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INTRODUCTION The relative importance of the second process in affecting the dissolved-solids con- S chmen | < :__1_ o
; . g i ) tent of water from deep wells in the upper permeable zone is dependent on the depth % e o '"' i . >
The Tertiary limestone aquifer system .°f the so.uthc.aasten} United States is a sequence (position) of the freshwater-saltwater interface. The interface occurs near the top of the i ’; s Zaiopd /
of carbonate rocks referred to as the Floridan aquifer in Florida and the principal artesian upper permeable zone in discharge areas where freshwater heads are nearly zero. The . Y S 1\\ 9 /
aquifer in Georgia, Alabama, and South Carolina. More than 3 billion gallons of water interface occurs progressively deeper inland, as freshwater heads increase. In coastal G e P ety 2 s T A"mh-l ekl {
are pumped daily from the limestone aquifer; and the system is the principal source of areas where freshwater heads are less than 10 feet, the interface may occur at only a = Fehetis 4 Nobiaton 4 ] ", A:.:o;:“ o) 4 ‘ﬂ'l:’ o 1 ¢
o cipal, industrial, and agricultural water supply in south Georgia and most of few hundred feet below land surface. For example, both the estimated predevelopment 0 Raceaon Reny Gy - butras GRS Z oo ;\‘,usv,,.e
Florida. : ) : : . heads and the May, 1980, heads in the limestone aquifer were low along the west coast e ND O s oYt T i S ol L \;'
The aquifer system includes units of Paleocene to early Miocene age that combine to of Florida (Johnston and others, 1980b; Johnston and others, 1981). In accordance with 7 s s S R s former Brown s %
. . . . . aypo! ’ Minnshaha
form a continuous carbonate sequence that is hy draulically connected in varying degrees. the low freshwater heads, the interface has been located in the upper permeable zone { g : ; — AN s o e St 4
. . . . . . n Key Point 0 . Winder v
.In a small area near Brunswick, F}a., a thin sequence of rocks of Late Cretaceous age in Franklin, Citrus, Hernando, and Pinellas Counties (Trapp, 1977; Mills and Ryder, ’» ”!”m i =~ Q& 29 m‘f e @L o ‘\ & HED
is part of the system. In and directly downdip from much of the outcrop area, the 1977; Sinclair, 1978; Hickey, 1979; Hickey and Barr, 1979; Reichenbaugh, 1972). This & Dinnar Point RS e o ‘*QD i - &.%'% ’ o rd v 5
i i i i i . . . . . . Aripeki asaryktown = Sy >,
system consists of ofne continuous perms;zble unit. Furthet(’it{)ownclhp the aquli)elr sys'ten; map assumes that the second process is important in affecting the dissolved-solids P W e ‘Q“-é LI
ﬁ?nl‘flrauy c.onilsflsg t“l(io majoLperica ve lzorll{es sepa_rateu yaa lessi{-pergleadi:' umtfo content of water in the upper permeable zone along the coast from Manatee to Gulf : Ol 11
ighly variable hydraulic properties (very leaky to virtually nonleaky ). Conditions for Counties, although few coastal wells are deep enough to have penetrated the interface. Yenina L 0
thg system vary from unconfined to confined dependu_xg‘ upon 'whether the argillaceous Along the Atlantic coast of southeastern Georgia and northeastern Florida the it \\ i o Beach
Miocene and younger rocks that form the upper confining unit have been removed by freshwater-saltwater interface is considerably below the base of the upper permeable \
erosion. zone; in fact, the interface occurs in the upper zone far out to sea. In this area, modern- oty
This report is one of a series of preliminary products depicting the hydrogeologic day heads (Johnston and others, 1981) are low but the estimated predevelopment heads g Bag Poine A
