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Abstract 

A fundamenul pn,._km '" 1~ .. imol:llion of bN 
ground·W~Itr 00\\ :and sulule lro&n,pon i'> hO"' best tO repre­
\COt :~quiler heterogeneit)' "' delint:d b}' the ~atial di,tnbuuon 
ul ponhlly, perme:~balll) •• toll ''llr.lge. Combined anaJy!>e' of 
cyclo,tmtegr.tph), mclulltog llthofacae!> and depositional em •· 
mnmenl\, unll borehole-geuphy\lc:tl lug:.. has improved the 
cunceptuulrzuuon ol pomstty, permeability. and stornge wiU1in 
the triple-purosity kur~tlc Bi~>cuyne uqutfer in an approxl· 
mutely 95-,quure-milc 'ludy urea of Miami-Dade County 
111 'outhe:t\lem Florit.la. The triple poro:.ity of tbe Biscayne 
uqu1ler t' princ1pally C I) m.tln"< ol interparticle and o;epa­
rmc:-vug pom"ty, prO\'Idtn~ much of the '>lorage. and under 
d)03mll! cunditiun\, diiiU\e~.~lnJIC: Ouw; (2) louchsng-vug 
pofthll) Cre.iling '>lt".&IJtorm Jf0Und-W31tr flow pass:lge\\U) ! 

and (3) Je,, common I."'nduu poro,it) composed m;unl> ot 
bcdJtng-plaJic: ~ug.,,tJun .solution pi~ 3tld ca\"erOOUS \Ug • 

These three conduu poro at)' t~pe_, are all pathways for conduit 
gruunJ-\Io1Uer no'llo. 

To Ue\ciOfl an :te~~ourate three-JJmcnsioruLI conceptual 
h}drugcologec mOOc:l of the Bs!iea} ~ aquafc:r in the ~tud) ~1m~. 
:a dct~l~ anal)'' of doll3 v. ;u; condud~ that include coounu­
oo'l) drillc:J core~. digatal borehole i!rnlg~. borehole-flusJ 
~onJucts\11) :.nd tempcr.uun: lo~'• and borehole-fJo\\'metcr 

IDC4lmCmct\ts lrom 25 v.ell th.u full) pe1ldrale the BiSC3~nc 
~UIIer Sl'( def>'"Jlj.,n.:IJ em Ironment' lOr m:lJOT titboJ~ic 

component:-. ul the Ba'4-:t)IJC :aqua fer-the T:muami Formal tun, 
Fon Thompwn fomlallon. nnd Miami l.Jmestooe-mdude: 
( ll middle t".lmp. (2) platlorm m:ugm-co-ouu~r platform, 
(3) opcn-manne platlorm entcnor. C4) resrncred platform 
1ntenor. (5l brocka~oh plarlorm mtenor, and (6) fre:.h\\ urer 
tcrrc<,tnul environments. lligh-frcquency cycles form the 
fundomcnwl building blocks ti l rhc rocks composing the 
l~i~>cuync uquifcl'. Vcnicul ll thol'acic:. succesbions. which huve 
NIUCJ..tn~ pultt:l Ill. lhUI reoccur, nt Wtlhin the high-frequency 
~!Yell!\. Upwurd--.hallo\\ mg l>ubullul cycll!!>, upwa.rd-:.hal­
lowmll parohc cycle,, and uggrnda11onall>ubtidal cycle!> detin..: 
th~ l)'pc!\ of ideal h•l!h lrequency cycl~ th:tt occur w1lhm I he 

Fun Thomp,on Formation and M r.uns Lime:.tone. BibCJ on 
\cnical C}de p3ttem,, hagb·fro:futru."} qde:. group tnto tv.o 
C)ck !><:h: :an older prog~uonal \:)de -.et and an o-.c=rl}tng 
.)OUnt;er ;aggrad3110n.:1l cydc. 

,\ pncruary oiben':lllon '' c~ :a prel.lrcwble \"ertica.l 
p.mcm ot punblly and ~ahty ~~o'"Ofl'lmonl} exs~ w athen 
the thn::c edc:al \:}de~ because the puru uyand permeabaht} 

rel~tc darectl) co hthulacae~ Smccn lllaJOr licbofucies of 
the fon Thompwn Form;niun :and \Ji.lllli l.unestone h.l\c 
bt-en as-.igned t~• one ol three pore cJa,ses (t n. and llJ 1. 

'U.S <•o.:HIIlJ!i•al Sui'\ c) llllft.llllnU! •rJtC'<l ~tc:nce Ccntc::r-Watcr .md Kl:'l<>f'lllil•n Slllll•~-. MtJmt, llomlJ 
'Unt~er"t)' ul \\'1:\t lndtc:\, KiiiJ>'hln, J.tnt.ucu 
•u.s. G~.·uht!(u.:o~l Sur~.:y. Ke~11m, Vtrllllltu 
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f\lU,hing-.,ug PQI'\htt~ and ..:undun JXln>~tl) cbar.lcteriz.c Jl')n! 
cia'~ I. ~hkh conunonl} cumpri\C~ the IO\\er part of up\\anl­
-.hallu~ing c~dc' ~ uhm the Furt Thomp.;on Formation and 
an upper :aggr.~J.allon.;al qd.: ul ttk: ~ham• Limestone. Matri' 
poro .. ll) dt,tingui,hc:l> pore da...~ II. \\htch common!) oct.:W' 
tn the upper pan of the upwan.l...,hallowmg ~ubtllbJ cycle .. 
and midlile pan olthe up\\ard...,h:allowing parnJic cycle~. 
Mic.:nte"""'omm:ucd. leal)', luw-pemu:<lbilit) lithologie. a.n: 
charactcn~llc ul pure dJ.." Ill. \\ hi\:h ~o.-ummonly ~up\\ a.nJ­
-.hallo\\ 10g p.tr.tlu: c.:)'de anJ ~ur. throu~hoUJ much oJ 3 

lo\\cr oaggr.1datnmal cycle uf the Miami Limestone. The~ 
n!latton' amnng litholadc-;. C)Ch~o.ll), and :squifer unribut~ 
CponNiy. p.:mt~:ability, and \lurugel .11\: eruct a I feamre<> of the 
an:hucctun! Qf u thn:e-dimen~ton:~l cunceptual bydrogeologtc 
model of the l.;aNtc.: Bi-.ca}nl! aqutler Thi~ 'rudy how~ that 
de\eh~mentol the~ relatirnh j, cntical to producing a re:ll­
t..tic C)de-~'>ttl ~ltC aquifer fnune\\Oft for the Bt...cayoe 
aquifer :anJ lor l.:aN u~utJe~ "'uhin ocher platform carbon;ttes. 

Introduction 

Dunng the p.hl c.:c:ntul'), the: E\eJlladb am.l its \\.llcl"hed 
rul\c ~n llltcrnJ 'UthtllnJJall) b) human :lCIJ\'itie:.. includtng 
ttk: de,dopmcnt ut a htghl) man:agcd h}cJrologJc sy tern in 
'outhem Flunda, lllh h)drulngu:- "}'tern of c:mals.le,ec: • and 
pumping 'tatmn' "~" lh:velo~cJ to met:t an inc:reru.iog demand 
for watc:r 'upply ~" ,, rt:,ult <lf a rapidly growing urban popula­
tum ancJ mterNvc .tgnculturul .tcllv 11ie~ ru a consequence. 
much ot the l:,ergladc ... the uoconlineu ~ar..uc Bisc:ayne 
aqutler. and majnr c'tuarine \)'\tc:m' m <.out hem Aorida 
presently \In mil rec.:ctvc: <.ullicient quantuy or diMribuuon of 
water during tHnc" when 11 ,., needed most. An adequate water 
'upply i~ c~'cntmlto rcstotmg 1 he Everglades and i~ water­
shed and nmtntuining /iust:tinnble population growth. 

In \UUthc;to;h:rn Horidu. ground-water supply is 
augmented by '"' hu.:c:-wutcr ' torogc 111 large--.cale watcr­
conser.uuon ilrca' <fit I) aml Everglade-. National Pari. 
(ENP) Surta .. c: water \C:CP' tnlllthc: Bi .. cayne aquifer from the 
wetJand, uml then move' a.' gmund \\uter beneath a sy .. tem 
ul levee' and ~;anal' on the ea .. tcm p<nmeter of the wetlamh. 
llo\\ mg toward u •ncuhurul. urb.llt. und coa.,tal ~to the 
c:a.\1 su .. wn.sble gmund-\\Jier le\eh ea. .. t of the wetlaml\ 
ure cnuc.:alto maintatmng "ater le,el' at \\ater-!>uppl) \\elh. 
prt\enung s.all\\uter tntru,ion ulong the co.w. and rehloring 
the qu.anlll), qwahty, ltmmg, anJ dt-.tribuuon of fresh\\ ter to 
Bh<-':1} oc: Bay 

To dc\el\tp a water budg~JJtuJ meet natural. agncul­
turoll , .md urban •~c:th. it j, nc:cc:-.'lill) ttl accur.stely model 
the mo\'c:ment ol ground \\atcr und :h~ti.Lled loom from 
the '>l.lrflk:e-\\ t~o.-r 'wragc areas to the C03St an appro3Cb tbat 
111\\lh C!o numcn~.:otl .. unulation "' .srounJ." .ster flo" :mcJ 
,oJutc: tr.Uhf\\10 in the Bi)Q)ne ~utfc:r. Ret.-ent ground-water 
llo\\ mvdeh hK the Bt\Ca) ne :14uiter ~u~ flo\\ through 
p.•ro\b mccJaa c 't:meth arn.l other-.. :moo: \\'ihnal: and ochc:rs. 

2000; L:tn~C:\ 111, 2001. Sunen,hc:in.lOO I ): ho\\ever. the 
Bt~otyne aqutt.:r •~ ot lnple-ponhil) (maoix. touching-\'ug. 
and conduit f\'>n•~llyllaN 3qUtlc:r (V:k:her and M) lro1~. 2002; 
Cunningh.un 11nJ u~hel", 20C"b· 2QO.k) A:. a consetJuence. 
rate'> ot now \\ ithln the c:onJull pore -.y ... tcm can be ntOn! 
rapid than\\ 11h10 the matn\, a.' t.lcm<m .. mued by a tmcer 
te,tc.•tmductcd by the US. Geoltlgic:al Sun·ey CUSGS) at 
lhe onh\\e 1 Well Fteld CN\\ \\ FJ m Mrami-Dade County 
(Renken anJ other,., ::!CIOS ). Re..,ul" uf thl\ test indicatal that 
the apparent mean ath~ll\1! tlow velocll) oflhe tracer ~015 
one ordtr ut magnuude ur gre.;atcr than pn:tlictions by model 
<>tmul.ttton' ;a ununr only purou .. m<iliJ A realbuc concep­
tual hydru»Clllo~::ic moJcl of the Bi~a) ne aquifer. ~pecially 
·~ kar.t hme,wnc. ''needed ior de\'elopment of numc:ri~l 
~•mulaiiUih that c:~n rtliJbly pretlt..:t ground-watu tlo\\ and 
..olute trall'>f\\lft through the aquif~r'~ lnple-porosit) hydrogeo­
log~c fr.li'TlC\\ml.: 

A funtbmcntal problem in the ... mutation of k:lr;t gmund· 
\\:llcr nU\\ :li\J S\IIUIC trun,pon '' ho~ bot to repre..ent a~uifer 
hete~cncll) >h deli ned by the -.p..sual dt tnburioo of poro II). 

permeabtluy, .md 'tor11ge. By delinition. lan.t carboniltc: aqui­
fer. cont:~in d,,,,,lution-generuted cdndutL' th:u allo\\ rapid 
movement ol gnX~nd \\:Iter. olten al> turbulent flO\\ (White, 
2002t. CW'buruuc conduu no\\ ~)'tern' po:.e a unique pmbkm 
~c:~u-.e til the ,·vmplc\ vuri;Hiun' in lithof:ld~ and di3!lc:ncti.: 
hi1>lOr) that -.:vntn~te hlthetr heterogeneny. Existing Jwr-.t 
tlo\\ mflllel:. .. an be tmpro\ed •f c~m~eptwal h)drogeologu: 
mtxleh at:cur.t lc:l) delineate the: dt'>ltlbullon of conduu~ 
and ~utter mutri\ (White, 1991}) Tht\ " e~pecially true uf 
Paleozmc lur.l aquiler. thai c.m mcludc pipe-like conduit'>: 
the..e m.s}' bc \tngle .. ave., vr ha\'e a comple~ "branchwurk 
paltem· (\Vhtlc and \\hue.20()1) In )oungerCreLaceou'> and 
Cenozotc.: l.ar.l o.~qutler., zone:;, ul htgh porol>ity bavt! been 
\hown tn occur w11h111, ur "' etiUtvuh!nt to, smaJJ-sc:.~le c.fepu­
sittonul cycl e~ (hdwurtl~ utjuifcr- Hovorku and others. 191}6, 
1998; Floridan Ultulfcr-13udd. 20() I ; Wurd and others, 2003: 
Butld and Vucltcr, 2004: Bit.cuyne .tquifer-Cunningham :tnd 
other.. 200-tb. 200-k. 2006, in pre.,,), indicating a wcll­
udineu C:)CJt)\lntllgraphtC fraOIC\\-Orl. th.rt can be U\Cd to map 
the thrc!c:-dunctl'tiOnal tl'>pech of l.ar.t ground-water llow 

In 199M. the USGS. m coopc:mtton wuh the South Aond.s 
Water Mttnagcmcnt 01\tnct (SFWMO), initiated a \tudy that 
tdcnulicd and -.:hJractenzc!tl candtdate prderenrial grounJ­
\\ater llo" June:' in the upper pan ol the 'hallo" k.:lr.tlimc­
' 'oll¢ ut the Btsca)ne a~utler •n north-(;cotral Mianu-Da.tle 
County u~·n~ q l\httllttgraph), !round-penetratJog radar. 
bon:holc:-get'flh) ''c:allol!'· conunu~l) drilled core:.. alkl 
p:lleontology tCunnmgham and other\. 2()().1b). Thi applica· 
cion ot cydo~tr.sllgntph) ha. ... pro\ co cnticalto development ot 
u new conc.:cptual h}lln>gt:ologtc lrameworli; '"ithin the upp.:r 
pan of the Bt-.cayne iltJUtfcr tCunmn~b;~m and other... :!<X"b. 
1004cl In !(•)2, the t;SGS. an <:oopcmtion ~ith the SF\\ 1\10. 
iniuated the cum:nt ,tUJ} \\ htch C:\lo:n\.1' the sb:t.llo~ htgh­
rt..oluuon h)c.lnhtr.Ut!!rolphtc: tr.une~on.. to the base ol the 
Bt..wyne iltJUtler.1lle purpo..e ot the c.-urrent )Uk)y b to define: 
am.l map the 'p.tlt.tl \ariatton' tn the hyJJ"'breology 01 the li;ar.llc 
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Figure 1. location of study area, Federal and State lands, and agricultural 
areas in southern Aorida. 

Biscuyne aquifer in the context of a cyclosrrntigraphic frame­
work in an approxamate '>5-mi"Z area of north-central Miami­
Dade County (fig. I). The resulting conceptual hydrogeologic 
framework i:. critical in the development of procedures for 
reliable l>irnulation of ground-water flow and solute transport 
in the tnple-porosity Biscayne aquifer. This ::.rudy shows 
that development of the method::. U!>ed herein is t.'Titical to 
producing a realistic cycle-ba::.ed karstic aquifer framework 
for the Biscayne 3tjUifer and for lmrst aquifers within other 
pl:uform cntbonate!>. 11tc current effort also rncorpor:nes bore­
hole data from a n:ccmly completed study (Renken and ochers. 

2005) done m cooperation wath the USGS. Miami-Dade 
County Water and Sewer Department. and American Water 
Worh Research Foundauon at the municipal NWWF (fig. 2). 
That ,tud) a.~s'>ed the tr.m!.port of palbogeoic protOzoa 
within the Biscayne aquifer and ~.:xamined the importance 
of ~Lr:Uning or liltrotion mechanisms that could impede their 
advective mvvement. 
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Figu,.. Z. Study area '" Mtame-Oade County showing locauon of maJOr canals and levees, Northwest Well field, Old South 
Dade LlndfiH. and test coreholes used'" this study. Astansk mcltcates that some test coreholes are grouped mgedler at lhe 
same location, and panJy or fully penetrate the Biscayne aqu•fer. 



Purpose and Scope 

The ~ of thh repon 1\ to document tbe <;e(.'Qnd 

ph3)>C of the tud). wh1ch apphe\ cyciOl>tr.ltigraphic concepts 
ro a da~ab:be that mclude borehole--geophysical logs.. core­
~ple analyses. mollu'-Can :md for3miniferal paleontology. 
and borehole-flowmeter me:buremen~. Specifically. th1s 
repon demon!.trate how carbonate cyclostratigraphy wa:, 

cruc1aJ for defining the ~patial d1. tribution of porosity, 
permeability, and Storage withJO a triple-porosity (matnx, 
touching-vug, and conduit porosity) kana aquifer. 

lntcgruted analy~is of the database resulted in delineation 
of venicul lithofacies successions. deposi tional environments, 
porosity, und permeability of the Pleistocene karst limestone 
of th..: Biscayne aquifer in th..: context of a cyclostratigraphic 
framework in nonh-centrul Miami-Dude County. Florida 
(tig'>. I and 2). A high-resolution cyclostratigraphic model h 
u-.ed throughout the enure thicln~ of the Biscayne aquifer 
over a wide area to select con\i!.tent correlable ground-water 
tlow 1one!>, diffuse tlow 10~. and zones of leaky. low perme­
ability in the study aru. That part of the: Bi:.cayne aquifer 
1111.:luded 10 the upper part of the Pliocene Tamiami Formation 
by Fi'>h and Stewan ( 199 I ) i-. not a major focus of thi study. 

Description of Study Area 

The :.rud) area ofCunnmgham and others (2(}()4b) w.c. 
the approx1mate extent ol the 8IJ·m1' Lake Belt area (fig. 21. 
an up to 6-mH'ilde reg1on that o;eparote:. urban Miami-Dade 
County from natural \\etland-. of ENP and Water Con~r'\:ltion 

I\ rca CWCA) 3B. The Lake Belt area primarily is u.'ied for rocl. 
mining and public-water :.upply and a:. an environmentally 
protective freshwater wetland (Miami-Dade County Lake Bell 
Plun Implementation Committee, 1998). The current effort 
cxpunds the study locale of Cunningham and orhers (2004b) 
southward by about 1.5 mi or 6 nHz. (Compare fig. 2 in 
Cunningham and others (2004b) Wtth lig. 2 in this report.) 

Previous Studies 

The goab of thi'> stud) have bc:en addres:.ed b} a "ide 
range of srudie-; that encompa.'-'> d1fferen1 geologic disc1phne ... 
The di cipli~ include tho~ th:u characreri7.e: ( I ) ground­
w·ater llow in the 81scayne aquifer. (21 \ariabilit} in poro ity, 
permeability. and :.torage \\ithin the Bisayne aqujfer. and 
(3) the: hydrogeology of the Bbcaync :«Juifer or t:he phy,jcaJ 
propen u!'> ot carbonate '-lntta u~mg geophy~ical metbo<b and 
other technique,.. 

Numerous stud•e~ that ha\·e in,e:.tigated the prel.encc of 
low·perme..tbility z.on~ 111 the BI!>Cayne aquifer ind1cate the 
e~u,tence ol one or more ~emtconlinmg units. The presence of 
low-pemleability 1ones near the: lOp of the Biscayne aquifer 
wa'>lin.t suggested by Klem and Sher'\vood (1961). who pro­
po,ed that two thin layer\ of dense limesrone retard downward 
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infiltration of urface water in WCA 3A and WCA JB (fig. 21. 
callloing n high head dilterenual aero~ Levee 30 (L-30) :u 
the edge of WCA 3B Cfig 2) Se\eral studies t:hare"-aluatcd 
permeabtluy from the top ot the Fon Thompson Fonnauon 
to the ba.-.e of the M1am1 Llm~tone p~t.ed evidence for 
a dense low-permeability umtthat ~pans thi zone: some 
repon' also Identified other low-permeability units limttlllg 
ground-w:ner now \\ithm the B1\Cayne aquifer (Shinn and 
Corcoran. I 988: Guanhario, I 996; Brown and Caldwell 
Em 1ronmental Engineers and Consultants. I 998; Cunningham 
and Wright. 1998: Genereux and Gaurdiario. I 998: Kaufman 
and Switanek, 1998; Nemeth and others, 2000: Sonenshein. 
200 I; Cunningham and othef!'., 2004b, 2004c; Cunningham 
und others. 2006. in press; Krupa and Mullen, 2005). 

Along the Levee 31 W Cunni utthe eastern boundary of 
ENP. borehole-nowmeter mca,uremenL~ by Guard.iario ( 1996) 
'>howed that the low-pem1eability unit spanning the upper Fon 
Thompson Formation and lower Miami Limestone (fig~. 3 
and~> ach o.s a semicontinmg unit, supponing venical head 
diffel\!nce-. and re tricung the venical mo..,ement of water. 
AI a nearb) ite., canal dr.twdown e'<periments were u'ed with 
borehole-flo\\ meter measuremenh to e. tablish a high-resolu­
uon hydraulic conductivity profile of the Biscayne aquifer 
(Genereu'< and GuanJiario, 1998). Re:.1.1lls iocficat.ed the pre_,. 
en<.:e of a low h}draultc conduct!\ II} 1one at the top of the Fon 
Thompson Formation (Genereux and Guardiario. 1998). \\h1ch 
pl'e\umabl) b equl\a.lentto the IO\\ b)draulic conducuvity 
1one that 'Pan' the upper Fon Thomp!>on Fonnation and lower 
pan ot the Miam1 Ltme~tone 111 north-cenlnll MiaJnj-Dade 
County The Tone al o ha\ been Identified as a semtconftnmg 
utili ut the Old South Dade L.!ndlill (fig. 2) in Miami-Dade 
County (Shmn and Corcoran, 1988: Brown and Caldwell 
Environm..:mal Engineers and ConJ>ultants, I 998: Cunningham 
:md Wright, 1998). Vertical head differences meas uJ-ed by 
Soncnshein (200 I) indicated thut this zone can restrict venicul 
11uw between surface wuter and ground water in the wetlands 
Wt:\t of L-30 in Miami-Dade County (tig. 2). Recent ground­
water simulations b) Nemeth and others (2000) along Levee 
31 N (L-3 1 N) and Soncnshc:in (200 I) near L-30 have modeled 
thl\ 1one a., a IO\\·pem1eab1lity unit. Thi:. low-permc:ability 
unit and a deeper un1t are 'ho\\ n 1n cross section and a three· 
d1mensionaJ conceptual h)drogeologic model of the upper 
pan of the B1scayne aquifer (Cunningham and others. 2~b. 
platt.\ 1-5 and fig. 39. ~pecuvel)) throughout mo:.t of tbe 
Lal.e Belt area. 

