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HYDROGEOLOGIC EVALUATION FOR UNDERGROUND INJECTION CONTROL IN THE COASTAL PLAIN OF GEORGIA 

The Coastal Plain of Georgia covers 35,416 square mi les 
or about 60 percent of the area of the State. The Coastal 
Plain is a wedge of sediments ranging in thickness from 0 ft 
at the Fall Line to about 7,000 ft along the Georgia -Florida 
border, and rests on a basement of Mesozoic and Paleozoic 
sediments, igneous and metamorphic rocks. This wedge of 
clastic and carbonate sed iments contains the State's major 
aquifers. Coastal Plain formations generally strike northeast· 
southwest and dip southeast. The block diagram shows the 
Coasta l Plain of Georgia and illustrates, in simplified form, 
the thicknesses, general outcrop area, and stratigraphic rela ­
tionsh ip of aquifers. 

Cretaceous Aquifers 

Cretaceous sediments in the Coastal Plain are dominant-
ly clastic in origin and contain several aquifers . Generally, 
the sediments of these aqu ifers are coarsest updip adjacent 
to the outcrop area immediate ly south of the Fall Line . In 
this area, confining units may be absent and some Cretaceous . 
aquifers, which are confined downdip, may be hydraulically 
continuous with other Cretaceous aquifers or with contiguous 
lower Tertiary units. Cretaceous deposits thicken downdip 
and are overlain by as much as 3000 ft of Tertiary sediments 
in extreme south Georgia. 

Clayton Aquifer 

The Clayton Aquifer consists mostly of the middle lime­
stone member of the Pa I eocene Clayton Formation . In 
southwestern Georgia, the limestone varies greatly in thickness 
and is generally not present southeast of the Flint River. The 
limestone also terminates at an apparent fault in southern Early 
County, restricting the aqu ifer to a relatively small portion of 
the State. Farther to the southeast, the limestone member 
of t he Clayton Aquifer is present, but its great depth and poor 
water quality preclude its use as an aquifer. The outcrop area 
of the Clayton Formation is extremely small and occurs alon g 
a narrow band of stream valleys in southwestern Georgia. 

Claiborne Aquifer 

The Claiborne Aquifer consists mostly of sand in t he 
Eocene Lisbon, Tallahatta, and Hatchetigbee Formations. These 
sands crop out along a broad band in stream valleys in southwest 
Georgia north and northwest of Albany. Downdip, southeast 
of Albany, the Claiborne Group thickens and the I ithofacies 
becomes more calcareous. Beneath Brunswick, in extreme 
southeastern Georgia, the Claiborne Group consists mostly of 
limestones which are hydraulically connected to the overlying 
Principal Artesian Aquifer . 

Principa l Artesian Aquifer 

The Principal Artesian Aquifer is a complex series of 
hydrau lically interconnected limestones mostly of Eocene­
Oligocene age t hat extends over most of the Georgia Coastal 
Plain and into Florida, Alabama, and South Caro li na. The 
aquifer crops out in southwestern Georgia along the Flint 
River where it consists almost entirely of the upper Eocene 
Ocala li mestone and includes limestones of Oligocene and mid­
dle Eocene age. In extreme southeastern Georgia, limestone 
units as old as Upper Cretaceous may be hydraulically connect· 
ed as part of the Principal Artesian Aquifer. Thickness may be 
as much as 3,000 ft in the Southeast Georgia Embayment. 

Shal low Aquifer System 

The shallow aqu ifer system includes Miocene and Pliocene­
to-Recent aquifers. These aqu ifers are composed mostly of 
clastic materials, and, although wide ly used for low-yielding 
we lls, they are not heav ily deve loped . No major areas of sig­
nificant potentiometric declines have been reported. 

Hydrogeology 

Prior to development, Georg ia's Coasta l Plain aquifers 
probably were hydro logical ly in equilibrium. Recharge equa led 
discharge, and there was no net change in storage except for 
minor seasonal fluctuations . . Development of t he aquifers for 
municipal, industr ial, agr icu ltura l, and domestic supp ly has al­
tered this balance. Total ground-water use for 1 g30 in the 
Georgia Coastal Plain exceeded 1,000 Mgal/d. Water-level 
fluctuations in aquifers are determined by the interrelated fac­
tors of recharge, discharge, and hydraulic properties (transmis­
sivity, storage coefficient, and specific yield) of the aqu ifer . 
Recharge and discharge are the mselves dependent on the com­
plex interact ion of climatic conditions (precipitation, evapo­
transpiration, and runoff). infiltration rate (which depends on 
outcrop area, slope, and permeability), relationship to other 
aquifers and surface water bodies (head potent ial and effective­
ness of confining units). and withdrawals by man. These fac­
tors vary considerably in the aquifers of Georgia 's Coastal Plain . 

The aquifers of the Coasta l Plain represent a system of 
hydrostrati graphic units with varying degrees of interconnec­
tion. When confining boundaries are local ly we ll developed, 
measured aquifer characteristics such as transmissivity and stor ­
ativity are representative of the spec ific aqu ifer being tested . 
For localiti es or regions where confining beds are poorly deve­
loped or absent, the measured aquifer parameters are represen ­
tative of the interconnected system . For example, the Princi ­
pal Artesian Aquifer is unconfined in areas where it crops 
out and is directly recharged via precipitation . Elsewhere, 
this aquifer generally exhib its confined flow conditions. 
However, in the vicinity of Brunswick, Georgia, it is hydrau­
lically connected with Miocene and Cretaceous strata. 

INTRODUCTION 

RAM ARORA 

A lthough Georgia receives abundant rainfa ll (average annua l 
precipitation in the Coastal Plain varies from 44 to 56 in.). 
most of this precipitation does not recha rge the aquifers. 
About 30 to 35 in . annua lly are lost to evapotranspiration 
while 12 to 16 in. flow out of the State in surface streams, 
leaving on ly about 6 to 8 in. infiltrating into the aqu ifers an ­
nually . Although winter and summer are the seasons of highest 
precipitation in Georgia, winter rainfall is espec ially critical to 
the recharge of Georgia's aquifers. Winter rainfall genera lly 
occurs at a slower rate than summer rainfall, allowing greater 
infiltration and less runoff. Evapotranspiration rates are lowest 
in winter. Therefore, seasonal water-leve l highs tend to occur 
in early spr ing, just after the winter season, whereas water-leve l 
lows occur in late fa ll , co incident w ith the seasons of re latively 
low rainfal l and high evapotranspiration. Superimposed on these 
natural f luctuations are the effects of man's withdrawa ls. 

Plates 

A total of 41 plates have been produced for the under­
ground injection control project for the Pliocene-to -Recent, 
Miocene, Principal Artesian, Claiborne, Clayton and Cretaceous 
Aquifers of Georgia's Coastal Plain . Seven categor ies of plates 
have been prepared. Not all ca tegories of plates could be 
prepared for each of t he above aquifers. 

( 1) Structure-contour maps ind icating the elevat ions of 
aqu ifer tops. 

(2) Isopach maps illustrating aquifer th ickness trends. 

(3) Structure-contour maps indicating the elevat ions of 
aqu ifer bases. 

(4) Water -quality maps showing concentrations of total 
dissolved solids (TDS) or sodium chloride . 

(5) Geologic cross-sections to illustrate general aquifer 
structure and changes in lithology accross the State. 
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(6) Potentiometric maps showing current ground-water 
f low conditions. 

(7) Hydrographs of se lected observation we lls illustrating 
changes in water levels. 

Text and descript i ve materia l accompanying maps and 
diagrams are brief and, wherever possible, limited to the space 
availab le on the map sheets. Narratives cover such topics as 
aquifer lithology and genera l structure, ground-water qua li ty, 
and genera l hydro logy. 

In addition, an aquifer summary p late and stratigraph ic 
column of Georgia's Coasta l Plain are included. The aquifer 
summary plate includes definition of aquifer boundaries, refer­
ences, and possible sources of error. A recent stratigraphic 
chart developed by Pau l Huddlestun of the Georgia Geologic 
Survey for the Commiss ion of Stratigraphic of North America 
(COSUNA) project has been added. 

Data 

Principally, the data for the preparation of these maps 
were obtained from published and unpublished material avail­
ab le at the U.S. Geological Survey, the Georgia Geologic 
Survey, and other Environmenta l Protection Division agenc ies 
of the State of Georgia. A lso, persons involved in current 
aquifer stud ies were consulted. To expand on ava ilab le strat i­
graphic and hydrogeologic information, some drilling was 
performed as a part of the project . 

Map Scale 

Map scale for all maps in this atlas is 1:1,000,000. 
Horizontal and vertical scales for cross-sections are such that 
the vertical exaggeration is not greater than 100:1; e.g ., a 
vertica l scale of 1" = 1 00' and a horizontal scale of 1" = 10,000' 
gives a vertical exaggeration of 100:1. Contour intervals are 
dependent on the number of data points and the range of va ri ­
ability of the data. Locations of contour lines between data 
points are approximate, w ith extrapolation based on an assu·med 
continuous trend between points. Origina l maps at the sca le of 
1:500,000 are cata logued in the technical fi les of the Georgia 
Geologic Survey. 

Funding 

Funding for this project has been provided by the Environ­
mental Protection Agency (EPA) and the State of Georgia 
Environmenta l Protection Division, Department of Natural 
Resources. 

Underground Injection Control, North Georgia 

The Georgia Geologic Survey has prepared a seri es of 
maps and cross-sections of the Piedmont, Blue Ridge, Valley 
and Ridge, and Cumberland Plateau Provinces of Georgia, entit led: 
Hydrogeologic evaluation for underground injection contro l in 
North Georgia: Georgia Geologic Survey Hydro logic Atlas 12. 

To obtain a copy, direct requests to: 

Georgia Geologic Survey 
Room 400 
19 Martin Luther King, Jr. Dr ., S.W. 
Atlanta, Georgia, 30334 



AREAL EXTENT OF THE AQUIJERS OF THE COASTAL PLAIN 
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Onl y those series and stages represented by deposits 
are included on this chart . Some are excluded due to 
requ irements of space. Pre-Comanchean deposits are not 
included because they are not aquifers. Areas which have 
no record of depositi on are shaded. 
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SUMMARY OF PLATES 

AQUIFER PLATE NO. PLATE TYPE DEFINITION OF AQUIFER SOURCES POSSIBLE SOURCE OF ERROR 
1 AREAL MAP 

Herrick, S.M., 1961 Because of cut-and-fi ll channel deposits, elevations may change 

2 
STRUCTURE CONTOUR Upper boundary - Land sur face. Georgia Geologic Survey, 1976 drast ica lly within a short dista nce. Sufficient data were not avai lab le 

PLIOCENE-TO-RECENT AQUIFER SYSTEM 
OF THE BASE Hudd lestun, P.F. , 1981 to ill ustrate t hese local ized featur es . 

Lower bounda ry - Contact between Pliocene sa nds and Miocen e 
3 ISOPACH phosphatic sandy c lay. Dashed li m it of the Pliocene-to Rece nt strata is based on the 

DISSOLVED-SOLIDS pre liminary field work of Hudd lestun. 
4 

CONCENTRATION 
U.S. Geologica l Survey, 1976 

5 
STRUCTURE CONTOUR 

OF THE TOP 

STRUCTURE CONTOUR 
6 

OF THE BASE In J enkins and Screven Count ies, sand and clay of t he Barnwell 
Upper bou ndary - Elevat ion of the to p of t he Screven Formation, Group u nderlie t he Hawthorne Group. In t his area, t he lower 

7 ISOPACH or where the Screven Formation is no t present, t he top of the Herrick, S.M., 1961 boundary of t he Miocene Aquifer is d iff icu lt to distinguish. Hawt horne 
underlying Hawthorne Group. Unpublished well logs on fi le at the Group may cause confusion since the name " Hawt hor ne Formation" MIOCENE AQUIFER SYSTEM Georgia Geologic Survey is entrenched in t he literature. However, Hawthorne Group refers to a GEO LOGI C SECTIONS OF THE Lower boundary ~ Contact between t he sa nd and clay of the mu lt i-formatio n unit consisting of f ive distinct lithostrat igraph ic uni ts. 

