burg Group prope r ) . the Gu l f  Trough­

Apa l a ch i co l a  Embaymen t Fa c i es Pro vi n c e . a nd the Fl or i da 

P l a t form Fa c i es Province . The map o f  F i gure 4 . 2  i l l us trat e s  

t h e  reg i o na l d i s t r i bu t i o n o f  e a c h  f a c i e s prov i n c e . 

p a l e oe nv i ronme nt a l  i n terpre t at i o n a nd p a l e o e c o l ogy o f  the 

ma j or l i tho l og i e s w i th i n  t h e s e  f a c i e s prov i n c e s  w i l l  be 

c o n s i de r e d  s e p ar a t e l y . I t  mus t be s tr e s s e d . howeve r . that 

t h i s  survey i s  reg i ona l 1n  s c o p e . a nd the re f ore somewh a t  

g e n e r a l i zed . N e a r l y  a l l  o f  t h e  f a c i es de s cr i bed here a r e  

d e s e rv i ng o f  sma l l e r-s c a l e . m i cro f a c i e s i nve s t i ga t i o n . 

Sh e l f  Carbon a t e  F a c i es Prov i n c e  

Co l eman ( 1 9 8 3 ) has  mo s t  r e c e n t l y  d i s cu s s e d  t h e  l i t h o f a c i e s 

o f  V i cks burg c arbo n a t e s  i n  M i s s i s s i pp i  a nd we s t ern A l abama . 

and deve l op e d  a p a l e o e n v i ronme nt a l i nt e r p r e t a t i o n f o r t h a t  

area ( F i g . 4 . 7 1 . Co l eman ' s  c o n c l us i ons a r e  g e ne ra l l y 

a c c e p t ed h e r e . but the pa l e o e nv i ronment a l  ana l ys 1 s  1 s  

e x t e nded f u r t h e r  e a s t  i n t o  F l or i da and Geo rg i a .  

E ar l i e s t  O l i go c e n e  d e p o s i t i o n i n  t he e a s t ern Gu l f  bega n 
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DEPOSITIONAL ENVIRONMENTS 
OF THE VICKSBURG GROUP CARBONA TES 

J. Coleman, ! 983 

F i gure 4 . 7 - l e o e nv i ronme n t a l / d e p o s i t i ona l i nt er pre t a t i o n 
o f  V i c k s burg Group c arbona t e s . S o u r c e : C o l ema n .  
J . L . Jr . .  1 9 8 3 , The V i cks burg Group c a rbona t e s-­
A l ook a t  G u l f  C o a s t  Pa l e og e n e  c a rgbona t e  b a nk s . 
Gu l f  C o a s t  A s s o c i a t i on o f  G e o l og i c a l  S o c i e t i e s 
Tran s a c t i o n s  3 3 : 2 5 7 - 2 6 8 , f i gure 9 .  



w i t h the For e s t  H i l l  a nd Red B l u f f . wh i ch were d e p o s i t ed 1 n  

de l t a i c  a nd prode l t a i c  e nv i ronme nt s .  r e s p e c t i ve l y .  The 

Bumpnose L im e s t o n e  deve l o p e d  as a n  1mpurc she l f  c a rbona t e . 

d i s t a l t o  the prode l t a s e d i me nt s  o f  the Re d B l u f f . Ac cord 1 ng 

to Co l eman . a f t er d e p o s i t i on o f  the F o re s t  H i l l / Red B l u f f  

de l t a i c  c omp l e x .  d e s t ru c t i o na l de l t a sed i me nt s  o f  the M i n t 

Spr i ng Forma t i on were de po s i t ed over the de l t a i c  c l a s t 1 c s 

dur i ng a t r a nsgre s s i o n o f  the V i cks burg s e a . Th i s  W•3. S 

f o l l owe d by o p e n  bay or she l f  l agoo na l s ed i me nt s  o f  the 

Byram Forma t i o n . wh i ch grade l a t era l l y i n t o  the d e e pe r . 

w i de s pread she l f  c a rbona t e  muds o f  the Mar i an n a  L i me s to ne . 

Mo s t  d i s t a l t o  the pa l eo s hore l i ne we re t h e  s k e l e t a l  

gra i ns t on e s o f  t h e  G l endon L i mes t one . The G l e nd o n  r e p re s e n t s  

a n  upwa rd s h o a l i ng f a c i e s o f  t h e  typ i c a l  Mar i a n n a  L i mes t o n e . 

I n  A l abama . the  Mar i a nna c o nt a i ns abund a n t  bry o z o a . a s  i n  

the G l e ndo n : a nd a t  Brando n . M i s s i s s i p p i , the Mar i a nna 

c o nt a i ns the e ch i no i d C l vpea s t e r  a c ommon G l e ndon 

f orm C Ma c Ne i l  a nd Dockery . 1 9 8 4 . p .  1 9 ) . At the ty pe area 1 n  

t' l o:r, i da . t h e  Mar i anna has a cha l ky :t p p e a nm c e . ,3. nd c o nt a i ns 

f ew bryozoa and e c h i no ids . The pa l e oe nv i ronme n t a l 

s i gn i f i c a n c e  o f  l i t ho f a c i e s changes w i t h 1 n  t h e  Mar i a nna i s  

1 n  need o f  much f ur t her s t udy . 

From s o u t h c e n t r a l A l a bama , t o  north F l or i da . t o  

s o u th e a s t e rn G e o rg 1 a . t h e  G l e ndon L i me s t one i s  re p l a c ed 

l a t e ra l l y  by the F l ora l a  L i me s t o n e . t he Dunca n  Chur ch beds 

of the Br i dg e boro L i me s t one . and the Br i dgeboro L i me s tone , 
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resp e c t ively ( figs . 4 . 1 .  4 . 8 :  Bryan and Huddlestun . 1 9 9 1 : 

Hel l er and Bryan . 1 9 9 2 ) . The gradational nature o f  the 

Gle ndon-F l ora l a-Bridgeboro fa cies t ransition is c orroborat e d  

by the fauna o f  the Florala Limes t one . which c ontains 

elements of b o t h  t he Glendon and the Bridgebor o . as 

illustrat ed in Table 4 . 1 .  

I n  s um . the Gle ndon . Florala . and Bridgeboro have 5 of 

these 1 2  taxa 1 n  c ommon . But t he Florala shiires 3 taxa wi t h  

the Gle ndon e xclusively . and 4 t axa wi th t h e  Bridgeboro 

e xclusive l y  ( i ncluding coralline red algae ) .  

As s hown on t he b l o ck d i agram o f  Figure 4 . 8 .  the lateral 

gradat i n o f  Gle ndon-Floral.3. -Bridgeboro is int e rpre t ed as an 

we s t - t o - east shoaling on t h e  shelf as the A p a l ac hic ola 

Embay me nt/ Gul f Trough is •:ipproache d .  This w e s t  t o -e·:t s t  

sha l lowing i s  indicated b y  t h e  near ab s e n c e  of c ora l line 

algae i n  the Glendon . the appearan c e  o f  t hin- c rusted 

c ora l l ine algae i n  t he Flora l a .  t h e  appearanc e  of s mall 

rhodo l iths and c oralline mae rls f i . e  . .  lo o s e  branc h e s  of 

c oralline grave l )  in the Dunc an Chur c h  b e ds o f  t he 

Bridg ebo ro . t o  the appearan c e  of large r h odoliths and re e f  

c o rals i n  the Bridgeboro L 1 me s t one ad j a c ent t o  the Gul f  

Trough . 

This int e rpretat ion of west- t o-east shoaling o f  

e nv i ronments is su p p ort e d  by pal e ophy s 1 ographic conditions . 

Sinc e t he Jurassi c . mos t  o f  t he G ulf Coas t al Plain has b e e n  

t e c tonically stabl e , with t h e  e x c e ption o f  mu ch subs 1 de nc e . 
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F i gure 4 . 8--B l o ck d i agram re c on s t ru c t i on o f  V i cks burg i a n  
carbon a t e s  a c r o s s  t h e  e n t i re e a s t er n  G u l f 
Coa s t a l  P l a i n  f rom M i s s i s s i p p i  t o  F l or i d a . a s  
a n  e xt e ns i o n o f  C o l ema n ' s  mod e l ( F i g . 4 . 7 ) 

Orange 
Island 



Tab l e  4 . 1 :  C ommon f auna l e l eme n t s  o f  t h e  G l e ndon . F l or a l a .  
a nd Br i dg e boro L i me s t o ne s  ( da sh e d  l i ne i nd i c a t e s  
a b s e n c e ) . 

G l e ndon 

Nummu l i t i es 
pa namens i s  

Pe c t en byrame ns i s  

Lopha 
vi cksburge ns i s  

Cl ypeas t er rogers i 

L e p i d o cyc l i na 
ma n t e l l i  

L ep i d o cyc l i n a  
u n d osa 

Ch l amys a n a t i pes 

Tubu c e l l ar i a 
v1 cksburg i ca 

F l ora l a  

Nummu l i t i es 
panamensi s  

Pe c t en byramens i s  

Lopha v i cksburgens 

Cl ype a s t er rogers1 

Lepi d o cyc l i na 
man t e l l i  

L epi d ocyc l i na 
undos a  

Ch l amys ana t i pes 

Tub u ce l l ari a 
vi cksburg i ca 

Cora l l i ne red 
a l g a e  

Lepi d o cyc l i n a  
yurn a gunens i s  

Cl ypeas t er c o t t e a u i  

Bri ssus 
br1 dgeboroens i s  
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Br i dge boro 

Cl ypea s t er 
rogers i 

L ep 1 d o cyc l i na 
ma n t e l l i  

L e p 1 docyc l i n a  
undosa 

Ch l amys a n a t i pes 

Tubu ce l l ari a 
vi cksburg1 ca 

Cor a l l i ne red 
a l g a e  

L ep i d o c}'C 1 i na 
yurn a gu nens i s  

Cl ypeas t er 
cot t ea u i  

Br i ssus 
br1 dgeboroens i s  



p a r t i cu l ar l y  i n  t h e  we s t ern Gu l f  C o a s t  ( Te xa s . Lou i s i a na . 

M i s s i s s i pp i ) . O t h e r  s truct ura l f e at u r e s  i n c l ude s a l t  dome s 

and growth f au l t s . But i n  the e a s t ern Gu l f  C o a s t . the s e  

s t ru c tures a re pr i mar i l y r e s t r i c t e d  t o  M i s s i ss i pp i  and 

s o u t hwe s t ern A l abama ( Ma r t i n .  1 9 78 1 , and r e s u l t  f rom c l as t i c  

l oad i ng and s a l t  moveme n t  w i t h i n  the M i s s i s s i p p i S a l t  Ba s i n .  

Fortuna t e l y .  the  e a s t ern Gu l f  C o a s t  has be e n  e s s e n t i a l l y  

und i s t urbed s i nc e  t h e  O l i go c e ne . The r e f ore , a s t r u c t ura l 

pro f i l e a c r o s s  t h e  t o p  o f  the G l e ndo n-F l ora l a -Br i dge boro 

L i me s t o n e s  m i gh t  a p prox i ma t e  a s e a f l o or p r o f i l e . I f  the 

p a l e o e c o l og i c a l  ev i de nc e  o f  wes t  to e a s t  s h o a l i ng i s  

corre c t . i t  shou l d  be re f l e c t ed i n  t h e  s t ru c t ure t ra ns e c t . 

A s truc t ura l pro f i l e was c o n s t ru c t ed a c r o s s  G e o rg i a . 

F l or ida . and wes t e r n  A l a bama ( F i g . 4 . 9 ) . To avo i d  any 

e f f e c t s  o f  p o s t-d e po s i t i ona l eros i on . on l y  c o r e s  o r  out c r o p s  

w i th over l y i ng .  p o s t -G l e ndon . V i cksburg i an s e d i me n t s  c o u l d  

be used { th e r e  was no subaer i a l expos ure i n  t h i s  reg i o n 

t hroughout V i cksburg i a n t ime l . As shown by t h e  t r a n s e c t  i n  

F i gure 4 . 9 .  there i s  i nd e e d  a d i f f ere n c e  i n  e l e v a t i o n o f  2 3 0  

f e e t  ( 7 0 me t e r s ) f rom t h e  t y p e  Br i dgeboro qua rry . t o  t he 

F l ora l a .  t o  t h e  G l e ndon . The p a l e o e c o l og i c  s i g n i f i ca n c e  o f  

t h i s  grad i e nt i s  d i s cu s s e d  s ubse q u e n t l y . 

Re e f  De ve l o ome n t . W i t h 1 n  the s e d i me n t s f t he She l f  

Carbon a t e  Prov i n c e . no t rue ree f deve l o pme nt o c c urred . 

Howe ver . ske l e t a l gra i ns t o n e s  c omp o s ed o f  l arger 
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B B O  
Top o f  

B r idgeboro 
LS,  - 2 a o ·  

F i gure 4 . 9--Structura l p r o f i l e f rom t op o f  t h e  Br i dgeboro 
L i me s t o n e  ( Br i dge boro Qua rry , B BQ ) , to the t o p  
o f  t h e  F l ora l a  L i me s t o ne ( S t ova l l Quarry . S t o ) . 
t o  the t o p  o f  t h e  G l e ndon L i me s t o ne ( S t .  
S t e ph e ns Quarry , S t S ) . E l eva t i o n s  i n  f e e t  a bove 
mod e r n  s e a  l eve l . Tot a l  d i f f e r e n c e  i n  e l eva t i o n  
betwe e n  t h e  t o p  o f  t h e  Br i dg e boro a nd t h e  t o p  o f  
t h e  G l e nd o n  i s  a p p ro x ima t e l y  2 3 0 ' ( 7 0m ) . S e e  
t ex t  f or d i s c u s s i on .  
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foramini f era were q uite common a nd are bes t developed I n  the 

Glendon and Florala L i me s t o nes ( fig . 4 . 1 0 A l . C oleman ( 1 9 8 3 ) 

i nt erpret s t he Glendon a s  a Nummul i tes-Lep i docy c lina b ank. 

formed by sho al i ng of Marianna c arbona tes ( fig . 4 . 7 ) . The 

Glendon b a nk may h a ve ini t i a ted over the Wiggins Arch . a 

subs urface. pos i t i ve s t ruct ur a l  fea t ure o f  s ou t hern 

Mis s i s s ippi a nd s o u t hwes t ern Al<lbam."1 . ,.,_nd migr.'i t ed northward 

w i t h progres sive bu i ldup a nd prograda tion. Murray ( 1 9 6 1 . p .  

1 0 7 . fig s . 6 . 3 3 .  6 . 4 3 )  c onfirms the pre sence of reef o r  b a nk 

c arbonat e s  o ver t he Wigg 1 ns Arch . 

Wit hin t he Florala Limes t o ne ,  t hin . pla tey cora lline red 

alg a e  contribu ted s ubs t a ntial volumes o f  c arbo n a t e  t o  t hi s  

buildup . Cert ain beds o f  t he Florala. 1 n  fact . are compo sed 

o f  micrit ic b i nd s t ones o f  t hin-cru s t ed cora l l i ne algae C Fi g . 

4 . 4F-H ) . which •:1ppear t o  have formed porous . bu t muddy a lg a l  

pavement s ( Fig . 4 . 1 0 B . C l . As shown by Steneck ( 1 9 8 6 ) .  

c or alline crust thickness i s  a funct ion of dis t urban c e  ( bo t h  

physical a nd biologica l ). Thin c oralline c rust s are dom 1 na n t  

i n  environment s  of low physical and b 1 ological dis t urb a nce . 

and are c ommon 1 n  deep t r op i ca l wa t ers. S t e neck ' s  da t a  from 

the G rea t Barrier Reef C 1 9 8 6 . f i g . 4 )  show t hin and branched 

corallines becoming d ominant over t hi c k -cru s t ed c orall i nes 

at dep ths gre a t er than 10 met ers . 

The alga l  cru s t s  of the Florala L i m e s t one are very s imil a r  

1 n  o u t crop a nd t hin sec t ion t o  t he algal crus t s  and pa t ch 

reefs des cribed by Minnery ( 1 9 9 0 . fig. 7 )  and Minnery et a l . 
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F i gure 4 . 1 0 --Larger f orami n i f era l p a cks t o ne and a l ga l 
l imes t one o f  the G l e ndon and F l ora l a  
L ime s t ones . ! .  Large b l o ck o f  G l e ndon L i me s t one 
c ompos ed l arge l y  of  m i crospher i c  s pe c ime ns o f  
Lep i do cyc l i na ( Jay V i l l a Quarry , Conecuh 
County , A l a bama ) . � .  Out cr o p  exp osure o f  the 
F l ora l a  L imes t one ( S t ova l l  Quarry ) , show i ng 
wh i t e ,  p l a t ey s ur f ac e s  wh i ch may r e f l e c t  
t h e  c ru st - l i ke  growt h f orm o f  t h i n ,  cora l l i ne 
r e d  a l ga e . � .  Large , c on i c a l growth f orm o f  
th i n ,  cora l l i ne r e d  a l g a e  ( St ova l l  Quarry . 
C o v i ngt on County , A l abama ) . Th i s  s t ruc ture 
appears t o  be o n e  of  t h e  pr i mary c o ra l l i ne 
growth morpho l og i es i n  the F l o ra l a  L i me s t o ne , 
but i t  i s  norma l ly crushed by bur i a l  
c omp a c t i on . S c a l e  bar = 1 em . 
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( 1 9 8 5 ) f r om the F l owe r G a rd e n  Banks o f  t h e  n o r t hwe s t e r n  G u l f  

o f  Me x i c o . A t  t h e  F l owe r G a rd e ns . a zone o f  rhodo l i t h s  

e x t e nd s  f r om 4 5 - 8 0  me t e r s  de p t h . The rhodo l i t h s  a t  t he 

d e e p e r  e nd o f  t h i s  r a ng e  b e c ome l a rg e r  and more p o r ou s  t h a n  

t h o s e  o f  s ha l l ower a r e a s . wh i ch a r e  t i gh t l y  l am i na t ed a nd 

c o nt a i n  l i t t l e  vo i d  s p a c e  l M i nnery . 1 9 9 0 . f i g . 6 ) . A t  7 0- 8 0  

me t e rs d e p t h . t he p o rous rhodo l i t h s  g i ve way t o  t h i n .  a l g a l  

c r u s t  paveme nt s . From 7 0 - 9 0  me t ers . d e e p -wa t e r  a l ga l re e f s . 

5 - 1 0 met e r s  i n  d i ame t e r . a r e  c ommo n . Th i s  z o na t 1 o n s e ems 

ve ry c omp a r a b l e  to t h e  l a t e r a l t r a n s i t i o n o f  t h e  rhodo l i t h­

r i ch B r i dge boro L i me s t o n e  i nt o  t he F l or a l a  L i me s t o n e . Us i ng 

t he F l ower G a rd e n s  a s  a mode r n  a na l og .  wa t e r  d e p t hs ove r t he 

F l or a l a  a r e  e s t i ma t e d  t o  h ave be e n  b e twe e n  7 0  a n d  8 0  me t e rs . 

G u l f  Trough-Apa l a c h i c o l a  Embayme n t  F a c i e s  P r o v i nc e  

Forma t i on s  w i t h i n  t he Gu l f  Trough-Apa l a c h i c o l a  Emb ayme nt 

F a c i e s P r ov i n c e  have o n l y  r e c e n t l y  be e n  re c o g n i ze d  a nd 

d e s c r i bed by Hudd l e s t un l i n press ) . O f  t h e  f ou r  u n i t s 

a s s i gned t o  t h i s  f a c i e s prov i n c e  ( Och l o c k o n e e : Wo l f  P i t : 

Oka p i l co Membe r . Suwa nne e  L i me s t one : Br i dg e boro ) .  t h r e e  a r e  

c o n f i ne d  t o  the subsur f � c e . On l y  t h e  Br i dge boro i s  w i de l y  

e x p o s e d  i n  o u t c ro p . L i t t l e  i s  curre n L l y  k nown o f  t h e  

p a l e o e nv i r o nme n t s  o f  t h e  s u b s u r f a c e  u n i t s . b u t  s ome ge nera l 

commen t s  c a n  be mad e . 

fhe O c h l o c konee Forma t i o n i n c r e a s e s  i n  t h i c kn e s s  

s o u t hwe s twa rd l y  down t h e  A p a l a c h i c o l a  Embayme n t . The 

1 22 



pre s e n c e  o f  p l a nkt o n i c  f o r am i n f e r a  i nd i c a t e s  mode r a t e l y  d e e p  

c o nd i t i o n s  r e l a t i ve t o  mos t  o f  t h e  o t h e r  e a s t e r n  

V i cksburg i a n carbo n a t e s . The Och l o c konee grade s l at e ra l l y 

northe a s tward i n  the Gu l f  Trough i nt o  t h e  P r i dge n L i me s t o n e  

Memb e r . wh i ch i s  a more c o a r s e l y  b i o c l a s t i c  e x t e ns i o n o f  t h e  

typ i c a l  O c h l o ckonee . I nt e re s t i ng l y . t h e  P r i dg e n  c o n t a i ns 

carbon i ze d  s e agras s  i mpre s s i o ns p r e s e rved i n  d o l om i t e , 

s 1 mi l a r t o  E o c e ne s e agr a s s e s  de s c r i b e d  by I va ny e t  a l . 

( 1 9 9 0 ) f rom t h e  M i dd l e  E o c e n e Avon Park F o rma t i o n o f  

F l or i da . The s e agr a s s  i mpr es s i o n s  wer e  obs e rv e d  a t  

a pprox i ma t e l y  8 0 2 ' i n  t he Thurma n F arm 2 c o r e , C o f f ee 

C o un ty , G e o rg i a  ( Ap p e nd i x  D l . Th i s  c o r e  i s  c l o s e  t o  o r  

w i t h i n  t h e  Gu l f  Trough a t  t h e  Trough ' s  northe rnmo s t  e x t e n t . 

A ss o c i a t e d w i t h  t h e  s e agr a s s  i s  t h e  l arge r f or am i n i f er a n  

D i c tyo c o nu s  s p  . .  a c ommo n  i nhab i t a n t  o f  s e ag r a s s  c ommun i t i e s 

and a l s o f ound i n  t h e  Avon P ark Forma t i o n . The Pr i dge n 

L i me s t one Memb e r  g rade s t o  t he northwe s t  i n t o  t he Br i dg e bo ro 

L i me s t o ne . a nd c o u l d  t he r e f or e  b e  a b a ckr e e f l agoona l 

depos i t . Th e poor l y  f os s i l i f e rous Wo l f  P i t  Do l o s t o ne 

over l i e s  t he P r 1 dg e n  L i me s t o n e  Memb e r . a nd i s  i nt e rpre t e d  by 

Hudd l e s t u n  ( i n press) as a s ha l l ow wa t e r  d e p o s i t . f ormed 

dur i ng t h e  l a t e  V i cks burg i a n drop i n  s e a  l eve l . 

Reef De ve l o omen t .  Two f o rma t i o n s  c o n t a 1 n  r e e f a l 

l i t ho l og i es w i t h i n  t he Gu l f  Trough-A p a l a c h l c o l a  Emb ayme n t  

Prov i n c e . A c tu a l l y l y i ng w i t h i n  t h e  Embayme n t  and Trough i s  
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t h e  Oka p i l c o Membe r  o f  t h e  S uwa n n e e  L i me s t o n e . The Oka p 1 l c o  

c o nt a i ns ma s s i ve c o l on 1 a l  s c l er a c t i n i an c or a l s ,  s ome 

a p pro a c h i ng 1 m i n  d i ame t e r  ( Hudd l e s t un . p e r s . c omm . ) .  The s e  

c ora l s  c a n  b e  s e e n  i n  t he s u b s ur f a c e  f r om n o r t h e r n  l qu i t t  

C o unty t o  C o f f e e  C ou nty , G e o rg i a . The i d e n t i ty o f  the c o r a l s  

i s  not c ur r e n t l y  known . The Oka p i l c o grade s s ou t hward i n t o  

t h e  Suwa n n e e  L i me s t one . a n d  i s  t h ought t o  have be e n  

de po s i t e d  synchronous l y  w i t h  t h e  Bu c a t u nn a  F o rma t i on dur i ng 

t h e  3 0  Ma m i d-O l i go c e n e  s e a  l ev e l f a l l .  Th e Trough a nd 

Embayme n t  a p p ar e nt l y  re t a i ne d  c o nd i t i on s  n e c e s s ary f o r  re e f  

deve l opme n t . A rhodo l i t h  f a c i e s wh i ch may b e  e q u i va l e nt t o  

t h e  Okap i l c o .  o c curs downd i p  o f  t h e  c ora l - b e a r i ng l i t ho l ogy , 

i n  t he A l um B l u f f  1 Core o f  L i b e rty County , F l or i d a  ( f l or i da 

G e o l og i c a l  S urvey . W-6 9 0 1 1  C Hudd l e s t u n . p e r s . c omm . l .  

The pr i nc i p l e  re e f <::ll bu i l du p  o f  t h i s  p r ov i n c e  i s  t h e  

Br i dgeboro L i me s t o n e . wh i ch c o ns i s t s  pr i ma r i l y o f  l arger 

f o rami n i f e r a  a nd l arge rhodo l i th s . a nd i s  r e s t r i c t ed to t h e  

f l a nks o f  t h e  G u l f  Trough ( f i g s . 4 . 3 .  4 . 8 ) . Ma nker a nd 

C a r t e r  ( 1 9 8 7 ) have d i s c u s s ed t h e  p a l e o e c o l ogy o f  t h e  

Br i dgeboro L i me s t o ne . p a r t i c u l ar l y wi t h  regard t o  t h e  

rhodo l i th f l or a . The Br i dge bo r o  i s  a n  unusua l l y t h i ck 

rhodo l i t h  l i me s t o ne . a nd c o nt a i ns a s  many a s  2 9 4 
I 

rhodo l i t h s /m� i n  out crop C F i g . 4 . 1 1 1 . I nd i � 1 du a l rhodo l i t h s  

h ave d i ame t e rs ra ng 1 ng f rom 2 . 1 -8 . 4  em . The dom i na n t  

c or a l l i ne i n  t h e  rhodo l i t h s  i s  H i t h  

l e s s e r  a bu nd a n c e s  o f  L i t h opore l l a .  a nd p o s s 1 b l y L i t hophy l um .  
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F i gure 4 . 1 1 --0ut crop exposure o f  Br i dgeboro L i me s tone 
w i th rhodo l i ths in rock-formi ng abunda nc e . 
Br i dgeboro Quarry ( type s e c t i on ) . Mi t che l l  
County . Georg i a . 



P o r o l i t h o n . a nd Ne ogon i o l i th o n . Manker a nd C a r t e r  i nt e r p r e t 

rhodo l i t h  s i ze d e c r e a s e . b e t t e r  s o r t i ng .  a nd i nc r e a s ed 

abund a n c e  o f  L i t h o p o r e l l a n e a r  t h e  t o p  o f  t h e  t y p e  s e c t i o n 

a s  i nd i c a t i ng a g e n e r a l s h o a l i n g  up s e c t i o n .  Wa t e r  d e p t h s  

a r e  e s t i ma t e d  t o  n e v e r  h a v e  e x c e ed e d  1 0 0 m .  

A s  summa r i z e d  by B o s e n c e  ( 1 9 8 3 ) , mod e r n  rhodo l i t h s  f orm i n  

a w i de r a ng e  o f  n o n -muddy e nv i r o nme n t s  i n  d e p t hs l e s s  t h a n  

1 0 0 m .  The c o ra l l i ne t ax a  i n  t h e  Br i dg e b o ro a r e  t r o p i c a l  

g e n e ra t od ay , a nd c ommo n l y  f o rm i n  f or e re e f s e t t i ng s  f rom 

1 0 - 9 0  m d e p t h . Regu l ar moveme n t s o f  t h e s e  n o d u l e s i s  

re q u i red f or eve n , c o n c e nt r i c  g rowth a nd r ou n d i ng ,  a nd t h i s  

c a n  be a c c omp l i sh e d  by hydrau l i c e ne rgy a nd / o r  b i og e n i c  

d i s t urba n c e  ( e . g . , by f e ed i ng e p i f a una l e ch i no i ds l . Mode r n  

rhodo l i th s  a nd f o r a l ga l  n o du l e s h a v e  be e n  d o c ume n t e d  a t  

d e p t h s  o f  3 0 - 6 5  m f rom s he l f  marg i ns o f  t h e  L e s s e r  A nt i l l e a n  

vo l c a n i c  a r c  and i n  f or e r e e f  s e t t i ng s  o f f t h e  F l o r i da Re e f  

c t  ( Re i d  a nd Ma c i ntyre . 1 9 8 8 : P r a e g e r  a nd G i n s burg . 

1 9 8 9 1 . O n  t h e  F l owe r G a rde n r e e f s  o f  t h e  n o r t hwe s t e r n  Gu l f  

o f  Me x i c o . ct z o ne o f  rhodo l i t h s  e x t e nds f r om 4 5 -8 0  me t e r s  

d e p t h  ( M i n ne ry , 1 9 9 0 ) . I t  i s  l i k e l y ,  t h e r e f or e . t h a t  t h e  

Br i dgeboro rhodo l i t h s  grew i n  wa t er d e p t h s  o f  a p p rox i ma t e l y 

3 0 - 7 0  m .  

l l y ,  s uc h  a s  a t  t h e  C l i ma x  C ave l o c a l i ty i n  D e c a t ur 

C o u n ty . G e o r g i a  ( Ap p e nd i x  B l . a n  u nd e s c r i be d  f au n a  o f  

ma s s i ve c o l on i a l  c ora l s  o c c ur s  I n  a ma t r i x  o f  l ary e r  

f o r am i n i f e ra a nd rhodo l i t h s . A l s o .  t h e  c or a l r e e f d es c r i b e d  

1 2 6  



by Vaugh a n  ( 1 9 0 0 ) near Ba i nbr i dg e . G e org i a . l i e s  w i t h i n  t h e  

out c ro p i ng Br i dgeboro . Th i s  re e f  c o nt a i ns 2 0  o r  more 

c o l on i a l  s c l e r a c t i n i a n s p e c i e s . and i s  ty p i c a l  o f  t h e  

D i p l o a s t r e a -Ant i gua s t rea Ant i l l e a n  c or a l f auna . f ound i n  

ma ny O l i go c e n e  Car i bb e a n  r e e f s  \ Fr o s t  a nd Lange nhe i m .  1 9 74 ) . 

I n  add i t i o n . C oo k e  ( 1 9 2 3 ) r e p o r t s D i o l oa s t r e a  

c r a s s o l ame l l a t a . A n t i gu a s t r e a  c e l l u l os a , a nd Stv l o ph o r a  s p . 

f rom t h e  Dun c a n  Church b e d s  o f  t h e  Br i dg e b or o  L i me s t on e  ( h i s  

" G l e nd o n  l i me s t o n e " )  a t  Ch i p l ey .  F l or i d a . However . t h e  

c o ns t r uc t i o n a l n a t ure o f  Br i dgeboro bu i l du p  ( i . e . .  whe t h e r  

t h e r e  i s  a t r u e  c o r a l f r amework ) I s  n o t  und e r s t ood a nd w i l l  

r e qu i re a dd i t i on a l s t udy t o  d e t e rm i ne . p a r t i c u l ar l y  a t  t h e  

C l imax C a v e  l o c a l i ty .  Neve r t h e l e s s . the abunda n c e  o f  c ora l s  

a nd cora l l i ne a l ga e  i n  t he Br i dgeboro . i t s l i ne a r  n a t ur e . 

a nd l oc a t i o n ( a c t i n g a s  a s h a r p  b o u ndary b e twe e n  ma j or 

c a r b o na t e  f a c i e s ) . j us t i fy t h e  d e s i gnat i o n o f  the Br i dge boro 

as a c o r a l ga l  r e e f  ( s e e  J ame s . 1 9 8 3 ) . 

F l or i da P l a t f o rm Fac i e s Prov i n c e  

The l i t h o l og i e s o f  t h e  F l or i d a  P l a t f orm F a c i e s ? � o v i n c e  

a r e  i n  g e ne r a l q u i t e d i f f er e nt f r om t h o s e  o f  t h e  o th e r  

provi nc e s . and r e f l e c t  d i s t i n c t i ve pa l e o e nv i ronme n t s . The 

" Bumpn o s e " L i me s t o n e  o f  t h e  F l or i d a  P l a t f orm d i s p l a.y s  s ome 

u n i que f a una l a s s emb l ag e s  a nd l i t ho l og i e s . In the L a ns i na 

Quarry o f  H e r na ndo C ounty . F l or 1 d a . Hunt e r  C 1 9 7 2 l re port s a 

f a i r l y d i verse a nd unusua l f auna . Th i s  ass emb l ag e  i nc l ud e s  
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t h e  l a r g e r  f o r am i n i f er a  L e p i d o c v c l i n a  c f . � -

Nummu l i t e s  fj or i de n s i � :  b i va l ve s  V e n t r_1 c o l ar 1 a  u c u t t an a . 

L opha v i c k s b u rg e n s i s . P e c t e n  c f . E .  pe ro l a nus . E u c r a s s a t e l l a 

s p  . .  and P i n n a  s p . :  ga s tr o pods Turr i t e l l a  mar t i ne n s i s . F i c u s  

s p . ;  a nd e ch i n o i ds C l yp e a s t e r  c f . � - r og e r s i .  �the l i a 

f l dr i dge i . a nd Rhy c h o l ampa s gou l d i i .  Th i s  a s s emb l ag e  h a s  

a f f i n i t i e s w i t h  b o t h  ty p i c a l l y  E o c e n e  a nd O l i go c e ne f au n a s . 

a nd may i nd i c a t e  b o t h  c o n t i nu o u s  d e p o s i t i o n a n d  t r a n s i t i o n a l 

f a c i e s  a cr o s s  t h e  E o c e n e -O l i go c e ne b o u nd a ry i n  p e n i n s u l a r 

F l o r i da . I n  t he GTE P i t  o f  C i t ru s  C ou n ty . F l or i da . t h e  

" B umpno s e " ( a nd p e rh a ps b a s a l Suwa n n e e  L ime s t o ne 1 i s  u n l i ke 

.:my O l i g o c e ne c ar bo na. t e  o n  t h e  F l or i d a P l a t f orm . H e re . ::1 

wedge o f  s ed i me nt s . wh i ch p i n c h e s  o u t  i n  o u t c ro p . c o n s i s t s  

o f  gre e n  a l ga l gra i n s t one w i th a bu nd a nt . l a r g e  m i l i o l i d 

f o ram i n i f e r a . m i c r omo l l us c s . a nd a s s or t e d . u n i d e n t i f i ed 

c a l c a r e o u s  a l ga e  or b e n th i c f o ram i n i f e ra . V e ry sh a l l ow .  h i g h  

e n e rgy p l a t f o rm c o nd i t i o ns a r e  i nd i c a t e d . 

The E l l av i l l e L i me s t one g r a d e s  l a t e ra l l y  i n t o  t h e  l ow e r  

Br i dge b o r o  L i me s t o n e . and i s  c o ns i d e r e d  a rhodo l i t h- p o o r  

f a c i e s o f  t h e  ty p i c a l  Br i dg e bo r o  p a l e o e n v i ro nme n t . The 

m i l i o l i d-c a l c a re n i t e s . s c a t t e r e d  ( l o c a l l y a b u nd a n t ) l arger 

f o r am i n i f e r a . a nd o c c a s i o n a l rhodo l i t hs o f  the E l l av i l l e a r e  

v e ry c o n s i s t e nt w i t h a b a c kre e f . l ag o o na l s e t t i ng f or t h i s  

u n i t . The Suwa nn a c o o c h e e  Do l om 1 t e q rade s i n t o  t h e  u p p e r  p a rt 

o f  t h e  Br i dg eb o r o  L ime s t o n e . P a l e o e nv i ronme n t a l i nd i c a t ors 

i n  t h e  :.:; m.,· .:�. n n a. c o o c h e e  i n c l ude t h i n l y - L 1m i na t e d  b e d s 'rl i t h  
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i n t r a c l a s t s . c a rb o n a c e ou s  d e br i s . a nd sma l l mo l l us c s . V e ry 

l ow-e n e rgy . s ha l l ow c o nd i t i o n s . s u c h  a s  i n  a n� s t r i c t ed . 

l agoona l s e t t i ng ( be h i nd a we l l -d e v e l o p e d  Br i dg e b o r o  r e e f ) 

or a t i rt a l f l a t a r e  i nd i c a t e d . 

The Suwa n n e e  L i me s t o n e  a l s o c o nt a i ns a va r i e t y  o f  

l i t h o l og i e s . b u t  i s  p r e d om i n a n t l y  a m i l i o l i d .  pe l o i da l  

c a l c i l ut i t e  t o  c a l c a r e n i t e . I t  c o n t a i n s a d i ve r s e  a n d  

l a rge l y  unde s c r i be d  mo l l us c a n  f au n a  ( s e e  Ma n s f i e l d ,  1 9 3 7 : 

Yo n a n d  He n d ry . 1 9 7 2 : Hun t e r . 1 972 ) . wh i ch i nc l ud e s  

Or t ha u l a x pugn a x . s p p  . .  Kuphus i nc r a s s a t u s . a nd 

? M i l tha . The 1 rr egu l ar e ch i no i d  Rhy n ch o l a.mp a s  qou l d i  i a n d  

s ev e r a l r e g u l ar s pe c 1 e s  a r e  a l so c on�o n . Wha t  i s  e s pe c i a l l y  

i nd i c a t i ve o f  p a l e o e nv i r o nme nt a l c o nd i t i on s  i n  t h e  Suwa n n e e  

a s  a who l e  i s  i t s  a b u nd a n c e  o f  m i l i o l i d f oram i n i f e r a . a n d  

t h e  t e x t u l ar i i d  f or a m i n i f � r a n  D i c t v o co n u s  c ook e i . D .  

i n  f a c t . s ome t i me s  f orms a c o qu i na . P o r c e l l a n e o u s  f o rms i n  

g e n e ra l a r e  ve ry a bu nd a n t  1 n  mode r n . ba c k r e e f  l ag o o n s  a nd 

pro t e c t e d  i nn e r  s h e l f  a r e a s  C Gh o s e . 1 9 77 ) . D i c tv o c o nu s  was a 

c ommo n i nh a b i t a n t  o f  s ha l l ow c ar b o n a t e  p l a t f o rms a nd 

ba ckre e f  a r e a s  i n  b o t h  t h e  Eo c e ne a nd O l i go c e ne ( Ev a . 1 9 7 6 : 

Rob i ns o n . 1 9 88 ) . The Suwa n n e e  i s  t h e r e f o r e  i nt e rp r e t e d  a s  a 

very sha l l ow .  c ar b o n a t e  p l a t f orm/ ba c k re e f  f a c i e s . 

O t h e r  e v i d e n c e  s u b s t a n t 1 at e s  t h i s i nt e r p re t a t i o n . The 

Suwa n n e e  L i me s t o n e  at the Te rramar Qua rry i n  P a s c o  C o u n t y . 

F l or i da . i s  ve ry s a ndy a n d  c o nt a i ns t h e  r ema 1 ns o f  dugongs 

( " s e a  c ows " l .  The s e  l ar g e  mar nte mamma l s  l i v e  i n  sha l l ow .  
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n e a rshore t r o p i c a l  areas a nd f e ed a l mo s t  exc l us i ve l y o n  

s e agra s s  ( Damn i ng .  1 9 8 1 1 .  S e agra s s e s . s u c h  a s  t he c ommo n 

modern g e nu s  . norma l l y d o  not  l i ve i n  d e pt hs 

e x c eed i 1 0 m .  L i gh t  a n d  t urb i d i ty are s t r 1 ct l i m i t i ng 

f i::�. c t ors . Furthermore . mu ch o f  pe n i ns u l a r F l o r i da was 

subaer i a l l y exposed dur i ng t h e  O l i go c e ne . A n  i s l a nd e x t e nded 

a c r o s s  mo s t  of the e a s t er n  port i o n o f  the s t a t e  f rom Lake 

Oke e chob e e . northward a cr o s s  much o f  southe a s t e r n  G e org i a . 

Th i s  i s  the " Orange I s l a nd "  o f  Vaughan ( 1 9 1 0 ) . a nd w.:t s  

emergent f rom ear l y  O l i go c e ne t o  e a r l y  M i o c e ne t i me f F i gs . 

4 . 2 .  4 . 8 :  s e e  Ma cNe i l ,  1 9 6 6 . p .  2 3 5 5  and f i g .  3 :  A pp l i n a nd 

App l i n .  1 944 , p .  1 6 8 2 ) . The s ha l l ow wa t e r s  wh i ch s urrounded 

Ora nge I s l a nd p roduc e d  the Suwannee L i me s t one . 

Ree f  De ve l opmen t .  Yon & He ndry ( 1 9 7 6 ) hy p o t he s i z ed t he 

p r e s e n c e  o f  ree f s  w i t h i n  t h e  S uwannee L i me s t one b a s e d  on 

ge nera l l i t ho f a c i e s and p a l e o e c o l ogy . but d i re c t  ev i d e n c e  of 

r e e f s  was l a ck i ng .  As ou t l i n ed 1 n  the f o l l ow i ng s e c t i o n . 

however . ree f s  are ge n e ra l l y re s t r i ct ed i n  o c c ur r e n ce . and 

i n  the g e o gr a ph i c  c o n t e x t  o f  an e nt i re c ar b o n a t e  p l a t f orm . 

may s e em very e l us i ve . But re c e n t  f i e l d work and t h e  

red i s c overy o f  some l o ng k nown ( but unpub l i s hed ) l o ca l i t i e s . 

a s  we l l  a s  a l i t e rat ure s urvey . have shown t h a t  w i t h i n t he 

F l or i da P l at f o rm Prov i nc e . two t y p e s  f c oni l -dom i n a t e d  

bu i l dups were c ommo n i n  t he Suwa.nnee L i mes t on e . Bes i d e s  

s c a t t ered and i so l a t e d  o c curr e n c e s  o f  co l o n i a l  
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s c l er a c t i n i a n s  ( wh i ch d i d  n o t  f a rm r e e f a l s t r u c t ur e s ) .  cora l 

t h i cke ts a n d  pa t ch re e fs deve l o p e d  i n  s e v e r a l  a r e a s  a c r o s s  

t h e  p l a t f o rm ( f i g . 4 . 8 ) . 

S c a t t e r e d . l ar g e  c o l on i a l  s c l e r a c t i n i a ns have b e e n  

r e p o r t e d  i n  t h e  S uwa n n e e  L i me s t o ne f r om s ev e r a l l o c a l i t i e s . 

Examp l e s i n c l ud e  l o c a l o c c urr e n c e s  o f  t h e  p or i t i d G o n i opor a 

h i l l i  n e a r  t h e  A uc i l l a R i ve r . we s t  o f  C a b b a g e  G rove . Tay l or 

C o u n t y . F l or i d a  ( We i s bord . 1 9 7 3 : Budd-Fo s t e r . 1 9 8 6 ) . Th e 

s ame o r  a s i m i l ar s p e c i e s i s  a l s o f ou n d  n e a r  H e r n a ndo B e a c h . 

Her nando C o u n ty . F l or i da. . Me e d e r  e t  a l . ( 1 9 8 1 . p .  1 1 . 1 2 )  

a l s o r e p o r t  s p orad i c  o c c u r r e n c e s  o f  " d i ve r s e  c o r a l 

a s s emb l ag e s  i n c l ud i ng S tv l oph o r a . A c ropo r a . Mo n t a s t r e a . a n d  

numer o u s  sma l l c or a l s "  a l o n g  t h e  Brooksv i l l e R i dg e  i n  

s i l i c i f i e d , r e s i du a l bou l d e r s  o f  t h e  S uwa n n e e  L i me s t o n e . 

I s o l a t e d  b r a n c h i ng a nd mas s i ve c ora l s  have a l s o b e e n  

obs e rved i n  c o r e s  a nd o u t c ro p s . s u c h  a s  t h e  J a ck s o n  B l u f f  # 1  

c or e  f rom L e o n  C o u n t y . F l or i da ( f l or i da G e o l og i c a l  Survey W-

6 5 9 9 : A p p e nd i x  E l . a nd i n  o u t c r o p  a t  t h e  J i m Wo odru f f  Dam 

a l ong t h e  A p a l a c h i c o l a  R i ve r  i n  G a d s d e n  C o un t y . F l or i d a 

( V e r n o n  e t  a l  . . 1 9 5 6 . p .  6 3 , 6 4 ) . 'i'lh i l e t h e s e  i s o l a t ed 

c o r a l s  d o  not i nd i c a t e  t h e  p r e s e n c e  of t ru e  r e e f s . t h e i r  

l a rge s i z e sugg e s t s  a prox i m i ty t o  c o nd i t i o n s  f av o r a b l e  f or 

r e e f a l  bu i l du p s . 

C o r a l t h i c k e t s .  d e f i n e d  h e r e  a s  l ow-d i ve r s i t y ( us ua l l y  

mon o s pe c i f i c J . de ndro i d - t o - p ha c e l o i d ( i . e . .  b u s h - l i ke l c or a l 

a s s emb l a g e s . are f ound a t  s e v e r a l l o c a l i t i e s i n  t h e  S uwa nn e e  



L i me s t o ne . E s p e c i a l l y  c ommo n a re a s s emb l a g e s  o f  t h e  s t i ck­

l i k e  c o r a l S ty l ophora sp . .  f ound i n  a bund a n c e  at the 

Te rramar Quarry i n  P a s c o  C ounty . F l or i da C F i g . 4 . 1 2A ) . t h e  

F l or i da C r u s he d  S t o n e  Quarry a t  Brooksv i l l e ( f i g . 4 . 1 2B ) . 

and add i t i o na l  quarr i e s  i n  He r n a ndo a nd P a s c o  C ount i e s ( Yo n  

& He ndry . 1 9 7 2 ) . A t  t h e  S t orey M i n e  n e a r  B r o o k sv i l l e was 

r e c e nt l y  d i s c ov e r e d  a l arger t h i c k e t  a s s emb l a ge c o n s i s t i ng 

o f  a n  un i de n t i f i e d c or a l ( pe rh a p s  G a l axe a o r  Cau l as t re a l a nd 

c o ra l l i ne r e d  a l ga e . 

P a t ch r e e f  a s s e mb l age s c o n s i s t  o f  l arge r b ra nc h i ng a nd 

mas s i ve c o l o n i a l s c l e r a c t i n i a n s . The abund a nc e a nd l a rge 

s i ze of S i de r a s t r e a  s p . a nd c ommon A s t ro c o e n i a  s p . at t h e  

Te rr amar Qua rry sugg e s t  p a t c h  r e e f  c o nd i t i ons .  a l t ho ugh 

t h e s e  c o r a l s  we r e  c o l l e c t ed f r om s p o i l ( i n s i t u  r e e f s  are 

n o t  f ou nd ) . The sma l l .  r amo s e  S ty l o phora s p . i s  a l s o 

ext r eme l y  a bundant a t  Terrama r . P e r h a p s  t h e  b e s t  deve l op e d . 

i n  si t u  p a t c h  r e e f s  t h a t  have b e e n  docume n t e d  f r om t he 

Suwa nne e L i me s t o n e  o c cur i n  Waku l l a  S pr i ng s . l o c a t e d  s outh 

of  Ta l l a h a s s e e . H e r e . f o s s i l  p a t ch r e e f s have been o b s e rv e d  

by d i ve r s  i n  t h e  wa l l s o f  t h e  s pr i ng / c a v e  a t  a d e p th o f  

a p pr o x i ma t e l y  38 m C F i g . 4 . 1 3 :  O l s e n .  1 9 5 8 : Ru p e r t  & 

S p e n c e r . 1 9 8 8 ) . A s s o c i a t ed f auna i nc l ude f o r am i n i f e r a  

D i c t v o c o nu s  s p p  . .  Ne o r o t a l i a 

����� · a nd Nummu l i te s  paname n s i s , g a s t r o p od C er i t h i um 

s p  . .  and e ch i no i d Rhyncho l amoas aou l d i i .  The c o r a l s  h ave not 

been I d e n t i f i ed .  but re q u e s t  h a s  b e e n  mad e  that they be 
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A 

F i gure 4 . 1 2--S ty i op_t10ra s p . , from cora 1 thi cke t s  in the 
F l or i da P l at f orm Fac i es Prov i nc e . A ,  I nd i v i dua l 
s p e c ime ns o f  Styl ophora s p . ( Terramar Quarry , 
Pasco County , F l or i da ) . � .  B l ock o f  Suwannee 
Limes t one w i th S tyl ophora sp . ( as mo l ds )  
th i cket ( cora l s  h i gh l ighted ) ( F l or i da Crushed 
S t one Quarry , Hernando County , F l or i da ) . Sca l e  
bars = 1 em . 1 3 3 
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F i g ur e  4 . 1 3--Waku l l a Cave , s h ow i ng p a t ch r e e f s  i n  t h e  
Suwa nnee L i me s t o ne ( Wa ku l l a  County , F l or i da )  
S our c e : Rupert . F .  and S p e n c e r . S . .  1 9 88 . 
G e o l ogy o f  Waku l l a  County . F l or i da . F l o r i da 
G e o l og i ca l  Survey Bu l l e t i n  6 0 , f i gur e 8 .  



c o l l e c t ed i n  1 9 9 2 . whe n  a n o t h e r  ma p p i ng d i ve i s  s ch e d u l e d 

i F .  Rup e r t . p e r s . c omm . ) .  

L a r g e . undo c ume n t e d  a s s emb l ag e s  o f  c o r a l s  h ave b e e n  

c o l l e c t e d f r om t h e  Suwa n n e e  L i me s t o n e  i n  Tay l or C o u n t y  .� l o ng 

t h e  E c o n f i na R i ve r . The p e r s o n a l c o l l e c t i o n o f  gem 

e n t hus i a s t  J e r ry G i l e s .  of P e r ry . F l o r i d a . c o n t a i n s hund r e d s  

o f  a g a t i zed s p e c i m e n s . The se a r e  f re q u e n t l y  f ound a s s o c i a t e d  

w i t h  t h e  S uwa n n e e  i nd e x  s p e c i e s I�.hv n <;: ho l amp a s  gou 1 <.11 i . Th e 

c o r a l s  a r e  f o und 1 n  i s o l a t e d  a r e a s . Mr . G i l e s h a s  r e c ove r e d  

l a rge ura l h e a d s  f r om t h e  S uwa n n e e  L i me s t o n e  i n  t h e  m 1 dd l e  

o f  f l a t p i ne f o r P. s t s  i n  Tay l or C o u n  y .  but s u r r o u nd i ng a re a s  

may b e  n e a r l y  bc.t r re n  o f  f o s s i l s . P a t chy r e e f  d e ve l o pme n t  

s e ems e v i d e n t . The i d e n t i ty o f  t h e  c o r a l s  i s  h.:n·d b. J 

de t e rm i ne be c au s e  t h ey a r e  n o rma l l y  c h a l c e do n i z e d . but 

r e p r e s e n t a t i ve s  o f  A s t r o c oe n i a . a r amo s e  p or i t i d o r  

�..::..:..::....:::...<::....:::...::.-=:. ) .  a n d  o t h e r  s p e c i e s a r e  p r e s e n t . 

G i l e s a nd o t h e r  a g a t e  c o l l e c t o r s  h ave a l s o  made 1 mp r e s s 1 ve 

c o l l e c t 1 o n s  o f  v e ry l ar g e  c o r a l c o l o n i e s  f r om t h e  r i ve r s  o f  

n o r t h  F l o r i da a nd s ou t h  G e o rg i a  ( F i g . 4 . 1 4 ) . S ome o f  t h e s e  

c o r a l s  a r e  s ev e r a l f e e t  1 n  d i ame t e r  r a nd rema i n  i n  t h e  

r i ve r ! ) .  C or a l a g a t e  i s  p a r t i c u l a r l y a bu nd a n t  i n  t h e  

W i t h l a c o o c he e R i ve r  f rom B l ue i ng s . F l or i d a  ( Ma d i s o n  

Ham i 1 t o n  C o u n ty 1 1  ne l . up t o  n e a r U S  8 4  i n  B r o ok s  / L mvnde s 

C o u n ty . G e o rg i a  ( G . G i l e s .  p e r s . c omm . l .  S pe c i e s •:J f 

S i de r .:x s t r "? a . Mo n t ct s t  r e a ? . a. nd ctrters .:t r e  ,:- omm o n  h e r e  • F l g .  

4 . 1 5 ) . Th i s  c o r a l h a s  be e n  c o l l e c t ed a nd s o l d  f or y e a r s  a s  
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F i gure 4 . 14--W i th l a cooche e R i ve r  c ora l s , J erry G i l e s 
co l l e c t i on . A .  assorted cora l s . � .  l arge 
co l on i a l  cora l ( spe c i e s unde t e rmi ned ) .  

1 36 



F i gure 4 . 1 5 --W i t h l a c o o c h e e  R i ver c o ra l s . A .  Mo n t a s t re a ?  
s p . � .  S i de r a s t re a  sp . � .  S p e c i e s  u n c e r t a i n .  
Spe c i me n s  do n a t e d  by J e r ry G i l e s o f  P e rry . 
F l or i da . S c a l e  bars � 1 em . 
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" F l or i da fl.g a t e " . .  :d onq H i t h  t h e  be t t e r  k nown c or a l a ga t e  

f rom t h e  " S i l e x B e d s " o f  t he M i o c e n e  Tamp a L i me s t o n e  i n  

H i l l s bo r ough C o u n t y . Odd l y . t he l a s t  G u l f  C o a s t  g e o l og i s t  t o  

d i s c u s s  t h e  W i t h l a c o o c h e e  c o r a l s  i n  a ny d e t a i l wa s T .  W .  

V a ug h a n  i n  1 9 1 0  a nd 1 9 1 9 . V a ugha n ( 1 9 1 0 )  l i s t s  s ev e r a l 

c o r a l -b e a r i ng l o c a l i t i e s  i n  s o u t h e r n  G e o rg i a  f rom t h e  

c o u n t i e s borde r i ng F l or i da ( f i g . 4 . 1 6 ) . 

Th e p r o b l em w i th t he s e  l o c a l i t i e s  i s  t h a t  t h e  h o r i z o n  

p r odu c i ng t h e  c or a l s  I S  s t i l l  u n k n own . a nd w i l l  r e q u i re 

�dd i t i o n a l f i e l dwork t o  de t e rm i ne . B e n n i s o n  ! 1 9 7 5 ) ma p s  mo s t  

o f  t h e  W i t h l a c o o c h e e  R i ve r  i n  n o r t h  F l or i d a / s o u t h  G e org i a  I n  

t h e  O l i go c e n e . b u t  M i o c e ne s e d i me n t s  are a l s o e x p o s e d up 

r i ve r . L a r ge c o l o n i e s o f  S i d e r a s t r e a  s i de r e a  have be e n  f o u nd 

e a s t  o f  t h e  W i t h l a c o o c h e e  i n  t he Lower M i o c e ne P a r a c h u c l a  

F o rma t i o n  ne ar Wh i t e S p r i ngs . F l or i da . a nd a l s o s ou t h  o f  

t h i s  are a I n  t h e  M i o c e ne Haw t h o r n  Forma t i o n ( W i l l i ams e t  

a l . ,  1 9 7 7 ) . 

Re e f  Deve l o pme n t  a nd t h e  I n f l u e n c e  o f  

Gu l f  Trough C i r c u l a t i o n  

P r e s e rva t i o n o f  F o s s i l  R e e f s  

The s ha l l ow c ar b o n a t e  she l f  a n d  p l a t f o rm c o nd i t i o n s  wh i ch 

e x i s t e d  o v e r  mu c h  o f  t h e  e a s t e r n  Gu l f  C o a s t a l F l a i n  dur i ng 

t h e  O l i g o c e ne wou l d  s e em t o  b e  a n  i d e a l s e t t i ng f or c ora l 

r e e f deve l o pme n t . A l t h o ugh v a r i o u s  b u i l du p s  d i d  e x i s t . t h i s  
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F i gure 4 . 1 6 --Lo c a l i ty ma p f or V i cks burg i a n c o r a l l o c a l i t i e s 
o f  F l or i d a a nd G e o rg i a . £ = F l or a l a . A l a b ama : 
R a r e  c o l o n i a l  c o r a l ( s p e c i e s  u nde t e rm i ne d ) a t  
t y p e  s e c t i o n o f  F l or a l a  L i me s t o n e  ( He l l e r and 
Brya n . 1 9 9 1 ) . Q = Ba i n b r i dge , G e o rg i a : Th i s  i s  
t h e  r e e f d e s c r i be d  by V a ugha n ( 1 9 0 0 a . h : 1 9 1 0 : 
1 9 1 9 : V e a t c h  and S t e ph e ns o n  1 9 1 1 )  f rom s eve r a l 
l o c a l i t i e s  a l o ng t h e  F l i n t R i ve r  s o u t h  o f  
B a i n b r i dg e . Howeve r ,  mos t  o f  V a ug h a n ' s  
l o c a l i t i e s  f l ooded a f t e r  t h e  c o n s t ru c t i o n  o f  
t h e  J i m Woodr u f f Dam a t  Cha t t aho o c he e . F l o r i da . 
A l t h o ugh the s e  s t r a t a  have b e e n  p r ev i o us l y  
c l a s s i f i ed a s  Cha t t ah o o c h e e  a nd F l i nt R i v e r  
Forma t i o ns . t h e y  a p p e a r  t o  b e l o n g  t o  t he 
Br i dge boro L i me s t o n e . C o r a l s  r e p o r t e d  f rom t h e  
B a i n b r i dge r e e f i n c l ude S tv l o p h o r a  m i nut i s s i ma 
Vaugh a n , S ty l oph o r a  s i l i c e n s i s  We 1 s bo rd . 
S t v l o c oe n i a  pumpe l ly i  ( Va u g h a n ) .  A s t r o c o e n i a  
de c a t ure ns i s  V a ugha n , A s t r o c o e n i a  s p  . .  
Mo n t a s t r e a  ba i nbr i dge n s i s  ( V a u g h a n ) ,  
A n t i gua s t r e a  c e l l u l o s a  ( Du n c a n ) . � ·  c e l l u l os a  
var . s i l e c e n s i s  V augha n .  fav i t e s  po l ya o n a l i s 
( Du n c a n ) .  S i de r a s t r e a  s i l e c e ns i s  V a ugha n . 

D i p l o a s t re a  c r a s s o l ame l l a t a  ( Du n c a n ) . Q .  
c r a s s o l ame l l a t a  v a r . magn i f i c a ( Du n c a n ) . 
Rh i z a ng i a s p  . .  A s t r a ng i a  s p  . .  A s t r e opora 
a n t i gu e n s i s  Vaugha n , A s t r e o p o r a  s p  . .  A c t i na c i s  
a l a bame ns i s  ( V aughan ) ,  A c t i na c i s  s p  . .  G o n i op o r a  
i mpe r a t or i s  V augha n .  G o n i opo r a  s p . ,  A l veopora 
sp . .  A n t i l l i a ? . L o o h e l i a t u ba e f orm i s S q u i re s  
( Sq u i r e s . 1 9 5 7 ) . and o t h e r  u n i de n t i f i ed g e n e r a . 