Cunnmgham and other;, (200k: 2006. in pre:.:.) mapped 
'>c\c:ral IO\\·permeabilil)' unit:. throughout the Bj:.caync aquifer 
along L-3 1 N and in a '>m:tll :uu of the J\"\\WF. Cunningham 
and other. (2004c) aho pn!..ented e\ idence for venical head 
diiTerences between three lOne~ of h1gh permeability "1thm 
the lower, m1ddle, and uppennO'>t pan of the Biscayne aqu1fer. 
providtng ev1dence for the retan.tauon of venical leakancc of 
ground \\:Iter in the uqu1ter ttl two or more levels. Cunningham 
and othen. (2006. in pre).S) and Renken and ot:hers (2005) 
conducted u forced-gmdient convergent tracer test using 
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Figurel Relaoon of geologic and hydrogeologic unitS of the surf1cial aqu1fer system across central Miami-Dade County 
(modtfied from Reese and Cunmngham, 2000). 

Rhod..1mine \\'T ami l.kutcruh:d wuter and made borebole-lluid 
temperature unJ llowmcter me;huremenl!. .:11 3D obsena.uon 
"ell. Rc,ult' '>tn•ngl) ~uggc,lCI.Itllllt t:mund \\:lli':r m the 
Bi~-u) oc aquiter in the ~a ,~r the wclltidd prefereno.aJiy 
rtlO\t:S ;aiQng ~r:tiJionn 1une-. of toth.chtng·nJg po~n). 
t)I"'ICllll~.the!oe 1.on~ arc luc:&ttJ :lithe b.t...e oftug.b-lrequ~ocy 
~;)de,., wht~;h can he rtlliPflC'J an thnee dimen:JOib. Krup:a ami 
\l ull\!f!C~OII5J ~o;entCI.I a llet:saltJ b)drogeologic swJy ot 
the lo\\ -pcrmcabahty unatthat '(la"' the upper Fort TbumpMtn 
F11nnauon :.mJ lower Maame l.ame-.aone. 

Many recent tudie ha\e \C:nfieJ that digital electroni~ 
amage., of borehole wall-. c-an be u....erul forqu:mtifying vugg) 
pot"lhll) (Ht'-'lC}. IWJ: l\'c\\hcl1) anJ other... 1996; Hurle) 
and \lthcr-. IW1(: 19991 in pctrulcum re-en·oarsand fr:Ktu~' 
m uqualef') (\\'illt;un., :&00 Juhn,c-o, !11001. B) qu:unif)tng 
'u~!!) pormit) in t1orchole tm:sges, tbe:.e researc~ ~re 
:.&blc to il.knlll} tluid·lluw Nne .. Cunrungb:uu anJ others 
12t}O.l;t) reponCI.Itn llcwtllhc de\ell)pmenl or a method lor 
qUOtnltl) tn,g \U~g)' l""ll\hll) ~en in dJgatJ..I borehole im:Jlles 
1.1f limc,.ton~ in the Bi...::t)ne aqualer. Cunninglr.Jm ami olh~l" 
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Agure 4. Correlation ol ages, formations, stratigraphy, and hydrogeologic units of the Tamiami Formation, Fort 
Thompson Formation, and Miami limestone from this and other studies. 

C2004b. 200·-k) abo pn:~enrc:d numeruu' digital borehole 
tmage' from thc: Bi'><-"ll)ne aquifer. whtch wc:re used 10 calcu­
l.lle the percentage ol '>Ul;J;)' poro,it). 
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Methods of Investigation 

A mui!JdJ~Ipltnary approach Wll'> u'>Cd to cbaractenze 

1he pvre 'Y'tem within a 9dic hydrogeologic framework' ot 
the enun: Bi..cayne aquih:r. Thi' approach invol'>ed inte~rallng 
data fmm con: anal)~' and borehol~-geophysicallog:. and 

'"'"' ')Cio,'tr.ttigrJpht~ a.nd paleonlologic analy:.es. 

Drilling, Well Completion, Core Analysis, and 
Borehole-Geophysical logging 

Twency-l'i\c conunuou~Jy con:J v.ell-. that fully penetrate 

lhe 81'o4'a) ne :J&tUIIer fonn the lountbtion or lhi' tud} ( t:lble I 
;anJ lig. !J. Olhl!r pannll) p.:nc:tr.uing \\elb {fig. lt from 
.,tudies b} Cunnmgh.tm and ~.>thc:t\ (2004b: lOOk; :!006. 
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in pn:v.l \lien: u..ed 10 .. uppon ol•ntc:rpn:tauons. In 1998. tbe 
~lhiOU·O.uk County Water .md Sewer Department directed 
1he dnlhn~ ol 3 ol the: 25 \lidb J$IC'I coreholes adjacent to 
pnxlu~tiun welh S-J 168. S ll69, and S-3 170 at the NWWF 
Uig • .!). The: l.. SGS 'uperve..c:J the dnlhng of the remammg 
22 \liclh Foor \licll' "ere drilled u:. te'l coreboles CG-3671. 
G-3673. G-3674, :md G-l675J•n 1998 b) Cunningham and 
other.. (20C~bl 1\lm t~t ~orc:hoJe, tG-3710 lllld G-31 II 
loc:-.atc:d ahvul I mi ea't ol the Mutmt-O.ide-Brow'lU'd/Penru.u ... o 
C.trusl Uig. 2). were ~omplc:tc:J in 2002 Another two of the 
25 well were completed tn 2003, une :!!> a monitoring "ell 
tG-.17721 anc.lthe other a' an lllJc:dum well (G-3773): both 
wc:ll' were con~tru...tec.J fur" tra..:c:r ' ' Ud) CCu.n.nmgham anti 
nthc~'>. 2006. 1n pre,~. Ren'-c:n und others . .!005). Se\en 
tc't corchole CG-377!1, G l779. G-3782. G-3783. G-3784, 
G-37!(8, unc.l G-37891 wen: c.lnllc:d in 2003 on lop of the L-J IN 
bc:rm ur :alun~ 1t' ea't ,jJc: (Cunnin~Mm nnd others. 2QO.kl. 
.\n 34klt1Jonal o,c\en te-l '~N"chok' (G-3733 and G-3790 10 

G-3795) wet'\: '-'<lmpletc:J bc:tWL't'n l.ue 2003 and earl) 2004 . 
Tc't ..:orchole G-3733 wa., ongm:tlly completed in t.bc m•ddle 
r:m ot the 81--ca) nc uqu•h~r ~Cunn~ngh.1m .md oc.hl!r... 2~bl. 

but n:Jrillc:J ~-. tully pc:nctrultn! til< Bi..ca)'ll<! aquifer for thi' 
'tUI.I) . 

Conttnuou'l) l.lnllcd '\ 4 10 -l.ltameter cores from the 
l'tlur tc'l cnn:holc:' CG· '\671 G l673. G-367-l. and G-3675) 
that lUll) pc:nc:trJie the Bt~.lyne lUlU• Ia Jnd complet.::d •n 
I 998 wet'\: cullectcc.l u"nt J \\ treline c1mng method to the 
mtal depth ul each te'l cnR:hole. C•lntinuoosly drilled +­
m.·t.h:~mctcr con:' were collcdcd fmm the rnjection tG-3773) 
.Jnc.l mun11nnng (G-37721 \\Cih at theN\\ WF using the 'arne 
"'irdim: coring mcchnJ du\\n to the tir.t depth that \JUaru 
... and' wet'\: JlCilCir<~h:c.l, the rc:mummg Lleplh'> of both "db 
were.: then c.:o~d U'>rng .1 'PIIl·barrd 'ampler and standanl 
pcnctMrun tc~l (SPTl methodology (Shuter and Teasdale, 
19!19). /\II other te'l corcholc~ drilled uru.Jer the supervil.ion 
nl thc USGS (G-37 33, 0-177(), G-377 1, G-3778, G-3782 w 
G-17!14. G-37!!8 10 G-3795! were ul'lllet.l using a conventi tJnul 
hyuraulic roral) cunng methtKl wnh frc-;hwuter ru. a drilling 
llu11.l (Shuler ami Tca,dalc:, 11)89) to a depth where quarv 
"""h \\ere r1r.t encuunh:rel.l. thc: rcma1nmg Jeplbs of ea~;h 
h!'>l corc.:holc \\I!I'C thc:n dnlh:d u'mg a 'pitt-barrel ~pier 
and ~P1 rneth~)l.)olug)' liable II The e'cepoon \\as well 
G-377'111ig. 21, "htch was drilled unly u .. mg the comentionJI 
h),lr.tulu: mtary C11nng method co :a ~~~on depth when: the lir.t 
quJn.t ,antJ, \lici'C encountc:n:l.l 

Sc\cnteen ~~~'' c:urchutc, chat I ully peneU':lle the Bto;caync 
aqutkr anti drilled under the: \U(lc:f'\ htoo of the USGS wen: 
ct>mpletc:J ~., o~n-hole \trocrgrJphtc lo:M.' w •th 3 short length 
ol nhd pol) Vtn) I 'blvnJc tPVCI Cot\rng ill the uppermo~t pan 
uf ahe \\CIIIIablc: I), The: munnonn~ \\ell~ <G-r-8. G-3179, 
:md G-J7~S~ 1 th:u lull) penetrate the 81-..ca) ne aqwfer on top 
ol the L-l I • bc:rm \\eR: cumplcta.l with 2-io.-diameter whJ 
P\"C with :a 2-tt-long screened •ntcf'\'lll in liiJlQtone of w 
8i'4-'11)ne quilcr ur unJc:rlymg ~mtconfi.nmg unit Cfig. 31. 

Th~ IOJC\:11011 cG-H7 \) .mJ OlllOilOnng (G-3771) \\tlb .tithe 
flo\\ WF (lig. 2 ami tJhle I I \~tere 'o.>n,tructed '"itb olid PVC 
ca\lng I rom land '>Url.u;;e tu near the•r b~ and with an open­
hule mterv.ll ;~c therr ba..e. The three lc~t coreboles (S-3168. 
S·' 161J. nl.l S-3 170) drilled ne,cto proc.luction welb at the 
flo\\ WF (lig 2 and whit I, \licrc :.ahanc.lonc:d after~ were 
:acquired 

Geoph):o.h..-allog' wtrc cull~cc:d to all12 w=elb Capp. f) 
l.ltillc:d umler the 'Upef'\ h1un tlf the LSGS. but no log~ w tn: 

~;ullectcc.l•n the re-t con:hule. udj>acentto production well 
S-liM S-3169 anJ S-lJ'70(tig. 2l The rypesoflog col· 
II!\: ted b) the: LSGS mduJe the IOIIll\\ rng; clcctromagoctic 
llldU\.IIUn. three-arm caliper. lwrchole-Ouid roisth rl.) and 
tcrnpero~ture. full wa\elonn 'llntC. heat pulse and pinncr 
lloMnc:ta ALT OB I-40 Mark 1111"1 di,;Jtal opticnl rete' Jc\lier 
tR \AX1 ' 1 Borehole: lm:tsing Pnk:e-.~mg S) rem (BIPSJ 
t.htptal npuc.tlteh~\ 1cwer in the G-3671. G-3673. G-3674. and 
G-3675 11:'1 "-orcholc.. only). and L.a\;si'N \;deo (e.xa:pc for the 
G-'3671 , G-3673. G-3674, :md G-'\6"5 tesl cordn>lol \'ugg} 
ptlro:.ll} log' tCunmngham and other. ~()().b) also \lien: 
created lor c<t~h oil~ well' h>gJ:!ed b} the t:SGS. 

lo con .. trud b)Jrogcologt ... cro -.«uons, dau from 01nc: 
ce .. t utrchole' that on I) pan I> penetrate the Biscayne ikjUiftr 
al'><l arc mclut.lec.l m 1h1-. \ tUd) cG-161J6. G-3720. G-3723. 
G-3725. G-3728 G-HJO, G-37'\ I, G-3732. and G-37341. 
Cunnrngh,lm and others c:!O<~bl de!>eribe the dew Is of the 
drillin!l. cttmplt:tiun, and geoph}~k":lllo~ing for lhe-.e test 
core hole~ . 

Fur thr .. \lUll). un analy'" "a.' conducted of core '-lmpk' 
Cell her '\.+-. ur 4.0 in. dt.uneterl obtamc:d from the 15 \lielb 
that tully Jl'!netr.ue the: 81\CJ)'IIC: uqurh:r tu the srul.ly :m:a 
(hj .!). M o\1 ul the core ,,,mplc, \licre slabbed anti w.ually 
.ullllyt.cd u"ng" I OX-magnitic.:ution hand len. and binocular 
mtcro~copc. Stundunl trun, nuttcu-llyht petmgrapby wa:. u~ct.l 

tn cxanlllh! 215 thi n section~>. t'orcs and thin sections were 
unulytcd tu help determine lllhul'ucic!>. vertical trends in litho­
facte\, 'cllimcnt.1ry \tructure ... cycle boundaries, and nl>ses-. 
ho\\ lcature'> lutcn•lly vun..:l.l .tnd correlmc:d. Lithofacie:. were 
c.lchnc:d hy allodu:m type,, fubnc • ..edunent.ary tructure,, 
b<dc.lrng type .• mt.l dtagenchc feature., U.'lrng a combination ol 
c:la"tlicauon ..chcmc .. ant.ltc:munolog) trom Dunham c 1962!, 
Ernhry and Klo\oan ( 19711, and Lud.1 ( 1999). The rock c.:olur 
ol l.lry ")1'\: \Jmplc' wa~ n."ConJc:J b) comparing them to a 
Mun,ell rod.-color c.:hMt (GtologK..tl SociCI.}' of America. 
19\J 11. Core L•oornh>ne,. I"' , me<burcd hori:zont3land 
\enit:JI permcabtlity, pum,ity, und grain den\lt)" of 167 whole· 
'ore ~mple' colla:tc:d lmm U \lidh lapp lll. All conunuou' 
cure~ colla:ted lor th" 'tud) wen: an:hhc:d utlhe USGS 
f:tonc.l:a lnle¥r..tled ~ ICnu: Cc:nter r,,. w~ter and R~uraiiOO 
Stuc.IJcs CFlSC-\\ RS11n f\1n LoiuJc:nille. Fla. Rebuon~ 
bel\\etn luhol ..... •e. o~nc.l pctmph)~Jc.:al prupeme:. poro:.tty 
unc.l pcmlellbiltt)) ~eR: a'!><!'sc:d u'mg methods prescnbal b) 
l u~ta II '195; IIJCIIJ I. 
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Table 1. List of all test con!holes dnlled during this study. 
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Table 1. list of all test coreholes dnlled dunng this study (Conunuedl 
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Table l . list of ell test coreholes dnlled dunng this stl.ldy.(Conunued) 
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Collection of Borehole-Fluid Flow Data 

To JeluK!ate borehoh:-lluuJ 11''"' 10 the :.rudy are.~, digital 
upt1cal borchule ima~e,. c;OIII(lUicd 'uggy pol"<k>ll)' data. 
caliper data. boreholcHlO\\ meter c.Jata. fluid-conducti"ity 
\l.at.1. and lluiJ-teml>'!rature d.at:t "ere cvllected for chi.-. 
,tud) 1~ d3u \\.ere measured "'uhin uncased open-hole 
tniCf\':lls an ce,c corehule~ th.\1 full) penetrate the Bi~}ne 
~u1ler. Otg1ual up11cal bon:h1llc: 111\.lt;o. compmed \"Ugg} 
poru:-.11). and caliper lug:. \\.ere u~lullor ..elecriug candtdalC 
h1~h-pcrmeahilif) zunc:' \\-here lluJd j, flowing into or oot of :t 
bon:hule. Borehole: llO\\ mete!" "ere u...ed co measure vemcal 
tluw \\ llhin Q '>lllgle well, all\J the d.lta \\ere used tO idenllf) 
urea~ ul intlo" or uutllow co or from the borehole. respec­
tl\dy. D11fc:rencc~ an hydro~ulic head bel'loeen rwo tr:m,ml,,ive 
h)ilitl~eoiOI:II; URih produo.:e \CriiC:uJ flow \\ithin 11 borehole, 
• hich wa' mea,ur~ u,.mg 'emcal llo" meter logs. Ground 
\\utcr enter> the bvrehole 3lthe untt With the higher h¢:1d and 
llo", t1J\\Oll\J Ufld tlUt ol the bore~1le 31 the umt "',lh the lower 
head lithe he:Kh ol dillcrenttran,mi~i\e zones are 1~ ,;une, 

no \cnacalllu\\ wall oc..:ur in the bon:h~>le. 
Euher 3 he:u-pulsc:: flO\\ meter. '>pinncr flo~mder. or both 

\~.ere u..cJ to rnea\ure \enic-.al borehole !!round-water flo\\ 
under umhaenl borehole c.onJauon-. in rhc: wdb drilled under 
'U(lCI'\ i'ion b) the LSGS The u~·c.urnC) of the he:u-pul'l! 
llu\1. meter me:l'.urcmenl' 1' limned tx+c:au\C of me urn:eruunl) 
cvncenung the amount ul fluid tlo\1. b)p3.,\ing the flexible· 
dt\k dl\c:ncr on lhe llu\\ meter I PaJIIel. :!004). Cunningho~m 
1md ocher.. (ltXI6, in pre~.,, dt-.cu''\Cd meoc.uremenl!> ac~uired 
"ath un dc~lrum.agnecu: llo\\ meter at "'eJb G-377:! and 
G·377.l an the N\V\\ f· Cli • ll 

lug' ul lluatl cundu~;th II). the rccarrocaJ of fluid re~j..,. 
ltvlly. con be used co ''"'c'' change' 111 concentr.uion of dj,. 
\olvcd sohtb an the borehole lluuJ column (Keys, 1990). Fluid 
comlucllvtty lug' were u-.cfulw identify nrens of the borehole 
thatpruducc or receive wmcr. lntcrvab of the borehole where 
there "inlluw ur uutllnw can be atlcnu lietl by s harp changes in 
burch,,le 11UJt1 contluuavuy. Samilarly, borehole-fluid tempera­

ture lo~' can be u'elul for delineation of zones conrribuung 
\later 111 (ur l,,,,ng \\atcr lrum) the borehole by linking ... harp 
change~ an 1\:mp.:r.~ture en the~ ullel'\al' of inflow or outtlO\\ , 

Fluad·tcmp.:ro~tun: lo ''· "lu:n u~ "uh flowmeter and fluid ­
c:ondu~o: ti\ acy Jal<l 10 de line the num:ment or water through the 
\ldh, be't allo\l.ed ttlr dehnc.auun of mlei'\·:Us with inflll\\ or 
uutllm.o, lmm the borclwh:; thu\, the~ log:. provide infomlJ· 
IIlln un loml.ltiCJn ~rmcabahty. 

Flu\~. meter daiJ "ere u~J to ob .. el'\c \enical ground­
\l.utc:r lhl\\ ualJ.:r C\i,tmg h)druuhc ~:onilition~ in 16 wclh 
dunng :1 p.:nuJ lrtllll December !0. :!OO!, to April6, !OOJ 
~~ taun:Jr) ~t-pul'iC llu\1. mct.:r mea. .. uremencs "uhm the 
arr c....tvne olthe Bi~~> ne :tlJUII<:r \I.Cil! obtained from \\.db 

G-'n71 . G-1733, G ·3170. G-.1771. G-J77S. G-378!. G-37S3. 
G-37 ·4, unJ G-J7HM cu G-3795, 1100 pmnc:r flowmeter mca­
'uremcn" \Oo-ere c.·ullc~otl!\.llmm \~.ell' G-378!. G-3783.G-37SM. 
G· H!N. G-.H'Xl. and G-J7~2to G-371J5. H~-pul-.e Oo" ­
m~ccr meo~wremc:nh \\ere ullemptcJ 111 wclh G-ill! anJ 

G-J77 ': ho\l.~o+vcr. IMh "elh are \1. ithin the West Well Field 

and llO\\ \Cloctue' \Ooc:re haghcr lh311 lhe ~lution hma" of 
the: nuwmeter (0.03 10 1.0 gallman). 

Auid·tcmper.uure. lluid....:ondu~o1i\l~. and ilowmeter 
OleibUrcmcnb \ICI'l! ~unJucted tn 13 \\.db for which~ 
ynopcic or ~~~i-') noptk m~ ... uremcnt' "ere collected ft•r 

tlo\\ meter J.ua. c.oaw.lu~tavity. and tcmpcr:uure. Synoptic dOltll 
were me:hured un the: -.;arne dll)', :md ~ua_\i-..,)'-nopric d;ua \I.Cn: 

o.:ollc:cced '-'lthan a pcri,ll.l ranging hom :!to 8 day,. Boreoole· 
1lu1J und lluad·tempcrature log' are reponed for a penod 
trum Man:h 28, 2003. to Apnl6, 2001. Flui<k-onducll\il} 
and lluid-tempcracure lug' \\ere collected from welb G-3671, 

G l7JJ. G-3770. G-3771, G-3778. G-3782.G-3783. G-3784. 
.1nd G-37HK to G-3795. 

Molluscan and Benthic Foraminiferal 
Paleontology 

T;a.\llnom) ol mollu,~~ unJ for.~minifera from sel~ted 

hthola~oies wa..' deccrmu~c:J to .. .,,i,t in in!etprelation ol 

paleucn' arunmenh Mollu'l' tmm 13 c.ore s:unple:- obtained 
lmm the te~l corehvlc' udJJCem to the S-3168 and S-3170 
prtl\Jucllun welt.. Clig. 21 "ere prepared and identified at the: 
L SGS Paleuotolog) Lu!l(lr.JIOIJ an Re,lon. Va. Core !'>.unpk~ 
\\Cr..: ullltJII) c~:tnuned unl.lcr :t bmacular microscope to 
ob~l'\c: Jaa~no~u~ c:harJ,ten,tu.:" ollhc moll~n taxont1my 

anJ co compare: the: -.ample' "nh tho'<: from pm iou:. "uJ•e~ 
!Mamlielll. 1939 QJ..,on und Harbiwn. 1953; DuBar 1958. 