framework, water chemistry, and hydrology of the aquifer system. The map shows the (Johnston and others, 1980b) were much higher. The extensive pumpage from the “arcioe \\ B
distribution of dissolved solids in water from the upper permeable zone of the limestone aquifer which lowered the heads along the coast appears to have had little effect on the gx_y n'ﬂ'.«l_ \
. . . . . anova Besch
aquifer system. The upper permeable zone consists of several formations, primarily the freshwater head measured in a test well more than 50 miles east of Jacksonville (Johnston @) oot LIS \t \
Tampa, Suwannee, Ocala, and Avon Park Limestones (Miller, 1981a, b). and others, 1980a). Because the interface occurs in the upper permeable zone so far e mﬁé‘j‘ \ Qe
The dissolved-solids concentrations of water within the upper permeable zone vary offshore, there is little chance that lateral seawater encroachment would make the Pain Horb Y \Vs Unibop e
from less than 25 milligrams per liter (mg/L) near outcrop to more than 25,000 mg/L second process important in affecting the dissolved-solids content of water in the upper Caladen\Oton Vt%
along t.he coasts. Tl'xe dxssolvtaq-sohds content.of ground wat:,er is the sum of' all catxfms permeable zone in southeastern Georgia and northeastern Florida. 28° PN ourllio
and anions (respectively, positively and negatively charged ions or species) in solution. The third principal process produces hydrochemical facies and dissolved-solids changes 84° i, \
Within the Tertiary limestone aquifer system the dominant cations are the ions of similar to mixing of freshwater and modern-day seawater, except that the map patterns Clearwafér TIL, . TAMPA \
calcium (Ca+?), magnesium (Mg+3), sodium (Na+'), and potassium (K+). The domi- are shown in areas where a modern-day freshwater-saltwater interface is not hydrau- ppiae 2AYN ¢
nant anions are bicarbonate (HCO,—?), chloride (C1—?), and sulfate (SO,—?). Locally, lically possible. For example, in the western panhandle of Florida, residual (connate?) e » % me O i g . T
: . . 5 . cks Beac! o s uras ar 2 Ak o ebastian In
smaller amounts of dissolved iron, manganese, nitrate, phosphate, fluoride, strontium, saline water remains unflushed from the upper permeable zone because lateral fresh- : Ly - BV BN Ry ol 5 -
sulfide, and silica may contribute to the dissolved-solids content. In most of the area water flow is impeded by faults (graben) to the northwest and pinching-out of the | g R piaren L T | & | browes f W i \\
i . ; ; Redington Beac oy i T st e P
mapped, the dissolved-solids concentration of the upper permeable zone is less than limestone aquifer to the west and south (Miller, 1981a). As freshwater flows past the Madeira Bosc 5 i ERSBURGM '” P T — e o sk \
. . . 2 unctjon . g o o
250 mg/L. In areas where the aquifer system discharges into the sea, the upper perme- area, dispersion and diffusion enable mixing of the fresh and residual ground water. BEE o, s’r Al = 9 e : L
3 3 3 . . . . . & . - s o (08| S-iakelind roRtp! o
able zone contains increasing amounts of seawater. In these areas, wells that fully The pattern produced is one of increasing dissolved-solids concentrations in the south- e / i 22 o ‘.;uw . 02 | e o
3 3 g 3 3 i . . PR . . . & rostpraof & o
penetrate the upper permeable zone will yield water with dissolved-solids concentration west direction. In the mixing zone, abundant clay in the aquifer promotes cation ex- e LR / ;\—\- Nj i o A g
2 . . . 3 . & \ngston ‘e Arout
approaching that of seawater, about 36,000 mg/L. change (2Na+! for Ca+?), producing an ion dominance change from calcium-magnesium- ; e /\h o N S e ,'-F':‘z gt .