� = C l i max C ave . G e o rg i a : Unde s c r i be d  c o r a l 
f a un a  i n  Br i dg e boro L i me s t o n e : s ev e r a l s p e c i e s . 
� = Br i dg e b o ro L i me s t o n e  t yp e  s e c t i o n :  s eve r a l 
s p e c i e s o f  u n i de n t i f i ed c o l o n i a l  c o ra l s . � = 
Oka p i l co L i me s t o n e  Memb e r . S uwa n n e e  L i me s t o n e  
( Hudd l e s t u n . i n  press ) : Ma s s i ve c o r a l h e ads 
( s p e c i e s unde t e rm i ne d ) and c o r a l l i ne l i me s t o n e . 

f .  g .  h .  i = Add i t i o n a l c o r a l -b e a r i ng 
l o c a l i t i e s  l i s t e d  by V a ug h a n  ( 1 9 1 0 . p p . 1 3 8 , 
1 54 )  f rom Grady . Thoma s . Bro ok s , a nd Lowndes 
C o u n t i e s ,  r e s p e c t i ve l y . l = C h i p l ey .  F l or i da : 
D i p l o a s t rea c r a s s o l ame l l a t a . A n t i gu a s t r e a  
c e l l u l os a . a n d  S t v l o o h o r a  s p . r e p o r t e d  by 
Cooke ( 1 9 2 3 ) f rom t he " G l e ndo n l i me s t o n e " 
( = Br i dge boro L i me s t o n e ) .  k = J i m Woodru f f  Dam . 

a l o n g  A p a l a c h i c o l a  R i ve r . G a d s d e n C o u n ty . 
F l or i d a : C o l o n i a l  c or a l f rom t h e  S uwa n n e e ( ? )  
L i me s t o ne ( V e r n o n  e t  a l  . .  1 9 5 6 . p . 6 3 .  64 ) . l 
Waku l l a  S pr i ngs . F l o r i d a : Unde s c r i b e d  p a t ch 
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F i gure 4 . 1 6 C c o n t i nu e d ) --re e f s  i n  the underwa t e r  c ave wa l l s 
under Waku l l a  S p r i ng s  Lodge i n  Suwan n e e  
L i mes t one ( O l se n ,  1 9 5 8 : Rup e r t  a nd S pe n c e r , 
1 98 8 ) . m C a bbage Grove : G o n i opora h i l l i 
Va ugh a n  ( We i s bord . 1 9 7 3 : Budd-Fo s t er , 1 9 8 6 ) . 
n = E c o f i na R i ver . we s t  o f  Perry . F l or i da : 
Unde s c r i be d  f au n a  f rom S uwa n n e e  L ime s t o ne 
c o l l e c t e d  by Je rry G i l e s o f  P erry . I nc l ud e s  
a por i t i d ( P o r i t e s  or Gon i opora ) .  A s t r o c o e n i a .  
a nd o t h e r  t ax a . Q = Brooksv i l l e R i dge : " D i ve r s e  
cor a l a s s emb l ag e s  i n c l ud i ng S ty l ophor a . 
Ac ropora . Mo n t a s t re a , a nd nume r o u s  sma l l 
c or a l s "  o c c ur s p orad i c a l l y  a l ong t h e  R i  
w i t h i n  res i dua l bou l ders o f  the S uwa n n e e  
L i me s t o n e  ( Me ed e r  a n d  Moore . 1 9 8 1 , p .  1 1 . 1 2 1 . 
Q = F l o r i da Crushed S tone Qua rry , Brooksv i l l e :  
Sty l ophora t h i c ke t s  i n  Suwa n n e e  L i me s to n e . g 
S t orey M i ne : Branch i ng c ora l and e nc r us t i ng 
por i t i d ( ? )  f orm i ng t h i cke ts i n  t he Suwa n n e e  
L 1 me s t on e . r:. = Lans 1 ng Quarry : " Abundant 
f ragme n t s  o f  severa l s p e c i e s  o f  f i ne branch i ng 
c or a l s  a s  we l l  as  o ther t y p e s a r e  p r e s e n t " 
( Hunt e r  In Yon a nd He ndry , 1 97 2 . p . 3 3 ) . § 

Ter ramar Quarry : Abunda nt S tv l ophora sp  . .  
S i de r a s t r e a  s p  . .  a nd A s t r o c oe n i a  s p . i n  
Suwa n n e e  L i me s t o ne . � Hernando B e a c h : 
G o n i opora h i l l i  V aughan a nd o t h e r  cora l s  i n  
Suwa n n e e  L i me s t one ( We i sbord . 1 9 73 ; Budd­
Fo s t e r . 1 98 6 ) . Out l i ne o f  Gu l f  Trough s hown 
i n  northwe s t  F l or i da a nd s o u t h  G e o rg i a .  
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f a c t  h a s  n o t  b e e n  w i de l y  r e c og n i z ed by G u l f  C o a s t  

g e o l og i s t s . The r e a s o n s f o r  t h i s  ·:'i re p e r h a p s  t h e  s ame wh i c h 

a c c ou n t  f or t h e  f a c t  t h a t . i n  s ev e r a l r e g i o n s  o f  t h e  wor l d .  

Te r t i ary r e e f s are p o or l y  k n own : p o o r  e x p o s u r e  a nd p o o r  

pre s e rv a t i o n .  Ma ny Te r t i a ry r e e f s  rema i n  bur i e d  u nd e r  

s ub s t an t i a l  s e d i me nt a ry c ov e r  ( J ame s 1 Si 8 J 1 . A n d  whe n  r e e f a l  

f a c i e s a r e  e x p o  . pre s e rva t i on i s  o f t e n  v e ry p oo r  be c a u s e 

t h e  r e e f s  o c c ur i n  wh at a r e  s t i l l  t ro p i c a l  o r  s u b t ro p i c a l  

e nv i r o nme n t s .  wh e r e  d e e p we a t h e r i ng c a n  o b l i t er a t e  

a r ago n i t i c  c ora l s -- t h e  ch i e f  f r amebu 1 l rl e r s  o f  Te r t i a ry 

re e f s . I n  p u r e  c arbc n a t e  l i t h o l og i es ( a s i n  F l o r i da a n d  

G e org i a ) . t h i s  p r o b l em c a n  b e  p a r t i c u l ar l y  t ro u b l es ome . The 

b e s t  pre s e rvat i o n o f  c o r a l s k e l e t a l s t r u c t u r e  i s  f ou nd i n  

t e rr i g e n o u s  mud s t o n e s  or c a l c ar o u s  s h a l e s  ( Fr o s t . 1 9 8 1 , 

p . 5 0 9 ) . I n  a dd i t i o n . t h e  vo l ume t r i c  p e r c e n t a g e  o f  r e e f 

f ramewo rk c omp a r e d  t o  a n  e n t i re ba nk o r  r e e f c omp l e x i s  

qu i te sma l l ( � . Lo ngma n . 1 9 8 1 ) . As l i t t l e  a s  l 09c, o f  a ma t ur e  

r e e f c omp l e x may be a c t ua l r e e f fr amework ( S c o f f i n . 1 9 8 7 , 

p .  1 9 0 ) . I n  s hor t . t h e  a c t u a l r e e f  may b e  q u i t e e l u s i v e ! 

F i gure 4 . 1 6 s hows t h e  l o c a t i o ns wh e r e  O l i g o c e ne c o r a l s  a nd 

re e f s  h a v e  b e e n  c o l l e c t e d  i n  A l a b ama . F l o r i d a .  a nd G e o rg i a . 

Th e s e  l o c a l i t i e s  i n c l ud e  p r e v i o u s l y  p u b l i s hed o c c ur r e n c e s  as 

we l l  as new o r  u n p u b l i s h e d  a r e a s . The pa l e o e c o l ogy o f  t he s e  

c o r a l s  d n d  c o ra l re e f s  h a s  ·l l re .:.ldy be e n  c o n s i. d e r e d . Th e 

f o l l ow i ng s e c t i o n s  g i v e a ge n e r a l d i s c us s i o n o f  t h e  

c l a s s i f i c a t i o n o f  e a s t e r n  G u l f  Coa s t  re e f s . t h e i r  
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p a l e og e o gr a ph i c  s i g n i f i c a n c e . t h e  i n f l ue n c e  o f  

p a l eo c i r c u l a t i o n  p a t t e r n s  i n  t h e  G u l f o n  r e e f a nd c arbo n a t e  

f a c 1 e s d e ve l o pme n t . a nd p o s s i b l e  mod e r n  a n a l o g s . 

C l a s s i f i c a t i o n o f  E a s t e r n  G u l f  Coa s t  R e e f s  

Fro s t  ( 1 97 7 b ) h a s  i d e n t i f i ed two ma j o r  ty pe s  o f  O l 1 g o c e ne 

r e e f a l  bu i l du p  i n  t h e  C a r i bb e a n . a nd t h e  r e e f s  o f  t h e  

e a s t e r n  Gu l f  c a n  b e  e a s i l y p l a c ed i n  t h e s e  c a t eg or i e s . 

Fr o s t ' s  r e e f t yp e s  a r e : ( 1 }  Cora l Banks/ Th i ck e t s--Ba nks or 

t h i c k e t s  a r e  domi n a t ed by bra n c h i ng c o r a l s  and typ i c a l l y 

deve l o p o n  s ha l l ow ( 5 - 3 0  m l  s h e l ve s . Nodu l a r a nd s he e t l i k e  

c o ra l l i ne a l gae are c ommo n . a s  a r e  l arge r  f or am i n 1 f e ra . 

( 2 )  Cl imax Re e f  Sys t ems--Th e s e  a re f r i ng i ng a nd barr i e r 

r e e f s  a nd a r e  ve ry c ompara b l e  t o  the i r  mod e rn c o u n t e rp a r t s  

( pa r t i c u l ar l y I nd o - P a c i f i r  r e e f s ) . C l i ma x  r e e f s  ty p i c a l l y 

s how s e ve r a l z o n e s  o f  c or a l growt h : Lago o n a l 

g e n e ra l l y  1 - 2 m t h i ck a nd s e v e r a l me t e r s  i n  p l a n :  

c o r a l t h i c k e t s  c on s 1 s t o f  l ow g r ow t h s  { 1 0 - 2 0  cm l o f  

t h i c k e t s  o f  

a r e  

a n d  a r e  v e ry s i m i l ar t o  t he mode r n  

Rodr i q u e z Bay . F l or i d a  Key s : upp e r  b u t t re s s  z o n e s  

a r e  c h a r a c t er i z e d  by ma s s i ve and e n c r us t i ng s c l e ra c t i n i a n s  

i nt e rgr own w i t h  c o ra l l i ne a l ga e : l owe r 

uoper f o r e re e f  s l ope c o r a l s  .:tr e  f o l i a c e ou s  i n  g rowth f orm : 

a nd t he l ower f or e re e f  s l op e  c o n t a 1 ns a b u nda n t  s o l i t ary , 

a h e rma t y p i c  c o r a l s  and f ew h e rma t y p i c  s p e c i e s . L a r g e r  

f oram i n i f e ra 1 s u c h  a s  
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A l though c l a s s i f i ca t i o n shou l d  not be l i m i t e d t o  t h e s e  

c a t egor i e s . t h ey a r e  u s e f u l c ompar a t i ve s t a ndards f or t h e  

chara c t er i z a t i o n o f  e a s t e r n  Gu l f  C o a s t  r e e f s . I curre n t l y  

r e c ogn i z e  t h r e e  t y p e s  o f  r e e f a l bu i l dup i n  t h e  e a s t e r n  Gu l f .  

Pl a t form t h i cke t s  i nc l ud e  abundant a c c umu l a t i o n s  o f  

S ty l ophora i n  the Suwa n n e e  L i me s t o ne ( e . g . , a s  s e e n  at t h e  

F C S  Quar ry a nd Ter r amar Quarry ; Ap p e nd i x  C )  a nd t h e  

un i de nt i f i ed por i t i d / d e ndro i d  branch i ng t h i c k e t f rom t h e  

Suwa nnee L i me s t on e  a t  t h e  Brooksvi l l e Quar ry ( Appe nd i x  C ) . 

P l a t f orm t h i c k e t s  a r e  p r o b a b l y  e q u i va l e n t  t o  Fro s t ' s  l e eward 

c or a l t h i cke t s . 

P l a t form pa t ch re efs i n c l ud e  p a t c h  r e e f s  i n  t h e  Suwanne e 

L i me s t one a s  deve l o p e d  near t h e  E c o n f i na R i ve r  a nd Waku l l a  

S pr i ngs , F l o r i da . The s e  a r e  c ompos ed o f  l arge h e ad c or a l s  

( pr i mar i l y  S i de r a s t r e a  s p . )  a nd t h i ck . b r a n c h i ng p or i t i d s . 

Th e r e  a r e  perhaps e q u i va l e n t  t o  Fro s t ' s  l ag o o n a l p a t c h  

re e f s . 

The cora l ga l  re ef i s  t h e  t h i rd r e e f t y p e . a nd i s  f ou nd i n  

t h e  Br i dgeboro L ime s t o ne . I c o ns i de r  t h e  Br i dg e b o r o  t o  b e  a n  

e nt i re c omp l ex .  h oweve r .  wi t h  nume rous sub f a c i e s . The 

vo l ume tr i c a l l y mo s t  abund a n t  l i t ho l ogy i s  rhodo l i t h  

l i me s t one . but l o c a l l y  ( e s p e c i a l l y  i n  s o u thwe s t e r n  G e o r g i a ) , 

ma s s i ve s c l e r a c t i n i an s  a r e  abundant . Add i t i o na l f i e l dwork . 

m i c ro f a c i e s a na l ys i s . a nd d e s c r i p t i ve p a l e o n t o l ogy ( o f t h e  

cora l s )  w i l l  be requ i red t o  more a c cura t e l y  d e l i ne a t e  the 

n a t ure a nd e xt e n t  o f  t h e s e  f a c i e s . Add i t o n a l work w i l l  a l so 
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b e  re q u i re d  t o  d e t erm i ne t h e  n a t ure o f  t h e  Oka p i l c o Memb er 

re e f s , and the a f f i n i t i e s o f  t he c oral mas s e s  f ound i n  t h e  

W i t hla c o o c h e e  R i ve r  o f  s o u t h e rn G e org i a . The Br i dg eb oro i s  

probably roughly e q u i val e n t  t o  Fro s t ' s  r e e f  c re s t  u p p er 

b u t t r e s s  zone i n  t h e  c l i ma x  re e f  s y s t em . 

O l i goc ene Cl i ma t e  and the Problem o f  H i gh S u b trop i c al 

T h e  Ol i g o c e ne was . i n  g eneral . a t i me o f  t rans i t i on f rom 

t h e  warm . " p oly t a x i c "  o c e an s  o f  t h e  e a r l y  Te r t i a.ry .  to t h e  

c oo l . " ol i g o t ax i c "  o c e an s  wh 1 ch c hara c t er i z e  t h e  Ne og ene and 

R e c ent ( Ke nne t t . 1 9 8 3 1 . Th i s  c h ange b e c ame e s p e c i ally 

pronoun c e d  a f t er t h e  m i d - Ol i g o c ene e u s t a t i c  s e a  l evel f a l l  

a t  about 3 0  Ma . I t  wa s i n  t he O l i g o c ene t h a t  we s tward flow 

o f  t h e  Te t hyan current wa s re s tr i c t ed . Aus tral i a  f i nal l y  

broke f re e  f rom Ant arc t i c a ,  and t he Drake P a s s ag e  o pe n e d . 

Th e s e  event s h a d  t h e  c omb i n e d  e f fe c t  o f  r es tr 1 c t i ng warm 

e q u a t or i a l  c 1 r c u l a t i on .  and e s t a bl i sh i ng t h e  C i r c um­

Ant ar c t i c  Cur r e nt . Th i s  1 nt e ns 1 f i e d  t h e  g lo ba l  l a t i t u d i n al 

t empera t ur e  grad i ent . and i n i t 1 a t e d  g l a c 1 al bu i l d- u p  ove r 

th e s o u t he rn p o l ar reg i o n ( Ke nne t t , 1 9 8 3 ) . Cl i ma t i c  c o ol i ng 

i s  also e v i dent 1 n  t erre s tr i a l env i ronme nt s .  P ale o b o t an i c a l  

d a t a  i nd i c a t e  t h a t  dro p s  i n  m e an a nnu a l t em p e ra t ure o f  over 

l 0° C  o c c urre d i n  m i d- l a t i t ud e s  o f  the Northern H ems i p here 

( Wol f e . 1 9 78 ) . 

I t  s e ems unu s u a l .  t hen . t h a t  c oral r e e f s  re a ch e d  an a cme 
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o f  deve l opme n t  dur i ng t h e  O l i go c e ne . y e t  r e e f s  were r are 

dur i ng t h e  mor e  c l i ma t i c a l l y e q u a b l e  Eoc e ne . The r e  a r e  

severa l p o s s i b l e  r e as o n s  f o r  t h i s . i nc l ud i ng w i de s pr e ad 

c a rbona t e  p l a t f o rm drown i ng dur i ng t h e  Eo c e ne . a nd t h e  

ma i nt e n a n c e  o f  nut r i e n t -p o o r  wa t e r s  i n  t h e  O l i go c e ne . A l s o . 

Eo c e ne s c l e r a c t i n i a n c o r a l s  had s t i l l  not r e c ov e r e d  f r om t h e  

t e rm i na l C r e t a c eous mas s  e xt i nc t i o n . wh i ch reduced 

h e rmatyp i c  genera f rom 9 0  to 50  ( 5 6 %  e x t i nc t i o n :  Newe l l .  

1 9 7 1 ) .  N e v e r t h e l e s s . many O l i go c e n e  r e e f s  grew i n  

o c e a nogra p h i c  c o nd i t i on s  n o t  un l i k e  t ho s e  o f  t od ay . 

N o t  o n l y  d i d  c o r a l re e f s  t h r i ve I n  t he O l i go c e n e . but many 

grew i n  c ompara t i ve l y h i gh p a l e o l a t i t ude s . s i gn i f i c a n t l y  

n o r t h  o f  b o t h  mod e r n  a nd M i d -Te r t i a ry t ro p i c a l  C ar i bb e a n  

r e e f s . Th i s  h a s  l ed t o  s ome d i s pu t e  over M i d -Te r t i a ry 

c l ima t e  e s t i ma t e s  as d e t e rm i n e d  by s t a b l e  i so t o p e s  { wh i c h 

i nd i c a t e  c o o l c l i ma t e s ) . a nd p i:t l e o nt o l og i c  e v i d e n c e  ( wh i ch 

s e ems t o  i nd i c a t e  warmer c o nd i t i on s  a t  r e l at i ve l y  h i gh 

l a t i t ude s ) t Adams e t  •:t l . .  1 9 9 0 ) . A l t ho ug h  re e f s o f  

Cr e t a c e ou s  a nd Tert i ary a g e  a r e  r e p o r t e d  f rom t h e  northern 

G u l f  Coast ( Murray 1 9 6 1 1 . e v e n  t he n o r t h e r nmo s t  e x t e n t o f  

t h e  e x t e n s i v e m i d -Cr e t a c e ous r ud i s t - c or a l r e e f t r a c t  bare l y  

r e a ched n o r t h e r n  G u l f  l a t i t ud e s  ( Ma r t i n  1 9 7 8 . f i g .  5 1 . Th i s  

i nd i c a t e s  broad l y  s im i l ar l a t i t ud i n a l  c o nd i t i on s  f or t he 

deve l o pme n t  o f  re e f s i n  t h e  G u l f  C o a s t  f r om Cre t a c e ous t o  

Re c e nt t i me s . 

For r e e f s t o  deve l op n o r t h  o f  t h e  t r o p i c s  r e qu i r e s  a 
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d e l i ca t e  b a l a n c i ng o f  annua l t empe r a t ur e  range . wa t er 

c l ar i ty . a nd nutr i e n t s . Tro p i c a l we s t e r n  A t l a nt i c  r e e f s  

g e n e ra l l y  do n o t  o c c u r  n o r t h  o f  2 6 °N l a t i t ud e . However , t h e  

F l ower G a r d e n  B a nk s . l o c a t e d s ome 1 5 0 km o f f shore o f  Te x a s  

o n  the c o nt i ne nt a l s he l f  edge . a r e  l o c a t e d  a t  n e a r l y  28°N 

1 a tu tude . Th e s e  r e e f s deve l o p e d  o n  l o c a l s h o a l s  produ c e d  by 

s a l t  dome i nt r us i on .  The s e  prom i ne n c e s  r i s e  a bove t ur b i d  

b o t t om wa t er s  o f  s e a s o na l l y var i ab l e  s a l i n i ty a nd 

t emper a t u r e  ( i n f l ue n c e d  by runo f f  f rom t h e  M i s s i s s i p p i  R i ve r  

a n d  wi n t e r  m i x i ng ) . i nt o  c l ea r  s u b t ro p i c a l  t o  t r op i c a l  

wa t er s  o r i g i na t i ng f r om t h e  C a r i bbe a n  w i t h w i n t e r  

t empe r a t u r e  m 1 n 1 ma o f  o n l y  1 9  t o  2 0 °C ( Re z a k  e t  a l . 1 9 9 0 : 

1 9 8 5 ) . 

The F l or i da M i dd l e  G round . l o c a t e d  nor t hw e s t  o f  Tamp a o n  

t h e  We s t  f l or i da She l f .  i s  a t  2 8 - 2 9°N l a t i tude . w i t h  

t empera t u r e  m i n i ma dropp i ng a s  l ow a s  1 6 ° C ( 1 8 °C i s  

c o n s i dered a m 1 n i mum f o r  h e a l t hy growt h o f  h e rm a ty p i c  

c o ra l s ! . The f l or i da M i dd l e  Ground i s  n o t  a we l l  deve l op e d  

or s t ruc t ur e d  r e e f , a nd probab l y  e x i s t s  o n  t h e  mo s t  marg i na l  

c o nd i t i o ns o f  h e rma ty p i c  c ora l gr owt h ( Br i ght e t  .: d . .  1 9 84 ) . 

L i kew i s e . t h e  r e e f s  o f  B e rmud a  a r e  l o c a t e d  a t  3 2 °N l at i t ude . 

Th e Bermuda n  r e e f s  a r e  made p o s s j b l e  by e dd i e s f rom t h e  warm 

G u l f S t r e am wh i ch f l ow i n t o  the S a rg a s s o  S e a . w i t h  wa t e r  

t emper a t u r e s  r a n g i ng f r om a bout 1 9 ° t o  2 7 ° C  C Loga n . 1 9 88 l . 

But des p i t e  t h e i r  l u xur i a n t  gr owt h o f  c o r a l s .  the F l ower 

Gardens . f l or i da M i dd l e  Ground . a nd B e rmuda r e e f s  a l l have 
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subs t a n t i a l l y  l ow e r  c or a l d i ve rs i t i es t h a n  t r o p i c a l  

C a r i bbe a n  re e f s . O f  t h e  a ppr o x i ma t e l y 5 5  e c i e s  o f  

h e rmaty p i c  C a r i bb e a n  s c l e r a c t i n i a n and hyd r o z o a n  c o ra l s . t h e  

F l ower Gard e n s  s h a r e  o n l y  1 8  o f  t h e s e  s pe c i e s  ( 3 3% ) ; 24 

s pe c i e s  a r e  f ound i n  B e rmudan r e e f s  ( 44% ) . a nd o n l y  1 6  a r e  

f ou nd o n  t h e  F l or i da M i dd l e  Ground ( 2 9% ) ( Br i gh t  e t  a l . 

1 9 84 ) . 

Dur1 ng t h e  O l i go c e n e . p a l e o l a t i t ude s i n  t h e  G u l f  Coast 

we r e  not s i g n i f i c a n t l y  d i f f e re n t  f rom t h e i r  p r e s e n t pos i t i o n 

( F i g . 4 . 1 7 :  Sm i t h  e t  a l  . .  1 9 8 1 1 . The r e e f s  o f  t h e  F l or i d a  

P l a t f orm ( Suwa n n e e  L i me s t o n e ) we re a t  a n  a p pr o x i ma t e  

p a l e o l at i t ud e  o f  2 6 - 2 9 °N . a nd t h e  c o r a l ga l  r e e f o f  the 

B r i dgeboro L i me s t o n e  wou l d  have e x t e nded f r om a b o u t  2 9 ° to 

J 2 °N p a l e o l a t i tude ( s o u t hwe s t e r n  to c e nt r a l G e o rg i a : F i g . 

4 . 1 7 :  us i ng ma p 1 3  o f  Sm i t h e t  a l  . .  1 9 8 1 ) . A t  t h e s e  

p a l e o l a t i t u d e s . t h e  v i  c urre n t s  o f  t h e  G u l f  Trough . 

wh i c h swe p t  a c r o s s  G e org i a  a nd F l or i d a . undoubt e d l y  s u pp l i ed 

t h e s e  are a s  w i t h  t h e  wa rm t ro p 1 c a l  wa t er s  ne c e s s a ry f o r  r e e f  

deve l o pme n t . Whe n  t h e  c o ra l s  o f  t he Br i dgeboro a nd S uwa n n e e  

L i me s t o n e s  are f u l l y d e s c r i be d . d i ver s i ty c omp a r i s o n s c a n  b e  

made wi t h  t ro p i c a l O l i g o c e n e r e e f s . s u c h  a s  t h o s e  o f  Ant i gua 

a nd Me x i c o . G i v e n  t he r e l at i v e l y  h i gh l a t i t ud i n a l  l o c a t 1 o n 

o f  t h e  Gu l f  C o a s t r eg i on . i t  i s  pred i c t ed t h a t c o r a l 

d i vers i ty w 1 l l  p r ov e  t o  be l owe r t ha n  t ha t  i n  t he C a r i bb e a n  

ree f s  ! s e e  d i s c us s i o n  o f  Damo n Mo und be l ow ) . 
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F i gure 4 . 1 7 --P a l e og e og r a p h i c  ma p f o r  t h e  La t e  E o c e n e . 
show i ng l o c a t i o n o f  t h e  Br i dg e b o r o  c o r a l g a l  
bu i l d u p  (�)  a nd 3 0 °  N l a t i tude . Sour c e : Smi t h . 
A . G . , Hur l ey ,  A . M  . .  a nd Br i d e n . J . C  . . 1 9 8 1 . 
P ha n e r o z o i c  p a l e o c o n t i ne n t a l wor l d  ma p s . 
Cambr i dge Un i ve r s i t y Pr e s s . 1 0 2 p  . .  Ma p 1 3 .  
( 1 9 8 1 ) ( Sm i t h  e t  a l . do n o t  p r o v i de L owe r 

O l i go c e n e  p a l e o g e og r a ph i c  ma ps . s o  t h e  La t e  
Eo c e n e  ma p 1 s  u s e d  he re ) . 
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The Impo r t a n c e  o f  Gu l f  Tr o ugh C i rc u l a t i o n  

The Gu l f  Trough sharp l y  s e pa r a t e s  very d i s t i n c t i ve 

c arbona t e  f a c i e s . The Suwa n n e e L i me s t o ne o f  t he F l or i d a  

P l a t f o rm h a s  a b s o l ut e l y  n o  c ou n t e r p a r t  north o f  t h e  Gu l f  

Trough ( a l t h ough t h e  Suwa n n e e  d o e s  r e a ch t h e  northern f l a nk 

o f  t h e  Tro ug h ) .  The c arbona t e s  a round and nor t h / no r t hwe s t  o f  

t h e  Trough ( i . e . , the Br i dg e bo r o . F l or a l a . G l e ndo n . a nd 

Mar i anna L i me s t o n e s ) .  a l t hough c l o s e l y  r e l a t e d  t o  e a c h  

o t he r . show no s i m i l ar i ty t o  t h e  Suwa n ne e . Th i s  i s  

p a r t i cu l a r l y e v i de n t  i f  t h e  l arger f o r a m i n i f er a  f a u n a s  a r e  

c o n s i de r e d . The e x t r eme l y  abund a n t  L e p i d o cv c l i n a-Nummu l i t e s  

a s s emb l a g e s  o f  t h e  She l f  c omp l e t e l y  d i s a p p e ar j us t  s o u t h  o f  

t h e  G u l f  Trough , and a re r e p l a c ed by a n  a s s emb l age o f  

D i c tyoc o nu s . I nt erme d i a t e  l i t h o l og i e s . c o n t a i n i ng e l eme n t s 

o f  b o t h  S h e l f  a nd P l a t f o rm c a n  b e  f ou nd i n  t h e  nar r ow r eg i on 

w i t h i n  a nd a ro und t h e  Trough ( e . g  . .  t h e  O c h l o ck o n e e  

F ormat i o n ) . 

The Gu l f  Tro ugh ( a nd Suwa n n e e  C h a nne l l  h a s  o f t e n  b e e n  

d e s c r i bed a s  a b a rr i e r t h a t  s e p a r a t e d  c l as t i c  l i th o l og i e s o f  

t h e  north f r om c ar b o n at e s  i n  t h e  s o u t h  ( e . g  . .  Che n . 1 9 6 5 ) . 

I n  t h e  Lower O l i go c e ne . h oweve r . t h e  Trough d i v 1 de d  pure 

c a r b o n a t e  l i t h o l og i e s . The c urr e n t s  o f  the Trough we r e  

s t ro ng . a s  e v i d e n c ed by t h e  n e a r  a b s e n c e  o f  mud i n  t h e  

c o a r s e-gra i n e d  Br i dge boro L i me s t o n e . and t h e  rounded n a t u r e  

o f  mo s t  o f  i ts rhodo l i th s . The s t r e ng t h  o f  f l ow i s  a l s o  

i nd i c at e d  by e x t e n s i ve . s u b s ur f a c e  e r o s i o n a l u n c o n f o rm i t i e s 

1 5 1  



o f f  t h e  S o u t h  a nd North C a r o l i na c o a s t s . The s e  f o l l ow t h e  

t r e nd o f  t h e  G u l f Trough . a n d  r e s emb l e  s i m i  1 ,J. r e r o s i o n a l 

f e a t ur e s p r o d u c e d  by t he mode r n  G u l f  S t re am C P o p e no e  e t  a l  . . 

1 9 8 7 ) . A l t h ough d e p o s i t i o n d i d  o c c ur i n  t he Trough . t h e 

Tro ugh r e ma i ne d  b a t hyme t r i c a l l y l ow throug h o u t  t h e  e a r l y  

0 1  i go c e ne . 

Hudd l e s t u n  C p e r s . comm . l h a s  c omp a r e d  t h e  Gu l f  Trough 

c u r r e n t  t o  t h e  mod e r n  L o o p  C u rr e n t  o f  the G u l f  o f  Me x i c o . 

Th e L o o p  C ur r e n t  i s  a s e a s o n a l l y a nd a n n u a l l y va r i a b l e 

o c e a n i c  c ur r e n t  wh i ch e n t e r s  t h e  G u l f  f r om t h e  C a r i bbe a n  s e a.  

t hr ough t h e  Yuc a t a n  S t r a i t . A f t e r  e n t e r i ng t h e  G u l f .  t h e  

L o o p  C u rr e n t  t u r n s  c l ockw i s e  a nd f l ows s o u t h , p a ra l l e l  t o  

t h e  F l or i d a  s he l f  marg i n . a n d  e x i t s  t h e  G u l f  t h r o ugh t h e  

F l or i da. S t ra i t s . whe r e  i t  i s  c a l l e d t h e  F l o r i da C u rr e nt . The 

F l or i da C u r r e n t  f l ows north , a r o u nd e a s t e r n  F l or i d a . a nd 

j o i ns t h e  A nt i l l e s Curr e nt t o  f o rm t he G u l f  S t re am C Mu l l i ns 

e t  a l . ,  1 9 8 7 ) < F i g . 4 . 1 8 ) . 

Hudd l e s t u n  s p e c u l a t e s t h a t  d u r i ng t he h i gh s e a  l eve l s  o f  

t h e  O l i g o c e ne . a n  a n c i e n t  l o o p  c urre n t  e n t e r i ng t h e  G u l f  

wou l d  n o t  b e  d e f l e c t e d s o u t h . b u t  wo u l d  q u i t e  na t u ra l l y  f l ow 

t h r o ugh t h e  Gu l f  Trough a r e a  ( F i g . 4 . 1 8 ) . I n t er e s t i ng l y . 

Mu l l i ns e t  a l . ( 1 9 8 7 ) have d o c ume n t e d  a n  i n t e n s i f i c a t i o n  o f  

L o o p  Cur r e n t  f l ow a l ong � h e  s l o p e  o f  t h e  We s t  F l or i d a She l f  

i n  t h e  M i dd l e  M i o c e ne ( 1 2 - 1 5  Ma l . A l t hough Mu l l i n s a nd 

c o l l e a g u e s  c o ns i de r  th i s  e ve n t  a s  pr i ma r i l y  a r e s p o n s e  t o  

t h e  o c e a no g r a p h i c  c l o s ur e  o f  t h e  I s t hmus o f  P a m:l.ma and 
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F i gure 4 . 1 8--Mo d e r n  L o o p  Cur r e n t  o f  t he Gu l f  o f  Mex i c o . The 
L o o p  Curre n t  e nt e r s  the Gu l f  v i a  the Yuc a t a n  
S t ra i t . l oo p s  c l o ckw i s e . t ur n s  i nt o  t h e  F l o r i da 
Curre n t  i n  t h e  S t ra i t s o f  F l o r i da . a nd 
u l t i ma t e l y  j o i ns t h e  Ant i l l e s C u rr e n t  t o  f o rm 
t h e  Gu l f  S t r e am . Dur i ng h i gh e r  s e a  l e ve l s  i n  
t h e  O l i go c e n e , t he L o o p  Curr e n t  wou l d  have 
f l owed qu i t e  n a t ura l l y through t h e  Gu l f  Trough 
a r e a  ( br ok e n  l i n e ) . Comp i l ed f r om R e z ak e t  a l . 
( 1 98 5 ) ' 
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i nt e ns i f i e d o c e a n  c i r cu l a t i o n , i t  wa s dur i ng t h e  M i dd l e  

M i o c e n e  t ha t  t h e  Gu l f  Trough wa s c omp l e t e l y  s ed i me n t - f i l l ed 

a nd t e rm i na t ed i Hudd l e s t u n . i n  press ) . Thus . p e rh a p s  a mo r e  

p r o ba b l y  r e a s o n  f o r  M i dd l e  M i o c e n e  Loop Curr e n t  

i nt e ns i f i c a t i o n w a s  t he s o u t hward d e f l e c t i o n o f  Gu l f  Trough 

c ur r e n t s .  

I n  t e rms o f  r e e f deve l opme n t . I sugge s t  t ha t  t h e  f l ow o f  

wa rm . t r o p i c a l  wa t e rs t hr ough t h e  G u l f  Trough wa s n e c e s s a ry 

f o r  cora l growth i n  bo th t h e  Br i dg e boro L i me s t o n e , a nd t he 

Oka p i l c o Memb e r  o f  t h e S uwa n n e e  L i me s t one . Th i s  wou l d  

e xp l a i n  t h e  e l ongat e  nature o f  t h e  Br i dgeboro c o ra l ga l  r e e f  

a l o ng t h e  f l a nk s  o f  the G u l f  Trough . a s  we l l  a s  t h e  

e x t e n s i o n o f  rhodo l i t h  bu i l du p s  f a r  i n t o  c e n t r a l G e o rg 1 a . 

The c o r a l s  o f  the Oka p i l c o Memb e r  grew wi t h i n  t h e  Trough 

j u s t  pr i o r t o  the max i mum s e a  l e ve l f a l l at 30 Ma . 

The c o n t ro l o f  r e e f  deve l o pme n t  by t h e  G u l f Trough curr e n t  

may have i nvo l ve d  mor e  t h a n  j u s t  t h e  prov i s 1 o n  o f  wa rm 

wa t er s . As s umma r i ze d  by Ha l l o ck a nd S c h l ager ( 1 9 8 6 l . 

nut r i e n t s  ( pa r t i cu l a r l y  n i t roge n a nd pho s pho rous ) .  i f  

ava i l a b l e  i n  e x c e s s . c o n s t i t u t e  a f orm o f  s t r e s s  t o  c ora l 

re e f s . I t  i s  t h e  A f f i c i e n t  r e cyc l i ng o f  l i m i t e d  s u p p l i e s  o f  

e s s e n t i a l  nut r 1 e n t s  that a l l ow t he a l ga l - c ora l symb i o n t  

sy s t em t o  t h r i v e  i n  nut r i e n t - p o o r  wa t e rs . I n c re a s e d  nut r i e nt 

l e ve l s  1 n  c o r a l r e e f  wa t e r s f a c i l i t a t e  a l ga l  b l o oms and t h e  

r e cru i t me n t o f  f a s t -growi ng he t e ro t r ophs . wh i ch eve n t u a l l y 

de s t roy t h e  re e f . Commo n s o ur c e s  o f  e xc e s s  nut r i e nt s  i n c l ud e  
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upwe l l i ng a nd t erre s t r i a l  runo f f . A n  e x c e l l e n t  e x amp l e  o f  

t h e  e f f e c t s  o f  nut r i e nt -e nr i c hme n t  wa s i l l us t r a t e d  by 

Ha l l o c k  e t  a l . ( 1 9 8 8 ) f or t h e  mod e r n  N i c ar ag u a n  R i s e . 

I hyp o t he s i ze t h a t  the Gu l f  Trough curr e n t  brought i n  a 

d i r e ct s u p p l y  o f  nut i e nt -poor wa t e r s  f rom t h e  C a r i bbe an . 

The s e  warm wa t e r s  we r e  s e pa r a t e  a nd i n s o l a t e d  f rom wa t e r s  

wh i ch c ove r e d  mo s t  o f  t h e  E a s t e r n  G u l f  She l f .  a nd t h e r e by 

r e t a i ne d  t h e i r  l ow c o n c e n t r a t i o n o f  n u t r i e n t s . Th i s  may h a ve 

b e e n  e s p e c i a l l y import an t  dur i ng t h e  t i me o f  de p o s i t i on o f  

t h e  G l e ndo n-F l or a l a -Br i dge boro i nt e rv a l .  A c c o rd i ng t o  

MacNe i l  ( 1 9 6 6 ) . r e n ewed L a r am i de t e c t on i c  a c t i v i ty dur i ng 

G l e ndon t i m e  r e s u l t ed i n  a n  i n f l ux o f  vo l c a n i c l a s t i c  

ma t e r i a l t o  t h e  e a s t ern G u l f  r e g i o n .  a s  s e e n  i n  t h e  

be n t on i t i c  sha l e s o f  t h e  G l e ndon . Bu c a t u n n a . a n d  o th e r  

f o rma t i o n s  ( Ma c Ne i l .  1 9 6 6 . p p . 2 3 5 8 -9 ) . I f  t h e  wa t ers 

e n t e r i ng the G u l f  Trough we re i n f l ue nc e d  by the h e a vy 

t e rr i ge no u s  a nd vo l c a n i c l a s t i c  i n p u t  o f  t h e  we s t e r n  G u l f  

reg i o n ( i . e . .  T e x a s . Lou i s i a na ) , t h ey may h ave b e c ome 

nutr i e n t -r i c h a nd d e t r imen t a l t o  r e e f grow t h  a l o ng t h e  Gu l f  

Trough a nd F l o r i d a  P l a t f orm . 
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Mode r n  E a s te r n  G u l f Carbona t e s : The Key t o  t h e  P a s t  

The F l or i da Ree f  Tra c t --F l or i da S t ra i ts --Bahama B a nk : 

A Modern Ana l og f o r  t h e  G u l f  Trough / F l or i da P l a t f orm Fac i e s 

Prov i n c e s  

A g o od mode r n  a na l og o f  the Gu l f Trough-F l or i da P l a t f orm 

F a c i e s Prov i nc e s  wou l d  a p p e a r  t o  be the modern F l o r i d a Re e f  

Trac t -F l or i d a  S t r a i t s -Bahama B a nk sys t em . A s  s h own i n  F i gure 

4 . 1 9 .  a t ra ns e c t  a c r o s s  t h i s  reg i on shows a l a t er a l 

s u c c e s s 1 o n  o f  re e f  t r a c t . a curre nt -swe p t  s t r a i t  or channe l .  

a nd sha l l ow c arbonat e  p l a t f o rm . A s 1 m i l a r s e q u e n c e  i s  

deve l oped i n  t he O l i go c e n e  o f  G e org i a  and F l or 1 da . w i t h re e f  

( Br i dgeboro L ime s t one ) .  curr e n t -swe p t  s t ra i t  ( Gu l f Trough ) .  

and sha l l ow c arbonat e  p l a t f orm ( Suwannee L i me s t o n e ) ( F i g . 

4 . 3 ) . A l t hough t h e  f a c i e s  a r e  qu i te s i m i l ar .  t h e  s c a l e  o f  

t he two s t ra i t s a r e  d i f f e r e n t . The Gu l f  Tr ough w a s  never 

more than about 30 o r  35 km i n  w i d t h  ( and i n  p l a c e s . as 

narrow as  7 km ) . wh i l e the F l or i da S t r a i t s  i s  60 km or more 

i n  w i dth . Part i cu l ar l y s t i k i ng s i m i l ar i t i e s o f  t h e  two 

s e t t i ngs a r e  t he ! pr i mar i l y )  w i ndward deve l o pme nt o f  c ora l ­

rhodo l i t h  bu i l d u p s  o n  the f l a nks o f  e a c h  s t r a i t . a nd the 

pure ( i . e  . .  non-c l as t i c ) . c arbona t e  p l a t f orms to  t h e  

south/ sout he a s t  o f  t h e  s t r a i t s . 

1 5 7  



1-' 
Ul 
CD 

t-rj 
..... . 

lQ � � 
<1l 

� 

1-' 
<..0 
I 
I :S: o H> w tJ:J  

P! O O rT P! 
...... s � � ('T  
...... '0 OJ ::r 
0 >-' rT I-'· '-<  

'-< <1l ::r ('T s 
X <1l Ul <1l 

OJ ('T 
::l tiJ O � 
P,. \) � M, 1-' ·  

0 ..... . () 
::r: :J p.. t-rj � ('T i.Q ._... S � 0 <1l 0 Pi 
...... � b" � 'O  
<1l � 0 ..... . 
'-< Ul � p.. OJ 

0 OJ () � ...., . I  I � 
t-> :J GJ I:IJ O  
<..0 C OJ Ul  
� S ...... ::r UJ  
O <ll H> OJ  
� ('T  S rT 

<1l >-l OJ ::r 
� � <1l 
Ul O I:IJ  

C OJ >-rj  
lQ ::l >--' 

� ::r � o  
0 I · ·  � 
p.. t-rj ..... . 
..... . ...... )::>' p.. 
M, 0 OJ 
..... . � s 
<1l ..... . 0 :::D 
P.. P.. P.. <ll 

OJ <1l <1l 
Hl t-"") H� 
� 'D ::l 
0 >--' >-l 
s OJ OJ � 

(T :J OJ 
H, OJ () 
0 ...,_. ('T � 0 I s I.Q 

I 
l 

0 

"' 0 

. � 

.. 

"- � 'J � 
1 

'� . j •' � j "-J 
I '., ' 1 "  

' I 
l 
I 



Th e We s t  F l 9r i da C arbona t e  Ramp : A Mod e r n  Ana l og f or t h e  

S he l f  C a r b o n a t e  F a c i e s Prov i n c e  

To t h e  w e s t / n o r t hwe s t  o f  b o th t he mod e r n  F l or i da Re e f  

Trac t  �nd Br i dge b o r o  c o r a l ga l  r e e f . d e e p e r  wat e r  c ar b o n a t e  

f a c i e s  a r e  e n c o u n t e r e d . a n d  eve n t ua l l y .  c l a s t i c  s h e l f  

c o nd i t i on s . The mode r n  F l o r i da Re e f  Tra c t  s t e e p e ns we s t wa r d  

i n  a s t e pw i s e  f a s h i o n down t o  t h e  P o ur t a l e s T e r r a c e /  

E s c a r pme n t  a t  2 0 0  m d e pt h . wh i c h a p p r ox i ma t e s  t he sh e l f  

marg i n  i n  t h e  s o ut h e a s t e r n  G u l f .  Th i s  she l f mar g i n  mer g e s  

i nt o  t h e  We s t  F l o r i d a She l f  ma rg i n  ( a  c arbo n a t e  ramp ) . wh i c h 

e x t e nd s  u p  t o  t h e  De s o t o  C a ny o n  ( F i g . 4 . 2 0 )  ( s e e  M i t c h um .  

1 9 7 8 ) . I n  s im i l ar f a s h i on . t h e  marg i n s o f  t he O l i go c e ne G u l f  

T r o ugh / A p a l a c h i c o l a  Emb ayme n t  p r o ba b l y  me r g e d  w i t h  t h e  

s he l f  ma rg i n  n e a r  wh a t  i s  n ow De s o t o  C a ny o n  ,:J. s sh own i n  

F i g u r e  4 . 2 1 .  

I p r o p o s e  t h a t  t he g r a d a t i o n a l c h a ng e  f r om r e e f -r i mmed 

p l a t f o rm to ramp s he l f  ma rg i n .  as s e e n  a l o ng the S o u t h - t o ­

W e s t  F l or i da S h e l f  marg i n  ( F i g . 4 . 2 0 ) . i s  phy s i o g r a p h i c a l l y 

a nd e nv i ro nme n t a l l y  c omp a ra b l e  t o  t h e  O l i g o c e ne She l f  

Prov i n c e  s h e l f  marg i n  a s  d e v e l o p e d  a l o ng t h e  n o r t h e r n  f l an k s  

o f  t h e  G u l f  Trough / A p a l a c h i c o l a  Embayme n t  •'i nd •:J. c r o s s  

s o u t h e r n  A l a bama a nd M i s s i s s i p p i  C F i g . 4 . 2 1 1 . As d e s c r i be d  

by Mu l l i ns e t  a l . ( 1 9 8 8a ) . t h e  We s t  F l or i da She l f  marg i n  i s  

c h a ra c t e r i ze d  by a har dgr o u nd / a l ga l  r i dge f a c i e s a nd 

w i nnow e d  s an d  f a c i e s . b o t h  f orme d by s e d i me nt w i nnow i ng ( by 

L o o p  Cur r e n t  f l ow )  a nd s e d i me n t  s t a rva t i o n . L o u t i t  e t  a l . 
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F i gure 4 . 2 0 -- Ba t hyme t r i c  ma p o f  t h e  e a s t e r n  G u l f o f  Me x i c o . 
S our c e : Mart i n .  R . G . , a nd B o uma . A . H . .  1 9 7 8 , 
P hy s i ogra phy o f  G u l f o f  Me x i c o . I n : Bouma . 
A . H . , Mo ore . G . T  . .  a nd C o l ema n .  J . M . .  ( eds . ) .  
Fr amewo rk . f a c i e s . a nd o i l - t r a p p i ng 
c h a r a c t e r i s t i c s o f  t h e  u p p e r  c o n t i ne nt a l 
marg i n . Ame r i c a n  A s s o c i a t i on o f  P e t ro l eum 
G e o l og i s t s S t ud i e s  i n  G e o l ogy 7 : 3- 1 9 .  f i gure 2 .  
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F i gure 4 . 2 1 -- ( P a l e o J ge og r a p h i c  ma p s h ow i ng b o t h  the Lower 
O l i go c e n e  p a l e o s h e l f  marg i n  a nd c o nd e n s ed 
s e c t i o n i n  t he n o r t h e r n  Gu l f  ( i . e . .  t h e  G l e nd o n  
L i me s t o n e -G L S ) ,  and t he mod e r n  s h e l f  marg i n  a nd 
c o nde n s ed s e c t i o n o n  t h e  We s t  F l or i da S he l f  
Ramp C FL R ) . Comp i l e d f rom Ma r t i n  a nd Bo uma 
( 1 9 7 8 ) , Co l ema n ( 1 9 8 3 ) , Kru t ak a nd B e r o n  
( 1 9 9 0 ) , Mar t i n  ( 1 9 7 8 ) , a nd L o u t i t  e t  a l . 
( 1 9 88 ) . 
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f 1 9 8 8 l i n t e rp r e t  t h e  We s t  F l or i da o u t e r  sh e l f a nd s l o p e  a s  a 

c o nd e n s e d  s e c t i o n ( se q ue n c e  s t r a t i gr a ph i c  mod e l ) . 

The s h e l f  ma rg i n  e q u iva l e n t  i n  t h e  O l i go c e ne i s  t he 

G l e ndon L i me s t o n e . a n  i m p u r e . g l a u c o n i t i c .  l a rge f o r am­

c a l c ar e n i t e ( f i g . 4 . 4D . E l . The G l e ndo n h a s  b e e n  i nt e r p r e t e d 

by Va i l  e t  a l . ( 1 9 87 ) a nd B a um a nd V a i l  ( 1 9 8 8 ) a s  a s he l f  

marg i n  d e p o s i t  a nd c onde n s e d  s e c t i o n .  and t he G l e nd o n  h a s  

b e e n  ma p p e d  ne a r  t h e  O l i g o c e ne s he l f e d g e  i n  M i s s i s s i p p i  

( C o l ema n .  1 9 8 3 . fig . 8 1 . Th e s e  p a l e o g e ogr a ph i c  r e l a t i o n s h i p s 

a r e  i l l u s t ra t e d  1 n  F i gure s  4 . 7 .  4 . 8 .  and 4 . 2 1 .  

A D e p o s i t i on a l Mode l f or Eas t er n  G u l f  

She l f  a n d  P l a t f orm C ar b on a t e s  

Trop i c a l v e r s u s  Tempe r a t e  S h a l l  ow--Wa t e r  C a r bo�n <i t e s 

I n  t h e  p a s t  seve ra l ye a r s . much r e s e a r c h  h a s  b e e n  d i re c t ed 

t owards t h e  d i f f e r e n t i a t i o n o f  t emp e r a t e -· l a t i tude a n d  

t r o p i c a l  l a t i t ude c a r b o n a t e s  ( e . g  . .  N e l s o n . l 9 88 a ) . 

" Temp e ra t e  wa t e r  c ar b o na t e s " o r  " no n - t r o p i c a l  c a r b o n a t e s " 

b o t h  r e f e r t o  s he l f a l  ( < 2 0 0  m d e p t h ) . c ar b o n a t e  s e d i me n t s  

d e p o s i t e d  po l eward o f  the p r e s e n t  l i m i t o f  he rma t y p i c  

( z o o x a n t h e l l a t e l c o r a l re e f s . Th i s  l a t i tud i n a l  bound ary 

c o r r e s p o nd s  t o  t h e  1 8° C m i n i mum 1 s o t h e rm .  wh i ch g e n e ra l l y 

d o e s  not e x c e e d 3 0 °  ( North and S o u t h 1 .  Howeve r . t h 1 s  

b o u ndary c a n  b e  d i s p l a c e d  p o l eward o r  e q u a t orward f r om 5-

1 0 0 . de p e nd i ng o n  t h e  I n f l u e n c e  o f  wa rm or c o l d  o c e a n i c  
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current s . r e s pe c t i ve l y  ( Ne l s o n . 1 9 8 8b l . 

Po l eward o f  3 0 ° . t h e  amo unt o f  r e f r a c t e d  s u n l i gh t  I n t o  t h e  

o c e a n  d e c r e a s e s  ra p i d l y ( Z i e g l e r e t  a l  . .  1 9 84 . f i g .  1 . 1 . A l  

Th i s  n a t u r a l l y r e s u l t s i n  a r e du c t i o n i n  s ur f a c e  wat e r  

t emp e r a t u r e  ( Z e i g l er e t  a l  . .  1 9 84 . f i g . 1 . 1 . 0 ) . wh i c h i s  a 

pr i ma ry l im i t i ng f a c t or t o  t h e  p r i mary s e d i me nt p r od u c e r s  o f  

t r o p i c a l  c ar bo n a t e s  ( v i z  . .  z o o x a n t h e l l a t e  c o r a l s  a nd gre e n  

a l ga e ) . Howeve r . t empe ra t e  c arbo n a t e  s e d i me n t  produc e r s  

( v i z . , bry o z o a n s . r e d  a l ga e , b a r n a c l e s , e t c . l may t hr i ve i n  

t h e s e  c o o l e r wa t er s  i f  t h e r e  i s  m i n i ma l c l a s t i c  i n f l ue n ce . 

The reduc t i o n  o f  r e f r a c t e d  s o l ar rad i a t i o n a bove 3 0 ° may be 

a p e rma n e n t  barr i e r to the po l eward e x t e n t  o f  z o o x a n t h e l l a t e  

c o r a l re e f s . Th i s  wou l d  e xp l a i n t h e  r e s t r i c t i o n  o f  re e f  

f a c i e s  t o  l ow l a t i t ud e s  eve n dur i ng t ime s o f  ma x 1 mum 

e u s t a t i c  h i ghs t a nd a n d  warm c l i ma t e . s u c h  a s  i n  t h e  m i d­

Cre t a c e o u s . 

Temp e ra t e  wa t e r  c arbona t e s  a r e  d i s t i ngu i s h e d  f rom t r op i c a l  

c a rbo n a t e s  by t h e i r  c o n s t i t ue n t  s e d i me nt s . Temp e r a t e  

c a rbo na t e  s e d i me n t s  are d om i n a t e d  by c a l c i t i c  orga n i sms . 

s u ch a s  r e d  a l g a e , bry o z o a ns . b e n t h i c  f or 0 m i n 1 f e ra . 

mo l l u s c s , b a r n a c l e s . s e r pu l i ds . a nd o t h e r  e l eme nt s . The s e  

s e d i me n t s  have b e e n  re f e rred t o  a s  foramo l ( f or am i n i f era + 

mo l l u s c s ) or bryomo l ( brvo z o a n s  + mo l l u s c s ) s e d 1 me n t  

a s s o c i at i o n s . Tro p i c a l  c a r b o n a t e s  have a n  abu n d a n c e  o f  

ct r a.go n i t i c  c om p o n e n t s . i nc l ud i ng c a l c a r e o u s  gre e n  a l g ae . a n d  

z o oxa n the l l a t e  c o ra l s . bu t a l s o i n c l ud e  r e d  a l g a e . b e n t h i c  
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f or am i n i f e r a . a nd mo l l us c s . The s e  s ed i me nt s  have b e e n  c a l l ed 

ch l orozoan ( c h l o r o p hy t e s  + z o a n t h a r i an s ) o r  ch l ora l ga l  

( gr e e n  a l ga e . b u t  no c o ra l s )  s e d i me nt a s s o c i a t i o n s . Non­

ske l e t a l a l l o c hems such as o o i ds a nd pe l o i d s a re a l s o c ommo n  

i n  t ro p i c a l  c ar b o n a t e s . b u t  r ar e  t o  a b s e n t  i n  t emp e ra t e  

c a rbona t e s  ( se e  Ne l s o n . 1 9 8 8 b . t ab l e  1 :  L e e s  a n d  Bu l l e r .  

1 9 7 2 : Le e s . 1 9 7 5 ) . 

A under s t a nd i ng o f  t h e s e  d i f f e re n t  c ar bo na t e  a s s o c i a t i o n s  

i s  n e c e s s a ry i n  t h e  i nt e rp re t a t i o n  o f  e a s t e rn G u l f  Coa s t  

O l i go c e n e  c a rb o na t e s . wh i c h a p p e a r  t o  have c h a r a c t e r i s t i c s 

o f  both t emp e r a t e - a nd t ro p i c a l - l a t i t ude c a rb o n a t e s . 

The Mode l 

A genera l mode l i s  p r o p o s e d  be l ow f or Lowe r O l i go c e ne . 

e a s t e r n  Gu l f  C o a s t  c a rbo n a t e s . Th i s  re g i o n a l mod e l r e f l e c t s  

l a t era l f a c i e s cha ng e s  a s  a f u n c t i o n o f  phys i c a l  

envi ronme n t . b i o t a . d e p t h . a nd p a l e o l a t i t ude . I t  a l s o 

•:: omb i n e s  c ha r a c t e r i s t i c s o f  c a rb o n a t e  ramp s . r i mme d 

c a r bo n a t e  s h e l ve s . a nd p e r i c r a t o n 1 c  p l a t f orms ( i . e . .  Bahama­

type p l at f orms : Re ad . 1 9 8 2 . 1 9 8 5 ) i n t o  a p a l e o ge ogra p h i c  a nd 

p a l eoenvi r o nme nt a l i nt e r pr e t a t i o n o f  the r eg i o n . 

F i gur e 4 . 2 2 i l l us t r a t e s  t h i s  mode l .  wh i ch i s  p r e s e n t ed a s  

a b l o ck d i agram a c r o s s  t h e  F l or i da P l a t f o rm . G u l f  

Trough / A p a l a c h i c o l a  Embayme n t . a nd e a s t e r n  G u l f S he l f .  The 

F l or i da P l a t f orm . ad j a c e n t  to the Gu l f  Trough / A p a l a ch i c o l a  

Embayme n t . re s emb l e d a p e r i c r a t o n i c  p l at f o rm ( Re a d . 1 9  
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F i gure 4 . 2 2 --B l o c k  d i agram f a c i e s a nd p a l e og e og r a p h i c  mode l 
f or Ea s t e r n  G u l f C o a s t Carbona t e s . S L  = 
s e a l e ve l . S e e  t ex t  f o r  d i s c u s s i o n .  
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w i t h  a l ar g e  f o ram/ a l g a l  ( a nd p o s s i b l y c o ra l ) r i m  a l o n g  t h e  

f l a nks o f  t h e  Trough wh i c h p r o v i de d  s ome pro t e c t i o n f or t h e  

muddy . p e l l o i da l . m i l i o l i d / g r e e n  a l ga l  c a r b o na t e s  ( i . e . , t h e  

Suwa n n e e  L i me s t o n e ) b e h i nd t h e  r i m . The F l o r i da P l a t f o rm wa s 

1 n  ma ny r e s p e c t s  l i k e  t h e  mod e r n  Gre a t  B a h ama B a nk . ad j a c e nt 

t o  t h e  F l o r i da S t ra i t s ( a  G u l f Trough a n a l og ) . w i t h A ndro s 

I s l a nd b e i ng t h e  modern c o u n t e rp a r t  o f  Or a n g e  I s l a nd . The 

we s t  F l or i da She l f .  howe ve r . wa s a p p a r e n t l y  an o p e n  o c e a n . 

dr owned p l a t e au ( or r amp ) dur i ng t h e  Ear l y  O l i go c e n e  

( Mu l l i n s e t  a l  . .  1 9 8 8 b ) . The Suwa n n e e  L i me s t o n e . wh i c h i s  

t h e  dom i n a n t  l i t ho l ogy ove r t h e  F l or i d a  P l a t f orm , c o n t a i ns 

t r o p i c a l  f o ram i m i f e r a  ( l a r g e  s or i t i d s . D i c tv o c o nus ) .  p a t c h  

r e e f s  a n d  c o r a l t h i c k e t s . a nd l o c a l c o n c e n t r a t i o ns o f  

c a l c ar e o u s  g r e e n  a l ga e . I t  i s  t h e r e f o r e  i nt e r p r e t e d  as a 

typ i c a l  c h l o r o z o a n / ch l or a l ga l . s u b t r o p i c a l  c a r b o na t e . 