8 MIOCENE AND PLIOCENE -TO - Hawthorne Group and unde rl yi ng limestone. (See corre lat ion chart .) 
RECENT AQUIFER SYSTEMS 

9 DISSOLVED- SOLIDS CONCENTRATION U.S. Geol ogica l Survey , 1976 

10 STRUCTURE CONTOUR 

OF THE TOP 

STRUCTURE CONTOUR Mi ller, J.A., 1982 In t he northeast Coasta l Plai n (Je nk ins and Screven Counties) the 
11 

Upper bo undary - Uppermost Tert iary li mestone (usually Oca la Li mestone grades lateral ly into the sa nd and clay of the Barnwell OF THE BASE 
the top of t he Suwannee For mation o r Ocala Gro up). Gro up. In th is area , the aqu ifer boundaries a re not we ll defined. 

12 ISOPACH 

PRINCIPAL ARTESIAN AQUIFER SYSTEM 
ISOPACH OF OVERLYING 

13 STRATA 
Herrick, S.M., 1961 

14 GEOLOGIC SECTIONS Mi ller, J.A., 1982 

15 POTENTIOMETRIC SURFACE Lower boundary - Contact between permeable Tertia ry 
Krause, R.E., and Hayes, L. R ., 1981 Poss ib le inaccurate water-leve l data may refl ect faul ty we ll constructio n . 

and Upper Cret aceous limestone and the relativel y 

16 WATER-LEVEL TRENDS, 1981 
permeable under ly ing recrystal lized limesto ne, fine- Unpubl ished data on f i le at the U.S. Possible inaccurate water- leve l data may ref lect fau lty wel l construction. grained sands tone and shale. Geolog ica l Survey, Wate r Resou rces Div. 

17 SPECIFIC CAPACITY 
Unpubl is hed data on file at the 

Available data is poorly d ist ributed. Georgia Geo log ic Survey 

DISSOLVED-SOLIDS 
U.S. Geological Su rvey, 1976 

Concentrations of d issol ved solids may have changed since measure-18 
ments were made. CONCENTRATION 

19 
STRUCTURE CONTOUR 

OF THE TOP Very li t t le data is avai lable in Mitchell, Worth and Miller 
cou nt ies. In t h is area, t he elevat io n of the outcrop of the 

20 
STRUCTURE CONTOUR Upper boundary - Contact between relatively permeable Herr ick, S.M., 1961 

Hatchetigbee Formation var ies considerably. 
OF THE BASE Claiborne-age sediments with overlying impermeable Unpublished data on f ile at th e 

Hatchet igbee Formation porosities vary considerably within a short 
21 ISOPACH 

mar l, clay, and sandy limestone within the Li sbon Georgia Geologic Survey d ista nce. For thi s reaso n, in so me areas it makes up the lo wer part Forma t ion. 
of t he aquifer; in ot he r areas it is the lower confin ing unit . 

CLAIBORNE AQUIFER 22 
ISOPACH OF OVERLYING 

STRATA Lower bou ndary - Top of the imper mea bl e Ha tche t igbee Format ion 

23 GEOLOGIC SECTIONS or, where the Hatchet igbee Formation is not impermeab le, top of 
the c lay-rich Tuscahoma Sand. 

DISSOLVED-SOLIDS U.S. Geological Survey, 1976 Concent rat ions of dissolved solids may have changed si nce meas ure-
24 

CONCENTRATION ments were made. 

WATER- LEVEL TRENDS AND McFadden, S.S., and Perrie llo, P.O., 1983 
Possib le inaccurate wa ter-level data may reflect fa u lt y we ll construct io n. 25 Un pu bl ished data o n fi le at the 

POTENTIOMETRIC SURFACE Georgia Geo logic Survey 

STRUCTURE CONTOUR Due to li mited data, t he sout hern bounda ry of the C~ayton Format ion 26 
OF THE TOP is not well d ef ined ; south of t he mapped area, t he Clayton Formation is 

STRUCTURE CONTOUR absent . 
27 

OF THE BASE 
Upper boundary - Contact between the fossiliferous limeston e Herrick, S.M., 1961 

Unpublished data on fi le at the 
Updip, t he contact between the Clayton Aqu ifer and the lower 

28 ISOPACH of t he Clayton Fo rmation and the o verly ing c lay, marl, and conf ining un it is irr egular and difficult to contour meaningfu ll y. 
sa nd within the Clayton Format ion or Wi lcox Group. Georg ia Geolog ic Survey 

ISOPACH OF OVER LYING 
In Terre ll County, the Clayton Aqu ife r inc ludes some sand of the CLAYTON AQUIFER 29 

ST RATA Lower boundary - Contact between the fo ssi lifero us limestone ove rl y ing Oconee Group. In this area, the upper boundary of the aquifer 

30 GEOLOGIC SECTIONS 
of the Clayton Formation and the under lying Cretaceous is not well defin ed. 
san d, marl, and cha lk . 

DISSOLVED-SOLIDS Unpublished data on file at t h e Concentra tio ns of d isso lved so lids may have changed since meas ure ments 
31 

CONCENTRATION Georgia Geologic Survey were made. 

WATER - LEVEL TRENDS AND McFadden, S.S., and Perriello, P.O. , 1983 
32 Unpu bl ished data on fi le at the Poss ible inaccurate wa ter-level data may reflect fa u lty well construction . 

POTENTIOMETRIC SURFACE Georgia Geo logic Survey 

STRUCTURE CONTOUR 
33 

In southeast Georgia, the bou ndary o f the top of the Cretaceous OF THE TOP 
limestone is no t well def ined. This li mest one is included in both 

34 
STRUCTURE CONTOUR Upper boundary - Top o f the first rock of Cretaceous age the Pr incipal Artesian Aquifer System (Miller, 1982) and the 

OF THE BASE wi th less than a 50% clay conten t . Herrick, S.M., 1961 Cretaceous Aquifer System (Pollard and Vorh is , 1980). 
CRETACEOUS AQUIFER SYSTEM Po ll ard, L. D., and Vorhis, R.C., 1980 

35 ISOPACH Unpublished data on fi le at the In so ut hwest Georgia, lower Cretaceo us sand of quest ionab le 

ISOPACH OF OVERLYING Lower bou ndar y - Contact between strat a depos ited before Geo rgia Geo logic Survey age is not included in the Cretaceous Aqu ifer . Th is sand is a lso 
36 

STRATA 
t he Fredericksburg ian Pro vincial Stage {Lower Cretaceous not represented on the structure-co nto ur map of the pre-Cretaceous 
Ser ies) and t he overlying strata. unco nform ity. 

37 GEOLOGIC SECTIONS 

38 
STRU CTURE CONTOUR Geophys ical methods were used for boundary and salinity 

OF THE TOP 
Brown , P.M., and o thers, 1979 

determina tio ns. 

SYSTEM 
39 ISOPACH Lower Cretaceous pre-Tusca loosa-aged stra ta . Herrick. S.M., 1961 

In southwest Georgia, lower Cretaceous sand of quest ionab le age LOWER CRETACEOUS AQUIFER Mi lton, C., and Hurst , V.J., 1965 
40 CHLORIDE CONCENTRATIONS Un pub lished da ta on f ile at t he is not included in the Cretaceo us Aquifer. This sand is a lso not 

Bo u nda ry - Base of the Cretaceou s-aged strata. Georgia Geologic Survey re presented o n t he st ructure-conto ur map of the pre-Cretaceous 
STRUCTURE CONTOUR OF THE unconfor mi ty . 

41 
PRE -CRETACEOUS UNCONFORMITY 



The areal map of t he Pl iocene-to -Recent Aqu ifer 
System shows the outcrop area of the Pliocene- to­
Rece nt strata; th is area approximates the extent 
of the aquifer. S ince no sed iments overlie th is aqu ifer, 
the entire surface is outcrop. The Pliocene-to-Recent 
Aquifer cdnsis ts of sand, gravel, and clay extending 
fro m the su rface to an average dep th of app r~xi ­
(Tlate ly 60 feet. The major part of th e outcrop is 
composed of barrie r island, lagoon, and marsh depos its. 
Quaternary alluviu m in floodpla ins is shown on the 
map fo r the majo r rivers. The strata cropping out 
in the Grady-Thomas-Brooks-Lowndes Coun ty area 
are the Pl iocene-aged M iccosukee Format ion. In 
some areas along stream beds, the Miccosukee has 
been removed, locally exposing th e Miocene-aged 
Hawthorne Formatio n; suc h areas are isolated and 
are not different iated on this map. 
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EXPLANATION 

AREA OF OUTCROP · Includes Pliocene· 
to· Recent estuar ine , dune, coasta l, and 
marine deposits. 

AREA OF OU TC ROP - Includes Ouaterna1·y 
alluvium. 
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The st ructure-contour map of t he base of t he 
Plioce ne-to- Recent Aqu ife r Sy stem shows t he eleva­
t ion of t he base of the aq u ife r. Gen era lly, Pl iocen e 
sands, which a re o ften coarser at the base, are unde r­
lain by Miocene green, phospha t ic, sandy clays. 
In Cha rlton and Camden Cou nties, however, the 
Pliocene or Pleistocene strata d irec tly overl ie Miocene 
limest one and dolos t one. Th e base of the Pl iocene· 
to- Recent Aqu ife r System genera lly di ps southeast. 
Localized low areas may be chan nels cu t in to the 
Miocene; large r dep ressions m ay ref lect st ruc tu ra l 
lows in the unde rlyi ng su rface. Quaternary al luv ium 
is no t d iffe ren ti ated from t he Pl ioce ne-to-Recen t 
marine a nd estua rin e deposits on thi s map. 

SOURCES 
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Georgia Geoi. Survey Bul l . 87, p. 21-43. 
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Soc. 8t h ann. fieldtrip gu idebook , p. 67-80. 

Herrick , S.M., 1961, Wel l logs of the Coastal Plain 
of Georgi a: Georgia Geol. Sur vey Bull . 70, 462 p. 