01\\tlll .uul Petu, 19M. \bbott, 1974. Portell and other... 
IIJ921 Where .lfl(lrtlflrlilh!. d.t} '4uee1e~ or latex C'.J.Sll> v.c:rc 
made ol the mullu\C:m ml)hl\ h.l a ad an their idcntilicauon 

Mnny mullu,can '>l>Cc.ic~ prc,cnl m the Ple istocene unit' of 
\IIUihcrn Florida nrc extant or rcpre~..:nted by close rdatiw\. 
thus. living ruunu urc used to 111terpre1 ptlleoenvironmentul set· 
ling~ . Puhllcution' hy Pe rry und Schwcngel ( 1955), Warmkc 
ami Ahhun ( 19621. Abhon ( 1974). Andrews ( 1977). and 
Bn:w\tcr-Wm~anl .Jnd lllhcr.., (2()()1 I '>Upponed paleoenvaron­

mc:nt.al uuerpretatwn,. 
Bent hac torum1ntlcr.1 wen~ adc:nufied to the genu'> le\el. 

where flO"tblc:. lor 21 S thin '>«lion' Se,cn biofacae~ were 
rcc:ogniteJ. une \~:&' di,langul\hetl b) th abseocc of benthac 
loramimlera. unJ ,j, were cl.t'>'>tlicJ b~ on d:u.a from Bud; 
anJ 1>1hcr> 1 IIJ71 1 and un biolacie., .. u~ge,ccd by Poag ( 19K II 
adapted to than ..cctinn un.tly-.i, . The da.'i'lfication ot biolat:ic, 
b) Poag 1 19811 i, ha..cd un the: predomin.tllt gener-.1 of bcnthk 
luraminifcra pre...cnt in u \Oimple. Poag C 19811 sugge:.ccXI 

COUilltng 200 ll.> 00 free: '(l<!l!tmcn' 10 e-.wbli£b tbe prt..\CnCC 

uf a p.utacular brufac.:~~ ho\1~\l!f, the number of rccognmahlc 
genera ID --ampks uscJ hen: 1' -.ub-.canu.tll) les:.. thtb. rhc 
inccrpn:teJ a"1gnmenb ot haofxaes :are -oml!'ltwl. -.pccul.1-
ll\'l! . l>.1ta pn:iCnted 10 Bod; anJ othel' (19711. RO'e anJ 
Lad1 (IIJ77l, Puorg ( IYKI1. nd l.u.ll ut1J Ro-.e(I989J ::udcd tn 
the inlcrpretallon uf paleuen\ 11'\lnmenwl conditiolb b:bed on 

rununmller.tltaltonom). 
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Multidisciplinary Approach­
Characterizing the Geologic 
Framework of the Biscayne Aquifer 

Ltth~nmgr:aphy. mollu'4:an .md tor.unmJferaJ p:Ue­
ontulog). hth\tlacic,., lkpo. iti n.:al em ironmerus. :md cyclo­
'tratJgraphy were used to define J unique geologic f~orl. 
for the rtll.;k:o. th:ll \.'Offi(">'>C the Bt-.cayne aquifer in north-ccntr.ll 
Miamt·D~c Count). Litho\lruugraph) j., the description and 
y .. tc:mJtic orvan11.ution ot ruck\ :~nd ..edament., 1010 disuoc-

11\ely nJmc:d umh bot'Cd nn the hthologtc char:lcter of the 
rock .. u.nd sc:duncn!S amlthetr 'trJtigr:sphic relation:. (Jackson. 
1997) Mullu'it'an ;and forormnit~m.l paleontology were useful 
1n hdpmg tu e'wbli'h paleoenvironment' nnd e.mironmenu.l 
focu:, , L•thoto~~;ie, j, u mappable !o.Ubdivision b3:.ed on the 
mtnc:r.alOiiC, p.:uugro~ph1c, unll p3le,mtologic c~Jaracten.,tio 
tll roc!.; umJ sedtn1enh (}acl-<oOn. 1997). Depositional environ­
O\c:tll~ un:: (I I£Cll •raphic:11ly rc..tri.:tc:\1 ~ \\here :1 sediment 
ar...--cumulatcs cor h.l\ :KCumul:ucd), (ll tJe..cribed in geomorphtc 
l..:mt,, :wJ (3J.:.h:lr.lC;tcnTeJ b) ph)~ial, cbenrical . .mll bio­
k>gtcal cundttiorh; tor C\:lmple. a ma.Nl. la~oon. or WJIOV.­
rn.'lllllC shelf C)doStr.ngraph) i defined here as tbe an:ll}~i-. 
of <ie\cr.tl-loot-~'llk c.Jc:pus111ona.l cycle... ~fined sim.i1.3rly by 
Ja~ ( 19791 a' up\\anJ ·~hallowmg qt:les <bur herein iocluding 
:aggr:khng qdcs). ;&1\d Jepo,itC\1 on .mctent carboo.:ue -.heh es 
and r:&mp lhen th\1ugh ~,me uf the C}d~ reponed herem h:l\e 
u chrunu .. tr.tttgraphic 'ignitkan~ (Pcrlillls, 1977: Multer and 
tl{her-., ~002: Hi~!.;cy. 20041. "qciO\tr.~tigr:sph} ~is general!) 
u-.cd herem to ~nbc :U\) regular rcpetiuon oflithofacie:. m a 
car'b\mJtc ,ucce"ton (II am' and other'\., 1999, p. 3) and not tn 

the \tricl \CII\C a' t\l "' apphc;~unn to geo<.:hronology as deli ned 
by l lllgcn and othe1' (2CX>4). 

Lithostratigraphy 
Lllholltrnligruphlc unit\ t)f 1111Ues1 111 this study (fig. 3) 

urc ~llnl.linell t n the llbcuym: uquif~r and mclude the Tumiam1 
Forma&um. Allli\IIIM<I foc1rmauon, Key Largo Limestone, Pon 
nwmrm111 FurmtiiiOil Miumt Ltmc:.tone. Prunlico Sand, 
und Lake Flin Marl (Parker and Coole. 1~: Olu~. 
1987: Fhh and Stewart, I 'JI) I I In the present :.rudy area. the 
Bi..c-.a)n~: aqutiC:r ~a' mh:rprctttlto compri..e mo\lly the Pon 
l110mp-.t111 Furm,tllun, Miami Lim~toneT and Holo..:eoe peats 
anJ m.1rh. "The.'c htho truugr"phic umt.. 1100 the uppermost 
fwni;anu Fonnuuon :sn: the: 10\:u, ut thi' tud)'. The htholo)D. 
hmtung elUent, :mJ thtd:ne'" ot htbo...-ra.tigmphic unit:. were 
tktennul\:J b) e\:Jmtn3ltoo ol conunuou..o,l~ drilled ('()(e.'> and 
borchulc-geoph} tc:allog c~pecully digital optic-.1.1 borehole 
1m~~;e~1 . Grnphkal d1 !>pia)~ ut hthoiO!!ic core d.!scriprion~ 
preparetl tur thl) ~tudy ure pn:..enteJ in 3ppendi"t.l 

Molluscan Paleontology 
TI1c '-lrllligruphlc uge ot the Tamiami Pormation ""-' 

u,.,e .. ,c:J m th~: one \Jmple colh~"ted from the rest corehole 
udJ<ICcnt hi wdl fi . l 170 ( tig. ~). ~nJ the paleoem;rorunents 

and \trallgraphi~ age of the Nln Thorn~ Formatioo wac 
cv.aluatalan the 13 s;amplb collected fur moUIJSC3Jl pale­
omolo ') lrorn 1\\u tc't \.'Oreholes adjacent m welb S-3168 
anJ S-1170 ( lig. lJ. The tc~ curehol~ near production welb 
S-1168 anJ S-J 170 \\Cre dnllcJ :u pan ot a :.ep:mue project 
~'<>ndudcd by the Miamt-D.ldc: Water .utd Sewer Department 
10 199M utthc NWWP Uig. ~1: e:u-her. Cunningham and other> 
t2(}().tbJ cYalu<lted addiuon:ll ~pi~ in the gener:tl :.rudy area. 
The \Ubsec.tucnt dt~U,.\IuO:. 'ummariu ~ults from the two 
tbl curehule. ... Jnd appcndi' Ill present:. detailed inform;mon 
on the mollu''-' luunJ 1n 'pcciftc \3IIlplc . . 

Stratigraphic Age and Paleoenvironments from 
Test Corehole near S-3168 

Tile ~mplc' I rum the te,t con:hole near well S-J 168 
con tam te~ dtagno uc mollu~-an :.pc:ci~ Afl of the identi­
ticJ ~pec•e nm c 111 ~c trorn Plicxene to Holocene. 
The in\crtcbro~te a'-scmbllll!e. in the .:ore indicate an outer 
e tu:uine or shallow ~hell p.tleocn\ ironmeru.. with ~alimoe-. 
rangmg tnm\ 25 tn 36 ppt (for c'ample. fig_,. 5A-C oUld 6M. 
Tttrlxl CttftllnC'al (lig. 681 U1kl <htr(l/tum ph~biwrl? todi;:ate 
ttk: pre<;e~-e ol 10e:tgr:a 1n the ~pte., from 56 fi JOin. 
to 56 It 6 1n. and from 57 It .lin to 57 It (Abbott. 19741. 
The unage and tkscnpuon ol ~lcctcd Pelecypod.1 anJ 
G:l'ill\tP',Ja !i.J'C(IC' rc ,htl\\n tn li~~ 5 and 6. respecuvel) . 

Stratigraphic Age and Paleoenvironments from 
Test Corehole near S-3170 

1 he lowcrlllU\t \lllllple (1)5 n 7 in. to 95 ft.) of the tel>! 
cnrclmle ncur well S 3170 M:cm:- to be Pliocene in age on the 
bu:.b of the few nmllosk\ thut cun be po~itively identified. 
'l't!rel>m aclfuit·a hus been reported to be present only in the 
Pmccrcst hcd~ uf the Tumlun11 Fom1mion (Olsson. 1967). 
Cwuatolmmtm·ottlll', a rure and distinctive clam found in 
the o;u111ph:, wu' numc:d from u "St. Petersburg fossil bed'' by 
01\\on unl.l Pclll ( I tJ6-U. howevc:r, the formation wa:. nottden 
ut1cd Numcrou' CH·Itworrliu an: pre~ent in the sample that 
bears a ,tnmg 1\! .. mblan-.c to Cydoc:(lrditl granuluw (Pliocene 
to carl) Pll!"t<x:ern: 01gc1, but the coa.r.c: granular re:uurc of the 
s:unple fli\!\Ciltcll a p1.,III\C identilkation. Chione ~1rnen' 
pre,entm the s:unple du ntll :.<.-em to be typtC3.1 Chit~ne ,~,mul­

lwa, CllO\rnun '" the U\ crl) 1n! so.hmen~ or the core. but bear 
a clttSCr resemblance to Chio11t: prvcanccllata reported from 
the -c"'rullarm 7.une" b) tan tielll ( 1932). Tl1.e.e soamplc .. 
co~ pond to tbc: 10\\ cnnt-.:>1 litholugk samples coll.:ctaJ at 
the G-377' tot CU«"htlle Clig. ll :lllJ -.uggest thai the upper­
mo'l p:~n ntthe 11 mtJmi Formatiun ..ampled m tdt corehoJc.. 
an the ,tUI.I) u.rc:a h equi\':Jient tu the Pinecrc:sr Simd !ember 
ul th.! lianuam1 hmnallvn Oig. 3) reponed as Pliocene age by 
Swn 1 !00 I) SJmph.: I rom 70 It 5 in. to 70 ft :md from 58 tt 
c, 10 m 58 11 4 10 lkt n•ll \:Onl:un 311} moiJw.b that would be 
u'dulan d1 .lingui,tung 11 Plct'>tocene ,·erse:. a Pliocene :~ge. 
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A Ch10n• c•ncfil•t• (linnaeus 17671 External mold 
from sample eoUected It 56 feet 10 anches to 56 feet 
6 mchea m 1 test corehole adJacent to weU 5-3168. 
HFC2c2. 

I Oosm11 sp ct Dosm11 elegans (Conrad, 1843). 
Articulated external mold from sample coUected at 
56 feet 10 mches to 56 teet 6 mches in a test core hole 
ad1aeent to well 5·3168. HFC2c2. 

Nuculsn1 sp External mold from sample collected at 
72 feet S mches to 72 feet 0 mches in a test corehole 
adtacent to well 5·3168, HFC2a. 

D Ch1ons cancelf11t1 (Unnaeus, 17671 External mold 
from sample collected at 52 feet 9 mches to 52 feet 
5 inches m a test corehole adJacent to well 5-3170, 
HFC2c2. 

E Oosm • sp cl Dos n • e egsns (Conrad, 1843). Exter­
nal mold from sample collected at 52 teet 9 mches to 
52 feet Stnches 10 a test corehole adJacent to well 
S 3170, HFC2c2. 

F Oos1nt1SP cf Dostntll elsgans (Conrad, 18431 
Internal mold from sample collected at 52 feet 9 
anches to 52 feet 5 mches m a test corehole adjacent 
to woll S·3110, HFC2c2. 

G-H 0Jvllricslla compssiDall, 1903) External molds from 
sample collected at 52 feet 9 inches to 52 teet 5 
mches rn a test corehole adjacent to well S-3170, 
HFC2c2. 

Ansdora ,,sqtwlitos (Tucker and Wtlson, 1932). 
lnternnl mold from sample collected at 47 feet 4 
mches to 46 teet 6 roches rn a test corehole adJacent 
to well S·3170, HFC2c2. 

J Phaco des (Bsl/uclnaJ wsccamswensts IOall. 19031 
External mold from sample collected at 40 teet • 
mches to 39 feet 6 mches 10 a test core hole adJacent 
to well S·3170 HFC2e2 

I( Anodonti.B alba IUnk. 1807) Articulated eternal mold 
from sample coUected at 40 feet 4 mches to 39 'ee.t 
6 mches m a tost core hole adjacent to well S-3110. 
HFC2e2. 

Rgure 5 lleft). Selected Pelecypod a from core samples. Scale 
bars are shown With each spec1men. 

lllt ~mpl~ lmm 521t 9 in. to 52 ft 5 in. contain' 
n:l:amcl) J1\~rie molluscan f:1un:1. The identified specimen.s 
runge 10 a~:c I rom Pliocene to Hul~>eene. SC\eral specie. 
(Chwne emu C'lluru Uig. 50). Du~inia e~ans (fig. 5E-FJ. 
and P/wC(nJ~s 1/k/ILJhtt·mu) Mucnurw OLtis I fig. 51) h:ne 
been reponed fn1m the: Calooiah;~t.:hce. Bennont. and Fon 
Thvmpson Funnauon\ (lor eumple, DuB:I:r. 19.58; Pocull lliW 
ocher;. 1992). Cun\cN:I}. Dn·ttric.-1/a campsn (fig. 5G-HI 
r:m~c~ on I} lrum Pliocene to Ph~1,1occne. :mJ Turriullo apt· 
nJits lhg. 6C) I'> n:poned only tmm Pli<Xe~ age bed:. pre"-um­
abh rnmt the Cal~llh4hat~.;hee Form:~uon (Mansfield. 1939; 
OuDlll', 19581. 1l1e uccurrence of Tu"itcllo upicolis !>eem 
to re''"'' thi' 'ample: to the Pli01:enc; however. it is pu. sible 
that either the ~mph: ncec.l'> to be reworked or lh~ range ol 
the '>pccie' nec4J, to be c'tent.led. The l;~ner seems prob.lble 
bc:cau'>l! cJ;ai .J reponeJ by Cunmngh3JTI and others (20<»b) 
md1~ale lh~t lb hlj;he:.t occurrence wulrio lhe Fort Thomp~n 
Nlml:allvn 1 en HFC2g3 at te~t eon:hole G-3732. :m occur­
rence pre urn ably well w nhin lhe Plei\tocene (Molter :mJ 
other.. 20021. TI~e U(.~umnce ot Atwduro acqtlilli1Lls (fig 51) 
at 47 It 4 1n. tu 6 It 6 in. w tthin HFC2d 1113) place lbl\ '31Tlple 
in 1he lower Pkt h'll:cne bccau'>e nlus DOl b.xn reponed trom 

llOO\C the Bermonl lormatton (informal) IDnBar. 1958. QJ,wn 

.. 111.1 H:uh1 rln, 19S3: 01 wn anJ Pem. 1961) Tbh uccurreocc 
'uu;e"" the lcm er pan of the Fort Thompson Formation bclv~ 
HFC2J I 1~ould be u"1gned to the Ill\\ er Pleistocene. contrar) 
to a~s1gnment of the f<tnt Th1,mp~n Formation to the late 
Plcl\toccnc: (Scoll, 2001: Muller and othen., 2002). Then: arc 
nll ~:hrono~1rutwraph1c data I for cs;31Tlple. microfo ~i lta.'· 

onurn)) herem hmH!\ er. to corroborate :m e:1rly Pleistocene 
ugc a"ignment Ill the lower Pun Thompson Formation. 

Mo\t mullu-.cun 'pec 1e~ thut occur in the sample~ from 
40 114 in. to Jl) It 6 111 . unc.ll mm 28 ft 4 in. to 27ft rnnge 
m age l rom 111incene tu l loluccnc ( fig. SJ-K and 60-F). 

The cxccp11011 is Urlw jJCJIII(I (llllericmwm (lig. 60 ) in the 
~> ample from 40 It 4 111. to J9 fl 6 ln. No published records of 
li1'>MI cll.:curnmcc ulth1~ specie~ could be found. indkating 11~ 
range need' 111 he e-.; tcmletl. The two uppermost sample.'> in the 
test curehulc uc.IJa~o:ent 10 well 4).J 170 (27 ftto 26 ft I 0 in and 
20 n J in. 111 19 It 6 m.) conta1n very few n:cognizable '>peelelt. 
rungmg 111 age I rum Pl1ocenc ur Plcl,toccne to Holocene. 

fhe mullu'>can 'pi!Cib presen! tndlelte :m outer~tu:annc: 

to ,h;~llow :-.hell pal~11<n\ironment \\lth .t sahnit} range: ol 
25 to JS ppc Bc:gmn10g wnh the sample at about70 lt 5 an. 
lll 70 lito tho: Uf'JI<rmcl!>l ~mple in the: l~l corehole adJacent 
to wdl S 1170 Capp fi ll, the mollu'l."' ateC\idenceof a \Cf) 

,halltr \olllJ) or muddy bottum. Pc1rusrant! mqu~rru com­
mon I} llre founJ nn rnuJNnl.;, anJ ~ (Warmkc: :mJ 

bll<Jtt. 1961: Ahbutt, 1974) "noted in the present \luc.l) 

u.n.J b) Perry unc.l SchY.C:nJ.!cl (1955!, tbe pre!oence of :.e-.lgr:a.'-' 
b uKhc:u~ b) lurbo ccutdllt!a 10 the ~pie from 51ft 9 10. 
10 52 115 1n. The a"embl:at:e' 10 the \3JllpiQ from -t6 h 6 in. 
to 2b II Ill i n. mth.:utc: mt>.ed h:mJ-oottom "-ommuniueo. with 
10taunal ..,.ncJ tlw.cllcr"> (,\ twtlonrw alba. Cndukia orhiculunJ); 

mullu.,l..:. that h'tc '" ur on \p<lnge-.. "-om b. or asc1dians 
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can:•d .... l.ulwpmnel dfllt'riCdiiU/11, \~mJiculuria spirwa): and 
ep1ph)'UC mollusl..' ( J'url~ nwa11~a. M<1dulus modulus. 
Cuitluum 'P·' that imhcatc the pn:~nce of seagra.<;$ ru. noted 
' " the pr.!.~lll '>IUd} :and by Ab~ltl ( 1974 ). 

Foraminiferal Paleontology 

The occum:me of Mr.tllt;raphu.::tlly impon:am fora­
minitUal t.:a.u anJ uther ull('l\:hem.' (mollusk<>. ostraeoJe,, 
cdu noiJ. ... rc:d wg>le. ;,nJ charoph)tc') identified in the 215 
thm -.edwn .. obt.lined lmm che Tami;uni Fonrut.boo. Fon 
Thump..on Fmm.ttion. and M 1.1m1 L1m~tone is pre:.ented in 

mbh: 2. From the~ chin ~""""'· ..even major foraminafern l 
h1olacie\ (cable 3) \\ere ~co~n11ed th.tL :l.l>Sisted in defin1tion 
in depu 111on.11 en\lronmenh. Key toramm1feral t3Xa are 

'h"" n in ligure 7. 

A Turnte ~6 subBnnulatl (Hedpnn. J 887) External mold 
from sample coflected at 72 feet 5 inches to n feet 
0 mchos m a test corehole adJacent to weU S-3168, 
HFC2a 

Turbo castanea IGmehn. 17911 External mold from 
sample collected at 56 feet 10 mches to 56 teet 6 
inches m a test corehole adjacent to wen S-3168, 
HFC2c2. 

C Turntslla sp1calls (He1lpnn, 18861 Enemal mold 
from sample collected at 52 feet 9mches ro 52 feet 
5 mches In a test corehola adjacent to well S-3170. 
HFC2c2. 

D Modulus modulus (Ltnneous, 1758). External mold 
from sample collectod at 40 feet 4 mches to 39 teet 
6 mches in a test corehole odtacent to well S-3170, 
HFC2e2 

E CenthtUm sp cf Certthwm v1cims (Olsson and 
Harb1son, t9SJI External mold from sample collected 
at40 feet 4 cnches to 39 feet 6 mches in a test core­
hole adjacent to well S-3170, HFC2e2. 

Oliva sp. External mold from sample collected at 
40 reet4 mches to 39 feet 6 1nches in a test corehole 
ad1acenttowell S-3170, HFC2e2. 

G L thopoms amsncanum (Gmehn J 7911 External mold 
from sample collected at 40 feet 0\ mches to 39 feet 
6 mches tn a test corehole adjacent to weD S-3110, 
HFC2e2. 

Agurt 61lehl. Selected Gastropoda from core samples Scale 
bars are shown Wllh each spec1men. 

Uthofacies and Depositional Environments 

Lithotac:ie~ und \COical luhot:u:lel> ' uccessions (Kernns 
lind finl..cr. 1~7) are the I \\O prin\!ipal luhost:ratigrnphu .. 
elemenL' 1dentified in chi~ tudy. A hth.ofac•e:. is a lateral 
m:app.1ble \Ubdi\IISJOO ul a tfe,•gn:ued -.untigr.Jpluc unit. w un­
&;UI'heJ I rum adjacent ,UbJI\ ' '' n) on the basi:. oflirhology. 
iocludmg :all mineralogac :md petru&r:lflhlc charaner. .md 
those: r:lleontulo~il! ch.tractc:~ th.u mtluence the .l~e. 
cumpo)ltlon. or re,ture of rhe rue I.. (J:11.:L.son. 1997). A \cntcal 
la1hola1: ic:s 'UCCC:"IOn I~ 01 di,UOCI \t.lek Of Jilhofacie-o lh31 
reconh upward 'halluw1n! ur an amalganullioo of a pel"l>htem 
1!0\ 1ronmc:nt O'> accommud.tr1on fill!> wichin a cycle-scale rela· 
ll \'e \l!:l· lcvel rise (Kcr.tn'> and linker. 1997). Litbofacle~ \\CI"e 

3rr.tnBed mto \ertic.tlluhufacie'l \Ucce ... ions th:u repre~nl 
either upwunJ·,~IIuwing unil"t or un1l\ composed enurely or 
mu,tly ot a cJj tinct hchotacie, re~nt:lll\·e of 3 mgle pre:· 
\:&ilan~ dcpo~itioul ~ ter deprh. A~.meru of -,edimenUll)' 

ch..:lnl<:teri,u.: ... ~d p;~IC\mtulugy of hlhobcies. their \1:1"1lal 

amn1ement \l;ithm \c:nicallu~,facies uccessioru.. And their 
rc:latic.Jn to boundm • ,urtaCI:' ut the: UCCC!. iOib prcx.luced 
1nlcrred maJIIr deP'-hition:~l en\ in,nment:.. 