On t h e  n or t h e r n  s i de o f  t h e  G u l f  Trough / Ap a l a c h i c o l a  

Embayme n t . t h e  e a s t e r n  G u l f  Sh e l f  r e s e mb l e d a r i mme d s he l f  

w i th a l a ndward , i ns hore b a s i n  b e h i nd t h e  r i m  ( Re a d . 1 9 8 5 . 

p .  1 1 ) . I n  o t h e r  words . t h e  Br i d g e b o r o  c or a l ga l  c omp l e x 

f l a nked t h e  Gu l f  Trough , a nd g r a d e d  l a ndward i n t o  i mpure 

a nd / o r  l owe r e ne rgy c ar b o n a t e s  such a s  t h e  G l e ndon a n d  

Mar i a nna L i me s t on e s . a nd e v e n t ua l l y i n t o  n e a r s ho r e  c l a s t i c s . 

Be c a u s e  o f  i t s l o c a l  bu i l du p s  o f  s c l e r a c t i n 1 a n c o r a l s . t h e  

Br i dgeboro i s  c o ns i de r e d  p r i m ar i l y  a c h l o r o z o a n  a s s emb l ag e . 

Th i s  was p o s s i b l e . de s p i t e  i t s r e l a t i ve l y h i gh p a l e o l a t i t ude 

( 3 0 °  or m o r e  nort h ) . be c a u s e  o f  the i n f l ue n c e  o f  warm . 
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tro p i c a l  Gu l f  Trough wa t e rs . 

The r i mmed she 1 f n a ture o f  t h e  a.re a  around the Gu 1 f 

Trough . h owever .  p a s sed i nt o  a carbo n a t e  ramp morpho l ogy 

we s tward n e a r  t h e  s he l f  marg i n  i n  s o u t h e r n  A l abama and 

M i s s i s s i pp i . Th i s  bathyme tr i c grad i e n t  f rom the Br i dge boro . 

t o  t h e  F l or a l a .  t o  t h e  G l e ndon . f o l l owed t h e  t r e nd f rom the 

Gu l f  Trough marg i n . t o  t h e  marg i ns of  the A p a l a ch i c o l a  

Embayme n t  ( wh i ch o p e ned progre s s i ve l y  away f rom the ax i s  o f  

the Tr ough l .  t o  t h e  e as t ern Gu l f  She l f  marg i n  i n  so uthern 

M i s s i s s i pp i  a nd A l abama ( s ee  F i g . 4 . 2 1 ) . The dom i nant 

l i t ho l og i e s  o f  the She l f  C a rbon a t e  Prov i n c e  are the F l ora l a ,  

G l e ndon , a nd Mar i a nna L ime s t ones . The F l o ra l a  i s  a l arge ­

f or am/ red a l ga l  l imes t o n e , w i th abundant bry o zoa . The 

G l e ndon L i me s t one cont a i ns a bunda n t  l arger f orami n i f e ra , 

c a l c i t i c  mo l l u s c s , and bryozoa . The Mar i a n n a  i s  a muddy 

c arbona t e . w i t h  a b u ndant l arger f orami n i f e ra ·'i nd bryozoa . 

The Mar i an n a  a nd G l e ndon . i n  part i cu l ar ,  c o n t a i n  rock­

form i ng a bundan c e s  o f  bryozoans , a nd cou l d  b e  a ppropr i a t e l y  

c a l l ed bry omo l c arbonat e s . Bryozoa n- r i ch c arbonate s  a r e  

e s p e c i a l l y  c ommo n  i n  coo l . tempe r a t e  wa t e r s  ! Ne l s o n  e t  a l . ,  

1 98 8 a , b ;  McKenz i e  e t  a l  . .  1 98 0 ) . 

The c a rbo n a t e s  o f  the e <J. s t ern Gu 1 f She 1 f c ou l d be 

c l as s i f i ed as t emp e r a t e  wa t e r  c arbona t e s . Howeve r . t h e  

phys i c a l  a nd g e ograph i c  c o nt ro l 3  o n  the n a t ur e  o f  the s e  

s e d i me nt s  are pot e nt i a l l y  many . The s e  s e d i me n t s  f ormed a t  o r  

above a p a l e o l a t i tude o f  3 0 °  N .  Th i s  p u t s  t hem r i gh t  a t  
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common l y  a c k n ow l e dged boundary betwe e n  t emper a t e a nd 

subtrop i c a l  l at i t ude ca rbonat e s . There fore . i t  mus t  be 

r e c og n i zed t h a t  o t h e r  contro l s  bes i de s  l a t i t ude . per s e . 

m i gh t  be i n f l ue nc i ng the t empe r a t e  chara c t e r  o f  t h e s e  

ca rbonat e s . D e p t h . f or e xamp l e . i n  otherw i s e t rop i ca l  

e nv i ronme n t s . c a n  c r e a t e  " t emp era t e "  cond i t i o ns a nd h o s t  a 

" t emp erat e "  be n t h o s . Th i s  o c curs be l ow a n  a p p ro x i ma t e  2 0 ° 

t h e rmoc l i ne  ( Broo k f i e l d ,  1 9 8 8 ) . S im i l ar l y . e x c e s s  nutr i e nt s 

i n  t rop i ca l  wat e r s  ( Ha l l o ck a nd S c h l ager , 1 98 6 : Ha l l o ck e t  

a l  . .  1 9 8 8 ) c o u l d  l ik e w i s e  produc e  a " t emp e ra t e " b en t ho s . 

I s ugg e s t . howeve r . that the She l f C arbo n a t e  P r ov i nc e  wa s 

e f f e c t i v e l y  a t empe r a t e -wa t e r  carbona t e  a s s emb l ag e . The h i gh 

pa l eo l a t i t ud i na l  s e t t i ng wou l d  s e em to ru l e  out a " d e e p  

t r o p i c a l " exp l a na t i o n  f o r  t h e  f o ramo l / bryomo l s e d i me n t s . 

I ns t e ad . t h e  e a s t ern Gu l f  She l f  was a drown ed ramp . w i th a 

she l f  marg i n  c ond e ns ed s e c t i on i 1 . e . .  the G l e ndon 

L i mes t o ne ) .  Why t he she l f  marg i n  c a rbom1t e s  d i d  not  " ke ep 

up " ( Kenda l l  i:J.nd S c h l ag e r . 1 9 8 L  p .  1 9 8 )  w1 t h  s e a  l eve l r i s e  

may b e  re l a t ed t o  e i t h e r  nut r i e nt e x c e s s . a nd / or t h e  f a c t  

t h a t  t h e s e  c arbona t e s  were i ndeed 1 n  coo l er .  t emper a t e  

wa t ers . A s  p o i nt ed out by S i mone a nd Caranna n t e  ( 1 9 8 8 ) . t h e  

ve ry nature o f  t empe ra t e  be nthos ( I . e . .  s l ow-grow i ng l  make 

them unab l e  to keep pace w i t h s e a l eve l r i s e . a nd t he r e f ore 

mak e  t empe ra t e  carbo n a t e  s e t t i ngs e s p e c i a l l y  prone to 

drown :i !l("J . The c ommon ch<J.ra c t e r i s t i c s o f  drowned p l a t f orms or 

ramps . such a s  abund a n t  g l au c on i t e , mi nera l i zed 
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sur f a c e s /hardgrounds . a nd b i o eroded gra i ns ( S i mo ne and 

C a ranna n t e . 1 98 8 ) are common i n  t h e  G l e ndon L i me s t o n e  ( s ee  

F i gs . 4 . 4D . E ;  4 . 2 3 ) . 

The c l o s e  prox i mi ty o f  t r o p i ca l  and t emp e ra t e  b e n th i c  

commu n i t i e s  i n  t h e  O l i go c e ne i s  pe rhaps comp a r ab l e  aga i n  t o  

t he modern northern Gu l f  C o a s t . Here . a s s emb l ag e s  o f  

t r o p i ca l  a f f i n i t i e s  e x i s t  o n  t h e  o u t e r  s he l f  ( as o n  t h e  

F l owe r G arde n r e e f s ) . a nd g r a d e  i nt o  f aunas o f  mor e 

t emperat e  a f f i n i t i e s on the i nner s he l f  where t e mp e r a t ur e  

a nd s a l i n i ty a r e  mor e  va r i ab l e . 

C omp ar i s o n  w i t h O t h e r  O l i go c e ne Ree f s  

Numerous O l i go c e ne r e e f c omp l ex e s  a nd sma l l er bu i l dups 

h ave b e e n  d e s c r i bed f rom areas t h a t  e x i s te d  a l o ng the 

marg i ns of  t h e  O l i go ce ne T e t hy s  a nd in  the Car i bbe a n / G u l f  o f  

Me x i c o reg i o n . The s t ru c t ur e  and pa l e oe c o l o gy o f  s ome o f  

t h e s e  re e f s  are br i e f l y d e s cr i be d  and i l l us t ra t ed be l ow .  

w i t h the a im o f  c ompar i ng t he s e  bu i du p s  to  t h e  E a s t e r n  G u l f  

C o a s t  ree f s  des c r i b e d  a bove . 

Damo n Mounc:L__Tex.:ts 

Damon Mound i s  a s ur f a c e  e x p r es s i o n  of sha l l ow s a l t  dome 

i n trus i o n . l oc a t ed about 72 km sou thwe s t  o f  Hous t o n . xas . 

The mound i s  a f cw l t -bounded b l o c k . r i s i ng 2 5 m above t h e  

surround i ng c o as t a l p l a i n .  a nd w a s  d i a p i r i c a l l y up l i f t ed 

170  
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F i gure 4 . 2 3--F i rmground/hardground i n  the G l e ndon L ime s t one 
( St .  S t e phens Quarry . A l abama ) . Not e how the 

e n crust i ng e p i f auna l b i va l ve has grown over the 
cont ours of the i rregu l ar l ime st one sur f ace 
( sugge st i ng a f i rm substrate and l ow 
sed ime n t at i on rat e ) . S c a l e  bar = 1 em . 
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some 1 0 0 0  m t o  the s ur f ac e . Qua rry i ng o p e r a t i o ns ed a 

2 7 m th i ck s e ct i on o f  the Upper O l i go c e ne / Lowe r M i o c e ne 

Anahuac Forma t i on .  i n c l ud i ng a we l l -deve l o ped c or a l re e f  

w i t h i n  we l l -k n own H e t ero s t ecr i na Zone o f  t h i s  f orma t i o n 

( e q u i va l e n t  t o  t h e  G l oborot a l i a ne ) . Th i s  re e f  ( as 

we l l  as s i m i l ar r e e f s  i n  the subsur f a c e : C a n t re l l e t  a l  . . 

1 9 5 9 ) deve l o ped a c ro s s  t h e  t o p  a nd a l ong t he f l a nks o f  t h e  

eme rg i ng f au l t  b l o c k  ( Fr o s t  a nd Scha f ersma n , 1 9 78 ) . 

Damo n re e f  c ons i st s  o f  a sha l l ow i ng -u pwards s u c c e s s i on 

o f  l a rger f o rami n i f e ra l grave l s . l ow t h i cke t s  

i nt e rbedded w i t h  dark t e rr i ge nous muds t o n e s . de n s e  ma s s e s  o f  

" l e t t u c e  c or a l " ( l .  h i gh t h i cke t s  w i th 

mas s i ve h e a d  cora l s .  t h i n-be dded c or a l l i ne l ime s t o ne w i t h  

unsorted ske l e t a l d e br i s . re e f  c o r e  bounds t o n e  w i t h  mass i ve 

h e ads ( ov e r  1 m  i n  d i ame t e r )  o f  A n t i gua s t r e a  c e 1 l u l os a  and 

i nt ermed i a ,  r ud s t o ne / gra i ns t o ne w i t h d i s p l a c e d  

c o r a l debr i s  a nd abunda nt  i n f auna l b i va l ve s  r Kuohus a nd 

==== ) .  and '"'e 1 1 -s o r t e d  ske 1 e t a  1 gra i ns t o ne w i t h .:tbundan t  

mi l i o l i d f oram i n i f e ra ( fr o s t  and S cha f e rsma n , 1 9 78 : Frost . 

1 9 7 9 ; S cha f e rsma n . 1 9 8 3 : C o l l i ns .  1 8 ) . The se f a c i e s are 

i l l us t ra t e d  i n  F i gure 4 . 24 .  

The Damo n r e e f h a s  be e n  compa red t o  t he F l owe r G a r d e n  

Ba nks re e f s  of  t h e  mod e r n  Gu l f  she l f  o f f t he Texas c o a s t . 

L i k e t h e  Damon re e f . the  F l ower Garde ns r e e f s  have grown on 

a ve ry l o c a l i sho a l ( produced by sha l l ow s a l t  i nt rus i o n ) 

o n  a n  o therw i s e c l as t i c-dom i n a t e d . a nd r e l a t i ve l y  h i gh 
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F i gure 4 . 2 4-- I de a l i ze d  c r o s s  s e c t i o n o f  t h e  D amo n Mound 
Re e f . Ten f a c i e s  have b e e n  d e s c r i be d . Un i t  1 
( no t  shown ) i s  a b l a c k  ma r i ne c l ay and c o nt a i ns 

m i cro f o s s i l s i nd i c a t i ve o f  t h e  e ar l y  O l i g o c e n e  
G l ob i qe r i na amp l i ape rt ur a  Zone . Un i t  2 ! no t  
shown ) cont a i ns wa c k e s t o n e s  t o  gra i n s t o n e s  w i t h 
abund a n t  l arge r f o r am i n i f e ra a nd va r 1 ous 
ma cro f auna . Un i t  3 c o ns i s t s  of a l t er n a t i ng 
P or i t e s  wa cke s t o ne s / pa ck s t o n e s  ( wh i ch f orm l ow 
t h i ck e t s ) a nd d a rk gray i sh-gr e e n  t er r i g e nous 
muds t o n e s  w i t h  a He t e r o s t eq i na Z o n e  f or am­
i n i f er a l f a una . U n i t  4 i s  s i m i l a r to Un i t  3 ,  
but c o nt a i ns l e s s  t er r i ge nous ma t e r i a l . a nd h a s  
l o c a l . d e n s e . i n  s i t u  ma s s e s  o f  t h e  ' ' l e t t u c e  
c o ra l " Lept o s e r i s  a nd d i s p l a c e d  ma s s i ve h e a d s  
o f  spher i c a l  h e rma ty p i c  c o r a l ( e . g  . .  
Ant igua s t r e a  c e l l u l o s a ) . Un i t  5 i s  a mas s i ve 
wa cke s t one w i t h  h i gh growth s  o f  P o r i t e s  
g9uv i l l e i  a nd many ma s s i ve h e ad c o ra l s .  Un i t  6 
i s  a t h i n-bedd e d  c o ra l l i ne wack e s t o n e  t o  
p a c ks t o ne , w i th uns o r t e d  ske l e t a l  debr i s .  i n  
si t u  c o r a l s .  a nd d i s p l a ced c o ra l s .  Ur1 i t  7 i s  
t h e  r e e f c o r e  f d c i e s  bou nds t o n e . c o n t a i n i ng 
l arge h e ads ( mo r e  t h a n 1 m i n  d i amA t e r )  o f  
A n t igu a s t r e a  c e l l u l o s a  a nd Mo n t a s t r e a  
i n t e rme d i a ,  a s  we l l  a s  t we l ve o t h e r  h e rmaty p i c  
s p e c i e s . C o ra l l i ne a l ga e  and var i ou s  e ndob i o n t s 
a re a l s o p r e s e n t . U n i t  8 i s  a ruds t on e /  
gra i ns t one . w i t h  d i s p l a c ed c o r a l debr i s  i n  t h e  
l ower t h i rd . a nd a bunda n t  i n f auna l b i va l ve s  
( v i z  . .  Kuphus a nd Luc i na )  i n  t h e  u p p e r  two 
t h i rd s . Un i t  9 i s  a we l l -sort e d , ma s s i ve 
ske l e t a l gra i ns t on e  w i th abundant m i l i o l i d 
f or am i n i f e r a . Un i t  1 0  i s  pos t -O l i g o c e ne 
rego l i t h .  w i t h c o ra l l i ne debr i s  f r om a l l l owe r 
un i t s . Sourc e : S c h a f e r sman . S . D  . . 1 9 8 3 . 

L i t ho f a c i e s a nd s t r a t i gr a phy o f  a n  O l i go c e ne 
cora l r e e f o f  t h e  U . S .  G u l f  Coa s t . Damon Mound . 
Te xas . I n :  Harr i s . P . M . .  C e d . ) .  Carbo n a t e  
bu i l du p s --A c or e  work s ho p . S o c i e ty o f  E co nom i c 
Pa l e o n t o l og i s t s  a nd M i ne ra l og i s t s . p .  4 64-4 9 0 . 
f i gu r e  6 .  
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l a t i tude s he l f . Th e D amon r e e f a l s o h a s  a l ower c o r a l 

d i ve rs i ty t h a n  t r o p i c a l  O l i go c e n e  r e e f s .  a s  do the F l ower 

G a rd e n s  c omp a r e d  t o  mode r n  C a r i bbe a n  r e e f s . The F l owe r 

Gardens have o n l y  3 3 %  o f  t he d i ve r s i ty o f  f u l l y  t r o p i c a l  

C a r i bb e a n  r e e f s , a nd Damon Mound c o r a l d i ve r s i ty i s  2 5% o f  

O l i go c e ne C a r i b be a n  r e e f s  ( e . g  . .  Damo n Mound h a s  1 3  o r  1 4  

c or a l s pe c i e s  c omp a red t o  2 7  i n  t h e  Ch i ap a s . Mex i c o re e f  

de s c r i be d  be l ow )  . F ramework c o r a  1 s ,3. t Damo n Mound . howe ve r .  

grew muc h  l arger t h a n  the i r  C a r i bhe a n  c o u n t e rp a r t s ( re a ch i ng 

up t o  2 m i n  d i ame t er J • The s e  d i f f e re n c e s  •'i re ,3. t. t r i  buted t. o 

the h i gh l a t i t ude o c c u rr e n c e  o f  b o t h  the F l owe r G a rd e n B a nk s  

and Damo n Mound ( Fr o s t  a nd S c h a f e rsma n .  1 9 7 8 ; Re z ak . 1 9 8 5 ; 

Br i ght e t  a l  . .  1 9 8 4 ) . 

Comp a r e d  t o  t h e  e a s t er n  G u l f C o a s t  r e e f s . Damon Mound 

a pp e ars t o  have mu ch b e t t e r  p r e s e rva t i on o f  i t s c o r a l f au n a . 

Th i s  may , i n  p a r t . be a c o n s e q ue n c e  o f  i t s prox i m i ty t o  h i gh 

t e rr i ge nous i n put . I t  i s  a l mo s t  c ount e r- i nt u i t i ve . but h i gh 

c l a s t i c  i nput u s u a l l y r e su l t s i n  be t t e r  p r e s e rva t i o n  o f  

arago n i t i c  ske l e t a l ma t e r i a l  ( Ko c h  a nd S oh l . 1 9 8 1 ) . C l ay s  

may h a v e  a n  i ns u l a t i ng e f f e c t  o n  a r a g o n i t i c  s k e l e t o ns . a nd 

t he reby preve n t  d i s s o l ut i o n . I n  pure c a r b o n a t e  l i tho l og i e s 

such a s  i n  F l or i da . aragon i t i c  ma t er i a l  i s  a l mo s t  i nv ar i a b l y 

r emoved . On l y  o c c a s i ona l mo l d s  o r  s i l i c i f i c a t i o n prevent the 

c omp l e t e  l o s s  of t h e s e  f o s s i l s .  

S eve r a l o f  the Damo n Mound f a c 1 e s a p p e a r  t o  b e  d i r e c t ly 

c omparab l e  to the e as t e r n  G u l f  r e e f s . Th e d e e p  f ore-re e f  
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l arger f o r am i n i f e r a l grave l s  wou l d  a pp e a r  t o  be c ompar a b l e  

t o  t h e  l arge f or am g r a i n s t o n e s  o f  t he B r i dge boro L i me s t o n e . 

a l t h ough s p e c i e s  c ompos i t i o n s  a r e  d i f f e r e nt ( pr o b a b l y  

re f l e c t i ng t h e  L a t e  O l i go c e n e / Ea r l y  Mi o c e n e  age o f  the Damon 

r e e f  c omp a r e d  to t he Low e r  O l i go c e n e  Br i dge bo r o  r e e f ) . 

A l t hough not f u l l y d e s c r i b e d  by Fro s t  a nd S c h a f e rsma n 

1 1 9 7 8 1 . a l  l nodu l e s  a r e  f ound i n  Un i t s  4-7 o f  D amo n Mound . 

a bove t h e  l arge f or am g rave l s  o f  Un i t  3 ( Re za k . 1 9 8 5 ) C s e e  

F i g . 4 . 24 ) . The Br i dge b o r o  L i me s t o n e  a l t er na t e s  b e t we e n  

rhodo l i t h- p o o r  a nd r h odo l i t h -r i c h beds . b o t h  o f  wh i ch 

c o n t a i n  l ar g e r  f orami n i f e r a  C s e e  A p p e nd i x  B ) . Th i s  may 

re f l e c t  a cy c l i c a l . shoa l i ng upwards s e q u e n c e . 

The c o r a l f r ame s t o ne s  o f  Damon Mound may a l s o b e  very 

c ompa r a b l e  t o  t h e  Br i dg e boro r e e f  de s c r i be d  by V augh a n  

( 1 9 0 0 ) a nd a s  s e e n  a t  C l i ma x  C ave ( A p p e nd i x  B l . Th i s  W i l l  

r e q u i r e a dd i t i o n a l work t o  c o n f i rm .  h oweve r . b e c a u s e  o f  t he 

poor c ro s s -s e c t i on a l e x p o s u r e  o f  t h e  c o r a l a r i ng 

l i th o l og i e s o f  t h e  Br i dg e boro . a nd t h e  f a c t  t h a t  t he 

Br i dgeboro c or a l s  a r e  not f u l l y d e s c r i be d . The b a c k r e e f 

l i me s t o n e s  ( U n i t  8 .  F i g . 4 . 2 4 )  a p p e a r  t o  be 

qu i t e  s i m i ar to t he Kuphus -r i ch Suwa nne e L i me s t o n e . wh i c h 

a l s o c o nt a i ns abund a n t  i n f a u n a l b i va l ve s . A s  d e s cr 1 be d  

prev i ous l y . t h e  S uwa n ne e i s  i nt e rpre t ed a s  a p l a t f o rm- l i ke 

b a c kr e e f d e p o s i t . La s t l y . b o t h  Br i dgeboro a nd Damo n r e e f s  

o c c ur a t  r e l a t i ve l y  h i gh pa l e o l a t i tu�cs i n  t h e  G u l f .  

a l t hough t h e  B r i dg e bo r o  e x t e nd s  h i gh e r  t h a n  D amo n Mound 
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( pe rha p s  u p  3 °  o f  l a t i t ude ) . 

Lou i s i a n a /M i s s i s s i po i  ( subsur f a c e ) 

L i ke t h e  Damon ree f . some r e e f s  o f  subsur f a c e  Lou i s i an a  

and M i s s i s s i p p i  a l so oc cur w i t h i n  the He t e ros t eg i na Zone o f  

La t e  O l i go c e ne t o  Ear l y  Mi o c e ne age ( S qu i re s  a nd S a c h s . 

1 9 5 7 ) . A c c o rd i ng t o  Kru t a k  a nd Beron ( 1 9 9 0 ) , howeve r . 

He t e ros t eg i na Z o ne re e f s  o f  the we s t ern Gu l f  ( Te x a s  a nd 

soutwe s t e r n  L o u i s i ana ) o n l y  grew over eme rg i ng s a l t  dome s 

( a s d i d t h e  D amo n Mound r e e f ) . But i n  t he e a s t e r n  range o f  

t h e  He t e ro s t egi na Zone ( f rom S t . Mart i n  P ar i sh . L ou i s i ana . 

to Mob i l e  Bay . A l abama ) . the r e e f a l  f a c i e s  o f  the 

H e t eros t eq i na Zone f ormed a r i mme d  c arbo n a t e  s h e l f  ( s e e  a l so 

Forma n a n d  S c h l ange r . 1 9 57 ) . 

P e trograph i c  a na l ys i s  o f  a core f rom o f f shore M i ss i s s i p p i  

by Kru t ak a nd Beron ( 1 9 9 0 ) de f i n ed t hree ma j o r  c a rbo n a t e  

f a c i e s : ( 1 )  m i l i o l i d wa cke s t o n e  w i t h  c ora l l i ne a l ga l 

t h i c k e t s . i n terp re t e d  as a w i ndward b u i l dup remi n i s c e n t  o f  

( 1  wou l d  c ons i de r  t h 1 s  a backre e f  bu i l dup ) ; ( 2 )  .:1 d e e p e r . 

bryozoa n-mo l l us c - f orami n i f e r a l - a l ga l  l ime s t one : a nd ! 3 ) a 

s ha l l ow f orami n i f e ra l -a !  1 -rhodo l i t i c  l i me s to n e  ( Wi t h 

oo i ds ) . S ome o f  these f a c 1 e s are very s 1 m 1 l ar t o  e a s t e rn 

Gu l f  f a c 1 es . part i c u l ar l y the Suwa n n e e  L i me s t one . 

Krut ak a nd Bero n ( 1 9 9 0 ) a l s o n o t e  t h a t  th i s  s he l f  edge 

r e e f a l  hu 1 l dup wa s i n i t i at ed s l i gh t l y  be f o re Anahu a c  t i me .  
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i n  l at e  F r i o  t i me ( Ch i c ka s awh ay a n . L a t e  C ha t t i a n ) . The L a t e  

O l i go c e n e  a g e  o f  t h e s e  bu i l du p s  cou l d  be o f  s pe c i a l  

i n t e r e s t . Dur i ng t he .3 0 Ma m i d --0 1 i g o c e ne e us t a t i c  s e a  l eve 1 

f a l l .  re e f s  i n  t he e a s t e r n  G u l f mov e d  f rom t h e  f l anks o f  t h e  

Gu l f  Trough ( Br i dge boro L i me s t o n e ) i n t o  t h e  Tr ough ( Ok ap i l c o 

Memb e r  o f  Suwa n n e e  L i me s t o ne ) .  I p r o p o s e  t ha t  t h i s  z o n e  o f  

re e f  deve l o pment c o nt i nued t o  t r a c k  s e a  l eve l f a l l  

t h roughout t h e  r e s t  o f  the O l i go c e n e  by mov i ng 

s o u t hwe s tward . d own t h e  Gu l f  Trough a nd Ap a l a c h i c o l a  

Embayme n t . Th i s  l a t e ra l , t i me - t r a n s g re s s i ve f a c 1 e s s h 1 f t 

progr e s s 1 ve l y  s t e p p ed d own a b a t hyme t r i c  gn1d i e n t  un t i l  by 

t h e  L a t e  O l i g o c e ne . i t  wa s n e a r  t h e  nort h e r n  Gu l f  s he l f 

marg i n .  a s  deve l oped i n  t h e  He t er o s t eg 1 na Zone s h e l f  e dge 

bu i l du p s  ( F i g . 4 . 2 5 ) . 

Th i s  hyp o t h e s i s  r e qu i re s  f u r t h e r  t e s t i ng .  The nature o f  

t h e  O l i go c e n e  s h e l f  marg i n  o f  t h e  nor t h e r n  Gu l f  i s  n o t  we l l  

k n own . I h ave , h oweve r . o b s e rved c ora l t h i c k e t s  o f  L a t e  

O l i go c e ne o r  Ea r l y M i o c e ne a g e  i n  a c o r e  f rom Bay County . 

F l or 1 da . wh i ch i s  a t  a n  i nt e rmed i a t e  l o c a t i o n b e t we e n  t h e  

Gu l f  Trough a nd the l o c a t i o n o f  t h e  Z o n e  

bu i l dnp o f  o f f s h o re M i s s i s s i p p i  a n d  A l ,::x b am-3. t F i g . 4 . 2 5 ) . 

Ch i apas . Mex i c o 

A n  e x t r eme l y  we l l -e xposed s e q ue n c e  t�r o ugh a n  O l i go c e ne 

barr i er r e e f  o c c ur s  a t  Pueb l o  Nuevo S o l i s t a hua c a n  i n  

Ch i a p a s . Me x i c o . and h a s  b e e n  f u l l y d e s c r i b e d  by Fro s t  a nd 
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F i gure 4 .  

100 km 

i me -t r a n s gr e s s i ve moveme n t  o f  O l i g o c e ne r e e f 
f a c i e s i n  t he n o r t h e r n  G u l f  C o a s t a l P l a i n . 
A r e a s  mark e d  1 s how l o c a t i o n  o f  t h e  Br i dg e b o r o  
c o ra l ga l  bu i l du p  o f  e a r l y  V i c k s burg i a n  a g e . 
A r e a  � s h ows t h e  l oc a t i o n o f  r e e f f a c i e s  wi t h i n  
t h e  G u l f  Tr ough ( Ok a p i l c o  Memb e r  o f  t h e  
S uwa n n e e  L i me s t o ne ) wh i c h d e ve l o p e d  dur i ng l a t e  
V i ck s burg i a n t i me , j u s t  pr i or t o  t h e  max i ;num 
s e a l eve l l ows t a nd a t  3 0  Ma . A r e a s  marked � s h ow 
t h e  l o c a t i on o f  l at e  O l i go c e ne ( Ch i c k a s awhay a n ) 
t o  e ar l y M i o c e ne r e e f f a c i e s  a l o ng t h e  L a t e  
O l i go c e n e  s h e l f  marg i n  o f  t he n o r t h e rn G u l f  
C oa s t . Re e f  d e v e l o pme n t  t r a c k e d  s e a  l eve l f a l l  
t hr o ughout t h e  O l i go c e n e  f r om A r e a  1 ( e ar l y  
O l i go c e ne ) . t o  A r e a  2 ( l a t e  e a r l y  O l i go c e ne ) . 
t o  A r e a  3 C l a t e  O l i go c e ne t o  e a r l y  M i o c e ne ) . 
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La nge nhe i m  C l 9 7 4 ) . The r e e f  o c c u r s  i n  t h e  l owe r La Qu i nt a  

F orma t i o n o f  U p p e r  O l i go c e ne a g e  ( l owe r G l o b i ge r i na 

c i pe r o e n s i s  Z o ne ) . i s  3 6 m t h i c k a nd h a s  a t h i n n e r  C 6  m 

th i ck ) . s e c o nd r e e f s u p e r i mp o s e d  over i t . Twe n t y  s e v e n  

s p e c i e s  o f  h e rma ty p i c  c o r a l s  have be e n  i de n t i f i e d f rom t h i s  

u n i t . 

L i ke t h e  Damo n  Mou nd r e e f . t h e  P ue b l o  Nuevo r e e f  s h ows a 

s ha l l ow i ng -upwards s u c c e s s i on o f  b a s a l P o r i t e s  t h i c ke t s  i n t o  

ma s s i ve r e e f c or e . The P u e b l o  Nuevo r e e f c or e . howeve r .  1 s  

dom i n a t e d  by D i p l o a s t re a  c r a s s o l ame l l a t a . C o l o ohy l l i a 

w i l l o uqhb i e ns i s . A n t i gu a s t r e a  c e l l u l o s a . a nd P o r i t e s  

pa n ame n s i s . The r e e f  i s  a br up t l y  ove r l a i n  by a t h i n  b e d  o f  

l i g n i t e . a nd a p l a n t -be a r i ng s a nd s t o ne ( pe rh a p s  i nd i c a t i ng 

d e a th o f  t h e  r e e f by n u t r i e n t  e x c e s s . f o l l owed by b ur i a l  

f r om prograd i ng c l a s t i c s ) . A sma l l e r re e f . o n l y  6 m t h i ck . 

over l i e s  t h e  s a nd s t o n e . a nd deve l o ped o n  a P o r i t e s  t h i cke t 

j us t  a s  t h e  ma i n  r e e f ( F i g . 4 . 2 6 ) . 

The P u e b l o  Nuevo r e e f  i s  p e r h a p s  o n e  o f  t h e  b e s t  deve l o p e d  

a nd e x po s e d  O l i g o c e ne r e e f s  i n  t h e  C a r i bb e a n . A l t h ou g h  t he 

B r i d g e b o r o  L ime s t o ne i s  a l s o a l i n e a r . c o r a l g a l  bu i l dup . i t  

i s  doub t f u l t h a t  i t  deve l o p e d  t h e  e x t e ns i ve s c l e r a c t i n i a n  

f r amework o f  t h e  P u e b l o  Nuevo r e e f . The Br i dg e bo r o  i s  

i n s t e a d  vo l ume t r i c a l l y  dom i n a t e d  by c or a l l i n e a l g a e  I n  t h e  

f orm o f  rhodo l i t hs . Howeve r . l a rger f or a m i n i f e r a . 

p a. r t i c u l a r l y  robus t f o rms 1.1 f L e p i d o cyc l i n a  ( Eu l e p J. d i l t d ) 

undo s a . a r e  a s s o c i a t e d  w i t h  t h e  P u e b l o  Nuevo r e e f . Sma l l e r 
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F i gure 4 . 2 6 -- S t r a t i gr a ph i c  s e c t i on t hr o u gh t h e  L a t e  
O l i g o c e ne P u e b l o  Nuevo b a rr i er r e e f c om p l e x ,  
C h i a p a s , Me x i c o . S o u r c e : Fro s t . S . H . , a nd 
L a nge nhe i m , R . L  J r . ,  1 9 7 4 . C e nozo i c  Re e f  
B i o f a c i e s . Nor t h e r n  I l l i no i s  Un i ve r s i ty Pre s s . 
3 8 8  p . , f i g u r e  2 9  

1 8 1  



(.) 

(.) a.. 
a.. 

X <t 
.:2: 
..J (.) 

I-
z 

(f) w 
.2 w x z (.') <r o  <[ � 0:: I- ..J -

(f) � >  u: z a.. w 
_j 
<[ 
0:: _j 
w <[ 
(f) 0 

(f) 
u: >-w i 
w (L  z 0 
a.. 

0 

a: w r-<t 
5: 
:r: (') ::J 0 a: 

a: w r-<t 
5: 

:2: w (j) 

a: w r-<t 
5: 
r-w 
::J 0 

. 1 5  0 
Emergent 

tnt 

manne feet 

L E G E N D 

cora ls :  

Diploaslreo 

Anliguaslrea 

Alveopora 

Agatt'liphyllia © 

Co/pophy/1/o � 
Favltes .1S]E 

Ponies 

massive 

branch ing : 

qu 1 e t  wa ter # 
rough water 

c o ra l l i ne a l gae ·� 

l arger fora m i r l fera : [ 30 '"' L (Eulep;dina) 

® Nummuliles (0) 

L 
20 � S mefm 

• Heterostegina 

t�" t: 
LOCAT i ON MAP 

cover 
S l r  tlte 020" 
[):p 4,• *\JW 

.l 

1 8 2  



morphs o f  L .  u nd o s a  are f ound i n  d e e p  f or e r e e f  a nd sha l l ow .  

n e arshore f a c i e s . Th e P u e b l o  Neuvo i s  p r e s e r v e d  i n  a mat r i x  

o f  p o o r l y  s or t ed q u a r t z  s a nd s  t o  s u bg raywa ck e s . w i t h  s ome 

arg i l l a c e ou s  ma t e r i a l . L i k e  the Damo n Mound r e e f , t h i s  

c l a s t i c  ma t e r i a l  p r o b a b l y  a c c o u n t s  f o r  i t s g o o d s t a t e  o f  

p r e s e rva t i o n .  

Brown s t own . J ama i c a 

S e ve r a l work e r s  h ave d i s c u s s ed t h e  r e e f s  o f  t h e  L a t e  

O l i g o c e ne B r owns t own L ime s t o n e  a l o ng t h e  no r t h e r n  c o a s t  o f  

J ama i c a ( Wa l l a c e  a n d  Fro s t . 1 9 7 6 : Wa l l a c e . 1 9 6 9 ; Mc F a r l a ne . 

1 9 7 4 . 1 9 77 : Eva a n d  Mc Far l a n e . 1 9 8 5 ) . Th e Browns t own i s  a n  

e x t e n s i ve f o r a m i n i f e ra l - c or a l a n d  m i l i o l i d  l i me s t o n e  

c o n t a i n i ng l ag o o na l . p a t ch re e f . b a c k  r e e f . f r i ng i ng re e f  

t r a c t , a nd f or e r e e f  f a c i e s . The s e  f a c i e s c ov e r e d  mos t  o f  t h e  

i s l a nd . wh i c h wa s a l ow grad i e n t  c ar bo n a t e  p l a t f orm . Some 4 0  

s p e c i es o f  s c l er a c t i n i an s  h a v e  be e n  i de n t i f i ed f r om the s e  

r e e f s . a n d a r i ch f or am i n i f e ra l a nd mo l l u s c a n  f a u n a  1 s  

p r e s e n t  a s  we l l .  The g e n e r a l pa l e o e nv i ro nme n t a l re l a t i on s  o f  

t h e  l ag o o n a l .  r e e f . a nd f or e re e f  f a c i e s a r e  i l l u s t r a t e d  i n  

F i gu r e  4 . 2 7 .  

The Brow n s t own L i me s t o n e  c o nt a i ns ma ny o f  t h e  f a u n a l 

e l eme n t s  s e e n  i n  t h e  e a s t e rn G u l f  C o a s t  O l i go c e ne 

c ar b o n a t e s . E s p e c i a l l y e v i d e n t  a r e  t he l a r g e r  f oram i n i f er a  

L ep i do cv c l 1 n a C Eu l e p i d i n a l undos a .  a nd 

( Ne phro l ep i d i na ) yur naqu n e n s i s . t wo s pe c i e s wh i ch 3 r e  
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f i gu r e  4 . 2 7--Up p e r  O l i g o c e ne l i t h o f a c i e s m a p o f  J ama i c a .  
B l o c k pa t t e r n  i d i c a t e s  b a c k r e e f .  c ar b o n a t e  
p l a t f o rm s e d i m e n t s .  dom i n a t e d  by m i l i o l j d  
f o r am i n f e r a  a nd m o l l u s c s . B l a ck a r e a s  i nd i c a t e  
r e e f  d ev e l o pme n t  w i t h  a b u nd a nt h e rma t y p i c  
c o r a l s .  c o r a l l i ne a l g a e . a nd l a r g er 
f oram i n i f e r a . S t i p p l e d a r e a  i nd 1 c a t e s  d e e p  
f o r e r e e f .  c h a l ky s e d i me n t s . Mod i f i e d f rom Eva 
and M c F a r l a n e  ( 1 9 8 5 ) . 



e s p e c i a l l y c ommon i n  t h e  B r i dg e b o r o  L ime s t o n e . Th e 

m i l i o l i d / l ag o o na l f a c i e s c o n t a i n s a n  abund a n c e  o f  t h e  

b i v a l ve Kuphus , a nd g a s t r o p od Or t h a u l ax .  f orms c ommon t o  t h e  

Suwa n n e e  L i me s t o n e  ( a l s o i nt e r p r e t e d a s  a p l a t f orm/ l ag o o n a l 

d e p os i t ) . The O l i go c e n e J a ma i c a n  P l at f orm wa s p r o ba b l y  q u i t e 

s i m i l ar t o  t h e  F l or i da P l a t f o rm .  w i th t h e  e x c e p t i o n  o f  

hav i ng a mor e  p ro l i f i c  and d i ve r s e  c ora l f auna ( be c a u s e  o f  

i t s mor e  t r o p i c a l  l o c a t i o n ) . A l s o . t h e  n o r th e r n  e d g e  o f  t h e  

O l i go c e n e  Jama i c a n  p l a t f orm wa s ne x t  t o  a d e e p  o c e a n i c  

e s c ar peme n t . j u s t  a s  i t  i s  t od ay . 

P e nue l a s -G u a n i c a Re e f . S ou t hwe s t e r n  P_ue_rt o  R i c o  

I n  s o u t hwe s t e rn P u e r t o  R i c o . a m i d- l a t e  O l i go c e n e  f r i ng i ng 

r e e f  and c ar b o n a t e  p l a t f orm c omp l e x h a s  b e e n  d e s c r i be d  i n  

de t a i l by Fr o s t  e t  a 1 . ( 1 9 8 3 a . b )  . Th i s  c 0mp l ex p r o v i d e s  

a no t her g o o d  c ompa r a t i ve mode l f or O l i go c e n e r e e f  a nd 

c a rbona t e  p l a t f o rm f a c i e s . a nd i s  i l l u s t r a t ed i n  F i gure 

4 . 2 8 .  Th e P e nu e l a s- Gu a n i c a R e e f c omp l e x o f  the Jua n a  D i a z 

F o rma t i o n c o n t a i ns f our c y c l e s o f  r e e f  deve l o pme n t . e a c h 

re l a t e d t o  e p i s ode s o f  p l a t f o rm f l o od i ng ( o r s ome o t h e r  f o rm 

o f  s t re s s  t o  t h e  r e e f c ommun i ty )  r e s u l t i ng f r om t e c t on i c  a nd 

e u s t at i c  e v e nt s . 

F r o s t ' s  mode l ( f i g . 4 . 2 8 )  d e p i c t s  l ar cr e r  f o r a m i n i f er a l 

g r a ve l s  w i t h  a.bundant Lep i do cvc l i na. und o s (!  1 n  d e e p  f or e re e f 

s e t t i ngs a t  d e p t h s  o f  4 0 -50 m ( o t h e r  f au n a  i n  t h e  d e e p  

f or e r e e f i n c l ud e  L e p i d o cy l i n a vurnaqu n e n s 1 s . Nummu l i t e s  
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R h o d o l i t e / c o r a l  
_'"'"" ""' r u d s t o n e .  H e a v y  

;, _ - - WAVE B A S E  FOR - - - - -- -� .:-�.� C o r.a l l i n e  a l g a e .  
e n c r u s t a t i o n  a n d  S k e 1 e t a  I OCEAN SWELLS .�y,'/ 'f, P o n t e s a n d e n - b i o e r o s 1 o n . p a c k s t o n e  t o  r,;rf• c r u s t 1 n g  f o r a m s .  Poro s i t y  m a y be g r a i n s t o n e , 

I I J 
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('() 
(� 

r'!0 
g ood .  c h a r a c t e r i z ed b y  

' 1  l I � f <  ' ,  ,_,�o r a l  reef  core f r a m e work 
P r i m a r y  f r a m e  b u i ld e r s  1 n c lude 
m a ssive P o rit e s ,  Goniopora,  
A n t i g u a s t r e a ,  M o n t a s t r e a ,  
D i p lo a s t re a  a n d  As treopora.  
S u b s i d i a r y  f r a m e  b u i ld e r s  l ll ·  
c l u d e  c o t u m n 1 form Pori tes a n d  
S t y l o c o e n i e l l a  a n d  dend roiCJ 
C a ul a strea as w e l l  a s  c 1 u s t o s e  
c o r a l l i n e  a l g a e .  M a t f l x  l i l l e 1 s 
c o m p r i s e  r a m o s e  c o r a l 1 1 n e  

B o u n d  f ra mework o f  s h e e t s  o f  
cora l l i n e  a l g a e ,  rhod o l i t e s ,  t h e  
encr u s t i n g  l o r a m s  C a rpenteri a  
a n d  Victor ie l la  a s  w e l l  a s  
- p o r i t e s  i n  e n c r u s t i n g ,  
m a s s i ve a n d  nod u l a r  g r o w t h  
f o r m .  Poro s i t y m a y  be good . 

s i p h o n  shea t h s  of  
t h e  c lam K u p h u s .  
P o r o s i t y  v a r i e s  
w i t h  cemen t a t io n .  

M !  1 f h ' ,  

'l 

l 
M a. s s i v �  c l a y s t o n e  w i t h  p l a n k t o n i C 
f o r  a rn 1 n i f  e r a  a n d  c a I r;  a r e  o 1 1  s 
n a n n o p l a n k t o n  in rock bu i ld i n g a !J u n ·  
d a n c e  i n  U p p e r  O l i gocene a t  G u a y a n i i i<J 
l n t e r beclcled w i t h  t u r b i d i t e s  f i i i P d  w 1 t h  
r e e f d e b r i s  T h e  L o w e r  M 1 o c e 1 1 e  
e q u i v a l e n t  a t  G u a y a n i l l a  I S  a c lea n 
p e l a g iC c h a l k ,  I n d i c a t i n g  reduced i n f l u x  
o f  f r n e  t e r r i g e n o u s  sedimen t ,  w 1 l h  h i g l1 
rn a t f l x  poro s i t y  but  low perrn e a iJi l l l y  

P a c k s t o 1 1 n  composed m o s t ·  
l y  o f  t h e  g i a n t  f o r a m  
L c p i d oc y c l i n e (E.)  u n d o s a .  
T 1 1 1s  is  v a r i o u s l y  d i l 11 t ed by 
p 1 o x i m a l  t u r b i d i t e s  a n d  
d e i H I S  f l o w s  o f  reef  r u bble.  
P o o r  poros i t y .  

R e p r esen t s  seaward edge o f  
c o r a l  f r a m e w o r k  g r o w t h .  
I y p 1 c a l l y  w i t h  a lower f n n g e  o f  
s e d 1 m e n t  r e s i s t a n t  c o r a l  s u c h  
a s  P o r i t e s ,  t h e  c h ar a c t e ri s t ic 
f l a t t e ned or fol iose c o r a l s  i n ·  
e l u d e  H ydnophora, L e p t o s e r i s  
Fungophyll ia a n d  P o r i t e s .  
M a n y  o f  t h e  p l a t e s  w e r e  ext  e n ·  
s 1 v r: l y  e n c r u s t e d  o n  t he i r  u nder· 
s i rl r� s  by c o r a l l i n e  a l g a e .  
IJI yozoa,  f o r a m s  a n d  p r o b a b l y  
s p o n g e s .  Poro s i t y  r a n g es f r o m  
f a i r  t o  poor.  

a l g a e ,  t i n y  b r a n c h i n g  c o r a l s .  
a n d  r e e f  o y s t e r s .  L a r g e r  
l o r a m s  a nd e n c r u s t i n g  f o r a rn s  
a r e  a l so p r e s e n t  Po r o s 1 t y  m a y  
r a n g e  f r o m  f a i r  t o  g o o d .  

O L I G O C E N E  R E E F  FAC I E S  M O D E L ,  P U E RTO R I C O. 

F i gu r e  4 . 2 8 - -0 l i go c e n e  r e e f f a c i e s  o f  s o u t hwe s t e r n  P u e r t o  
R i c o . S o u rc e : Fro s t . S . H . .  H a rr i s . P . M . .  a n d  
H a r b o u r . J . L  . . 1 9 8 3 b , L a t e  O l i go c e n e r e e f - t ra c t  
c a rb o n a t e s , s o u t hwe s t e r n  Pu e r t o  R i c o . I n : 
H a rr i s , P . M . , ( e d . ) ,  C a r b o n a t e  bu i l d u p s --A c o r- e  
works h o p . S o c i e ty o f  E c o nom i c P a l e o n t o l og i s t s  
a nd M i n e ra l og i s t s . p .  4 9 1 - 5 1 8 .  f i gure 4 .  



p a n ame ns i s .  a nd e c h i no i d C lype a s t e r ) .  Above t he s e  f oram 

grave l s  are p l a t ey a nd b r a n ch i ng c o ra l s  o f  t h e  s e award e d g e  

o f  t h e  ma i n  re e f . t h e n  mas s i ve f rame bu i l d i ng c or a l s  o f  t h e  

r e e f f r o n t . Above t h e  r e e f c ore a r e  rhodo l i t e / c or a l 

ruds t o ne s . a nd b e h i nd t he s e  a r e  s k e l e t a l p a ck s t o n e s  a nd 

g r a i ns t on e  w i t h  a b u n d a n t  Kuphus i n f a u n a l b i va l v e s . 

Th i s  z o n a t i o n h a s  c er t a i n  s i m i l a r i l i e s w i t h e a s t er n  G u l f  

C o a s t f a c i e s . pr i mar i l y  t h e  d e e p  f or e re e f L ep i d o cyc l i n� 

grave l s  ( de v e l op e d  i n  the Br i dg e bo r o  a nd F l or a l a  

L i me s t o ne s ) . a nd b a ckr e e f Kuphu� p a ck s t o n e s  ( de v e l o p e d  i n  

t h e  S uwa n n e e  L i me s t one ) . Wha t  a p p e a r s  � o  b e  d i f f er e n t  i s  t h e  

o c c •J r r e n c e  o f  rhodo l i th s  i n a r e e f  f l d t e n v i r o nme n t . 

Thr o ug h o u t  t h i s  s t udy . rhodo l i t hs have b e e n  i nt er p r e t ed a s  

ty p i c a l  f or e re e f  i nh a b i t a n t s . I t  i s . o f  c o u r s e . not unc ommo n 

f o r  rh odo l i t h s  t o  d e v e l op ove r  r e e f f l at s . A t h or ough 

m i cro f a c i e s a n a l ys i s  of the Br i dg e bo r o  L i me s t o n e . a nd a 

c a re f u l d o c ume nt a t i o n o f  t h e  morph o l ogy a nd o c c ur r e n c e  o f  

i t s rhodo l i t h s  w i l l  b e  r eq u i r e d  �e f or e  1 t  c a n  b e  d e t e rm i n e d  

whe t h e r  t h e  Br i dge bo r o  c o n t a i n s a ny r e e f f l a t  f a c i e s .  

O n  t h e  n o r t h e r n  c o a s t  o f  P u e r t o R i c o . a s l i gh t l y  d i f f er e n t  

r e e f  a n d  p l a t f o rm c omp l e x o f  Up p e r  O l i go c e ne t o  L owe r 

M i o c e ne a g e  i s  d e v e l o p e d  w 1 th i n  t h e  L a r e s Forma t i o n ( Fro s t  

e t  a l  . . 1 9 8 3 a ) . The ma j or d i f f e r e n c e  be twe e n  t h e  P e nue l as ­

G u a n i c a c omp l e x a n d  the L a r e s  i s  a d i f f e r e n c e  i n  s l op e  o f  

1 87 



t h e  P u e r t o  R i c a n  c ar b o n a t e  p l a t f o rm i n  t he s e  two a r e a s . The 

s o ut hwe s t e r n  ma rg i n  wa s a n ar r o w . s t e e p - s l o p i ng s he l f  wh i ch 

p r o b a b l y  n e v e r  e x c e eded 3 km i n  w i d t h . The n o r t h e r n  ma rg i n , 

i n  c o n t r a s t . wa s a b r o ad . l ow-re l i e f  c a rb o n a t e  p l a t f orm t h a t  

m a y  have e x c e e d e d  2 4  km i n  w i dt h  ( f i g . 4 . 2 9 ) . A l s o ,  t he 

s o ut h e r n  c omp l e x c o ns i s t s  o f  a l l mar i ne s e d i me n t s , whe re a s  

t he n o r t h e r n  p l a t f o rm i n t e r f i n g e r s  w i t h  v a r i o u s  n o nmar i n e 

de p o s i t s . i nc l ud i ng c a r b o n a c e o u s  a nd p l a n t -be ar i ng 

mud s t o ne s . q u a r t z  s a nds . a nd c a l c a rous s a nd s  ( i n t e r p re t ed a s  

e s t ua r i ne . ma ngrove swamp . a nd b e a c h  d e p o s i t s l .  Re e f s b e g a n 

w i t h  t h e  c o l o n i z a t i o n o f  P or i t e s  t h i c k e t s  a nd b i os t r ome s . 

a nd t h e  eve n t u a l e s t ab l i shme n t  o f  a f r i ng i ng r e e f wh i ch grew 

i n  t err i g e no u s  c l a s t i c  s e d i me n t s . a n d  p r o g r a d e d  s e award 

( no r th } . Thr e e  re e f  c y c l e s a r e  deve l o ped i n  t h e  L a r e s  re e f . 

a nd t h e s e  we r e  a p p a r e n t l y  c o nt r o l l ed by t e c t o n i c  e p i s ode s . 

The Lare s s e q u e n c e  i s  t e rm i na t e d by a n  a b u nda n c e  o f  

L e p i do cv l i na u nd o s a  b a n k s . d e p o s i t ed a s  a s h a l l o w i nshore 

f a c i e s . The s h a l l ow vva t e r  o c c ur r e n c e  of t h e s e  

ba nks i s  very u n u s u a l .  b u t  i s  a l s o f o und i n  t h e  P u e b l o  Nuevo 

Re e f  o f  Ch i a pa s . Me x i c o . 

A n t i a u a . We s t  I nd i e s  

V a ugha n 1 1 9 1 9 )  c o ns i d e r e d  t he c a r b o na t e s  o f  t he i s l a nd o f  

A n t i gua a s  t h e  t y p e  s e q u e n c e  f or t h e  Ame r i c a n  O l i go c e n e . a nd 

t h e y  a r e  t h e  s ou r c e  o f  t h e  o f t e n-c i t ed ' ' A n t i g u a n  c ora l 

f a u n a . "  Th i s  c l a s s i c  c o r a l -b e a r i ng s e q u e n c e . h oweve r . 
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F i gure 4 . 2 9 --B l o ck d i a g r am mode l s  o f  O l i g o c e n e  r e e f s  f r om 
s o u t h e r n  C l e f t ) a n d  n o r t h e r n  ( r i gh t ) Pue r t o  
R i c o . Sourc e : F r os t . S . H . , e t  a l  . .  1 9 8 3 a , 
O l i go c e ne r e e f t r a c t  deve l o pme n t . s o u t hwe s te r n  
P u e r t o  R i c o . Sed i me n t a  I X . Comp a ra t i ve 
Sed i me n t o l o gy Labo r a t o ry , Un i ve r s i t y o f  M i am i . 
1 44 p . , f i g ure 4 2 . 
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c o n s i s t s  o n l y  o f  s c a t t e r e d  p a t c h  r e e f s  and c o r a l b i o s t rome s . 

L i ke o t h e r  O l i g o c e n e  re e f s , r h8 A n t i gua p a t c h r e e f s  s how a 

ty p i c a l  s tl c c e s s i on o f  co l o n i z i ng p or i t i d t h i cke t s . s u c c e e d e d  

b y  mo r e  ma s s i ve br a n c h i ng a nd h e ad c o ra l s . P a t c h  r e e f s  

f ormed r e p e a t e d l y  a nd t he n  we r e  e i t h e r  drown e d . bur i e d by 

t e rr i ge no u s  or vo l c a n i c  d e t r i t us . or s u b a e r i a l l y  e x p o s e d . 

Th e s e  var i e d e ve n t s  are thought t o  r e f l e c t  the � rr a t i c  

i_ t� c L o n i c  na l ure o f  t h i s  vo l c t1 n i c  i s l a nd ( Fr o s t  a nd We i s s . 

1 9 7 9 : P e r s ad , 1 9 6 9 ) . No d i re c t  c om p a r i so ns b e tw e e n  A n t i gu a n  

a nd e a s t e rn Gu l f  C o a s t  re e f s  c a n  b e  made a t  p re s e n t . 

B e r i c 1  Re e f  Comp l e x ,  Nort h e r n  I t a l y 

A var i e ty o f  Lowe r O l i go c e n e  ( Rupe l i an ) c o r a l a s s emb l ag e s  

and bu i l du p s  c h a ra c t e r i ze t he V i c e n t i n  a r e a  o f  n o r t h e a s t e r n  

I t a l y . a nd t h e s e  h ave b e e n  de s cr i be d  a n d  i l l us t r a t e d  i n  

g r e a t  d e t a i l by Fr o s t  ( 1 9 8 1 ) . G e i s t e r  and Ung a r o  ( 1 9 7 7 ) , a nd 

o t h e r s . The s e  re e f s  i nc l ude t h e  B er i c i  Barr i e r Re e f  c omp l e x .  

l agoona l s h e l f  r e e f s  and c o p p i c e s . a b as a l O l i go c e n e  

s e q u e n c e  o f  b r a n c h i ng c o r a l th i cke t s  i n  t err i ge n o u s  

s ed i me n t s a l t er n a t i ng w i t h  h e a d  c o ra l b i o s t rome s i n  

c arbonat e s . c o r a l b i o s tr ome s wh i ch p o s td a t e  t h e  Be r i c i  

B a r r i er Re e f . a n d  a bran c h i ng c ora l b i os t r ome i n  t u f f a c e o u s  

muds t one ( wh i ch c a p s  the s e qu e n c e ) .  

O f  a l l t he r e e f s  d e s c r i b ed by Fro s t  1 1 98 1 1 f r om th i s  

re g i o n .  t h e  Be r i c i  Barr i e r Ree f a nd i t s a s s o c i a t a t e d  f a c i e s 

o f  the C a s t e l gombe r t o  L i me s t o n e  i s  o f  s p e c i a l  i n t e re s t  1 n  a 
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c o n s i d e ra t i on o f  e a s t e r n  G u l f  C oa s t  r e e f s . A s t r a t i gra ph i c 

cro s s  s e c t i o n a n d  b l o c k  d i a g r a m  re c o n s t ru c t i o n  o f  t h e  Be r i c i  

c omp l ex are i l l us t ra t ed i n  F i gure 4 . 3 0 .  The B e r i c i  Re e f  

e x t e nds l a t e ra l l y n e a r l y  8 km . i s  8 0 0 - 9 0 0  m w i d e , a nd 1 5 0 -

2 0 0  m th i ck . The l ag o o n a l / b a ck re e f  f a c i e s e x t e nd s  s ome 3 0  km 

nor t hwe s t wa rd b e h i nd t h e  r e e f ,  a nd c o n s i s t s  o f  t h i c k-bedded 

to ma s s i ve . c o ra l l i ne a l ga l -m i l i o l i d  f or am i n i f e r a l 

b i o s p a r i t e , r ud i t e , a nd i n t e r b e d d e d  b i om i c r i t e  c o n t a i n i ng 

c ora l t h i c k e t s  a nd c o p i c e s . Th i s  l i t h o l ogy i s  v e ry s i m i l ar 

t o  t h a t  o f  t h e  S uwa n n e e  L i me s t o n e . wh i ch i s  a l s o i nt e rp re t ed 

a s  a backre e f  d e p o s i t . The r e e f  c o r e  c o ns i s t s  o f  1 5 -8 5 %  

c o r a l ske l e t o n  vo l ume . w i t h i nt e r s t i t i a l  s k e l e t a l d e br i s  a nd 

c o ra l l i ne a l ga e . 