Hudd lestun, P.F., 1981 , personal commun.: Georgia 
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EXPLANATION 

STRUCTUR E CONTOUR · Shows 
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aquifer system . Datu m is mean sea 
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The isopach map of the Pliocene-to-Recent Aquifer 
System shows the thickness of the st rata from the 
base of the aqu ifer to land surface. Th e aqu ife r's 
th ickness averages about 60 feet and rare ly exceeds 
100 feet. In general, the sys tem th ickens from north­
west to southeast. Locali zed thickened sed iments 
may be inf illed channels cut into the Miocene, 
or they might reflect differences in topography, 
suc h as the high dunes which form Trail Ridge 

(in Charlton and Brant ley Counties ). 
The Pliocene-to-Recent Aquifer System is composed 

predom inantly of sand mixed or interbedded with 
clay, silt, gravel, or shel ls. The Pleistocene and 
Holocene sediments, present in the counties border ing 
the coast, were deposited in a series of barrier island 
chai ns and lagoons aligned roughly paral lel to the 
present coastline. These sed imen ts include well­
sorted, usually fine sand of the barrier island fac ies , 
and clay, sil t , and sand deposited in lagoons and 
salt marshes. The Pliocene strata, underl ying the 
Pleistocene sediments and cropping ou t west of them, 
are predominant ly composed of sand , gravel, and 
clay deposited in estuaries, lagoons, and beaches. 
These deposits include the Cypresshead Formation 
in t he eas tern outcrop area and t he Miccosukee For­
mation in the western outcrop area. Quaternary 
alluvium is not differentiated from the Pliocene­

to- Recent marine and estuar in e deposits on t his map. 
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EXPLANATION 

LIN E OF EQUAL THICKNESS OF A QU I FER 
Shows thickness in feet of aquifer system. 
Contou1· interval is 50 feet. Dashed where 
approximately located. 
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This map sho ws the concentration of dissolved 
soli ds in water from the Pl iocene-to-Recent Aquifer 
System. The concentration of di sso lved so lids is 
eve rywhere below t he Nat iona l Dr ink ing Water Stan­
dard of 500 milligrams per liter (mg/1) , except in 

U ber t y County where one well has a dissolved-solids 
concentration of 548 mg/ 1. The or igin of t he high 
concentra t ion is unknown, but might res ult from 
contaminat ion from: a) downward inf:ltration from 
t idal creeks and chan nels, b) miscel laneous down­
ward infil trat ion fro m the surface, or c) a combi­
nation of the above. 

SOURCES 

U.S. Geological Survey, 1976, Ground-water quality 
data for Georgia: Doravi lle, Ga., Water Res. Div., 
216 p. 

Wat son, T. , 1979, A quifer potent ial of sha llow sedi­
ments of the coastal area of Georgia, .iD Investi­
gations of alternat ive sources of ground water 
in the coasta l area of Ge orgia: Georgia Geol. 
Survey Ope n-f ile Repor t 80·3, p. A l ·A30. 
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EXPLANATION 

L INE OF EQUAL OISSOL VEO-SOLIDS 
CONCENTRAT ION · Shows dissolved 
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The st ructu re--contou r map of the top of the 
Miocene Aquifer System shows the e leva tion of the 
top of the Sc reven Formation or, where t he Sc re ven 
is not present, the top of the Hawthorn e Group. 
The ou tc ro p area of the Mi ocene sediments also 
is shown. The Screven For mat ion , a poorly so rted 
pebbly sand wi th clay balls , is a prograding fluvial 
deposit. The Hawthorne Group, a mul t iformation 
unit, is predo m inantly sand and clay, and has a 
sha llow-water, ma ri ne origin. 

Much of the Miocen e Aqui fer Sys tem is exposed . 
Wh ere it is over lai n by yo u nger sed iments , the top 
of the Miocene Aqu ifer System dips gent ly to the 
east and southeast. l n so uthwes t Geo rg ia, t he ove r­
lying Pli ocen e-t o-Recent sediments have been eroded 
along t he streams, ex posing the Miocene sediments . 
T his produces an o utcrop terrane with the d issected 
appearance. 
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Applin, E.R., and Applin, P.L., 1964, Logs of 
selected wel ls in the Coasta l Pl ai ns of Georgia: 
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Herrick, S.M., 1961, Wel l logs of th e Coastal Plain 
o f Georgia: Georgia Geol. Survey Bu ll . 70, 462 p. 
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Sever, C. W., 1966, Miocene structural movements 
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Prof. Paper 550-C, p. 12-16. 

Weaver, C.E., and Beck, K.C., 1977, Miocene of the 
S.E . Un ited States, a model for chemical sed i­
mentat ion in a peri-mar ine environment: Sedi ­
mentary Geology, v_ 17, 234 p. 
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PLATE 5 

EXPLANATION 

STR UCTURE CON TOUR · Shows 
eleva t ion in feet of the top of the 
aquife r sys te m . Datum is mean sea 
leve l. Contour interval is 50 feet. 

AREA OF OU TCR OP - Includes Miocene 
and discon ti nuo us Recent sedi ments. 
Bound a r·y dashed where ap proximately 
located. 

WE LL - Number is elevation in feet . 

WELL - Located in o utcro p a rea . Top of 
aquifer removed by erosion. 
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The structure-contour map of the base of the 
Miocene Aquifer System shows the elevation of 
the base of the Hawthorne Group. In general, 
the aquifer dips toward the Atlan t ic coast. A 
structura l feature, the Gulf Trough , trends north- · 

eas t -southwest across t he Georgia Coastal Plain , 
and affects the eleva t ion o f the aqui fe r base. 

Several structural depressions are presen t through­
out the Miocene Aqu ifer System. Three large de­
pressions occur along t he Gulf T rough in Grady, 
Colquitt, and Tattnall Counties. Other large depres­
sions are present in Camden, Wayne, Glynn, and 
Mc intosh Counti es. 
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Georgia , scale 1:500,000. 
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Sever, C.W., 1966, Miocene st ructural movements 
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Prof . Paper 550·C, p. 12· 16. 

Weaver, C. E., and Beck, I<.C., 1977, Miocene of the 
S.E. United States, a model for chemical sedi­
mentat ion in a peri-marine environment: Sedimen­
tary Geology, v. 17 , 234 p. 
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The isopach map of the Miocene Aquifer System 
shows the thick ness of the Hawthorne Group and 
the over lying Screven Formation. The formations 
incl uded in the Hawt horne Group ai-e the Altamaha, 
Parachucla, Marks Head, Torreya, and the Coosaw­
hatchi e. 

There is a general thickening of Miocene stra ta 
toward the Atlantic Coast. Three areas of thicken­
ed strata within t h is t rend, ce ntered in T attnall, 
Colquitt and Wayne Counties, are probably basin­
fil l ing sediments in structural lows. Those in Tatt­
nall and Colquitt Counties occur along the northeast­
southwest t rending axis of the Gul f Trough. Sou th 
of the axis, in Brooks and Lowndes Coun ties, rel a­
tively thin strata occur. 
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Shows thickness in feet of aquifer syste m. 
Contour interval is 100 feet. Dashed where 
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GEOLOGIC SECTIONS OF THE MIOCENE AND . PLIOCENE-TO-RECENT AQUIFER SYSTEMS 
P. A. CREWS 
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The stratigraphic cross sections of the Miocene 
and Pliocene-to-Recent Aquifer Systems illustrate 
the lithology of 16 wel ls along three l ines in Georgia's 
Coastal Plain. These aqu ifer systems encompass 
all st rata above the base of the Hawthorne 
Group. The Pliocene-to-Recent strata are generally 
restricted to the coastal count ies and a five-county 
area along the Florida-Georgia border. In contrast, 
t he Miocene-aged Hawthorne Group is laterally pe r­
sistent throughout the Coastal Plain . 

The Pliocene-to-Recent Aquifer System consists 
of estuarine, dune, beach, lagoon, and shall ow marine 
deposits of the Sati ll a, Cypresshead and Miccosukee 
Formations. 

Strata in the Miocene Aqu ifer System include 
undifferentiated Miocene f l uvial depos its and the 
underlying Hawthorne Group. These are prograding 
f luvia l deposits consisting of poor ly sorted pebbly, 
clayey sand. The underly ing Hawthorne Group 
is a multiformation un it composed predominantly 
of sand and clay. It is characterized by palygor­
sk ite and sepio lite clay, dolomite and phosphor ite. 
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The quali t y of the water f rom the Miocene Aqu ife r 
System is generally very good, with an average dis­
solved-sol ids con tent between 100 and 200 milli -
grams per liter (mg/ 1). This is wel l below the 
Nationa l Dri nking Water Standard of 500 rng/1. 
Th e disso lved-sol ids concentration increases toward 
the downdip area, Camden, Charlton, and Glynn 
Counties. Because i t is close to the surface, this 
aqu:fer is also somewhat suscept ib le to contami na-
t ion from the surface. 
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EXPLANATIO N 

LINE OF EQUAL DISSOL VE D-SOLI DS 
CONCENTR ATION - Shows dissolved 

soli ds concentration in mil l igrams per 
l iter (mg/1). Dash ed where approx i­
mately located . 

WEL L · Number is di ssolved-solids con-
centrat ion in mg/ 1. 

WEL L · Appro xi mat e location. Number 
is dissolved-solids concen trat ion (mg/1). 
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Th is map shows th e el evation, in feet above o r 
below sea leve l, of the to p of the Principal Art e­
sian Aqu ifer Syste m. In the Georgia Coastal Plain, 
t he t o p is most ly co incident wi t h the top of the 
Su wannee Lim estone of Ol igocene age. Where the 
Su wannee is absent, t he Ocala Li mest o ne o f late 
Eocene age for ms the top of the aquifer system. 
In area Ia of F igu re 1, the Ocal a Limes tone is ex­
posed at the su rface and the aquifer is unconfined 
exce pt for a t hin , clayey res iduu m t hat over lies it. 
In area lb, the Ocala Limestone thi ns updi p and 
grades into sand and cl ay of th e Barnwe ll Group . 
In area II , t he Su wan nee Li mes tone is present and 
forms the to p of the aq u ifer system . Here, the 
aqu ife r system is d irectly overlai n by Miocene do­
lomi t ic li mesto ne. In area lc , the Ocala Li mestone 
forms t he t o p of the Pri nc ipal Artesian Aq u ifer 
Sy stem; t he Suwan nee Limest o ne is no t present. 

The Gulf Tro ugh, a li near featu re ove rl ain by 
a t h ick sequ en ce of Miocene st rata , is approximated 
by a heavy dashed li ne on the large map . In thi s 
reg ion, rech arge to t he aqu ifer system is effectively 
lowered by the th ick Miocene confi n ing unit. North 
and west of t he Gulf Trough, t he upper su rface of 
the aqu ife r sys tem slopes genera lly so utheas tward . 
South of the t rou gh th e aqu ife r syst em slopes toward 
t he Sou theast Georgi a Embayment. 

SOURCE 

Mi lle r, J .A. , 1982, Geo logy and confi gu rati on of 
t he to p of the Tert iary I imestone aqui fer system, 
south easte rn United Sta tes: U.S . Geo l. Survey 
Water-Resources lnvs. Open-file Report 8 1-1178, 
1 shee t . 
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STRUCTURE-CONTOUR MAP OF THE TOP OF THE PRINCIPAL ARTESIAN AQUIFER SYSTEM 
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PLATE 10 

EXPLANATION 

STR UCTURE CON TOUR · Shows 
e levat ion in feet of the top of t he 
aq u ifer system. Datu m is mean sea 
level . Con tour interval is 100 teet . 
Dashed where approxima tel y located. 

WELL - Nu mber is el eva tion of top 
of aq uifer as cle tHmi necl by J. A. 
Mill er (1982). 