Lithofacies 

Luhol.u:: 1c., arc the tundament.tl de,crlpti\e rock 
~"ornroncnh of th1~ '>IUd) Sl\11 .. -en luhofacil!!> delineate rhc 
'ic:dlmcntar') roc!..' thai lorm the f'On Thomp:.on Format1on and 
Miami Lime ... lone in the ~nwy >~rea Many of the lithofac1e' 
"'">' be compo-.ed of 11 \Ub,canu;~l amounc of quanz ~nd grn1n' 
<pcnl!rolly lc~' chan 50 rcrccnll In lhl\ cn:.e. ·':>andy" i' udded 
a' u prcll \ lo rhe lachnfacie' cypc: <ln pltlte.\ I to 4. "Touchmg 
vu!!'·" a prr:lh 1o a lithoftll . .' le~ cypc:. refers to vuggy poro~uy 
thut J'urm' nn inrerconnccced pure wsccm (Lucia. 1999). 
T he 16 lithofacies inc;ludi:: ( I ) P"lnid puckstonc and grnin­
'>10 111!, (2) pelo•d wuckc!>IOnc :md packo;tone. (3) Planurludla 
11ui.ll'.tonc und rulh tunc, ( .t) ga'>tropoo noutstone and ruthtOIII!, 
(~) cunglumt:r.ltc, (6JuutohrccciJ. (7) pedogenic limestone 
(lanunatcd ukretc. m.s.., lve c.1kn:ce. and root-mold lim..:~tonc), 
(8) mud,llll~ Jnd wad;c\lon.:. (91 lamin.ued peloid pacbtune 
and .:rnin\lone, ( I OJ 'kelet.d pad.:.,tone and grailblone. 
( Il l corullr.tmc: .. cune. ( 121 peiCt.)pOO noat~lone and rud­
'ihliiC. ( 13) touchmg-\ ug pela:} pod tloabtonc and rutbton..:, 
( 141 \Ugg} \\1h;l..e'"'nc: anJ pa..:k.,tonc:. C 15) quam :.arnhtonc: 
und 'l..elcloal quart1 ~;.~rnhtone. and ( 16) quartz ~d (tilble 4 ). 
Cunningham and orhel'\ ( 2004bl pro\ ide dc:ta.iled 11:..-.cnp­
tiun, tlf mo'l ol the-.e luhol.tdt."S and mferred em ironmenh 
ul derc,r..iuon. although wme hthotacie'. l~nolog> an.J 
~tin111un nl Jepu 111on~l en\ ironment.. are modified herem 
( lahle 4). F\•r e'ampk.l~t,murbtllo lloaL..n>oe and rud;,tone ,., 
• dlkd co the (1n:'CIII rud) . The three pnndpal Jithot:~cie...' th31 
typ1C':lll) rut\e the rc:l;~li\'CI) highe't yidd of grounJ-warer llo\\ 
1ntu Ill' OUII>f \\ellt'll)fl:' lltC peloi.J pao;k._,IOne and gr.WhhlOe, 
lamm•llc:d pelo1d pa\.btvnc unJ gr<~in .. tone. and rouching-vug 
peh:~.:)pl,lf 0UJI\hlOC and ru'hlone. 



Table 2. Occurrence of stratigraphically important benthic foraminiferal taxa and other allochems in selected test coreholes. 

[Sample depth. in feet below land surface. Biofacies I. forJrninifera absent (commonly contains smoothed-wal led Ol>lnlcods. commonly together with &Mtmpods): biofacies 2. Ammonill predomillllllt: biofacies 3, 
l::tphidium predominant: biofucie:. 4. miliolids predominnnl: biofncie& 5. nrehainsinid:.. soritids. and pcneroplids predominant: and biofacies 6. amphiste~;inid~ pl'l!domioalll. Annow.tion~: X, present:?. presence is 
qu.:stionnblc: X. prctlominuntlbraminifcrullllXa: IIFC. high-frequency cycle: TF, Tnmiami Formntion: forums. for.uninifcrsl 

local 

J I wall Sam pit • I I • 
HFC/fm Lithofacits 1 .:~ .1 

lh idtn- dapdl J ·!!I.; .f 
:9 :::::::~ •:@ 

titltt : :I.;JJ ljf~ J-( .1 I • 
J It 'ii -!!]~=-~~II If • -- i== :. I! i i -- • .E ! -~ llli!_ !~ _i &&A. ii - I .;~.~~at .Ia~ 

G-3678 23.4 IIFC3a Planorbcllcl nom.mnc/rudstone I X X 

24.110 IIFC2h Mudstune/wsckeston..: 1-2 X X X 

33.3 IIFC2!l3 Mudsh:mc:/wilcl:ei~tone 1 X 

G-3679 15.6 IIFC3u Mud~tonc/wuck~tone I X? X 

27.1 IIFC2h Mudstone/wuckcstonc 37 X X p 

35.7 IIPC2ll3 Mudstone/wacke~tonc I X X 
0-3681 14.9 UFC3b MudMone/wuc~tone 2-3 X X X X 

0-3683 13.1 IIFC4 P.:lold wack~:Swnc/puckMonc - X 

0-Jf\1!4 16.0 ILFOI Peloid wuck~tone/pnckl;tone -
16.4 IIFC4 Peloid wock~stoou/puck>tune 5 - 1- 1- - X X X 
17.-1 IIFCJb Mud~ton~/wQckcMone 2 F F X 
19.8 IIFC:\b S~ulctul puckstonwvuinMonc s X X 
22.0 IIFC3o Mudstone/wucke&tnne 1?-2 X'! X X 
23.2 IIFC311 Pelecypod nouL,Ionc/rud'<t0110 s X X 
27.2 IIFC3u Pelecypod lloat~lone/rud~tone s X r- X ..=.=.. 
30.7 IIFC3u 'nluchinj!-vug p.:lucypad nomMone/ruuMnnc . X 
31.5 IIFC2h Skclctul oac~tunell!l'flilllitone 5 X X 

G-3685 28.5 IIFC2h Skctctulpuchtone/J!roinstone 1'/ X 

0-3687 14.2 1WC3u Mud>tonc/wucko:~tone 4-5 X X X 
15.5 HFC3n Skeletal puckMone/gr~~inMone 4-S X X 
16-!i IIFC3a SkeletUI packstonc/gt'JinMonc 4-S X X 
17.5 JIFC3o Skolcllll puckstonc/~iostonc 5 X 
18.!1 l-lfC3u Touchiog.-vug pelecypod nou~looc/rud~tonc I? X 
21.1 IIFC3u P/auorlJella Oout~UlnelrudMom: - X X? 
24.1 IIFC2h Skeletal pucli~tone/gruinStone 2 X 
25.6 lii-'C2h Pelecypod tloutstonc/rudstone 2 X 

0-3733 49.94 IIFC2c2 Very .undy pelecypod nom.tune/rud.tone 4-5 X X 
53.28 IIFC2c2 Skeletal uuanz sand~tone 6? X 

G-3770 71.00 Tamiruni Fm Muustone/wackestolle 2-3 X X X X 
0-3772 11.89 llf1C3b Pcdoftcnic limestone 5 X X X X X 

14.03 IIFC3u PIUnfJrl1ellu Ooa~lonclrudStOile I X X X 
G-3772 14.9S HFC3u l'lwwrbrllu Llo;stMone/rudstune I X X 

15.60 IIFC3a MudMon~(wacke.>lonc 5 X X X 

X 

X 

X 

.... 
00 



Table 2. Occurrence of stratigraphically important benthic foraminiferal taxa and other allochems in selected test coreholes. (Continued) 

local 
well 
iden­
lifier 

Sample 
depth 

HFC/FIII 

16.06 liFC3n 

16.36 BFC3a 
17.20 HFC3a 
18.03 HFCJo 

19.70 I-IFC3n 
21.47 HFC3n 

22.30A HFC3a 

22.308 HFC3o 
22.89 HFC2h 
23.14 HFC2h 
23.55 HFC2h 

25.35 HFClh 
27.35 l!FC2g3 
28.27 HFC2g3 

28.77 IIFC2g3 
29.69 IIFC2g.3 
30.47 HFC2g2 

31.15 HFC2g2 

31.65 HFC2g.2 
31.98 HFC2g2 
32.90 HFC2g2 
33.73 HFC2gl 

33.95 HFC2gl 
34.32 IIFC2~1 

34.49 HFC2gl 
34.53 IIFC2gl 

36A9 HfC2e2 

37.57 HFC2c1 
38.24 IIFC2e2 
41.97 llFC2d 
42.26 llrC2d 
-12.65 HFC2u 
42.91! IIFC2d 

43.91! IIFC2d 
44.90 IIFC2d 

46.13 lll-'C2d 

lithofacies 

Cunglomerate 
Mudstonc:/wuckcstone 
Skclel:ll puc4wnelgruin~tone 

Pelecypod Ooat~lOnelrudstone 
Pelecypod llouo.tpne/rud5lone 
1bll<:hing-"u& pelcc:ypcld llollhtone/rudstone 
Plun(Jrbt'llu flotll~ion~/rudstone 

Plarwrb~Jia floamone/rudswne 

Sk~letul packMvne/groin:.tooe 
SkeleUII puc:kMone/groin~one 
SkeiCUII packstone/grainstone 

Pelec:)'p<Xl floubtone/rudstone 

Pelecypod noutMone/rudSlOOC 
Pelceypod llout.stone/rodstone 
Pelecypod floliO.t!)ne/rutlstQne 

Po:lcc)'pod Ooulltlone/rudMonc 
S:.ndy skelewl packstonelgrninsrone 
Skeletal paokMone/gminblone 

SktleUII p:lek$torielgmin~tonc 
Skeletal packstone/grainstone 
Pelecypod floa~tonelrudstone 

1'/ouorbella noalb10ne/rudstone 

Pltmur/JI'/111 llt»UMone/rudMone 

Pelecypod OonblOnc/rucbtooc 
Pelecypod noat~tonc/rutl.~tone 

Pelecypod flotUM<>nelrudstone 

Sandy pelecypvd flout\tanc/rud.slom: 
Sandy po!lucypod flOIIL'<lone/rud.\tone 

Sandy pelecypod flo.IL'.tond/rucbtum: 
Skelet:ll packstonelgruimwne 

Skele1al pucbtone/groln~Lom: 
Skeletul pack>tonc/gmill>tolle 

Skeletul pllek~IOIIe/~in•tonc 
Sl.eletul pack~tune/~mMone 

Skelellll pack~tone/groin,;tnno 
Sundv l'lmwrbelltt Oomstunc/rudMonr: 

I 

i 
iii 
4'1 X? X X X 

3? X? X 

3-s·/ l-'x::!-f..-1-.!:x~x~x~+-+-+!!:x-l-+-+++-+-+-1--f--l-lf-I-.J-+-~x4-+++x::!-t-4-f--l 
XXXX X X X'1 X X 5 

4-S 
5 

I 

I 

X X X 
X X X 

X X X 
X X X 

5 ~x~-+~x+-+-+-+-+-~~x+-+--1-+-~x~~~~-~~~-+-+-+~x+-+-+-+-+-+-+-~ 
34 ~x~-+-+~x~x+-+-+-+-+-+-+-+-~x~~~~~~~-+-+-+!!:x+-+-~x~x+-+-+-~ 
3-5 X X X X X X 

4-5 1-'x::!..t--+-+-+!::x~x+-+-+-+-+-+-+-+-+~~++~~-+-+-+!::x+-+-~x~x+-~x+-~ 
s ~x~~~~x~~~~x~+-+-+-+-+-+-+-+-+-+-~-+-+-+!!:x+-+-+-+x~~~~ 

4?-5? ~-.:x~-1--f--lf-!x~x~-+--t--1--f--l--lf-1-.J-.J--+-+-+++-I--t--1---l--lf-!x~x~-l--+!!x+-l 
s 1-'x::!-f..~x~?+-~x~x+-+-~x+-+-+-+-+-+~~++~~-+-+-+~x+-+-~x~x+-~x~ 

3~? 1-'x::!..t--+-+~x~x+-+-+-~x+-+-+-+-~x~~~~+~~-+-+-+-+-+-+-+-+-+-+~ 
3~? "'x~-+-+!::x~x+-+-+-+-+-+-+-+-+-x~· -l~f--1-1-1-~+-+-+!!x+-+-~x+-+-+-~ 

3 1-'x~~~x~· ~x~~~~+-+-+-+-~~+-+-+-+-+-+-+-+--~~x+-+-+-+x~~~~ 
~ 1-'x::!..t--+x~!::x~x+-+-+-+-+-+-+-+-+-+-+~~+~~-+-+-+~x+-+-+-~x+-+-~ 
3~? ~x::!..t--+-+!!:x~x+-+-+-+-+-+-+-+~x~~~+~~-+-+-+-+!!x-1-+-+-~x+-+-~ 
s ~-.:x~-+-+-+~x~x+-+-~x+-+-+-++-~+-~+~~-+-+-1--+!!~+-+-+-~x+-+-~ 

3-s•t X X X X X 

1 ?-5? 1-+-+-++~~-+--+-+~-l-lf--J."x:!.+-l·-+~-l-lf--I-.J-+-~x+-+--!--!x:!..!--l--+---+.....j 
4 X X X X 
3 XXX X X 

J-S ~x~-+-+~x~x+-+-+-+-~x+--~+-+-~x~~~~~~-+-+-+!!:x+-+-+-~x+-+-~ 
J.S X X X 

J-5 ~x~-+-J."x~x~~~~x4-4-4-4-4-4-4-+++-+-+-+-+-~x+-+-+-~x~~~~ 
~ XX X X 

1?·3'l-5t~x~-+-+~x+--!-!-=x+--~+-++-+-+-++-~~~~~~~-+-l-!!:x+-+--J..!!x¥x+-+--J­
s ~x~-+-+~x-l-!-=x~x+-+~x+-4-++4-+-~~~~~~-+-+-1--+~x+-+-~x+-+-~ 
1~? ~x~~~~x~~~~x4-4-4-+-+-+-+-+-+-+-+-+-+-~~x~·~~~x~x~~~~ 
5 1-'x~-4--lf--~x~-4--lf--~x~'+-+-4-~-+x~-4~1-.J-+-4-+-+-+-4~'~-+-+~x~x~· --~~ 

4-5 l-'x::!-t--+-4-4~x~x~-l--+-+-+-4-4~f-l-~+-+-+-4-+~~-+-+-4-4~~x~~~~ 
5 X X X X 

W XX X X ... 
CD 



Table 2. Occurrence of stratigraphically important benthic foraminiferal taxa and other allochems in selected test coreholes. (Continued) 

G-377'2 

G-3779 

Sample 
depth 

46.88 
47.20 
51.60 
5 1.89 
52.49 
52.99 
54.66 
57.85 
58.29 
58.62 
58.90 
59.20 
60.12 
6o.43 
61.5 1 
64.69 
65.77 

66.90 
67.31 
67.70 
67.86 

68.61 
70.20 
70.87 

70.9 
71.6 
72.88 
73.03 
73.86 

74.2 
75.00 

16.17 
17.17 
18.20 
21.87 
21.93 

HFC/Fm 

HFC2d 
HFC2d 

JTFC2c2 
HFC2c2 
IJFC2c2 

HFC2c2 
HFC2c2 
HFC2c2 
HFC2c2 
HFC2c2 
HFC2b 
IIFC2b 
HFC2b 
llFC2b 
ITFC2b 
IIFC2n 
l1FC2u 
HFC2n 

HFC2a 
HFC2u 
HFC2a 
HFC2a 
IIFC"..a 
HFC2u 
HFC2a 
IfF~ 

IIFCla 

HFC2a 
11FC2n 
Tami:tmi Fm 

Turniami Fm 

HFC5 
HFC5 
IIFCS 

HFC3b 
llFC)b 

Skeletal sandstone 

Skelewl snmlstone 

Lithofacies 

Sandy pelecypod Ooatstonclrud~lOne 

Snndy p.llccypod OoatstOne/rudstone 

Sandy pelecypod Ooatstone/rudstone 

Sandy pelecypod noatstone/rudstone 

Sundy pelecypod noutstonclrudstone? 

Sandy pelecypod Ooatstone/rudstone 

Sandy pelecypod lloatswnc/rudstone 

Sundy pelecypod floatstcmc/rudstone 

Sandy pelecypod lloatl.tonc/rud•tone 
Sandy skeletul packstone/grninstonc 

Sandy skeletal puckstonelgrninstone 

Sundy pelecypod Oonbtonefrudstonc 

Sundy pelecypod OoutsiOne/rud~tonc 

Sundy pclecyp«l noat.->U)JlC/rudstone 

Sundy pelecypod llontstone/ntdstonc 

Sandy skcleml pnckstonelgrainotone 

Sandy ~keletal pack!>tonc/grninstone 

Sandy skeletal p:tckstom:/grainswne 

Sandy skeletul pack~lone/grninstone 

Sandy skeletal pacbtonclgruinstone 

Sundy conglomerJie 

Sundy conglom~rate 

Sundy conglomerute 

Sundy conglomerate 
Sandy conglomerate 

Sandy conglomemte 

Sandy conglomerme 

Sandy conglomcn.tc 

Sandy con" lome rate? 

Peloid packsu>ne/gtain~tenc 

Peloid packlitQnc/grainsl<lne 

Peloid packstonelgr.Unstone 

Mudslone/wuck~tone 

Mttd.\tonefwacke:.tone 

I 

l 
iii 
2-3 
2 

2-4 

2-5 
3-5 

4-5 

4 

5 
2 
2 
2 

2-3 
4 
4? 

5 

5 
5 

3-5 

5/3 

5? 
s 
5 

2-5 
6? 

J 
3~ 

? 
'/ 

61 

3 
6 
4 

4 

4 

2 
2? 

X X 
X X X X 
XX X 

X X 
X X X X 

X X X 
X X 

X X 
X X X 

X 

X X X 
X 

X X 
X X X 

X X X X 
X X X X 

X X X X X X 

X X X X X 

X X X X 
X X X 

X X X 

X X X 
X X 

X X 

X X 

X 
X 

X X 
X X 

X 
X 
X 

X 
X? X 

X 
X 

X 

X? X 

X 

X X 

X X 
X 

X 

X 
X 

X 

X 
X 
X 
X 
X 
X 

X? 
X 

X? X 
X 

X? X 

X 
X 'I X 

X X X 

X 

X 
X 
X 

X 
X 
X 

X 
X 

X X 
X 

X 
X 

X 

X 
X 
X 
X 
X 

X 

X 

X 

X X 
X 

X 
X 
X 

X 
X 

X X 
X 
X 

N 
C) 



Table 2. Occurrence or stratrgraphically important benthic foraminiferal taxa end other allochems in selected test coreholes (Conunued) 

a..c.l 

L I,JJJI u.J I 1 dlUt t IJ It 
I .... s-,a. 

llfCJf.- ........... hU W.· ..... I . lifi• 

2lAI Ill luth1oor/w:dt"UOOC 2-~'l X X\ 1- X -1-i-~--i-i-i-J- 1-~~,.,_'\ 
'!,\,A~ Ill b ~~~uc hrneaww: (Ct\lml>l) mudiloocl :! ) --- I~IK .~--- 1~ ·---1- ·--- 1-~-- ,_ 
~~ :.w IIFC.\t> 10L.rlroll natb&,,ncJJ>nuiUI<IIlC :!...S'l X x _ 