L i t t l e  rema i ns o f  a ny f o r e re e f d e p o s i t s be c a u s e  o f  p o s t ­

O l i go c e n e  e r o s i o n , b u t  i n  p l a c e s  r e e f c o r e  s c l e r a c t i n i a n s  

a r e  r e p l a c e d  by gre a t  vo l um e s  o f  n o d u l ar c o ra l l i ne a l ga e . A s  

no t e d  b y  Fro s t  ( p . 5 0 2 ) , s u c h  a l g a l p aveme n t s  a r e  c ommo n i n  

modern f or e r e e f s  be l ow t h e  z o n e  o f  a c t i ve c or a l grow t h .  The 

Br i dgeboro L i me s t o n e  a p p e a r s  to be i n  l ar g e  p a r t  a f or e re e f  

rhodo l i t h  bu i l d u p , w i t h a r e a s  o f  a b u n d a n t  s c l e r a c t i n i a n s  

( re e f c o re ) . F i na l l y , t h e  B e r i c i  r e e f  c omp l ex a nd t h e  

e a s t e rn G u l f  C o a s t  r e e f s a re b o t h  l owe r O l i go c e n e  l Ru p e l i a n l  

i n  a g e . Mo s t  o f  t h e  de s c r i b e d  O l i go c e ne r e e f s  a re u p p er 

O l i g o c e ne ( Ch a t t l a n l i n  age . 
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F i gu r e  4 . 3 0 --Cross s e c t i o n ( � )  a nd b l o c k  d i a g r am 
r e c o n s t ru c t i on ( � )  o f  t h e  Lower O l i go c e ne 
B er i c i  barr i e r  r e e f  a nd p l at f o rm l ag o o n  
c omp l e x o f  nort h e a s t er n  I t a l y . Sour c e : 
Fros t . S . H . , 1 9 8 1 , O l i go c e n e  r e e f c or a l 
b i o f a c i e s  o f  t h e  V i n c e nt i n ,  nort h e a s t  I t a l y . 
I n : Toomey , D . F . , ( ed . ) .  Euro p e a n  F o s s i l  Re e f  
Mode l s . S o c i e ty o f  E c o nomi c P a l e o nt o l og i s t s a nd 
M i n e r a l og i s t s  S p e c i a l  P ub l i c a t i o n 3 0 . p .  48 3 -
5 3 9 . f i g ure s  7 a nd 9 .  
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E i l .  Northe a s t ern Soma l i a 

A La t e  O l i g o c e n e -Ear l y  M i o c ene s u c c e s s i o n o f  c ora l ree f s  

a nd l a rger f orami n i f era l grave l s  o cc urs a l o ng t h e  

northe a s t e r n  c o a s t  o f  Soma l i a .  B o s e l l i n i  e t  a l . ( 1 98 7 ) have 

des cr i bed f i ve ,  prograd i ng f a c i e s  f r om th i s  c omp l e x l f i g . 

4 . 3 1 ) . I n  a s c e nd i ng ord e r . t h e s e  f ac i e s a r e : ( 1 )  a bas a l . 

p e r 1 p l a t f orm .  brec c i a t e d  debr i s  f l ow ,  c o n s i s t i ng o f  c l as t s  

o f  c ora l . rhodo l i t h s , and Lep i docyc l i na r o c k : t h i s  f a c i e s  i s  

i nt e rpre t ed a s  a d e e p  s h e l f -up per s l o pe d e p o s i t  i n  wat er 

d e p t h s  o f  1 5 0 - 2 0 0m : ( 2 )  a suc ce s s i on o f  c oars e n i ng-upwards 

beds o f  L e o i docvc l i na  grave l w i t h  b a s a l  quart za r e n i t e s . 

i n terpre t e d  as  d e e p  s l op e  ( 8 0- 1 0 0  m de pth ) d e p o s i t s o f  

mi grat i ng grave l l ob e s : ( 3 )  a l t e r na t i ng Lep i do cyc l i na 

grave l s  a nd c urre n t - l am i n a t e d  quar t z  are n i t e s , i n t erpre t e d  

a s  dee p  f or e re e f  d e p o s i t s ( 5 0 - 8 0  m d e p th ) ; C 4 )  d e ns e . 

Lep i d o cyc l i na gr� i n s tone . w i th n1 i nor nummu l i t e s  and a l ga e . 

i nt e rpre t e d  a s  f o r e re e f  d e p o s i t s ( 3 0 - 6 0  m d e p th ) : and ( 5 1  a 

f r i ng i ng cora l r e e f . c o n s i s t i ng o f  at l e as t t e n  s pe c i es o f  

hermatyp i c  s c l era c t i n i ans . and bu 1 l t  u p o n  L e p i d o cyc l i na 

grave l s  ( F i g . 4 . 3 1 ) . 

L i ke t h e  Br i dg e b o r o  L i me s t on e  Lep i do cv c l i na  gra i ns t o ne s . 

the  E i l grave l s  are dom i n a t e d  by t h e  subge nus Eu l ep i d i na . 

The E i l s eque n c e  p e rhaps b e s t  i l l us tr a t e s  the c l os e  

a s s o c i a t i on o f  Eu l ep i d ;i n<; w i t h  O l i go c e ne re e f  f a c i e s . 

part i cu l ar l y f or e re e f  d e pos i t s .  I n  add i t i o n . l i ke ma ny e t h e r  

O l i go c e ne re e f s . t h e  E i l r e e f h a s  a n  abund a n c e  o f  quart z 

1 



F i g ure 4 . 3 1 --Cro s s  s e c t i on ( S )  a nd b l o ck d i a g r am r e c on­
s t ru c t i on ( � )  of the O l i go -M i o c e ne c o r a l - l ar g e r  
f orami n i f e r a l c omp l ex a t  E i l ,  n o rt h e a s t e r n  
S oma l i a .  S o ur c e : B o se l l i n i , A . , e t  a l  . . 1 9 8 7 , 
The O l i go-M i o c e n e  o f  E i l ( NE S oma l i a ) : A 
prograd i ng c o r a l -Lep i do cyc l i na sys t em . Journa l 
o f  A f r i c a n  E a r t h  S c i e n c e s  6 : 5 8 3 - 5 9 3 . f i g ure s 2 
a nd 4 .  
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s a nd mat r i x . The Lep i do cyc l i n a  grave l s .  i n  f a c t , a r e  

r e p l a c e d  l an dward by c r o s s -bedded s i l i c i c l as t i c s . Th i s  

a ga i n .  g e n e r a l l y r e s u l t s i n  b e t t e r  p r e s e rva t i o n o f  s k e l e t a l 

ma t e r i a l  t h a n  i n  p u r e  c a r b o n a t e  s e t t i ng s  s u c h  a s  i n  t h e  

e a s t e r n  Gu l f  C o a s t . A s  e x p l a i ne d  b y  Ha l l o c k  a nd S c h a l ge r  

( 1 9 8 6 ) , h oweve r . t h e  co-o c c u rr e n c e  o f  r e e f s  a n d  t er r i g e n o u s  

c l as t i c s  i s  l a rge l y  a f u nc t i on o f  wa t e r  t empe r a t u r e , a nd i s  

e x p e c t e d  o n l y  i n  e s p e c i a l l y  warm wa t er s . Thu s , t h e  

c ompara t i ve l y  h i gh l a t i t u d e  s e t t i ng o f  t h e  e a s t e r n  Gu l f  

C o a s t  O l i g o c e ne re e f s  m i g h t  n o t  h ave b e e n  p o s s i b l e  h a d  t h e r e  

b e e n  a ny s i g n i f i c a nt c l a s t i c  i np u t  t o  t h e  a r e a . 

K i rkuk C omp l ex .  N o r t h e r n  I r aq 

The e x t e ns i ve Cre t a ce ou s  a nd Ter t i a ry c ar b o n a t e s  a nd r e e f 

c omp l e x o f  t h e  K i rkuk O i l F i e l d  o f  n o r t h e r n  I ra q  have be e n  

t h e  s ub j e c t  o f  s ev er a l i nve s t i ga t i o n s . a nd a r e  f r e q u e n t l y  

c i t e d  i n  s t ud i e s c o n c er n i ng t e  Me s ozo i c  a nd Ter t i a ry r e e f s 

i e . g . .  He n s o n . 1 9 5 0 : V a n  B e l l e n .  1 9 5 6 ) . The O l i go c e ne r e e f 

f a c i e s o f  t h e  K i rkuk F i e l d h av e  mo s t  r e c e n t l y  b e e n  

summar i z e d  b y  A l -Qay i m  a n d  Kha i wk a  ( 1 9 8 0 ) . The K i rkuk F i e l d 

O l i go c e n e  c o n s i s t s  o f  two , p r o gr a d i ng re e f  cy c l e s . e a c h  o f  

wh i ch d i s p l ay s  t h r e e  f a c i e s :  ( 1 ) a b a ckre e f / r e e f f a c i e s .  

c ompo s e d  o f  ske l e t a l pa c k s t o n e  t o  wa c k e s t o n e  wi t h  e i t h e r  

abundant c o r a l s  a nd a l ga e  ( re e f )  o r  m i l i o l i d f or am i n i f er a  

( ba ck r e e f ) ; ( 2 )  a f o r e re e f f a c i e s . c o ns i s t i ng o f  do l om i t i ze d  

s k e l e t a l wa c k e s t o n e  ( wi t h  a b u n d a n t  l ar g e r  f or am i n i f er a  
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L e p i docvc l i na . Nummu l i t e s  a n d  H e t er o s t eg i na l :  a nd ( 3 J  a 

b a s i na l  f a c i e s . c ompr i s e d  o f  s k e l e t a l wa c k e s t o ne s  W i t h  a n  

i n c r e a s i ng a b u nd a n c e  o f  p l a nk t on i c  f o r am i n i f e r a  b a s i nward . 

The f a c i e s  d e s c r i be d  a n d  i l l us t ra t e d  i n  th i n  s e c t i on by 

V a n  Be l l e n  ( 1 9 5 6 . p l a t e s  6 ,  7 1  f i t  a very t yp i c a l  b a c k re e f /  

r e e f f o r e r e e f - b a s i n  mode l .  w i t h m i l i o l i d  w a c ke s t o n e s . 

C 'J r a  l ga 1 / l  a r g e  f o r  am wa ck e s t o n e s  a nd p a c k s  t o ne s . a nd 1 a r g e  

foram/ p l a n kt i c  f or am wa c k e s t o n e s .  a s  r e s p e c t i ve l i t ho l og i e s . 

Th i s  t y p e  o f  l i th o l og i c  d i s t i n c t i o n i s  a l s o ev i de n t  i n  t h e  

mi l i o l i d w a c k e s t o n e s / p a ck s t o n e s  o f  t h e  S uw a n n e e  L i me s t o n e . 

the c o ra l g a l / l a rg e  f oram g r a i n s t o n e s  o f  t h e  Br i dg e b o r o  

L ime s t o ne , a nd t h e  de e p e r  wa t e r  " f or e r e e f "  ( bu t  n o t  b a s i na l ) 

f o rm a t i o ns o f  t h e  G u l f  Trough / Ap a l a c h i c o l a  Embayme n t  a nd 

Ea s t e rn G u l f  She l f  Prov i nc e . 

S ummary a nd C o n c l u s i o n 

The L owe r O l i g o c e ne ( V i c k s bu rg i a n !  s e q u e n c e  i n  t h e E a s t e r n  

G u l f  C o a s t a l  P l a i n  c o ns i s t s  o f  1 5  r e c og n i ze d  f o rma t i o ns . 

Tt1 e s e  f o rm a t i o n s  r e p r e s e n t  a va r i e ty o f  d e p o s i t i o na l 

e n v i r o nme n t s . r a ng i ng f r om d e l t a i c  s a nd s  i n  t h e  we s t . t o  

s h e l f  c ar b o n a t e s . o rg a n i c bu i l du p s . a n d  p l a t f orm ba ckre e f  

d e p o s i t s  t o  t h e  e a s t . S e v e r a l t y p e s o f  l oc a l , a n d  g e n e r a l l y 

sma l l r e e f s  a r e  f o und i n  t h e  p u r e  c ar b o n a t e  f ac i e s o f  

G e o rg i a  a nd F l or i d a . 

Th e p a l e g e ogr a ph i c  a nd p a l e o e nv i r o nme n t a l  i nt er p r 1 n a t i o n 
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o f  the c a rbo n a t e f a c i e s o f  t he E a s t e r n  G u l f Coa s t a l P l a i n  I S  

b a s e d  o n  mod e r n  a n a l ogs i n  t h e  G u l f  o f  Mex i co b a s i n  a nd 

C ar i bbe a n , a nd g e n e r a l mode l s  f or c arbon a t e  p l a t f orm 

g e ome t ry a nd mor p h o l ogy .  The e a s t e r n  G u l f  Co a s t  r e g i on 

c omb i n e s  a mo s a i c  o f  c h ar a c t e r s  n o rma l l y  a s s o c i a t e d  w i t h  a 

v a r i e ty o f  d i f f er e n t  s e t t i ng s . G e omorph i c a l l y ,  e l eme n t s  o f  

c arbona t e  r i mme d she l f s .  r amps , a nd p l a t f o rms a r e  e v i de n t . 

�nv i r o nme n t a l l y .  o p e n  sh e l f .  l ag o o n a l / b a ck r e e f .  re e f  core . 

f or e r e e f ,  a nd drowned she l f  marg i n  f a c i e s  are p r e s e n t . Th e 

dom i n a n t  f au n a  o f  i nd i v i d ua l f a c i e s show i nd i c a t i o n s  o f  

a d a p t at i on t o  b o t h  t ro p i c a l  wa t e r s . a nd t em p e r a t e . co o l e r 

wa. t e r s . 

The E a s t er n  G u l f  C o a s t  c ar b o n a t e  f a c i e s r e s emb l e  o t h e r  

O l i go c e n e  bu i l du p s  f rom a r ou n d  t h e  wor l d . b u t  o n l y  i n  

l im i t ed a s p e c t s , s u c h  a s  t h e  g e ne r a l chara c t e r  a nd f a una l 

makeup o f  re e f . f or e r e e f .  a nd ba ckre e f  f a c i e s . The e a s t e r n  

Gu l f  c arbo n a t e s  a r e  u n i que . The t r a ns i t i o n a l s e t t i ng b e twe e n  

t r op i c a l  a nd t emper a t e  wa t e rs h a s  r e s u l t e d  i n  a n  u n u s ua l 

c omb i na t i o n o f  f a c i e s a nd b i o t a . Mu c h  add i t i o n a l work 'w i l l  

b e  r e q u i r e d  t o  f i l l  i n  the d e t a i l s  o f  t h i s  r e g i o n a l 

i nt e rpr e t i ve mode l . a nd W i l l  u ndoub t ed l y  c h a ng e  t h e  mode l 

c o ns i d e r a b l y . N e v e r t h e l e s s . t h i s  s t udy shou l d  p r ov i d e a 

p r e l i m i n a ry c o n t e x t  ',v i t ll i n wh i c h f u t u r e  i nve s t i ga t i o n s  c: a n  

b e  f ramed a nd t e s t e d . 
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GHOSE . B . K . . 1 9 7 7 . P a l ae o e c o l o gy o f  t he C e n o z o i c  r e e f a l  
f or am i n i f e rs a nd a l g a e - - a  br i e f  r e v i ew . P a l a e og e o g r a p hy . 
P a l a e o c l i ma t o l ogy . P a l a e oe c o l o gy 2 2 : 2 3 1 - 2 5 6 . 

G LAWE . L . N  . .  1 9 6 9 . P e c t e n  p e r p l a nu s  s t o ck ! O l i go c e n e ) � f  t h e  
s o u t h e a s t e r n  Ur1 i t ed S t a t e s . A l a b ama G e o l o g i c a l  Survey 
B u l l e t i n  9 1 . 

GREGORY . W . K  . .  1 9 3 0 . A f o s s i t e l e o s t  f i s h o f  t h e  s na p p e r  
f am i l y  C Lu t i ,: m i da e ) f r om t h e  Lowe r 0 1  i Go c e n e o f  F l o r i d a. .  
F l or i da G e o l og i c a l  Survey Bu l l e t i n  5 .  
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HALLOCK . P . .  H I NE . A . C  . . VARGO . G . A  . .  ELROD . J . A  . .  AND J A A P . 
W . C . . 1 9 8 8 . P l a f orms o f  t he N i c a raguan R i s e : Examp l e s o f  
t h e  s e ns i t i v i ty o f  c a r bo n a t e  s e d i me n t a t i on L O  e x c e s s  
t r o ph i c  r e s o ur c e s .  G e o l ogy 1 6 : 1 1 04 - 1 1 0 7 . 

H A LLOCK . P . .  AND S CHLAGER . W . . 1 9 8 6 . Nut r i e n t  e x c e s s  a nd t he 
d e m i s e  o f  c or a l r e e f s  a n d  c a r b o n a t e  p l a t f o rms . P a l a i os 
1 : 3 8 9 - 3 9 8 . 

HENSON , F . R . S  . .  1 9 5 0 , Cr e t a c e o u s  a n d  Tert i ary r e e f 
f o rma t i o n s  a nd a s s o c i a t ed s e d i me n t s  i n  M i dd l e  E as t . 
Bu l l e t i n  o f  t h e  Ame r i c a n  A s s o c i a t i o n  o f  P e t ro l e um 
G e o l og i s t s  34 : 2 1 5- 2 3 8 . 

HARPER . J . A  . .  1 9 7 2 . G a s tr o po d s  o f  t h e  S uwa n n e e  L i me s t o n e  
( O l i go c e ne ) o f  P e n i ns u l ar F l or i d a . Unpub l i s h e d  Ma s t e r ' s  

The s i s . U n i ve r s i ty o f  F l o r i da . 1 4 3 p .  

HAZEL , J . E . , MUMMA .  M . D  . .  AND HUFF . W . J  . . 1 9 80 . O s t r a c od e  
b i o s t ra t i gr a phy o f  t h e  L ower O l i go c e ne ! V i ck s burg i a n ) o f  
M i s s i s s i p p i  a n d  A l a bama . Tr a ns a c t i o n s  o f  t h e  G u l f  C o a s t 
A s s o c i a t i o n o f  G e o l og i c a l  S o c i e t i e s : 6 1 -4 0 1 . 

HELLER . J . .  AND B RYAN . J . R  . .  1 9 9 2 , F i r s t  O l i g o c e ne 
o c curr e n c e  o f  the i rr e g u l ar e c h i no i d  Ma cropne u t es mor t on 1  
( Co n r a d ) .  J o u r n a l o f  P a l e o n t o l ogy ( in press ) . 

HENSON . F . R . S  . .  1 9 5 0 . C r e t a c e o u s  a nd Ter t i ary r e e f  
f o rmat i o n s  and a s s o c i a t ed s e d i me n t s  i n  M i dd l e  E a s t . 
Ame r i c a n  A s s o c i a t i o n o f  P e t ro l e um G e o l og i s t s  Bu l l e t i n  
34 : 2 1 5 - 2 38 . 

HOENST I NE . R . W . , S P ENCER . S . M  . .  AND O ' C ARROLL . T . .  1 9 9 0 . 
G e o l ogy a nd g r o u nd-wa t er r e s o u r c e s  o f  Mad i s o n  C o u n t y . 
F l or i da . F l or i da G e o l og i c a l  S ur';ey Bu l l e t i n  6 1 . 

HUDDLESTUN . P . F  . . 1 9 6 5 . Corre l a. t i on o f  U p p e r  E o c e n e  a nd 
L ower O l i g o c e ne s tr a t a  b e twe e n  t h e  Sepu l g a .  C o n e cuh . a nd 
Cho c t awa t c h e e  R i ve r s . Mas t e r s  Th e s i s , F l o r i da S t a t e  
Un i ve r s i ty ,  1 0 1  p .  

HUDDLESTON . P . F . .  i n  press . A r ev i s i o n o f  t h e  l i t h o ­
s t ra t i gr a ph i c  un i t s  o f  t he C o a s t a l P l a i n  o f  G e o rg i a - - ':. h e  
O l i g o c e ne . G eo r g i a  G e o l og i c a l S urvey B u l l e t i n  1 04 . 1 9 2  p .  

HUDDLESTUN , P . F  . . AND TOULMI N .  L . D  . . 1 9 6 5 , U p p e r  E o c e n e ­
L owe r O l i go c en e  s t r a t i g r a p hy a nd p a l eo nt o l ogy i n  A l a b ama . 
Gu l f  Co a s t  A s s o c i a t i o n o f  G e o l og i c a l  S o c i e t i e s 
Tr a ns a c t i o ns 1 5 : 1 5 5 - 1 5 9 . 
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HULL . J . P . D  . .  1 9 6 2 . Cre t a c e o u s  S uwa n n e e  S t r a i t . G e o r g i a  a nd 
F l o r i d a . Ame r i c a n  A s s o c i a t i o n o f  P e t r o l e um G e o l og i s t s  
B u l l e t i n  46 : 1 1 8 - 1 2 2 . 

HUNTER . M . E  . .  1 9 7 2 . B i o s t r a t i g r a p hy a nd p a l e o n t o l ogy .  I n  
O l i go c e n e s t r a t i g r a phy- -A s t udy o f  the L a n s i ng Qu a rry n e a r  
B r o ok s v i l l e .  He r n a n d o  C ou n ty . F l or i d a . B a y  A r e a  G e o l og i c a l  
S o c i e t y F i r s t  F i e l d  C o n f e r e n c e  G u i d e b o o k . p .  1 1  8 .  

HUNTE R . M . E  . . 1 9 7 6 . B i o s t r a t i g r a p hy . I n  M i d-Tert i a ry 
:::: a r b o n a t e s . C i t ru s . Levy . M a r i o n  C o u n t i e s , we s t  c e n t r a l 
F l o r i d a . S o u t h e a s t e r n  G e o l og i c a l  S o c i e t y  F i e l d Tr i p  
G u i d e bo ok 1 8 . p . 6 6 -8 7 . 

HUNTER . M . E  . . 1 9 8 1 . S t o p  No . 4 :  C ry s t a l R i ve r  Qu a r ry , 
C i t ru s  C o u n t y . F l o r i d a . I n  M e e d e r . J .  F . .  M o o r e . D .  R . . 

a nd H a r l em ,  P .  ( ed s . l .  S u rvey o f  C e n t r a l F l o r i d a G e o l o gy . 
M i am i  G e o l og i c a l  S o c 1 e t y  F i e l d t r· i p  Gu i d ebook . p . .2 2 - 2 6 . 

I V ANY . L . C  . .  PORTELL , R . W  . .  AND JONE S . D . S  . .  1 9 9 0 . A n i ma l 
p l a n t  r e l a t i o n s h i p s a n d  p a l e ob i o g e ogra phy o f  a n E o c e ne 
s e agra s s  c ommu n i t y f rom F l o r i d a . P a l a i o s 5 :  2 44 - 2 ::', 8 . 

J AMES , N . P  . . 1 9 8 3 . Ree f e nv i r o nme n t . I n  S c h o l l e ,  P . A .  
B e b o u t . D . G  . .  a nd Moore . C . H . .  i ed s . J .  C a r b o na t e  
D e p o s i t i o n a l E nv i ro nme nt s . Ame r i c a n  A s s o c i a t i o n o f  
P e t ro l eum G e o l o g i s t s  Memo i r  3 3 . p .  345-46 2 .  

JOHNSON . R . A  . . 1 9 8 6 . Sha l l ow s t r a t i g r a p h i c  c o r e  t e s t s  o n  
f i l e a t  t h e F l or i da G e o l og i c a l  S u rvey . F l or i d a  G e o l og i c a l 
S u rvey I n f orma t i o n  C i r c u l ar 1 0 3 . 

JOHNSON . R . A  . . 1 9 8 9 . G e o l o g i c  d e s c r i p t i o n s o f  s e l e c t e d 
e x p o s u r e s  i n  F l o r i d a . F l o r i d a  G e o l og i c a l  Survey S p e c 1 a l  
Pub l i c ;;. t  1 o n JO . 

J OHNSON . W . H  . .  1 9 8 2 . The W ay n e s bo ro S a nd . M i s s i s s 1 p p i  
G e o l ogy 2 :  1 - 8 . 

J ONES . D . E . , ( ed . ) . 1 9 6 7 . G e o l ogy o f  t h e  c o a s t a l  p l a i n  o f  
A l a b ama . F i e l d  Tr i p  G u i d e bo o k . 8 0 t h  a n nu a l me e t i ng o f  t he 
G e o l og i c a l  S o c i e ty o f  Ame r i c a .  

J ONES . D . S  . .  AND N I CO L . D . .  1 9 8 9 . Eo c e n e  C l av� g e l l j ri s  
( Mo l l u s c a : P e l e cy p o d a ) f r om F l or i d a : T h e f i rs t  d o c ume n t e d  
o c curre n c e  i n  t h e  C e nozo 1 c  o f  t h e  We s t e r n  H e m i s p h tS> r- e . 
J o u r n a l o f  P a l e ont o l ogy 6 3 : 3 2 0  3 2 3 . 

KENDALL . C . G  . . AND S CHLAG E R . W . .  1 9 8 1 . C ar b o n a t e s  a nd 
r e l a t i ve c h a ng e s  1 n  s e a  l e v e r . Mar 1 n e G e o l ogy 4 4 : 1 8 1 - 2 1 2 . 
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KENNETT . J . , 1 98 2 . Mar i n e G e o l ogy . Pr i nt i c e -Ha l l .  New 
J e rsey . 8 1 3  p .  

KOCH . C . F  . .  AND SOHL . N . F  . . 1 9 8 1 . P r e s erva t i on a l b i a s i n  
p a l e o e c o l og i c  s t ud i e s : A C r e t a c e ous e xamp l e . G e o l og i c a l  
S o c i e t y  o f  Amer i c a Annua l Me e t i ng .  Abs t r a c t s  w 1 t h Program 
1 3 ( 7 )  : 48 9 . 

KRUTAK . P . R  . .  AND BERON . P .  J r . ,  1 9 9 0 . He t eros t egina Zone--A 
sha l l ow A n a h u a c  ( La t e  O l i go c e ne-E a r l y  M i o c e ne l o i l 
f ront i e r i n  s o u t h e r n  Lou i s i a n a  and Mi s s i s s i p p i . G u l f  C o a s t  
A s s o c i at i o n o f  G e o l og i c a l  S o c i e t i e s Tr a n s a c t i o n s  
4 0 : 3 9 7-4 0 9 .  

LEES . A . .  1 9 7 5 . P o s s i b l e  i n f l ue n c e  o f  s a l i n i ty a nd 
t empera t ur e  o n  mod e r n  s he l f  c a r bo n a t e  sed i me n t a t i o n . 
Mar i ne G e o l ogy 1 9 : 1 5 9- 1 9 8 . 

LEES . A . .  AND BULLER . A . T  . . 1 9 7 2 . Mode�n t emp e r a t e -wa t e r  a nd 
warm-Ha t er sh e l f  carbona t e  s ed i me nt s  c o n tra s t ed . Mar i n e 
G e o l ogy 1 3 : M6 7 -M7 3 . 

LOGAN . A . . 1 98 8 . H o l o c e n e  r e e f s  o f  Be rmuda . S e d i me n t a  X I . 
C ompa ra t i ve S e d i me nt o l ogy L a b o r a t o ry . Un i ve r s i ty o f  M i ami . 

LONGMAN . M . W  . .  1 9 8 1 . A p ro c e s s  a p pr o a ch t o  r e c o gn i z i ng 
f a c i e s  o f  re e f  c omp l e x e s . I n : Toomey . D . F  . . ( e d . ) ,  
Euro p e a n  F o s s i l Re e f  Mod e l s . SEPM S p e c i a l  P ub l i c a t i o n 3 0 . 

p . 9 -4 0 . 

LOUT I T . T . S  . . HARDENBO L . J . . V A I L . P . R  . .  AND B AUM . G . R  . . 
1 9 8 8 . C o nd e ns e d  s e c t i o n s : The key t o  age d e t e rm i n a t i o n and 
c orre l a t i o n o f  c o nt i n e nt a l marg i n  s e q u e n c e s . I n :  W i l gu s . 
C . K  . .  Ha s t i ng s . 8 . 3  . .  P o s ame n t i e r . H . . V a nWag o ne r . J . .  
Ross . C . A  . . a nrt Kenda l l .  C . G .  S t  . . . ( ed s . l .  S e a -Leve l 
Chang e s : An I nt egra t ed A p p r o a c h . S o c i e ty o f  E c o n om i c  
P a l e o n t o l og i s t s  a nd M i ne ra l og i s t s . S p e c i a l  Pub l i c a t i on 42 . 
p .  1 8 3 - 2 1 3 . 

MACNE I L . F . S  . .  AND DOCKERY . D . T .  I I I . 1 9 8 4 . Lowe r O l i g o c e ne 
g a s t ro p od a . s c a pho poda . a nd c e p ha l o p oda o f  t he V i c k s burg 
G roup j n  M i s s i s s i p p i . M i s s i s s i p p i  Bur e a u  o f  G e o l ogy 
Bu l l e t i n 1 2 4 .  4 1 5  p .  

MACNE I L . F . S  . . 1 9 44 . O l i go c e ne s t ra t i gra p hy o f  s o u t e a s tern 
Un i t �d S t a t e s . Ame r 1 c a n  A s s o c 1 a t 1 o n o f  P e t r o l eum 
G e o l og i s t s  Bu l l e t 1 n  2 8 : 1 3 1 3- 1 3 5 4 . 

MACNE I L . F . S  . . 1 9 4 6 . Sout h e a s t e r n  G e o l ocr i c a l  c i e ty Four th 
F i e l d  Tr i p . S ou t h e a s t e r n  A l a bama . G u 1 de bo ok . 
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MACNE I L , F . S  . .  1 9 6 6 . M i dd l e 1 a ry sed i me nt ary :::eg 1 me n o f  
Gu l f  C o as t a l Re g i o n . Ame r 1 c a n  A s s o c 1 a t 1 o n o f  P e t ro l e um 

Ge o l og i s t s Bu l l e t i n  5 0 : 2 3 44- 2 3 6 5 . 

1 9 7 0 . Ge omo r pho l ogy and MALLOY . R . J  . .  AND HURLEY . J . .  
ge o l og i c s t ru c t ure : St r a 1 t s  
o f  Ame r i ca Bu l l e t i n  8 1 : 1 9 4 7  

f F l or i da . G e o l og i c a l  Soc i 
1 9 7 2 . 

MANKER . J . P  . . AND C ARTER . B . D  . .  1 9 87 , Pa l e o e c o l ogy a nd 
pa l eoge ography o f  a n  e x t e ns i ve rhodo l i th f a c i e s f rom t he 
Lowe r O l i go c e ne o f  s ou t h  G eo rg i a and nort h F l or i da . 

l a i o s  2 : 1 8 1 - 1 8 8 . 

MANKER . J . P . .  AND CARTER . B . D . . 1 9 8 9 . La t e  E o c e n e and E ar l y 
O l i go c e ne c a rbo n a t e e nv i r o nme n t 3  o f  c e n t ra l and 
southwe s t ern G e org i a . I n  W .  J .  Fr i t z C e d . ) .  Excurs i o ns i n  
Ge o rg i a G e o l og y . G e o rg i a  G eo l og i c a l  So c i e ty G u 1 de book 9 .  
p .  1 1 9 - 1 4 7 . 

MANN I NG . E . .  DOCKERY . D . T  . .  AND SCHI EBOUT . J . A  . .  1 9 8 5 . 

Pre l 1 m 1 n a ry re p ort o f  a Me t amyn odon sku l l f r om t h e  Byram 
Forma t i o n ! Lowe r O l i go c e ne l i n  M i s s i ss i p p i . M i s s 1 s s 1 pp i  
Ge o l ogy 6 : 1  1 6 . 

MANS F I ELD . W . C . .  1 9  . Mo l l usks o f  the Tampa a nd Suwa nnee 
L i me s t o n e s o f  F l or i da . F l o r i da G e o l i c a l  S u rvey Bu l l e t i n  
1 5 . 

MANSF I ELD . W . C  . .  1 9 3 9 . No t e  o n  unre ported O l i go c e ne i n  
C i t rus County . F l or i da . J o urna l o f  the Wa sh i ng t o n  A c ademy 
o f  S c i e n c e s 2 9 : 4 5 -46 . 

MARSH . O . T  . . 1 9 6 2 . R e l a t i o n f Bu c a t unna C l ay Member 
Forma t i o n .  O l i go ce ne ! t g e o l ogy a nd ground wa t e r 
we s t e r nmo s t F l or i da . G e o l og i c a l So c i e ty o f  Amer i c a 
Bu l l e t i n  7 3 : 2 4 3 - 2 5 2 . 

( Bynim 
f 

MA RT I N . R . G  . . 1 9 78 . Nort hern a nd e a s t e rn Gu l f  o f  Mex i c o 
c o n t i ne n t a l marg i n : S t r a t i g r a p h i c  and s t r u c t ura l 
f r amework . I n : Bouma . A . H  . . Moore . G . T . . & C o l ema n . J . M .  
C eds . ) :  Framework . Fa c i e s . a nd O i l -Tra p p i ng 
Cha r a c t e r i s t i c s o f  t h e  !Jp p e r  C o n t i nent a l Ma rg i n . Ame r J c a n  
A s s o c i a t i o n o f  P e t ro l e um G e o l o g i s t s  ud i e s 1 n  G e o l ogy 
7 .  2 1 -4 2 . 

MART I N . R . G  . . AND BOUMA . A . H . .  1 9 7 8 . Phy s i og ra phy ') f G u l f  o r  
Mex i c o . I n : uma . A . H  . . Moor e . C} . T . . a nd C o l emd n  . .  M . . 
( eds . l .  Fr amework , F a c i e s . ,:tnd O i l -Tra p p i ng 
Charac t e r i � L 1 c s o f  t h e  l1 p p e r  C o n t i n e n t � ! Marg i n .  Ame r i c an 
Assoc i at i o n of P e t r o l e um · e o i o a i s � s  Stud i e s i n  Geo l ogy 
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7 .  p .  3- 1 9 . 

MCFi\RLANE . N . 1 9 74 . The g e o l ·)gy o t  the Dry Harbour 
Moun t a i ns . S t . Ann . J ama i c a . Unpu b l i s hed Mas t e r of S c i e n c e  
Th e s i s .  Un i v e r s i ty o f  t h e  W e s t  I n d 1 e s . J ama 1 c a . 

MCFARLANE . N . . 1 9 7 7 . Some E o c e ne a nd O l i a o c e n e  f a u n a s  f rom 
C e nt r a l J ama i c a . Memo r i a  S egundo C ongr e s s o  Lat i n amer ! c a n o  
d e  G e o l og i a .  Re p ub l i c a d e  V e ne zu e l a .  M i n i s t e r i o  d e  M i n a s  e 
H i dr o c a r bu r o s . D i re c c i o n d e  G eo l og i c .  Bu l e t i n d e  G e o l og i a  
P ub l i c a c 1 o n p e c 1 a l 7 : 1 3 9 3 - 1 4 1 1 .  

MCKENZIE , J .  . BERNOULL I .  D .  . AND S C HLANGER . S .  0 .  . 1 9 8 0 . 
S ha l l ow-wa t er c arbona t e s e d i me nt s  f r om Emp e r o r  
S e amoun t s : The i r  d i a g e ne s i s  a nd p a l egeogra ph i c  
s i g n i f i c a n c e . I n : J a c k s o n . E . D  . .  Ko i sum i . E . D  . .  a nd o t h e rs 
( ed s . ) ,  I n 1 t i a l  Re p o r t s o f  t h e  D e e p a Dr 1 l l 1 ng Pr o j e c t  
5 5 : 4 1 5  � .  

MCK I NNEY . M . L  . . 1 9 84 . Suwa n n e e  Cha nne l o f  t h e  P a l e oge ne 
C o a s t a l  P l.:l i n :  :3 upport f o r  t h e  " c arbo n a t e  suppre s s j. o n "  
mod e l o f  b a s i n  f orma t i o n . G e o l ogy 1 2 : 34 3 � 34 5 . 

MEEDER , ,J . F .  . MOORE . D .  R .  . A N D  HAHL.t::M .  P .  . ( ed:s . ) . 1 9 8 1 . 
Survey o f  c e n tra l F l or i da g e o l ogy .  Mi am1 G e o l og i c a l  
S o c i e ty F i e l d t r i p G u i de bo ok . 

M I NNERY . G .  A . . 1 9 9 0 . Crus t o s e  c ora l l i n e a l g a e  f rom t h e  
F l owe r G � rd e n  Ba nks . nor· thwe s t e r n  Gu l f  o f  Mex i c o : C o n t ro l s  
o n  d i s t r i bu t i on a nd growth mor ph o l ogy .  J o urna l o f  
S e d i me n t a ry Pe tro l ogy 6 0 : 9 9 1 0 0 7 . 

M I NNERY . G . A  . . REZAK . R . .  AND BR I GHT . T . J . 1 9 8 5 . D e p t h  
z o na t i on a n d  gr owth f orm o f  c r u s t o se c o ra l l i ne a l ga e : 
F l ow e r  Garden Ba nk s .  n o r t hwe s t e r n  Gu l f  o t  Me x i c o . I n  
Toomey . D . F .  & N i t e ck. i . Ivi . H .  ( e d s . l .  P a l e o a l go l  
Spr i nger V e r l ag . Ber l i n  He i de l berg . p .  2 3 7  Z 4 6 . 

M I TCHUM . R .  M .  . J R . . 1 97 8 . :3�:> i smi c; s t ra t igra ph i 
i nve s t i ga t i o n o f  We s t  F l or i da S l o p e . Gu l f •) f 1v1e x i c o . I n ·  
Bouma . A . H  . . Moore , G . T  . . & C o l ema n . J . M .  l e d s . 1 :  
Framework . Fac i e s . a nd O i l -Tra p p l n a Char a c t e r l s � I c s o f  t h e  
Upper Cont i ne nt a l Marg i n .  Ame r 1 c a n  As s o c i a t i o n o f  
P e t ro l e um Ge o l og i s t s  S t u d i e s i n  G e o l ogy 7 .  p .  1 9 3 - 2 2 3 . 

Iv'J.OORE . W . E  . . 1 9 5 5 . G e o l ogy f J a c ks o n Count y . F l or i d a . 
F l or 1 d a  G e o l og i c a l  Survey Bu l l e t i n  J 7 . 

MOSS OM . D . S  . . 1 9 2 5 . A pre l i m i n a ry r e p o r t  o n  t h e l i me s t o n e s  
a nd mar l s o f  F l o r i da . F l or 1  G e o l og i c a l  S urvey Annu a l 
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R e p o r t  1 6 : 2 7 2 0 3 . 

MULL I NS . H . T  . .  GARDULSKI . A . F . , W I SE . S . W .  Jr . ,  AND 
A PPLEG ATE . J . .  1 9 8 7 . M i dd l e  M i o c e n e  o c e a n o g r a p h i c  eve n t  1 n  
t h e  e a s t e r n  G u l f  o f  Me x 1 c o : I mp l i c a t i o n s  f or s e i sm i c 
s t ra t i gr a p h i c  s u c e s s i o n a nd L o o p  C u rr e n t / G u l f  S t re am 
c i r cu l a t i on .  G e o l og i ca l  S o c i e t y  o f  Ame r i c a  Bu l l e t i n  
9 8 : 7 0 2 - 7 1 3 .  

MUL L INS . H . T . .  G ARDULSK I . A . F  . .  H I NC HEY . E . J  . .  AND H I NE . 
A . C  . .  1 9 8 8 a . The mode r n  c a rb o na t e  r amp s l o p e  o f  c e n t r a l 
we s t  F l or i da . J o urna l c f  S e d i me n t a ry P e t ro l ogy 5 8 : 2 7 3- 2 9 0 . 

MULL I N S , H . T . .  G AR DULSK L A . F . , H INE , A . C  . .  MEL I LLO . A . J . , 
W I SE . S . W . J r  . .  AND A P PL EG ATE . J . , 1 98 8 b . Thr e e ­
d i me ns i o n a l s e d i me n t a ry f r amewo r k  c f  t he c ar b o n a t e  r amp 
s l o p e  o f  c e n t ra l w e s t  F l or i da : A s e qu e n t i a l  s e i smi c 
s t r a t i gr a ph i c  p e r s pe c t i ve . G e o l og i c a l  S o c i e ty o f  Ame r i c a  
B u l l e t i n  1 0 0 : 5 1 4 - 5 3 3 . 

MURRAY , G . E . , 1 9 6 1 . G e o l ogy o f  t he A t l a n t i c  a nd Gu l f  C o a s t a l  
P r o v i n c e  o f  N o r t h  Ame r i c a . H a r p e r & Bro t he r s . New York . 
6 9 2  p .  

NELS ON . C . S  . .  ( ed . ) .  1 9 8 8 a . S p e c i a l  I s s u e : Non-- t r o p i ca l  
c ar b o na t e s - -modern a nd a n c i e n t . S e d i m e n t a ry Ge o l ogy 
6 0 : 1 -4 . 

NELSON . C . S  . .  1 9 8 8 b . A n  i nt rodu c t o ry p e r s p e c t i ve o n  non­
t ro p i c a l  s he l f  c a rbona t e s . S e d i me n t a ry G e o l ogy 6 0 : 3- 1 2 .  

NELSON . C . S  . .  KEANE . S . L. AND HEAD . P . S .  1 9 8 8 a . N o n - t r o p i c a l  
c a rbo na t e  d e p o s i t s  o n  t h e  mod e r n  New Z e a l a nd s he l f .  
S e d i me n t ary G e o l o gy 6 0 : 7 1 -9 4 . 

NELSON . C . S  . .  HYDEN . F . M  . .  KEANE . S . L  . .  LEASK . W . L  . .  AND 
GORDON . D . P  . .  1 9 8 8 b . A p p l i c a t i o n o f  bry o z o a n  z o a r i a l  
growt h - f o rm s t ud i e s  i n  f a c i e s  ana l y s i s  o f  n o n - t r o p i c a l  
c arbo n a t e  d e p o s 1 t s  i n  New Z e a l and . S e d ime n t ary G e o l ogy 
6 0 : 3 0 1 - 3 2 2 . 

NEWELt . N . D  . .  1 9 7 1 . A n  o u t l i n e h i s t ory o f  t ro p i c a l orga n i c  
r e e f s . Ame r 1 c a n  Mus e um Nov i t a t e s  2 4 6 5 . 

N I COL . D .  . AND J ONES . D .  S .  . 1 9 8 4 . Ch l on e  ( Ch 1 on e )  
crasped on 1 a  Da l l  1 n  t h e  C ry s t a l R i ve r  Forma t i o n ( Eo c e ne ) 
i n  P e n i ns u l a r F l o r i da . Tu l a n e  S t ud i e s i n  Ge o l ogy a n d  
Pa l e o nt o l ogy 1 8 : 7 3 - 7 5 . 

N I CO L . D . .  AND JONES . D . S  . .  1 9 8 9 . A na t i pope c t en a n d  t h e  
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Ro t u l ari a vernon ] Zo ne ( La. t e  Eo c e ne l i n  P e n i n s u l ar 
F l o r i d a . Tu l an e S t ud i e s 1 n  G e o l o gy a nd P a l e o n t o l ogy 
2 2 : 5 5 - 5 9 . 

N I COL . D . . SHAAK . G . D  . . AND HOGANSON . J . W . . 1 9 7 6 . The 
t a l R i v e r  F o rma t i o n ( E o c e n e ) at Ma r t i n . Mar i o n C o u n t y . 

F l or i da . Tu l a n e  S t ud i e s i n  Ge o l ogy and Pa l e on t o l 
1 2 : 1 3 7 - 1 44 . 

OLS EN . S . J  . . 1 9 5 8 , The Wak u l l a C ave . Na t u r a l H i s t o ry 
6 7 : 3 9 6 -4 0 3 . 

OPDYKE . N . D .  . J ONES . D .  S .  . MACFAD DEN . B .  J .  . SM I TH . D .  L . .  
MUEL LE R . P .  A . .  AND SCHUSTER . R .  D .  . 1 9  . F l or i d a ·:t S a n  
e xo t i c  t e r r a n e : P a l e oma g ne t i c  a nd ge o c hro no l o g i c 
i nve s t i ga t i o n  o f  l owe r P a l e o zo i c  r o c k s  f r om t h e s u bs ur f a c e 
o f  F l or i d a . Ge o l ogy 1 5 : 9 0 0 - 9 0 3 . 

POPENOE , P . . HENRY . V .  J .  AND I DR I :3 .  F .  M .  . 1 9 8 7 . Th e G u l f  
Tro u gh--The A t l a n t i c c o n n e c t i o n .  G e o l o gy 1 5 : 3  3 2 . 

P RAEGER . E .  J . . AND G I N SBURG . R .  N . . 1 9 8 9 . C a rb o n a t e  nodu l e  
growth o n  F l or i da ' s  o u t e r  s he l f  a nd I t s I mp l i c a t i o ns f o r  
f o s s i l i n t e r p re t a t i o n s . P a l a i o s 4 : 3 1 0 -3 1 7 . 

PUR l . H . S . , 1 9 5 7 , S t r a t i g r a phy a nd z o n a t i o n o f  t h e  Oca l a  
G r o u p . F l or i d a  G e o l og i c a l S u rvey Bu l l e t i n  3 8 . 248 p .  

PUR l . H . S  . . AND VERNON . R . O  . . 1 9 64 . S ummar y o f  the ge o l ogy 
o f  f l o r i d a  a nd a g u i d e b ook t o  t h e  c l a s s i c  e x posur e s . 
F l o r i da Ge o l o g i c a l Survey S p e c i a l  P ub l i c a t i o n  5 .  

READ . J . f . . 1 9 8 2 . C a r bo n a t e  p l a t f o rms o f  pa s s i ve 
( ex t e m n o n a l )  c o n t i ne n t a l ma rg 1 n s : Ty p e s . c h a r d c t e r i s t i c s 

a nd e vo l ut i on . Te c t o n o p hy s i c s 8 1 : 1 9 5 - 2 1 : . 

READ . J . F  . .  1 9 8 5 . C a r b o n a t e  p l a t t orm f a c 1 e s mo d e l s . Ame r i c a n  
A s s o c i a t i o n  o f  P e t r o l e um G e o l o g i s t s  Bu l l e t i n 6 9 : 1 - l .  

RE I D . R .  P . AND MA C I NTYRE . I .  G . . 1 9 8 8 . Foram i n J f e r a 1 - a l g a l 
nod u l e s  f rom t h e  e a s t e r n C a r i bbe a n : Grow t h  h 1 s t o ry a nd 
i mo l i c at i o n s  o n  t h e  va l u e o f  n odu l e s a s  pa l e o e nv i r o nme n t a l  
i nd i c a t o r s . P a l a i o s 3 : 4 2 4-4 3 5 . 

REZAK . R . . 1 9 8 5 . Lo c a l c a r b o n a t e  produ c t i o n o n  a t. e r r i :r e nous 
s h e l f . G u l f  C o a s t  A s s o c i a t i o n o f  G e o l og i c a l So c i e t i e s 
Tr a n s a c t i o ns 3 5 : 4 7 7 -48 3 . 

REZAK . R . . B R I GHT . T . '-1 . AND MCGRA I L .  D . W  . . 1 9 8 5 . R e e f s  .'i nd 
B a nks o f  t h e  No r t hwe s t e r n  G u l f  o f  Me x i c o : Th e 1 r 
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G e o l o g i c a l . B i o l o g i c a l  a nd Phys i c a l Dy n am i c s . J o h n  W i l ey & 
. New York . 2 5 9  p .  

REZAK . R . .  G I TT I NG S . S . R .  AND BR I GHT . T . J  . .  1 9 9 0 . B i o t i c 
a s s emb l ag e s  a nd e c o l o g i c a l c o n t r o l s  o n  r e e f s  a n d  b a nks o f  
t h e  n o r t hwe s t e r n  G u l f  o f  Me x i co . Amer i c a n  Zoo l o g i s t 
3 0 : 2 3 - 3 5 . 

ROB I N SON . E . .  1 988 , Ear l y  i ary l arge r f o r a m i n i f e r a  a n d  
p l a t f o rm c a rb o n a t e s  o f  t h e  n o r t h e r n  C a r i b b e a n . 
Trans a c t i o ns o f  t h e  E l e ve n t h C a r i bb e a n  G e o l og i c a l  
C o n f e r e n c e . B a rbado s 5 : 1 -5 : 1 2 

RUP ERT . F . . AND SPENCER . S .  . 1 9 8 8 . 1 ogy o f  Waku l l a  
C ou n ty , F l o r i d a . F l or i d a o l og i c a l  Survey Bu l l e t 1 n  6 0 . 

SCHAFERSMAN . S . D  . . 1 9 83 . L i t ho f a c i e s a n d  s t ra t i gra phy o f  a n  
O l i go c e n e  c o ra l r e P f o f  t h e  U . S .  Gu l f  C o a s t . D amo n Mo und . 
TPxas . I n :  Ha r r i s . P . M . . ( e d . ) .  Ca xbon a t e  Ru i l d n ps·  A C o r e  
Wo rksho p .  i e ty o f  E c o n om 1 c P a l e on t o l oy i s l s  d nd 
M i n e r a l og i s t s . p .  464-49 0 . 

S C HM I DT . W . . 1 9 8 4 . N e o <_:r e n r:- s t r a t i crra. phy and S:l e o l og i ,.::- h i s t o ry 
o f  t h e  A pa. l a c h i c o l a  Embayme n t . F l o r i da . F l o r i d a G e o l og i c a l 
Survey Bu l l e t i n  5 8 . 

SCOF F I N . T .  P . .  1 9 87 . A n  I n t r odu c t i o n t o  C a rb o n a t e S e d ime n t s  
a nd Rocks . B l a c k i e . New York . 2 74 p .  

S I E S SE R . W .  G . .  1 9 8 3 , P a l e og e n e c a l c a r e ous na n no p l a nk t on 
b i os t r a t i p hy : M i s s i s s i p p i . A l a bama a nd T e nn e s s e e .  
M i s s i s s i p p i  D e p a r tme n t  o f  Na t u r a l R e s o ur c e s  Bur e a u o f  
G e o l ogy B u l l e t i n  1 2 5 . 

S I E S SER . W . G  . .  1 984 . Gu l f  C o a s t  P a l eoge n e  s t r a t � : 
c:; e o  1 o�:ry q 2 :  " l 3 0  -446 . 

S I  

S t  s ?  J ,:)urna 1 o f  

. W .  G .  . F I TZG ERALD . D .  G .  AND KRONMAN . D .  J .  . l 9tJ 5 . 
C o r r e l a t i o n  o f  G u l f  Co a s t  p r ov i n c i a l  s w 1 t h Eur o p e a n  
s � a ndard s t a g e s . G e o l og i c a l S o c i e t y  o f  Ame r i c a  Bu l l e t i n  
9 6 : 8 2 7 - 8 3 1 .  

S I MONE . L . . AND C ARANNANTE . G . . 1 9 8 8 , Th e f a t e  o f  f o ramo l 
( " t emp e r a t e - t y p e " )  c a r b o n .:\ t e  p l a t f a rms . S c d i me n r. a ry 
Ge o l ogy 6 0 : 347 3 5 4 . 

SM I TH . A . G . .  HURLEY . A . M  . .  AND B R I DE N . J . C  . . 1 9 8 1 . 
Ph a n e r ozo i c  pa l e o c o nt i n e n t a l wor l d  ma p s . C ambr i dg e  
U n i ve r s i t y P r e s s . 1 2 p .  
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SQU I RES . D . F  . . 1 9 5 7 . New s p e c i e s o f  c aryo p hy l l i i d c ora l s  
f rom the Gu l f C o a s t  T e r t i ary . J o 1 rc n <:1 l  o f  Pa. l e o n t o l cgy 
3 1 : 9 9 2 - 9 9 6 . 

SQU I RES . D . F  . .  AN D SA CHS .  K . N  . .  1 9 5 7 . C o r a l s  a nd l a r g e r  
f or am i n i f e r ,:\ a t  A n s e  L a  But t e  Re e f . Lou i s i a na . Ame r i c a n  
A s s o c i a t i o n o f  Pe t r o l eum G e o l og i s t s  Bu l l e t 1 n  4 1 : 7 4 6 - 7 5 0 .  

STA INFORTH . J .  L .  LAMB . HANSP ETTER LUTERBACHER . J .  H .  BEARD . 

AND R .  M .  JEFFORDS . 1 9 7 5 , C e n o z o i c  p l a nkt o n i c  
f or a m i n i f e r a l z o n a t i o n  d nd c h a r a c t e r i s t i c s o f  i nd e x  f o rms . 
U n i ve r s i ty o f  Ka n s a s  P a l e o nt o l og i c a l  C o n t r i bu t i on s . 
Ar t i c l e  6 2 , 4 2 5  p .  

STA INFORTH . R .  M . .  AND J .  L .  LAMB 1 9 8 1 . A n  eva l u a t i o n o f  
p l a nk t o n i c  f oram i n i f e r a l z o na t i o n o f  t h e  O l i a o c e n e . 
Un i ve r s i ty o f  Ka n s a s  P a l e o nt o l og 1 c a l  C o n t r i bu t i o n s . P a p e r  
1 0 4 . 4 2  p .  

STENECK . R . S  . . 1 9 8 6 . The e c o l ogy o f  c o ra l l i ne a l ga l  cru s t s : 
C o nv e r g e nt p a t t e r n s  a nd a d a p t i ve s t r a t eg i e s . A n n u a l Rev i ew 
o f  E c o l ogy and S y s t ema t i c s 1 7 : 2 7 3 - 3 0 3 . 

VA I L , P . R  . .  BAUM . G . R  . .  LOUT I T . T . S . .  DONOVAN . A . D  . .  

MANC IN I . E . A  . .  AND TEW . B . H .  J R  . .  1 9 8 7 . q u e n c e  
s t ra t i g r a phy o f  t h e  U p p e rmo s t  C r e t a c e o u s  a nd P a l e o g e n e  o f  
t h e  A l a b ama /we s t e rn G e o r g i a  C o a s t a l P l a i n .  F i e l d  Tr i p  
G u i d e b o o k  f or t h e  L a f a y e t t e  G e o l og i c a l  S o c i e t y . 

V A N  BELLEN . R . C  . .  1 9 5 6 . Th e s t r,:t t i g r a phy o f  t he ' ' Ma i n  
L i me s t o ne " o f  t h e  K i rkuk . B a i H a s s a n . a nd Q a r a h  C h a uq D a g h  
s t ru c t ur e s  i n  n o r th I r aq . J o u rn a l o f  t he I n s t i t u t e  o f  
P e t ro l e um 4 2 : 2 3 3 - 2 6 3 .  

V ANWAGONER , .J . C  . .  POS AMENT I E R . H . \v . .  Tv'!ITCHW . R . M  . .  Vi\ I L . 

P . R .  . SARG . J .  F .  . LOUT I T ,  T .  S .  . AND H �.RDENBOL . ,J . . 1 9 8 8 . 

An o v e rv i ew o f  t h e  f undame n t a l s  o f  s e q ue n c e  s t r a t i gr a phy 
a nd .key d e f i n i t i o ns . I n :  W i l gu s . C K . . Ha s t 1 ng s . 8 . 3  . . 
P o s ame n t  i e r . H .  . V a nWago n e r . J .  . Ro:=;s . C .  A .  . .::tnd K e nda 1 1  . 

C .  G .  S t . . ( ed s . )  . S e a -L e ve l C h a ng e s : A n  I nt eg r a t ed 
A p p ro a ch . S o c i e t y  o f  E c o n om i c  P a l e o n t o l og 1 s t s  a nd 
M i n e r a l og i s t s . Sp e c i a l Pub l i c a t i o n 4 2 . p .  3 9 - 4 5 . 

V AUGHAN . T . W  . .  1 9 0 0 a . A Te r t i a ry c o ra l re e f  n e a r  Ba i nb r i dg e . 
G e o rg i a .  S c i e n c e  f N . S .  l 1 2 : 8 7 3 - 8 7 5 . 

VAUGHAN . T . W  . .  1 9 0 0 b . Th e Eo G P n e  a nd l ower O l 1 g o c e n e  c or a l 
f a un a s  o f  the Un i t e d S t a t e s  w i t h  d e s c r i p t i o ns o f  a f ew 
d o ubt f u l l y  C r e t a c e o u s  s p e c 1 e s . U n 1 t e d  S t a t e s  G e o l o g i c a l  
Survey Monogr a ph 3 9 . 
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VAUGHAN . T . W  . .  1 9 1 0 . A c o n t r i b u t i o n  t o  t he g e o l og i c  h i s t o ry 
o f  t h e  F l or i d i a n P l a t e a u . C a rneg i e  I n s t i t u te o f  Wash i ng t o n  
Pu b l i c a t i o n  1 3 3 . P a p e r s  f r om t he Mar i ne E i o l og i c a l  
L a b o r a t o ry a t  To r�ugas 4 : 9 9 l 8 5 . 

V A UGHAN . T . W  . .  1 9 1 9 . F o s s i l  c ora l s f rom Ce n t r a l Ame r i c a .  
Cuba . a nd P o r t o R i c o . w i th a n  a c c o u n t  o f  t he Ame r i c a n  
Te r t i ary . F l e i s t o c e ne . a nd R e c e n t  c or a l 1� e e  f s . Un i t ed 
S t a t e s  N a t i o n a l Muse um Bu l l e t i n  1 0 3 : 1 8 9-5 2 4 . 

V A UGHA N . T . W  . . A ND WELLS . J . W . .  1 9 4 3 . t:: e v i s i o n o f  t h e  
s uborde r s . f am i l i e s . a nd g e n e ra o f  t h e  s c l e ra c t i n i a . 
G e o l og i c a l S o c i e ty o f  J1.me r i c a  S p e c i a l  Pa p e r 4 4 . 

V E ATCH . 0 . . AND STEPHENSON . L . W  . . 1 9 1 1 . G e o l ogy o f  the 
C o a s t a l P l a i n  o f  G e o rg i a . G e o rg i a  G e o l og i c a l  Survey 
Bu l l e t i n  2 6 . 466 p .  

VERNON . R . O  . . 1 9 5 1 . G e o l ogy o f  C i t rus a nd Levy C o u n t i e s ,  
F l o r i da . F l or i da G e o l og i c a l  S urvey Bu l l e t i n  3 3 . 

VERNON . R . O  . .  PUR I . H . S  . .  A ND C AL V ER . J . L  . . 1 9 5 6 . A s umma ry 
o f  t h e geo l o gy o f  panhand l e  F l or i da a nd a gu i d e bo ok t o  t he 
su r f a c e e x p o s ure s . f i e l d Tr i p  Gu i d e book . S ou t he a s t e rn 
S e c � i o n  o f  the G e o l og i c a l  S o c i e t y o f  Ame r i c a . 

WA LLACE . R . J  . . 1 9 6 9 . Th e pa l e o e c o l o gy o f  t h e  Br own s Town a nd 
Mo n t pe l i e r  L i me s t o n e s  C O l i go c e n e -M i o c e ne l o f  Jama i c a .  
Ma s t e r  o f  S c i e n c e  t h e s i s . No r t he r n I l l i n o i s Un i v e r s i ty . 

8 8  p .  

WALLACE . R . J  . .  AND F ROST . S . H  . .  1 9 7 6 . A c omp a r i s o n  o f  a n  
0 l i g o c e n e -M i o c e ne ree f t r a c t i n  J ama 1 c a  >v i t h  Modern 
C a r  bbe a n  a nd P a c i f i c  r e e f s . G e o l og i c a l S o c i e t y  ot Amer i c a 
A n nua l Me e t i n g .  A b s t r a c t s  w i t h  P r o g r am 8 : 1 5 9  1 6 0 . 