AX IS OF THICKEST OVER LYING 
MIOCEN E ST RAT A. Line is from 

Isopach Map of the Miocene 
Aquife 1· System (Mack and l< at·p, 
this at las). 
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This map shows the el evation, in feet, of the 
base of the Principal Artesian Aquife1· System. 
Plotted values 1·epresent the top of the clay, a~gil­

laceous f ine-g rained sand, recrystall ized li mestone , 
and chalk that unde rlie t he aquifer system. The 
base of the aquifer system generally increases in 
both age and depth towa1·d the southeast . Area 
I in Figu re 1 is under la in by upper Eocene ca lcar­
eous c lay. Th roughout Area II, the aquife r system 
is unde rlain by sand and c lay of the middle Eoce ne 
Claiborne Group. In Area Il l, pore space in the 
lower part of the upper Eocene Ocala Limesto ne 1s 
infilled with secondary gypsu m. Here, the top 
of the recrystallized gypsiferous limestone forms 
the base of the aquifer syste m. In Area IV, the 
top of the fi ne-grained sand and li gnitic clay of the 
Wi lcox Group and equivalent fine-gra ined limesto ne 
form the base of the aquifer . In Areas V and 
VI, Paleocen e fine-gra ined limestone, gyps iferous 
dolostone, and Upper Cretaceous chalk, respective ly, 
underlie the Pr incipal Artesian Aquife r System. 

Two structural features interrupt the southeast­
dipping trend of t he base of the aquifer and affect 
the quality and quantity of the ground water. 
These featu res are: 1) the Gulf Trough, and 2) 
the Southeast Georg ia Embayment. The Gulf Trough 
is approx imated by a dashed line through the thick­
est overlying Miocene strata (see Plate 7 ). This 
feature reduces the recharge to the Pr inc ipal Ar te­
sian Aqu ifer System southeast o f the Trough and 
thereby redu ces the quantity of available ground 
water. The lithologic change due to the structure 
of t he Southeast Georg ia Embayment causes the base 

of the Principal Artes ian Aqui fer System to increase 

in depth. The base of the aq uifer in this area 
extends down to Cretaceous sediments. These 
sed iments contain brines wh ich decrease the qua l-
ity of ground water. 
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PLATE 11 

EX PLANATION 

STRUCTURE CONTOUR Sho ws 
elevatio n in feet of th e base o f th e 
aq uifer syste m . Dat u m is mean sea 
level. Contou1· interva l 1s 100 feet . 
Da shed where a pproximate ly located. 

WELL - Number is e levation in feet . 

AX IS OF THICK EST OVERLYING 
MIOCENE STRATA - Line is from 

Isopach Map of Mioct~ne Aquifer 
System (Mack ancl l<a1·p, t hi s atlas). 
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Th is map shows the thick ness, in feet, of t he 
Principal Artesian Aqui fer System. The th ickness 
is measu red from the top of t he t:rst occu rrence 
of Tertiary limestone to t he base of t he lowest layer 
of permeable l imestone that is hydrologicall y con­
nected with the over ly ing limesto ne. Less permea­
ble zones w ithin the aquifer are included in t he 
th ick ness measu rement. 

The th ickness of the aqu ife r syst em increases 
toward southeast Georgi a. The thi ckening trend 
is a consequence of inf illi ng of the So ut heast Georgia 
Embayment and hydro logic inte rconn ect ion of st rata 
downdip resul t ing from faci es di f ferences from updip 
to downdip. That is, strata that act as lower confining 
un it s near the Fall Line (upd ip) grade into permeable 
limestones t hat are included in the aquif er syst em 
toward t he south east (downd ip) . In extreme southeast 
Georgi a, Upper Cretaceous limest one mak es up t he 
lower part of t he aquifer sys tem. Towa rd southwest 
Georgia, in Decat ur, Grady and Thomas Cou nties, 
the aquifer system thins because the lower part 
of the upper Eocene Ocala Limestone has become 
inf:lled w it h gy psum and acts as a conf ining uni t. 
The axis of thickest overl y ing Miocene strata ap­
proximates the position of the Gu lf T rough . 
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Mill er, J.A., 1981, Thickness of the Tert iary l ime­
stone aquifer, southeaste rn United States: U.S. 
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PLATE 12 

EXPLANATION 

LINE OF EQUAL T HICI<NESS OF AQUIFER -
Shows t hickness in feet of aqu ifer syste m. 
Contour interva l is 100 feet. Dashed where 
approximately located. 

WE LL - Number is thickness in feet . 

WELL - Appro ximate loccl ti on Number 
is thickness in feet. 

A XIS OF T HI CKEST OVERLY ING STRATA­
Line hom Isopach Map of Miocen e Aquife r 
System (Mack and l< arp, this atiCls) . 
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This map shows the depth, in feet, from lan d 
su rface to the top of the Pr incipal A rtes ian Aqu ifer 
System. The overly ing mat eria l shows two general 
thick enin g t ren ds: 1) from t he outcrop area to-
ward the A t lant ic Coast, and 2) around a northeast ­
sou t hwest trend ing axis ex tending f rom Grady Cou nty 
t hrough Tattnal l County . There are three areas of 
t hickened sed iments. Two of these areas, in Col­
qu itt Count y and Tattna ll County, occur al ong t he 

aforement ioned ax is. The third area occu 1·s in Glynn 
County, and may be related to faulting in t his area . 
All three areas of greater t hickness appear to be th e 
result of basi n-filling of structural lows, thus result ­
ing in a th ickened Miocene and younger sequence. 

South of the axis of thicken ing, in southwest 
Georgia, the ov erlying st rata are thinner in Brooks 
and Lownd es Cou nt ies as a result of depositiQn during 
uplift of t he Peninsu lar Arch and Oca la Uplift. 
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PLATE 13 

EXPLANATION 

LI NE OF EQUAL THICKNE SS OF OVER ­
LYI NG STRATA - Shows thickness in feet 

of stra ta between land surface and top of 
aqui fer. Contour interval is 100 feet . 
Dashed where appro xima tely located . 

A REA OF OU TCROP · Includes Suwannee 
Li mestone, Ocala Limesto ne , and Oli gocene 
and Eocene residuum undiffe renti at ed . 

WELL Number is t hick ne ss in fee t. 
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A--A' GEOLOGIC SECTION 

• WELL LOCATION 

These geologic sections show the la te ral and 
vertical lithologic trends of the Pr inci pal Artesian 
Aquifer System. In the Georgia Coastal Plain, this 
syste m includes uni ts from Late Cretaceous to late 
Oligocene age. The top is most ly co inc ident wi th 
the top of the Su wa nnee Limestone of Ol igocene 
age. Where the Suwannee is absent , the limestone 
of the Ocala Group forms the top of the system. 
The base of the aquifer system generally increases 
in age and depth toward the southeast. 
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Section A·A' illustrates the updip thinning and 
termination of th e Principal Artesian Aquifer System 
where the limesto ne of t he Ocala Group grades into 
sa nd and clay of the Barnwell Group. The Oligocene 
Suwannee Limestone forms the top of the aquifer 
system in Dodge County and continues downdip 
to Camden County, where the Suwannee is absent. 

Section B- B' is approx imately parallel to the 
Gulf Trough. With in the trough itse lf , an abrupt 
thickening of re lat ively impermeable Miocene strata 
effect ive ly lowers the top of the Pri ncipa l Artes ian 
Aquifer System. GGS well 95 (B'I is within th is 
region and illustrates t hi s lowering. 

Section C-C' is roughly paral lel and close to the 
Georgia coast. Th is is the region of the system's 
greatest thickness. Although not shown here, due 
to a lack of appropriate data, the aquifer system 
locally includes Upper Cretaceous limestone in 
Glynn County. 
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462 p. 
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Water in the Pr inc ipa l Artesia n Aq u ifer System is 
u nder artesia n pressure except in those areas where 
the aqu ifer crops out at the surface. Th is artesian 
pressure causes t he water level in a tig ht ly cased well 
to rise above t he surface o f the water-bearing lime­
stone un it. The potent io metri c map shows the e le­
vation o f water in wells in the aquifer. 

The potentiometric surface a lso indicates the d i­
rect ion of gro und-wat er f low in t he aquifer. Ground 
water mo ves downgradient , per pendicu lar t o poten­
tio met ri c co nto urs . 

In areas of heavy ground -water wi thdrawa ls such 
as J esup, Sa vanna h, and Brunswick , a feature of the 
potentiometr ic surface, known as a cone of depression, 
has developed. In such areas, t he natural potent iometr ic 
surface is lowered and t he direc t ion of ground - water 
flow is d isru pted and may be reversed . 
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surface of the Princ ipal Art esian Aqu ifer in Gear 
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EXPLANATI ON 

POT ENTIOMETRIC CONTOUR · Shows 
elevation in feet a t which water !eve ! 
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Water-leve l hydrographs for se lected observation 
well s in t he Principal Artesian Aquifer System, and 
their locati ons, are presented on this map. These 
hyd rographs show water-level trends and fluctuations 
from January 1970 t hrough December 1979. Short· 
term fluctuations over a single year are prod uced 
by seasonal variat ions in recharge and d ischarge. 
Long-term trends are caused by a general imbalance 
between recharge and discharge. 

Seasonal f luctuations are greatest in areas of 
recharge, where prec ip itation and eva potranspiration 
d irect ly affect t he amou nt of wate r in the aquifer 
system. Recharge to the aquifer system occurs 
in updip areas near the northwestern limits of the 
system such as Laurens County and in local recharge 
areas such as Lowndes Co unty. In downdip areas, 
seasona l recharge has less effect on wate r levels. In 
the southe ast where major population and industrial 
centers are located, short- term fluctuations are re­
lated to changes in pumping. 

Long-term water-level trends vary with the location 
of observation wells, with respect to populat ion and 
industria l ce nters and with distance from recharge 
areas. In updip low-popu lation areas, t here is litt le 
change in average water levels over the 1 0-year period. 

In downdip high-population areas, a steady decline 
in water leve ls is ev ident. In areas of d ecline, ground- 0 

water withdrawa ls exceed recharge. Wells around 32 -
majo r pumping ce nters such as Sava nnah and Bruns-
wick have the greatest dec lin e. We lls at intermediate 
iocations between upd ip rec ha rge areas and downdi p 
pumping centers have smaller long-ter m declines. 
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EXPLAI~ATION 

HYOROGRAPH · Shows water-level 
fluctuation and trend 1970-1979 . 
Name refers to wel l identification. 
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This map shows ·vvell yields in terms of specific 
capacity (gallons/minute/ foot drawdown) for wells 
that penetrate the Pr inc ipal Artesia n Aquifer System. 
Specific capacity is a usefu l term because it describes 
t he productiv ity of both aquifer and we ll in a single 
parameter. Al l wells used to prepare this map meet the 
following criteria : 1) the diameter of t he cas ing is at 
~ea st eight inches, 2) the bottom of the cas ing is wi th­
in 15 feet of t he to p of the aquifer, and 3) the bottom 
of the well is with in t he Pri ncipa l Artesian Aq uifer System. 
Whenever possible, we ll s w ith pump tests known to be 
greater than 12 hours in duration were used for calcu­
lating specific capa city . Some closely spaced wells are 
enclosed by a sma ll circle labeled with an average specifi c 
capacity. 

Specific capacities range f rom 1250 gal/rn in/ft draw· 
down in Grady County to 1 gal/m in/ft dra wdown in 
Burke County. The average specif ic capacity is about 75 
ga l/ min/ft drawdown. Low values occur in t he updip 
area o·f the aqu rfer . Data po ints are poorly dist ribute d 
with large concentrations in some area s, such as Cha tham 
County, and a co mplete lack of data in other areas, 
such as a 1 0-county area surroundiWJ Waycross in t he 
southeast. A brupt di ffer·ences in t he specific capacity in 
t he area are commonly a reflection of li t hologic changes 
in the Principal Artesian Aquifer System. 

SOURCES 

SPECIFIC CAPACITIES OF SELECTED WELLS IN THE PRINCIPAL ARTESIAN AQUIFER SYSTEM 

M. A. TUOHY AND J. A. KELLAM 
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PLATE 17 

EXPLANAT ION 

LINE OF EQUAL SPEC IF IC CAPAC IT Y­
Shows well yield in gallons/m inute/foot 
drawdown. Contour interval varies. 
Dashed w here approximat e. 