. . . . 26 - et -
bicarbonate to mixed bicarbonate (see inset). Further southwest, exchange seems more \ b S i > i ';’"“‘4‘ — TN e b
Factors for converting inch-pound units to International System (SI) units influential where the sodium-bicarbonate facies is found. Where the proportion of EXPLANATION ‘g\ e Jee / o h | g . i
i : o i : : ; gmant Koy & - : -
. " - - . = = =" Tern
Multiply inch-pound units By T oBtain SLunits ;‘:Sfl(:ﬂ.l:é saline water is highest in the upper permeable zone, a sodium-chloride facies o WELL— penetrating less than half L %
2 ; : 2 of upper permeable zune.
feet (ft) 0.3048 meters (m) Two other areas where the third process appears to be predominant are in east- s e Lako N300 8
miles (mi) 1.609 kilometers (km) central and southern Florida. Stringfield (1966) argued that seawater entered the aquifer ® WELL—penetrating half or more _ Jakson | - gr s it
" . A " 5 Bradenton Beach) =
gallons (gal) 3.785 liters (L) along the St. John’s River valley and in southern Florida during the Pleistocene and of upper permeable zone. g =
i . I ick, H £y
had not been removed by thg modern-day flow syste.m Other wo .kfers {Wynck 1960 DISSOLVED SOLIDS CONCENTRATION ‘(_f\ 5
Leve, 1980) offer an alternative theory that deep saline water is rising into the upper 10 bulligensms pes Hile A
MAP PREPARATION ermeable zone along fault zones in northeastern Florida, due to higher hydraulic heads
P g g .,
: y ot ilable i fles ot e ol found at depth. The invasion of the upper permeable zone by deeper, more mineralized :I 0-250 ’
S This mlz;pslsé)asled 'OnlcS Zaties ld?Tt;la a;a T(lélmdczmputer b:s' oedt' e gl's' (-eodO%C;:) water has been documented in Valdosta, Ga. (Krause, 1979), Brunswick, Ga. (Wait, 1965), Sien 4
ek S 5
urvey (U.S. Geologica uLvey 9 5 1975). h e ala NI CIETIET D e PELIOC. =i h and Nassau County, Fla. (Fairchild and Bentley, 1977). It is significant that these three 251-500 . 5,
to 1980 as part of hydrologic studies by t e Geo oglcall S.ur;rey in cooperatll(:n wit areas have high pumpage from the limestone aquifer. Whether the saline water is S it v&. Sinsa Koy )
Federal, State, and local government agencies W'S; Ge.o ogical Survey 1977_8’ '_1978’ residual or rising along fault zones, mixing of the saline water with freshwater produces o ‘2 e
1979' Hoy and other.s, 1981). Because, (1) !:he' c_hstrlbutlon. of w_ells (data points) is not map patterns in inland areas of higher dissolved solids and may cause a change from Greater than 1000 )
uniform over the entire map area, and (2) significant chemical differences may be found ealiiimihicarbonate facios to sodinmichloride facies: A
between proximate wells (or at the same well from year to year), it is not possib.le to —— e Limit of reliable data 3 .
show all local variations in dissolved-solids concentration on this map. This map is in- REFERENCES acied
tended to depict the general distribution qf dissolved-solids concerft ai.sxon in _wat:e Back, William, 1960, Origin of hydrochemical facies of ground water in the Atlantic ; e— Approximate updip limit of aquifer system.