WE I SBORD . N . E . 1 9 7 3 . N ew a nd l i t t l e -k n own c o r a l s  f rom � h e  
Tampa Forma t i o n 0 f  F l o r 1 da . F l or i da G e o l og i c .-, l Snrvey 
Bu l 1 et i n  5 6 . 

WELLS . J . W . .  1 9 5 6 . S c l e r a c t i n l a . I n  Moon,. , R . C .  ( e d .  l .  

T r e a t i s e  o n  I nve r t ebr a t e P a l e o n t o l o gy . P a r t  � 

C o e l e n t e r a t a . G e o l og i c a l  S o c i e t y o f  Ame r i c a a n d  Un i vers i ty 
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S c i e n t i s t 6 6 : 6 94 -7 0 3 . 

YON . 1 . W .  . JR . . AND HENDRY . (: . W .  . ,:m . . 1 97 2 . 
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PART 5 

L I FE H I STORY AND DEVELOPMENT OF O L I G OC ENE 

L A RGER BENTHI C FORAMIN I FERA : 

A TEST OF THE ENV I RONMENTA L  CONTROL ON HETEROCHRONY . 
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I nt r o d u c "t i o n  

A n  o rg a n i sm ' s l i f e  h i s t ory i n c l ud e s  s u c h  i mp o r t a n t  a s p e c t s  

a s  age a nd / or s i z e a t  re p r o d uc t i o n ,  n umbe r  a nd s i z e o f  

o f f s pr i ng ,  l o nge v i ty .  e t c . The s e  v i t a l t r a i t s  r e f l e c t  t h e  

org a n i sm ' s  ada p t a t i o n t o , a nd i n t e ra c t i o n w i t h i t s  

e nv i r o nm e n t . S i nc e  many o f  t h e s e  l i f e h i s t ory e ve n t s  a f f e c t  

t h e  t i m i ng a nd r a t e  o f  d e v e l o pme n t . h e t e r o c h r o ny ( ch a ng e s  i n  

t h e  r a t e s  a nd / or t i m i ng o f  d e v e l o pme n t a l  pro c e s s e s ) i s  

i n t i ma t e l y  a s s o c i a t e d w i t h t h e  e c o l og i c  s t r a t e g i e s o f  p l a n t s  

a nd a n i ma l s . 

The r e l a t i o n sh i p  o f  h e t e r o c h r o n i c  pro c e s s e s  t o  l i f e 

h i s t ory s t r a t e g i e s h a s  b e e n  d e v e l o p e d  i n  t he c o n t e x t  o f  r 

a nd K s e l e c t i o n . A s  s umma r i z e d  by McK i n ney a nd McNama r a  

( 1 9 9 1 , p .  2 6 8 ) , r-s e l e c t ed p o p u l a t i o n s  norma l l y i nh a b i t  

h i g h l y  f l u c u a t i ng e nv i r o nme nt s w i t h u n p r e d i c t a b l e  r e s ou r c e s : 

wh e r e a s  /{- s e l e c t ed p o pu l a t i o n s  a re t y p i c a l  o f  s t a b l e , 

c r owded I i . e . , c omp e t e t i ve )  e nv i r o nme n t s . S ome l i f e h i s t o ry 

a t t r i bu t e s  o f  J�s e l e c t ed orga n i sms m i gh t  i n c l ude sma l l s i z e .  

e a r l y  s e xu a l m a t u r a t i o n ,  s eme l p ar i t y .  l arge re p r o d u c t i ve 

a l l o c a t i o n . a nd h i gh n umb e r s  o f  sma l l  o f f s pr i ng . K-s e l e c t e d 

o rg a n i sms a r e  f re q u e n t l y  c h a r a c t e r i z e d  by l a rge s i z e . 

d e l ayed s ex u a l ma t ur a t i o n . i t e r o p a r i ty .  l ow re p r odu c t i ve 

·:i l l o c a t i o n .  a n d  f ew .  l a. r g e  o f f s pr i :1g . T1l e r-K c o n :-:::: e p t  

re pre s e n t s  a c o n t i nuum o f  l i f e h i s t o ry s t r a t e g i e s . A l t h oug h  

t h e  g e n e r a l i t y  ( a nd e v e n  v a l i d i ty )  o f  t h e  1�/{ mode l h a s  b e e n  
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c o n t e s t e d . i t  r ema i n s a u s e f u l c o n c e p t  < s e e  Boy c e . 1 9 84 1 . 

A s  s umma r i ze d  by G o u l d  ( 1 9 7 7 , p .  2 8 9 - 2 9 4 ) . ') n e  o f  the mo s t  

i mp o r t a n t  l i f e  h i s t o ry a t t r i bu t e s  i n  :r·-K s e l e c t i o n t h e o ry i s  

t h e  t i m i ng o f  r e p r o d u c t i o n . G i v e n t h e  p r i ma cy o f  r e p r o ­

duc t i v e  t i m i ng , s p e c i f i c  h e t e r o c h r o n i c  p ro c e s s e s  wou l d  be 

e xp e c t ed t o  be a s s o c i a t e d  w i t h  r a n d  K s t r a t e g i e s . Und e r  

c o nd i t i o n s  o f  r-s e l e c t i o n , progenes l s  ( e ar l y  o n s e t  o f  s exua l 

ma t u r i ty !  a nd a c ce l era t i on ! i n c r e a s e d  r a t e  o f  d e ve l o pme n t ) 

s h o u l d  b e  commo n . Under c o nd i t i o n s  o f  K-s e l e c t i o n ,  

hypermorph os1 s ( de l ay e d  o n s e t  o f  s e xu a l m a t u r i t y J . a nd 

n e o t eny ( r e d u c e d  r a t e  o f  d e ve l o pme n t ) a r e  e xp e c t e d  ( Mc K i n n ey 

and McNama r a . 1 9 9 1 . p .  2 6 9 ) . 

A r e c e n t  exp a n s i o n o f  t h e  r-K mode l h a s  b e e n  t h e  add i t i o n  

o f  a t h i rd e nd -memb e r  t o  t h e r-K c o n t i nu um : s t r e s s  ! " s t r e s s  

a d a p t a t i o n "  o r  " s t r e s s  t o l e r a n c e " ;  McK i n n e y  a nd McNama r a , 

1 9 9 1 ) . S t r e s s - s e l e c t i o n o c c u r s  i n  e n v i r o nm e n t s  wh i c h a r e  

p e r s i s t e n t l y  s u bo p t i ma l  f o r n o rma l g r owt h a nd f u n c t i o n . 

A c c o rd i ng t o  G r i me ( 1 9 8 9 . p . 4 l . s t r e s s  i s  d e f i n e d  a s  

" e x t e rn a l c o n s t ra i nt s  l i m i t i ng t h e  ra t e s  o f  r e s o ur c e  

>i c q u i s i t i o n  a n d  g r ow t h  o r  r e p r o du c t i o n o f  org a n i sms . "  F o r  

mar i n e i nv e r t e br a t e s . s t r e s s  may i n c l ud e  ( se e  Ha l l am .  1 9 6 5 ) : 

e x t r eme s i n  temp e r a t ur e , s a l i n i ty .  wa t e r  t urb i d i ty a nd 

mo t i o n . n ut r i e n t a nd oxyg e n  av a i l a b i l i t y i n  t h e  wa t e r  

c o l um n . o r g a n i c  c o n t e n t  o f  s u b s t r a t e . s o l a r ra d i a t i o n 

( e s p e c i a l l y  f o r o rg a n i sms harb or i ng p h o t o sy n t h e t i c  

symb i o n t s ) ,  a nd c rowd i ng ( a  f orm o f  s t r e s s  wh i c h wo u l d  c ome 

2 1 9  



under K-s e l e c t i o n ) . 

McK i n ney a nd McNamara C 1 9 9 1 . p .  377 1 r e l a t e  s t r e s s -

s e l e c t i o n t o  t h e  r-1( mode l a s  f o l l ows : 

" Wh e r e a s  r- a nd K- s e l e c t i o n r e p r e s e n t  e x t r eme p o l e s 
o f  a n  a x i s  o f  e nv i r o nme nt a l s t a b i l i t y  ( d i s t ur b a n c e  
f r e qu e n cy ) , h� a nd s t r e s s - s e l e c t i o n r e pr e s e nt e x t r eme 
p o l e s o f  a n  a x i s  of e nv i r o nme n t a l s t r e s s  ( or 
o p t i ma l i ty ) . I n  o t h e r  words . a ny e nv i ro nme n t  o n  t h i s  
l a t t e r  a x i s  i s  p r ed i c t ab l e  ( s t ab l e .  g e n e r a l l y 
c o n s t a n t ) ,  b u t  i t  may b e  p r e d i c t a b l y  s u bo p t i ma l f or 
o n e  or mor e p ar a me t er s . "  

Furthermo r e . ](-s e l e c t i o n i s  a d e n s i ty -d e p e nd e n t  n a t ur a l 

s e l e c t i o n C Boy c e . 1 9 84 ) . a nd p r omo t e s  l i f e  h i s t o ry 

c h a ra c t e r i s t i c s i n  r e s po n s e  t o  com pe t i t i o n ,  p r e d a t i on .  a nd 

o t h e r  d e n s i t y -de p e n d e n t  p r e s s u r e s . A l t hough h i gh d e ns i ty may 

be a f orm o f  s t r e s s . s t r e s s- s e l e c t i o n e n c omp a s e s  a n umb e r  o f  

o t h e r  f a c t or s  a nd may o c c u r  i rr e s p e c t i ve o f  p o pu l a t i o n  

d e n s i ty or c ompe t i t i o n .  I n  t e rms o f  h e t e r o ch ro n i c  r e s po n s e s  

t o  s t r e s s . s t r e s s -s e l e c t e d  s pe c i e s  wou l d  be e x p e c t e d  t o  

de l ay re p r odu c t i o n \ hy p e rmor p ho s i s ) .  but t o  a l s o gr ow s l owe r 

( ne o t e ny ) . The r e l a t i o nsh i p s be twe e n  e nv 1 r o nme n � a l  

d i s t urba n c e  a nd s t a b i l i t y . 1"---- K- a nd s t re s s - s e l e c t i o n . a n d  

t he p r e d i c t e d  he t er o c h r o n i c  p ro c e s s e s  a s s o c i a t e d w i t h a l l o f  

t h e s e  a r e  i l l us t ra t e d i n  F i gu r e  5 . 1 .  

The p re s e n t i nve s t i ga t i o n  I S  a n  a t t emp t t o  t e s t  t he s e  

re l a t i o n sh i p s i n  t h e  f o s s i l r e c o rd us i ng a f o s s i l  group t h a t 

I S  e s p e c i a l l y  s u i t e d  f or s u ch a n  a n a l y s i s - - l a rg e r b e n th i c  

f orami n i f e r a . I n  p a r t i cu l a r .  I w i l l  exam i n e t he e f f e c t s  o f  
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F igure 5 . 1 --The re l a t i on s  betwe e n  r - ,  R� . a nd s t r e s s ­
s e l e c t i o n and o n t og e ny . £1 . . r- . K- , a nd s t r e s s ­
s e l e c t i on a s  t h r e e  e nd-members a l o ng t wo grad i e nt s , 
d i s t urbance f reque ncy a n d  s t re s s  ( opt i ma l i ty ) . � . .  
Pred i c t ed o n t oge ne t i c  c urve s f avored by the t h r e e  k i nds 
o f  s e l e c t i o n . Sourc e : McK i nney , M . L  . .  and McNamara . K . J  . .  

1 9 9 1 , He t e ro chrony--The Evo l ut i o n  o f  Ont oge ny . P l e num 
Pres s . Londo n . p . 37 9 . f i gure 9 -4 . 
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pa l e od e p �h ( a nd o n e  o f  the s t r e s s  c o rr e l a t e s  o f  d e p th - ­

r e du c e d  l i g h t  i nt e n s i ty !  o n  t h e  l i f e h i s t ory a nd deve l o pme n t  

o f  f our s p e c i e s o f  O l i g o c e ne l a rge r f or am i n i f e r a  a l o ng a 

f or e r e e f - t o -de e p  s h e l f  pa l e o e nv i r o nme n t a l t ra n s e c t . 

The B i o l ogy o f  Larger B e n th i c  F o r a m i n i f er a  

L a r g e r be n t h i c  f or am i n i f e r a  ( he r e i n  LBF ) i s  a n  i n f orma l 

d e s i gna t i on f o r  nume r o u s  t axa wh i ch t y p i c a l l y r e a c h more 

t h a n  t h r e e  c ub i c  mm i n  t e s t  vo l ume c?.nd h ave c omp l e x i n t e r n a l 

m o r p h o l og i e s ( mo s t  f o r am i n i f e r a n s  d o  no t e x c e ed lm;•n i n  s i z e : 

L e e  and Ha l l o ck . 1 9 8 7 ; Ha l l o ck . 1 9 8 5 : Ro s s . 1 9 7 4 ) . A l g a l 

symb i o s i s  h a s  b e e n  d emon s t r a t e d  f o r mo s t  m od e r n  s p e c i e s o f  

LBF ( symb i on t s  i n c l ud e  c h l o r o p hy t e s . rhodophy t e s . d i a t oms . 

a nd d i no f l ag e l l a t e s : Le u t e ne gg e r . 1 9 8 4 :  Le e a n d  A n d e rs o n . 

1 9 9 1 ) . a nd i t  i s  ge n e ra l l y  t h ought t ha t  l a rge t e s t  s i z e i s  

s omehow r e l a t e d t o  symb i o s i s  { wh i ch may f a c i l i t a t e  

c a l c i f i c a t i o n . f o r  e x amp l e : s e e  Cowe n . 1 9 8 3 ) . L i k ew i s e , the 

c omp l ex i ty o f  t h e  LBF t e s t  may b e . i n  p a r t . a f u n c t i o n o f  

c y t o p l a smi c c omp a r tme n t a l i 3a t i o n a nd s p e c i a l i z a t i o n ( s u c h  a s  

t h e  h o u s i ng a nd s he l t e r i ng o f  symb i o n t s  i n  r e g i o n s  o f  

o p t i ma l i l l um i na t i o n . and away f rom cyt o p l a sm i c  f l ow :  L e e  

a nd Ha l l o ck . 1 9 87 : Le u t e negg e r . 1 9 84 ) . 

L a r g e r  f o r a m i n i f e r a  a r e  p r i m a r i l y f o und i n  � r o p i c a l  t o  

s u b t r o p i c a l . o l i go t ro p h i c  B nv i r o nme n t s . Th ey a r e  e s p e c i a l l y 

p r om i n e n t i n  c o r a l r e e f s  a nd r e l a t e d  f a c i e s . a nd c a n  be 
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s u bs t a n t i a l  s e d i me n t produ cers . r 1 va l i ng c o ra l s  a nd 

c a l c a r e o u s  a l g a e  i n  t he i r  vo l ume t r i c  c o n t r i bu t i o n ( Ha l l o c k  

a nd G l e n n . 1 9 8 6 : H a l l o c k . 1 9 8 1 a : Ro s s . 1 9 77 ) . Mos t e x t i n c t  

LBF a r e  a s s o c i a t e d  W i t h  s i m i l a r p a l e o e nv i r o nme n t s . a nd a r e  

i n f e rr e d  t o  a l s o h a ve h ad a l g a l symb i on t s  ( Ha l l o c k . 1 9 8 2 ) . 

Th i s  i s  c l e ar l y  a l eg i t i ma t e  a n d  r e a s o n a b l e  a p p l i c a t i o n o f  

t a x o n om i c u n i f o rm i t a r i a n i sm ( s e e  Dodd a nd S t a n t o n . 1 9 8 1 . 

p .  1 7 - 2 3 ) . 

Foram i n i f e ra h a v e  e x treme l y  v ar i a b l e  l i f e cyc l e s l s e e  Le e 

and C a pr i u l o . 1 9 9 0 ) wh i c h c a n  e x t e nd u p  t o  o n e  y e a r  o r  mo r e  

I n  dur a t i o n f e . g  . .  Ro s s . 1 9 7 2 : Lu t z e  a n d  We f e r . 1 9 8 0 1 . Mo s t  

l a rg e r  f o r am i n i f e r a  are c h a r a c t e r i z e d  b y  a n  a l t e r n a t i o n o f  

g e n e ra t i o n s . i n  wh i c h a h a p l o i d  gamon t ( g ame t e -prod u c i n g )  

f orm ( a l s o c a l l e d t h e  A -g e n e r a t i o n )  a l t e r n a t e s  w i t h a n  

d i p l o i d  agamon t ( a s e xua l ) f orm ( a l s o c a l l e d a sch i zon t . o r  

B-g e ne r a t i o n ) . Th i s  h e t e r o p ha s i c  l i f e  c y c l e  f r e q u e n t l y  

r e s u l t s i n  b o t h  mor p h o l og i c a nd n u c l e a r  d i mo r p h i sm .  The 

g amo n t  n o rma l l y h a s  a sma l l e r t e s t  t h a n  t h e  a g am o n t . The 

agamo n t . h oweve r . i s  t y p i c a l l y  mu l t i nu c l e a t e  

( h e t e r okaryot i c ) . w i t h  o n e  o r  more ma c r o nu c l e i  c o n t ro l l i ng 

s om a t i c  a n d  me t a b o l i c f u n c t i o n s , and m a ny m i c r o nu c l e i  wh i c h 

d i v i d e t o  p r o d u c e  n uc l e i  dur i ng sch i z ogony ( ma c r o n u c l e i  

n e ra t e  d u r i ng r e p r o d u c t 1 o n l . 

Mo r p h o l o g i c  d i mo r p h i sm o f  t h e  f o r am t e s t  i s  a l s o a p p a re n t  

1 n  t h e  embryo n i c  c hambe r s  ( embryon l  ot bo t h  g a mo n t  ,:'nld 

agamo n t . The embry o n  o f  t he g amo n t  n o rma l l y  c o n s i s t s  o f  t wo 
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l ar g e  c h amb e r s  ( pr o t o c o n c h  a nd d e u t e r o c o n c h : o r  p r o l o cu l us 

a nd deut e r o l o c u l us i f  p a r t  o f  a pr imary s p i r e ) . a n d  i s  

t e rmed mega l ospheri c .  The s e  two . i n i t i a l chaml1 e r s  hou s e  t h e  

j uve n i l e  f o r am i n i f e r a n  whe n  f i rs t  re l e a s e d f r om t h e  p a r e n t  

t e s t  dur i ng a s e xu a l r e pr o d u c t i on .  The agamo n t . f o rme d by t h e  

f us i o n o f  game t e s . h a s  a n  e x t r eme l y  sma l l i n i t i a l  c ha mbe r 

( pro l o c u l u s ) . a nd i s  t e rmed m i crospheri c I L o e b l i c h  a nd 

Ta p pa n . 1 9 6 4 ; L i p p s . 1 9 8 2 ) . 

Morpho l o g i c  d i mo r ph i sm i n  t e s t  s i z e  c a n  b e  e x t r eme i n  

l arg e r  f o ram i n i f e ra . w1 t h  t h e  m i c ro s phe r i c  f orm r e a c h i ng 

s eve r a l t i me s t h e  s i z e o f  t h e  me g a l o s ph e r e . I n  t h e  P e rm 1 a n . 

s ome f u su l i n i d  m i c r o s phe r e s  ( g e nus P a r a f us u l i n a ) re a ch e d  1 0  

em i n  l e ng t h  ( Du n b a r . 1 9 6 3 ) . a nd I have ve r b a l r e p o r t s  o f  

m i c ro s ph e r i c  i nd i v i du a l s  o f  T e r t i a ry Nummu l i t e s  f rom t h e  

M i dd l e  E a s t  r e a ch i ng 1 2  em i n  d i ame t e r  ( B .  C a r t e r . p e r s . 

c omm . ) .  S ome f ragme n t s  o f  L e p i d o cv c l i na f ou nd i n  t h e  c ou r s e  

o f  t h i s  s t udy r e p r e s e n t  i nd i v i dua l s  wh i ch mus t  have 

a pp r o a c h e d  7 em or mo re i n  d i ame t e r . 

I n  b o t h  l i v i ng a nd f o s s i l  a s s emb l a g e s . mi c r o s p h e r i c  

i nd i v i du a l s  a r e  t y p i <:� a l l y  very u n c ommon . Mega l o s ph e r e s  a r e  

a l ways d i s pr o p o r t i o n a l l y g r e a t e r  i n  numb e r . Th i s  has l e d to 

the hyp o t h e s i s  o f  b i o l o g i c  t r i mo r ph i sm .  i n  wh i c h i t  i s  

t h o ught t h a t  m i c r o s phe r 1 c  s c h i z o n t s  produ c e  me ga l o s ph e r i c  

s ch i z o n t s . wh i ch prod u c e  me g a l o s p h e r i c  g amo nt s .  wh i c h 

p r o d u c e  m 1 c ro s ph e r 1 c  s c h i z on t s  ( Le u t e negg e r . 1 9 77 1 . Seve r a l 

g e n e r a t 1 o ns . i n  f a c t . c f  mega l o s p h e r 1 c  s c h i z o n t s  a r e  t h ought 
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t o  p r e c e d e  game t oge n e s i s  i n  s ome c a s e s . A l t h o ugh t h i s  t h e o ry 

h a s  be e n  d i s p u t e d 1 n  t h e  p a s t C Ro t t g e r  e t  a l  . .  1 98 6 ) . i t  h a s  

r e c e nt l y  b e e n  c o n f i rmed f o r He t e r o s t e a i n a  depr e s s 9_  \ Ro t t g e r  

e t  ,:J. l . . 1 9 9 0 ) . 

The E c o l cg 1 c a. l  S i g n i f i c a n c e  o f  Te s t  S i z e i n  L a r g e r  

F o r a m i n i f e ra 

Th e c om p l e x i ty o f  t h e  LBF t e s t  r e c o r d s  a we a l t h o f  

b i o l og i c a l  i n f orma t i o n ( Ho t t i ng e r . 1 9 7 8 . 1 9 86 1 . Howe ve r . 

t h e r e  a r e  t h r e e  ·3. S p e c t s  o f  LBF t e s t  s i z e wh i c h make i t  a n  

e s p e c i a l l y  u s e f u l  i nd i c a t o r o f  d e ve l o pme n t  a n d  r e p r o du c t i ve 

s t r a t egy . 

F i rs t . l i k e  m o s t  l ower i nv e r t e b r a t e s . LBF have 

i nd e t e rm i n a t e  g r ow t h . A s  s umma r i z e d  by Ha l l o c k  a nd G l e n n  

( 1 9 8 6 ) . u n d e r  f av o r a b l e  c o nd i t i o n s . LBF w i l l  ma t u r e  a nd 

r e p ro du c e  a t  r e l a t i ve l y  sma l l s i z e s . Howeve r . i f  t h e  

p o pu l a t i o n i s  s t r e s s e d  b y  l ow l i g h t  l f or symb 1 o nt s J . l ow 

t emp e r a t u r e . o r  o t h e r  s u bo p t i ma l  c o nd i t i o n s . t h e  f o r ams w i l l  

d e l ay r e p r oduc t i o n  a nd s i mp l y  c o n t i nu e  t o  grow . Th i s  I S  

o b s e rve d . f or e x amp l e . wh e n  sh a l l ow-dwe l l i n g f o rams a r e  

wa s h e d  i n t o  d e e p  wa t e r . A l mo s t  i ro n i c a l l y .  i f  a p o pu l a t i o n 

c o n t a 1 n s many l a r g e  i nd i v i d u a l s .  c o nd i t i o n s  f o r  g r owth a nd 

r e p rodu c t i o n may h ave b e e n  q u i t e m a r g 1 n a l . Wi t h i n  a c� 1 es .  

t es t  s i z e  i s  gen era l l y a re l i abl e re l a t 1 ve i nd i ca t or o f  

1 nd i v i dua l age . 



S e c o nd . LBF a r e  s eme l p a ro u s . Th a t  i s ,  dur 1 ng mu l t 1 p l e  

f i s s i o n . t h e  e n t i r e p ro t o p l a sm o f  t h e  a d u l t  f o r am 1 s  d i v 1 d e d  

amo ng i t s  pr oge ny . Re produ c t i o n i s  t h e r e f o re a ma J or c a u s e  

o f  mor t a l i ty amo ng adu l t s f Ha l l o ck . 1 9 8 5 : Ha l l o c k  a n d  G l e n n . 

1 9 8 6 ; H a l l oc k  e t  a l  . .  1 9 8 6 ) . If t h e a d u l t s i ze d i s t ri bu t i on 

of a popu l a t i o n  is un imoda l ,  t h e s 1 ze a t  reprod u c t i on is 

a pproxima t ed by t h e  peak o f  the curve . Th i s . of c o ur s e . 

a s s ume s t h a t  t a phonom i c p r o c e s s e s  have n o t  s i g n i f i c a n t l y  

a l t e r e d  t h e  a s s emb l age . Ne ve r t h e l e s s . s eme l pa r 1 ty make s t h e  

s t udy o f  l i f e  h i s t o ry a nd d e ve l o pme n t  i n  f o s s i l LBF v e ry 

prom i s i ng .  

Th i r d . b e c a u s e  LBF d i s t r i bu t e a l l o f  t h e i r  p r o t o p l a sm t o  

j uv e n i l e s  d ur i ng a s e xu a l r e produc t i o n . t e s t  s i ze 1 s  a g o o d  

r e l a t i v e  i nd i c a t or o f  r e pr odu c t i ve a l l o c a t i o n . LBF f e c und i t y 

( th e  numb e r  o f  o f f s pr i ng p ro d u c e d  by a p a r e n t dur i ng a s e xu a l 

r e p r od uc t i o n )  i s  a f u nc t i o n o f  t e s t  s i ze ( Ha l l o c k . 1 9 85 :  

Ha l l o ck e t  ·3. 1 . .  1 9 8 6 ) . LBF fe c u nd 1 t y  i s  norma l l y d i re c t l y  

propor t 1 ona l t o  body s 1 ze 

I n  add i t i o n .  t h e  LBF mega l o s p h e r i c  embry o n  ( f i rs t  two 

cha.mb ers o f  t he LBF t es t ) r e p r e s e n t s  t h e  J uve n i l e  f o ram wh e n  

i t  wa s f i r s t  r e l e as e d f rom t h e  p a r e n t t e s t . Embryo n ::o i ze .  

t h ere fore . i n d i ca t e s t h e  s i z e o f  t h e  i nd i vi d ua l foram a t  

b i r t h . Th i s  c a n  b e  o f  s p e c i a l  s 1 g n i f i c a n c e  i n  t he s tudy o f  

LBF l i f e  h i s t ory . S urv i va l r a t e s a re typ i c a l l y very l ow f o r  

j uve n 1 l e  LBF . Howe ve r . 1 f  j uve n i l e s c a n  s urv 1 v e t o  a c e r t a 1 n  

c r i t i c a l  s 1 ze ( 0 . 5  mm f o r Amph l s t eq i n a ) , c h a n c e s  o r  s urv i v .:i l  
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t o  r e p r odu c t i o n a r e  gre a t l y  1 n c r e a s e d  ( Ha l l o ck . 1 9 8 5 ) . 

Surv i va l l ar g e l y  l S  s i z e - s p e c i f i c . 

Be c a u s e o f  t h e s e  u n i q u e  a s p e c t s  o f  LBF ( i . e . .  i nd e t e r ­

m i n a t e  growt h . s eme l p ar i ty .  symb i os i s ) . re s e a r c h  c a n  be 

c o ndu c t e d  o n  t h e  i n f l u e n c e  of e nv i ronme n t a l  s t r e s s  o n  t h e  

l i f e h i s t o ry a nd h e t e r o c h r o n i c  p ro c e s s e s  o f  e v e n  e x t i n c t  

s p e c i es . I n  p a r t i c u l ar .  s i n c e  LBF h a r b o r  a l g a l symb i on t s . 

s o l ar i l l um i n a t i o n i s  p e rha p s  t h e  mo s t  cr i t i c a l  l i m i t i ng 

f a c t or . S u b s t r a t e  t y p e  a nd wa t e r e n e r gy a r e  a l s o i mp o r t a nt . 

F o r t u na t e l y .  1 n  c l e a r . t r o p i c a l  t o  s u b t r o p i c a l  wa t e rs . t h e s e  

var i ab l e s a r e  l arge l y  a d i r e c t  f u n c t i o n o f  wa t er d e p t h . 

Th e r e f o r e . w i t h c a re f u l f a c i e s  a na l ys i s  ( a nd s p e c i a l  

a t t e n t i o n g i ve n  t o  r e l a t i ve d e p t h  i nd i c a t or s  i nd e p e nd e n L  o f  

LBF ) , p a l e o b i o l og i c a l  i n f e r e n c e s  o f  e x t i n c t  LBF s h o u l d  have 

a h i gh d e g r e e  of a c c ur a c y . 

The o r e t i c a l  P r e d i c t i o n s  f o r  F o s s i l  Larg e r  F o r a m i n i f e r a  

P a l e o nt o l og i s t s  work 1 ng on LBF h ave l o ng k n own o f  t h e  

i nc r e d i b l e  amou n t  o f  morpho l og i c  var i a t i o n i n  t h e  gr o u p  ( s e e  

Fros t  a nd L a nge nhe i m .  1 9 74 . p .  4 3 1 . I n  t h e  p a s t . th i s  

va r i a t i o n . p l u s t h e  d e s i r e t o  u s e  LBF f o r b i o s t r a t i gr a p h i c  

purpos e s , r e s u l t e d  1 n  a n  e x c e s s i ve pro l i f e ra t i o n o f  

t a xonom i c n ame s . F o r t u n a t e l y . mos t o f  t h e s e  n ame s h a v e  be e n  

r e l ega t e d  t o  t h e i r  r i ght f u l  p l a c e - - sy n o nymi e s . Th i s  i s  

n o t ab l y  t ru e  f or Ame r 1  C•'l n  s p e c i e s ,  whe r e  d i ve rs i t y i s  
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a c t ua l l y q u i t e l ow c omp a r e d  t o  Te t hy a n  a nd I nd o -P a c i f i c  

f a u n a s  ( p a r t i cu l a r l y  I n  t he O l i g o c e ne ! .  Few I nv e s t i ga t o r s . 

however .  have t r i ed t o  make e c o l og i c  s e n s e  o f  t h i s  

var i a b i l i t y .  

The i n i t i a l  a im o f  t h i s  i nv e s t i g a t i on wa s t o  e xam i ne t h e  

mo rpho l og i c a l  ( de v e l o pme n t a l )  a n d  l i f e h i s t o ry a d a p t a t i o n s  

o f  f our s p e c i e s o f  LBF a l o ng a p a l e o -e nv i r o nme nt a l  t r a ns e c t  

i n  Lowe r O l i go c e ne c ar bo n a t e s  o f  t he e a s t e r n  G u l f  C o a s t a l 

P l a i n .  I n  p a r t i cu l ar .  me a n  a du l t  t e s t  a nd e mbyro n  

we r e  exami n e d . 

The f o s s i l  LBF u s ed we r e  t ake n a l o ng a sha l l ow r e e f -t o­

d e e p  f or e re e f / sh e l f  p a l e o e nv i r o nme n t a l g r ad i e n t . a nd a r e  

t h e r e f o re a s s umed t o  h av e  l i ve d  u nd e r  progre s s i ve l y  c a l me r  

( l e s s  d i s t urbe d ) . a nd mo r e  p o o r l y  i l l um i n a t e d  c o nd i t i o ns . 

From t h e  out s e t  o f  t h i s  s t udy , t h e  f o l l ow i ng mor p h o l og i c  

p a t t e rn s  wer e  e xp e c t e d t o  be f o u n d  a l o n g  t h i s  p a l e ode p t h  

g r a d i e n t : 

( 1 )  Me a n  popu l a t i c m t es t  s 1 ze shou l d  i n crease wi t h  d ep t h . 

Th i s  i s  a f un c t i o n  o f  r e d u c e d  s o l ar i l l um i n a t i o n  a nd 

t emp e r a t ure ( i . e . .  s t r e s s ! ,  mak i ng c o n d i t i o n s  s ubo p t i ma l f or 

g r owth a n d  r e p r o d u c t i o n . But b e c a us e  o f  t h e i r  I nd e t e rm i na t e  

g r owth . by d e l ay i ng r e p r o du c t i o n t h e  LBF g row t o  l ar g e r  

s i ze s . A t  g re a t e r d e p t h s . me t a bo l i sm a nd g rowth a r e  

n e c e s s a r i l y s l owed . A s  Ha l l o c k  ( 1 9 8 5 ) h a s  s hown i n  h e r  

mode l s  f o r  LBF a d a p t i ve s tr a t e g i e s . both l ow j uve n i l e growt h 

r a t e s  a n d  l ow j uv e n i l e s urv i va l f av o r  l a r g e  adu l t  s i z e a nd 
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h i gh f e c u nd i t y .  A c o r a l l ary o f  t h i s  pred i c t i o n i s  t h a t  t h e  

amo u n t  o f  p o s t - embryo n i c  g rowt h ! me a s u r e d  b y  e q ua t o r 1 a l  

c h amb e r  a r e a ) shou l d  a l s o 1 nc r e a s e  w 1 th d e p t h . 

i 2 ) Embryon s 1 ze shou l d  i n crease w1 t h  dep t h . I n c r e a s e  1 n  

e mb ryon s i z e c ommo n l y  ( bu t  by n o  me a n s  a l ways ) a c c om p a n i e s 

i n c r e a s e  1 n  t e s t  s i z e i n  LBF . A c c o rd i ng t o  Ha l l o ck 1 1 9 85 ) . a 

p r i ma ry r e a s o n  f o r  i nc r e a s i ng embryon s i ze i s  t o  i n c r e a s e  

t h e  cha n c e s  o f  j uv e n i l e s urv 1 va l .  wh 1 ch i s  ty p 1 c a l l y v e ry 

l ow i n  LBF . I n  e xp l a i n i ng o b s e rv e d  p a t t e rn s  o f  i n c r e a s i ng 

embry o n  s i ze w 1 th d e p t h  i n  f o s s i l  

Ha l l o c k  s ugg e s t s  t h a t  l a r g e r  embry o n s  r e c e i ve mo r e  

p r o t o p l a sm i c  symb i o n t s  f r om t he p a r e n t . t hu s  i n c r e a s i ng 

c h a n c e s  o f  s u rv i va l  u nd e r  c o nd i t i o ns o f  l ow l 1 g h t  

p e n e t ra t i o n . I t  i s  c l e a r . howeve r . t h a t  t h e r e  may be m a ny 

r e a s o n s f or c h a ng e s  i n  e mbr yo n  s i ze .  n o t  a l l o f  wh i ch a r e  

u n de r s t o o d  C Droog e r . 1 9 8 3 : a n d  D i s cu s s 1 o n  s e c t i on b e l ow ) . A s  

t h e  r e s u l t s o f  t h e  pre s e n t  I nv e s t i ga t i o n  c o n f 1 rm .  embry o n  

s i z e mu s L  b e  i nt er p r e t ed c a ut 1 ou s l y . 

( 3 )  Tes t  e 1 a bora t i ons ( s u ch a s  d e ve 1 opmen t o f  p i  1 1  a rs a n d  

p us t u l es ) . se l l i form t es t s .  a nd .� d e crease 1 n  l e ngt h/ wi d t h  

ra t i os i n ummu l J t idsJ sh o u l d  be more common i n  sha l l ow .  h i gh 

e n ergy con d i t i o ns . I t  h a s  be e n  d o c ume n t e d  for both f o s s i l  

a nd e x t a n t  LBF t ha t  c er t a i n  t e s t  mod i f i c .:t t 1 o n s  a r e  c ommo n l y  

a s s o c 1 a t e d  w i t h  h i gh e ne rgy c o nd i t i o ns . a nd t he s e  p r e s uma b l y  

a s  a n  a d a p t a t i o n f or t e s t  s t r e ng t h . P i l l a rs . f o r  e xamp l e . 

( ra d i a l  t h i c k e n 1 n g s  e x t e nd i ng f rom t he c e n t e r  o f  

2 3 0  



l e p i do cy c l i n i d  t e s t s . man i f e s t  by r o u nd e d  prom i n e n c e s  c a l l e d  

pus t u l e s o n  t h e  t e s t  c e n t rum !  a.re c ommo n i n  h i gh e ne rgy 

f a c i e s C Dr o o g e r . 1 9 8 3 : Fro s t  a nd L a ng e nh e i m .  1 9 7 4 . p . 1 3 5 -

1 3 6 ) . S e  1 1  i f o rm ( " s .3.dd l e -s h a p e d " )  t e s t s have be e n  r e c orde d 

f or re e f -dwe l l i ng p o pu l a t i on s  o f  Le p 1 do cyc l i n a  u n d o s a  f r om 

Me x i c o C Fr o s t  a nd L a nge nh e i m . 1 9 7 4 . p .  1 7 0 1 . A n d  t e s t  

f l a t t e n i ng i s  c ommo n l y  o b s e rv e d  a s  a corre l a t e  w i th d e p th 

( l ow e n e rgy ) i n  a var i e ty o f  LBF ( Re i ss a nd H o t t i ng e r . 1 9 8 4 ; 

H a  1 1  o c k . 1 9 7 9  l . 

I have exam i ned f our s p e c i e s  o f  LBF ( t hr e e  s pe c i e s o f  

Lep i do cyc l i n a  a nd o ne s p e c i e s o f  N ummu l i t e s ) a l o ng a r e e f 

t o -de e p  s he l f  t r a ns e c t  1 n  Lowe r O l i go c e n e  s t r a t a  o f  t h e  

e a s t er n  G u l f  Coa s t a l P l a 1 n . Th e p a l e o e nv i ro nme nt a l 

i n t e rpr e t a t i o n  o f  t h e  f a c i e s i n  t h i s  t r a n s e c t  have b e e n  

prev i o u s l y  d e t erm i n e d  by t h i n  s e c t i o n a n a l y s i s  a nd 

p a l e o e c o l og i c a l d a t a  ( e x c l us i ve o f  LBF ) ( s e e  b e l ow a nd P a r t  

4 o f  d i s s e r t a t i o n ) . F i ve s t a t i o n s  ( e a ch a d i f f e r e n t  

f orma t i o n )  w e r e  s a mp l ed .  a nd e a c h  r e p r e s e n t s  a progre s s i ve l y  

d e e p e r  p a l e o e n v i r o nme n t . F o r  e a c h  s amp l e .  t h e  rnorpho l og 1 c 

c h a r a c t er s  d e s c r i b e d  ab ove wh e r e  r e c orde d f or e a ch s p e c i e s 

i n  t h e  a s s emb l ag e . 
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Me t h od s  

L a rg e r  f o r am i n i f e r a  w e r e  c o l l e c t e d f r om a l l l i t h o l og i e s  

c o n t a i n i ng t h e s e  f o s s i l s  d u r i ng t h e  c o ur s e  o f  f i e l d work f o r 

t h e  r e g i o n a l f a c i e s  a n a l ys i s  p r e s e n t e d  i n  P a r t  4 of t h i s  

d i s s e r t a t i o n . B u l k  s amp l e s we r e  c o l l e c t e d  f o r  p r e p a r a t i o n  i n  

t h e  l a bo r a t o ry . S am p l e s u s e d  1 n c l ud e  t h e  B r i d g e b o r o  

L i me s t o n e  t y p e  s e c t i o n ( Br i g e bo r o . G e o rg i a ) ; B r i dg e bo r o  

L 1 me s t o n e  Du n c a n  Chur ch B e ds ( Wa u s a u . F l o r i da ) : F l or a l a  

L i me s t o ne ( S t ov a l l  Q u a rry ) : G l e nd o n  L i me s t o n e  ( S t .  S t e p h e ns 

Quarry l : a nd the M a r 1 a n n a  L i me s t o n e  ( S t .  S t e p h e n s  Quarry ) 

! S e e  A p p e nd i c e s  f o r  l o c a l i t y i n f o rma t i on ) . 

L a b or a t o ry p r e p a r a t 1 o n o f  l ar g e r  f o r am i n 1 f e r a  f or 

b i ome t r i c  a n a l y s i s  i s  a v e ry l a b o r - i n t e n s i ve p r o c e s s . U n l i k e 

many f o s s i l  gr o u p s  wh 1 ch c a n  b e  me a s u r e d  d 1 r e c t l y , t h e  

d i a g n o s t 1 c  mo r p h o l og i c  f e a t u r e s  o f  l a rge r  f o r a m i n 1 f e r a  ( s u c h  

a s  embryo n i c  a n d  e q u a t or 1 a l c h ambe r s ! a r e f o u n d  w1 th 1 n  � h e  

t e s t . r e q u 1 r i ng t h a t t h e  t e s t  b e  p a r t i a l l y d e s t royed b e f o r e  

me a s ur eme n t s  c a n  b e  t ak e n . Mo s t  s p e c i me n s  c a n n o t  b e  

i de n t i f i e d w i t h c e r t a i n t y  w i t h o u t  s u c h  p r e p a r a t i o n . 

F u r t h e rmo r e . nummu l i t i d s  a nd l e p  1 d o c y c  l i n i d s e a c h  r e q t n r e  

s p e c i a l  t e c h n 1 q u e s  l s e e  A p p e nd i X  F l . 

Th e r e  a r e  nume r o u s  p o s s 1 b l e  p <:t rame t e r s  'N"h i c h c a n  be 

me a s ur e d  i n  t h e  c om p l e x t e s t  o f  l a r g e r  f o r a m i n 1 f e r a . For t h e 

p u r p os e s  o f  t h i s  i nv e s � i t i o n . howev e r . two m e t r 1 c s we r e  
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j udged a s  h a v i ng s p e c i a l  I mp or t a n c e  i n  LBF l i f e  h i s t ory a nd 

d e v e l o pme n t . A s  de s c r i be d  a bo v e . t h e s e  a r e  t e s t  s i ze .  d n d  

embry o n  s i ze . Th e amo u n t  o f  p o s t -embryo n i c .  e q u a t o r i a l  

growth wa s a l s o c a l c u l a t e d  f o r  l e p i do cyc l i n i d s .  and var i o us 

q u a l i t at i v e f e a t ur e s  we r e  t ak e n  i n t o  a c c o u n t . D e t a i l s o f  h ow 

t h e s e  me a s ureme n t s  wer e  t ak e n a r e  d e s cr i be d  a n d  i l l u s t r a t e d  

i n  A p p e nd i x  F .  

Larger F o r a m i n i f e r a  Exam i n e d  

Four s p e c i e s  o f  LBF we r e  e x ,:tm i n e d . Nummu l i t e s 

( P a l e o n ummu l i t e s l pa n ame n s i s  C u s hma n i s  t h e  o n l y  numn:�u l i t i d 

f ound i n  t h e  O l i g o c e ne o f  t h e  e a s t er n  G u l f  C o a s t . b u t  i t  i s  

w i d e s p r e a d  i n  t he C a r i bb e a n .  tl .  pa n ame ns i s  w a s  f ou n d  i n  two 

of t he f i ve f a c i e s e xami n e d . Thr e e  l e p i do c y c l i n i ds w e r e  

exam i n e d . L e p i d o cy l i na ( Le o i do cy c l i na l ma n t e l l i  ( Mo r t o � ) .  a 

f o rm c ommo n i n  O l i go c e ne t o  Lower M i o c e n e  s t r a t a  o f  t h e  G u l f  

C o a s t  a nd C a r i bbe a n . was f ou nd i n  a l l f i ve f a c i e s f bu t  

r a r e l y  i n  t h re e o f  t h e s e ) .  Le o i do cy l i na 

vurnaqu n e n s i s  C u s hma n . ,3. l s o  c orrmo n  f rom t h e  0 1  i go c e n e  t o  

L owe r M i o c e n e  i n  t h e  Gu l f  Co a s t  and C a r i b b e a n . w a s  f ound i n  

t h r e e  o f  f i ve f a c i e s . F i na l l y .  L e p i do cy l i na f Eu l ep i d i na )  

Cushma n wa s f ound i n  a l l f i ve f a c i e s  ( a l t hough rare l y  

i n  two l . h ·  I S  c o n s i d e r e d  a s t a nd a r d  i nd e x  s p e c i e s  

f o r  t h e  O l i go c e n e  o f  the Ame r i c a s  < Fr o s t  a n d  L a n g e n h e 1m . 

1 9 74 ) . 
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Syn ops i s  o f  S t r a t i gra oh i c  a nd Pa l e o e nv i r o nme n t a l S e t t i ng 

O n e  o f  t h e  o r i g i na l  pur p o s e s  o f  t he work i n  P a r t  4 o f  t h i s  

d i s s e r t a t i o n was t o  e s t a b l i s h  a p a l e o e nv i r o nme n t a l f r amework 

'f'l i t h i n  wh i ch t h e  mor p h o l og i c v a r H ib i l i ty o f  t h e  l ar g e r  

f or am i n i f e ra i n  t he s e  r o c k s  c ou l d  be i n t e r p r e t e d . The 

i nt erva l c h o s e n  i s  a p o r t i on o f  t he V I ck s burg i a n f Lower 

O l i go c e ne ) s e c t i on o f  t h e  e a s t er n  G u l f  C o a s t a l P l a i n ,  

c o n t a i n i ng l a rge r f oram i n i f er a -r i c h c ar b o na t e s . A f u l l 

s t ra t i gr a p h i c  a nd p a l e o e nv i r o nme n t a l a n a l ys i s  o f  t h i s  t i me 

i nt e rva l i s  g i ve n :i n P ar t s  3 a nd 4 .  The un i t s u s e d  a r e  

r o ugh l y  c o r r e l a t i ve b o t h  l i t h o s t r a t i gr a ph i c a l l y  a nd 

b i o s t r a t i gr a p h i c a l l y ( w i t h  t h e  e x c e p t i o n o f  t h e  M a r i a n n a  

L i me s t o ne ) . a n d  r e p r e s e n t  a s er i e s o f  l a t e ra l l y a d j a c e nt 

p a l e o e nv i r o nme n t s .  

The f or ams u s e d  i n  t h i s  s t udy a r e  f rom t h e  Br i dg e b o r o  

L i me s t o n e  f ty p e  s e c t i o n ) . t h e  Dun c a n  C h u r c h  b e d s  o f  t h e  

Br i dge bo r o  L i me s t o n e . t he F l or a l a  L i me s t o ne . t h e  G l e nd o n  

L i me s t o n e . a n d  t he Mar i a n n a  L i me s t o n e . a. l l o f  wh i ch c o nt a i n  

abunda n t  l arge f or am a s s emb l ag e s . The s e  f orma t i o ns r e p re s e n t  

a t r a ns e c t  a c ro s s  a n  e x t e n s i ve c a rbo n a t e  p l a t f o rm a nd she l t  

i n  t h e  Gu l f  C o a s t  dur i ng L owe r O l i g o c e n e  ... . ; , 1 me . I n  s ummary . 

t h e  p a l e o e nv i r o nme n t s  r e p re s e n t e d by t h i s  t r a ns e c t  a r e : ( 1 )  

c o r a l ga l  s he l f  marg i n  ( p l a t f orm- l i ke )  bu i l du p  ! Br i dg e b o r o  

t y p e  s e c t i o n l ; I 2 l f ore r e e  f c o r a l l i n e l i me s t o n e  ( Du n c .:t n  

Chu r c h  b e d s . Br i dge boro L i me s t o n e ) :  C 3 J  d e e p  f or e r e e t .  

p l a t ey c o r a l l i ne a l g a l l i me s t o ne ( F l o r a. Li L i me s t o n e l :  ( 4 )  
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d e e p , s he l f  marg i n  ( ramp ) b a nk gra i ns to n e  ( G l e nd o n  

L i me s t o ne ) : a nd ( 5 )  m i d - t o  o u t e r  s l 1 e l f  c a r b o na t e  mud s t o n e  

( Mar i a n n a  L i me s t o n e ) .  The s e  f a c i e s a r e  i l l us t r a t e d  i n  F i gu r e  

The l a t e r a l g r a da t i o n o f  Br i dge bo r o --Du n c a n  Chur ch b ed s --

F l ora l a - -G l e nd o n --Ma r i a n n a . r e p re s e n t s  progre s s i ve l y  d e e p e r  

e n v i r o nme nt s . S ome o f  t he b e s t  ev i de nc e  f or t h i s  d e e p e n i ng 

i s  t he l o c a l p re s e n c e  o f  ma s s i ve r e e f c or a l s  a n d  c h a n g e s  i n  

c or a l l i ne a l ga l  mor p h o l ogy ( s e e  e n e ck . 1 9 8 6 ) . I n  s h o r t . 

t he t y p e  s e c t i o n  o f  t h e  Br i d g e boro c o n t a i ns re e f  c o ra l s  a nd 

ext e ns i ve f o rma t i o n s  o f  l ar g e . r o u n d e d  rhodo l i t hs . Th e 

D u n c a n  Chu r c h  b e d s  o f  t h e  Br i d g e b o r o  L i me s t on e  c o nt a i n  o n l y  

sma l l rhodo l i t h s  a n d  a l g a l ma e r l s .  The F l ora l a  L i me s t o n e  

c o nt a i n s e x t e n s i ve . t h i n .  p l a t ey r e d  a l ga e . The g l a u c o n i t e -

r i ch G l e nd o n  L i me s t o n e  h a s  o n l y  r a r e  a l g a l ma e r l s . The muddy 

Mar i a n na L i me s t on e  c o nt a i ns no a l g a l rema i ns .  

R e s u l t s 

The f a c i e s d i s t r i bu t i o n a n d  r e l a t i ve a b unda n c e  o f  t he f our 

L B F  s pe c i e s are I l l u s t r a t e d  1 n  t h e s p i nd l e  d i agram of F i g u r e  

5 . 2 .  wh i ch 1 s  b a s e d  o n  t he d a t a  o f  T a b l e  5 . 1 .  F r o m  t h i s  

f i gu r e , a s ha l l ow-t o-de e p  w a t e r  g r a d i e n t  1 n  L B F  £ p e c i e s  

c ompos i t i on i s  c l e a r l y  e v 1 d e n t . a nd t h i s  b i o f a c i e s p a t t e r n  

i s  c o n s i s t e n t  w i th prev i o us r e p or t s  ( s u c h  a s  Fro s t  a nd 
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F ig ure 5 . 2 --Sp l nd l e  d i agram show i ng f ac i e s  d i s t r i but i o n . 
abso l ut e  abunda n c e , and p e r c e n t age abund a n c e  o f  l a rg er 
f orami n i f era t a xa i n  the s t udy a r e a  ( s e e  t e x t  
d i sc us s 1 o n ) . Vert i c a l  s c a l e  on  l e f t f o r  abso l ut e  
abunda n c e s ,  shown by vert i ca l  he i ght o f  d i amo nds . 
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Td.b l e 5 . 1 --Ab s o  l u t e  •3 nd P e r c e n t a q e  Abund a n c e s  o f  L a rg e r  
Foram i n 1 f e r a  f rom t he Ma r 1 a nn .1 . ,; l e nd o n . 
F l o r a l a . a nd B r i dae boro L i me s � o n e s . 

F o rma t i o n : No . 

Br i dgeboro 0 
( ty p e s e c t . ' ) 

Br i dq eb or o 0 
( Du n c a n  Ch . I 

F l or a l a 4 1 0  

G l e nd o n  9 4  
( S t . S t e p h . ) 

Mar i a n na 0 
( S t . S t e p h . ) 

No t e s : 

?6 

0% 

O ?t 

7 9% 

3 396 

oo, /Q 

( Le p i d o­
cyc l i n.1 ) 

N o . 0/ 
' 0  

1 0 .  5 ()6  

8 3?6 

3 n o.::.: o/ ..... .  ,_; ·""0 

1 7 9  6 ··� o, ._; -'O 

1 0 0  97?6 

( Ne p hr o -· 
l e p i d i na l  

vurnaaune n s i s  

No . 0/ 
" -,-:; 

1 7 4 R '! ,;;;o, v t.. .. ., ....... -o 

1 6 8  5 5% 

9 .296 

0 09.<; 

0 oo/ '0 

----- -

( Eu l e p - ·  
( i d i n d )  

a 

No . '?-o 

3 6  1 796 

1 2 9 4296 

9 6  1 8 . 5  

1 0  496 

3 3% 

To t a l  numb e r  o f  s n e c 1 me n s  p i c k e d  p e r  f orma t i on s amp l e . u s e d  
t o  c a l c u l a t e  p e r c e n t ag e  ab u nd an c e s  ! do e s  n o t  i nc l ude 
m i crosph e r e s  n o r  un i d e n t i f i e d s p e c i me n s ) :  

Br i dge boro C ty p e l � 1 1 
Br i dg e b o r o  ! Du n c a n  Ch . l 3 0 5  
F l o ra l a �  5 1 8  
G l e nd o n  
M.:t r i a n n a  

2 8 3  
1 0 3  

� Th e  o r i g i n a l  F l or a l a  Samp l e h a d  1 4 4 l e p i d o c y c l i n 1 d s  a n d  44 7 
n ummu l i t e s  ( = 5 9 1 t o t .:ll ) . O f  t h e s e . ". 7  l e p 1 d o cy l i n e s  wer e  
u n i d e n t i f i a b l e . Th e r e f or e . 3 7  n ummu l 1 t e s He r e  s u bt r a c t e d 
f rom 447 ( "'4 1 U l f o r p er c e n t a ge C d l c u l a t l o n s . ( A l s o .  t h e  
n urnmu l i t e s amp l e  w a s  ;:; p l i t  t H i c e  b e f o rf' ·3. r e .) s o n a b l e  wcr1·: i ng 

s 1 z e wa s o b t a 1 n ed l . 
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L a n g e nhe i m . 1 9 7 4 ) . B i ome t r i c  r e s u l t s a r e  p r e s e n t  i n  Tab l e s 

5 . 2 - 5 . 5 .  a nd a r e  s h own g r a ph i c a l l y i n  F i gu r e s  5 . 3 -5 . 1 5 ( a l s o 

s e e  A p p e n d i x  G ) . 

Nummu l i t e s  C Ta b l e  5 . 2 .  F i gs . 5 . 2 . 5 . 3 .  5 . 4 .  

5 . 1 3 )  i s  f ound e x c l us i ve l y  i n  t h e  G l e nd o n  a nd F l or a l a  

L i me s t o ne s . Te s t  d i amet e r , t e s t  w i d t h . a n d  embyro n  s i ze a r e  

s i g n i f i c a n t l y  g re a t er i n  t he l l owe r F l or a l a  s amp l e . Th e 

ave r a g e  d i ame t e r / w i d t h  r a t i o . howe ve r . i s  g r e a t e r  i n  t he 

G l e nd o n  a s s emb l ( 3 . 5 8 )  t ha n  i n  t h e  F l o ra l a  ( 2 . 44 ) . The s e  

o b s e rva t i o n s  a r e  c o n s i s t e n t  w i t h  t h o s e  o f  F r o s t  a nd 

ngenhe i m  ( 1 9 74 . p .  84-8 9 ) o n  Mex i c a n  N .  

c ompre s s e d  f orms w i t h  sma l l e r p r o l o c u l i a r e  mor e  c ommo n 1 n  

d e e p e r  wa t e r f a c i e s . The F l o ra l a  a s s emb l a g e  a l s o h a s  a 

s l i gh t l y  h i gh e r  p e rc e n t age o f  m i c r o s p h e r i c  s p e c i me n s  ( 2 . 2% )  

t h a n  d o e s  t h e  G l e nd o n  ( 1% ) . Un f o r t u n at e l y . h owever . t h e  

l i m i t e d  o c c urre n c e  o f  N .  t o  o n l y  two o f  t h e  

f orma t i o n s  e xam i ne d  mak e s  t he r e c og n i t i o n o f  mor p h o l og i c  

t r e nd s  d i f f i c u l t .  

Lep i do cyc l i i1a ( Ta b l e  5 . 3 . F i g s . 5 . 2 .  5 . 5 .  5 . 6 .  

5 . 1 3 .  5 . 1 4 .  5 . 1 5 )  i s  f o u nd 1 n  a l l 1 ve f a c i e s . but i s  c ommo n 

o n l y  i n  t h e  G l e nd o n  a nd Mar i a n n a  L i me s t o ne s . The a s s emb l age 

f rom t h e  d e e p e r  wa t e r  wac ke s t o n e s  f t h e  Mar i an n a  s hows 

s i g n i f i c a n t l y  l arger me a n  t e s t  s i z e .  embry o n  s i ze . a nd p o s t ­

embryon s i z e . Th e Mar i a nna a s s emb l ag e  a l s o h a s  a s l i ght l y  

h i gh e r  p e r c e n t ag e  o f  m i c r o s ph e r 1 c  s p e c i me n s  ( 8% 1  t h a n  doe s  

G l e nd o n  r 5 .  ) . A l t h ough muc h  r a r e r  i n  t h e  F l o ra l a . 
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Dun c a n  Church . and Br i dg eboro s amp l es .  1 .  ma n t e l l l  genera l l y 

h a s  l arger t e s t  s i z e . embryon s i ze .  a nd p o s t -embryon s i ze i n  

t h e s e  f a c i es . 

Lep i docyc l i na I Nephro l Ap i d i n a l  yurnagune ns i s  l e  5 . 4 .  

F i gs . 5 . 2 .  5 . 7 .  5 . 8 .  5 . 1 3 .  5 . 1 4 .  5 . 1 5 )  i s  f ound i n  g r e a t  

a bundanc e i n  the Br i dgeboro L i me s t o ne t y p e  s e c t i o n a n d  the 

Dunc a n  Church beds . and i s  pre s e n t  i n  f ewer numb e r s  i n  the 

F l or a l a  L i me s t o n e . T e s t  s i ze and p o st -embryon s i ze are 

gre a t e s t  i n  t h e  Br i dge boro t y p e  s e c t i on .  s ma l l e r I n  t he 

Duncan Church beds . and r 9 t urns to  a l arqer s i ze  1 n  the 

F l ora l a . M i c r os pher i c  s p e c i me ns we re f ound o n l y  i n  the 

i dgoboro type s e c t i o n ( 1 . 79& of the ·'l s s emb l age ) . Embryon 

s i ze i s  gre a t e s t  i n  the Br i dge boro type s e c t i o n .  a nd 

de crea s e s  i n  t h e  Du ncan Chu r c h  a nd F l ora l a . I n  the 

Br i dgeboro t y p e  s e c t i o n . 1 .  yurnagune ns i s  a l mo s t  a l ways h a s  

pus t u l e s o n  the c e nt rum .  a f e a tu r e  c ommo n l y  d i s p l ayed by 

t h i s s pe c i es i n  h i gh e n ergy e nv i ronme nt s a nd some t i me s  

de s i gna t ed b y  the subsp e c i e s name moru a nops 1 s . c ime ns 

f rom the l owe r e ne rgy Dun c a n  Church beds n o t  have 

pus t u l e s . a nd f i t  the de s cr i p t i o n  o f  the  s u b s pe c i e s 

( Fr o s t  and L a ng e nhe im . 1 9 74 1 . Pus t u l o s e  and 

non-pus t u l os e  1 .  are  a s s o c i a t e d  w i t h  h i  

energy b i os p a r i  t e s / p a t c h  r e e f s  a nd l ower·- e n e rgy . f o reree f 

s l o pe b i om i c r i t e s  l !" c s p e c t i ve l y l  i n  t he O l i g o c e ne o f  ,J a.ma i C •:l 

a nd Mex i c o ( Fr o s t  and Lanqe nhe 1 m .  1 9 74 ) . 

r Eu l e o i d i na l  und o s a  ! Tab l e  5 . 5 .  F i gs . 
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Tab l e  5 . 2 --B i ome t r l c  S t a t i s t 1 c s  f o r  Nummu l i t e s 
( P a l eo n ummu l : t e s l �� name n s 1 s  

Lo c a l i ty : 

S amp l e  S i z e 
!Vle a n  
S t d . Dev . 
C oe f . V a r . 