WE L L - Number is specific capacity. 

COMPOSITE WELL LOCATIONS - Number 
is aver·age of specific capacities for several 
closely spaced we ll s. 

APPROXIMATE WELL LOCAT ION Numb<n 
is specific capacity. 
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Grou nd-water quality in the Pri ncipal A rtes ian 
Aqu ife r Syste m is good in terms of d isso lved-solids 
co ncentrat io n wit h average con ce ntratio ns between 
100 and 200 milli gra ms per liter (mglll. This is 
we l l below the Nat ional Dr ink ing Water Standard, 
which se t s a maximum d issolved-so lids concentration 
of 500 mg/1. Wit hin t he Pr incipa l Ar tesian Aquifer 
Syste m, di ssolve d-so li ds con ce ntrations va ry wi th 
de pth and di stance f rom recharge a reas. Di ssolved­
sol ids concent ra t ions are gen eral ly h ig her near the 

base o f the aqu ife r and increase with greater d is­
tance from updip recharge areas. 

Exceptions to the general ly high-qua li ty water 
occur in t he Brunswick area, Glynn County, in a 
nort heast-southwest t ren d ing area extending from 
Grady Cou nty through Co ffee Co un ty, and in the 
extreme sou t heast alon g the Georgia- F lorida bor­
der . The f irst two areas contain major po pu lation 
cen te rs with hi gh rates of gro u nd-wa ter w it hdrawals. 
In these areas, t he pote ntiometri c surface of t he 
aqu ife r has been lowered and allowed infi ltration 
o f brack ish wat er f rom zones unde rlying t he aqui­
fer. T he t h ird area may have h igher d issolved -solids 
conce ntratio ns due to its greater d istance downd ip 
and awa y fro m fres h-wa ter recharge areas. 

In t he Brunsw ick area , co nt ami nation may be 
due to we lls and fa u lts pene t rat ing t he brackis h 
zo ne creat in g an ineffective lower confining unit , and 
provi d ing conduits for infiltrat ion of mineralized, 
brack ish water. Ch lor ide and di ssolved-so li ds co n­
cen t ra t io ns have been cont in uously increas ing for 
the past twenty years. The inset map o n t h is sheet 
shows ch lor ide concentration in Brunswick, Georgia. 

CONCENTRATION OF DISSOLVED SOLIDS IN THE PRINCIPAL ARTESIAN AQUIFER SYSTEM 
C. L. GA RDINI ER 
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PLATE 18 

EXPLANAT IO N 

LI NE OF EQUA L DISSO LVE D-SOLIDS 
CONCENTR AT IO N ·Shows dissolved 

solids concentration in milligrams per 
liter (mg/11 . Dashed where approxi­
mately lo cated. Contour int erva l var ies. 

AREA WH ERE DISSO LVED-SO LIDS 
CONCENTRATI ON EXCEEDS 500 MGI L 
(RECOMMENDED LI MIT FOR DR INK ING 
WATER). 

WE LL - Nu m ber is di sso lved-so li ds con-
cent ratio n in mg/ 1. 

, , [ M A C 0 N r I '--232 <. \ e"4 
• 2t2 ___.--t~ ~ /

1 

\. t63 \ 

,-- , 1--!,9 1.9:1.,,' 177 ' 1,64, ' ~- >- I '--'' I------ ' 
-~-_l I SCHLEY L -,~/ 1::-· ·' • ( ) / . 1SO•Q- I ', "l""-.4..-~ \ : /~~ !'-' : ;l__ Yr ~43 .132 ·: PuLASKI ', oo ~ GE , • 16;\ 168 ~ .· ~64 \ \ ·

202 

\ _ _....-----"~ /r-~ . " 

~ 
" L ~-~-_j ---.J t6co2D7 •t6s i •t54 \ 155 \ -~ • • .• o , t59• , ',EV ANS\ -~---- ,' \):·,~

81 

J ]_ __ \ .o- ~ 0 L Y • 'v ot78 l tss 0 ; 1• 151 r' 166 . • ts:Y ns'~ , 
STEWART : I ~24 ~~~-~--~ •161 ,Y: wHE EI .. ER<, '-- /lrooMBSI \ 72 • '\__ • e;J87 \../ t st•" ',, s __ ~~25o"'v 

I ' '\ 140 ' / "-.. <; 2 ~ 67 l...___ r', \ SI\VCINNAH •-' ~ ' ;~",& (''·;-
In the Sava nna h a rea , where ch lo r ide concentra­

t ion and gene ra l wat er q uali ty have remained nea rly 
consta nt for t he past two decades , a future source 
of contam inc.!tion may ex ist . In South Carolina, 

to t he northeast o f Savannah , decreased artesian 
head and breach ing of t he top of the aq ui fer bel ow 
sea leve l have allowed recha rge of t he aqu ifer by 
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sea wate r. The contaminated wate r may be moving 
toward Sava nnah . 
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This structure-contour map shows the altitude, 
in feet, of the top of the middle Eocene Claiborne 
Aquifer. Because of limited data availabil ity, plotted 
values are limited to the outlined 19-county area 
in southwest Georgia. The Cla iborne Aquifer consists 
predominantly of sands of the Tallahatta and Hat­
chetigbee Fo rmations. Downdip, permeable sandy 
limestones w ith in the overlying Lisbon Formation 
also are included in the aquifer. 

The upper conf ining unit of the Claiborne Aquifer 
is comprised of impervious marls, c lays and sandy 
limestones within the Lisbon Formation. 

The top of the Clai borne Aquifer has a south­
eastward dip of approximate ly 16 ft/mi. The dip 
becomes more sou t herly adjacent to the Cha ttahoo­
chee River . 
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STRUCTURE-CONTOUR MAP OF THE TOP OF THE CLAIBORNE AQUIFER 
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EXPLANATION 

STRUCTUR E CONTOU R · Shows 
elevation in feet of the top of the 
aquifer syst em. Dat um is mean sea 
level. Contour· inter·va l is 100 feet. 
Dashed where approximatel y located. 

AREA OF OUTCROP · Includes und iffer· 
entiated Claibor·ne Group, Lisbon and 
Ta llahatta Formations. 
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This structure-contour map shows the ele vatio n, 
in fee t, of the ba se of t he Clai born e Aquifer . Be­
ca use o f li mited data avai labi lity, plotted val ues 
are limited to the out li ned 19-co un t y a rea in sou th­
western Geo rg ia . The Claiborne Aq u ifer consists 
predomi nantl y of sa nd s of the Tallah at t a and 
Hatcheti gbee Fo rmat ions. Sandy , glauconitic lime­
sto nes w ithin t he c lay-r ich Tuscahoma Sand make up 
the lower co nfin ing uni t. 

St ructu rally, the ba se of t he Cla iborne Aquifer 
d ips so utheast at approx imate ly 21 ft/m i. The lowest 
eleva tion in the mapped area occurs in southeastern 
Mitche ll Cou nty where t he base of t he aqu ifer is 
more than 800 feet bel ow sea leve l. 

SOURCES 

Georgia Geo logic Survey, 1976, Geologic map of 
Georgia , scale 1:500,000. 

Herrick, S.M., 1961, Well logs of the Coastal Plain 
of Georgia: Geor gia Geol. Survey Bull. 70 , 462 p. 

Huddlestun, P.F., 198 1, personal co mmun. : Georgi a 
Geologic Survey , Atlant a. 

Unpublished data on fi le at the Georgia Geologic 
Survey, At la nta . 
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EXPLANATION 

-- 0 -- STRUCTURE CONTOUR · Shows 
elevation in fee t of the base of the 
aqu ifer syste m. Datum is mean sea 
level. Con tour in ter val is 100 feet. 
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Thi s isopa ch ma p shows the thi ckness, in f eet, 
of the middle Eocene Claiborne A qui fer . Plotted 
va lues represent a ll st rata betwee n the t o p o f the 
clay -ri ch Tu scaho ma Sand and the base of t he imper · 
meable c lays wi th in the Lisbon For mat io n. Data 
ava ilabi li ty is limited t o t he out lin ed 19-co un t y area 
in southwes t Georgia . 

The Cla ibo rne Aq uifer consists of 1) fossiliferous, 
calcareous sand o f t he Hatchetigbee Fo rmat io n, 2 ) 
massive, phospha ti c, quartz sand o f the Tal lahatta 
For mati on , an d 3) sandy, gla uco nitic , fos siliferous 
limestones of t he lower Lisbon Forma t ion. 

The t h ick ness of t he Cl aibo rne Aqui fer appears 
to inc rease toward t he east whe re it reaches a maxi · 
mu m of 298 fee t in eastern Dougherty Co u nty . 

Toward the nort hwest, recent stream eros ion has 
caused lo cal va riatio ns in thickness. 

SOURCES 

Geo rg ia Geolog ic Survey, 1976, Geo logic map of 
Georgia, scale 1:500,000. 

Herri ck, S. M., 1961, Well logs of the Coastal Plain 
o f Geor gia : Geo rg ia Geol. Survey Bu ll. 70, 
462 p. 

Hu dd lest u n, P.F., 1981 , personal co mm un. : Georgia 
Geologic Survey, Atlanta . 

Unpubli shed data o n fi le a t the Georgia Geologic 
Survey , Atla nta. 
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EXPLANATION 

LINE OF EQUI'. L THICKNESS OF AQU IFER ­
Shows thick ness in feet of aquifer system. 
Contour interval is 100 feet. 
approxi mate ly located. 

Dashed where 
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Tallahat ta Formations. 
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This isopach map shows the th ickness, in feet , 
of stra ta ove1·J ying the Cla iborne Aquifer. Plotted 
va lues represent a ll strata above t he base of t he 
impermea bl e clay lay ers within the Li sbon Formation. 
Available data are l imited to the outlined 19-coun ty 
area in southwest Georgia. 

Strata over lying the Claiborne Aquifer, from oldest 
to youn gest, include 1) clay and dense mar l of the 
Lisbo n Formation, 2) the Cl inchfie ld Sand, 3) the 
Oca la Limesto ne, 4) the Suwannee Limestone, and 
5) res iduum. The Suwannee Limestone is res t ricted 
in t he subsurface to Mitchell and Worth Counties. 
Th e Oca la Limes to ne does not extend nort hwest 
of Miller , Baker, Calhoun, Dougherty, Lee and Crisp 
Counties. Th e Cl inchfield Sand is present on ly in 
t he extre me northeast corn€!' of the outlined area. 

The t hickness of over lying strata and depth to the 
aqu ifer increases to t he southeast, and reaches a 
maximum of 980 feet in Mitchell County. To the 
west and north, the Claibome Aquifer crops out 
along streams, and the depth to the top of the 
aqu ifer varies considerab ly . 

SOUR CES 

Cra mer, H.R., and Arden, D.D., 1980, Subsurface 
Cretaceous and Paleogene geology of the Coastal 
Plain of Georgia: Georgia Geol . Survey Open-fi le 
Report 80-8, 184 p. 

Georg ia Geologic Survey, 1976, Geologic map of 
Georgia, scale 1:500,000. 

Herrick S.M., 1961, Well logs of t he Coastal Pla in 
of Georgia: Georgia Geo l. Survey Bull. 70, 
462 p. 

Hicks, D.W., Krause, R.E., and Clarke, J.S., 198 1, 
Geohydrology of t he Al bany area, Georgia: 
Georgia Geo l. Survey Info. Circ. 57, 31 p. 