~· ~ 
,_ 

f- 1-- 1- .K - 1- f- f- 1- X -~ 

O·ln•J !.1 4 ~ Ill ( \1' S\.cklollf'D'I.~lonc/»Jllrn!dOOC! 4-5 - - X - - ~ - - - - K - -- - - - - 1- X 1-1--
~~~H IIH lh l'tiC4') Jl<ld llll••"hlndi'UIL\IutlC ' - - - ~~ - - ~ - - - - !. - -- - - - - ' IJ. 1- X 1- 1-

! lt7U Ill (. lh Pcl~ypud Ou.thhl<ldrudolllnc 5 - - ~ \ X? - - ~ - - - - - - -- - - - - f-
21k,o III Ou 11/tllltlrlw/111 llr,mblonu/rud,umc I -- - - - --1- - - - - - X .K - - f-~-
:!'1.7>1 IIFCiu I tunlnured pduld fl:acl,l.ronc/flrnlnstone 3"1'1 f-

X \ - - X - -- - - - - - - -- - - -- - -
lO.Kil III'C.Iu l'~lc~C~Jl<lllllu,tl\htnelnllhtulll! 3-4 X X X ,x 1- 1-1- 1-t-'-'- - - - -- - - - - -- -- - - -
14'111 Ill'( l• Plullllfht/111 llUithWnc:lrud.•IUila I - - - - - - - 1- - - - -- -I~ - IK - -- X 

3(1111 Ill C J11 11/llll•lll~i·/111 lluoil .. llllCIIUchiOOil I 1- - - - - - - - - - f- -t- - - - - -~~ - ,~ - - -I~ 
,.~, Ill( '~h Sk~kulrao:J."'''nclll'llt~U~onc l 1- ~ l~ 

XI ~~ 1- ~ t-1- 1- 1- - ~~ ,_ I~ 
\II 0 III Clh t><l,-..1pu.J 1\utoL>IC>IIC/ru..lironc l ·S ~ 

X1 )( I~ ·- 1- t- 1- 1- 1- 1-,~ ~ 

UI4J Ill Clll l'<~')l"lll ........... ~.* .s t~ I~ !K I~ - I~ 1-1- t- 1- 1- I~ IK X 

.( ) 60 Ill 2s' IOIKI'tli'CJ•'IIJ pclc.:)pud l'luabWadru.h&oot ' ~ i- i~ ~ I~ 1- t- t- f- ,K 1- 1- X X 

'"'7: Ill ltl l..~palr. taac/~ ).5 1- !-! ~ I~ 1-1- X r- f- 1- 1- 1£ 1- ' 
•7.JI lll l~Jl S~lcul pa.;cUWnd~ ' X I~ 1- - X \: -f- - 1- t- t - f- 1-

\ X 

"Bl Ill ~l ~l.tl$! pa.:l: IOOC/~ ~1· 1• X X 1.! 1- 1-1-1- f- - X \ :X 
.. ,. 

llf~ 1 Tbui: WI ~")pu.J flolbklDdru.J..Iooe 1·2 I'X X \ 1- - 1- 1- \ X X X ' ' 'H)! Il l'(~ let~.~ 10-a.:~p:ac~ I :- 1- - 1- 1- X :< 
4117 1 IIF<."Jf Sl..ddal•¥~~ I t - 1- 1- li \ 

jl C)J I ll I ~14natbrlhr llomiUIIL"l~ 1/)-6 rK !- I~ 1- 1- ~ 1- - \ X \ -
I ·~ 2.11 l ll l"kl \1111J~a<:~lC I 1-1- - f- 1- 1- 1-- - -- - - 1- 1-1- X 

'!6' lllelfl Mud 1<lMh 1IC \AI.anc: I ·W f-
\: ~I- - 1- 1- 1- - - 1- - I - \ X I~ - - -- - -
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~ 
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IIIU5 III C'211 Sund>:JIIll~r;y~ llOilb lOne/ruW.tMe 6'1 11' ~ X X ·- - - - - -- - I~ l_x - ~ ~ -~ I~ I~ ·- ~ - li ---(, \7112 1.\10 IIH'2"l Mmi~IIII!~Jw.u:~I!'IUII~ I 
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Table 2. Occurrence of stratigraphically important benthic foraminiferal taxa and other allochems in selected test coreholes. (Continued) 

LDctl I I Will Sample .. .. I .. .. 
HFC:/Fm Lithofecin .s "!! :! ;:: • :!!,: 

iden- depth f :s ~8~:!!~ · .!! ·-

ltlJ1 tifitr = ! 

I .I .: i ·! J 'Cl 0 :! i j .•. ! J i j t f ~ ~ :i ·•·1· t = :tii .; I i 1.= . s-= -- .,~ lciiiii ! ~ = a: II: i4ii eX Q; l ~ ~ ~ ~) ~ & i~:~tla ..! 

G-3789 40.67 HFC2f Jlolixcd mudswne/wackcstone and gusll'opod 
l X X X 

nontstone/nulstonc 
48.80 HFC2cl Skelcllll packstonclgralnstooe 57 X X X X X 
53.90 HFC2d Touching-vug pelecypod floutstonelrudstone 37 X X X 

with sandstone matrix 

G-3790 40.97 HFC2g2 Planor/)el/a tJo~t~tone/rnd:;.tone I X X X 
44.50 HFC2f MudMone/wnckc.~tone 1/2-3 '\ X X X 
50.02 HFC2e2 Mudstnnelwncke~tone I X X 
55.70 HFC2d Snnd~~ccy!)Od floatsmneltutbtonc 3 X X 

G-3791 16.60 HFC3b Mudstooe/wuckeston.: 2·3 X X X X 
28.10 HFC3o Thuching-vug pelecypod lloatstone/ru(IStone 4 X X X 
29.90 HFC3a l'lmwrbe/Ttt OO<Jt~tone/rud~tonc I X X X X 

3S.5S HFC2h Sandy pelecypod floallitone/rudswnc 1/2-3? X X X X 
35.63 HFC2h Sundy pelecypod flootst.one/rudstone I X X X 
43.20 HFC2f Modl.tone/wuckc;.tone 115'1 X X X X X 

51.25 HFC2d MudMone/wackestone 11~3? X X 
53.50 HFC2d Sundy muclstone/wuc:kestone 3 X X X 
58.30 HFC'2c.2 Mudstonclwackestone 1?/31 X X X X 
58.50 HFC2c2 Mulbtone/wu~k.:>mne I X X 
58.60 HFC2c2 Mudblonc/wackestonc 1-4 X X X 
63.35 Tnmi:tmi Fm Sandy gnsiJ'Opod noutstonc 2 X X X X 
75.60 Tumiumi Fm Sundy pelecypod Ooatstone/rudstonc I X 
75.70 'Iluniami Pm Sundy pelecypl,ld floatMone/rudstone 5 X X X? X X X X 
76.30 Thmiumi Fm Sandy pelecypod Ooatsmnclrudstone 6? X X X X X 
76.60 TnmiamiFm Sundy pclceypod floutstone/rudstone 3? X X X? X X X X X 

G-3793 6.19 HFC3b Planurbl'llil noutSIOnclrudStODC I X X X 
17.19 IIFC2h Skeletal puck.tone s X X 
21.25 IIFC2h Lltnunated l!lllcreu: and ~ke.letuJ pili:lmone 314-5? X X X X X X 
S9.57 Hf'C2a Auto breccilJ wutklllltone nUx\ld X X X X X X 
63.92 Thmiumi Fm Sundy pelecypod noatstonc/rulhtonc () X X X 

65.40 'lluniunu rm Sundy ~ll!k-cvood floatstone/rudstonc 6 X X X 
G-3794 19.35 HFC2h Skeletal pack~tone/grninstone 3-5 X X X X X X 

63.10 Thmlumi f!m Sundy Delceyl)()d Ooatstone/rudswne 6 X X X X 
0-3795 17.57 IIFC3a Burrowed wocke!>tone 2-5 X X X X X 

35.00 UFC2f f'lalll!fbt:/1(1 mwhtone 1-3 X X X 
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Table 2. Occurrence of stratigraphically tmportant benthic foraminiferal taxa and other allochems in selected tosl coreholos. (Continued) 
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Table 3. Foraminlforal biofacies and associated interpretive paleoenvironmenl!. 
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Ammon/asp ol b1ofac1es 2 

Elpl1idwm sp of biofac1es 3 

M1hohd of b1ofac1es 4 

PoneropT1s sp of brofat 1cs S 

Archa/Bssp of b1ofac1es S 

Sonttd of btofac1es 5 

Amphisceg na sp of b ofac1es 6 

Plankucs of brofacres 7 

Figure 7. Thsn·secbon photomicrographs of foraminifera 
charactenstu: of foram•n•leral b•olacres 2-7. An explananon 
of biotactes relaoon to forammtleral taxonomy is provided in 
table J 

Depositional Environments 

Lllhufac:u:~ are I he prc)cfvc:J p.m of 3ncient depo<.itiunal 
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m.sJor dep<t, llional en\ ironment' In a generolly regre'''' e 
!IUC.:C.:C~,ion, rrum bottom ttl tup. the;;c indude. c I ) middle 
ramp, (2) pl .. ufonn ma'l: IIHtHIUtc:r platform. (31 open-mannc: 
pt.utunn intcnor. 1-"1 rc .. tric.:ted plallonn mLerior. (5) br:u:k1' h 
platfonn interior. and (61 fre~h":ater te~llial envirunmenh 
Uig ... t\ nd 'JJ. The prescnc.:c ol dc:(>Q'-sUnn.tl em.ironmenl) 
2 to 6 h interred fOf the Fon fhomJN>n Formaoon; ho\l.l!'c:r, 
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en' 1runmenh are rc:pn:..cntull\c ol lhe uppermo:.t Tamtamt 
Furtnarton anc.l Mt:um Lmt~tone, re pecO\el)'. 'The li thl,facu~s 

llWICiatcd \\ llh the OJ'ICD•tnallne platform tnterior Jepo~tUunAI 

em tronmenl typu:ally h;.l\c the rdaU'\.cly htgbe.t yield of 
ground-water lluw 1010 ur uut o l wellbore.. ... 
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Table 4. Summary of hthotacees of the Mearm l.Jmesrone, Fort Thompson Formation, and selected lithofacies of the Tamiami 
Formation en north·central Mea me Dade County. 
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Table 4. Summary of hlhofacres of the Mrami I.Jmestone. Fort Thompson Formation. and selected hlhofacres of the Tamiami 
Formation 10 north·central Miami-Dade County. (Continued) 
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Table 4 Summary of lithofacies of the Mtarru limestone. Fon Thompson Formauon. and selected lithofacies of the Tamtami 
Format•on tn nonh·central Mtami Dade County !Continued) 
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Table 4. Summary of lithofacies of the Mtanu limestone. Fort Thompson Formation, and selected lithofacies of the Tamiami 
Formation m north·central M•amr·Oade County. (Continued) 
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Mtddle Ramp 

,\ mtddlc ramp b '=h.:araderi.,tic of paro. of the Panecn::'t 
\.111\1 Mcm~ lll the T3mtilnll N!nnai.Jon Lithofacies \7ummon 
to t .c mtddk r:unp or Pula.":n! .c <).J.OJ Member of the TilltltOWll 
Fomlallon '" the tUJ} llf\:ll 111 dude pelec) pod noal\tonc 
ami ru\J,tonc. ~uanr ... amhhmc and L:elctal qu.ut7 ~m.l­

"tunc. ~uanr sand and uncon,ohdated pelecypod rud.,tone 
MoiJu,h, amplmllgtmd'>. und globtgerintd are common 
tu thc-.c: roc!.\ ul the Pinccre-.t Member of the Tumi:uni 
r-ormauon. I c" common. but pre-.ent in u few sample.~ 
n:pl\.~ntaii\C ol tht\ depo'-ttiunul en\'ironment.. are echnlottb, 
miliolid), wtahlnnn torammtlero. 'ioritids. and penerophd,. 
The amph"ugmuJ und glub•l(cnnld foramirufera are rnJ1cutive 
of dc~hitll)n 111 rdatl\el) deep munnc w;llcr Rose and L1dl 
( 19771 found tltc'e loramnHkral group .. to tk: imponant on the 
up(l\:r ,lupc ul the Flumla •md Bahama Pl:llform:., where they 
reported appro,mtute wmcr depths ronging from 13 1 to 656 ft. 
The ,hallow depth of thl'> Ill- to 656-ft ronge. however. 1:. 
'""'' probable ~au-.e th-: un~''mmon foraminiferal 0\:cur­
n:n.:c of 'onuJ~ ;anJ pen~ruplid~ j, con .. htent with depo,ilillll 
man opcn·nwu~ pl;uform anterior.~~ -.01ter depth.' ure 
n:ponc:J to range from ahout U to 9M It b) Ro~ 3JW Lti.ll 
( 1~77) on the AonJ..J anJ Bahama PlatforrTb. The lrme .. tonc 
<h'>lgnc:J to a nmiJie ramp cn\ trunment " .. ommool~ 
pete .. ) pod rud,111nc \\lth a \\ell·\\ a.,heJ, grJ.to-tlonunaled 
matrh: 1 Luo.1. 1')95) and lime mud-nch pelecypod floahtone. 
The m1~tun: nl thc,e grain-duminated anJ mud-tlom1n:lled 
l."::rOOnat..:' unJ a lad; ol -haiiU\\ -w:uer indiC<Uors or eltpo,ure 
ug~e"t c.JcptNtum belo" IJifo\\eOtther w:l\e b~ (F\\ \\'8) but 
h<l\(: tnm1 ~oa\e bJ...e fS\\Ilh Thi, 1.onc hel\\een FWWB 
nd SWB delin.: the ~m1d ramp- depo:-.itiunal en~inmment 

<Burdtene .111J Wrt~ht. I'Jt}.!J. 

Platform Margm-to·Outer Platform 

·r he ruur hthofacie!> I nun hme~tone of the Fun Thomp!.on 
FiHmauon th,ll dl,llnllu''" the platfonn murgin-to-ouler 
platlunn cn\ '"''nmenb 1nduJe ctlrol (Jf,,lltcHJreal frame..tone. 
conglomer.atc. sanJ} ,J.:eleul po~d•.,Lonc: ilJkl ~rr.IID:'tonc, 
:m;J ~) pciCC)P'""' n,lahtone :UtJ ruJ,tonc lithofacic • 
In.! gr:uny hthtll,, 1c" contam amphi,ugmld'>. uhk:h preler 
<~n:as ul reel !;RI"Ih at !he plattonn ma11;10 ut th<: modem 
"'uthcm FlmiJJ platlonn .• uld patch n:ct\ Jrtd ne:u-b}' en\lrun­
mc:nh not tar (~1"1bly uhuut 1 m11 fmm the pl:ufonn margrn 
c Ro~ and L•Jt. 19771. Ru<;e nd Lid7 ( 19n) e~timat~ 
th:lt \\ tcr ~pth' ol th~ pl:utunn m:rrgin·kH:IULer pi:UttJnn 
en~;eruo~nts rnngc: tmm U 10 131 IL The \luntOIIilltn:a 

CI.JUI~o;;;all) h:l\e fbi rnorplwlog). 'ug!!~ng grov.tb 
111 \\'llkr depth.' of ll'locl..ll 2ft'"' gre:~tcr(Pamel.:t HallocL; 
Muller, Unl\c:r"''Y ul SclUth Fluritb.. urol c:ommun .• 1CXl5) 
l11c: platlnnn IIIJfHIO·ltHIUtc:r platform co\lronment.. are a 

1111101hlc: C:l(ccptum h,:(;au'c they ,tre J>l'el>Cnt only utthe bil'e 
uf the h1n rlmmpwn Punnntiun 1n the ~tudy arcu. Rock\ or 
\edmtenh ul the: uppcnnu-.t J>1nccrest Member of the Tamianll 

I 'lln1lJtion undc:rl)'ing the tour hthofacie\ repre:.emative of 
the platf,~nn mar~in-t(H)utcr platfonn enHronment iodude: 
(It quanr .,;tnd , (2l 'hallu\\ rng-up\\.aJd hme:.rone cycles ot 
the Tilltliami F\)rm.ttlon, unJ (31 pel«)·pod tloatslone anJ 
rud tone. Un,;unamon ~.: lcrc:lc: ..ep;troung the Fort Thomp..on 
Fumt;atr,,n tmm the Tilltli:tmi Formation :-.uggestS that-an 
tm:~ular 'uh:~cnJI unconh)(lllit> ...eparatc:s the two tormauon)>, 

Open-Marine Platform Interior 

Overlyrn{' the plutfoml margin-to-ourer plutfomt depo-.i­
uunal fa(;te' 10 the lnwemm'>t Fun Thomp)>()n Fonnauon .tre 

upcn·nlilrlnc: pl.1tloml in1enur depo~naonaJ facies. ~>Ugge.-.t ing 
upwan.J ~>h.liiU\\ 111g and pl.utorm prognu.lallon Wllhm the 
lower Fon 'r hump...un fuml.lllon (fig, 8 and 9) For the Fun 
Thomp!>on Funnauon. lithulm; •e~ chaructc:ri,tic of the open­
marrne plat luran Interior de(>ll\rtional environment 1ocludc 
11\uchrng-vug pelecypod flnat\lone and rud•.tone, sandy 
touching-vug pdecypod fl(IU"tone and rudstone. skeletal 
paci..Mone and gnam\IOne •• md ..and) \keletaJ pac~tone und 
grntn\tonc hthul.~~.;1c' Common to the.~ lithofacie:.urc benthic 
hmmunrlers C~lflthJ .... an:hai:htnrd .... anJ peoerophihlthat ~ 
o:unst..tent \\ llh d~111un tn an open-marine pblfonn 1ntc:nor, 
'inulllT ro the nt•lcJcm pl3rlonn interior ol ~uthem Fiundol 
that i ~a" :~rdul the pn:~nt-41.1) l!>l.tnd ... of the Aori.U Ke~-... 
(Ro~ and lrc.J1 1')77; L•J' und Ro...e, 1989!. ~ lithof.a~o:1e.. 
an: tnmrnonly highly bunuv.c:tl The U'>,O\.Iation ol u wnud-, 
Jrchaia.,rnu.l· .end pc:nen,plid·dominated foruminifer.al a-. ... em­
blal:e and pn:~lltion ol a hi~_:hly burru"ed lithofacle" i~ ,ug­
gestl\e ol dc:P'hillcln belu\\ F\V\\'8 in" lower hordace z.ooe. 
Mollu'k" present tn ~mple~ I rum the pelc:qpod-rich hthofa­
Cie' om: ~uggc,II\C ul the outer ~tuar) to ,haJlow-mannc: 
plathmn 1nlcrrur c:n~1ronmenh of Aorida Ba} (app. 1111 

Tw,l illhuhu.le\, pelmd wacke~tonc und pack::.tunc and 
pclmd pacl- ... llmc und gruln .. wnc, charoctcri7.e the Miami 
Limestouc (t1g. !!). Burrowing t)f these lithofacies is pcrva!iive 
11111.1 rc~emhlc\ muny nf the type~ of burrows described by 
Slunn (19M) llalle) undl·van-. Cl9831 and Evuns (19841. 
\ benthiC luro~rninllcral a,,,embl.age dornrnall!d b) .li'CMJ.l­

"'"jd,, '"ntii..l • anJ peneruphd,. rn the pclo1J wacktstonc 
unJ p.lct..:>.hme lrthnlili:IC ,., ccrn ... i .. tcnt \\ rth dc:~lllon 1n ;m 

open-m.mrr pl.utunn 111tc:nor CRose anJ Licl7_ 1971 Licl7 and 

Ru'i4:. 19K91 \lt~mati'it:l}. the an:hata,mld. ~ritid anJ pcn­
cmplid a,,emhlal!l! c:1>uiJ he 'uggesll\e of shaUow. o;(lme"hat 
rc,tr~eted. fl'.''''hly even 'time\\ hat h) per..altne or euryhahne 
C\IIIJIIIOO!> (lblll~t.; and Cilc:nn. 19861 Sc h•:.opore/lu br)o1oan 
"'~'mtm,ml) present 111 both hlhofa.:.re' The twu lithofaciQ 
\:Orre pond ht the br)OI,\I:In fOJ&:ie' of HtlllmeL,ter ..00 others 
(1%71. \\hlch they 1ntcrpn:ted tl' repre.\Cnl an opeo-mannc 
hell lagu()n, I wr. both Pc:rL:tn" (I 977) and E\':!ru> ( 19841 
inJk~teJ dcpu 1t1ull ol the bryut~ laue.. uas on an open­
rnartnc fliJllurrn Pre~cnc.:c ul an c1pen-marine plarfonn 1111cnor 
furununifcral u"cmhlage and pn!!>cr. at ron of abundant bur­
rowutg 'ug~e~t dc(>ll\i twn below F\VWB rn a lower ~>horeface 
/\IIIC 
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Restncted Platform Interior, Brackish Platform Interior, 
and FreshwaLer Terrestrial 

ChM;k;ten ric uf the ~ncted platl'Onn interior emaron­
ment '" m:unly ht~hly burTU\\ed. pdc:C}'POO llo:ustone and 
rud,cnnc. '>400)' pdccypoJ tl~htooc and ruc:brooe. :.keleul 
~urune and gnam,r\)nc, and ,,mdy ,lcJetal packstone anJ 
~r.ain,ronc htholacte~ Maholuh commonl} oomill31e lhc 
benchac foruminefcrai:Membl.tge of the lithofacies. which i\ 
cun,hccnc "ath dCJXhtllon in a re..\tricted plalfonn interior. Ro.;e 
and Lid7. (1917) ontl Ltd/ and R~(l989) noted that miliolid­
dumin;~ccd hl:nthk lontmimfcr.~l a.\..embla,ges :ue common m 
l'l!'tri~tcd ureil\ of mudc:m Florida Bay. The combined ~ocia­
tion uf 11 m1liulid·llominucc:d for.1mmifeml assemblage :xnd 
pn:,en:.111on ol 11 h1ghl) 1\urro\.\cd hchof.ICi~ suggl!l>b dep<hi­
tiun bdo" FWWB 10 a lo\\cr 'horefacc: 1.one. 

lPe mull•tun~ unJ " ..:le.,tone hthofacte:. C{•mmonl) 
Ji.,tingui hts the brud;,,h phallonn anterior environment. Tht' 
hthol:~de_, "pnn-.tp:tll) mt~ .. ntc ;tnd fu:. an :tbund3Jlcc ot the 
benthtc toranumfcr , \mmomcl :mtl 'mootb-:Jk!lled o~'Ode . 
ChJroph) tes. the benthic tnrumimfc:T £/ptJiJinm.. and the 
ll'l!,hW~Icr gastropod l'larwrbd/a are IC', common!) pre<ient. 
Other I) pe_, ul benthic lor.ummfcrs are not common. MoJem 
Aond.:l B:.t~ cJtmcnt~> wuh l.ugc population:. of AmJJWma 
and £/phidwm ond '--oncainms tc" other for:uninifera.J spe­
Cie., are anJt\.";111\ c nc n ~r.~d;i,h platform interior (Ro~ and 
Ltd7, 1977: l.1tl1 unll ~o-.c:. I'Jts9J . hhman :tnJ other.. ( 1997) 
and Brei.\ tc:r-W ingo.~rd and nchcr<i ( 1997) found Ammoma­
£/pllltlium a"c:mbla~c:-. tu ~ pre~nt in h} pos:iline-influenced 
area' ul motlcm Rio,c.tyne Bay <Jnd Aorida Bay. ~pectively. 

rhc /1/mrtu hdltl lluahlone and rud .. tone lithofac.:ic:s char­
UCIC:ri/C\ ,, lrc,hwatcr ccrrc .. rn.tl environment. This micrite­
nell luholacu:' cummonly cmuain' abundant Planorbellu, 
smouch-shclh:d u .. trm:udc ... nntl churophytes. Interpretation 
indicutc~ deposill(lll ol the l'ltmorlu!llo-rich beds in freshwater 
pond .. ur mnrshc' (Galli, I Y91 ). 

Cyclostratigraphy 

The t:)'dlNNIIi!r.!Ph) pre..cmed herein tlivid~ funda­
rnentalllcJ>Ihtllonal qctc: .... high-lrequc:ncy cycles (HfC.'>). 
IOhl Ullll\ iklineJ b) \JI,II0\.1 \en1'-':1Jiithofade:. !>UCCC~'IOn.'> 
bountkd b) urtacc~ IICI\h \lohi .. h there i C\idence for a 
n:lah\e ancn::&se 111 se.:1 lc\el C Kcr.~n' ;;~nd Tinker. 1997). 
Rci;UI\C ~h<lngc~ 10 sc;a IC'\d c<.tn b.l\e ,ub<,ra:ntial coouol 
mer the \ l!ntcul cacktng p311cm~ ot licbot.Jcies on carbolllltC 
pl:ulorrTb ( Kcro~n~ nd TinL:.:r. 1997). Although lb.! concept 
uf sea·lcvcl Cl>nln•lon cycle producuon lu,.., bec:nclullengCil 
CDn.rnunorn.l anJ \\ tlL:anson. 1993; ~lt;lil, 199-J.lb.! ') tern­
aile apphc 111111 of cyclo~lr.allgr.aphy h.:Ls been mown lObe 

un ellet.ll\ e uppn1o1eh till' dctimng 'P:tU:tl relation.' bet~oen 
~cnua~rnpluc nd :kJUtlcr propocnu:,, e-~iaJI)' porosit~ .10d 