G l e nd o n  
L i me s t o ne 

Cj �  - 0  
1 . 6 2  
0 . 5 6 
0 . 3 5 

F l or a l a  
L i me s t o ne 

9 2  
1 . 9 7 
0 . 4 9 
0 . 2 5 

t-t e s t  t =4 . 5 2 :  me a n s  a r e  d i f f er e n t  a t  0 . 0 5 l eve l 

T e s t  W i dt h  ( mm )  

S amp l e  S i z e 
Me a n  
S t d . Dev . 
Coe f . V a r . 
t t e s t  

D i ame t e r / W i d t h  
Ra t i o  

S amp l e  S i ze 
Me a n  
S t d . Dev . 
C oe f . v ,� r . 
t - t e s t  

t = 5 . 4 7 :  

2 1  9 2  
0 . 5 4 0 . 8 3 
0 . 1 7 0 . 2 3 
0 . 3 1 0 2 7  

mea n s  a r e  d i f f er e n t  a t  0 . 0 5 l eve l 

3 . 5 8 

2 5  
0 . 0 1 

0 . 0 0 1  
0 . 1 4 

2 . 44 

t = 3 . 0 6 :  me a ns are d 1 f f er e n t  a t  

7 5  
0 . 0 2 
0 . 0 2 

1 . 0 
0 . 0 5 .::.ve l 
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T a b l e  5 . 3 --R i ome tr ! c S t a t i s t i c s f or 
f !,.e o i do c v c l l nq_ l  

c a l i ty : Br 1 dgeboro 
Ma r i a n n a  G l e nd o n  F l o ra l a  L i me s t o ne 

L i me s t o n e  L i me s t o n e  L i me s t o n e  ! Du n c a n  Ch l 

Te s t  D i ame t e r  ( mm l  

Samp l e  S i :-: e  
Me a n  
S t d . Dev . 
C oe f . V a r . 
t -t e s t : 

6 1  
5 . 13 0  
2 . 4 9 
0 . 43 

9 5  
2 . 7 4 
1 .  6 1  
0 . 5 !3 

3 
4 . 7 5 
n �, ­- • I D 
0 .  1 6  

7 
J . 77 
1 . 3 9  
0 . 37 

M a r / G l e n :  t =-4 . 3 2 :  
Mar / Bbr o : t �  2 .  1 :  

G l e n / Bbro : t =- 1 . 6 4 :  

m e a n s  a r e d j f f er e n t  a t  0 . 0 5 l ev e l 
me.1.ns iir e d i f f e r· e r t t  <3 t  0 . 0 '.5 l e ve l 
m e a n s  are not d i f f e r e n t  a l  0 . 0 5 l ev e l 

Embryon S i ze i mm2 l  

S amp l e  S i ze 
Me a n  

S t d . Dev . 
C oe f . V a r . 
t -t e s t : 

6 1  9 5  
0 . 4 6 0 . 1 9 
0 . 1 2 0 . 0 9 
0 . 2 6 0 . 47 

.. , 7 J 0 �) � . .c. ! 0 . 3 3 
0 .  1 0  0 . 1 1 
0 . 3 7 0 . 3 3 

Mar / G l e n :  t = - 1 7 : me a n s  a r e  d i f f e re nt a t  0 . 0 5 l eve l 
Mar / B b r o : t = - . 0 0 2 9 ; me a n s  a r e  d i f f e r e n t  a t  0 . 0 5 l eve l 

G l e n / Bbro : t =  4 . 1 5 :  me a ns are d i f f e re nt a t  0 . 0 5 l ev e L 

P o s t -Embrvo n i c  
G r owt h ( mm2 )  

Samp l e  S i z e 
M e a n  
S t d . Dev . 
C o e  f .  V·3. r . 
t t e s t : 

6 1  
3 0  8 6  
2 4 . 5 8 

0 . 7 9  

9 5  
7 -� 

1 0 .  :::::: '7 �� I 

1 6 

7 
, �  - -� I � I \J 1 •') '- . 1 1  

5 . •-1:5 7 1 6  ! 
0 . 3 1 0 . 5 9  

Mar / G l e n :  t = -0 . 8 0 9 : me a n s  a r e  d i f f e r e n t  a t  0 . 0 5 l eve l 
M a r / Bbr o : t =  1 . 9 9 :  me a n s  a r e  d i f f e re n t  a t  0 . 0 5 l e ve l  

G l e n / Bbro : t=-1 . 0 7 :  me a ns a r e  not d i f f e re n t  a t  0 . 0 5 l ev e l 

24 2 



Ta b l e  5 . 4--B i ome t r i c  a t i s t i c s 

Lo c a l i ty : 

( tle o h r o  l ep 1 d  1 n� ) 

F l or a l a  
L i me s t o ne 

i dg eboro 
L 1 me s t o ne 
f Du n c a n  

Chu r c h  

B r i  b o r o  
L i me s t on e  

c t i o n ) 

--···--- --- ---- - ---·-- - --- - --· �- · ----

S amp l e  S i ze 
Me a n  
f3 t d . D e v . 
Coe f . V a r . 
t -t e s t : 

9 
2 . 4 6 
0 . 3 8 
0 .  1 :3  

1 6 7 1 74 
1 . 9 0 3 . 04 

0 . � 7 l . 0 4 
0 . 3 0 0 .  34 

/ Bbro : t =  1 . 2 5 :  me a ns a r e  d i f f e r e n t  at 0 . 0 5 l eve l 

Embrvon S i ze ( mm2 1  

S amp l e  S i ze 
M e a n  
S t d . Dev . 
C oe f . Var . 
t -t e s t : 

DCh/ Bbro : t =  3 . 6 1 : 

P o s t -Embryon i c  
G rowt h ( mrn2 l  

S amp l e  S i ze 
Me an 
S t d . Dev . 
C o e f . Va r .  
t - t e s t : 

DCh / Bbro : t 1 . 0 6 :  

0 

0 . 0 5 
0 . 0 2 
0 . 4 0 

me a n s  a r e  

8 
4 . 7 2 
1 . 4 9 
0 � 3 2 

me a n s  a r e  

.2 4 3  

1 3 0 1 5 3  
0 . 0 6 2  0 . 0 8 8  
0 . 0 2 5  0 . 0 8 1  

0 . 4 2 0 . 8 8 

d i f f e r e n t  a t  0 . 0 5 l eve l 

1 3 1 1 5 3  
2 . 9 8 7 . 9 1 
l . b 7 t:;; . 0 8 
0 . 5 6 0 . 64 

d i f f e r e n t  a t  0 . 0 5 l eve l 



Tab i e  5 .  i omet r i c  S t a t i s t 1 c s t o r  
=�'-l:::...::..:::::..;:...:..:.::=. l 

Lo c a l i ty : Br i dcr e - Br Hi g e -
b o r o  bora 

L i me L i me -

s t o n e  s t o ne 
M a r i a n n a  G l e nd o n  F l o r a l a ( Du n c a n  ( Ty p e  

L i me s t o n e  L i me s L o n e  L i me s t on e  Chur c h  S e c t i on )  

Te s t  D i ame t e r ( mm )  

S amp l e  S i z e 
Me a n  
S t d . Dev . 

C o e f . Va r . 
t - t e s t : 

G l e n / F l o :  
G l e n / D Ch : 

t3 l e n / Bbro : 

F l o / DC h : 

F l o / Bbro : 

DCh / Bbro : 

2 
7 . 88 
4 .  �=� o 
0 .  6 2  

t = - 0 . 
r =  1 . 6 5 :  
t = - 2 . 5 3 :  
t- 4 . 6 5 ;  ·-
t = -5 . 5 0 :  
t =  0 . 6 3 :  

Embrv on S i ze ( rmn 2 ) 

S amo l e  S i z e 
Me a n  
S t d . 
C o e f . Va.r . 
t. - t e s t : 

I ... 
0 . 7 6 
0 . 1 9 
0 . 2 5 

1 0  
3 . 5 3 

2 . 5 6 
0 . 7 3 

: me a ns a r e  
me a n s  ,:l re 
me a ns i3. r e 
me a n s  a r e  
me a n s  a r e  
me a n s  .:J. r e  

1 0  
0 .  �� 9 
0 . 2 2 
0 . 4 5 

9 3  1 2 8 3 1  

3 . 5 5 5 . 4 2 5 . 84 
1 H !  3 . 5 4 -, . 5 0 • "--- t... w 
0 . 5 1  0 . 6 5 0 . 4 3 

n o t  d 1 f f e r e n t a t  0 . 0 5 l e v e l 

n o t  d i f ::' e r e n t  a t  0 . 0 5 l ev e l 

d 1 f f er e n t  a t  0 . 0 5 l ev e l 

d i f f e r e n t  ·3. t 0 . 0 5 l e ve l 
d i f f e r e n t  a t  0 . 0 5 l e ve l  
n o t  d i f f e r e n t  a t  0 . 0 5 l e v e l 

8 9  9 9  3 1  

0 . 5 3 0 . 6 5 0 . 4 8 
0 . 2 9 0 . 2 0 0 . 1 5 
0 . 5 5 0 . .3 1  0 . 3 1 

G l e n / F l o : t =  0 . 4 6 : me a n s  a r e  n o t  d 1 f f e r e n t  a t  0 . 0 5 l eve l 
G l e n / DCh : t - 2 . 3 9 :  me a ns a r e  d i f f e r e n t  a t 0 . 0 5 l e ve l 

G l e n /Bbro : t � - 0 . 1 5 :  me a n s d r e  not d i f f cr e ! l t  a t  0 . 0 5 l eve l 
F l o / DCh : t = -3 . 2 9 :  me a n s  a r e  d i f f e r e n t  a t  0 . 0 5 l e ve l 

F l o / Bb r o :  t = -0 . 9 7 :  me a n s a r e  n o t  d i f f e r e nt a t  0 . 0 5 l ev e l 
DCh / Bbro : t -4 . 3 6 :  means a r e d i f f e r e n t  a t  0 . 0 5 l e ve l 

2 4 4  



Tab l e  5 . 5 -- ! c o n t . l 

Lo c a l i ty : B r i dg e - Br i 
b o r a  boro 
L i me - L i me ­
s t o n e  s t o n e  

Ma r i a nna G l e nd o n  F l o r a l a  ( Du n c a n ( Type 
L ime s t on e  L i me s t o ne L i me s t o n e  Chu r ch S e c t i o n )  

P o s t -Embrvon i c  
G rowth ( mm2 ) 

S amp l e  S i z e  
M e a n  
S t d . Dev . 
C oe f . IJ a r . 
t - t e s t : 

G l e n / F l o :  
G l e n / DCh : 

G l e n / Bbro : 
F l o / DCh : 

F l o / Bbro : 
DCh/ Bbr o : 

2 1 0  
5 7 . 3 7 1 3 . 9 0 

6 0 . 8 1 2 0 . 5 6 
1 .  0 6  1 . 48 

t == 0 . 4 5 :  me a n s  iJ.re 
t -= 0 . 0 9 8 : me a n s  are 
t = - 1 . 9 0 :  me a n s  a r e  
... _ 3 . 4 5 :  me a ns ·:i re c -

t = - 5 . me a ns a r e  
t = - 2 . 7 0 :  me a n s  a r e  

-- - -

2 4 5  

8 9  9 9  3 1  
1 1 . 8 5 1 9 . 8 3 3 1 . 0 9 
1 2 . 88 1 8 . 0 8 2 5 . 9 7 

1 . 0 8 0 . 9 1 0 . 8 3 

n o t  d i f f e re n t  a t  0 . 0 5 l eve l 

n o t  d i f f ere n t  a t  0 . 0 5 l eve l 
n o t  d i f f e r e nt a t  0 . 0 5 l e ve l 
d i f f e r e n t  a t  0 . 0 5 l e ve l  
d i f f e r e n t  a t  0 . 0 5 l eve l 
d i f f e r e n t  a t  0 . 0 5 l e v e l 

----



f 
r 
e 
q .  

f 
r 
e 

q .  

4 0  I 

S i z e  ( mm) 

F l o  LS 

\" .  ( P .  ) p a narne ns 
S i z e  D tstr b .  

�fe a n  I 97 

Glendon LS 
N . ( P . ) panam e ns i �  
T e s t  S ize  D istrb . 
Mean= 1 . 6 2  

i 
-i i 

5 . 0  

F i qure 5 . 3--Te s t  s 1 ze d i s t r i but i o n  h i s t ograms f or 
Nummu l i t e s  ( P a l e onummu l i t e s l pa name ns i s . 

6 



f 
r 

30 e 

q 

f 

r 
e 

q 

! ' 

F l o r a l a  LS 
� .  ( P .  ) p a n am e n s i s  
E m  br_yonic  A r e a  
.\f e a n = 0 . 02 

Area  ( m m 2 )  

Glen d o n  LS 
N . ( P  . ) panamensis  
E mb ryo n i c  Are a 
M e a n = O . O l  

Area  ( mm 2 )  

F i gure 5 . 4--Embryon s i z e ( a r e a ) d i s t r i but i o n h i s t ogr ams 
f or Nummu l i t e s  ( P a. l e o nummu l i t e s J paname ns i s . 

247 



f 

r 
e 

q 

f 

6 

20 

r = � 

e 

q 40 

30 

Glendon LS 
L. ( L . ) mante l l i  
Test  S i ze D istr b .  
:\le a n  = 2 .  7 4 

Size  ( m m )  

Mar ianna LS 
L . (  L )  m antel l i  
Test  S ize  D i strb . 
Mean = 5 . 8 0 

� 3 1 4 
S ize  ( m m )  

F i gure 5 .  Tes t  s 1 ze d i s t r i bu t 1 on h i s t ograms f or 
Lep i d o cyc l i na I Le p l do cyc l l na l man t e l l i .  

248 



f 
r 
e 

q 

f 
r 

e 

q 

50 

G l e n d o n  LS 
L. ( L . )  m a n te l li 
E mb ryon i c  A r e a  
'vl e a n = 0 . 1 9  

0 . 0  0 .  � 0 . 2  0 . 3  0 4 0 . 5  0 . 6  0 .  7 0 . 8  0 . 9  � .  

Are a ( m m 2 )  

'vt a ri a n n a  LS 
L. ( L . )  m a n te l l i  
E m b ryonic  A r e a  
'vl e a n =  0 . 4  6 

( mrn 2 )  

F i gu r e  5 . 6 - -Embryon s 1 ze ( are a )  d i s t r i but i o n h 1 s t ograms 
f or Lep i docyc l i n a  ( Le p l d o cyc l i na )  ma n t e l l i . 

' ' Q L. "± .  



60 ,_. 

f 
r 
e 40 -
q 

3 0  L 

0 
5 

70 

60 

f 50  

r 
e 40 
q 

30 
j 

2 0  i 
�� 

! 0  

0 
. 0  � ' 5  

rl , I_;  

S i z e  

3 . 0  

B ridgeboro  LS  ( type � 
L . (  :-i .  )yu r n ag un en s i s: 
Tes t  S i z e  D i s tr b .  
\;f e a n = :J . Q ,J 

(mrn)  

Br i dgeboro  LS  
( Du n c a n  Church)  
L .  (N .  )yurnagu n e n s isJ 
Tes t  S i ze  D is t rb .  
M e a n = 1 . 9 

c1. 5 6 . 0  7 , 5  9 
S i z e  ( m m )  

F i gure 5 .  7 �-Te s t  S l Ze d i s tT l bUt i o n rn s t o g r ams f or 
L e p i d o cyc l i na ( Nephro l ep i d i na l v ur nagun e n s 1 s . 

2 5 0  



f 
r 
e 

0 :_� 

C . O O  

3 0  

q 2 0  

1 0 

., u 
0 00 

B r i d g e  b o r a  LS ( ty p e ) 
L. ( ); .  lyurn a g u n e n s i s  
E m b ry o n i c  A r e a  
1\l e a n = O . O H  

J.� ----
0 0 . 1 0  0 . 20 

0 . 0 5  

Are a ( m m 2 ) 

B r i d g e  b o r a  LS 
( D u n c a n C h u rch ) 
L . ( N .  )yu r n a g u n e n s i s  
E m b ryo n i c  A r e a  
M e a n - 0 . 0 6 

:J . 1 0  
A r e a  ( m m 2 ) 

0 . 2 0  

F i gu r e  5 . 8 - - Embryo n s 1 z e  ( ;:l r e a )  d 1 s t r i but i o n h i s tograms 

f o r  L e p i do cyc l i na ( �e phro l e p i d i na l  yur nagu n e ns i s . 

2 5 1 



+0 -

f 
r 30 
e 
q 

2 0  

1 0  i 

Bridgeboro  LS ( type ) 
L . (  E . )  u n d o s a  
Test  Size D i s trb . 
'Yfean = 5 . 84 

o l.JtdbLL----.• � ___,___ __ 

40 

f 
r 
e 30 
q 

20 

1 0  

5 1 0  1 5  20 
Size  ( m m ) 

Bridgeboro LS 
( Duncan  Church ) 
L. ( E . )  undosa  
Test S i ze  D i s trb .  
Mean - 5 .42 

I 

� 

I 
0 ��-����-.��-----·---��--�-�·��·��! 

1 5 
( rom )  

2 0  2 5  

F i gure 5 . 9 --Te s t  s i ze d i st r i but i on h i s t ograms f or 
Lep i docy c l i na I Eu l ep i d i na l  undo s a . 

2 5 2  



f 
r 

e 

q 

f 
r 
e 

q 

30 

1 C  

40 

30 

0 5 

I I r-

I I 
1 0  � 

I 

Flora l a  LS 
L . (  E . )  u n d o  s a  
Test S i z e  D i s tr b .  
:\1e a n = 3 . 5 5  

S i z e  ( m m )  

Glen d o  
L. ( E. ) u n d o s a  
T e s t  S i z e  Distr b .  
Me a n = 3 . 5 3  

I 
-, 

I 
0 Lld_j__ .• .___ •• ._._l -------'----...1.-------' 

0 1 0  1 5  
Size ( mm )  

2 0  

F i gure 5 . 1 0 --Add l t i o n a l t e s t  s i ze d i s t r 1 bu t 1 o n h i s t ograms 
f o r  ( Eu l e g_ i d i na )  

2 5 3  



f 
r 
e 

q 

f 
r 
e 

q 

B r i dg e b o ro LS ( 
L . ( E . ) u n d o s a  
E n1 b ryonic  
M e a n = O A -8 

Are a ( min 2 )  

B ridge boro LS 
( Du n c a n  Chu rch ) 
L. (  E . ) u n d o s a  
E m b ryonic  Are a 
M e a n= 0 . 65 

Are a  ( mm 2 )  

4 1  . :.:J  

F i gu r e  5 . 1 1 --Embryon s i z e  ( ar e a ) d i s t r i bu t i o n h i s t ograms 
f o r  �e p i d o cvc l i na ( Eu l e p l d i na l undo s a . 

2 5 4  



f 
r 
e 

q 

f 

r 
e 

q 

4C 

2 

Area 

I 
I 1-
I 
I 
I [ _ 
I 
I I 
I 

. I  
i 

- I 
0 . 5  

Area 

Florala  LS 
L. ( E . ) undosa 
En1 bryon i c  Area 
M e a n = 0 . 5 3  

( mm 2 ) 

G l endon LS 
L . ( E . ) undosa 
E m b ryonic  Area 
�fean- 0 . 4 9  

• 
1 . U  

( n1m2 ) 

� I 
I I 
I 
I 

1 .  5 

F i g u r e  5 . 1 2 --Add i t i o na l emb ryo n s i z e 1 a r e a 1 d 1 s t r 1 but i o n 
h i s t oqr ams f o r �e D ;! d o cyc l i n a  

2 5 5 



t'J 
Ul 
a. 

su� at'\t'\ee 

8 

6 

M e a n  
Te s t  S i z e  4 

l m m l  

2 

0 

F i gure 5 . 1  c i e s me a n  t e s t  s i z e p l o t t ed a g a i n s t  t h e  

f a c i e s i n  wh i c h i t  o c c u r s . 



�.) 
Ul 
""-.] 

su"" a��ee 

1.0 

.8 

. 6 

M e a n  
E m bryon A­
S i ze 
l m m2 J  .2 

.09 

.07 

.05 

.03 

' . IS' 

F i gure 5 . 1 4 --Spe c i e s mean embryon s i z e ( area l p l otte d  
aga i ns t  the fac i es i n  wh i c h i t  o c c urs . 



� J  
lJ1 
CD 

su'��'��""ee 

40 

35 

30 

M e a n  Po s t · 25 
E m b r y o n i c  
A re a  lmm21 20 

G u l f  
Tro u g h  

1 5  

1 0  

5 

0 

F i g u r e  5 . 1 5 - c i e s me a n  pos t -embry o n  s 1 z e ( a r e a ) 

p l ot t ed a g a i n s t  t h e  f a c i e s  i n  wh i ch j t  o c c ur s . 

5 7. 4 



5 . 9 , 5 . 1 0 ,  5 . 1 1 ,  5 . 1 2 .  5 . 1 3 ,  5 . 1 4 .  5 . 1 5 )  i s  c ommo n  i n  the 

Br i dgeboro type s e c t i on .  Dun c a n  Chur ch beds o f  t he 

Br i dgeboro . and F l o ra l a  L i me s t one . and i s  f ound more rare l y  

i n  t he G l e ndon and Mar i an na L i me s t on e s . Te s t  s i ze .  embryo n  

s i z e .  and p o s t -embryon s i ze g e n e ra l l y i nc r e a s e  t owards t h e  

Br i dgeboro re e f  f a c i e s  a n d  de c re a s e  t owards the G l e ndon . b u t  

r a d i ca l l y r i s e  aga i n  i n  the d e e p-wat er Mar i a nn a  L ime s t one . 

Fr o s t  and L a ng e nhe i m  ( 1 974 . p . 1 7 0 - 1 7 2 ) re port t h a t  Mex i c a n  

p o p u l at i o ns o f  1 .  undo s a  i n  s ha l l ow ,  h i gh-e nergy r ee f  

d e p o s i t s  a l so have l arger embry on i c  chamb e r s  t h a n  tho s e  f rom 

l ower e ne rgy f a c i es . A l t hough 1 .  undo s a  i s  f r e q u e n t l y  

re ported t o  have s e l l i f orm t e s t s  ( es p e c i a l l y  i n  r e e f 

f a c i es ) , t h e r e  was no ev i de nt t r e nd o f  more a bundant 

s e l l i f orm t e s t s  i n  the Br i dg e boro . M i c ro s pher i c  s p e c i me ns 

are genera l l y rare , exc e p t  i n  t h e  Dunc an Church beds . whe r e  

t hey c omp o s e  9 . 3% o f  t h e  a s s emb l ag e . 

P o t e n t  1 a  l Taphonomi c _]_i 

I t  mus t  be  a cknow l e dged t h a t  a po t e nt i a l  s o ur c e  o f  b i as I n  

t h i s  s t udy i s  t a phonom i c � I t e r a t i on .  part i c u l ar l y i n  h i gh 

e nergy f a c i e s or a r e a s  o f  redu c e d  s e d i me n t a t i on . F a c i e s  w i t h  

f i n e  gra i n  s i ze wou l d  pred i c t a b l y  be l es s  a l t er e d . Wh i l e 

ta phonom i c s t ud i e s o f  f o s s i l  LBF are not  c ommo n . a na l ys i s  o f  

s ome mod e rn LBF l i v i ng and d e ad a s s emb l ag e s  i nd i c a t e s  t h a t  

t h a n a t o c o e no s e s  o f t e n  f a i th f u l l y  r e p r e s e nt the b i o co e no s e s  

( J e l l e t  a l  . .  1 9 6 5 : Zohary e t  a l  . .  1 9 8 0 ; Re i ss a nd 

2 5 9  



Ho t t i nger . 1 9 84 . p .  1 5 1 . Neve rthe l e s s . abras 1 on . b j o eros i nn .  

d i s s o l ut i on . d nd L r . 1 n : , p < n · t • : ,l n •'l l t e r  •"l :=l ::;emb l <i <J<:: S r M.'ir L l n  d.nd 

L i dde l l .  1 9 9 1 } . 

I n  h i gh e ne rgy f a c i e �; .  l arger s i zed LBF may b e  

pre f er e n t i a l l y  p r e s e rve d . I n  the i dgeboro L ime s t one . 

however ( th e  h i ghe s t  e ne rgy f a c i e s ) . sma l l i nd i v i dua l s  we re 

not unc ommo n . a nd there i s  no i nd i c a t i o n o f  d i f f e rent i a l  

pres erva t i o n ( F i g s . 5 . 7 .  5 . 9 ) . The same i s  true o f  a l l 

f a c i es s t ud i ed .  I t  i s  there f o re c o n c l uded t h a t  t a phonom i c  

e f f e c t s  h ave n o t  s i gn i f i c a nt l y  a l t e red t he a s s emb l ag e s . Th i s  

i s  c er t a i n l y  a n  overs imp l i f i c a t i o n . but there a r e  no obv i ous 

1 nd i c a t i o n s  of  s i ze-sort i ng .  a t  l e a s t . S t i l l .  many LBF 

exam i ned i n  th i s  s t udy show s i g n s  o f  round i ng a nd abr a s i o n .  

Future wo rk o n  the d i s tr i bu t i o n  o f  such f e a t u r e s  ( w i t h i n  a n  

a s s emb l age a n d  a c ro s s  d i f f e r e n t  f a c i e s } wou l d  s o r t  o u t  th i s  

p o t e nt i a l  s o u r c e  o f  b i a s . 

D i s c uss i o n 

A New Hypo t h e s i s  

At the out s e t  o f  th i s  i nve s t i ga t i on . i t  was e xp e c t ed t h a t  

bo th t e s t  s i ze a nd embry o n  s i ze wou l d  i n c r e a s e  i n  d e e per 

wa t e r  f a c i es ! F i g . 5 . 1 6 ) . Howe ve r .  t h i s  pred i c t i o n wa s met 

on l y  i n  p a r t . Such a t r e nd i s  be s t  s e e n  i n  1 .  �a nt e l l i  1 n  

the G l e ndon a nd Ma r 1 anna L i me s t o ne s  ( f i g . 5 . 1 3 ) . Wha t  was 

no t a nt i c i pa t ed wa s an i ncre a s e  i n  t e s t  and embryo n  s 1 ze a s  
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F i gure 5 . 1 6 - -D i ag rama t i c  r e p r e s e n t a t i o n o f  t h e  or i g i n a l  
hyp o t h e s i s  o f  th i s  i nve s t i g a t i o n . I t  was e xpe c t e d t h a t  
b o t h  t e s t  s i z e a nd embry o n  s i z e wou l d  i n c r e a s e  w i t h 
d e p t h  a l o n g  t h e  pa l e o e nv i r o nme n t a l g r a d i e n t  { s e e  t e xt 
f o r  d i s c u s s i o n ) . 



t h e  re e f  ( Br i dge boro L i me s t o n e ) i s  a p pro a c h ed . Th i s  p a t t e r n  

i s  c ommo n i n  1 .  undos a . 1 .  yur n agu ne n s i s .  a nd � ·  pa name ns i s  

( F i gs .  5 . 1 3 .  5 . 1 4 .  5 . 1 5 ) . Th i s  d i s covery l ed t o  a 

r e c o ns i de r a t i on a nd e x p a n s i on o f  t he or i g i na l hyp o t he s e s . 

A s  s umma r i z ed by Ha l l o c k  ( 1 9 8 5 ) . both l ar g e  t e s t  s i z e a nd 

l arge embryo n s i z e  may e s s e nt i a l l y be adap t a t i o n s  f o r  

c o nd i t i o n s  o f  l ow j uv e n i l e  surv i va l . But s u c h  c o nd i t i on s  may 

be f ound i n  a var i e ty o f  e nv i r o nme n t s , a nd f or a s  ma ny 

r e a s ons . My i n i t i a l  prem i s e  o f  i nc re a s i ng t e s t  s i ze a nd 

emb ryon s i z e  w i t h  i nc re a s i ng d e p t h  was t o o  s i mp l i s t i c . wn i l e 

i nc r e a s ed d e p t h  may i nd e e d  be u n f avora b l e  f o r  j uv e n i l e 

surv i va l ( be c a u s e  o f  r e d u c e d  i l l umi n a t i on f or symb i o n t s  I n  

nut r i e n t - po o r  wa t e rs ) . e xt reme l y  s ha l l ow c o nd i t i o n s . s u c h  a s  

o n  a r e e f . may b e  e q ua l l y  u n f a vora b l e .  A s  Ha l l o ck ( 1 9 8 5 ) h a s  

f ound e x p e r i me n t a l l y ,  j uv e n i l e s  o f  Amph i s t eg i na l e s s  tha n 

0 . 5  mm i n  s i ze c a n  b e  d i s l odged f r om the i r  s ubs t r a t e  w i t h  

eve n g e n t l e  wa t e r  mot i o n . Large emb ry o n  s i ze m.:1y t h e r e f o r e  

be f avor e d  i n  s h a l l ow , h i gh e n e rgy c o nd i t i o n s  b e c a u s e  t o o  

sma l l j uve n i l e s a r e  a t  r i sk o f  be i ng d i s l odged f rom the i r  

sub s t ra t e . But i n  d e e p  wa t e rs . sma l l j uve n i l e s  may have 

i ns u f f i c i e nt pro t o p l asmi c symb i o n t s  to surv i ve i n  l ow l i ght 

c o nd i t i o n s . 

Un f or t un a t e l y . prev i ous s t ud i e s do not s how a c o ns i s t e n t  

co rre l a t i o n  b e t we e n  i nd i v i dua l t e s t  s i ze a nd embryon s i z e . 

D e p t h-re l at e d  t r e nds have b e e n  f ound i n  s ome LBF . but t h i s  

i s  not a un i ve r s a l p a t t e r n  ( Drooger . 1 98 3 ) . F ur t h e rmor e . i t  
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h a s  not b e e n  e s t ab l i sh e d  whe t h e r  l arger p a r e n t s p r o d u c e  mor e  

j uv e n i l e s  o f  t h e  s ame s i ze . o r  f ewe r . l arge r  embryo n s . Wh i l e 

t h e  f o rme r i s  p o s s i b l e .  i t  i s  u n l i ke l y  t h a t  i n c r e a s i ng 

embry o n  s i z e  wou l d  p r o c e e d  w i t h o u t  s ome i n c re a s e  i n  a d u l t  

s i ze ( Ha l l o c k . 1 9 8 5 ) . I n  s h o r t . t h e  e c o l og i c a l  s i g n i f i ca nc e  

o f  embry o n  s i z e  i s  n o t  e as i l y  eva l ua t e d . Neve r t h e l e s s . 

f o l l ow i ng t h e  mode l s  deve l o p ed by Ha l l o ck ( 1 9 8 5 ) . i n c r e a s i ng 

t e s t  s i ze i nc re a s e s  i nd i v i du a l f e cu nd i ty .  a nd i s  a r e s p o n s e  

t o  h i gh j uve n i l e  mort a l i t y . Under c o nd i t i o n s  o f  l ow J Uv e n i l e 

s urv i va l . LBF may o n l y  b e  a b l e  t o  r e s p o n d  by 1 n c r e a s i ng 

cund i ty or i nc r e a s i ng embry o n  s i z e .  And b o t h  s t r a t e g i e s  

c o u l d  o c c ur i n  t h e  s ame e nv i r o nme n t . 

I n  t h i s  i nve s t i g a t i o n .  t e s t  s i ze wa s g e n e r a l l y f o u nd t o  

i nc r e a s e  i n  b o t h  t h e  sha l l ow a nd d e e p e r  e x t remes o f  t h e  

r an g e s o f  t h r e e  o u t  o f  f our s pe c i e s ( F i g . 5 . 1 3 ) . Embryo n  

s i z e  s h ows t h i s  s ame p a t t e r n  i n  t wo o f  t h e  f our s p e c i e s  

( f i g . 5 . 1 4 ) . N o n e  o f  t h e  s pe c i e s c o nt r ad i c t e i t h e r  o f  t he s e  

p a t t er n s . Th e s e  d a t a . i n  c omb i na t i o n  w i th t h e  mode l o f  

Ha l l o c k  ( 1 9 8 5 ) . a r e  c omb i ne d  t o  g e ne r a t e  a new h y p o t h e s i s  t o  

p r e d i c t t e s t  s i ze a nd embryo n  s i ze i n  LBF a l ong a s ha l l ow .  

h i gh e n e rgy t o  de e p . l ow e n e rgy e nv i r o nme n t a l g r ad i e n t : 

I f  a s p e c i e s ex t e nd s  a l o ng a s u f f i c i e n t  r a ng e  
i n  a s h a l l ow . h i gh e n e rgy , h i gh i l l um i n a t i o n . t o  
de e p . l ow e n e rgy . l ow i l l um i na t i o n  e c og r a d i e n t . t e s t  
s 1 ze a n d  embry o n  s i z e  w i l l  g e n e r a l l y b e  l a r a e r  a t  t h e  
e x t r e m e s  o f  t h 1 s  r a ng e  t F i g . 5 . 1 7 1  _ 

S ha l l ow .  h i gh e ne rgy / we l l i l l um i n a t e d c o nd i t i o n s  f avor 
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F i gure 5 . 1 7--D i agrama t i c  r e p r e s e nt a t i on o f  t he n ew , 
mod i f i e d hyp o t he s i s  g e ne r a t ed by t h e  d a t a  o f  t h i s  
i nve s t i g a t i o n .  I t  i s  p r ed i c t e d t h a t  a s p e c i e s ' t e s t  
s i z e a nd embry o n  s i ze w i l l  i n c re a s e  a t  b o t h  e x t r eme s o f  
i t s r a ng e  a l o ng a s h a l l ow t o  d e e p  p a l e o e nv i ronme nt a l 
e c ograd i e n t  ( s e e  t e xt f or d i s cu s s i o n ) . 
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l arge adu l t  s i ze and l arger j uven 1 l es wh i ch c a n  avo i d  be i ng 

e a s i l y  d i s l odged f rom the i r  subs t r a t e  ( i n c r e a s e d  f e cu nd i ty 

i s  a no t h e r  p o s s i b l e  ec o l og i c  s t r a t egy and c orre l at e  o f  l arge 

s i z e ) . De e p , l ow e ne rgy/ l ow l i ght cond i t i ons a l so f avor 

l arge adu l t s i ze and l arge j uve n i l e s wh i ch i nher i t  ma ny 

symb i on t s  f rom the p a re n t  t e s t  ( ne c e ssary i n  l ow l i ght 

c o nd i t i o ns ) . Thu s , l arge t e s t  a nd embryon s i ze  are pred i ct ed 

a t  the l im i t s  o f  a s pe c i e s ' ra nge . but f o r  d i f f e r e n t  

re a s ons . Sma l l e r t e s t  a nd embryon s i ze s  w 1 l l  be e x p e c ted i n  

i nt e rmed i a t e  a r e a s  wh i ch f avor re produc t i on i n  m i n i ma l  t ime .  

S ome c ave a t s  regard i ng t he s e  genera l i t i es mus t  be g i ve n 

here . F i r s t , t h i s  pred i c t i on i s  for i nt r a s p e c i f i c  

var i ab i l i ty .  I nt er s p e c i f i c  p a t t er n s  may s how d i f f e r e n t  

f e a t ures . Lep i do cyc l i na yurnaqunens i s  and 1 .  undos a . f or 

e xamp l e . are both common i n  the Br i dgeboro L imes t one . but 1 .  

u ndosa i s  a much l arger s pe c i e s than b - yurnaqun e ns i s  i n  

both t e s t  a nd embryon s i ze . b ·  yurnagun e n s i s  a l mo s t  

c e r t a i n l y h a d  a d i f f e re nt re produ c t i ve s chedu l e  and 

pot e nt i a l  r a t e  o f  pop u l a t i o n  i nc r e a s e  than d i d  1 .  undosa . 

A prob l em w i th t e s t i ng such a pre d i ct i on i s  that ma ny 

s pe c i e s a p pe ar t o  have a l im i t ed rang e . Lep i do cyc l i na  

mant e l l i .  f o r  e xamp l e . I S  r e s t r i c t ed t o  re l a t i ve l y  d e e p  

she l f  are a s  ( a l though o c c urs i n  l ow numbers i n  o t h e r  

f a c i e s ) . wh i l e  1 - yurnaqu n e n s i s  i s  p r i ma r i l y  a ree f dwe l l er 

( F i g . 5 . 2 ) . Such l im i t ed r a nge s may I n  p a r t  re f l e c t  hos t ­

s p e c i f i c  ada pt a t i on s  o f  symb i o n t s . As shown by Le u t e negger 
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\ 1 9 84 ) f or s ome modern LBF . host s w i t h  ch l oro phyc e a n  

symb i on t s  are res t r i c t e d  t o  sha l l ow wat e r . t h o s e  w 1 t h  

d i nophyc e ans o r  rhodophy c e a n s  oc cur be twee n  0 -7 0  m d e p t h , 

a nd LBF w i th d i a t om symb i on t s  e x t e nd f rom 1 - 1 3 0  m d e p t h . 

L a s t l y . w i t h  the l im i t e d  r a nge o f  most s pe c i e s . i t  cou l d  

be that s pe c i e s s i ze d i s t r i bu t i ons w i l l  i nd e e d  be f ound to  

be u n i moda l .  Tha t  i s ,  sha l l ow-dwe l l i ng f orms may be  l arge s t  

on l y  i n  t h e  sha l l owes t  part o f  t h e i r  range , and de e p­

dwe l l i ng f orms on l y  i n  t h e  d e e p e s t  part o f  t h e i r  r a nge . The 

da t a  of t h i s  i nves t i ga t i o n are o n l y  s ugge s t i ve . Further 

t e s t i ng w i l l  requ i re f i ne r  s c a l e  s amp l i ng a nd m i cro f a c i e s 

ana l ys i s . 

L i f e  H i s t ory . H e t erochrony .  a nd Env i ro nme nt a l . S tr e s s  

The r e s u l ts o f  t h i s  i nves t i ga t i o n c a n  be  pro f i t a b l y  

i nt e rpr e t ed us i ng the c o n ce p t s  o f  h e t e r o c hr o ny a nd 

e nv i ronme nt a l  s t r e s s . Re l a t i ve t o  mo s t  f oram i n i f e ra . LBF 

have be e n  cons i dered " }(-s t r a t e g i s t s "  be c au s e  o f  t h e i r  

pro t ra c t e d  re produc t ive cyc l e s . brood i ng o f  a s e x u a l l y­

produced young . s l ow growt h . growt h to l arg e s i ze ,  a nd 

o c curr e n c e  i n  re l at i ve l y  s t ab l e  e nv i ronme n t s  ( Hot t i ng e r . 

1 98 2 . 1 9 8 3 ) . But a t  a f i n e r  s c a l e  o f  ana l ys i s . s t r e s s  

adapt a t i on may a l so b e  ev i de n t . 

A l o ng t h e  s ha l l ow .  h i gh e ne rgy / h i gh i l l um i n a t i o n t o  d e e p . 

l ow e n e rgy / l ow i l l um i nat i on g r ad i e nt . d i f f e r e n c e s  i n  growth 

r a t e  a nd r e produc t i ve schedu l e  shou l d  oc c ur . A t  t h e  s ha l l ow 
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e nd .  h i gh l i g h t  i nt e ns i ty a nd wa t e r  e ne rgy f a c i l i t a t e  

r e l a t i ve l y  r a p i d  growth . Th i s  e nv i ronme n t  and i t s r e s o ur c e s . 

howeve r . a r e  n o t  e ph eme r a l .  s o  t h e r e  i s  no adva ntage to 

re p rodu c i ng e a r l y  ( a s wou l d  a n  r-s t ra t eg i s t l . A l s o .  

s e l e � t i o n f o r  e i th e r  l a rger , or mor e . j uv e n i l e s r e q u i r e s  

r e produ c t i o n  a t  l a r g e  s i z e s . Growth i s  pro l o ng e d  a nd 

re p rod u c t i o n  d e l ay e d . Large s i z e  i s  thus r e a c h e d  by 

hypermorph os l s .  S u c h  p o p u l a t i o ns a r e  K-s e l e c t ed r e l a t i ve t o  

d e e p e r  p o pu l a t i on s . 

I n  d e e p e r  wa t er s , l ow l i gh t  redu c e s  t h e  e f f i c i e ncy o f  

a l ga l  symb i o n t  pho t o sy n t h e s i s  a nd t e s t  c a l c i f i c a t i o n . a nd 

s e l e c t i o n  i s  f o r l arge j uve n i l e s w i th i nh e r 1 t  muc h  symb i o n t ­

r i c h pro t o p l asm f rom t h e  p a r e n t . L i ke t h e  sh a l l ow e r  

pop u l a t i o n s . growth i s  p r o l o ng e d . but a t  a s l ower r a t e . 

Large s i z e  i s  t h u s  a t t a i ned by hyp e rmor p ho s i s . b u t  w i th a 

r e d u c e d  r a t e  o f  g r owth . The s e  p o p u l a t i o n s  a r e  s tr e s s­

s e l e c t e d . 

As i l l us tr a t ed i n  F i gu r e  5 . 1 8 .  t h e s e  two deve l o pme nt a l 

e xt reme s r e p re s e nt e nd-memb e r s  a l o ng a grad i e n t  o f  

e nv i ronme n t a l op t ima l l ty a nd st ress . Env i ro nme nt a l  

d l s t urban ce i s  n o t . s t r i c t l y . a v a r i ab l e . A l t h o ugh a h i gh 

e n e rgy c o r a l r e e f m i ght be c o n s i d e r e d  a f re q u e n t l y  d i s t urbed 

e nv i ronme n t . i t  i s  c ompara t i ve l y  s t a b l e  ( s e a s o n a l l y } a nd 

d o e s  n o t  rap i d l y f l u c t u a t e  i n  f o od r e s o ur c e s . t emp e r a t ur e . 

s a l i n i ty .  e t c . The re f or e . l i f e h i s t ory s t ra t eg i e s norma l l y  

a s s o c i a t e d  w i t h r-s e l e c t i o n a r e  n o t  f o und . 
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F i gure 5 . 1 8 �-Env i ro nme n t a l c o nd i t i o n s  a nd p r e d i c t e d  
mor pho l og i c  a n d  d eve l op me n t a l r e s p o n s e  o f  l a rger 
f o rami n i f e ra a l o ng the Lowe r O l i g o c e ne p a l e o ­
e nv i ro nme n t a l  g r a d i e n t  i n  t h e  e a s t e r n  G u l f  C o a s t a l 
P l a i n ( s e e  t ex t  f o r d i s c u s s i o n )  . 



Add i t i o na l R e s e a r c h  

F u r t h e r  t e s t i ng o f  t h e  r ev i s e d  hyp o t he s i s  deve l o p e d  h e r e  

wou l d  r e q u i re a f i n e r -s c a l e  s amp l i ng s c h eme i n  c o n j un c t i o n 

w i th c ar bo n a t e  m i c r o f a c i e s a n a l ys i s . The e c o l og i c  ra nge o f  

e a ch s pe c i e s s h o u l d  be d e t e rm i n e d  w i t h  a s  mu c h  p re c i s i o n  a s  

p o s s i b l e  t o  c o n f i rm whe t h e r  t h e  b i moda l s i z e t r e nd i s  

c o n s i s t e nt . I n  a dd i t i o n ,  mor ph o l og i c  da t a  be a r i ng o n  growth 

r a t e  shou l d  be g a t h e red . A c c o r d i ng to t h e  r ev i s ed 

hy p o t he s i s , t h e  l ar g e r  i nd i v i du a l s  f ou n d  a t  e a ch e x t r eme o f  

t h e  s p e c i e s r a n g e  shou l d  g r ow a t  d i f f e re n t  ra t es .  

O n e  p os s i b l e  i nd i c a t o r  o f  r e l a t i ve growth r a t e  1 s  t e s t  

t h i c kn e s s . Ha l l o ck e t  a l . ( 1 9 8 6 ) f ou nd t h a t  f o r  

Amph i s t eg i na , growth ra t e  d e c re a s e d  1 n  c o nd i t i o n s  o f  l ow 

l i ght i nt e n s i ty a nd l ow e n e rgy , a n d  t h i n n e r  s he l l s r e s u l t e d  

( bu t  wa t e r  mo t i o n  may be t h e  pr i ma ry var i a b l e  a f f e c t i ng t e s t  

t h i ckn e s s ) .  F r o s t  a nd L a ng e nh e i m  ( 1 9 7 4 . p .  8 4 -8 9 ) h ave f ou n d  

t h a t  t e s t  wa l l  t h i c k ne s s  i s  g r e a t e r  i n  s ha l l ow wa t e r  f o rms 

o f  Nummu l i t e s  paname ns i s  f rom t h e  O l i g o c e ne o f  Me x i c o . 

Howe ve r , Rot t g e r  ct nd Ha l l o c k  ( 1 9 8 2 ) f ound t h a t  re l a t i ve t e s t  

t h i ckne s s  i s  s i z e -de p e nd e n t  i n  He t er o s t eg i na d e pr e s s a  C i . e . .  

l a rger t e s t s  are r e l a t i ve l y  t h i n n e r  t h a n  sma l l er t e s t s ) . 

The r e f o r e . e s t i ma t e s  o f  a r ow t h  r a t e  u s 1 ng t e s t  t h i ckn e s s  

mus t  c o n t ro l f o r  s i z e -d e p e nd e n t  e f f e c t s . 

Wh i l e t e s t  t h i c k r t e s s  wa s n o t  q u a n t i f i e d i n  t h e  p r e s e n t  

s t udy , i t  I S  c e r t a i n  tha t t h e  d e e p e s t  dwe l l i ng L e p i d o cy c l i n a 

C L . ma n t e l l i )  h a s  the f l a t t e s t . t h i n e s t  t e s t . N e v e r th e l e s s . 
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t e s t  s i z e  ( d i ame t e r ) and t h i c k n e s s  may s t i l l  n o t  be 

s u f f i c i e n t  me a s u r e s  of g rowt h ra t e . I n  l e p i do cy c l i n i ds 

e s p e c i a l l y . l a t era l growth ( a s s e e n  i n  l at e ra l c h amb e r  

d e ve l o pme n t :  s e e  F i g . F l . A p p e nd i x  F )  mus t b e  t ake n i n t o  

a c c o u n t . A t hr e e -d i me n s i o n a l me t r i c  f or t e s t  s i ze i s  n e e d e d . 

H a l l oc k  ( 1 9 8 l b ) demo n s t r a t e d  a c omparab l e  prob l em i n  

Amph i s t eg i n a  l e s s o n i  and � ·  l ob i f e ra . A l t h ough b o t h  s pe c i e s  

s h ow s i m i l ar growt h ra t e s  w i th re s p e c t  t o  t e s t  d i ame t e r , � .  

l ob i f e r a  a c t ua l l y a c c umu l a t e s  mo re c a l c i um c arbo n a t e  i n  i t s 

t e s t  be c a u s e  o f  i t s t h i c k e r  wa l l s .  

L a te r a l c hamb e r  mea s ureme n t s  were n o t  t ake n i n  t h i s  s tudy 

b e c a u s e  g r owt h r a t e  e s t i ma t e s  or tr ends i n  l a t e ra l c h ambe r  

deve l o pme n t  we re n o t  be i ng i nve s t i g a t ed . Me a s ureme n t  o f  

l a t e ra l c hamb e r s  i n  Lep i do cyc l i n a  r eq u i r e s  a t ransverse 

p r e para t i o n  o f  s p e c i me n s . E q u a t o r i a l  and l a t e r a l c h ambers 

c a n n o t  b e  me a s ured i n  the s ame s p e c i me n . s o  dua l s amp l e s 

f r om t h e  s ame a s s emb l age mus t  be s e p a rat e l y  p r e p a r e d . Th i s  

wo rk w i l l  be n e c e s s ary t o  t e s t  t h e  new hyp o t he s i s . a nd 

i n f o rma t i v e  r e s u l t s are e x p e c t ed . Fro s t  and L a n g e nh e i m  

( 1 9 74 . p . 1 7 0 - 1 7 2 } n o t e  t h a t s p e c i m e n s  o f  Lep i do c v c l i n a  

a s s o c i a t ed w i th r e e f d e p os i t s  h a v e  s u bs t a n t i a l l y mo re 

l ay e r s  o f  l a t e ra l c h ambe r s  t h a n  t ho s e  from l ower-e ne rgy 

f a c 1 e s . Th i s  s ugg e s t s  a muc h  h i gher growth r a t e  f o r s h a l l ow­

dwe l l i ng f orms . as wou l d  be e x pe c t e d . 

I s o t o p i c  s i g n a t ur e s  may a l s o p r o v e  use f u l  i n  d e t e rm i n i ng 

growth r a t e s  i n  we l l -pre s e rved f o s s i l  ma t e r i a l  ( We f er a n d  
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Berger . 1 9 8 0 ) . but do not s eem prom i s i ng f or f aunas such a s  

t ho s e  o f  t h e  G u l f  C o a s t  O l i go c e n e  wh i ch a r e  p re s e rved i n  

pure c ar bo n a t e  f a c i e s . Other mo rpho l og i c  f e a ture s have b e e n  

corre l a t e d  w i t h  de p t h . but may or may n o t  b e  re l a t e d  t o  

growth r a t e . Hot t i nger ( 1 9 7 7 ) . f or e xamp l e . f o und t h a t  f or 

modern nummu l i t i ds i n  t h e  Gu l f  o f  A qa b a  ( Opercu l i na 

ammo no i d e s  a nd pe t e ro s t egi na d e pre s s a ) .  i nvo l ut e . t h i ck 

f orms were more c ommo n i n  sha l l ow wa t e r . wh i l e e vo l ut e . 

t h i ck f o rms were more f r e q ue n t l y  f ound i n  dee pe r  wa t e r . 

Fro s t  and Langenhe i m  ( 1 9 74 . p . 84 - 8 9 ) d o c ument s i mi l ar t r e nd s  

f or O l i go c e n e  Nummu l i te s  paname ns i s  f rom Mex i c o ! w i t h  

s ha l l ower f o rms h av i ng t h i c k e r  t e s t  wa l l s ) . 

Anot h e r  a s pe c t  o f  LBF p a l e o b i o l ogy wh i c h c a n  be used t o  

t e s t  the new hyp o t he s i s  i s  i nt r a s p e c i f i c  morpho l og i c  

var i ab i l i ty .  A c c ord i ng t o  Hot t i nger ( 1 9 8 3 : a nd pers . c omm . ) ,  

h i gh s p e c i e s d i ve r s i ty a nd ma rg i na l  e nv i ro nme n t a l  c o nd i t i on s  

are both s t r e s s  f a c t or s  f o r  LBF . a nd bo t h  o f  the s e  reduce 

i n t r a s p e c i f i c  v a r 1 b i l i ty .  I n  a dd i t i o n ,  t e s t  s i ze a nd embry o n  

s i z e  a r e  ( a t l e a s t  t o  s ome e x t e nt ) d e c ou p l ed .  I n  a r e c e nt 

c o rre s p o nd e n c e  ( De c ember . 1 9 8 9 ) . H ot t i ng e r  e xp l a i ns :  

. pr o l o c u l u s d i ame t e r  a nd adu l t  s he l l 
f e a ture s r e a c t d i f f e r e n t l y  t o  d e p t h-dep e nd e n t  
e c ograd i e n t s . However .  b o t h  morpho l og i c  e l eme n t s 
a r e  l i nked by part i a l  i nt e rd e p e nd e n c e  1 n  the pro c e s s  
o f  s p i ra l  growth . Th i s  make s  b i omA t ry a d i f f i c u l t  
bus i n e s s . I nt r a s p e c 1 f i c  var i ab i l i ty d e p e nd s  n o t  o n l y  
o n  e nv 1 ro nme n t  but a l s o o n  d i v e r s 1 ty :  Marg i na l .  no n-
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o p t i ma l h a b i t a t  and h i gh d i ve r s i ty .  b o t h  s t r e s s  
f a c t o r s . r e du c e  var i a b i l i ty . I n  your l ow d i ve rs i ty 
Amer i c a n  f au n a s , var i ab 1 l i ty i s  t h e r e f ore e x p e c t ed t o  
b e  u n u s u a l l y h i gh . . .  " 

A l though t he re were no c o ns i s te nt tre nds i n  mor p h l og i c  

var i ab i l i ty o f  t e s t  s i z e  a nd embry o n  s i z e  ( me a sured by the 

c oe f f i c i e n t  o f  v ar i a t i o n  i n  Tab l e s 5 . 2-5 . 5 ) , a f i ne r  s c a l e  

o f  an a l ys i s  may reve a l s u c h  a t r e nd . Lowe r var i a b i l i ty wou l d  

be expe c t e d a t  t h e  h i gh s t r e s s  e nd o f  a s pe c i e s r a nge , or i n  

a r e a s  o f  r e l a t i ve l y  h i gh d i ve r s i ty .  The re were a l s o no 

c orre l at i o n s  b e t we e n  t e s t  s i z e and embry o n  s i ze .  s ugge s t i ng 

tha t the s e  two f e a t ur e s  a r e  d e c o u p l ed a t  t he l eve l o f  t h e  

i nd i v i du a l . a l though popu l at i o n s  w i t h  a l arge average t e s t  

s i ze a t  t h e  r a ng e  e x t reme s may b e  e xp e c t e d  t o  h ave a l arge 

ave rage embry o n  s i ze . 

Fros t and L a n g e n h e i m ' s  ( 1 9 7 4 , p . 84-8 9 ) o bs e rva t i o n s  on 

Nummu l i t e s  pa name n s i s  f rom t h e  O l i g o c e ne o f  Me x i c o . howeve r .. 

do c on f i rm Ho t t i ng e r ' s  i de a s . I nt r a popu l at i o n a l mo rpho l og i c  

d i vers i ty i s  l e a s t  i n  p o pu l a t i o ns s amp l ed f rom e nv i ronme n t s  

n e a r  the e c o l og i c a l  l im i t  o f  t h e  s pe c i e s ( i . e . .  d e e p -wa t e r  

a nd t i da l f l a t o r  e s t u.:J.r i n e f a c i e s ) . a nd gre a t e s t  i n  t h e  

mos t  o p t ima l c o nd i t i o ns ( i . e  . .  s ha l l ow c a r b o na t e  s a nd b a nk s . 

back-re e f  s a nd /mud b o t t oms . a nd t 1 d a l  c h a n n e l s  be twe e n  p a t c h  

re e f s ) . 

2 7 3  



C o n c l us i o ns 

For the symb i o n t -bear i ng l a rger f o r ami n i f e r a . pr i ma ry 

s t re s s  f a c t or s  a r e  l ow l i ght i nt e ns i t y a nd wa t e r e n e rgy . I n  

o l i go t r o ph i c . t r o p i c a l  t o  s u b t r o p i c a l  wa t e r s . l i ght 

i n t e ns i ty a nd wat e r  e n e rgy are ge nera l l y i nv e rs e l y  re l a t e d  

t o  wa t e r  d e p t h . The r e s u l t s o f  t h i s  s t udy s ugge s t  t h a t  a l o ng 

a grad i e nt o f  e nv i r o nme nt a l  s t r e s s  a nd o p t i ma l i ty ( a  de p t h  

grad i e nt ) .  i nt r a s p e c i f i c  L B F  body s i z e a nd embryo n  s i ze a r e  

pred i ct e d  to be g re a t e s t  a t  t h e  ext reme s o f  a s p e c i e s ' 

ra nge . A t  t he s e  l i m i t s . howeve r . l a rge s i z e  i s  a t t a i ned by 

d i f f e r e n t  me a n s  a n d  f o r d i f f e r e n t  r e a s o n s . 

A t  t h e  dee p  e nd o f  t h e  e c ograd i e n t . LBF de l ay re produc t i o n  

and grow more s l ow l y  ( hy p e rmor p h o s i s ) . Large j uv e n i l e s  { w i t h 

mu c h  symb i on t -r i c h prot o p l a sm )  are f avor e d  u n d e r  t h e s e  l ow 

l i ght c o nd i t i o n s . The s e  p o p u l a t i o n s  are u n d e r  s t re s s ­

s e l e c t i o n . A t  the s ha l l ow e nd o f  t he range , r e produ c t i o n i s  

a l s o de l ay e d  ( t o i n c r e a s e  e 1 t he r  f e c u nd i ty or j uv e n i l e s i z e 

b e c a u s e  o f  l ow j uv e n i l e s u rv i va l  i n  h i gh e ne rgy c o nd i t i o ns ) . 

b u t  be c a u s e  o f  l ow s t re s s . growth r a t e  i s  no rma l or eve n 

s l i gh t l y  a c c e l er a t e d  ( hy p e rmo rphos i s ) . Thes e  p o p u l a t i o ns a re 

under K-se l e c t i o n . Env i ro nme n t a l var 1 a b l e s t h ere f o r e  e x e r t  a 

d i r e c t  i n f l ue n ce o n  t h e  l i f e  h i s t o ry a nd deve l o pme n t  o f  

l arger f o rami n i f era . By Qc l ay i ng re prod u c t i o n  \ hy p e r ­

mor p ho s i s )  t o  1 n c r e a s e  f e c und i ty o r  J tlve n i l e  s i z e a t  t h e  

e x t r emes o f  a s p e c i e s ' r a ng e , l arger body s i z e s  r e s u l t . 
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LUTZE .  G . F .  AND WEFER . G . . 1 9 8 0 . Hab i t at a nd a s e xua l 
re produc t i on o f  Cyc l orb i cu l i n a  compressa ( Orb i gny ) . 
S or i t i da e . J ourna l o f  Forami n i f er� ! Re s e ar c h  
1 0 : 2 5 1 - 2 6 0 . 

MARTIN , R . E  . .  AND L IDDELL . W . D  . .  1 9 9 1 . The t a phonomy o f  
f oram i n i f era i n  modern c arbona t e  e nvi ronme n t s . I n : 
Donovan . S . .  ( e d . ) .  The P ro c e s s e s  o f  Fos s i l i za t i o n . 
Be l have n P r e s s , Londo n . p . 1 7 0 - 1 9 3 . 

MCK INNEY . M . L  . .  AND MCNAMARA . K . J . , 1 9 9 1 . He t e rochr o ny-­
The Evo l ut i o n  o f  On togeny . P l enum Pre ss . New York . 4 p .  