Ripy, B.J., McFadden, S.S., Perriello, P.D., and 
Gernazian, A.M., 1981 , An interi m report on 
the hydro logy of the Clayton and Cla iborne 
Aquifers in southwester n Georg ia : Georgia 
Geol. Survey Open-fi le Report 82-2, 41 p. 

Unpub lished data on fi le at the Georgia Geo logic 
Survey, Atl anta . 
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GEOLOGIC SECTIONS OF THE CLAIBORNE AQUIFER 
P. A. CREWS 
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These geologic sections show the late ra l litho-
logic trends of t h e middle Eocene Claiborne Aquifer. 
Strata of t he Wilcox and Oconee Groups, and Porters Creek 
and Clayton Formations are shown to il lustrate the 
relative stratigraphic positions. Avai lab le data are 
limited to t he out lined 19-county area shown on 
the index map. 

The shaded area ind icates t he gene ral position 
of t he Claiborne Aquifer. Al l strata between t he 
top of t he clay-rich Tuscahoma Sand and the base 
of the im permeable clay layers wi th in the Lisbon 
For mation are included in the aquifer. Some inter ­
layered, impervious sediments may also be included. 

The Claiborne Aquifer consists of the Hatche­
tig bee Format ion, Factory Creek Sand, and lower 
Lisbon Fo rmation _ The Hatchetigbee Format ion is 
composed of glaucon itic , calcareous sand w ith varying 
amounts of clay_ The Factory Creek Sand consists 
of massive, phosphatic quartz sand with increasing 
amounts of day and shel l fragments toward the top. 
Sandy glauconitic li mestones make up the saturated 
strata of the lower Lisbon Formation. 

The Claiborne Aqui fer generally dips and t h ick ­
ens to t he sou theast, away from the outcrop area. 
Section A to A' shows an increase in thickness and 
sl igh t increase in dip f rom north to south . Section 
8 to 8', which t rends from so uthwest to northeast, 
shows a general t hinn ing of the aqu ife r toward the 
nort h. Section C to C', w hich trends f rom east 
to west, generally thickens an d dips eastward. 

SOURCES 

Georgia Geologic Survey, 1976, Geologic map of 

Georgia, scale 1:500,000. 
Herr ick, S.M., 1961, Well Logs of the Coasta l Plain 

of Georgia: Georgia Geol. Survey Bull. 70, 462 p. 
Huddlestun , P.F. , 1981, Correlation chart - Georg ia 

Coastal Plain : Georg ia Geol. Su rvey Open-fil e 
Report 82·1, 2 p. 

Hudd lestu n, P. F., 1981 , persona l commun .: Geo rgia 
Geologic Survey, Atlanta. 

Ripy, B.J ., McFadden, S.S., Perr ie llo, P.O., an d 
Gernazian, A.M., 1981, An interim report on the 

hydrology of the Clayton and Cla iborne aqu ifers 
in southwestern Georgia, Open·f ile Report 82-2, 
37 p., 25 figs. 

Unpubl ished da t a on file at the Georg ia Geologic 
Survey, Atlanta. 

A ---A' GEOLOGIC SECTION 

• 

ACCESSORIES 

B Chert 

~ --- Clay strea ks 

[ZJ Interbedded 
~ 

~ Dolom ite 
~ 

D Sand 
. 

limestone 

Q 

Interbedded marl 

Macrofossils 

Disseminated line 

grained phosp~ate 

I =- = I Glauconite 

1;:: . ' .·1 Claiborne Aquifer 

~ No sa mp les 

- ---- - Formational boundary 



The water-quality map for t he Claiborne Aquifer 
System presents the concentration of total dissolved 
solids (TDS) and hardness value (as a subscript) for 
wells in a 19-county area. Plotted values are limited 
to these counties on the basis of data availability. 

SOURCES 

Ripy, B.J., McFadden, S.S., Perriello, P.O., and 
Gernazian, A.M., 1981, An interim report on 
the hydrogeology of the Clayton and Claiborne 
aquifers in southwestern Georgia: Georgia Geo l. 
Survey Open-file Report 82·2, 37 p. 

U.S. Geological Survey, 1976, Ground-water quality 
data for Georgia: Doravi lle, Ga., Water Res. Oiv., 
216 p. 

Unpublished data on f ile at the Georgia Geologic 
Survey, Atlanta. 

Unpublished data on file at the U.S. Geological 
Survey, Water Resources Div ., Doraville, Ga. 
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entiated Claiborne Group, Lisbon and 
Tallahatta Formations . 
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This map· shows the potentiometric surface of 
the Claiborne Aquifer based on March, 1982, water­
level measurements, along with continuous hydro­
graphs of five observat ion wells in the aqui fer. 
The Claiborne Aquifer has bee n developed ext ens ively 
in the outlined counties for industr ia l, municipal 
and , since the late 1970's, agricultural uses . Obser­
vat ion wells equ ipped with continuous recorders have 
been in operation onl y since the la te 1970's. There fore, 
long-term hydrograph dat a over the entire area of 
use are not available. 

The continuous hydrograph data, w hi ch are clust ered 
around Albany, show the seasona l effects of t he 
heavy pumping in the area, as we ll as some overa ll 
trends. Hydrographs from Test Wells 2, 5, and 8 
(which are closest to the center of the cone of 
depression) show the greatest changes in water level 
dur ing a one-year period. The Test Wel l 4 hydro­
graph shows less seasonal effect , but does show t he 
same noticeable downward t re nd over a three-year 
period. The Test Well 11 hydrograph is located 
in an area southwest of the cone of depression 
where most wells use the overly ing Principal Ar-
tes ian Aq uifer. It shows almost no seasona l varia-
t ion and o nly a few feet downward t re nd over two 
and a half years. 

Water·level t rends for the rest of the outlined area 
are more stable. In Crisp and Dooly Counties the 
Claiborne Aquifer is used almost excl usively for a ll 
water needs. Here t he water level s have declined, 
but not to t he same extent as in the Albany area . 
Elsewhere in the out lined area, the Claiborne Aqu ifer 
is not heavil y used and water levels are re lat ive ly 
constant. 

From the measureme nts made in Ma rch, 1982, 
a ma p of the potentiometric surface (t he surface 
to wh ich the wate r in a properly co nstructed well 
would rise due to artesian pressure) was constructed. 
In general, t he potentiometric surface dips to the 
so utheast away from the major recharge area, the 
outcrop of the Claiborne Group. Average slope 
is 10.4 feet per mile ; th is slope decreases downdip. 
The surface appears highly dissected where it shows 
t he effects of discharge to surface streams and rivers 
(surfa ce water is not shown) . A cone of depression 
is centered around Albany, an a rea of very high 
pumpage for municipal and industr ia l use. 

SOURCES 

McFadden, S.S., and Perriello, P.O., 1983, 
Hydrogeology of the Clayton and Claiborne 
aqui fers in southwestern Georgia: Georgia 

32 ':. 

Geol. Survey lnf. Circ. 55. 
Unpublished data on file at the U.S. Geological Survey, 31 ':.. 

Water Resources Div ., Doraville, Ga. 
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WATER-LEVEL TRENDS AND POTENTIOMETRIC SURFACE OF THE CLAIBORNE AQUIFER, MARCH, 1982 
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This structure-contour map shows the eleva t ion 
of the top of t he Paleocen e Clayton Aquif er. AI· 
t ho ugh present in o ther areas of the Coastal Pla in, 
the usefu I ness of the Clayton Fo rmation as a fresh­
wa ter aquifer is lim ited to t he out lined 19-county 
area in southwest Georgia. 

The Clayton Format io n is over lain by sand, clay, 
and ma rl of the Sabi n ian Wilcox Group. The uppe r 
boundary of t he Clayton Formation is mark ed by an 
eros ional unconformi t y and ex hibits an irr egu la r su r­
face updip. 

The Clayton Aquifer is co mpo sed predominant­
ly of a fossi liferous limestone wi th in the Clayton 
Formation. So me surrounding and inter layered 
san d and sa ndy limestone are also incl uded. It is 
generally conf ined a bove by clay, marl and we ll · 
cemented san d contained either wi th in the Clayton 
Formation or the over lyi ng Wilcox Group. 

Areally, th e Clayton Aquifer is li mited to the 
no rth by erosion. To the eas t the li mestone pinches 
out and clay predominates. In the so uthern part 
of the o ut li ned area, the Clayton Formation is ab· 
sen t and yo unger Wi lcox Group (Sabinian) stra ta 
directl y overli e Cre taceous strata . Limited data for 
t his area precl ude detailed struct ura l interpretation . 
A possible fault or fau lt zone is indicated . 
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EXPLANATION 

-200-- ST RUCTUR E CONTOUR - Shows 
eleva t ion in fee t of the to p of the 
aqu ifer system. Datum is mean sea 
leve l. Contour in terval is 100 fee t. 
Dashed where a pp rox imately located. 
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AREA OF OUTCROP - Incl ud es undifferen­
t iated Clayton, Po rters Creek, and Nanafalia 
Formations. 

WELL - Number is el evat ion in feet. 

WELL · Location of we ll whi ch penetrated 
Cretaceous stra ta, and no Clayton strata 
encoun tered. 

POSSIBLE FAULT- Shows approximate 
loca t ion o f po ssi ble faul t zo ne; 0 indicates 
downthrown side . 
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Th is structure.contour map shows t he elevat ion 
of th e base of the Pa leoce ne Clayton Aqui fe r. Al­
t hough present in ot her areas of the Coastal Pla in, 
t he usefulness of t he Clayton Formation as a fresh ­
water aquife r is l imite d to the outlined 19-county 
area in southwest Georgi a. 

T he Clayton Forma t ion unconfo rmably over l ies 
the Upper Cretaceous Providence San d and Prairie 
Bl uff Chalk. The contact is somewhat irregu lar, 
especially updip. Some basal Clayton sand probably 
represents reworked Cretaceous stra ta. 

The Clayton Aq uifer is composed predom inantly 
of a fossiliferous l imestone wi th in the Cla yton Forma­
t ion. Some surrounding and inter layered sand and 
sa ndy limestone are also inc luded. Below, it is 
confined by Cretaceous sand and mar l and so me 
Paleocene clay, sand and sandy ma r l. 

To the nor t heast, in the vicin ity of Macon, Oooly 
an d Crisp Count ies , the limesto ne pin ches out an d 
the Clayton Fo rmat ion is predomi nantly clay. Along 
str ike eastward from Clay t hrough Su mter and Lee 
Counties, basal sa nd, limestone and sa ndy limestone 
of the Cl ayton Aquifer directly overlie the Provi dence 
Sand. So ut h o f th is area, the uppermost Cretaceous 
sedimen ts become increasingly ca lca reo us i:lnd grade 
into the Prai r ie Bluff Chalk. Where overlying the 
Pra irie Bluf f Chalk , t he basa l unit of the Clayton 
Format ion is a thin san d or sandy marl over lain 
by limestone. So uth and west of southern Mit chell 
County, t he Clayton Formation abrupt ly ends and 
yo unger (Sabinian l sedimen ts direct ly overl ie Creta­
ceo us sedi men ts. Limited data for thi s area precludes 
deta i led stru ctural in ter pretation. A possib le fault 
or f ault zone is indicated. 

SOURCES 

Cramer, H.R., and Arden, D.O., 1980, Subsurface 
Cretaceous and Paleo gene geology of the Coastal 
Pla in of Georgi a: Georgia Geo l. Survey Open­
f i le Report 80-8, 184 p. 