penne.tbtlll) (Umorku .mll other;, I IJ%; 1~8; Luct;L 1999: 
Budd,ltXII: Ward .un.l othc:r...l003: Butkl and Vacher. 2~: 

Cunningham :mJ othe"· 200-*b: 2()().k) It is be}ond lhc ~-ope 
ol th~ presc:nt ~cuJy en tlccemllne "bcther the HFG m the 
Ba~-ayne aqualc:r h<a\~ a cu-cauc (for example. Perluns. 1917: 
Muller and oc~n. 2002> or aucoqdic origin becau~ thi 
'tud)' tncluJe!i on I) p:ut olthe bttral C'<lent of the uppenno~t 
fanuam1 Funn:umn, F1ln Thom(hOO Fol'trullioo. 3Jld Mi~i 
Lam~ tone. 

Delineation of Cycles and Ideal Cycles 

The HH., lunn cl~ luntl:~ment.U butlding blocks oft~ 
roct.;.., chat cun\tllutc: the BtM:aync .ujuifer (fig. 4-). The filung 
uf vertical hchul.ll.:ie"> .. ucccS\IOn!t beC\\Io:n ubstantial 
boundlllg 'urlocc\ Ctl1>0dtng ,urface') defmc lbe.e cycle:.. 
In \Untc ca..c ... u calcrete layer andicative of sub4erial e.'po~un: 
dehneJte' the ll~Xx.hng 'urtace (fig. 8, A flooding urface l' 
a boundary that ~flolnsl.es yuunl!er lrom ohJersn-.ua. aeflhS 
wh1ch then: I) a bJtp upwanJ incr~.be in paleow'aleT depth 
(Van Wagoner otntl othc"· 198!H. Aoo..lmg surface.. herern 
tndl~ ~~ ll -h:up up~:mJ tlc:cpcnin!! ur p;lleomanne w:ucr ~pth 
or p.:tleoflllt!\ltng '''a ~ubxrul C:(pthure surface by ~"ater 
or ll'l!~hw tcr. 

Three dt\Uil t m:umng \cnk:d ~..emb~oes ortithQt3-
Cies tntn,t:uc 1010 three aJut HFC-. an up\\ard-sb.tllowing 
ube1Jal qde, ;~n upwartJ.,hallowmg paralic cycle. :uxl an 

:l!,!!;~lron:sl uhltd.'tl ~}de (tig. IU and t:~ble 5 ). Paralic cO\ i­
mnment.\.1 IIIC'I\!) c.tp the up" ar\J.,h.lJio'A ing paraJJc cyd~. 

The pnn-.ap;ll char.1ctcmuc of par.rlk dcposationaJ eo\ iron­
ment'> " that they tK:cur ac the tran\IUon b¢tween mannc and 
terre,cnal realm\ c'tuane .... cua,wllagoon.-.. marshes. and 
tO<I\IUI/OIIC\ \Ubfl!ll In htgh lrCl>hWUlC:r IDpUl (Debenay and 
or he". 2()()0). l"hc \Crtical \l:tcking of hthofac1es and ll.S'>CX:I­

utctlllllt:rplcllvc dcpo~illonul environments within the itlcul 
II FC11 art: ~hown in 11gurc to. The two upward-shallowing 
iueul cycle~ urc present only wirhin the Port Thompson 
Purmat1on und chc uggruduciunul subtiduJ cycle is present only 
wtthrn the Mramll.une,tnm:. 

Cycle Hterarchy 

In chc: f-urt J'hump,on Fomtacion and Miami Limestone. 
I \loU hac:rarcht~,;al k\eb of qod1ut) ~recognized. The HfC, 
are the lurul:amc::ncal~,;)dc type, but bJ.'>c!d on upward trend' 
ol progro~tl.trmn or uggr.k.l.:tll\lll, they group rJUO t\\O HFC 
-.eh <fig. 8 1100 t.:lblc 61 The lu\\c:r HFC set (Fort Thomp:.on 
fvmlallun) Ul\pla) a bfo;ad unatonn up"a.rd- ballo\loiog trend 
ant.lacucm~ ol ~)fl:alc: ~belt Pf01:'1"3d.uion ~on a cycle­
~,lc se;~\\ n.l prvgre ~•un of lllhofactc-. LractS. shifting upwan.l 
1 mm ik-e per Ucf"-)SIItnnal c:n' imn~nb to those th:u arc ~­
lo\\er \\ llhmthe cuJy arc;~ 1 he 'lingular vertical lit.bofacie' 
chanKtcri\11 ' oo genc:rallad ol'llll) l:xteml or \eJtJca.l shall 
tn luholade" lnJ\:h "llhm the t\\o HfC, of the upper HFC 'e' 
(Mr1n11 lamc,coneJ are 'U&J;C:'>II\C: oll.:a!bonate 'helf a.gp-.tda­
tmn ( Keran' onJ linL:~r. 1997) m the :.cud) area. 
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Upward ShaJoWtng Subtidal Cyde 
(Fort Thompson Fonnaoon) 

Upward ShaftOW1ng ParaliC Cycle 
(Fort Thompson Fonnauon) 
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Figure 10. ldeahzed hfth ·order cycles (table 5) for the Fort 
Thompson Formotton and Mtami ltmestone showing ralauons 
between hthofncies, deposmonal environments, porostty {pore 
classes), and ground water flow types. 

Table 5. Ideal cycles of the Fort Thompson FonnatJon and Miamt l..tmestone. 

l j?\\mJ I Uu~IU1! 

p;ll ·II· 

llllier II, Ilk' d•wAIIIii--Silill 

Upcll IIWliiC pl;t~(nnn ant.m<Y 

ltomtliXi J11 tt orm mlcnt•r 
llr.ad• lr rt ,r,Nno onl&!l'l\,.. 

I I""'~~ 

Opcn-nWl~ plafum1 uw.::nor 
ltet~rt..'tcd rtatfoon ml.!noll" 

...... 
• 13 0 f«t IIIIQIIL< 4.11«&. l.iUk cr oo dua::r. 

woca:.~. M > p..-luid ~""1.,.~ .-1 ~ CJf p:k!ld 
tbofoa-'11::\ lbp uf 1fPI'.'T b&~ ' :c o.p-...=: Mllf~ 

l1 lc llu:i.HC» r~ frotH IJ 1 h> I 3.2 l<'l:t U1G111 U ~.1 f.:rt. Mtiloll~ 11mltl.' Uf""lltd 
w.:~0\1111 I.I~N: l)p ,llll} t'ounoJ\\i:'d pc:lc)poJ·nch Oo~l'>lllllC ur rud."<t<111e. ,.h,.h rTill) he 
qu:ut1 ~ ndl..s~ up~~oarilln r:~.:k~<om llllol r;;nun<ll)ll(:. Upp::rl!ouud.u} ltl:l) he 
=~fl""'"c: •urt~{culmott• 
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Table 6. Tenn.nology of strougraphu: cycle hierarchies and 
orders of cychctty 
(M!ldiJiN fr<ml ~ llld llnki:f'CI<N7) >, zreatcrllla !he ·~I 

•• lint ... 
Ill I 

Ill h.frt•plcm} ~ 

ll•.:h ·~·ocnc) C}-.1.: -.:t 

Itt 1 (rrquenq C)~lc 

Orders of Cycles 

>I U 

lll-100 

1-10 

01-1 

JiJ I..(JI 

<11.01 

Wtthmlhe tu.J} nn:a.u hterarchtal order is proposal 
herem lor the 9~ IICII) ~'Ognt7ed m the Fort Thompson 
nlnn;tlJOR an.J MtamJl.lmC'lOnc:; HfC, are fi~scale 
or higher :md HI·C sets :u-c lounh-onkr ~e !table 6). 
The pm~ scale~ 1011he ~.:)c1e onlenng are based on 
\llnOU\ rang 1n age~ proposed b) \luher and other.. 
C!002) w1J H1d>c:) (21)(~} lur the the unconformtl)-bouod 
Quatem:~ry manne un.t~ or Q unir~ lletined by Perkin~ 
( 19171 lne Q I to QS UIHt' ol Pen.: in' ( 1977) correlate to 
the ne\\ qdu~tr.uigraphy (pre.,ent "'uc.Jy) 'hO\\ n in figure.' 
4 and!!. ha.,cd un ~:ompariwn-. ol clc:'Cription.'> of lithofacie., 
nnd un~onlonmt tc\ hy Pc.:rl.m' ( I Y77} to 1ho:.e ob erved 111 
the pre,cnl \tully Nu lithnfuc:tC'> ur unconfonniry ob11erved 
in thl! 'tuc.ly uri! a t..:hubly corn.:lal&: to the Q 1 unit of Perkins 
( 1977) 'hown in figure 4. MulhH anc.J 11thers (2002) assumed 
u multi mum ll!c!C ol' 41() ku for the Q I unit or Perkins ( 1977) 
in the.: buNal Furl l'hontJhOn Fmmutton (fig . .+) and reported 
thut the Q5 unll of J>crl.in' ( IIJ77) accumulatec.l during the 
Manne l'>(lhlpc.: Sub,tagc 'ic.:. wht~h tc:rminated nt about 114 ka 
tShacklc.:tnn un~l other ... 2!Xl'l) One model of the ordering ol 
cy~o;h\;•ty, thu,, .Mume' a ma'\amum durntion of about 306 k} 
lor u~:~:umulauon nf the I J HJ c, tdentified in the ~tudy ar~. 
or a\crnge ~ycle duration nl about 23.5 l). \\hicb t!> con,btent 
With lilth"n'\.ler q da.;tl) (tuble 61. Fourlh-on.ler scaling of 
th< HFC ~>eb IS tn :agreement \\ith C)cle-...:t durations based 
un Q·unll age prcsc:nted an Pcrl.in C I V77) and Multer :md 
other'\ (20021. ~\hem.1tl\ d). :a sec:unJ moclcl of the ordering of 
cycliC II) ~uggc t~ th:at the HFC., :are tifth-ordc:r or lug~r. Thh 
m~ldel :U'Uilte • horH.IUrollon rubed lloodiog of the Aon.Ja 
pl;utvrm durmg the f)lca eocene, a_, "ugge-.tol b} correlaoon ul 
the PcrL.111' Q umb hi \'llriou~ m:srine isocopc !>tage. (Htcle}'. 
lU0.$1. lllc HI c, hundlc.J w1thtn the Q 1'1• Q2. and Q3 uniL' 
ol PcrL.irt, ( 1977) n: ro,,thl} m~< .. 'l'OCycte.. (Ziiblte. 2{)()..1J 
\\ uh duruuon lc.ss ttu&n I U l~ . l11e .. tngle HFC!> detinet!\\ ithtn 
the(.)"' and Q5 unth ul Pcrl.mo,; ( 19771 could be com~d ot 
fiflh-arucrc)ch:~ UJblc 61. 

Hydrogeologic Framework for Model 
Representation of the Biscayne Aquifer 

GC()logu: umh of \-:tl) ing penneabiliry that underlie 
\OUJ.he.a,tem Aonda tullcpdh bl!t\\een aboull80 and no,, 
belo\\ I"GVD I CJ29 are L.no\\n a:. the ..ulfiCJal aqaifeT S) ,,em, 
11.n unconlinecl aquifer 'Y'tem th~t I!> the ~of much ul 
the: pvtahle water u~d tn the "tud) area (Fish. 1988: Fi.-.b and 
Stewun. ICJ91 ). In M1amJ·Oade Counl). the upper. b1ghly 
rcrmc:able pan nl the a~UIIcr '>) \IC:m ... named the Bt!>eaync 
~utter (Pnrl.er. 1951 : Parker and othc:rs .. 1955). Underlying 
the Bt~:l)ne I.UfUIIc:r ure two ..emiconllrung u.nib that occur 
abo\1: nnd below the gruy llme .. tone aqutfer (Ree:;c and 
Cunn111ghu.m, l(Xll); Iii$. 3, thi'> reJ)(ln). The: geology and 
hydmlot?) ol the 'tud) area ha' c: been reponed in numc:tou~ 
\tU(.h~ (P:Jrler umJ Cuokc, 1944: Parler and others. 1955: 
Pc:rL.an~. ICJ71: CuU).lll'll.\, I'IH7 1...atx1w~ki, 1988: Fc.b and 
Stc:\\ :ut, 1'191 : Goalli , 1991 olo-Gabnele and Slmlbern. 
liN I\: Nemeth and l)(hcr. ~1101); Sonen. .. hem. !00 1: -
Cunntngham and other.. 1CX).:lb, zoo.k:: Wilcox :md other.-., 
2()()4: CunnmJham and other.. ~006. in ~I. 

Previous Interpretations 

In Mtamt·Dadc Counl),lhe ,urfic1a.l aquifer S)~em 
mcludc:~ :all n'ICL: and :>C\Itment I rom land '>urf.JCe c.Jowo\\atd 
tu the.: tor ol the: •ntc.:rmc:d•ate confining unit (fig. 31. The: ruck 
and ~dimcnl arc: mu,tl) ~:omro..ed of lime..tone. sanchtonc, 
.. and. \hell nml daycy lolllld and rnngc in age from Holocene 
to PhtKcnc ((au,,tra' IYH7). TI1c: wp of the ~ystem 1s land 
,urf.ltl:', .1111.! J \Uihlilnll.tl tkt.:~a .. c: in penneability define!> 
the bu'>e The pc.:t meubtlily ol the rock and sediment of the: 
..utliciul U~J uif'cr sy,tc.:m •~ vunubl~:, allowing the system to bl: 
dtviucd itHo un" ur murc aquif"rs separated by less-perm11ablc 
m· scm1 C11nftnlng uuhN. Thu uppcrmosL pan of these water· 
bcurlng lllll ts i.. the ll •~caync uquifcr, and the lowermo~>l water· 
bcurin~ unH i~ the gru} llmcsmne aquifer (Fish and Stewart, 
1991. Reese und Cunninghum, 20001. 

The Bt,caync U~futrcr ... the pnmary aquifer rn south· 
ca.,tcm I lurida and h,,, been declared a sole-M>ucce aquifer 
(Fcdcr.tl Rcgl\tcr r-:ottcc, 1~7'/). Parl.er ( 1951) named 
and dehncd the Biscayne Jqutfer a ... a hydrologic unjt of 
\\atcr·bcJnng ruck' th'-11 \.':lrrte~ unconlincill ground w:~ter in 
'oulhc:a,tem Aon.Ja.. l:ucr, fi,h 119881. defined the Bil.cayne 
:I<IU•fcr nwrc u1mplctel) OL': 

lh:n p;~rt ol the urfkc:ll uqu1fer )'>tem in 
wuthea tern r:tunJ.l ~om!l" ..ed ot (from land urface 
oownw:mh the f>:amhc;., Sotru.l. \li:uni Oo1ue [Lime· 
'LIIIle) , .r\1\a,lll,lll f-om Jllllf'l. Ke.) Largo umeston.: 
und Fun Thornp,un Funn.:uion Call ol Pleastoceoe 
ace I un\.1 evnrigu\•u~. hi£hly permeable bed, of the 
Tunwtmi r•mm•lion ul Pliocene and late \.fioc:ene 
UJ::e \\here ut lt"-L\t 10 II ol 'cellon I'> \ery highly 
~mlc.Jhlc: (u honwntJI h)drnulic conducb\it)' of 
otbt.1ut I.IIOCIItld nr more) 
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Fi h ( IIJ · ) flrU' idol tun~r Jc:limuon of the ~>:be ol tbe 

81'iC:a)ne 1k!U1h!r: 

II I her.: arc cunliguolh, h1ghl~ permeable tha\ ing 
h) drauho.: ~:unducll\ iucs ot aboul 100 fl.ld or more) 
limc,hlnc ur calcareou<; .. amhtone bed~ of the 
Tamiami humu11on. the lower boundary i:. the lr.tn­
'111011 I rom lhe'>c bedo; 1o \UbJacent ...ands or clayey 
'.llld'>. \\ here the conli!!UOU.\ bt:<h of lhe Tamiam1 
F<1m1a1ion do nul ha\e 'uiJic1en1ly high perrn~­
:Jbllll)'. 1ho.: b,1-.e \ll highly pc:nn~ble limeston~ 
ur santhlunc:-. in I he Fon Thomp..on Fomuuion, 
Ana,lu,i.l Formauon, or Key Largo Lunestone 1' 1he 
ba\e ul lhc: Bt,o...lyne aqutfc:r 

Thi" 'IUd) l..xu\CS on the pan ol the Biscayne aqwfer 
1ha1 j, cumpu..c:\.1 ul the: uppeml0\1 p.1n ot the Tamiami 
Formatton. the l~un Thnm~n Furmation and the M1amt 
Lrme .. tune (lig . .ll. The l..c) wc:lh u,c:d tn thh scud} full) 
pc:nctr.lle the rud;-. ul 1he Bi,cuyne Do.jUifer Cunningham and 
uther. (2tX)4h) ~:uncenmlled on the upp.:rmc.hl part of 1hc: 
B1.,caync aqu1lcr 

Pore System of the Limestone of the 
Biscayne Aquifer 

Tnkltllonall), l.:uN :li.jUtfcn; :u-c dur:actcriz.ed b) th~ 

t)pe' of pornstty: mtcrp:ut1cle matn~t J10f0'1l}. fracture 
(l(.>nhll). :aoJ l.tr};< C'J\emou, pl)flNI) t~t.utin :md Scn:.uon. 
!tXl I), 11u .. h:a .. II:J lltllll) n:..archcr- to' tc!\\ kar-t ~utfers 
;a, t\\.n curnponcnt 'Y'tem ... \\here muo..h uf the ground·watc:r 
'tomge <X~o.Uf' 111 thc m.rtnlt ponhtl) or tracrures or both. aml 
much nt lhc .,mund ·water nuw and cran,pon lake:> place tn 

the lur~e di,,uluunn,ll cnndu11~ ( Mnn111 und Screacon, 200 I). 
In the young oliJ!.clll! lll: J..:arst that dctincs the Pleistocene 
limcstunc ul the Bt11cuynll uquifct , however, a folllth poroslly 
type. wuchin£ vug puru"l)', i-. C'ipcciully tmporuuu in term-. 
t1l conw} ,Inc.: 111 ~wund \\ u1c:r tV:1cher and Mylroie. 2002. 
Cunnin~lwn aml utJn:r., 2006. 111 pn: ... ,) The trip!.: poru'>IIY 
nlthe Bi-.;c;.1)0C aqutlcrh typio.:311) : (I 1 matrh ofmlerp;artt..-:le 
llnJ '>C(I.:Jratc·\ ug ponNiy, pru\tdtng much of the ~tc.>rnge. 
12) tou~hlllJ,:•\Ug puro~lt) o..-n:aung ~rraufonn grouoJ-water 
flO\\ p.1.,q 'C\\")': alkl (31 le:-' cummun. condnit ponhll) 
com~ matnly ol hcd.Jmg·pl;mc \Ug,,thm ..olutioo pipe .... 
an'-' ai\Clll'""" \US:> (tig, II and 12) ~three conduit 
po.:,ru,11) t pes an: all p.tthwa),. for o..onJu11 ground-v,.uc:r 
110\\ Stro~lllclmt relef' tu lb.: three..Jtnl<ll'>lon:ll as:pa:l' ol the 
(l(.li'\Nty that 1:., it ' ' cvn,lrained h) a l.tyer, bed. or '>l.mtum 
wnh lateral conunuit) (Jackwn IIJ()7). 

Pore Classes 

In lhe 'tudy area, 1he ponNI)', p¢rmeablhl)'. and \lllf'"olgc 
ullhc ltmc,lllnc: 111 the BJ-.CJ)OC: aqu1ler n:lale directly to.> li1h1,.. 
la.c1e' amiii.I\C u prcdktublc \Crtll.:31 \Ji,uiburion \\ uhmlhc 
upward·,halhi\\ mg 9' Jc:, ul the Pvn Thompson Forma.tiun 

und the :aurad.luun:al subtidal qcl¢> of thoe Miami Limestunc: 
<Cunningham unJ olhe~ . .:!OOJb; 2006. in pres,l. Tb.:: 16 hthu­
t3c:1e'> ul the Fun fhomp..on F\>rmation lltiJ Miami Lime~tone 

Cpre\ivu I) Jcr.~.nbt:dl hJ\C been a"igned to pore cla.'..e~ I. ll , 
ur Ill (lig ... II Jnd 12) a.' preo<med rn table 7. These lithol.a­
Cic, ha\e .-.,chc:r unuo~uc , ,r.u tgraphtc !.p.U1aJ distnbuuonl., .tnd 
d1,1inc1 pun>), II}, permeability. and ' torage characteri~lle<.. 
l'ahle 7 uho dc-.cr1bc' ho\\ 1hc chrec pore classes relalc: 10 
three grvund ·Water !low type' defined by Cunningham und 
other'> (20t)4hl. 

Pore clu's I ctmtmunly o..:ompn,es lhe lower pan ol man) 
upwaro.J.,hJJIO\\.IOC: cyo.:lc-. ot the rnn Thomp on Fonna.t1on 
and the upper attgradauon.ll -.uht1dal ~)de of lhe Miam1 
l.imc\tutle \\here p<>ro'H) .llld p¢mteabiht) :Ire hig~l tfi!!'· 8 
and 101. Clutruclen,tn: hthotac1c' u .. wc:1ated with pore o.:la.'' I 
are: ( 1 1 touching-vug pc:lec)pod lloaL-.tunc: and rut.btone, 
121 pelmd pack,lonc aoJ gratn'tl'ne. ())laminated peloid 
paCI.. \IOIIC and gt'JIO\lOnc. (~I aUIObre~~I:J. (5) coral imme· 
.. tone, and (6) \USI:IY wacJ..:cl.tone and p;JCk:.tone (table 7) Pure 
type' that can be a'wctulw ~tth \pecilic hthofacie~ tncludc: 
\oluuon-cnl.ll)ll!d 10"11 mohh up to p.:hble tz.:. mold!> of 
bunu"., l)r n><ll\, trrcgular 'ug ... \Unuundmg casb of bum>\\' 
or 1'\Klh, ~Jc.hng-plane ~ ug .... :tnd imgular \Ugs or Cil\ Hie. 

of uru::c:n.tm lc~ttunal :a_,"()C1illl\ln up to about -1- ft in hc:i~hl 
Clig' II n\.1 121, Tou~:bing-\ U!! are 1he mo:.t common type 
ol inu:rconncctaJ (clle..:tl\1:) pc>rm1l) 10 thr~ das:. -\ ~bular. 
lhrce-Urmcn~ton:ll , '""3ttlonn ~eonw:uy n:gionafl} cha.r:Kter­
i1es lhe tnuc.htnj;•\ ug tlo~ zone,," hh.;h 3fe coru.tramed 
~l\\cen ~:}c.:k bounJ.uiC'>. ba'ied on o..undat.i<>lb of porou:. 

10ne' 10 the 'IUo.l)' urea (ph 1·51 1\n importanl pojnt i' that 
the toud1ing \U£" ul 1hc mo up\\..trd-.,h.allo,.,.mg cycl~ t) f'C' ul 
1h~ Fort Thomth<lll l'unnutmn urc: cyp1~ully most c:onccn&r.llcJ 
just above th~ llnuding .. urlacc in 1hc lower pan of the cycle.;, 
uncJ the upper aggmdullonal~.:yclc l)t the Miami Limestone 
hu~ n gcn..:mlly t"\!gulur vcrtlcul dbtribultl)O of touchiug vuc:s 
lhroul!hout the cycle fhcrc:foru, .u:cunllc cycle correh1tinn 
~.un pi'\Kiuc:;c ,, n:.lll'lll; hnl...age ul permc:able orprefercnual 
gniUild•\\;&IC:r llo\\ /Uilc!!) T}pio.:al ~rvund-warer no" in pctn: 
cia. .. :. I ~ould not be cono.:cptu:ally \1e\\ ed a_, mo,c:ment ol 
groun\.1 w:ua thmu1lh a '>)'tern ot pipes or underpound 
't.rellll1 cooJuu • but more ot a •traUtonn pas...;a~e f~ 
b) co:tlcsce~""e of touch1ng \'U~., 11110 3 m"'ll} tonuou' ~th 
lor the 1110\cment olc.on.tun £mtlnJ-wat~ 11m\. Figun: IJ 
c'temphtic, the ~trn.llform J1.,tnbuuon ot pore cl.l.,.., I II.)QJI) 
~nhm 1hc l'W\\ P (lig. 21. notabl)' \\here the lbrkcnetl area 
ill lhe ba'<! ul lH·C2e2 in d1g1t.JI Vpth ... aJ Nrehole image' 
ruprc,cnl' luuc.hmg·\ ug ponhily. F1gurc 14 !>bo\\ :. hO\\ bmb 
mold, ol bumm' and 1n1c:rl\urn,w poro~ity 111 \\ell G-3816 
~:umbmc to crl!atc: a 'trullfnml /Uilc: vi effect1ve ponhll} at the 
ha-.e ut Ill C2cl (ltg. ll) Cunnmgham and other.. (2004hl 
'hu\\cU 1ha1 J'l.'rc du,., I h•" lhc highe'l porosity and pcmtc• 
!!hili&) ullht.: three: pc•re cl,,,..;e., ddinc:d herein: hu\\t\er, the 
tem1inolug) lhcy U-.t.'d for pon: du-.~ I \\a:. "horizontAJJ cundull 
gnlund-wutcr ll\IW cia'>'•." 
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Figure 11. Relation botwoon pore classes I and Ill and touching-vug and conduit pore types, respectively, for the Fort Thompson Formation and Mlamlllmostone 
of the Biscayne aquifer In tho study area. (A) Four common types of touching-vug porosity: fossil moldic, intra-burrow, Irregular vugs, and Inter-root-cast porosity 
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Particles 

Pore Class II 