REI SS , Z . .  AND HOTT I NGER . L . . 1 984 . The G u l f  o f  Aqaba-­
Eco l og i c a l  M i c r o p a l eo n t o l ogy .  S p r i nger-Ve r l ag .  3 5 4  p .  

ROS S . C . , 1 974 . Evo l ut i o nary and e c o l og i c a l  s i g n i f i ca nc e  
o f  l arge c a l careous f orami n i f e r i da ( Protozoa l .  Gre a t  
Barr i e r Ree f . Pro c e e d i ngs o f  the Se cond I nt e r n a t i on a l 
C ora l Re e f  Sympos i um 1 .  Gre a t  Barr i e r Ree f  Comm i t t e e . 
p .  3 2 7-3 3 3 . 

ROS S . C . .  1 97 7 . Ca l c i um c arbo n a t e  f i xat i on by l arge re e f  
dwe l l i ng f oram i n i f e ra . Amer i c a n  Assoc i a t i on o f  t r o l e um 
G eo l og i s t s  S t ud i e s i n  Ge o l ogy 4 .  p .  2 1  3 0 . 

ROTTGER , R . .  FLADUNG . M . .  SCHMALJOHANN . R . . I NDLER . M . .  
AND ZACHARI AS . H . . 1 9 8 6 . A new hypothe s i s : The s o - c a l l ed 
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meg a l o s ph e r i c  s c h i z o n t  o f  t he l arger f or am i n i f e r , 
He t eros t egi na depressa D ' Or b i gny . 1 8 2 6 . 1 s  a s e p a r a t e  
s p e c i es . J ourna l o f  Foram i n i f e ra l Re s e a r c h  1 6 : 1 4 1 - 1 4 9 . 

ROTTGER . R . .  AND HALLOCK , P . , 1 9 8 2 . Sha pe t r e nd s  i n  
He t eros t eqina depressa ( Pr o t oz o a . Foram i n i f e r i d a ) . J ou r n a l 
o f  F o r a m i n i f e ra l Re s e a r c h  1 2 : 1 9 7 - 2 0 4 . 

ROTTGER . R .  KRUGER . R . .  AND DER I JK . S . .  1 9 9 0 . Tr i mo r p h i sm 
i n  F o r am i n i f er a  ( Pr o t o z o a ) --Ve r i f i c at i o n o f  a n  o l d  
hyp o t h e s i s . Eur o p e a n  J ourna l o f  Prot i s t o l ogy 2 5 : 2 2 6 - 2 6 8 . 

STENECK . R . S  . . 1 9 8 6 . The e c o l ogy o f  c or a l l i ne a l ga l  c r us t s : 
C o nve rgen t  p a t t er n s  a nd ada p t i ve s tr a t eg i e s . A n n u a l Rev i ew 
o f  E c o l ogy and Sys t ema t i c s 1 7 : 2 7 3-3 0 3 . 

WEFER . G . .  AND BERGER . W . H  . . 1 9 8 0 . S t ab l e  i s o t o p e s  1 n  
b e nt h i c f oram i n i f e ra : S e a s o n a l var i at i o n i n  l ar g e r  
t r op i c a l  s pe c i es . S c i e n c e  2 0 9 : 8 0 3-8 0 5 . 

ZOHARY . T . .  RE I S S . Z . .  AND HOTT I NG E R . L . . 1 9 8 0 , P o p u l a t i on 
dy nam i c s  o f  Amph i sorus h empri ch i i ( foram i n i f era l i n  t h e  
Gu l f  o f  E l a t ( Aq a ba ) . R e d  S e a . E c l oq a e  ge o l . He l v .  
7 3 : 1 0 7 1 - 1 0 94 . 
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APPEND I X  A 

OUTCROP DE:3 C R I PT I ONS , ALABAMA 

A l l s e c t i o n s  d e s c r i be d  h e r e  were s amp l ed f or th i s  
i nv es t i g a t i o n .  B e d  d e s � r i p t i o n s  �re g i v e n  f r om t h e  
s t rat i gr a p h i c  t op , down . 

S t  S t e p h e n s  Quarry 

L o c a t i o n :  L o n e  S t a r  Ceme n t  Comp a ny quarry a t  S t . S t e ph e n s  
B l u f f  o n  t h e  Tomb i g b e e  R i v e r . 2 . 2  m i l e s no r t h e a s t  o f  t own 
o f  S t . S t e ph e n s . Wa s h i ng t o n  County . A l a b ama . S e e s  3 2 . 3 3 . 
34 . 3 8 . T7N , R 1 W . S t . S t e ph e n s  Quadra ng l e . P e rm i s s i o n t o  
a c c e s s  q u a rry mus t  be obt a i ned f r om W i l l i am a nd Sh i r l ey 
P e nn i ng t o n  o f  J a c k s o n . A l a b ama . 

S ur f a c e  E l e v a t i on :  5 0  ' f t o p  benz.:h i n  q u a r ry ) . 

Da t e ( s )  S amp l ed :  3 0  A pr i l 1 9 8 7 . 2 J u l y  1 9 8 8 . o t h e r  d a t e s . 

Comme n t s / Re f er e n c e s :  Th i s  we l l -k now s e c t i on h a s  be e n  
d e s c r i b e d  by many G u l f  C o a s t  geo l og i s t s ( e . g . , G l awe In 
J o ne s , 1 9 6 7 ) . and c o n t a i ns U p p e r  Eo c e n e  t o  L a t e O l i go c e ne 
s t ra t a . On l y  the V i cks burg Group i s  d e s c r i b e d  h e re . A l l 
f orma t i o ns we re s amp l e d . 

Forma t i on 

B u c a t unna 

G l e ndon 
L i me s t o ne 

Mar i an n a  
L i me s t o n e  

8 .  l 

3 . 6  

1 8  

G r e e n  t o  b l a c k . organ i c . 
b e n t o n i t i c c l ay . 

Coar s e . i mpur e . c a l c ar e n i t i c .  
b i o c l a s t i c  l ime s t o n e . A l t e rna t i ng 
i ndur a t e d  l edge s a n d  s o f t e r  
r e e n t r a n t  be d s . Ex t reme l y  
f o s s i l i f e r o u s  ( c a l c i t i c  f orms 
o n l y )  w i t h  orb i t o i d s 
( Le p i d o cyc l i na . Nummu l i t e s ) . 

bry o zo a , p e c t i n i d s . oys t e r s . 

S o f t . cha l ky . b i oc l a s t i c  
l i me s t o ne . C o nt a 1 n s a b undant 
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M i. n t  S p r i ng 
Mar l 

Re d B l u f f 
C l ay 

Bump nose 
L i me s t o ne 

S t ova l l  Quarry 

1 

2 . 6  

4 

L e o i docvc l i na ffign t e l l i a nd 
bryozoa . 

G l a c on i t i c . c h a l ky l i mes t o n e . 

Dark brown . b l o c ky . extreme l y  
c arbo naceous c l ay .  

I nt e rb e dded i ndur a t e d  and 
un l i th i f i ed .  i mpure , g l a u c o n i t i c . 
burrowed/bored mar l y  l ime s t o ne . 
Ep i f auna l . i ndex b i va l ve 
Spondy l us dumos u s  c o ns p i cuous . 

L o c a t i on : On property o f  S t ova l l L i me a nd C a t t l e . I n c . .  
a bout 7 m i l e s ( 1 1 km ) e a s t  o f  F l ora l a  o n  S R  5 4 . C ov 1 ng t o n  
County . A l abama . NW 1 / 4 .  1 / 4 .  s e c  2 2 . T 1 N . R 2 0W . Hac oda 
Quadrang l e .  The quarry i s  e as i l y  a c c e s s i b l e  w i th 
p e rm i s s i o n o f  the owner . 

S ur fa c e  E l eva t i o n : 2 0 0 ' . 

Da t e ( s )  S amp l ed :  1 5  June 1 9 9 0 . 5 Janu ary 1 9 9 1 . 1 1  1 4  June 
1 9 9 1 . 

Comment s / Re f er e n c e s : Th i s  i s  the type s e c t i o n o f  t h e  F l ora l a  
L i me s t o ne . Th i s  l ime s t o ne has b e e n  co l l e c t e d  by s e vera l 
i nves t i g a t or s  i n  the p a s t . but i ts age and f orma t i o na l 
s t atus we re never re l i a b l y  e s t ab l i shed . Re f e re n c e s : He l l er 
a nd Bry a n  ( i n press) . Hudd l es t u n  ( i n press ) . G l awe ( 1 9 6 9 . 
p .  88 ) . MacNe i l  ( 1 9 44 . p .  1 3 5 1 - 5 2 ; 1 9 4 6 , p .  44 . 4 7 ) . 

Forma t i o n Th i ck n e s s l m )  

B u c a tunna / 6 
Byram 

De s c r i pt i on 

D ark brown t o  wh i t e mar l . 
U p p e r  p o rt i o n  may be Buca t unna 
Forma t i on . l ower port i o n a p p ears 
t o  be more c a l r a rous a nd c arr i e s  
a d i ve r s e  mo l l us c a n  f au n a  w i th 
Byra.m ,J f f i n i t i e s f e . g  . . pe c t en 
Q.ya.me ns i s . Nemo c .1rd i um d i versum . 
P a nQ..P.f3_£ :')b l onaa t a . C a 5 :3 i s  
and o t hers ) .  I rregu l ar c o n t a c t  
w i th unde r l y i ng l ime s t o n e . 



F l or a l a  
L ime s t o n e  

1 2  D e n s e l y  f o ss i L i f er o u s . l a rge 
f or a m i n i f e r a l -a l ga l l i me s t o n e . 
L i t ho l og i e s  r a ng e  f r om wa c k e s t o n e  
t o  p a c k s t o ne . w i t h  l o c a l 
m i c r i t i c .  a l g a l b i nd s t o ne 
( f o rm i ng r u bb l y ,  a l ga l beds ) . 
I nc l ud e s  abundant L e p i d o cvc l i na . 
Nummu l i t e s . a nd c or a l l i ne r e d  
a l ga e . w i t h  c ommo n p e c t i n i d s  
! Ch l amys l .  Lopha 

v i c k s b u ra e n s 1 s ,  bryozo a n s . 
bra c h i o p od s . a n d  e ch i no i d s . 

Add i t i o na l L o c a l i t i e s  V i s i t ed a nd C o l l e c t e d Dur i ng t h i s  
I nve s t i ga t i o n : 

( 1 )  S a l t  Moun t a i n .  Exp o s u r e s  o f  rJia r i a nna a nd G l e nd o n  
L imes t o n e  a t  R i chmond Bra n ch . a b o u t  5 m i l e s s ou t he a s t  o f  
.Ti'1Cl< :3 o n . C U x rke C o u n ty . A l a bama . o n  C H  1 6 . S e c  :3 3 ,  T6N . R 2 E . 
C o l l e c t e d  i n  A pr i l 1 9 9 0 . 

( 2 )  J ay V i l l a Qua rry . Aba nd o n e d  qua r ry on J ;:l.y  V i l l a 
P l a n t ctt i o n . 3 a i r l i ne m i l e s north e a s t  o f  C as t l e b e rr y . 
C o ne c uh County . A l a bama . S e c  6 .  T4N . Rl l E . A p p ro x i ma t e l y  1 4  
m o f  G l e nd o n  ( a nd p o s s i b l y  Mar i a n n a ) L i me s t o ne e x p o s ed . Th i s  
i s  t h e  C o ne c uh L ime Co . Quarry o f  G l awe ( 1 9 6 9 , p .  8 8 , 9 5 -
9 6 ) . Th e l o c a l i ty i s  d i f f i c u l t  t o  l o c a t e . a nd c a n  b e  f ound 
by t a k i ng C R  6 we s t  o f  Brook l yn t owards C a s t l e b e rry . t u r n  
r i gh t  ( no rt h l j u s t  b e f o r e  c r o s s i ng Murd e r  C r e e k . go 2 . 9  
m i l e s . t ur n  l e f t . go 0 . 4 m i l e .  d i r t r o a d  o n  l e f t . Mus t wa l k  
a m i l e  or mo re down th i s  r o a d . P e rm i s s i o n t o  a c c e s s  q u a rry 
w a s  gra n t e d  by Mr . Car l McQuary 

( 3 )  McGow i n  Br i dge . G l e nd o n  L i me s t o ne o n  we s t  s i de o f  
C o ne c uh R i ve r . b e l ow McG ow i n  Br i dg e . E s c amb i a  C o u n t y . 
A l a bama . S e c  6 .  T2N , R 1 3 E . Th i s  i s  p e r ha p s  t h e  e a s t e r nmo s t  
e x p o s ur e  o f  t h e  G l e nd o n  L ime s t o n e  i n  A l a b ama . About 3 m o f  
G l e ndon i s  e x p o s e d  a bove wa t e r  l eve l . ( S e e  G l awe .  1 9 6 9 , p .  
8 8 . 9 6 ; C o o k e . 1 9 2 3 . p .  3 ) . 

( 4 ) F i ve Runs C r e e k  a t  H a r t ' s  B r i dge . Byram Mar l o n  we s t  
s i de o f  F i v e  Runs Creel< . Cov i ng t o n  C o u n ty . A l a bama . S e c  2 6 . 
T 2 N . R l S E . W i ng Quadra ng l e . Th i s  1 s  l o c a l i ty 1 i n  Cov i ng t o n  
C o u n ty o f  D e l a ne y  f 1 9 6 3 . p .  1 0 ) . L i t h o l ogy h e r e  i s  ve ry 
c ompa r a b l e  t o  t h a t  s e e n  a t  N a t ur a l Br i dge . Wa l t o n  C o u n ty . 
F l or i da . 
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A P P END I X  B 

OUTCROP DESCR I PT I ONS . G EORG I A  

A l l s e c t i o n s  d e s c r i be d  h e r e  we re s amp l ed f or t h i s  
i nve s t i g a t i o n .  B e d  d e s c r i p t i o n s  are g i ve n f rom t he 
s t r a t i gr a p h i c  t o p . down . 

Br i dge b o r o  Q u arry 

Lo c a t i on :  O n  SR 1 1 2 . s o u t h  o f  B r i dg e bo r o . 1 . 6  m i l e s s o u t h  o f  
i nt e r s e c t i on o f  S R  1 1 2  w i t h  h i ghway 9 3 . M i t che l l Co u n t y , 
G e org i a . 

Sur f a c e  E l eva t i o n :  2 5 0 ' . 

D a t e C s l  S a mp l ed :  8 Augu s t  1 9 8 8 . 8 A p r i l 1 9 8 9 . 1 8  J une 1 9 9 0 . 

Comme n t s / Re f e r e n c e s : Th i s  i s  t h e  t y p e  l o c a l i ty o f  t he 
B r i dg e bo r o  L i me s t o ne . Land i s  p o s t ed . P e rm i s s i on t o  a c c e s s  
q u a rry mus t  b e  o bt a i ne d  f rom Mr . J oh n  B a c o n . Re f er e n ce s : 
Ma nker a nd C a r t e r  ( 1 9 8 7 . 1 9 8 9 ) . B ry a n  a n d  Hudd l e s t u n  
( 1 9 9 1 ) . Hudd l e s t u n  ( i n press ) . The f o l l ow i ng d e s c r i pt i o n 
i s  mod i f i ed f rom M ank e r  a n d  C a r t e r  ( 1 9 8 9 ) . A s  a s t e r i sk ( * l  

i nd i c a t e s  whe re s amp l e s were t a ke n . 

Forma t i o n Th i c k n e s s ! m )  

Br i d g e b o r o  2 . 8 - 3 . 7  
L i me s t o n e  

0 . 5  

2 . 9  

D e s cr i pt i on 

P a r t l y  s i l i c i f i ed l i me s t o n e  w i t h 
l a rge s o l u t i o n vugs a nd s c a l l o p e d  
s u r f a c e s . Rho d o l i t hs s p ar s e  n e a r  
t h e  b a s e  b u t  more de n s e l y  p a c k e d  
upward . up t o  6 cm i n  d i ame t e r . 
Large o y s t e rs . U n i t  1 2 . ( * )  . 

Rhodo l i t h- po o r  b i o c l a s t i c  
l i me s t o ne a s  i n  Un i t  8 .  C l ay 
c l a s t s . Lep 1 do cyc l i na . Un i t  1 1 . 

P a c ke d  rhodo l i t h l i me s t o n e  a s  I n  
Un i t  1 .  Rhodo l i t h s  more o f t e n  
d fs c o i d  t h a n  b e l ow .  ra ndom l y  
o r i e n t e d . Mo l l u s c s . 
c o t t e au i . Un i t  1 0 . ( * l . 

2 8 4  



1 . 7  

1 . 7  

0 . 6  

0 . 5  

2 . 45 

0 . 0 5 

0 . 6  

3 . 4  

B i o c l a s t i c  l ime s t o n e  a s  b e l ow .  
arg i l l a c e ou s  ( ? ) . F e w  sma l l 
! < 4 cm )  rhodo l i th s . C l ay c l as t s  
and s t r i ng e r s . A b u nd a nt mo l l u s c s  
( Ch l amys du n c a n e n s i s . :;;;. . 
a n a t i pe s , Spo ndy l us . and o t h e r s ) .  
C lype a s t e r  c o t t e au i . 
L e p i docvc l i n a . U n i t  9 .  ( "' ) . 

V e ry c o a r s e  b i o c l a s t i c  l i me s t o n e  
a s  i n  Un 1 t  6 .  Mor e  a b u n d a n t  
f o s s i l s : :;;;_ . d u n c a n e n s i s .  � ·  
a na t i pe s , C o n u s . � - c o t t e au i , 
L e p i d o cv c l i na , c o ra l s .  mo l l u s c s . 
no n-nodu l ar a l g a e . Sma l l c l ay 
c l a s t s  a nd s t r i nge r s . Un i t  8 .  
( "' ) . 

B i o c l a s t i c  l ime s t o n e  a s  b e l ow .  
but h ard e r . I nt e r n a l l am i n a t i o n . 
Un i t  7 .  

B i o c l a s t i c  l i me s t o n e  a s  i n  Un i t  
2 .  bu t c o a r s e r  g r a i ned . � ·  
d u n c a n e n s i s  a nd o t h e r  b i va l ve s . 
Un i t  6 .  

Rhodo l i t h l i me s t o n e  a s  i n  Un i t  1 .  
I n c l i ne d  c l ay -r i c h b e d  ( ? l i n i ng 
c h a n ne l s ) . � - d un c a ne n s i s . 
1ep i do cyc l i na . 2 l ar g e  s na i l 
s p p  . .  m i l i o l i ds . c i d a r o i d  s p 1 ne s . 
U n i t  5 .  

Th i n . d i s c o n t i nu o u s  g re e n  c l ay 
b�d . s i m i l a r t o  c l a s t s  b A l ow .  
U n i t  4 .  

As U n i t  2 .  b u t  rhodo l i t h s  sma l l er 
( ( l cm l  a nd l e s s  a b u n d a n t . Large 
( u p to O . l m by 0 . 5m )  c l a s t s  o f  

g r e e n  c l ay and f i ne 
u n c o n s o l i d a t e d  q ua r t z  s a nd 
s l umped i nt o  b e d d i ng d e p r e s s i o n s . 
Un 1 t  3 .  ( * ) . 

F i ne l y granu l a r b i o c l a s t i c  
( a l ga l )  l i me s t o n e . f e w sma l l  
rhodo l i t h s  ( < 2 cm )  b e c o m 1 ng mo re 
common a nd l ar g e r  { ( 8 cm ) t oward 
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4 . 9  

t . I rregu l ar c l ay c l as t s . Un i t  
2 .  

Ma s s i ve t o  t h i ck-b e dded 
l i me s t one . Mos t l y  d e n s e l y  p a c ked 
rhodo l i t h s  up t o  1 0  em . Th i n .  
d i s c o n t i nuous beds / l e ns e s  a nd 
c l as t s  o f  waxy gree n  c l ay t o  1 0  
em . Th i n .  l e n s o i d . d i s c ont i nuous 
beds of b i o c l a s t i c  arg i l l ac eous 
l ? l l imes t o n e . e x t e nd i ng downward 
i n  to crev i c e s  a nd c av 1 t i e s . £ .  
dun c a n e ns i s . Lep i d o cyc l i na . 
Ampu l i na . oys t e rs , m i l i o l i d s . 
turr i t e l l i d ( ? ) . Un i t  1 .  ( *' ) . 

Add i t i ona l Loc a l i t i es V i s i t e d  a nd Co l l e c t ed Dur i ng t h i s  
I nve s t i aa t i o n :  

( 1 )  C l i max C ave . De c a tur County . I ns i de the ma i n  room o f  t h e  
c ave on the ce i l i ng a r e  i mpre s s i o ns o f  l arge cora l h e a d s  i n  
a ma t r i x  o f  l arge f or am-rhodo l i t h  l ime s t o n e . Co l l e c te d  on 2 6  
May 1 9 8 9 . 

( 2 )  C l va t tv 1 l l e .  On  W i th l a c o o c h e e  R i ver . be l ow br i dg e s , 5 . 3  
m i l e s we s t  o f  h i ghway 3 1  .. Lownde s County . Mu ch s i l i c 1 f i ed 
l i me s t one ( Br i dg e boro L i me s t on e ? )  i n  r i ver w i th commo n . 
l arge cora l s  on  north s i de o f  br i dge . South o f  br i dg e  was a 
burrowe d , c obb l y  l i me s t o ne ( f orma t i on unc e r t a i n ) . Co l l e c t ed 
on 2 9  Ju l y  1 9 8 8 . 
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A P P END I X  C 

OUTCROP DES C R I PT I ONS . FLOR I DA 

A l l s e c t i o n s  de s c r i be d  h e r e  we re s amp l ed f o r t h i s  
i nve s t i ga t i o n . B e d  de s c r i p t i o n s  a r e  g i ve n f rom t h e  
s t ra t i gr ap h i c  t o p . down . 

Na t u r a l Br i dge 

L o c a t i o n :  A b o u t  s ev e n  m i l e s ( 1 1 km l e a s t  o f  F l or a l a . 
A l a bama . SE 1 / 4  s e c  2 6 , T 6 N . R 2 0W . Wa l t o n . C o u nt y . 
F l or i da . G a s k i n  Quadra ng l e . 

S u r f a c e  E l ev a t i o n :  1 8 0  ' .  

Da t e ( s )  S amp l ed :  Augus t . 1 9 8 8 . 

C omme n t s / Re f e r e n c e s : The l i mey mar l o f  t h i s l o c a l i ty h a s  
b e e n  r e f e rred t o  t he Mar i a n n a . S uwa n n e e ,  Byr am , a nd 
B uc a t u nn a  Format i o ns . I t e n t a t i ve l y  c o n s i de r  i t  a s  a n  
e a s t e r n  e x t e n s i o n  o f  t he Byr am Mar l b a s e d  o n  i t s  mo l l u s c a n  
f auna , e s p e c i a l l y  the a bunda n c e  o f  P e c t e n  bvrame n s i s . A n  
a s t e r i sk ( * I  i nd i c a t e s  whe r e  s amp l e s were t a k e n  dur i ng 
t h i s  i nv e s t i ga t i o n . Re f e r e n c e s : C o oke and Mo s s om ( 1 9 2 9 . 
p . 7 5 ) . Ma cNe i l  ( 1 944 . p p . 1 3 1 7 . 1 34 0 ) . G l awe ( 1 9 6 9 , p p . 
8 8 , 9 6 . 9 7 ) . J o h n s o n  ( 1 9 8 9 . p . 2 1 - 2 3 l . 

Forma t i o n 

Byram 
Mar l 

Th i c kne s s ( m l  

1 - 2 

D e s c r i pt i o n 

T a n . ma r l y  c a l c a r e o u s  s a nd /  
l ime s t o ne . C a l c i t i c  f o s s i l s 
e x t r eme l y  abundant 
I Le p i d� c l i n a . Nummu l i t e s . 

bry o z o a . p e c t i n i d  b i va l ve s ) .  
Arago n i t i c  mo l l us c  mo l ds c ommo n  
i n  l owe r me t e r  ( * ) . B e d  2 .  

T a n . f o s s i l i f e r o u s . mar l y  
l i me s t o ne . h e av i l y  burrowed a t  
t o p . Lep i docvc l i n a  f rom u p p e r  b e d  
f i l l s s ome burrows . Ext e nds b e l ow 
wa t e r  l eve l ( * ) . Bed l .  

2 8 7  



Mar i an n a  L i me ro ck Quarrv 

Lo c a t i on : A p p rox i ma t e l y  1 / 2  m i l e  n o r t hwe s t  out o f  Mar i a n n a . 
F l or i da , o n  S R  7 3 . D i rt road t o  r i gh t  ( no r t h ) . j u s t  p a s t  
f ork o f  U . S .  9 0  a nd SR 7 3 . S W  1 / 4 .  S e c . 3 2 . T 5 N . R 1 0W .  

S ur f a c e  E l e v a t i on : 1 5 0 ' . 

Da t e f s )  Samp l ed :  1 1  De c embe r  1 9 8 7 . 

C omme n t s / Re f e r e n c e s : The q u a rry i s  owned by Mar i a nna L i me 
P rodu c t s . I n c . S e c t i on w a s  me a su r e d  and c o l l e c t ed w i lh t h e  
a s s i s t a n c e  o f  J e nn i f er J e t t  a n d  Da n i e l F r e d e r i ck .  The 
l i t ho l og i c  s e q u e n c e  h e r e  a l t er na t e s  f rom mud s t o n e  t o  
c h e r t  t hr e e  t ime s . O f  s p e c i a l  i n t e r e s t  a t  t h i s  q u a rry i s  
t h e  o c c ur r e n c e  o f  wh a t  a p p e ar t o  be f o s s i l s e ag r a s s  
i mp r e s s i o ns i n  t h e  Byram Forma t i o n o f  B e d  6 .  

Forma t i o n  

Byr am 
Mar l 

Mar i a n n a  
L i me s t o n e  

0 . 6  

2 

5 

0 . 5 - 1  

4 

B e i ge -c o l or e d . wa xy mar l . B e d  7 .  

B e i g e / g r e e n- c o l o r e d  waxy ma r l , i n  
s h a r p  c o n t a c t  w i th under l y i ng 
b e d . Top 2 0  em i s  s em i  i ndura t ed . 
c r umb l y . a nd burrowe d . C ommo n a re 
l i mo n i t ze d  L e p i d o cyc l i na , a n  
e c h i no i d .  a nd t urr i t e l l i d 
g a s t r o p od . C a r bo n i z e d  impr e s s i o n s  
o f  s e agr a s s e s  p re s e nt ( * ) . B e d  6 .  

V a r i ab l y  i ndura t e d . wh i t e . 
f i n e -g r a i ne d  l i me s t on e . Top o f  
b e d  v e ry c h e r t y  ( * ) . B e d  5 .  

I r r e g u l ar .  nodu l ar c h e r t . S ame 
l i t h o l ogy as u nd e r l y i ng b e d . b u t  
v a r i ab l y  s i l i c i f i e d . Bry o z o a  
C i . e . .  c t . Lun u l i t e s ) a nd s ome 
aragon i t i c  mo l l u s c s  pre s e rved 
( Xe nophor a )  ( * ) . B e d  4 .  

Cha l ky .  c a l c i l u t i t e . w i th s ome 
c o a r s e r  b i o c l as t i c  l ime s t one . O n  
we s t - s o u t hwe s t  q uarry wa l l  i s  a 
c r o s s -b e dd e d  c ar b o n a t e  s a nd wh i ch 
a p p e ar s  t o  b e  a c ha n n e l .  Shark 
t o o t h  and f i sh v e r t e bra f ound i n  

2 8 8  



0 . 3  

0 . 9  

GTE P i t  

cha nne l l ag .  Tes t s  o f  
Lep i do cyc l i na f r e q ue n t l y  
c o n c e nt r a t e d  i n  t h i n  bedd i ng 
p l a n e s . Some c l ay r i p-up c l as t s  
i n  part s o f  c h a nne l ( * ) . B e d  3 .  

I rregu l ar .  nodu l ar .  burrowed . 
cherty l i me s t one ( * ) . Bed 2 .  

Wh i t e , cha l ky c a l c i l ut i t e . Some 
Lep i do cyc l i na pre s e n t  ( * ) . Bed 1 .  

L o c at i o n : Thr ee mi l es we s t  o f  L e c a nt o . C i trus C ou n ty . 
F l o r i d a . NW 1 / 4 ,  SW 1 / 4 . S e c . 6 .  T1 9 S . R 1  

Sur f a ce E l evat i o n : 1 48 ' 

Dat e ( s )  Samp l ed :  3 Augus t 1 9 88 . 

Comme nt s / R e f e r e n c e s :  Th i s  q uarry wa s prev i ous l y  c a l l ed the 
C rys t a l R i ve r  Rock C ompa ny quarry , and was f i rs t  d e s cr i be d  
by Mos s om ( 1 9 2 5 . p .  1 2 4- 1 2 5 ) .  and l at e r  by Vernon ( 1 9 5 1 . 
p .  1 6 5 - 1 6 9 : a l so s e e  Pur i , 1 9 5 7 . p .  34-3 6 : Ma ns f i e l d .  
1 9 3 9 ) . The abandoned q uarry i s  now the s i t e o f  t h e  GTE 
S a t e l l i t e  C o r p or a t i on ,  Homo s a s s a  Earth S t a t i on .  Hun t e r  
( I n :  Me e d e r  e t  a l  . .  1 9 8 1 . p . 22 - 2 6 ) rede s c r i be d  t he s e c t i on 
a f t e r add i t i ona l quarry i ng e x p o s ed a wedge o f  O l i g o c e ne 
s e d ime nt s  n o t  p r e v i ous l y  r e c og n i zed by V e r n o n  a nd Pur i . 
Hun t e r  re f erred t h i s  wedge o f  coarse l i mes t o ne t o  the 
Bumpn o s e  L ime s t on e . L i t ho l og i c a l l y .  howeve r . t h i s  un i t  
doe s  not r e s emb l e  t h e  Bumpno s e . Further work i s  ne eded o n  
th i s  s tr a t i gr a p h i c  i nt e rv a l .  Th i s  o u t c r o p  i s  p e r h a p s  o n e  
o f  the b e t t e r  e x p o s ures o f  the Eo c e ne -O l i go c e ne boundary 
i n  F l or i da . L i tho l og i c  d e s c r i p t i o ns are mod i f i ed f rom 
Vernon ( 1 9 5 1 ) and s u p p l emen t e d  by Hun t e r  C 1 9 8 1 l  and 
persona l f i e l d and l abora t ory not e s . An a s t er i sk ( * )  
i nd i c a t e s  where s amp l e s L .ike n dur i ng th i s  i nves t i ga t i o n . 

Forma t i on 

Suwannee 
L i me s t on e  

Th i ckne s s ( m )  

5 . 1  

De s c r i pt i o n  

Cre am c o l ored . porous . we l l  
c eme nted l ime s t one . Th i n l y 
bedded a t  t op . I n  p ar t  a gre e n  
a l ga l -mi l i o l i d gra i ns t o ne , a s  
i n  t h e  Bumpnose wedge be l ow .  

2 8 9  



0 . 3  

0 . 6  

0 . 1 

0 . 5  

0 . 3 1 

F l ora / f auna : gr e e n  a l g a e . 
mi l i o l i d and o t h e r  b e n t h i c  f oram­
l n i  f era ( D i ct�onu:?_ l ,  var i ous 
m 1 cromo l l us c s . b i va l ve s  Ch l amys 
brooksv i l f e ns i s ,  Ch i o ne sp  . .  
J(uphu_e_ i ncra s s a t us . s erpu l i d  Ha rm 

vernon 1 . e c h i no i ds 
C l ype a s t e r  c f . � ·  roger s i .  

Rhync h o l amp a s  qou l d i i  
( * ) . 

Cream t o  t a n . h ard c rys t a l l i ne . 
nodu l ar ,  very porous l i me s t one . 
Some bedd i ng re s emb l e s the 
over l y i ng bed . Poor l y  pre s e rved 
mo l l us c a n  mo l ds i nc l ud i ng Ch i on e  
c f . � ·  ba i nbr 1 dge n s i s . Jurr i t e l l a 
mart i ne ns i s . and Turr i t e l l a 
v i c k s burge ns i s , rare e c h i no i d  
Rhyncho l ampa s qou l d i i . a nd l arger 
f oram i n i f e r  L ep i do cyc l i na s p . 

Wh i t e to  l i ght-gray . d e ns e . t h i n­
bedded . p a s ty t o  cry p t o crys t a l ­
l i n e  l ime s t one c o nt a i n i ng numer­
ous mo l ds of Turr i t e l l a mar t i n­
e ns i s  and r .  v i c k s burqe ns i s . 
Weathered sur f a c e s  a p p e ar 
bre c c i at ed . 

Lay e r  o f  l i gh t -gray t o  cream­
c o l ored . we athere d . brown cry p t o ­
cry s t a l l i ne . sub- l i t hograph i c . 
hard . de ns e  t h i n-bedded l i me s to n e  
w i t h  an o c c as i ona l s e am o f  l i ght 
gre e n . wa xy mar l . 

L i gh t -gray . d e n s e . t h i n-bedde d . 
hard l i thogra ph i c  l ime s t one w i t h  
rare mo l ds o f  Turr i t e l l a .  

Brown to  l i gh t -gray . d e n s e . hard . 
c ryp t o crys t a l l i n e l i me s t one w i t h  
porous d e tr J t a l  s e ams . B i o s par i t e 
i. n  t· h i n  ,:; e c t i o n w i t h mo L l us c a n  
ma cromo l ci i c  p oros i ty l i ne d  w i t h 
m i cr i t e P nVP l o p e s . Fauna : 
m i l i o l i d f or.:1mi n i f era . rework e d  
l a rger f o rami n i f e ra . red d l  
mo l l u s c s . bryozo a ns . regu l ar 

2 9 0  



1 1 B ump no s e  
L i me s t on e " 

O c a l a  
( Eo c e n e ) 

0 . 1 6 

4 . 5 -6 

3 2  

e ch i no i d  s p i ne s . ( �< ) . 

L i g h t  gre e n i s h -gray c l ay .  

C o a r s e . g r e e n  a l g a l m i l i o l i d 
g r a i n s t on e . F a u na i n c l ud e s  
m i l i o l i d  f orami n i f e r a . g re e n  
a l ga e , m i c r omo l l us c s . a nd var i o us 
u n 1 de n t i f i ed e l em e nt s . ( * ) . 

P e l l o i d a l  b i om i cr i t e w i t h  
a b u nd a n t  l ar g e r  f or am i n i f era 
( l e p i d o c y c l i n i ds . n ummu l i t e s . 
o s t r e i d  and p e c t i n i d  b i va l v e s . 
bry o z o a n s . e c h i nod e rm d e br i s , a n d  
t r a c e  f os s i l s .  

F l o r i da Crushed S t o n e  M i n e C FC S  P i t )  

L o c a t i on : Nor t h  o f  Brooksv i l l e .  o f f  o f  H i ghway 4 8 5 . 

S ur f a c e  E l eva t i o n :  1 0 0 ' . 

D a t e ( s )  Samp l ed :  5 Aug us t 1 9 8 8 . 

C ommen t s / Re f e r e n c e s : An a c t i ve quarry w i t h  we l l - e x p o s ed . 
t h i c k s e c t i on o f  Suwa n n e e  L i me s t o ne . Th i s  s e c t i o n i s  v e ry 
c ompa r a b l e  t o  o t h e r s  d e s c r i be d  by Yon and He ndry ( 1 9 7 2 )  
f r om t h i s v i c i n i ty .  E n t i re s e c t i o n was s amp l ed .  
Ma cr o f o s s i l s  c o l l e c t e d f rom f l o a t  ma t e r i a l  i n c l ude many 
l ar g e  i n f auna l b i va l ve s  ( ? M i l th a  or o t h e r  l u c i n i d , a 

c a rd i i d ,  and Kuphus ) .  my t i l i d b i va l ve s  ( e p i f a u na l ) ,  
g a s t ro po d s  ( a  n a t i c i d  a nd Or t h a u l ax ) , r e g u l ar a nd 
i rr e g u l ar ( BJ:rLncho l ampa s qou l d i i )  e ch i no i ds . 

F o rmat i o n 

S uwa n n e e  
L i me s t o n e  

Th i ck ne s s ( m )  

7 . 5  

1 5  

D e s c r i pt i on 

P a l e  gr e e n  c l ay t be n t o n i t e ? l . 
B e d  7 .  

B o u l d e ry / rubb l y  l i me s t on e  
( e s p e c i a l l y  t o p  ha l f ) . very 
f o s s i l i f erous ( mo l d i c ) . w i t h  
i nt er s p e r s e d  b l e bs a nd l e n s e s  o f  
g r e e n  c l ay l a s i n  over l y i ng b ed l . 

2 9 1  



7 . 5  

1 . 4 

2 . 4  

0 . 6  

I rr e gu l ar c o n t a c t  wi th unde r l y i ng 
bed . T n  t h i n  s e c t i o n . � n  a l qa l ­
m i l i o l i d  b i o s pa r i t e w i t h  
a c c e s s o ry c a l c i t i c  mo l l u s c s . 
m i c r i t i c  i n t r a c l a s t s  ( c on t a i n i ng 
quar t z  s i l t l . a nd bryozo a .  Forms 
a t o p  be nch i n  qua rry . Bed 6 .  

Ma s s i ve . muds t o n e  t o  wac k e s to n e . 
I rr e gu l ar c o n t a c t  w i th u nde r l y i ng 
b e d : th i s  c o n t a c t  i s  marked by a 
gre e n  c l ay ,  u p  t o  0 . 3  m t h i ck . 
V e ry f i n e - t ext ured b i om i c r i t e  1 n  
th i n  s e c t i o n . B e d  5 .  

Ma s s i ve . we l l - i ndurat ed . ve ry 
porous b i om i c r i t e and b i os p ar i t e . 
Has a we a t h e red . beachrock 
t exture in  out c r o p . Forms l owe r 
b e n c h  i n  q u a r ry . Bed 4 .  

S o f t . f r i a b l e  but v ar i a b l y 
i ndura t e d . porous b i o s p a r i t e . 
C l ay b l e b s  commo n . C o nt a i ns 
S ty l ophora th i cke t s . Bed 3 .  

We l l - i ndur a t e d . mac romo l d i c ,  
b i o s p ar i t e  a nd b i om i c r 1 t e . 
A c c e s s ory a l l o c hems i nc l ude 
p e l o i ds . rounded m i c r i t i c  
i n t r a c l as t s . r e d  a l ga e . m i l i o l i ds 
and o t he r  f orami n i f er a . 

t r opods . B e d  2 .  

S o f t ,  f r i ab l e . mo l d i c . 
f o s s i l i f e rous wa c k e s t o n e t o  
p a c ks t o n e . C l ay b l e b s  c ommon . 
C o n t a i ns m i l i o l i ds . b ry o zo a . a nd 
o t h e r  b i o ch ems . Bed 1 .  

S t orev M i ne ( Brooksv i l l e Qu arrv l 

Lo c a t i o n : On S R  4 8 0 . C i t rus County . F l o r i da . NE 1 / 4  s e c  3 5 . 
NW 1 / 4  s e c  J 6 . O S . R l 9 E . Nobe l t o n  Quadrang l e . 

Sur f a c e  E l e v a t i o n : 1 0 0 - 1 5 0 ' .  

D a t e ( s l  S amp l ed :  1 5  De cemb e r  1 9 8 7 . 

2 9 2  



Comme nt s / Re f er e nc e s : Th i s  i s  one o f  t h e  be s t  e x p o s e d  r:lnd 
th i cke s t  s e c t i o n s  a c r o s s  the Eo c e ne l i g o c e n e  boundary o n  
t h e  F l or i da P l a t fo rm . Howeve r . the quarry i s  abandoned . 
the l a nd i s  pos t ed . and p e rm i s s i o n t o  a c c e s s  t h e  quarry i s  
not ea s i l y gra n t e d  and mus t  be obt n i ned f rom Mr . Robert 
Bod i f o rd . S ec t i o n wa s me a sured a nd co l l e c t e d  w i t h  the 
a s s i s t n. n c e  o f  J e nn i f er J e t t  a nd Da n i e l  Freder i ck .  The 
e n t i re s e c t i o n was s amp l ed .  Up p e r  port i o n o f  s e c t i o n  wa s 
me asured a nd c o l l e ct ed i n  e x t reme l y  he avy ra 1 n f a l l .  

forma t i o n 

Suwa n n e e  
L i mes t one 

5 

0 .  

1 .  7 5  

0 . 2 5 

2 

2 

0 . 7 5 

0 ? S  

0 . 7  

D e s c r i pt i o n 

Cobb l y  l i me s t o n e  w i t h  mu ch c l ay 
mat r i x . May be  s l umped t o  s ome 
degre e . C l ay surrounds ma ny 
c obb l e s / bou l de rs . Some bedd i ng 
ev i de n t . Bed 2 9 . 

Cherty l i me s t o n e . Bed 2 8 . 

L i me s t o ne w i th f a i n t bedd i ng .  B e d  
2 7 . 

Semi -cont i nuous c he rty l i me s t o ne . 
Bed 2 6 . 

Poor l y  f o s s i l i f e rous , f i ne ­
gra i ned l i mes t o n e . Bed 2 5 . 

l bounds t o n e . S e m i -cont i nuous 
th i cke t s  o f  bra nc h i ng cora l w i t h  
b i nd i ng ,  e ncrus t i ng c ora l a nd 
c a l c a rous a lg a e . P a l e  green c l ay 
b l eb s  c ommon . and a f a i r l y 
c o nt i nuous gre e n  c l ay bed c a p s  
the �ora l t h i cke t . Bed 2 4 . 

F i no -y ra i ne d . very f o s s i l i f e rous 
l ime s t o ne . Fos s i l s are mo l ds o f  
aragon i t i c  mo l l us c s . Bed 2 3 . 

Var i ab l e . l i ght brown . che rty 
l i me s t one w i t h  mo l l us c a n  mo l d i c  
poros i ty .  Bed 2 2 . 

F i ne -gra i ned . very f o s s i l i f e rous 
l i me s t one . Fos s i l s are mo l ds o f  
arago n i t i c  mo l l us c s . Ben 2 1 . 

2 9 3  



O c i'l. l a 
L i me s t o n e 

0 . 2  

0 . 2 5 

0 . 2 5 

2 

0 . 4 

0 . 4-0 . 5  

1 .  37 

2 

0 . 2 5 

0 . 5 5 

B e i g e . f i ne-gra i ne d  c h e r t y  
l i me s t o n e . Bed 2 0 . 

S o f t . f i ne-gr a i ne d  l i me s t o ne 
( s ame as i n  unde r l y i ng b e d . but 
u n l i t h i f i ed ) . Bed 1 9 . 

I rr e gu l ar .  nodu l ar .  very f i ne ­
g r a i ned cherty l i me s t o n e . Bed 18 . 

S o f t , poor l y  f o s s i l i f er o u s . wh i t e 
l i me s t o n e . Bed 1 7 . 

C o a r s e -gra i ne d . c h e r t y  l i me s t o n e . 
Bed 1 6 .  

S o f t . c a l c a re n i t i c  s a nd . Bed 1 5 . 

V e ry c o n s o i cuous . s em i - c o n t i nuous 
cherty l i me s t o ne . Mak e s  a 
r e s i s t ant b e n c h  i n  q u a r ry . 
C o nt a i ns s ome l a rge nodu l e s .  up 
to 1 m l o ng a nd 0 . 2 5 m w 1 de 
( e l l i p s o i da l ) .  S ome a r e a s  n o t  
s i l i c i f i e d a nd s h ow a c o a r s e  
c a l c areous s a nd . Th i s  b e d  a p p e a rs 
t o  a p prox i ma t e  t h e  E o c e n e ­
O l i go c e ne bound a ry . A l t h o ugh a l l 
beds are not f o s s i l i f er o u s . 
d i s t i nc t i ve O l i g o c e ne markers a r e  
f ound a bove ( e . g . , e c h i no i d  
Rhvncho l ampas gou l d i i ) . a nd 
E o c e ne i ndex s p e c i e s a r e  f ound 
b e l ow ( e . g  . . Wyt h e l l a e l dr i dge i l . 
However . b e l ow Bed 1 4  t hr ough B e d  
J a p p e ar s  t o  repre s e nt t h e  
Ro t u l ar i � �er n o n i_ Zone . o f  
u n c e rt a 1 n  age . Bed 1 4 . 

So f t . c a l care n i t i c a nd nodu l ar 
l i me s t o ne . Some f os s i l  mo l ds . 
A p p e a r::; t o  c o<J. rs e n  upward s .  Bed 
1 3 .  

B e i ge - c o l o re d  che rty l i me s t one . 
Bed 1 2 . 

V e ry 1 rregu l ar .  nodu l ,J. r . cher t y  
l i me s t o n e . Cre amy wh i t e 1 n  c o l or . 
B e d  1 1 . 
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0 . 4  

1 . 5  

0 . 4- 0 . 5  

0 . 5 ( ? )  

0 . 3  

0 . 6  

0 . 2 5 

( Ro t u l ar i a  6 . 3  
v e r no n 1  

Z o n e ) 

0 . 1  

2 . 7  

C o n s p i cuous . cherty l i m e s t one . 
H a s  a cha l ky a p p e a r a n c e  i n  t h e  
m i dd l e . Burrowed a t  t o p . B e d  1 0 . 

F i n e -gra i ned . c a l c are n i t i c  s a na . 
B a s e  i s  cherty . and c o n t a c t  w i t h  
B e d  8 i s  grada t i o n a l .  Top i s  v e rv 
i rr e gu l ar and nodu l ar .  w i t h  t h i n  
c l ay b e d  s e part a t i ng Beds 9 a nd 
1 0 . Bed 9 .  

Nodu l ar .  cherty l i me s t o n e . V e ry 
f o s s i l i f erous ( mo l l us c a n  mo l ds ) . 
B e d  8 .  

S o f t . f i ne -gra i ne d . f o s s i l i f e r o u s  
I i me s t o ne . Bed 7 .  

I rr e gu l ar .  f o s s i l i f e rous . c he r t y  
l i me s t o n e . B e d  6 .  

S o f t . f i ne-gr a i ned l i me s t o n e . 
Bed 5 .  

V ar i ab l e ,  f o s s i l i f e rous . c h e r ty 
l i me s t o n e . C o nt a i ns oys t e r  and 
e ch i no i d  debr i s . Bed 4 .  

S o f t . b i o c l a s t i c  l i me s t on e . 
C o nt a i ns a bundant Wvt h e l l a 
e l dr i dae i . Other f o s s i l s  i n c l ud e  
P a r a s t e r  s p . a nd R o t u l ar i a  
v e r no n i ( a  zona l i ndex f or t h e  
B ·  v e r n o n 1  Zone ) . B e d  3 .  

Cherty l i me s t o n e ; a p p e a r s  t o  have 
t h e  s ame p r i ma ry l i th o l o gy a s  Bed 
1 .  but i s  s i l i c i f i ed .  B e d  2 .  

S o f t . b i o c l a s t i c  l i me s t o n e . 
R a nge s f rom mud s t o n e  t o  
g r a i n s t o n e . F o s s i l s i nc l ud e  
Nummu l i t e s . 
p e c t i n i d  b i va l ve s . e ch i no i d s . 
B e d  1 .  
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\ l ) Dunc a n  . Sma l l .  a c t i ve quarry , about 0 . 1  mi l e  
be h i nd P i ney G rove Church . Wau s au . Wa sh i ng t o n  County , 
F l or i da . SE  1 /4 s e c  3 6 . T4N . R 1 4W . Ex ce l l e nt e xpo sure o f  t h e  
Dun c a n  Church f a c i e s o f  t h e  Br i dg e boro L i me s t one . Th i s  i s  
t h e  " ty p e " a r e a  for t he D u n c a n  Church beds ( fo rme r l y  o f  t h e  
Suwannee L i me s t one ) o f  Pur i a nd V e rn o n  ( 1 9 64 1 . Co l l e c t ed on 
1 7  June 1 9 9 0 . 

( 2 ) Bumpno s e  Road . ted about 1 . 5 m i l e  north o f  US 90 . a t  
the Howe l l  p l a c e  ( beware o f  dog ) . o n  Bumpn o s e  Road . 
Mar i a nna . J a c k s o n  County . F l or i da . Mar i anna L i me s t o ne 
e x p o  Co l l e ct ed on 6 Augus t 1 9 88 . 

( 3 )  J 5  o f  f 1 9 5 5 ) . L i merock quarry , l o c a t  
1 . 5 m i l e  we s t  o f  U S  9 0-SR 73  i nt e rse c t i o n  C f ork ) . o n  7 3 . 
Mar i anna . F l or i da . W l / 2  s e c  2 3 . T5N . R l l W . A p prox i mat e ly 
1 1 . 3  m o f  Mar i a nna L i me s t o ne i s  e x p o s e d . wi t h  gre e n i s h � l ay 
( Byram Forma t i on )  above . C o nt a i ns l arge-s c a l e .  gent l y  
s l o p i ng .  t h i n l y-bedded c r o s s -beds . Co l l e c t ed o n  6 Augu s t  
1 9 88 . 

C 4 )  1Qga l iJL Mo9re ) . Roadcut . l oc a t ed 1 . 9  m i l e  
nor t h  o f  US 9 0  o n  SR 1 6 7 . a cr o s s  s t r e e t  f rom c o nve n i e n c e  
s l o re . M.3.r i a n na . F l or o d a . About 13 . 6  m o f  Mar i a n n .1 L i. w � s t n ne . 
a nd 4 . 9  m o f  l i ght gre e n  Byram Mar l e xp o s e d . Co l l e c t e d on 6 
Augu s t  1 9 88 . 

( 5 }  Waku l l a  �pr i ngs . Samp l e s C a c q u i red f rom F .  Rup e r t , 
F l or i da G e o l og i c a l  Survey ) f r om underwa t er c ave at Waku l l a  

i ng s  Lodge . Waku l l a  County . F l or i da . a t  de p t hs o f  2 1 0 ' 
a nd 2 1 7 ' . :3 e c 1 1 bd . T3S . R 1W . S uwa n n e e  L i me s t on e . A c q u i re d  
s p e c ime ns o n  5 O c t o be r  1 9 89 . 

! 6 )  R i ve r . A l ong Auc i l l a R i ve r . we s t  o f  C abbage 
Grove . Tay l or County . F l or i da . near We i s bord ' s  ( 1 9 7 3 1 AU- l a  
l o c a l i ty ( i . e . .  n e a r  Wl / 2  s e c  2 2 . T3S . R4E l . Suwannee 
L i me s to n e  e x p o s e d . Co l l e ct ed on 19  June 1 9 9 0 . 

C 7 l  Grove . O l d  l i me p i t s . a p pro x i ma t e l y  5 . 5  m i l es 
we s t  o f  the E c on f i na R i ve r  on nor t h  S i de o f  US  98  C L i merock 
I ndus t i e s . C abbage Grove M i ne ) . SE 1 / 4 . s e c  4 .  T4S . R4E . 
S amp l e s a l s o t ak e n  f rom Cabbage Grove M i n i ng r:ompa ny . 
appro x i ma t e l y  0 . 8  m i l e  wes t  o f  the f i na R i ve r . s o u t h  
s i de o f  U S  9 8 . Co l l e c t e d  e n  1 9  June 1 9 9 0 . 

! 8 1  R i ver . Severa l l o c a l i t i e s o f f  o f  US 9 8 . we st  o f  
Pe rry . Tay l or County . F l or i d a . Co l l e c t e d w i t h J erry G i l es o n  
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1 4  Marc h  1 9 8 8 . The r e  are many l o ca l i z ed o c curr e c e s  o f  ch 
ree f s  j n  th i s  a r e a . wh i c h are frequented by cora l aga te 
enthus i as t s . Por i t i ds and A s t ro c oe n i a  have b e e n  i de nt i f i ed . 
and other s pe c i e s  are pre s e n t . We l l  pre s erved . s i l i c i f i ed 
mo l l us c s  are a l so c ommo n i n  p l a c e s . 

( 9 )  F l or i da-Georg i a  . Wi th l a co o c h e e  R i ve r . Under 
br i dge of  S R  3 1 / 1 4 5 . Mad i so n  County F l or i da . C o n t i nuous 
e xpo sure o f  about 1 . 5- 3  m o f  bre c c i at e d . cobb l y  Suwa nn e e  
L ime s t o ne o n  F l or i da s i de o f  r i ver . Th i s  i s  a t  or n e a r  the 
t o p  o f  the Suwa n n e e  L i me s tone . and i s  l o c a t e d  very near the 
s i t e of  t h e  F l or i da l og i c a l  Survey c ore W- 1 0 48 0  ( Ba s s  
i 1 ) . Hudd l es t u n  f i n press ) has des i gnated th i s  core a s  a 
hyp o s t ra t o type o f  S uwanne e L ime s t o n e . Co l l e c t ed o n  2 9  
J u l y  1 98 8 . 

( 1 0 )  B l ue Spr i nq .  Loc a t ed on t he we s t  bank o f  W i th l a c oochee 
R i ver . about 10  m i l e s east of  Mad i s o n , F l or i da ,  J U s t  o f f  SR 
6 .  on  t he Mad i so n-Hami l t on County L i ne . S e c . 1 7dc . TlN . 
R1 1 E . S amp l e d on 2 9  Ju l y  1 9 88 . Abo ut 6 me t er s  o f  Suwa n n e e  
L i mes to n e  e x p o s ed ( Hoens t i ne e t  a l . ,  1 9 9 0 ) . C o l l e c t ed o n  2 9  
J u l y  1 98 8 . 

( 1 1 )  Suwa n n e e_ R i ve r  Park . Lo c a t ed o n  the Suwannee 
R i ver . Ham i l t o n  Couty . A pprox i mR t e l y  1 0 - 1 5 ' of  E l l av i l l e 
L i me s tone c a n  be rea r::hed by c a noe . Abunda n t  e ch i no i d  
C lypeas t e r  s p . a nd t urr i t e l l i d gas tro pods i n  a c r o s s -bedded 
l i me s and . Co l l ec t e d  on 29 J u l y  1 9 88 . 

( 1 2 )  Te rramar Quarry . Aba ndo ned qua rry o f f o f  S R  54 i n  Pas co 
County . Extr eme l y  f o s s i l i f erous s po i l wi t h  abundant , l arge 
cora l h e a d s  o f  S i de r a s t r e a  s p  . .  bra n ch i ng c o r a l S ty l ophora 
s p  . .  ech i no i ds Rhyncho l ampas gou l d i i ,  C l ype a s t e r  
lind we l l  pre s e rved . s i l i c i f i ed mo l l us c s  ( e . g  . .  �=h 1 o ne . 
Murex . Ort hau l ax .  . e t c . I .  Vert ebra t e  
ma t e r i a l  ( v i z  . .  sharks . ray s . dugo ng s ) i s  a l s o c ommon . 
Co l l e c t ed on 2 9  De c ember 1 98 9 . 

( 1 3 )  Be ach . Exp o s ur e s  o f  Suwa nne e L imes t o ne i n  
Hernando B e a c h  South subd i v i s i o n .  we s t  o f  C 5 9 5 . 2 . 1  m i l e s 
north o f  t h e  Hernando-P a s c o  county l i ne . NE 1 / 4 .  s e c  24 . 
T 2 3 S . R 1 6 E . C o l l e c t ed o n  2 1  De cembe r  1 9 87 . 
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Cores 
a na l ys i s 
s e c t i o n . 
At l a nt a . 

APPENDI X  D 

CORE DES C R I PT I ONS . ·3EORG I A  

c r i bed here we re s amp l ed a nd u s e d  i n  f a c i e s 
a nd/or the cons t ru c t i on o f  a r e g i o na l  s trat i g ra ph i c 
C o r e s  are cura t e d  a t  the G e org i a  G e o l o g i c a l Su rvey , 
D e s c r i p t i o n s  are f rom the t o p  o f  the core . down . 

Thoma s  6 .  GGS- 3 2 1 5 . Core 7 6 - J l � - -- ,--�· ' 

L o c a t i on :  Thoma s County . G e ora 1 a  ( s e e  Hudd l e s t u n . 1 n  press l . 

E l eva t i on : 2 4 5 ' 

Da t e ( s )  Samp l ed : 1 3  De c embe r  1 9 8 9 . 

Comme nt s / Re f e r e n c e s : C o r e  wa s obs erved a nd s amp l ed be g i nn i ng 
a t  a d e p t h  o f  1 0 6 ' . De s c r i pt i ons •:tre mod i f i ed f rom 
Hudd l e s t u n ' s  u npub l i s hed c o re l og .  An as t e r i s k ( k ) 
i nd i c a t e s  where s amp l e s we re t a k e n . 

1 0 6  
1 5 7 ' 

1 5 7 -
2 7 3 ' 

2 7  
J46 ' 

Forma t i 9 1J.  

Cha t t ahoochee 

Suwa n n e e  
L i me s t o n e  

Br i dg e boro 
L i me s t o n e  

De s c r i pt i on 

Do l om i t e  a nd l i me s t o ne . var i ab l y  
f i ne sa ndy . s uc r o s i c . 
i nt r a c l a s t i c . ma cromo l d i c  
< mo l l u s c s ) . a t t o p .  
Th i ck .  bra n ch i ng c ora l a nd some 
a l g a. e  •"i t 1 2 3-- 1 2 6 ' . 

F i ne-gra i ned l i me s t o n e  w i th 
s c a t t e red mo l l u s c  mo l ds . 
b i o c l a s t i c / c ha l ky .  a nd var i ab l e  
recove ry . a t  a bo u t  1 7 3 -
1 7 5 ' . ;� l gae a t  2 2 6 ' . From 2 6 0 -
2 7 3 ' . D i c tyoc onus . s ome c or a l s .  
l e p i d o cy c l i n 1 d s ( ? ) . and a l ga e : 

a gra nu l a r .  pe l l e t a l . mi l i o l i d 
l i me s t one w i t h  f ew mo l l us can 

mo l ds . f ". ) • 

L,CJ.rge f or ;:;. m i n i f e ra l .  b i oc l a s t j r:  
l i rne :_� t o n �� . :'3 ome · · nr· ,,_ l .  ( * ) .  
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346-
>43 9  I 

O c a l a  
L i me s  l: o ne 

Large f or am i n i f e r a l . b i o c l a s t i c  
gr· <1 i ns t o ne . 

1 docy_:;_ l i n� .  
• j, 1 {J •J. :: • ;-� 

e r o .IT<:: liD a . . 
He r e r :=> t eg i n.l . 

prn:_; (.::: n t . ( " )  

Lo c a t i o n : Brooks C o u n ty . G e org i "- f s e e  Budd l e s  t u n . 1 n uress ) . 

E l eva t i on :  2 60 ' . 

D a t e ( s )  S a mp l e d :  1 3  D e c emb e r  1 9 8 9 . 