Georgia Geologic Survey, 1976, Geolog ic map of 
Georgia, sca le 1:500,000. 

Herrick, S.M., 1961, We ll logs of t he Coa stal Plain 
of Georgia: Georgia Geo l. Survey Bull. 70, 
462 p. 

Huddlestun, P.F ., 1981, personal co mmun.: Georgia 
Geologic Survey, Atl anta . 

Rice, T.E. , Jr., 1980, The Sabine Stage in t he Georgia 
Coastal Plain: MS thesis, Emory University, 122 p. 

Unpublished data on fi le at the Georgia Geo logi c 
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STRUCTURE-CONTOUR MAP OF THE BASE OF THE CLAYTON AQUIFER 
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EXP LANATIO N 

STRUCTU RE CONTOU R - Shows 
elevation in feet of t he base of the 
aquife1· system. Dat um is mean sea 
leve l. Co ntour interva l is 100 feet. 
Dashed where approximately located. 

AREA OF OU TCROP - Incl udes und ifferen­
t iated Clayton, Porters Creek , and Nanaf alia 
Format ions . 

WELL - Numbet· is elevation in f ee t. 

WELL - Number is elevat ion in feet of 
bottom of we ll which did not pen etrate 
t he base of the Clayton Aqui f€1". 

WEL L Location of well which penetrated 
Cretaceous strata, and no Cl ayton stra ta 
encountered. 

POSSI BL E FAULT - Shows ,approximate 
locat ion of possible fault zo ne; D indicates 
downthrown side . 
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This isopach map shows the thickness, in fe et, 
of the Clayton Aqu ifer. A lthough the Clayton 
Formation is presen t in other areas of t he Coasta l 
Plain, its usefu lness as a f resh -water aquife r is 
limited to the o ut li ned 19-cou nty area in south­
west Georgia. 

The Clayton Formation is bounded above and be­
low by eros iona l un conformities. T h is produces 
loca l va riat io ns in thi ckness. It overl ies the Cre ­
t aceou s Providence Sa nd and Prairie Bl uff Chalk and 
under lies t he Sabi nian Wilcox Gro up. 

The Clay t on Aq uifer is composed predominant­
ly of fossi life ro us limestone w ith in the Clayton 
Formation. Some surrounding and inter laye red 
sand and sandy limestone are also includ ed. T he 
aqu ifer is gene rally confined above by clay, marl, 
and indurated sand of the Clayton Forma tion . 
Be low, it is confined by Cretaceous sand and marl 
and some Pa leocene clay, sand, and sa ndy mar l. 

Areal ly , the Clayton Aquifer is limited to the 
north by eros io n . To t he east, th e limestone 
pinches out and clays predominate. In the southern 
pa rt o f t he outlin ed area t he Clayto n Formation 
is absent and younge r Wi lcox Gro u p (Sabinian ) 
strata d irectl y overl ie Cretaceous Strata. Limited 
d ata for this area precl ude deta iled st ructura l 
inter pretation. A possible fau lt is indicated. 

SOU RCES 

Cramer, H.R., and A rden, D. O., 1980, Subsurface 
Cretaceo us and Paleogene geology of t he Coas tal 
Plai n of Georgia: Georgia Geo l. Survey Open­
fi le Report 80·8, 184 p. 

Georg ia Geologic Survey, 1975, Geologic map of 
Georgia, scale 1 :500 ,000. 

Herrick, S.M., 1961, Well logs of the Coastal Plain 
of Georgia: Georg ia Geo l. Survey Bul l. 70 , 
462 p. 

Huddlestun, P.F ., 198 1, Personal comm un .: Georgia 
Geologic Survey, Atlanta . 

Rice, T.E., Jr., 1980, The Sabine Stage in the Georgia 
Coastal Plain : MS thesis , Emory Un ive rsit y, 122 p. 

Unpu b lished dat a o n f ile a t t he Georg ia Geo logic 
Survey, Atlanta. 
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PLAT E 28 

EX PL ANATI ON 

LI NE OF EQUA L TH ICK NESS OF AQUIFE R 
Shows thickness in feet of aq uifer sy ste m. 
Dashed where approximat e ly located. Con­
to ur interva l is 50 feet. 

AREA OF OU TCROP · Includes undifferen­
ti at ed Clayton, Porte rs Creek, and Nanafal ia 
Formatio ns . 

WEL L - Number is t hickness in fe et . 

WE LL - Number is minimum thickness 
in feet of aquifer for we ll w hich did 
no t pene t ra te base o f Clayton Aquifer. 

WE LL - Locat ion o f well whi ch pene t rated 
Creta ceous strata, and no Clayton stra ta 
encou ntered . 

POSSIBLE FAULT · Shows appro xi mate 
locati on of possible fau lt zone; D indicates 
downth rown side. 

- 32' 

LOCAT ION MAP 

20 30 40 MILES 



Th is isopach map shows t he t hickness, in feet, 
of strata overly ing the Paleocene Clayton Aqu ifer. 
A lthough the Clayton Formation is present in other 
areas of the Coastal Plain, its usefulness as a fresh· 
water aquifer is limited to the outlined 19-county 
area in southwest Georgia. 

The Clayton Aquifer is composed predominantly 
of fossiliferous limestone with in the Clayton Forma· 
tion. Some surrounding and inter layered sand and 
sa ndy limestone are al so included. It is generall y 
conf ined above by clay, marl, and wel l-cemented 
sand contained within the Clayton Formation or 
the overlying Wilcox Group. Uppermost confin ing 
units w ithin the Clayton Formation are included 
in t he over lying strata. 

Upd ip, in the Fall L ine Hills area, stream dissec­
t ion and pronounced relief on the upper boundary 
of the Clayton Format ion produce large local var ia­
tionS in the t hick ness of overlying strata. In parts 
of this area, t he outcrop of the Clayton Formation 
is difficult to distinguish from residuum of the 
over lying Nanafal ia Formation and is mapped as 
Nanafa lia, Porte rs Creek and Clayton Formations 
undifferentiated. Farther downdip, the Wi lcox 
Group is overlain by t he middle Eocene Cla iborne 
Group an d la te Eocene to Oli gocene residuum. 

In the southern part of the outlined area, the 
Clay ton Formation is absent and younger Wil cox 3 2 ':.._ 
Group (Sabin ian) strata d irectly overlie Cretaceous 
strata . Limited data for this area preclude detailed 
structura l interpretation. A possible fault or fault 
zone is indicated. 

SOURCES 
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Cretaceo us and Pa leogene geology of the Coast­
al Plain of Georgia: Georgia Geol. Survey Open­
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PLATE 29 

EXPLANAT ION 

LI NE OF EQUAL TH ICKNESS OF OVER ­
LYING STRATA- Shows t hick ness in f eet 

of st ra ta between lan d surface and top of 
aquifer. Contour interval is 100 feet. 
Da shed where approximate ly located . 

AREA OF OU TCR OP - Includes und iff eren­
tia ted Clayton, Po rters Creek , and Nanafa lia 
Format ions. 

WELL - Number is th ick ness in feet . 

WELL - Location of well which penetrated 
Cretaceous strata, and no Clayton strata 
encountered. 

POSSIBL E FAULT - Shows appro x imate 
locat ion of possibl e f ault zone; 0 ind icates 
downthrown side. 
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GEOLOGIC SECTIONS OF THE CLAYTON AQUIFER 
M. A. TUOHY 
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These geologic sections show the lateral litho­
logic trends of the lower Paleocene Clayton For­
mation al)d Aquifer. Where present, strata of the 
middle Eocene Claiborne Group are also shown 
to illustrate the relative stratigraphic position . 
Although these units are present in other areas 
of the Coastal Plain, their usefu lness as fresh-water 
aquifers is limited to the 19-county area outlined 
on the index map. 

The Clayton Aquifer is composed predominant ly 
of fossi liferous limestone within the Clayton For­
mation . Some surrounding and interlaVered sand­
stone and sandy limestone are also included. The 
aquifer is genera ll y conf in ed above by impervious 
sandstone, clay, and marl of the Clayton Formation 
and lower Wilcox and Oconee Groups. It is con­
fined below by impervious sandstone and marl of 
the Upper Cretaceous and some impervious clay, 
sandstone, marl and siliceous limestone within the 
Clayton Formation. 

Section A to A' is oblique to both str ike and 
dip and shows a trend of increased depth and thick­
ness to the southwest. Sect ion 8 to B' is approx­
imate ly along strike. 1t illustrates the general 
thinni ng of the main limestone aquifer at the 
eastern and western margins of the outlined area. 
Section C to C', which approximates dip, shows a 
gradual increase in thickness and depth of the aquifer 
to t he southwest . 

South of a line th rough A' and C', the Clayton 

Formation is absent and younger Wilcox Group 
(Sabinian) strata d irectly overlie Cretaceous strata. 
A possible fau lt or fault zone approximately paral­
le li ng this line has been postulated. 

SOURCES 
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Cretaceous and Paleogene geology of the Coastal 
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Rice, T.E., Jr., 1980, The Sabine Stage in the 
Georgia Coasta l Plain: MS thesis, Emory 
University, 122 p. 
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Survey, Atlanta. 
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The water-quality ma p for the Clayton Aquifer 
System presents the concentrat ion of total di ssolved 
so lids (TD S) and hardness value (as a su bscript) for 
we ll s in a 19-county area. Plotted values are li m ited 
to these counties on the basis of data ava ilab il ity. 

SOURCES 

Ripy, B.J ., McFadden, S.S., Perriello, P.O ., and 
Gernazian, A.M ., 1981, An in te r im report on 
the hydrogeology of the Clayton and Claiborn e 
aquifers in sou thwestern Georg ia: Georg ia Geol. 
Sur vey Open-fi le Report 82·2, 37 p. 

U.S . Geologica l Survey, 1976, G ro und-wate r qu ality 
data for Georgia: Doravi lle, Ga., Water Res. Div. 
216 p. 

Unpublished data on f ile at t he Georgia Geologic 
Survey, At lanta . 

Unpublished data on fi le at the U.S. Geolog ica l 
Survey, Wa ter Resou rces Div., Dorav ille, Ga. 
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PLATE 31 

EXPLANATION 

-200-- LIN E OF EQUAL. DISSOL.VED-SOL.IDS 
CONCENTRATION ·Shows disso lved 

so lids concentration in mill igrams per 
liter· (mg/1) . Hardness va lues a re not 
contoured. 

0 

AREA OF OUTCROP · Includes undifferen­
tiated Clayton, Porte rs Creek , and Nanafalia 
Fo rmat ions . 

• 14811261 WE LL - Num ber is dissolved-soli d s 

concentration (mg/1) . Subscr ipt is 

carbonate hardness va lue . 
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This diagram shows water-level trends and poten­
tiometric surface of the Clayton Aquifer . Water­
leve l trends are shown by hydrographs from obser­
vation wells equ ipped with continuous water-level 
recorders . The potentiometric surface of the Clay­
ton Aquifer is based on water-level measurements 
of March, 1982. 

Hydrographs from observat ion wells show that 
since 1979, 1) water levels have gene ra ll y declined, 
and 2) seasona l f luctuations have increased. In t he 
Albany area, the Turner City hydrograph shows a 
decline of 33' from May to September, 1980, while 
the Test We ll 9 hydrograph shows a dec!ine of 28' 
in the same time period. Test We ll 12 shows the 
same downward t rend, but not the seasonal f lu c­
tuat ions of the hydrographs. The trend s shown in 
the hydrographs are caused by large municipal, in ­
dustrial, and agr icultural ground-wa ter wi t hdrawals 
coupled with below average rai nfa ll in the late 1970's 
through 1981. The city of Albany currently with· 
draws approximate ly 12.0 million ga ll ons per day. 
Irri gation use of the Clayton Aquifer in the out li ned 
area is estimated at 15.0 million gallons per day 
(1980) . 