Fossil-moldic 
porosity 

Ground-water 
now 

Interparticle 
porosity 

Figure 12. Relation 
between pore class 
II and matrix porosity. 
Ground-water flow 
through the matrix 
is general matrix-to­
vug-matrix flow. Core 
sample of pelecypod 
floatstone and rudstone 
lithofacies shown in 
photo on left-hand 
side is from the Fort 
Thompson Formation 
in the G-3783 test 
corehole (fig. 2). 

Table 7. Pore classes (1, II, and Ill) related to aquifer attributes of the Miami Limestone and Fort Thompson Formation in the study area. 

1 mO. millidarcics; IWC. high-frec1ucncy cycle; n. number of sample~ used to calculute 111cdi:ml 

Major type ground-
Pore 

Lithofacies Major pore type Median whole-core Median maxlmu111 horizoa· water ftow type 
class haliiDA porosity tal air permeability .... relltivt 

ptnlllallillty 

'lhuching-vug pclec~pml 
'lhuching vug.' includ- III·C5c ,tggraliutionul II I'C5e aggmdutiun.tl 

lloatstunc-rudstonc, pdoi<l 
tng lossil-nmldic. 

\Ubttd:tl cycle or Mianu ,;uhlidal cycle <>I Mimni 
intr ... burru\\, aud 

pw;k,tunc-gminst<lnc, 
intcr·r<KlH.!<L'l p<lrvsity, 

Li m<.l.,lllnc and low<.'r part Ltnu~stvnc ..tnd litwcr p.trl 
Comlutt flow. high 

lamilt;ttcd J!Cluid puck.,tum:- of upw;tn.l ,1\allnwing uf upwal\1 'h~lln1' ing 
grain~uuu:. auwhruccia, 

,tnd trrugular ~ ugs: and 
t:}l!l~ nl' nltl Thump>ctn cydc.' ull'111t I humpMtn 

pcrrncabilit) 

t..'tlrttl fram~:stonc. '-llld VU!?gy 
wmluit pnrctsity tndud· 

fiom1utum t> .U.~ percent: htntt~ttton is !l.-1<1~ ml}: 
WIICkc.slllnC and puCkSlliiiC 

tn!! hcdding-pi:mc·vug~ 
n = 5-I II :52 

!U1J CU\Cmnus \UJ;lo 

Skdct<ol puckstonc-gntiol· 
Middle pan ur upward· Middle part <>f upward-

'lOne, pelecyp<xl llual,tune- Matrix pom:-ity includ· 
>hallowing par.tlic cydc, shal1011 ing para! ic cyd<J.' 

II rudstone. quai1L. sandstnnc mg imcrp:u tide and and middle t<t upper pun and middlo: \(> upper pitn Oilfu~e-carbonute nuw. 

and skeletal llllurll .\lUldstonc. scpurmc vug.' 
ol upw;~nhhnllowing of upwurd-shallowing moderate r•~rmcability 

and quartt sum! 
subtid:tl cycles is 25.0 subtitl:tl cycles i' 2. 7B4 
pcn.-cnt; n = I I 0 mD;n=IIJ 

lli'C4 .oggradatwnal III'C4 itj,:grudmoon.tl 

Muo.lstum:-w:u.:kc.•tonc. PTa-
>ubtidal cycle ur Miw11i 'uhtitl.tl C)d¢ nl Mi.uni 

•mrbt·ll11 lluatstunc-rud>l<lll<>. Scpur.otc 1 ug• including Llmcstunc ano.l communi) LitnC\tnm: illlll Cllllllllllllly 

pclnid wu<:~c~ltlne·plt~kstnuc. tnuldic rxm>,il> ur thin 
cycle tup uf upward--h.tl· cycle hlp of upwarc.l•,h:tl· 

Ill 
conglom~nttc. pcdugcni.: v~rti<.::tl sulutiun pipes 

lowing paralic cyd~s ltl h>wing paraltc cych:' ut Leaky. low pcrnlc.lhiht) 

limestone. ;md gnstropucl orhoth 
l'<>rt Thmnpsvn 1-onn:o- f-url Thutnpson h>muoti<m 

tlo:tstsone-rutlstonc 
tiun (;on el\ccptiun ts {:Ill c~ccptiun ts base ol 
ha.'~ of JIFCJal ;, 17.6 111-C~al i> 575 mD; 
percent ;n = 7S II =74 
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Figure 13. Hydrostraugraph1c correlation secuon A-A' between the S-3163 and S-3164 producuon wells, 
tncludmg SIX dtgital1mage logs from observation and IOJecbon wens at the Northwest Well Field. Black or 
very dark areas on the d1gttal optical image logs typically 1nd•cate large-scale vuggy porosity. Inset map 
shows location of secuon A·A' within a small area of the well field. Most of the h1ghly porous areas of the 
aquifer are wilhm stratiform touching-vug porosity zones of pore class I. 
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Ground-water 
storage zone 

Mator ground-water 
flow and transport zone 

Ground-water 
storage zone 

Figure 14. O•gttal unage of a borehole wall that 
spans a htghly porous and permeable stratiform 
ground-water How zone at the base of higll­
frequency cycle HFC2e2 en well G-3816(figs. 2 
and 13 The dashed tine represents me boundary 
and floodmg surface that separates hagh­
frequency cycles HFC2d and HFC2e2.. 360 DEGREE VIEW OF BOREHOLE WAll 

'nte f1>1lm\ •ng lithulad~: ... an: I) picall~ ;~~,ignalto pore 
c:t.~,, II: tIl , J,;efetul pxk,cone and gruin~tone. (2) pela:} pod 
tluahconc: ami CU1htonc. t .ll \jUartl 'i.llld:.tone and l.keletal 
lJUJnl '"'""''con<. u1u.l HI 'luan1 'kind (table 7l. The kdi!Ltl 
p.1~:btone um.l grnin~h•nc .and pclec)ptl\.1 tloawone ot.nJ 
rud,c,me hthtllactc" communi)' 0\.'\:Ur m the upper pan of 
up~anJ-,hallo" mg \UhlldJI l:)dc., :.~nd the maddJe part ot che 
upw.trd·\hJIIowang paralu: 9de' (fig 101 The two quanto..e 
luhnta~•~:-. are mu't cmnmun m the P1necn: ... t Sand Member of 
the Tmnwnu P(lmliltHm lnh:rpar11cle, cnlruparticle. very '>mall 
muld1c pum~uy, und urcgular 'cp:arutc-vug (Lucia, 1999) p<ln: 
\fllll'C!:> churttctcntc IIH!\t ul these lithofncie:., which typically 
yich.l gruu11J-wutcr muvcmuut through vug-to-mutrix-co-vug 
~:uune~. ti \HI\. Oiffu~c ·em bon at~.: ground-water tlow. compared 
with dlllu\C now uf Shu,tcr Ulltl While ( 1971 J and Thruilktll 
C 19761. c.hunu:terllC\ ground watur movement in arc:a.' ol the 
O•...ca)llC ·•I.IUIII.!r U\\lgneJ l\1 pore !.Ia." II Tho..e part" of the 
a4U1f1!r th;U arc pnncipall) 4uarv 'and or quartz 'anthtonc 
an..J 1hut J.u.:k moh.l i~o· w 'U!l!!) poro,ity abo are dominated by 
1.hllu-.c llWund·\\ atl!r lluY.. 

'nte toll~)\\ ing hthufade~ .ue u. .. uall} :L''>igned ro pore 
c.:Ja,, Ill : (I l ntud''""e and Y.a~.:t..e"lonc. 121 Planorbtlla 
tluJC\tnne ;JOLI rutJ,hm.:, C '1 pch,•d wacke.,toru: and pack,.,tone. 
(41 cclnglomer.tte. 15) pct.logcnic lime,tone .• .md (6l goc.tropod 
lloahtunc and rud,hme uahle 71 ·n~~~ fir.t tl\o lilhofacie~ 
~oummnnl) ~.:ap upY.afd.,hallo\\ing ~lie C) de:., and the 
peluiJ w:tei..Cbtone aJ1..J pud;,.tonc luhota.:1~ i:. n:pn:.~ta-
11\e ut 1he klY.er a~rall.:ltmn;sl ubtad.-11 C)clc oftbe Mi:mU 
l.mte,torte (tig. 10). The cunglomer.lle htbofacies i:, mo'tl) 
uncommon, llut t) picall) OC\:Urs at or n~ the ~or HFC4. 
fltc: pcdugeni~· hm ~-lone hth,,la~.:ae" b n.'--oci;lled "itb C)cle 
hlfh and '' the f>l\lt.lu~.:t vi dtagene''" or deJXbiUon of calcrete 
tlunng .. ub:a~:nul e\J11hUre. l,lll'\hll) type, common co thi~ pore 

cia\, include thin \Cmivcr1i1.-:1l \lliUIIOn pi~ and fo~~ll mohh, 
\\hu.h .tre both typ11:ally \l.!p.trJCI! \Ut;'> (fig. 12). The 'olutltlll 
pape' h.l\c: ... llc:d-...calc len~th . and..._, a r~uh. con'e) onl) 
grountl \\:lh:r ette.:tl\el) mcncl) 'hort dt'>tance.;, Mangro\ie 
n~tll\ an: ,u,p.:cted '"' ch~: unt;in fur man) of the wlunon pipes 
h.:~.:au..e the) are ' im•lar tu \tru~.:cure' de,cnbed ~ ft,.,,jt man­
t;ro\1.! rllllh by Hollmci~lcr and Multer ( 1%5>. B:lin and Teeter 
( IIJ75), Jm.l Galh ( 11}91) The matri\ or the ::.i"< lithotJCII!.\ 
'""gncd to pore cia" li lt" cummunly mtcrite (micrucl)·,tal­
lln~.: lum:~tunc) . corhequcntly. the muln;~; porosity and perme­
ub•I•IY (ll the'e litholacius JI C commonly low (table 7). Thu~. 

those lilhufuc•cs tent! w reuartl ground-water movement, On u 
lncul scale, however. lhhul'uciu~ 1\.~~igncd w pore el<L~S Ill can 
cunwiu hedding-planc vug' that have a \heet-like geometry 
and can reprc,unt llliiJUr CtllldU•h that arc highly permeable 

Generalized Layering Scheme of Pore Classes 

l'he h}Jmg\.-.,lu}ln: lr.!rneY.ork ol the Bt~arne at~ut fer 

!.hu" nun pl.Jte.' I co 4 ''a compte\ "rmngcmeoc of the three 
t)f)Cl> nl pun: c:ha,,e, mapped "nhm a qclo t:ratigr.~phi" 
lrame\\ork. Th~ t"U·thmen">~onal \ iC"., of the h)drogev­
lug•" lramcmurl \\ert: trun ... Jated into an cight-l:l~er. th~­

dlmen ... u.m.JI rcp~~cnt.Uton nl the hytlrogculogic fr.tme\\orl 
h,r the MUd) :arc01 (lig~ I "i anJ 16). The up~nno.,tla)er 
represent~ pe;st. mud.;. nl.lrl and/or fill. :and the un.Jerl)tng 
\4:\ell l:a~ef\ ~hJleolk: p.~ d.t. ... o;eo; I. U, 800 WI figs. 15 and 16) 

0« U'iC ol the me~ fine sc:Ue. :mJ L&lc:ral oomplc'•IY ol 
.some ol the pon: cl.lio;es ~In Ieala.! on pi arc!> I tu ~. it i .. Ull.l\ l>tJ • 

uhle th.it m41ly 111 the SC\Cil la)CI"' repn:.~nung pole doh~\ 

10 the t hre~:-JimC:n\hln.ll mood tndude t~O or tbTCe d1llcro:nt 
typ.:,' of pore da,,,;, 111 the ''''H.lamen,u.mal ,.it!\\'>. Therefore, 
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Figure 15. Three·d,mens•onal conceptual hydrogeolog•c model ollhe Biscayne aqu1ler lor lhe study area tn north-central 
M•amt-Oade County 
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0 5 10Mil£S 
I EXPLANATION 

0 5 10 KilOMETERS Ml.U. MARL AA'QJOI fl1 

Agure16.. Ast exPloded view showing much of the geOtnetry of the upper surfaces of the 
three·dtmenSJonal conceprual hydrogeologic model of lhe B•scayne aqulfer for lhe study 
are am north·cenlT8l Miami-Dade Coumy. Refer to ftgure IS for verucal scale 
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tigure-. 15 and 16 are l\implilied interpretuuon!t of the two­
dimenstonallramework 'ho\\ non plates I to+. Fore~ample. 
permeable zon~ repr~ntulive of pore cia .... , I that :.eem to 
be more bydr.tulit.:ull) connected laternlly than bol:lted are 
(.:umbined into region31 un1b. The delinc..tion of three dt:;tinct 
rehui\el) high-permeability laye~ (ti~. 15 and 16. repre­
-.cnted by pore dJ'' II•' ~upponed by meo~!>Ured difference!> in 
vertical hydriiulic grodjenl for penneable 1.0ne:. contasned in 
HFC5e and HFC3a and permeable zone:. Hlthe lower part of 
the Biscayne a4uifl!r in the southwe:.tem pan of the Mudy area 
tCunningham and other... 2()()..tc). 

1l1c Biscayne aqu1fer "conceptualized :u. three sub­
aquifer; of relaU\'CI)' higb pc:m1eability (layers 2. 5, and 8). 
wh1ch are mterluyered w1th two layer.. of rel:uh·ely mooerate 
permeability (lu)Ct\ .t and 7J and two layer\ of relatively lo"' 
pcrmeabilll)' (layer.. 3 and 6ll.' ~hown in ligures 15 and 16. 
Tht: two uppemlO~L reluti\'ely tngh-pemleability layers (2 
aml 5) are npproximately equ1vulent 10 HFCSe and HFC3a 
and lluve good phy,ical connecuon in and around the ' tudy 
area. The two relatl\'ely moder.lte penneabiluy la)'et\ (4 and 
7) repi"C!>enting pore cJ~., II are conceptuali.zed a:. coot:t1ning 
mo'tl} Jjffu~-curbonate ~round·W':lteT fl~. Both la)et"S 3re 

h) pothc!)iz.ed co contain much of the grounJ-\\.aLer 'torage sn 
u~e Bi~ayne ~uller and JC!\., 1111portan1 in terms of reg1onal 
ground-water flow. l.Jyer.. 3 :md 6 repre..enting pore cl~\ ill 
are <.:oncepru,lh7ed a:. relauvely low-permeability luyel"l> that 
generally include. ( I) HFC4 und the Lop of HFC3b: and (2) the 
ba.'e of HFC3b, and locally. the rop of HFC2h. Both layer.. are 
con,1dered to leal.. vertical!) and inhibit honmotal mo,·ement 
ot ground water and ha\c only a msoor role. tf an). in the 
horiTmlt.al mon~menl of ground war~. c:'<<:ept in are.'b when: 
bc:tlding-plune \ ug., are p~nL In summary. the mappsng 
ul the ulntude.'> and chkknl!."e> ul pore-cia.'>!> lllyel'!i within a 
,imphficd conc~o~ptuulmodc l uf the B1:.cayne aquifer could be 
u~ed ""' a template for more reliable numerical ground-water 
moJd layering than previtlll'<ly possible llig~. 15 and 16). 

Altitudes and Thicknesses of Hydrogeologic 
Layers 

Layer I '' compusc:d ot pc:.ll. marl. muck. and fill Jnd 
luycr.. 2 to 8 are ch.tracteri1et.l b) pore cia:.' I, 11. or Ill. Pure 
clu.,.., I 1:. chamctcn.;tic uf luyer 2 and generally corre~pond:. 
to I fFC5e, the Q!i unit of Perk111~ ( 19771 or Q5e of ~tuhcr 

and othe~ (20021 In generol. tht: upper 'urface of l:1yer 11., 
h1[!h.:~t sn the arc.s ot the f'.i\\'\\ F (fig 111. f\:onh of the \'-CJI 

ticlJ. the ,urface d1p' -;!Jghtl) to the "'.nub; .,;ootb of the" ell 
fieiJ. the 'url~·.: [!l!lltr.tll) dip, northward. Layer:! generally 
1' thinn!:St 10 the north\\e't and thtcken' 'o~unl to 
more than 151t (lig. 181 

Layer 3 b chamc1erized by the upper lone ot pore 
clu~o~; Ill, und moMly is inclusive of HFC4, the Q-t. unit of 
Perlin:. ( 1977). und the uppermo~t pan ur HFC3b; that IS, thi .. 
layer can spuuthe b;u,e of the M1urni L1mestone and upper-

moM pan of thll Fort Thornp,on Formation. The upper 'urface 
of layer 3 genemlly dip' to the east or !>OUtheasl. but aho dipl> 
to the w~t. an tln area to the ~thw~t of the inte~t1on of 
Krome A\enue and Tamiami Tr.ul (fig. 19). La:)er 3 ileneroU) 
1:. between 2 .ultl4 It th1cL. throughout the tud) area <lig. 20). 
Thi!> low-permeosb1ht)' la)er h>b been e\o~luated in numerous 
!>lUdiC'> ( Kle1n :10d Sherwood, 1961: Shmn and Corcoran, 
1988; Gunnl1ano, 1996; Brown and Cald\\eiJ Environmental 
Engineers and Con~>Ultant,, 1998; Genereux and Guurdiario, 
1998; Nemeth and other:-, 2000: Sonenshein. 200 I: 
Cunningham and others, 2~b: Krupa ami Mullen,1005). 

Lnyer 4 j, characten.red by the upper zone of pore 
cia.'-' 11, and genernll} 1:0. equMllentto the lower anJ m1ddle 
part' of HFC'\b and the m1ddle :md upper parts of HFC3a. 
The upper .. urface of layer 4 ha!> a slight broad dip toward 
the \OUthea'-l (Jig. 2 1 ). The th1ck:ness of th1s layer varie:. 
throughout the study area, runging from 0 to 15.4 ft (tig. 22). 
Luyer 4 gcnerully i!l thin in lhe northern and southwcMem 
part:. uf the IIIUtly area. however, and thickens to the north· 
we tern and \OUtheru.tem part.\ (tig. 21). 

La)er :S i' characteri7ed b) the milhJJe zone of pore 
cia's I. nnd generall} corre,pond:. to the b:lSoe Cor near the 
ba...e) of HFC3a The approJttm:ue d1n:aion of the: Jjp of the 

upper ~urlace uf l.ty.er 5 t!. tm\...rd the M>Uth 10 the northern 
part of the 'rudy area and toward the M>Uthea:.t 1n the 'oulhcm 
pan uf the ~tudy :~rea (fig. 23). The layer i:. thickest (ulmo:.t 
10ft) 10 the nonheao;rem pan of the study area. but generally 
I!> bl!tw~n I .1nJ 3 flthtck 0\ er much of the !trudy area and 
lwnll) ab 1!1\t (lig. 1~). 

Layer 6 1, chat:~cteriz.ed by the lower 1one of pore 
cla.\s In and uccUJ'\ :u the ba...e of HFC3a and locnJly at the 
uppermo t p;tn of HFC.2. !tpannmg the: top of HFC2 anJ 
H FC3a. The upper ~urface of luyer 6 genemlly !tlopeo, toward 
thl! -;outhea:o.t or ea:.t in the :.tudy area (fig. 25). The luyer IS 
thin or nbsenl 111 lh~ nor~hcastcrn parl of the srudy arc:~, and 
in general, about I to 2 fltluck over the reM of the -;rudy oren 
(llg.161. 

Layer 71' charactemed by the lu\\ er 7one of p<.li'"C cl~ :-. 11 
umJ 1' equi\alenLtO the upper p..ut of HFC! unJ can tnclude 
HFC2e to HFC2h. The upper ,urface ot la}er 1 generall) dip 
toward the .. outh ~J M>Uthca't (fig. 27 ). The luyer 1:. thtnnest 
l)n th-e weMcm p.m of the 'tUJ) area and thickens to\\ ard the 
enl>l. ~pecially to the northeast where the thickness exceed:. 
30 ft (lig. 28). 

Layer g " charnctc:nJed b} the lower zone of pore cia...._., I 
and i) c:qu1ulent to the lower part of HFC2 .uul can indude 
HFC2d to HFC2ll. Thi:. la)er indudes mu~h of the open· hole 
tntel"\als of proJuction wells ut the NWWF .md \Ve:.t ~ell 
Field Cfig. 21 t...lyer 8 1' thtclte:.t 10 the nonhwesrem pan l)t' 
the ,tud) area and 1n the VICIIllty of the: NWWF. In geru:r.U. the 
upper ~urface uf layer 8 dtp~ I rom w~t to east at about 5 ft per 
mil \! (tig. 19). The thickn~:s:.M this layer rungcs rrom about 
9 ll ro 45 ft (fig 30). Thte luwer surface nf layer 8 generally 
dtp' toward the ea~l (Jig. 31) 
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Figu,.. 17. Allltude of the top of the upper zone of pore class I of the Btscavne oqu.fer. Thts zone ts shown 
as layer 2 tn figure 15. 
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Figure 18. Thickness of the upper lOne ot pore class I of the 81scayne aqu1fer. Th1s zone is shown as 
layer 2 10 f1gure 15. 
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Figure 19. Alutude of the rop of me upperzone of pore class Ill of the B•scayne aqu•fer. This zone ts shown 
as toyer 3m figure 15. 
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Figure 20. Th1ckness at the upper zone of pore class Ill of the 81scayne aqu•ler, Th1s zone ts shown as 
layer 3 in f1gure IS. 
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Agure 21. Altitude of the top of the upper zone of pore class II of the Btscayne aquifer. Th s zone 1s shown 
as layer 4 1n figure 15. 
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Figure 22. Th1ctness of the upper-zone of pore class II of the 81scayne aqu1fer. Th1s zone is shown as 
layer 4 tn hgure 15. 
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Figure 23. Allltuda of the top of the middle mne of pore class I of the Btscayne aqutfer. Thts zone ts shown 
as laycr5tn hgure 15. 
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Figure 24. Thickness or the nuddle zone ol pore class I of the B•scayne eqUtler Thts zone ts shown as 
layer 5 tn figure 15 
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Figure 2S. Alutude of the top of the lower zone of pore class Ill of the B1scayne aqua fer. ll11s zone is shown 
as layer 6 an hgure 15 
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Figure 26. Th1tkness or the lower zone or pore class Ill of the Bascayne aquifer. Thas zone is shown as 