Comme n t s / Re f e r e n c e s : C o r e  wa s o b s e rved a nd s amp l ed beg i n n i ng 
at a d e p t h  o f  2 1 0 ' . D e s c r i pt i o n s  a r e  mod i f i ed f ro m  
Hudd l e s t un ' s  u n p ub l i s h e d  c o r e  l og .  A n  a s t e r i sk ( * ) 
i nd i c a t e s  whe r e  s amp l e s wer e  t ake n . 

D e p t h  

2 1 0 -
3 3 9 ' 

3 3 9 -
3 6 4 ' 

3 6 4 -
6 '  

Forma t i o n 

S uwa n n e e  
L i me s t o ne 

Br i dge b o r o  
L i me s t o ne 

O c a l a  
L i me s t o ne 

De s cr i pt i on 

G r a nu l ar .  m i l i o l i d / b i o c l a s t i c  
l i me s t o n e . D i c tyo c o nu s . a l g a e . 
c o r a l p r o s e nt . e s p e c i a l l y  f r om 
2 7 0 - 3 2 5 . ( * )  . 

L a r g e  f oram i n i f e ra l . b i oc l a s t i c  
l i me s t o n e . S h a rp c o n t a c t  w i t h  
o v e r l y i ng Suwa n n e e  L i me s t o n e . 
( ;.. ) . 

Th i ck .  b i o c l a s t i c  l i me s t o ne . 
D o l om i t i c  a t  c o n t a c t  W i t h  
Br i dg e b o ro . ( " )  . 

Tl)u rmo n F a rm 2 .  C o f f e e  4 ._ G G S - 3 511 

L o c a t i o n : C o f f e e  C o u n t y . n e o rg i a. • s e e  Hudd l e s t u n . i n  press ) . 

E l eva t i o n : 2 9 0 ' 

D a t e ( s )  S amp l ed :  1 5  D e c embe r  1 9 8 9 . 

C omme n t s / R e f e r e n ce s : Core w a s  o b s e rved •'l nd s amp l e d b e q i nn i ng 
a t  a d e p t h  o f  4 2 0 ' . D e s c r i p t i o n s  are mod i f i ed f r om 
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Hudd l e st u n ' s  unpub l i shed c ore l og .  An  a s t e r i sk ( * )  
i nd i c a t e s  where s amp l e s wer e  t ake n . 

Dep t h 

4 2 0 -
5 6 7 . 5 1  

5 6 7 . 5-
6 7 5 ' 

6 7 5 -
7 0 0 ' 

7 0 0 -
7 6 4 ' 

1 6 4  
9 9 2 ' 

>9 9 2  I 

Forma t i o n 

T i g er a p  
Mbr . .  P a ra chuc l a  
Forma t i o n 

Oka p i l c o Mbr . 
Suwa n n e e  
L i me s t one 

Wo l f  P i t  
Do l om i t e  

P r i dgen L i me s t o ne 
Mbr . .  Och l ockonee 
Forma t i o n 

:3uwdnn.'l C i.cnchce 
Do l om i t e  

O c a l a  
L ime s t o ne 

Mar l . Abundant mass i ve cora l s  
C S i d e r a s t re a ) and Cra s s o s tr e a  
gi qan t i s s 1ma . ( * ) . 

G ra nu l ar l ime s t o ne . some l 
f oram i n i f e r a  ( ? nummu l i t e s ) . 
Cora l t h i ck e t s  f rom 5 3 2  I ( T i g e r  
Leap Mbr . l t o  5 7 5 ' . and 6 2 2 -
6 34 1 . Ma s s i ve cora l f rom about 
5 7 5 - 5 7 6 . 5 1 • but do l om i t i zed . 
( * )  

Sucros i c .  brown d o l omi t e . 

( No l i t ho l og i c  d e s cr i pt i on ) . 
S ome L e p  i do cyc l i na a.nd 
N ummu l j.J:.: � :?  . 

S o f t . gr� nu l �r .  �a l �� r A n i t i c  
l ime s to ne a nd do l om i t e . 
C o n t a i ns Neoro t a l 1 9. mex 1 c a na 
a nd tyo c o nus . C a rbo n i z e d  
� e agra s s  i mpre s s i o ns a t  8 0 2 ' . 
wi t h  D i c t yQf O !Jl:l � above . ! * ) . 

B i oc l as t i c  l i me s tone . ( * ) .  

Locat i o n : Thoma s C o u nty . G e org i a  r s ee  Hudd l e s t u n . 1 n  press ) . 

E l eva t 1 on :  2 38 ' . 

Da t e ( s )  Samp l e d :  1 3  Decembe r  1 9 8 9 . 

C omment s / Re f e r e nc e s : was observed ·: md s amp l ed b e g i nn i ng 
a t  a d e p t h  o f  8 5 ' .  De s c r 1 p t 1 ons are mod i f i  f rom 
Hudd l e s t u n ' s  unpub l i s hed c o re l og .  An a s t e r i sk ( * ) 
i nd i c a t e s  where s amo l e s were t ak e n . 
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8 5 -
1 3 0 ' 

3 0 :5 ' 

3 0 5 -
3 2 0 ' 

3 2 0 -
3 

3 

1 2 0 6 ' 

F orma t i o n 

C ha t t ah o o c h e e  
L i me s t o ne 

S uwa n ne e 
L i me s t o n e  

Br i d g e b oro 
L i me s t o n e  

Bumpn o s e  
L i me s t o n e ( ? )  

( no c o r e ) 

O c a l a  
L i me s t o n e  

( No c r i p t i on o r  s amp l e s ) . 

B i oc l a s t i c  g ra i n s t o ne . Some 
b r a n c h i ng c o r a l a nd mo l l u s c s . 

e f or am i n i f e ra l . b i o c l a s t i c  
l i me s t o ne w i t h  r h o do l i t h s . 

F i n e - g ra i n e d . we l l  i nd u r a t e d  
L e p i d o cy c l i na wa c k e s t o n e . 

No c o r e . 

Large f or am i n i f e r a l . b i o c l a s t i c  
l i me s t o n e . 

Lo c a t i on : B r o o k s  C ou nty . G e o rg i a  C s e e  Hudd l e s t u n . i n  press ) . 

E l ev a t i o n : 1 6 0 ' . 

Da t e ( s l  S amp l e d :  ( no t  samp l ed )  

C omme n t s / Re f er e n c e s : Th i s  u n p ub l i sh e d  c o r e  l og ( mo d i f i ed )  
was prov i ded by P .  Hudd l e s t u n  o f  t h e  G e o r g i a  G e o l og i c a l  
S urvey . Th i s  c o r e  was n o t  s amp l ed f or t h i s  s t udy . b u t  1 s  

t o  c o n s t ru c t  a s t r a t i gr a ph i c  c r o s s -s e c t i on ( f i g . J ) . 

6 0  
1 9 5 ' 

1 9 5 -
2 0 5 ' 

F o rma t i o n 

S uwi3. n n e e  
L i me s t o n e  

S uwa n n a c o o  
Do l om i t e  

E l l av i l l e 
L i me s t o n e  

De s c r i pt i o n 

B i o c l a s t i c  l i me s t o ne . F o s s i l  
i n c l ud e  D i c tv o c o nu s  ( at 1 2 0 ' ) .  
a l ga e . c o ra l s . a nd mo l l u s c s . 

Do l om i t i c  l i me s t o n e  a nd 
d o l om i t e . 

C o a r s e . c a l c a r e n i t e w i t h  
mo l l u s c a n  mo l d s . a l qa e . 
s o  1 i t ,J. ry c o r a  L3 . 
r:: t .  C .  . Hhyncho .o..=::.:.<::e.=-:-. 

gQ_uJ_<;LLi . Turr i t e 1 l a 
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2 2 7-
2 4 0 ' 

O c a l a  
L ime s t one 

�a r t i ne ns i s . Th i n  beds w i th 
l arge l e p i docyc l i n i ds at 2 2 0 ' 
R .  b e l ow i n  
l e p i docyc l i na c o q u i na w i t h  
abundant bryozoans . 

B i o c l as t i c  l i me s t one . 

Mob l ev P l a nt  Farm . Co lqu i t t 9 .  G G S - 3 5 3 5  

Lo c a t i on : Co l qu i t t  C o unty . G e org i a  ( s e e  Hudd l e s tun . i n  
press ) . 

E l evat i on :  2 8 0 ' . 

D a t e ( s )  S amp l ed :  C no t  s amp l ed ) . 

C omme n t s /Re f er e nc e s : Th i s  unpub l i shed c or e  l og r mod i f i ed )  
was prov i de d  by P .  Hudd l e s t un o f  the G e org 1 a  o l og i ca l  
Survey . Th i s  c o r e  was not s amp l ed for t h i s  s tudy . but i s  
used t o  c o n s t r u c t  a s t r a t i graph i c  cross -s e c t i on ( F i g . 3 ) . 

3 9 7 -
5 3 5 ' 

5 3 5-
6 1 9 ' 

Forma t i on 

Oka p i l c o 
L i me s to ne 
Mbr . . S uwa nn e e  
L i mes t one 

Wo l f  P i t  
D o l om i t e  

D e s c r i p t i on 

Co l o n i a l  cora l -be ar i ng memb e r  
o f  the Suwa n n e e  L 1 me s t o ne . 
Cora l s  f i r s t  a p p e a r  at 4 0 0 ' a nd 
a t  �1 2 0 ' f th e  l a t t e r  a. s s o c i at ed 
w i th Neorota l i a me x i c ana l .  a nd 
a bunda nt f rom 4 30 -46 5 ' 
( c ora 1 1  i ne 1 i me s t one ) . Fewer 
cora l s  by 4 6 0 ' . s ome f ound at 
4 9 0 ' a nd 5 0 0 ' . but not as  
c o ns p i c uous as above ( a l though 
st i l l  p l e nt i f u l ) .  
a t  5 0 5 ' . a nd i nc r e a s e  i n  
abundanc e be l ow t h i s  
( a s s oc i a t ed w i th Nummu l i t e s ) . 
Cora l a nd p e rhaps c o ra l l i n e 
a l ga e  down t o  5 25 ' . 

Dense . hard r e c ry s t a l l i zed 
l i me s t one a nd do l om i t e . 
Con t a i ns s ome Lep i docvc l i na . 
N4mmu l .i..t es . c o ra l s .  a nd 
mo l l u s c s . 

3 0 2  



6 1 9 -
1 1 6 0 ' 

O c h l o c k o n e e  
F o rma t i o n 

F i n e -gra i ne d . p a r t i a l l y  b i o ­
t urb a t e d  l i me � t o n e . 
L e p 1 d o cyc l i na p r e s e n t . May be 
Late E o c e ne i n  a g e  be l ow 1 0 3 0 ' 

3 0 3  



APPEND I X  E 

CORE DESCR I PT I ONS . FLOR I DA 

Cores d e s c r i be d  h e re were s amp l e d a n d  u s e d  i n  f a c i e s 
a n a l y s i s  a n d / o r  t h e  c o n s t ru c t i on o f  a reg i o na l s t r a t i gr a ph i c  
s e c t i o n . C o r e s  a r e  cura t ed a t  t he F l or i d a  G e o l og i c a l  Survey . 
Ta l l a h a s s e e . D e s c r i pt i on s  a r e  s u p p l eme n t e d  by J oh n s o n  ( 1 9 8 6 ) 
a n d  Schm i d t  ( 1 9 84 ) . De s c r i p t i o n s  a r e  f rom t h e  t o p  o f  t h e  
c o r e . down . 

Ma th i s  # 1 . W-8 1 0 2  

L o c a t i on :  Wa l t on County . F l or i da . T6N . R2 1 W . S e c  3 6 . 
1 / 4 b a b e . 

E l evat i on : 3 3 5 ' . 

Da t e ( s )  S amp l e d :  1 7  June 1 9 9 1 . 

Comm e nt s / Re f er e n c e s : Th i s  c o r e  wa s d e s cr i b e d  o n l y  and wa s 
e x am i ne d i n  o r d e r  t o  d e t e rm i n e  t h e  r e l a t i on o f  t h e  F l ora l a  
L i me s t o n e  t o  t h e  Ma r i a n n a  L ime s t o n e . Howe ve r . ne i t h er 
f orma t i o n  c a n  be e a s i l y d i f f e r e n t i a t ed in c o re . but the 
s ame l i t h o l og i c  s e q u e n c e i s  d e v e l o p e d  h e r e  as at the 
F l ora l a  type s e c t i o n ( St ova l l Quarry ) . I t e nt a t i ve l y  
r e f er t h e  e nt i re ( O l i go c e n e ) c arbona t e  s e c t i o n t o  the 
F l or a l a .  My d e s c r i p t i o n beg i n s at 1 8 9 ' . :3 e e  J oh n s o n  ( 1 9 8 6 . 
p .  4 0 9 ) . 

Depth 

1 8 9 --
2 0 0 ' 

2 0 0 -
2 2 0 ' 

2 2 0 -
244 ' 

244 -
) k  '' I "' :J l  

F o rma t i o n  

Bu c a t un n a / 
Byram 

Dark . c a rbo n a c e ou s  ma r l . 

Mar l . be c om i ng i n c r e a s i ng l y 
c a rbo na c e ou s . 

Ma r l . crumb l y . 1 i gh t  brown / t a n . 

Dark g ray mar l , s i l i l ar t o  t h a t  
a t  1 9 6 ' . but d a r k e r  a nd f i ne r ­
g ra i ne d . 



1 -
2 8 1 ' 

28 1 -
3 3 2 1 

3 3 2  

F l o r a l a  
L ime s t o n e  

? 

S t . Reg i s  # 1 . W- 8 1 0 3 

Ta n ma r l . pa n o o e a  mo l l u s c  mo l d  
a t  2 6 3 ' . t h i n  l e p i do cy l i n i d s ! ? l  
a t  2 7 0 - 2 74 I • g 1 a u c o n i  t e  at 
274-27 9 '  

Sa ndy c a l c a r e n i t e  w i t h ma ny 
l arge L e p i d o cyc l i n a . bryozo a n s . 
e t c . 

Ca l c a r e n i t e . but mo re u n i f o rm 
i n  a p pe a ra n c e  t h a n  the F l or a l a  
L ime s t o n e  a bove . C o u l d  be t he 
Mar i a n n a  L i me s t o n e  o r  i t s 
e qu i v a l e nt . b u t  g e n e r a l l y  n o t  
mu ch d i f f ere n t  f rom over l y i ng 
l i t h o l o gy . P o s s i b l y Eo c e ne 1 n  
age . 

L o c a t i o n : Wa l t o n  C o u n t y . F l o r i d a . T 5 N . R 2 1 W . S e c  . l /4 c c c . 

E l e v a t i o n : 2 9 9 ' . 

Dat e ! s l  S a mp l e d :  1 7  June 1 9 9 1 . 

C omme nt s / Re f e r e n c e s : Th i s  c o r e  wa s de s c r i b e d  o n l y ,  •:tn d  was 
exctm l n e d  i n  o r d e r  t o  d e t e rm i ne the r e l a t i o n o f  t h e  F l or a l a  
L i me s t o n e  t: o 1-. h A  Mi=,. r i i'HHiii T . i mA :5 t o n e . NA i t h e r· f o r·ma t i o n i s  
e a s i l y d i f f e r e nt ] ?l. t ed J n  U t i ::.; core . b u t  t h e  s ame 
t l t ho l O<J i C  :_� {� q lif� !1 C e  i s  deve l o ped here dS •"i t ! he f ] o Cd. l d  
t y p e  s e c t i o n ! St ova l l Quarry \ a nd i n  W- 9 1 0 2 . My 
d e s c r i p t i o n  b e g i n s a t  2 5 4 ' . S e e  J o h n s o n  1 1 9 8 6 . p .  4 1 0 ) . 

2 54-

2 8 2 ' 

2 8 2 -
3 3 0 1 

3 3 0 -
3 4 0 ' 

B u c a t un n a / 
Byr am 

F l o r a l a  
L i me s t o n e  

F l or a l a / 
M a r 1 a n n a f ? l  

De s c r i p t i o n 

L i gh t  gray . c ar bo n a c e ou s  ma r l . 
b e c om i ng more c a l c a r e ou s  down 
t o  2 8 2  I • 

S a ndy a l c a r e n i t e w i t h  ma ny 
Le o l d()_.c.Y�U . C a  1 c ar e o us a l ga e  
.'i t  2 8 7 ' . 

Ca l c a r e n i t e . more u n i f o rm i n  
a p p e a r a n c e  t h a n  l i t ho l ogy 
a bove a nd we l l -c o n s o l i d a t e d . 

J O S  



Brown # 1 . W-8 1 0 4 

Mar l a n n a - l i ke l i t ho l ogy f rom 
3 3 5 - 3 4 0 ' w i t h  t h i n  
l e p i do cy c l i n i ds . 

L o c a t i o n : W a l t o n  C o unty , F l or i d a . T5N , R 2 0W . S e c  1 1 . 1 /4 a a a . 

E l e v a t i o n : 2 9 4 ' . 

Da t e ( s )  Samp l e d :  5 O c t ob e r  1 9 8 9 . 1 7  J u n e  1 9 9 1 . 

Comme n t s / Re f e r e n c e s : As i n  W-8 1 0 2  a nd W-8 1 0 3 . J o h n s o n  ( 1 9 8 6 . 
p .  4 1 1 )  h a s  l a be l l ed t h e  c ar b o n a t e  s e c t i o n o f  W-8 1 04 a s  
t h e  Ch i c k a s awhay L i me s t o n e . wh i ch i t  i s  c l e a r l y  n o t . The 
c a rbo n a t e  s e c t i o n i s  c o n s i d e r e d  F l ora l a  L i me s t o n e . but 
G l e nd o n - l i ke l i t h o l og i e s i n t e r f i ng e r  w i t h  i t . My 
d e s cr i p t i o n b e g i ns a t  1 5 5 ' . S evera l s amp l e s we r e  t ak e n  
f rom t h e  F l o ra l a  a nd O c a l a  L i me s t o ne s . 

D e p t h  

1 5 5 -
1 9 8 ' 

1 9 8-
2 0 2 ' 

2 0 2 -
2 7 1 ' 

2 7 1 -
2 7 3 ' 

2 7 3 -
3 1 2 ' 

Bu c a t u n n a /  
Byr am 

F l or a l a  
L i me s t o n e  

O c a l a  
L i me s t o n e 

L i ght gray . p a rt i a l l y d o l omi t i c  
c a l c a r e o us ma r l . Th i n  
l e p 1 do cy l i n i ds a nd n ummu l i t e s 
be l ow 1 7 0 ' . 

S ame l i t ho l ogy a s  a b ov e . but 
more g l a u c o n i t i c . S o l i t a ry 
c o r a l a t  1 9 9 ' a nd sma l l 
rhodo l i t h  a t  2 0 1 ' . 

S a ndy c a l c a r e n i t e . w i t h  l oc a l 
G l e nd o n - l i ke l i t h o l og i e s w i t h  
v e ry l arge L e o i d o cyc l i na . 

S ame l i t h o l ogy a s  a bove , but 
d a rk e r  ( g l au c o n i t i c ? ) . Th i s  may 
a p pr o x i ma t e  t h e  E o c e n e ­
O l i go c e n e  b o und a ry . 

F i n e -gra i ne d . s a ndy 
c a l c a r e n i t e . 

3 0 6  



D un c a n  C h u r c h  # 1 . W- 1 1 4 8 7  

L o c a t i o n : Wa s h i ng t o n  C o u n ty . F l or i d a . T4N . R 1 4W .  S e c  3 6 . 
1 / 4 dd . 

E l e v a t i o n : 1 0 5 ' . 

D a t e ( s l S d mp l ed :  5 O c t o be r 1 9 8 9 . 

Comme nt s / Re f e r e n c e s : Th i s  c o r e  i s  e s p e c i a l l y  i mp o r t a n t  t o  
d e mo n s t ra t e  t hat t h e  Br i d g e b o ro L i me s t o ne ove r l i e s  t h e  
Mar i a n n a  L i me s t o n e . a l t hough t h e  two l i t h o l og i e s do s e em 
t o  grade i nt o  e a c h  o t he r . S amp l e s were t a k e n  t hr o ug h o u t  
t h e  c or e . My d e s c r i pt i o n b e g i n s  at 1 1 ' . S e e  J o h n s o n  ( 1 9 8 6 . 
p .  4 3 1 ) . 

D e p t h  

1 1 -
3 9 ' 

3 9 -
1 5 5 ' 

f'orma t i o n 

Br i dgeboro 
L i me s t o ne 

Ma r i anna 
L i me s t o ne 

A l um B l u f f  # 1 . W-6 9 0 1  

De s cr i pt i o n  

Large f or am-a l g a l  b i o c l a s t i c  
l i me s t o n e . Sma l l rhodo l i t h s . 
c ommo n  bryo z o a  a n d  
L e p i do cyc l i n a f � .  u n d o s a  a n d  L .  
yurnagune ns i s J . A l ga l  r i ch . b u t  
no rhodo l i t h s  a bove 2 1 ' .  

L a r g e  f o r am i n i f e r a l wa cke s t o ne . 
Rare bryo z o a . l arge 
L e p i do cyc l 1 n a  ( m i c ro s ph e r i c  1 .  
ma n t e l l i ) . B e l ow 1 0 5 ' . a t a n . 
s u c r o s i c  do l om i t e  ( bu t  s t i l l  
w 1 t h l a rge f orams ) . L o c a t i o n o f  
t h e  c o n t a c t  w i t h  Br i dge boro i s  
u n c e r t a i n . a nd may be 
g r a da t i o na l . but t h e r e  i s  an 
abund a n c e  o f  c a l c i t e c rys ta l s  
and i ndurat ed l i me s t o ne a t  
a b o u t  3 9 ' .  A l s o .  a. l ga e  be c ome 
p r om i n a n t  a bove 3 9 ' a s  d o e s  1 .  
u n d o s a  a n d  L .  yur nagun e n s i s . 

Lo c a t i o n :  L i be rty C o u n tv . F l o r i d a . 

E l e v a t i o n : i3 2 ' .  

D a t e ( s l  Samp l e d :  4 O c t o b e r  1 9 8 9  . 

.J 0 7  



Commen t s / Re f e r e n c e s : Th i s  c o r e  o c c ur s  j u s t  o f f  t h e  c e n t r a l 
ax i s  o f  t h e  Gu l f  Trough . and the a f f i n i t i e s  o f  some o f  the 
l i tho l og i e s are uncert a i n  C Hudd l e s tun . p e r s . c omm . ! .  A s  
w i th mo s t  o f  t h e  cores s amp l ed .  t h i s  c o r e  i s  i n  n e e d  o f  
add i t i o n a l m i c r o s t ra t i gr a ph i c  s t udy . My s amp l e s  were t ake n 
f r om 4 0 4  t o  5 26 ' . S e e  .Johns o n  ( 1 9 8 6 . p .  2 4 0 ) a.nd S c hmi d t  
( 1 984 . p .  1 1 0 ) . Unpub l i s hed c ore l o f  Hudd l e s t u n  was 
a l so u s e d  i n  t h i s  des c r i  i on . 

Depth 

3 0 0 -
3 7 6  I 

37 6 -
4 7 3 ' 

4 7 3 -
5 2 7 ' 

Forma t i on 

Suwa nnee 
L i me s t o n e  

Br i dgeboro 
L i me s t. on e  ( ? )  

Mar i a nna 
L i me s t one 

De s c r i pt i o n 

Porous . gray ca l c are n i t e . 
do l om i t i c  l i me s t o ne . and 
d o l om i t e . F i rs t  o c curre n c e  
Kuphus a t  3 84 ' , a nd i s  c ommo n  
a t  0 '  and a bove . Cora l 
p e ne t r a t e d  a t  0 '  and 0 ' . 
! Hudd l es t un c o ns i d ers the 
i nt e rva l f r om 2 8 7 - 3 5 7 ' a s  the 
Oka p i l co Memb e r  o f  the 
Suwanne e . a nd f rom 3 5 7-37 1 . 5 '  
a s  Wo l f  P i t  Do l om i t e . The s e  
d e s i gnat i ons are us ed i n  t h e  
c r o s s  s e c t i on o f  F i gure 3 } . 

P orous , brown . do l om i t i c . 
l ep i do cy c l i na -red a l ga l 
p ac k s t one . Commo n red a l  . 1 .  
���� · 1 - yurnagunens i s . 
nummu l i t es , e c h i n oderm s p i ne s , 
and mo l l u s c s . Branch i ng c or a l 
a t  4 2 1 ' . 4 24-4 2 9 ' .  43 1 . 5 ' , 
44 1 ' ( Sty l ophora i n  muddy 
ma t r i x l . I n t e rm i t t e n t  muddy . 
sucros i c  d o l om i t e  w 1 t h 
branch i ng c or a l or o th e r  
f os s i l s . LanJ e  oy s t e r  a t  46 5 ' . 
Rhodo l i t hs ( 2-3 em d i ame t er ) a t  
4 6 7 ' . Ch l amys dunca n e ns i s ( ? )  a t  
473 ' . 

Pa l e  orange t o  gray do l om i t i c  
l 1 me s t o ne . w i t h  ext reme l y  l ar g e  
C up t o  5 em d i ame t e r ) .  t h i n  

=-.:;:..r::;;_;::..=..:=-:::;..'-'-'....::...=...:...:..::O . a nd s ome sma l l er 
f orms . ·3. S we l l  as  nummu 1 i t e s . 
Some ve ry l arge . robu s t  

a t  5 2 1 ' i n  a 
c a l c a r e n 1 t i c  ma tr i x . C o n t a c t  

3 0 8  



J a ck s o n  B l u f f  i 1 . W- 6 5 9 9  

w i t h  ove r l y i ng Br i dg e bo r o  1 s  
grada t i o n a l a nd d i f f i c u l t  t o  
p l a c e . 

L o c a t i on : L e o n  C o u n t y . F l o r i d a . T 1 S . R4W . S e c  2 1 . 1 / 4  a a . 

E l eva t i on :  6 1 ' .  

D a t e ( s )  S amp l ed :  5 O c t ob e r  1 9 8 9 . 

C omme nt s / Re f e r e n c e s : S a mp l e d S uwa n n e e  L i me s t o n e . J o h n s o n  
( 1 9 8 6 . p .  2 0 6 ) a n d  S chm i dt ( 1 9 8 4 . p .  1 0 8 1 . 

D e p t h  

3 0 0 -
5 2 5 ' 

Forma t i on 

S u w a n n e e  
L i me s t o ne 

B a s s  * 1 . W- 1 0 4 8 0  

De s c r i pt i o n 

We l l  i ndura t e d , mo l d i c .  f i ne ­
gra i ne d  s a ndy c a l c a re n i t e  a nd 
do l om i t e . K uph us a t  4 88 ' , a n d  
c o n t i nues i n  s a ndy l i me s t one 
ma t r i x  to the t o p  o f  t h e  
S uwa n ne e . T a n . s u c ros i c  
d o l om i t e  a t  5 0 0 - 5 1 6 ' .  b u t  s t i l l  
a l g a l -r i c h w i t h  h i gh l y 
re c rys t a l l i ze d  l e p i do cy c l i n i d s  
a t  5 0 0 ' . Mo l d i c  w i t h br a n c h i ng 
c ora l mo l ds a t  5 1 6 - 5 1 7 ' 

L o c a t i o n : M a d i s o n  C o un t y . F l or i da . T3N . R 1 0E . S e c 2 0 6  1 /4 .  

E l ev a t i o n : 8 3 ' .  

Da t e ( s l  S amp l ed :  5 O c t ober 1 9 8 9 . 

C omme nt s / R e f e re nc e s : Hudd l e s t un ( 1 n  press ) h a s  d e s i gna t ed 
t h i s  c o r e  a s  a hyp o s t r a t o t y p e  o f  Suwa nne e L i me s t o ne . a n d  
h i s  u n p u b l i sh e d  c o r e  l og i s  i n c o r p o r a t ed i nt o  t h i s  
d e s c r i p t i o n . The S uw a n n e e  i s  th i ck i n  t h i s  c o r e  a n d  very 
t y p i c a l  o f  t he f orma t i o n . S amp l e s  w e r e  t ak e n  a t  r e g u l ar 
i nt erva l s  througho u t . S e e  J o h n s o n  ( 1 9 8 6 , p .  2 5 9 1 . 

3 0 9  



D e p t h  

4 5 -
5 1 ' 

5 1 -
5 8 ' 

5 8 -
7 9 ' 

7 9 -
�1 � I 

9 5 -
1 2 2 ' 

1 2 2 -
1 4 2 ' 

1 4 2 -
1 6 5 ' 

1 6 5 -
1 7 5 ' 

1 7 5 --

2 0 4 ' 

F o rma t i o n 

S uwa n n e e  
L i me s t o n e  

S uwd n n a c o o ch e e  
Do l om i t e /  
E l l av i l l e 
L i me s t o ne 

D e s cr i pt i o n 

C l ayey l i me s t o n e . Hudd l e s t u n  
i de n t i f i e s t h e  S uwa nn e e  f rom 
0 - 1 7 5 ' .  

V e ry p o rous . m i l i o l i d 
c a l c a re n i t e t o  c a l c l u t i t e . 
V a r i ab l y  ma c r omo l d i c  a nd 
c h e r ty . 

P o r o u s  f oram i n i f e r a l b i om i cr i t e 
w i t h rare art i c u l a t ed c o r a l l i ne 
a l ga e . 

V a r i � h l y  f o s s i l i f e r o u s . m � c r o ­
mo l d .i c  c: a l c a r c n i t e ,  p ct r t i d l l y  
c eme nt e d . D i cyty c o nu s  p r e s e nt . 

V e ry f i n e -g r a i ne d  ( " me a l y  
t e xt ur e d " )  f or am i n i f e r a l 
b i o s p a r i t e t o  d i sm i c r i t e . 
D i c ty o c o nus p re s e n t . 

C o a rs e , f os s i l i f er o u s  
c a l c a re n i t e w i t h  c ommo n 
D i c ty o c o nus ( l o c a l l y f o rms a 
c o qu i na ) . Rhyn c h o l ampa s 
qo u l d i �  pre s e nt . R o u nd e d . f i n e­
gra i ne d  l i t h o c l a s t s  p r e s e nt ( u p 
t o  2 em i n  d i ame t e r ) ,  w i t h 
i rr eg u l a r s h a p e . 

C o a r s e . m i l i o l i d-D i c tyo c o n u s  
c a l c a re n i t e . Sma l l .  muddy 
l i t ho c l a s t s  p re s e nt . 

Muddy f o s s i l -r i c h c a l c a r e n i t e . 
F o s s i l s p o o r l y  p r e s e rv e d . 

V ar i a b l y  l i t ho l ogy . mo s t l y  d a rk 
brown . s u c r o s i c  do l om i t e  w i t h  
va r i a b l y  amo u n t s  o f  c l ay a nd 
l ime s a nd . Lo c a l f e ne s t ra l 
f a br i c  w 1 th t h i n - l am i n a t e d  
do l om i t i c  mud o n  c o a r s e r ­
gra i ne d  do l om i t e  ( p o s s i b l y  mud­
cra cks ! .  S ome mo l l u s c a n  mo l ds . 
Th 1 s  v a r i a b l e . do l om i t i c  
l i t ho l ogy i s  c ommo n l y  
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> 2 04 ' O c a l a  
L i me s t one 

a s s o c i a t e d  w i th the Eo c e n e­
O l i go c e ne Lound a ry i n  t he 
e a s t e rn Gu l f  C o a s t . Hudd l e s t u n  
( unpub l i shed l og o f  t h i s  c or e ) 
c on s i de r s  t he I nt e rv a l f rom 
1 7 5 - 1 9 2 ' as S uwa n n a c o o c h e e  
Do l om i t e . a nd f r om 1 9 2  2 04 ' a s  
E l l av i l l e L i me s t o n e . 

B i o c l as t i c  l i me s t o ne . E c h i n o i d s 
a nd s o l i t ary c o r a l pre s e n t . 

Add i t i o n a l cores e xam i ned f or t h i s  s t udy 

( 1 )  Oak G r ove # 1 . W- 1 0 8 3 3 . Oka l oo s a  County . F l or i da . 
Bu c a tunna / Byram . F l o ra l a  L i me :s t o ne . O ca l a ( ? )  L i me s t o n e . 
Re f e r e n c e : Johns o n . ( 1 9 8 6 . p .  2 8 4 ) . 

( 2 )  Warmouth P o nd # L  W- 1 4 1 0 8 . Bay County , F l or i da . Mar i an na 
a nd B r i dg e boro L i me s t one s , w i t h  c o r a l t h i cke t i n  t h e  
( ? ) Cha t t ahoo che e Format i o n . R e f e re nc e s : J o h n s o n  ( 1 9 8 6 . p .  
1 6 ) . S c hmi d t  ( 1 9 84 . p .  1 3 2 ) . 
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APPENDI X  F 

PREPARATI ON AND MEASUREMENT OF LARGER BENTHI C  FORAMI N IFERA 

Prepara t i o n o f  Larger Forami n f era Samp l e s  

A l though t h e  two g e nera a n a l i n  th i s  s t udy . 

Lep i docyc l i na and Nummu l i t e s . e a c h  r e q u i re s p e c i .: d  

p r e parat i o n ( de s c r i bed s u b s e q u e n t l y ) . s ome c ommon i n i t i a l  

proc edur e s  were r e q u i re d  f or a l l s amp l es . I t  was f i r s t  

n e c e s sary t o  obt a i n  a random s amp l e  o f  e a c h  f orami n i f era l 

<3. s s emb l age i n  a n  e f fort t o  a p prox i ma t e  the c ompos i t i on o f  

t h e  f o s s i l  b i oco enoe s . To do th i s . e a ch bu l k  s amp l e  must 

f i r s t  be broke n down . Mos t  l i th o l og i e s were predom i nant l y  

pure c a r bo n a t e  i n  c ompos i t i o n .  and p a rt i a l l y l i t h i f i ed .  

The s e  rocks were f i r s t  c a re f u l l y brok e n  s evera l t ime s w i t h  a 

rock hammer unt i l s u f f i c i e nt l o o s e ned mat r i x  wa s f r e ed f r om 

t h e  rock t o  be u s e d . Th i s  mat r i x . norma l l y  f rom 5 0 0 -6 0 0  g 1 n  

we i ght . was t h e n  was hed over .::m 8 0  me sh ( 1 7 7 m i cron 

d i amet e r ) s c r e e n  s i eve t o  remove f i ne f r a c t i on dust . Th i s  

s i ze me s h  c a n  c a t c h  even j uve n i l e l arger f oram i n i f era . 

A f t e r  dry i ng ( norma l l y i n  a n  ove n ! .  the washed mat r i x  

( c onta i n i ng a l l s 1 z e fra c t i o n s  gre a t e r than 8 0  me sh ) 1 s  

s p l i t  us i ng .:1 cone-and-quar t e r  me thod . The s amp l e  i s  p l a c ed 

i n  a beaker and poured i nt o  a c o n e  on a smooth sur fa c e . 

Us i ng a t h i n . s t urdy p i e c e  o f  p a p e r  or c ardboard . the samp l e  

i s  s p l i t down the m i dd l e  o f  the c o ne . Th i s  proc edure i s  
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c o n t i nu e d  u nt i l a sma l l e n ough a l i q u o t  i s  o bt a i ned f or use . 

Th e s amp l e  mus t  be l a rge e n o ugh t o  be r e p r e se n t a t i ve o f  t h e  

p o p u l a t i o n / a s s emb l a g e  f and t o  c ompe n s a t e  f or s p e c i me ns wh i ch 

w i l l  i n e v i t a b l y  be l o s t , a c c i de n t a l l y d e s t r oy e d . or 

u n s u i t ab l e  f o r p r e p a ra t i o n ) . but sma l l e n o ugh t o  be p i c k e d  

a nd me a s ur e d  i n  a r e a s o n a b l e  amo u n t  o f  t i me .  Mo s t  a l i quo t s  

u s ed c o n t a i n e d  a pp r o x i ma t e l y  2 0 0 - 3 0 0  s p e c i me ns C i t i s  

i mp os s i b l e  t o  e s t i ma t e  the numb e r  t h a t  w i l l  be pres e n t ) .  The 

c o ne -and-q u ar t er me t h od i s  p r o ba b l y  n o t  a s  a c c u ra t e  as a 

me c h a n i c a l  s p l i t t e r . a dev i c e c ommo n l y  u s e d  f o r sma l l e r 

f o rami n i f e r a , b u t  t h e  e x t r eme s i z e r a nge i n  l a rger 

f o rami n i f e r a  ( wh i c h c a n  be a s  much 2 mm t o  30 mm i n  th e s ame 

s p e c i e s )  m a n d a t e s  the u s e  o f  th i s  me t hod . Me c ha n i c a l  

s p l i t t e r s  s i mp l y  c a n n ot a c c ommod a t e  s u ch a r a nge i n  s i ze . 

( I t shou l d  be n o t ed t h a t ot her met hods c o u l d  be u s e d  t o  

o b t a i n  a ra ndom s amp l e .  I n  p a r t i c u l ar .  the was h e d  s amp l e  

c o u l d  be ra ndom l y  s ca t t c :n:d d cro�; ::.3  ·=t g r i ded c ct rd . The n . 

u s i ng a b i n o c u l a r m i c n):3 c o p e . a l l f or.:tm l n i f e r a  ( r e g .3. ni l e s s  

o f  S l ?. e ) l y i ng w 1 t h i n  a vert i ca l  s e r i e s o f  :::; qu <:t r e s  a r e  

p i cked ( s p e c i me n s  l y i ng over a gr i d  l i ne a r e  a l so p 1 cked , 

b u t  o n l y  on e i th e r  t he r i gh t  or l e f t  l i ne . c o n s i s t en t l y ! . 

Howe v e r , c a re mu s t  be t a k e n  t o  l i S e  ii gr i d  s 1 z e  l .3.rger t h a n  

t h e l a rge s t  f o r am s p e c i mC I I , and s e q ue nt i a l  crr 1 d  t ra n s e c t s  

mu ::; t  .1 vo i d s p e c i me n s l v i ng w i t h i n  a. ny o th e r  (J r i d t r.3. ns e c t . 

Th 1 s  p ro c e s s  c a n  be c o nt i l lu e d  u n t i l  a de s i r e d  numb e r  o f  

c: i m�ns - n· e  co l l e c t e d . Tl1 i s  me thod . howe ve r· . l S  mo r e 
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t ed i ous t h a n  the c o ne -a nd-quar t e r  me thod ( i n wh i ch a l l  

s p e c i me n s  o f  a samp l e  are p i cked ) . and t h e r e  are prob l ems 

wi t h  a t t a i n i ng randomne s s  i n  the subsamp l e s wh i ch are 

i nd e p e nde n t l y  � c a t tered a c ro s s  the gr i de d  card ( t he e n t i re 

s amp l e  c a nnot be s c a t t er e d  over t he card a t  o n c e ) . a nd i n  

randomi z i ng the d i s t r i bu t i o n o f  a subsamp l e  ove r the c ard . 

For l arger f oram i n i f era ( i n my e x p e r i e n c e ) ,  p i ck i ng a n  

e nt i re a l i quot i s  t h e  s u p e r i or me thod . a nd t h i s  a t  t h e  r i s k 

o f  p i ck i ng f a r  more c i me ns than are n e e d e d  ( wh i ch a l l  

mus t  be pre pared i nd i v i d ua l l y ) . 

A f t er t h e  proper s i zed a l i qu o t  i s  s e par a t e d  ( as j udged by 

t h e  i nve s t i g a t or ) , i t  i s  p i ck e d  o f  a l l f orami n f e ra under a 

b i nocu l ar m i cro s c o pe . I f  there a re not e nough f orams i n  the 

a l i quot . add i t i ona l a l i q u o t s  c a n  be p i cked . Whe n  t h e  a l i qu o t  

i s  p i cked . t h e  f orams a r e  s o r t ed i nt o  the i r  ma j or t axa 

( v i z . , Nummu l i t e s  ·:i nd L e p i docyc l i na ) . a nd work e d  s e p arat e l y . 

W i t h  e i t h e r  g e nu s . i t  i s  be s t  t o  o n l y  work wi t h  t e n  or f ewer 

s p e c ime n s  a t  a t ime . Th e s e  s p e c imens are l i n e d  i n  a vert i c a l  

row . a nd me as ured under t h e  m i c ro s c op e  f o r  ma x i mum t e s t  

d i ame t e r . us i ng a d i g i t a l ca l i per . c i men s  are numb e r e d  

a nd mea sureme n t s  r e c orded . The me a s ureme n t  o f  t e s t  d i ame t e r  

i s  n e c e s s a ry be f o r e  a ny f urther p r e p a ra t i on c a n  b e  done . 

b e c au s e  the t o r t uous me t h ods wh i ch f o l l ow f re qu e nt l y  bre ak 

a nd redu c e  the f or am t e s t  ( e s p e c i a l l y  at i t s  marg i n s ) .  

mak i ng l a t e r  me a sureme n t  o f  d i ame t e r  imp o s s i b l e . 
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P r e pa ra t i o n o f  Lep i docvc i i na 

Fun:her b i ome t r i c  ana l ys i s  o f  Le p i docvc l i n a  r e qu i re s  t h a t  

the s p e c i me n  be ground unt i l t h e  e qu a t or 1 a l  a n d  embryon i c 

chambers b e c ome v i s i b l e . To do t h i s . e a c h  s p e c i me n  mu s t  be 

i nd i v i dua l l y mou n t e d  on a l abe l ed ,  l x 3 "  g l a s s  s l i d e  ( un l e s s  

the s p e c i me ns are e x c e p t i o na l l y l a rge , they c a nnot b e  he l d  

w i t hout t he h e l p  o f  a s l i de ) . Th i s  i s  done by p l a c i ng a 

sma l l c h i p  o f  Lake s i de - 7 0  r e s i n  o n  the s l i de . ho l d i ng the 

s l i de over an a l c oho l l amp f l ame un t i l t he r e s i n  me l t s ( 1 0 -

1 5  s e c o nd s . o r  un t i l  mo s t  bubb l e s have e s c a p e d  the r e s i n ) . 

t h e n  p l a c i ng t h e  f o r am o n  t h e  drop o f  me l t ed r e s i n . The 

r e s i n  harde ns i n  a p prox i ma t e l y  2 0 - 3 0  s e c o nd s . I t  i s  

i mp o rt a n t  t h a t  t h e  f oram l i e f l a t on th� s l i d e  i n  order t o  

g e t  a n  eve n e q ua t o r 1 a l  g r i nd . I f  t h e  s p e c i me n  i s  rounde d . 

o n A  s i de c o n  1-n=� p<l.rt. i ;, l l y  rjrnund o n  a g l a s s  p l a t e  ( t o 

p l" o d u c e  a f l a t t ened := n : r · f ,- H; e } be f u ce be .i n<:,� mo un t o d  o n  the 

s l i de . 

A f t e r  d ry i ng .  t h e  s p e c 1 me n  i s  ground . mu c h  l i k e  a t h i n­

s e c t i o n . o n  a c o a r s e l y  f ro s t ed , we t g l as s  p l a t e . regu l ar l y 

e x am i n i ng the s p e c i me n  under a b i n o c u l ar m i cros c o p e  t o  

e n s ure t h a t  t h e  gr i nd i ng h a s  n o t  gone beyond t h e  e q u a t or i a l 

p l a n e . A mor e  f i n e l y  f r o s t e d g l as s  p l a te may b e  u s e d  f or 

f i ne p o l i s h i ng ( l  us e a 1 2 0  s i l i co n  c a rb i de gr i t  o f ro s t  

t he c o a r s e  p l a t e . a nd a 6 0 0  �r i t  f or t h e  f i ne r  p l a t e l . I t  1 s  

s ome t i me s  u s e f u l t o  c o a t  t h e  s p e c i me n  wi t h  gre e n  or b l ue 

f o od dye t o  e nh a n c e  t h e  c o n s t ra s t  o f  the ( norma l l y l  wh i t e  
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s p e c ime n . Th e l e p i do cyc l i n i d  e c i me n  i s  now re ady t o  be 

measured w i t h the d i g i t i z er ( s e e  be l ow ) . 

B i omet r i c  P arame t e r s  o f  Lep i do cyc l i n a  

Numerous p arame t ers cou l d  b e  mea s ured i n  t h e  c omp l ex 

l e p i docy c l i n i d  t e s t . but o n l y  two we r e  exam i ned i n  th i s  

st udy-- t es t  s i ze .  a nd cross- s e c t i ona l area of t h e  embyron 

( F i g . f l ) . Tes t  s i ze i s  s 1mp l y  the gre a t e s t  d i ame t e r  o f  t h e  

t e s t . mea s ur e d  i n  m i l l ime t e r s  ( us i ng a d i g i t a l c a l i pe r ) . 

Freq u e n t l y . t e s t s  we re broke n .  but i f  t h e  c e n t rum a nd s ome 

port 1 on o f  t he t es t  marg i n  we re pre s e nt . a rad i us cou l d  be  

me a s ured ( a nd doub l ed f or d i ame t e r ) . Cro s s-se c t i ona l embryon 

a r e a  was me a sured us i ng a d i g i t i z i ng t ab l e t  ( s e e  be l ow )  

a f te r  the t e s t  wa s mount ed a nd ground . 

Mos t  b i ome t r i c  s tud i es o f  Lep i do cyc l i na 1 nc l ude 

l e ng t h /w i d th mea s ureme nt s o f  the p r o t o c o nch a nd 

d e ut e ro c o n c h . The s e  f i rst two chambe r s . h owever . a r e  

f r e quent l y  ve ry i rregu l ar i n  sha p e . Le ng t h  a nd w i dt h  may be  

ve ry d i f f i c u l t  t o  me asure . a nd may be unrepre s e n t a t i ve o f  

t h e  embryo n  a s  a who l e . W i t h t he u s e  o f  a d i g i t i z i ng t a b l e t . 

the c r o s s - s e c t i ona l area o f  the e mbryo n  c a n  b e  de t e rm i ned . 

A r e a  i s  a b e t t e r  met r i c  f o r  overa l l  s i ze ( i f the s p e c imen 

was prope r l y  pre pared and ground ) . a nd can be  c o ns i dered a 

pr oxy f or embryo n  vo l ume . P o s t -embry o n i c  area ( ar e a  o f  t h e  

e q u at or i a l chambe r s ! was ca l cu l a t e d  by d e t e rm i n i ng t h e  a r e a  

o f  t he e nt i r e equa t or i a l  i o n o f  the t e s t  ( 3 . 1 4 x 
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rad i us 2 l .  a nd s u b t r a c t i ng t h e  a r e a  o f  t h e  embryo n .  

P r e pa r a t i o n o f  Nummu l i t e s  

P r e p a r a t i o n o f  nummu l i t i d s  f or b i ome t r i c  a n a l i s  i s  q u i t e 

d i f f er e n t  f rom t h a t o f  l e p i d o cy c l i n l d s . Nummu l i t e s  h ave a 

n a t ura l .  e q u a t or i a l  p l a n e  o f  weakn e s s  t hr o ug h  t h e  margi n a l 

cord . a c omp l e x sys t em o f  marg i na l  c a na l s  and f urrows 

t hr o ugh wh i ch f l ows a n  unus ua l t y p e  o f  p s e ud o p o d i a !  f l ow .  

I n s t e a d  o f  g r i nd i ng t he nummu l i t e  o n  a p l a t e . t he s p e c i me n  

c a n  be e as i l y s p l i t a c r o s s  i t s e qu a t o r i a l  p l a ne by h e a t i ng 

i t  ove r a n  a l c oh o l l amp f l ame u nt 1 l  red-h o t . t h e n p l u ng i ng 

t h e  f or am i n t o  a s ha l l ow d i sh o f  wat e r . Th i s  c a u s e s  t h e  

nummu l i t e  t o  s p l i t i nt o  two e qua l ha l ve s . bo t h  o f  wh i ch s h o w  

a l l i nt e r na l t e s t  f e a t u re s . E a c h  h a l f  f or t h e  o ne t h a t  be s t  

s ur v i v e s  t h i s  v i o l e n t  t e c h n i qu e ) i s  mou n t e d  o n  a 1 l ed 

s l i de ( w i t h wh i t e g l ue )  f or s . The nummu l i t e i s  n ow 

r e ady t o  me a s u r e  o n  the d i g i t i ze r  ( se e  b e l ow ) . 

B i ome t r i c  P a r ame t e r s  o f  Nummu l i t e s  

As w i t h  l e p i do c y c l i n i ds . t h e  t e s t  o f  N ummu l i t e s c a n  b e  

me a s ured i n  a numb e r  o f  ways . I n  t h i s  i nve s t i ga t i o n . 

h owev e r . t he o n l y  p a r ame t e r s  wh i ch were c o ns i d e re d  were t es t  

s i ze ( ma x i mum d i ame t e r ) .  t es t  'i-ll d t h .  a nd cross-se c t i ona l 

area of t he embryon .  The s e  f e a t ur e s  a r e  i l l us t r a t ed i n  

F i gu re F 2 . 
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Me a s ureme n t : The D i q i t i z i na Sys t em 

Area me a s u r eme n t s  o f  nummu l i t i d a nd l e p i do c y c l i n i d  

embyrons were ma d e  w i th t h e  a i d o f  a d i g i t i z i ng t a b l e t . 

b i no c u l a r m i c ro s c o p e . v i de o  c amera a nd mo n i t or .  c ompu t e r . 

and J AV A  ( J ande l V i d e o  A n a l ys i s )  b i om e t r i c  s o f tware p a ckage . 

I n  short . t h e  sy s t em work s a s  f o l l ow s : The mou n t ed L B F  

s p e c ime n  i s  p l a c e d  u n d e r  t h e  b i no c u l a r s c o p e  and f o c u s e d 

under re l at i v e l y  h i gh power ( us i ng a c omb i na t i o n o f  r e t i c l e s 

a nd ad j us t a b l e  mag n i f i c a t i o ns ) . The v i d e o  c amera i s  a t t a c h e d  

t o  t h e  m i c ro s c o p e . a n d  b y  mer e l y  s h i f t i ng t h e  u p p e r  cy l i nd e r  

o f  t h e  s c o p e  ( a nd t h r ow i ng a l eve r ) . the i mage u nd e r  t h e  

s c o p e  c a n  be s e e n  l i ve o n  t h e  v i de o  mo n i t o r . Us i ng t h e  image 

a na l y s i s  s o f t wa r e  ( a nd a f ramegrabber w i th i n  the ma i n  

c ompu t e r ) .  t h e  v i d e o  i mage i s  " gr a bbed " .  or " fr o z e n " . U s i ng 

t h e  ' ' mo u s e "  o n  the d i g i t i z i ng t a b l e t . t h e  i ma g e  o f  t h e  

embry o n  i s  t ra c ed or out l i n ed . A s  t h i s  i s  d o n e . a wh i t e 

do t t e d  l i n e  f o l l ows t h e  p a t h  o f  t h e  cursor o n  t h e  v i d e o  

mo n i t or .  Whe n  t h e  a r e a  o f  i nt e r e s t  i s  c omp l e t e l y o u t l i n e d . 

i t  i s  c l o s e d  a nd e n t e r e d  i n t o  t h e  c omput e r . A r e a  i s  c omp u t e d  

us i ng a c a l i br a t i o n f i l e  ! pr e v i ous l y  s e l e c t e d f r om a s er i e s 

o f  f i l e s c a l i br a t e d  t o  s p e c i f i c  magn i f i ca t i o n s ) .  a nd i s  

d i s p l ay e d  o n  t h e  c omp u t e r  mo n i t or . D i s t an c e s  and a ng l e s c a n  

b e  me as ured i n  t h e  s ame ma n ne r . 
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F i gure F l --B i ome tr i c  parame t e rs a nd o t h e r  mor p h o l og i c  
f e a t ur e s  o f  L e p i d o cy l i n a ( Nephro l e p i d i na ) . A .  
Cut -away ske t c h  o f  L e p i d o cyc l i na . sh ow i ng t e s t  
d i ame t e r ( g J , e q u a t or i a l  c hambers ( e c ) . l a t era l 
cha mbers t l£ ) , p i  l i a rs ( p_i_) . a nd p us t u l e s ( Q.!d :  
the s u r f i c i a l  expr e s s i o n o f  p i l l a rs ) . � ·  
Embryon i c  a nd p e r i embry o n i c c h ambe r s . Gray , 
shaded a r e a  i s  t h e  c ro s s -s e c t i o na l embry o n i c  a r e a  
me a s ur e d  i n  t h i s  s t udy . a n d  u s e d  a s  a me a s ure o f  
a b s o l ut e  embry o n  s i ze .  E .:: pro t o c on c h , .Q = 

d e u t e r o c o n c h , 2££ = pr i n c i p l e  aux i l i a ry c h amb e r . 
ad = adaux i l i ary c hambe r . 
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F i gu r e  F.2 --B i ome t r i c  p ar ame t e r s  o f  Nummu l i t e s . � - Out l i ne o f  
t e s t  s ho w i ng d i ame t e r  ( 4 } me a s ureme n t . Q .  La t e ra l 
t e s t  p ro f i l e  show i ng w i dt h  ( � )  me a s ur eme nt . £ .  
Embry o n  s how i ng p r o t o c o n ch ( f )  a nd d e u t e ro c on ch 
( Q l . G r ay a r e a  i s  the c ro s s -s e c t i on a l embryon i c  
a r e a  me a s ur e d  i n  t h i s  s tudy . 
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APPEND I X  G 

B I OMETR I C  DATA OF LARGER FORAM I N I FERA 
( DI SK I N  POCKET ) 

The a c c ompany i ng 5 1 ! 4 " d i sk e t t e  ( i n pocket o f  i ns i de b a c k  
c ove r )  c o n t a i ns t h e  r aw b i ome t r i c  dat a o bt a i ned f o r  P art 5 
o f  th i s  d i s s e r t a t i on . Approx i ma t e l y  1 4 0 0  s p e c i me ns we r e  
p r e pared a nd mea s ur e d . The f i l e i s  s aved i n  t h e  A SC I I f i l e  
f o rma t , und e r  t h e  n ame LBFDATA . 

Da t a  a r e  s t or e d  i n  c o l umns under a comb i na t i o n o f  t h e  
f o l l ow i ng a bbrev i at i o ns : 

NUM 
( L )  
( N )  
( E )  

MAR 
G L  

FLO 
DC 

BBR 
* 

TS I ZE 
WIEST 

AEM 

AEQ 

Nummu l i t e s  ( P a l e o nummu l i t e s )  pa n ame ns i s  
Lep i do cyc l i n a  ( Le p i docyc l i na ) ma n t e l l i  
Lep i do cyc l i n a  ( Ne phro l ep i d i na )  yur naqun e n s i s  
L e p i d o cyc l i na ( Eu l ep i d i na ) und o s a  
Mar i a n n a  L i me s t on e . S t . S t e ph e n s  Quarry . A l ab ama 
G l e ndon L i me s t o ne . S t . S t e p h e n s  Quar ry . A l a bama 
F l ora l a  L i me s t o n e . St ova l l  Quarry . A l a bama 
Dun c a n  Church B e d s . F l or i da 
Br i dg e bo r o  L i me s t o ne ( ty p e  s e c t i o n . G e o rg i a )  
S p e c i me n  numbe r  
T e s t  s i ze ( ma x i mum d i ame t er ,  i n  mm l  
Te s t  w i d t h  ( i n mm ; f o r  Nummu l i te s  o n l y )  
Cross-� e c t i o n a l a r e a  o f  embry o n i c  c hambe r s  
( i n mm"" ) 
Cro s s -s e c t i o n a l a r e a  o f  e qu a t o r i a l  c hamb e r s  
( i n rnm2 ; f or Le p i do cyc l i na o n l y )  

For e xamp l e : 

MAR ( L ) #  S pe c i me n  numbe r s  f o r  s p e c i me ns o f  
Lep i do cyc l i na ( Le p i do c v c l i na J  rnan t e l l  i ,  f rom 
t h e  Mar i a nna L i me s t o ne , S t . S t e ph e n s  Quarry . 
A l abama 

C o p i e s o f  t h i s  d i sk f i l e c a n  be o b t a i ne d  f rom Dr . M i c h a e l 
L .  McK i n ney , Departme nt o f  G e o l og i c a l Sc i e n c e s . U n i ve r s i ty 
o f  Tennes s e e . Knoxv i l l e .  
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If I T A  

,Jo n a t h a n  R .  Bry a n  wa s b o r n  i n  Tus c a l oo s a . A l a bama . o n  May 

5 .  1 9 6 1 . He a t t e nd e d  Sem i n o l e  H i gh S c ho o l i n  Sem i no l e . 

F l o r i d a . a nd gradua t e d i n  May . 1 9 7 9 . He s pe n t  h i s  f i r s t  y e a r  

o f  co l l eg e  a t  t h e  V i rg i n i a  M i l i t ary I ns t i t u t e , L e x i n g t o n , 

a nd t h e n  t r a ns f erred i n  1 9 8 0  t o  F l o r i da S t a t e  U n i ve r s i ty .  

Ta l l a h a s s e e . He graduat e d  f r om F l or i da a t e  i n  t h e  s umme r 

o f  1 98 4 . w i t h  a B a c h e l or o f  S c i e n c e  degree i n  g e o l ogy . 

O n  J u l y  2 8 t h . 1 9 84 ,  J o n  marr i ed l v i a  P va n Ry n s o e ve r . 

I n  the f a l l  o f  t h e  s ame y e a r . he b e g a n  gradua t e  s c h o o l a t  

t h e  Un i v e r s i ty o f  F l or 1 da . G a i n e sv i l l e .  Wh i l e a t  t h e  

Un i ve rs i ty o f  F l or i da . J o n  worked a s  a re s e ar c h  a s s i s t a n t  a t  

t he F l or i d a  Mus e um o f  N a t ura l H i s t ory . H e  r e c e i ved· h i s  

Ma s t er o f  S c i e n c e  degre e  i n  g e o l ogy i n  May , 1 9 8 7 . 

I n  t h e  f a l l  o f  1 9 8 7 . J o n  a nd Sy l v i a  moved t o  Knoxv i l l e .  

Te n n e s s e e . a nd J o n  b e g a n work o n  a d o c t o r a t e  i n  g e o l ogy .  A t  

t h e  Un i ve r s i ty o f  Te nnes s e e .  J o n  wa s a g r adua t e  t e a ch i ng 

a s s i s t a n t . a nd a r e s e a r c h  a s s i s t a n t . He grad u a t ed w i t h  t h e 

P h . D .  d e g r e e  i n  De c ember . 1 9 9 1 . 

J o n  i nt e nd s  t o  t e a c h  � nd c o nd u c t  r e s e a r c h  i n  g e o l ogy a nd 

p a l e o n t o l ogy . He i s  a memb e r  o f  t h e  G e o l og i c a l  S o c i e ty o f  

Amer i c a . t h e  P a l e o n t o l og i c a l S o c i e t y . t h e  S o c i e ty o f  

E c o n om i c P a l eo n t o l og i s t s  a nd M i n e r a l o g i s t s  t SEPM ) . t he G u l f  

C o a s t  S e c t i o n o f  SEPM . a nd t he Ame r i c a n  S c i e n t i f i c 

A f f i l i .'l t i o n . 
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