p Fodaecd tom wolls t‘hat Penetrat,e tl.le SHEITS UpPp = permeable. o G 1.1(_)t Coastal Plain; International Geological Congress, Geochemical Cycles: Proceedings o )
intended to show precise dissolved-solids concentrations at specific times or at specific : : 27
3 o R of 21st International Geological Congress, Copenhagen, 1960, pt. 1, p. 87-95. 83° b\ Jupiter nigt Colony
sites, or from specific depths within the upper permeable zone. 1966, Hydrochemical facies and ground-water flow patterns in northern part of p
This map has a different appearance from an earlier dissolved-solids map (Shampine, Atlanticy Cosnstal Plain: U.S. Goolowical S Professional P 498-A 49 Punta Gorda Baseh
: ; : ; : S gical Survey Professional Paper , 42 p. “
1965), because this map was made using dissolved-solids data from wells which: (1) are Fairchi ; : e ; : i Juno Bgacn
s : airchild, R.W., and Bentley, C.B., 1977, Saline-water intrusion in the Floridan aquifer o
open to almost the full thickness of the upper permeable zone and (2) do not penetrate in the Fernanding Beach ures. Nessay County, Flotida: U.S: Geslogival Survey §
below the base of the upper permeable zone, as mapped by Miller (1981a). Of the 591 W Ry R ! P § pn i Sanc
3 2 ater-Resources Investigations 77-32, 27 p. 3
wells used to prepare this map, 402 wells are open to more than half of the total thick- Gel : s = jvieta Beach
elbaum, Carol, 1978, The geology and ground water of the Gulf Trough: Georgia e TR
ness of the upper permeable zone at the well. Water produced from these selected wells Cenligic Sarvey Bolleiin 0o, p. 847 i SR
tends to be higher in dissolved-solids concentration than water from shallow wells H o e g ; M it &
b x . em, J.D., 1970, Study and interpretation of the chemical characteristics of natural A Ape” Palm Beach
which penetrate the limestone aquifer only a few tens of feet. In coastal and south- S : o
; water, 2d edition: U.S. Geological Survey Water-Supply Paper 1473, 363 p. @)
central Florida, very shallow wells may produce water from the upper permeable zone Hi : T 4
: 3 % 3 ickey, J.J., 1979, Hydrogeologic data for the South Cross Bayou subsurface-injection Lacoata 1 o
with dissolved-solids concentrations of less than 500 mg/L, but wells deeper than 100 2 - : 2 v (> ke Worth
X ” : i e : test site, Pinellas County, Florida: U.S. Geological Survey Open-File Report e u
feet into the aquifer will probably yield water with higher amounts. 78-575, 87 p § Faim|Besch
inset map s. reas where ions dominate the dissolved-solids content of : i | : S gl
The fesckuiop hows. ey 2 Ehinged Bte Lo d ; - ds Hickey, J.J., and Barr, G.L., 1979, Hydrogeologic data for the Bear Creek subsurface- et e M
the water. These dominant-ion patterns are called hydrochemical facies (Back, 1960; injoction site, St, Petersburg, Florida: U.S. Geological Survey Open-File Report Geean fidse
1966). As stated by Back (1966, p. Al), “The facies reflect the response of chemical 78-853, 53 p el & £ ldey 81 y Up P L e e
s e . . I 3 8 aptiva fslang
processes operating within the lithologic framework and also the pattern of flow of the Hoy, N.D., Simmons, J.D., and Claiborne, Maude, 1981, U.S. Geological Survey reports ! Iray [Beach
[ground] water.” The inset map was prepared by calculating and plotting the dominant ey s N 3 ; 4 e B Y rep
S % i R ; on the water resources of Florida, 1886-1980, 2d ed.: U.S. Geological Survey Open- iahiand Besch
cation(s) and anion(s) for wells with analyses of all major ions. The area designated File Report 78-853, 53 p
“mixed” contain r with no single cation (anion) having more than 50 percent of ; : - : e B
ed” co .a e w. .ng aca @ ) ?’v g ] iy E O Johnston, R.H., Bush, P.W., Krause, R.E., Miller, J.A., and Sprinkle, C.L., 1980a, a Ratdn
the total equivalence of cations (anions), nor any two cations (anions) having more than 4 s X . : X SOUTH i