layer 8 an fagure 15 
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figure 21. Th1ckness of the lower zone of pore class II of the Bascayne aqutfer. Th1s zone IS shown as 
Ioyer 7 10 f1gure 15. 
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figure 29. AIUtude of the top of the lower zone of pore class I of the Bescayne a que fer. Th1s Zorn! rs shown as 
laver 8 tn hgure 15 
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Agure 30. Thtckness of the lower zone of pore class I of the B•scayne oqu1fer. Thts zone is shown as 
layer Btn hgure IS 
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Figure 31. Aluwde of the base of the lower zone of pore class I ol the Btscavne oqutfer. Thts zone is shown 
a slayer 8 1n ftgure 15. 
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Borehole-Fluid Flow 

Ventc;sl btlrehulc tlow v.;a~ 1denttfied to te:.t the hypoth· 
CM\ tbJI wternll} e.'I:ICihi'wc unih ch.mtctcrized by pore 
da." ll~R re'pon,ible lllr m1ht of the ground-u~ flov. in 
the Biscayne :~quitcr. Boreh(lle-llu•J flo-.-. "<b detected in 
coojUO(tion ~ nh rhe acc.jui>IUinllll boreh~>le-flov.;meter Jau. 
flutd-cunductint) u:.u~. :tnd fluad-temperawre dab Cl.tble 8) 

anJ ai)O digital e>pti I borehole illUige .. and computed 'uggy 
fktm,ity d.:ua. Fur the: lug .. include\~ in table 8. borebole-fluad 
tempcroture rongeJ I rom 71 .6 t\l gg Y •F. and borehole-fluid 
cunducuvny nu1gc:d I rom JJ6 tu 807 J.t';icm for m~mcnto. 
'' nhin the Bt"'ayne :~qutter. lnter\'nh of borehol.::. where 
challl!C:~ tn borthule n,l\\ .tnd tlutd conductivity or fluid 
tl!rnperuture or both :sre . harp ha .. ~ tlccn identified ns zones ot 
the bf)f'Choh: where there'' tnfkm: '"outflow of~ater. 

In some '"''an";::,, !lhrupl \an.:a.uon' in fluid conduc-
11\ ny, tcmrer:uure. or both et~ponded to slurp ~e.. tn 
n,~ meter wluc:iues. tltr~ 11\1\\ tune~ mo-.ll) occurred :u the 
h:bc ol the HFC., (tilble lh. Tv.u prelerential flou zones v.ere 
nto'l h~el} Jl"C'Cnl in the upp.:r p.u1 tlt the Bbc:a)ne aqutfer tn 

HfC'oa :md HFC5e. se\en preterenu;~l !low zon~ were idenu­
licJ u.' impurtant in the lov.cr pan ot tile Bi:.c~yne aquiler, 
and live tone' "crt iJentitied in the Bi-.ca}ne aquifer v. here 
tnfluw .and ouulov. I rom the borehole v.ere onl} deline.ued 
IQCally (li¥. 31J. l!'l::tmpJe, 11'\lm la)er-.l. 5. and 8 (fig,, 15 
nnd ICu tlf llrtlund·w~ner inflow anto borehole, from prefer­
enual tluv. 10ne,, repre..c:nted ~h pure cia..,, I on the ba:.i' ol 
dtBital borehole imagc:o;, an: 'h"'' n 10 figure.' .B. 3-1. and 35. 
resptdi\el). Both tone:~ 'hown til figure' 33 and 34 are part uf 
h)drogeologtc un1h Ui8' 15 and 16. la)er.. 2 and 5) that can 
he clc.rrly correltned "ell heyund the ltmth of the :.tudy area. 

In cundul>tOn, allot II FC'ic, the lower pun of HFC3u. 
und vurwu' lone~o 10 !he luwc=r purr of rhe BisCOJyne aquifer 
(l tg. 32) likely 1111! principal pat hway~> tur ground-water now 
und solute trun'lporl in rhc ll i~cuyne aquifer. Additionally. 
II FC5~ cutrc,pon<h to rhc rcttnuutlly mupped Q5 unit of 
Pcr~•n~ (1'1771. .tnd the lmwr pan ol HFC3aoccurs near the 
ha'c ul the QJ untt ol Pcrl.an' ( II.J77 I; both are correlated. 
.tllhough und~umcnted, 1)\C:r :1 large area of Miami-D~1de 
Count) . Man) older prdercnltalllov. zone~ (fig. 32) -.eem to 
be present thmughuut rhe ~•uJ) .trea, bur tbelr extent ha. .. not 
been \critic:d Mappang 'hu\\ ~that the preferential flO\\ zone.' 
ul loc.tl c~renl ctig • .32) prob;~hly ttrc not 'ub. lilnttal patbv. 3)'l> 
fnr l"e¥10nal JmunJ-v. .111:r lluw .md 'ulute tran.,pon. 

Ground-Water Flow and Pore System Evolution 

Mt)\ emcnt ol grourk.l v. :uer v. tthin "lller-bearing 'trJ.ta 
uf !he Bt'l."'lt)nc :KJUifer <"-~r~ \\ nhin pore ciOb~ l U. :md 
Ill (table 71 Ea\;h p._ll'e cJa.,~ compn!>e~ a uruque L'ategOf1 

uflnhofacics anti pore )stem (lig:.. II nd 1.:!.. 3.1ldlablc 7). 
CarbonO!ti:·rud: ltthot..cte anti pore '),tern:. c3.1l be arranged 
Wtlhln lhC C'OniC'I:t Uf htgh•frequenL} carbonate C}cJO'>fr:lltg· 

ruphy. The ponhtly ul pore da"'" I j,. rypic01Uy charactemed by 
loo..:hina vug' rhat form high I} permeable !>lr.Uifonn pa.,..age­
w~&y-. and 1~, .. wicJc:.,pread bedding-plane vu~:.. thin M>lution 
ptpe,, and '-':l\'c:mou' pon,.,uy. The ,,ze, "~· arul !Op:ttial 
dl'tnburion ol touchmg-\ug porosny ~nhm the Bi5cayne 
~uticr can be map('Cd ~•thtn the contcltt of the btg.b-r'n:­
qll1:ncy cyclo.,tratigraphu: trame~ori; becau:.e lhese attnbute:o. 
communi) uccur in rhe luwer p;ut or the HFCs above flooding 
surt~~ ... ~ht4.h Ia thtat~' v.ell-bH.~c:JJ correbooo ofht~hly 
purou~ lone<>. Thc:..e htghl.) porou-. 1ones common I} occur at 
the: "a.\4: of the paraltc and 'ubtu.l.tl upwanf-.JWJO\\ ing qcle.; 
ol tho: Fon Thomp,on FumtatHHl unJ throughout the upper­
mu't 'ubridal agilradational cycle of the t.-hami Limestone 
(lig. 10). 

Pore cia<.-. II '" dt,ungut\hed by interp:uticle anJ -.epa­
ra~·\Ull ronhtfy wtthmthe nxL: m:mix and mosd} contAlln' 
dtltU<ie-c-.ll'bonatc t;rt>Uod-v. arer llov. (SitU:.ter :mrl \\'hite. 
1971: Thr.uiL.ill. 1'176; Manin :llld S~o"Ttatoo. 20011. Tbc:.e 
tv."O pore types rei~Je lll -.pcctlk hthofacie:. ~the middle ol 
UJ1WW"IJ·,h.alluv. .ng cycle' anJ the upper pout of ideal sublid.\1 
upwan.l-"lullowin • qde ot the Fort Thomp:.on Form.tllon 

The poro 1ty ol pored;~ lllt,l)pically distin~:.hed 
b~ 'CJl3r.llc \ u~'· 'IUCh a .. Plmwrl'lf!llll molds. within a \ety 
l\lV.·pcmlc3bihty mtcnh: matn\ th:11 : (I) may be perforntc:d 
by thtn o;enmena..::al • ..olutnm pipe' of hm11ed venic-.11 c'l:tem. 
or c !) may ha\ e a .. ..ociutcd llcddtng-plane ,·ugs. The O\c:r.tll 
pemle.&btlll)' of pore cia-.-. Ill i' cummonl) lo~. but \CrtJcaJI~ 
leaky. Pore cia.~ Ill i~ common!) D\ .. ociated with mtcnte-rich 
hthulacu:s th.&t ma} CJfl upv.an.l-,hallov. mg C}cles of the ron 
Tlwmrhon Formurion. 

Tl11: d"uiburiun of pore ci.I\!>C I. II. and ill in the .. rudy 
JJCJ 1)\;Cur.. w1thin predtctuhlc \C:rlt~oal und horizontal '>flaltal 
JMtcrn' l'h" c;m be cllpl.unc:d by the: fact th:11 their mamfe .. w­
lton i' dtrcctly rdutcd t(l lht.: venical ~~~~emblage of lithotuetc\ 
w1thin urc~. 

It is pruposed herein thur kar~lic developmelll of the: 
highly permeable 7oncs ut rhc bu'c of upwnrd-!>hallowing 
cycle' ol the Pon Thump,on Formation relates to cyclo,lratig· 
r.tJlhY and Ple"roccnc ..eu-level hl\tOI). This conclusion i' 
WflJXInl!d by figure H. ~hid1 'ho\\' thattbe vertiC!l.l atrJnge­
ntl!nt ollitholade and pore: d.t'>'><' .u-e hnked ~ith.in the: 
cuntc'l:tof i\kal Hrc,. fomtauun of ~cond:uy poro,icy 
wa .. prob.1bl) prudu\;eJ h) 1111:teon.: \\ater tlowing through 
the hnl\:~lone ol the run Thomp,on Formation during th 
COlel)lCilCC tllhl the \.tl,i!hC /lllle C:JU~d by ~riodic fov. :,lando; 
in :.ea le\&~llhat "~" Plc:l'to<:c:ne gl.ldal ma.'l:imums tnfc:m=J 
h) J>cr'-'"' ( 19771. llle pos~tbaht} C'l:l'l\ that these cphOt.lk 
\oWO~ C:\Cilh promoted o ·~n;,.,,,e c.ll'solution of c-.ubonatc 
gnun am.l dcpo..itul~l h:~ture' 111 the lov. er p::nt of ")de' :tS 

:a ~uh of p:n:hc:d. concentr.ucd,lk~ n-ilip flow of meteonc 
w .. tcr abme llooding una e:.. Thi focu.~ low-gradient 
lateral lkJW uf mc:teonc w;,ater <~btl\c tloodmg surfaces'' 
po., tubrcd c.luc tu lhc pre:o.en~X ufn:lalJ\ely low-permeabtht} 
ltth,llogtc.' :11 c) de: tops th.lt unJcrlie flooding sunace:. :and ;,ct 

u~ bJIIlc~ ur barrier' ro Jov. n" an.l \erttc:~.l drainage. 
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Table a. Borehole·Oowmeter. ftUJd·conductivtty, and ftuu:l-temperature data for wells that fully penetrate lhe Brscayne aquifer in the 
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Table l Borehole-flowmeter, fiUJd-condutOVlty, and ftUtd-temperature data for wells that luUy penetrate the BIScayne aqutfer 1n the 
study area and collected over uncased, open-hole tntervals (Cononuedl 
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Figure 32. Number of occurrences of various preferential flow zones m 16 test core holes fully penetratmg the Biscayne aquifer in the 
study area, venfied with heat-pulse or spinner flowmeter measurements, or both. Q untts of Perkms (19n) also shown. 

Summary and Conclusions 

A fum.l.amental problem in the simulation of kar..t gmund­

water llow ,uu.J '(llutc tmn~port ·~ hm\ to represent aquifer 
heterogeneity ll\ deli ned by the spaual distribution of porosuy. 
permcallility, ami stonage. Comb1ned analyses of lithofac ie~. 

depositional cnvim nmcnt'>, cycJ()s trmigraphy. and borelwlc­
geophy~ical log' us they relate HI pt>rtll>ity. permeability, and 
' torage ha' 1mprtwed the repre~n tation of the triplc-pom,ity 
kar.t Biscayne uquiler 111 an approximately 95-mi2 stud} area 
in ..outhea.,tcrn Florida 

K.tN aquilcl" arc tradauonall} charactenzed by three 
l}pe'> ot pon.hity : •ntcrp.u1icle matn:\ poro.,it). fra~ture 
poro<,ity, and laq!c \."U\'emou' poru'll). Th•~ has leJ man) to 
'iew l.aN ~uiti:r.. a. ... t\\O component') -.terru.. "'here much 
of tho: ~ruun,J-\\.ater '>lorage oc~ur. m the m:uri'" p<>ro'>lt} or 
fracture' ur both, und much of the ground-water flow and 
tran.o.port t<~lc' pl.ace 111 large d1~-.oluuonal conduits. In the 
young o:ogencuc kar..t that define' the Plca,tocene hme,tone 
of the BIScayne aqu1lcr. however. a fourth porosil)• type, 
ruuching-vug JlUm~ity, '' c'>pec.:llly impnrtunt in terms 
of conveyance ol ground water. The triple porosity of the 
B1~cayn.: a4u1fcr I!> typ1cally: C I) matri\ of interparticle 
and scpar..th!·\ ug poro'>ll)'. providing much of the ~torage, 
and undt:r dynanm: condition.-., d11Tu..e-ca.rbonatc Oo''; 
(!l touchmg-\ ug J><II'U'>liY creatmg -.tr.ttifoml ground-\\att:r 
llO\\ pathY.ay' ltlm1cd by touchmg vug ... : and (3) It:!>.' common 

com.lutt pon.l'll} compo..ed mamly ol bedding-plane vug ... 

thtn ..oluuon pipe'>. and ca,emou-. 'ug~. The....e t.hree conduit 
poro'll) t)pe' un:: all path\\ ay' for conduit ground-water OO\\ , 

Rod. h:'ttUrel>, faunal con~tttuenh, 'edimentary 
~lructures •• md relation to 11Urface11 bounding vertical lithofa­
cies succc\!>ltm:o. were the bu:.is for defining six principal 

depositio nal e nv1ron1nents for the Tumiami Formatio n. Fort 
Thom1Nm Furrnation, und Miami Lime~tone. which are 
major litholog1c comJ><menh of the Bbcayne aquifer. The ~ix 
depo'lttional environment\ are: ( I) middle r.unp, (2) platfonn 
marguHo-outc:r platform, (3) open-marine platform interior. 
(·U re .. trictc:d platfnm1 interior, (51 br.tdti:.h phuform interior, 
and (61 tn: .. h\\ah:r tefl'e:)rrial em sronment., H igh-frequent} 
cycle ... 1om1 the lundamc:nul buildmg bloch of the rock ... uf 

the 81"-.l)ne :Jl!Uster \'ertJcallithofacitl. a ... ...emblag~. which 

ha' e 'wcl.m~ p;auc:m-. th:u reoccur. fit"' 1thm the hsgh-rn:­
quenc) cyde' The upward-,h;JIIo\\ing :.ubtidal C)cle. up\\ard­
,hallo\\ ing par.thc c)·de. and aggradational:.ubridal qde 

deline three type'> ~11 ideal high-frequen~.:y cycl~ thal occur 
\"Hhin the Fort Thomp.,on Formauun and Miami Limel>tone. 
The key lU identification of the upward-,hallowing paralic 
cycle is" cappmg 1111crite-rich carllonate lithology ind1c01tivt: 
of dep<Ntmn in brackbh paralic or freshwater terre.,trial envi­

ronment' Gruupmg of h1gh-frequency C) del> producetll\m 
C) de -.ec.. unc prugrJdational <Fort ·n1ompson Fonnatlo n l .and 
another a~rad.ltion.tl (Miami Lime'>tonel bibed on \enu;al 
C)cle pauenh. 
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Agure 33. Companson of borehole image, computed wggy poros1ty, geophysJcal, and flowmeter logs showing evidence for 
intlow of ground water lrom 1 prelerenual flow zone into lhe borehole of the G-3782 test corehole. Most of the m'Jow seems 
to occur at 1 vuggy Cll'llty at the base of HfCSe between the depths olabout IS 7 and 16 8 feet below land surface (shaded 
1n pale red) 

pnrn:ll) ohscmtllon •~ thai :1 ~Jctable .. ertiCll 
pattern or porosny. penncnb1hty. 'and 't.>rage common I} 
c:\l~ts "nhmthc: three •Jc:~l qd~ bc:c.ru....: ~aquifer 

prorc:n•.:s n:lah: thr"e\:tl) to lllh11lac•o Si'<tee:n major 
hth•JI Cll!.'> \ll the rvrt Thuntpson Forma1ion wtd Mlill111 

L.ntc~tonc h;m: ~~~ • "'gned to 11nc of three pore clib~' 
(I. II, am.J 1111 p,,re d.h,. I I) pu:ally compriso the lower p..1l1 

of upwlln.I·Shallow mg ubuJal :md pamlic C}cl~ typtcall) 
-ablwc llooding urface "11hin the Foo Thomlb(lo Fonn;~lioo 
anJ an upper um;nadiilmf\31 qcle uf 1be Miam1 Llm~tooe; 

htU~hmg·\ ug gmunJ·w:ucr llo\\ j, typ•~-al for thi-. pore ellA.,., 
Ctln~cpluahtUIIUO ulthl! touchiO!,!·\Ug nnw i:. movement ot 

gmunJ water lhruu~h a 'rrutilurm (l;:l''agc formed by co:&Je..,. 

c:ncc ol vug' tntu u lllthll} lonu,)u" path. Bc:dding-planc: 
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Figure 34. Companson ol borehole 1mage, computed vuggy poroSJty, geophySJcal, and llowmeter logs showmg evidence 
tor Inflow ol ground water from lWO preferential flow zones 1nto the borehole ollhe G ·3788 test corehole Most of the 
mllow seems to occur at a bedd1ng-plane wg at about 20 to 20 21eet below land surface and a caVIty that IS a combmatJon 
of touching vugs and a badd1ng-plane vug at about 21.6 to '11.7 feet below land surface. Both preferential flow zones occur 
w1thm HFC3a (shaded m pale red!. 

'u~ 2111..1 r2re ~o:·:~,~ml•u .. 'ug ll•nn conduit poro<;Jt) thoat 
OCl.Urs 1&:5" Ulllllllt•nl~ sn pme ~llhl> J. Pore cL.ss U o;omm~Jnl) 
oc'ur. m the upper p:srt ul the: up":mJ.,h.lJJo" mg subw.bl 
cycle: amlmit.JJic p;~n ul the upwunJ.,h.tlw\\ iag p;ualic 

C)clc Th1' ~Ia" " pnn"sp.111} mh:rp3ntde :~nd :.ep:lntiC:·\ ug 
ponhsly. unJ " "har..t...tc:mcJ b) dtlfu..e-<:-.uboflilli: grounJ­

"utc:r lluw thNU}!h \ug· tu ·m.llrt\ ·tO·\ug connecliolb. 

Mll.Aic..Jon\ln<Jied htholog•c~ . ~ lu~h rrt.:l~ run·e thin \CttJQI 

soluuon p1pc: (~•n ~om.IUihl nd -.epar:ue vug~ di,tjo:;u•l>h 
port: da'iS IIJ, Thl cJ;as~ c.'OffilllOOI) t.'af"'> upwanJ-.Ju!JCN.IR8 

qde_, 4100 t'IC~o:Urs thnrughuut mu'"h ot the J'"'er :~ggrat!auon;al 

')de ell the Mtllms l1mt: 1unc. The~ m1~nte-ricb lilhui"!!'C:' 
lc:;aL: \cnscall), Nit t.:nd tu tnhstut h,tnLontal ground-\\alcr 

mU\etn.:nt. 
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Figure 35. Comparison of borehole image, computed vuggy porostty, geophysical, and flowmeter logs showing evidence 
for inflow of ground water from a preferential flow zone into the borehole of the G-3793 test core hole. Most of the inflow 
seems to occur at a vuggy cavity at the base of HFt2c2 between the depths of about 5 L 1 and 52.7 feet below land surface 
(shaded in pale red}. 

Tt i~ proposed that the kar.tic development of the highly 
pcnneable zones at the base of upw.mJ-~hallowing cycles of 
the Fort Thompson Fomlation relates to cyclostratigraphy 
and PleiMocene :.ea-le\cl h"tory Fonnation of secondary 
porthit) was probably produ~>tl hy meteoric water llowing 
chrough the limestone of the Fun ThOmJhc.>n Fonnalion during 
its emergence into the vadose 7.one. caused by periodic low 
1\lllnds in sea level that span Ph:iscocenc glacial maximum~. 
The focused, low-gradient laceral now of meteoric w:uer above 
flooding surfaces is poMulated due to the presence of relu-

lively low-permeability lithologies ac c~cle tops that underlie 
flooding surfaces and act as barnes or barrier; to down wan.! 
venical dr.unage. 

The cyclosrrarigr.tphlc approach wkc:n herein demon­
strntes that irs combined use With borehole-geophysic;l] log~ 
Ill valuable to the developmenc of an accurate conceptual 
three-dimensional hydrogeologic model. The one-dimensional 
cyclostrntigrnphic framework, or fingerprint. of each well 
used in the conceptual model permitted correlation of vertical 
lichofacies succession1> and high-frequency cycl~ and the 
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'II.C:JI·(IHo,cll COOile\;IIUI\ ul C\lrt'e'\f'OOdin~ highJy pot"OU'> 1UlJ 
penneable 1one"' ~t'll.c:cn "ell~ . The concepu hould be: 
u..clul in J'f'l\ a.Jang .a lr.ante'\\orL: lor num¢riC':ll ~imubtion of 
regiun;al- :Jle .Jual· :m.J tnplc:·poro It} ground-""ater 00'11. :md 
'iOiuu~ tran (lOI1 Man) S.a.rst 31.1Ualen; tlCcUT to cyclic plaifonn 
c:ub<matc:~. 'tlh: \;~dll tro~tagmphac .appro.tcb i~ applic:tbtc: to 
numc:ruu, un:a' 111 the 'll.ori.J. Applu::uaoru> include \\C:IIh¢41.1 
pn>ti:\:IH>n Ul 'II.CIIIaci.J.,, llc: agn ul u·accr ~udlC!> • .;;olutc:-tralh­
pun moJchng ul C•11110lll11n.lnta. ;;!I~ :uc:r intrusion mo.Jehng 
aruJ munatnnng an .;l):ht:al area\. c:ngmeenng desagn of under­
gmun.J barnc:rs tn ~page: and tunnd~. dehneation ot ~torngc: 
1onc~ lur uquilu 'tumttc ami n!\:0\C:C) pruJOCb. and -.imulation 
of rc:gwno~l·..calc: kurst ground-water tlov •. 
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