. 2 5 . o . Summary of hydrologic testing in Tertiary limestone aquifer, Tenneco offshore CAROLINA e aid| Beach
75 percent of the total equivalence of cations (anions). The total cation (anion) equiv- : ‘
: i : ; g : ; exploratory well—Atlantic OCS, lease-block 427, (Jacksonville NH 17-5): U.S. 3
alence is calculated by dividing the concentration of each major cation (anion) by its . A el \
molecular weight, multiplying by its ionic charge, and adding together the individual GO R il ioaREyWiatbr R csourtes Tuvesloraliih « 800 o 220 : Hetrsit N Besch
2] aples ilisboro Be
el ng7 b 21” e &e: 08 Johnston, R.H., Krause, R.E., Meyer, F.W., Ryder, P.D., Tibbals, C.H., and Hunn, J.D.,
! Dol 1980b, Estimated potentiometric surface for the Tertiary limestone aquifer system, udardate:
. . . 3 . g A by-the-Sea
AREAS OF HIGH DISSOLVED-SOLIDS CONCENTRATION squtheastern United States, prior to development: U.S. Geological Survey Open ALABAMA b
File Report 80-406, 1 map. FORT
The three principal processes which may affect the dissolved-solids content of water Johnston, R.H., Healy, H.G., and Hayes, L.R., 1981, Potentiometric surface of the T LAUDERDALE
produced from a fully penetrating well in the upper permeable zone are: Tertiary limestone aquifer system, southeastern United States, May, 1980: U.S. pERa
; : i X : Geological Survey Open-File Report 81-486, 1 map. ]
L f:hen‘ncal lrleactlons be};wgen laqulfer.mmerals and ground water which tend o Krause, R.E., 1979, Geohydrology of Brooks, Lowndes, and western Echols Counties, o ash
u;lcrease the amount of dissolved solids as the water moves from recharge to dis- Georgia: U.S. Geological Survey Water-Resources Investigations 78-117, 48 p. (— s andaTe
cHargealens, Leve, G.W., 1980, Influence of buried faults on the distribution of saline water in the 99 wl s
2. mixing (and reaction) of shallow, fresh ground water with deeper modern-day Floridan aql‘lifer, northeastern Florida (abst}ract}: Geological S_ociety of America Miami Beach
seawater which occurs in the zone of diffusion (dispersion) along the freshwater- : Abstracts with P rogy ams,.93rd Annual Meeting, Atlanta, Georgia. : s—w«,m'
saltwater interface, or which can occur when the bottom of the well bore is close to Ml].le.r s LA, 1981a,‘Conf1gurat10n of the base of thf" upper permeable zone of 'the Tertiary e g
the interface and some seawater is withdrawn during pumping, limestone aquifer system, southeastern United States: U.S. Geological Survey e Forare |
; Open-File Report 81-1177, 1 map. "ﬁ‘"” o
3. mixing (and reaction) of less mineralized ground water with residual (connate?) _____ 1981b, Geology and configuration of the top of the Tertiary limestone aquifer T Sl
saline water which may occur in areas where the ground-water flow system is very system, southeastern United States: U.S. Geological Survey Open-File Report i
sluggish. 81-1178, 1 map. e |
S S ’ & A 3 2 i i i i i i Pavilion Ki | g ST
Each of these processes exhibits some distinctive chemical traits which, when combined Mlusé.tL'R" an(;l gy e I;D(’: 1973.’ Sallt::‘vlva?sr mlt;l;?_m;;g thé Fiorl.da? ;quer’ %?,aital EXPLANATION x,’l | |
with hydrogeologic data, can identify the predominant process in any part of the AL LIGFUGHAR SOt et e SR e |
system Resources Investigations 77-100, 1 map. Calcium- Calcium-magnesium- °’,{, T’"sTTJ
. & % . . = i . 5 L oldier Key
Along a particular flowpath, the first process will produce low to moderate increases Pascl:lalg}? 'A"t m;g V\(Zgne% .;.R..GIQ?L W xlateg resourc;s, Otf th; Ochlockor}ee Rlzr‘er :._rea, bicarbonate bicarbonate Ridge k)/ ! !
in dissolved solids and diagnostic change in dominant-ion chemistry. Most water in the 8(1) uvzvle 817 5 pon i s ol iR e s bl ol facies facies oo B e “'z’
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