SOURCES 32 ~-
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WATER-LEVEL TRENDS AND POTENTIOMETRIC SURFACE OF THE CLAYTON AQUIFER, MARCH, 1982 
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1982. Name refers to wel l iden­
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WELL LOCATION · Number is elevat ion 
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well. Datum is mean sea level. Con­
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This structure-contou r map shows the eleva'tion 
of the top of the Cretaceous Aquifer System. 
However, t he top of t h is system is not a single 
stratigraphic unit across the Coastal Plain , because 

t he lltho'logy Of individua l uni ts a nd the strat igraphy 
of the Cretaceous rocks are complex. 

In the nort heaster n Coastal Pla in, the enti re Cre­
taceous Aqu ifer System is designated as A 1 , because 
the entire thickness acts as one hydrologic unit. 
A1 inc ludes the sand and interbedded clay wh ich 
are mapped on the Geo logic Map of Georgia (G eorgia 
Geolog ic Su rvey , 1976) as Lower Tertiary-Cretaceous 

undifferentiated, Twiggs Clay, and Irwinton Sand, 
and the ir subsurface equ iva len ts. In th is area the 
structure contour map represents the top of A

1
. 

To t he south and west (dow nd ip and along stri ke , 
respectively) indiv idua l aquifer uni ts beco me distinct. 
In these areas, the individua l aquifers are designated 
A2 through A5 in descending stratigraph ic order. 
They include the follo w in g lithostratigraphic un its: 
Providence Sand , Ripley Format ion , Cusseta Sand, 

Blufftown Formation, Eutaw Formation, and Tu sca­
loosa Formation ; and their subsurface equivalents 
(see cross sections, plate 37, Geologic Sections of the 
Cretaceous Aqu ifer System) 

Aquifers A2 through Ae are not lithologically 
consistent. They grade fro m sand into sandy c lay. 
Th is gradat ion has two important effects from a hy­
drologic standpoint. In some p laces, the confi n ing 
units disappear and two aqu ifers act as a single 
h.ydrologic unit; and, in other places, the uppermost 
aquifer grades into a predominantly clay lithology. 
Where the latte r occurs, a cutaway is necessa ry in 
order to view the stratigraph ical ly lower aquifer. 

These cutaway views are outlined on the map; labels 

ind icate wh ich aquife r un it the contour lines represent. 

Overall, t he structure.contour map shows that 
t he top of the system d ips gent ly from the Fa ll 

Line to the southeast. There are structura l lows 
centered in Wheeler County, so uthern Wayne County, 
and western Camden County. 
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STRUCTURE-CONTOUR MAP OF THE TOP OF THE CRETACEOUS AQUIFER SYSTEM 
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AREA OF OUTCROP - Includes 
Providence Sand, Ripley Formation, 
Cusseta Sand, Blufftown Format ion, 
Euta w Formation and Tttscaloosa 
Formation. (From Georgia Geologic 
Survey, 1976.) 

AREA OF OUTCROP - Includes Lowe r 
Tertiary-Cretaceous u nd iff ere nti ate d. 
(From Georgia Geologic Survey, 1976.) 

WELL - Number is elevation in feet of 
the top of t he Cretaceous Aquifer . 
Locat io ns without data are taken from 
the map of Distribution and Thickness 
of Aquifer A 1 in Pollard and Vorhis, 
1980, Sheet 2. 
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This structure-contour map shows the elevation 
of the base of the Cretaceous Aquife r System of 
the Frederick sburgian-age sands. Thi s surface 
represents sediment s depos it ed before the Fredericks­
burg ian Stage (Lower Cretaceous Series) in the south­
western Coa stal Pla in and pre-Cretaceous metamor­
phic, sedimenta ry, and volcan ic rocks elsewhere. 
In general, the lower and downdip portions of the 
aqui fe r conta in sa lt water. 

In the northern portion of the Georgia Coastal 
Plain, the altitude at t he base steadily decreases 
southwat·d away from the Fall Li ne. In t he centra l 
and souther n areas, the pre- Upper Cretaceous surface 
is affected by several structura l featut·es. The low 
areas in the southwest and southeast cor net·s of 
the State represent the Apa lachicola Embayment 
and the Sou t heast Georgia Em bayment, respective ly. 
The relatively high cen tra l port ion, in t he Echols­
Ciinch -Ware to Jef f Dav is County at·ea, probably 
ref lects the Peninsular At·ch. 
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The iso pach map of the Cretaceous Aquifer System 
shows the thickness of the system from t he base 
of the Fredericksburgian-age sand to the top of 
the Providence Sand. Stra ta inc lud ed in this sys-

tem range from t he Lower Cretaceous Series 
(Fredericksburgian Stage) through the Upper Creta­
ceous Series (Navarroan Stage). Some Lower Ter­
tiary strata from t he northeast sect ion of the Coastal 
Plain also are included as they are hydraul ically 
interconnected with Cretaceous strata, (i.e., t hey 
form a single aquifer system). 

Several structural features have affected the dis­
tribution and thickness of the Cretaceous sediments. 
The centra l area of thinner strata was probably caused 

by the pre-existing Peninsular Arch, where less depo­
sition has occurred. The thin sequence near the 
Mc intosh and Glynn County area (Southeast Georgia 
Embayment) can be seen on the pre-Cretaceous 
structure-contour map (plate 4 1 ) . Apparently, 
the basin did not become an active sediment trap 
unt il after the Cretaceous (Cramer, 1974) . The 
Apalachicola (Southwest Georgia) Embayment is 
represented by a t hick sequence located near the 
southwestern corner of the State. The e mbaymen t 
probably was filled by Lower Cretaceous strata 
before Upper Cretaceous sediments were deposited 
(Maher, 1965). 
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The isopach map of strata over ly ing the Cretaceous 
Aquifer System shows the depth, in feet, from land 
surface to the top of the uppermost signif icant wate r­
transmitting unit. T hese overlying strata general ly 
thicken southward from the Fall Li ne toward the 
Atlant ic Coast. T here are t hree areas of great ly 
thickened strata. In t wo of these areas (Atk inson­
Clinch Counties and Mc intosh- Long Counties). the 
uppermost Cretaceous strata have a high clay con· 
tent and act as confining units; therefore they are 
consi_dered to be part of the overlying aquic lude 
rather than as part of t he aquifer system (i.e., they 
are not significant wate r-transmitt ing units). In the 
th ird area (Camden-Charlton-Brant ley Counties), 
t he increased thickness appears to be the result 
of basin -f il ling of a structural low, thus resulting 
in a t hickened Tertiary and younger sequence. A 
more detai led explanat ion of the geologic frame · 
work of t he Cretaceous Aquifer System and the 
distinction between water-transmitting and conf in· 
ing units is given on the map entitled "Structure· 
Contour of the T9p of the Cretaceous Aquifer Sys· 
tem" (plate 33) and the cross sections ent itled 
"Geo logic Cross Sections of the Cretaceous Aqu ifer 
System" (plate 37). 

SOU RCES 

Applin, P.L., and Applin, E.R., 1967, The Gulf 
Series in the subsurface in nort hern Florida and 
sout hern Georgia : U.S. Geol. Survey Prof. Pa­
per 524·G, 35 p. 

Georgia Geo logic Survey, 1976, Geologic map of 
Georgia, scale 1:500,000. 

Herrick, S.M., 1961, Well logs of the Coasta l Plain 
of Georgia: Georgia Geol. Survey Bull. 70, 
461 p. 

Pollard, L.D., and Vorh is, R.C., 1980, The geohydrol· 
ogy of the Cretaceous Aquifer System in Georgia : 
Georgia Geol. Survey Hydrol. Atlas 3. 

Pollard, L.D., 1980, Unpublished data from study 
of geohydrology of Cretaceous Aquifer System 
in Georgia on file at the Georgia Geologic Survey, 
Atlanta. 

ISOPACH MAP OF STRATA OVERLYING THE CRETACEOUS AQUIFER SYSTEM 

M. Y CURTIN 
,.}' -............... .... 

(M ODIFI ED FROM POLLARD AND VORHIS, 198~.~-~:" ~ 8 2 ' 
I 

~ JONE S 

' 

t .3~l G T 0 N \ ) 
/ 

-----'1- 500 -=-~I ---f---
" I ~--\ 

\ 
M A N U E 

JENt<INS/ 
I 

L_ 

/ 

"'-· 420 
• 

/.r-......., : ' 

' -----.,LI __ '_:::·--,L-------· "-( 
I , r.. 

' 1'\_. > 

88~. ~ ----~ 1000 

JCANDLE~ 8 U L L 
E. ~ ~ ~../ · --. '-, 

~ .EUTLEN , 

R 
• 86 240 )./8, L E C K 1 ~· 
QU~TON ~ - ' I . ' 

1384 •};!l\.5 
....---- I'· 

1~~ r-1'-.. / 
' " ' 

I 

I ~ 
/ )..._--"{' >-

,J Ci: 

271 .540 ) 

_.--1--~ - l . · ~ 
; ·-"\"· - -

'----- l - - ·r---L., - .............. 

\ '-
75 ·T - )95 / UL A S K I ~~5 · D O DGE / \ ~ .1 j14 \ 

----~-------~L-~0~~~------~\~1500 
' \ . . ' 

_:_1~' :
75

: - - '-{ D 0 (' L y I .. ,' 
0 284 ~ 545 ~~~. __ r-- ''-< 

218 JGO • ! , 
• • I I 

!J SUMTER ·'»- - - - - - B26-.. 

' , \ I · ~ "- sr:FJ • w: 
- -'w.- ·:·- - . .J '"" [ _ _ 

0556
. _ _ _ - --~ C R I S P 

I,. R " L " · ,,E ~ L..J 

32':... \ 
L C 0 X: ' 'c._ , / T 

'/ 
L '·- r · - --- -----\ ~- ~., .928 

r·' , ..,..... -- - -' H 
'~ 

L L '-
- -' '( I 

I 
1 R ANDOLPH LEE ' 

\ 1 ~ \ "" 

) 
' 1 8 E N 
r- ..n., 

' 
l. ~ 

\ [ __ ., ---j'--'~--r--__;__ __ 284 _ _ _ _ ...-~ '" L __ , -{: 
\-- C: 560 1 ALG/~J'{rn. \. 
1
1 

C L A y •
1 

785• I,~) S W 0 R T H ~ -
r I D o u G H E R ' I ~. ~ 

(
1 .. ~- --{,.C ALHO UN\ 964 l "" J ...J 

, ' 850 ;J .._<? ,. T I F T >- ··-·-J1 9jlfi~ 

L 

R N w 

\_--7, ' V· ' 1699 

.>t, w H E E L E R(, I T ci 0 M 8 s ( 
/ '- , , I 

E L F A 

" -- _j 

2080 • 

I T AT 

....("" -,1JEF
0
F DAVI "' : 

I APP LI N r: 1855 1812 c::: ' 
• i 

._, _ ·--

' 

E 
t, BA 

1 \_ __ r --,~- "")_• -- --~----1 l · ' 
I ,J' I ').<:ic;,<:i ,f \:;- - ·- --,_ ___ \_ 

)-
.L....A..Jt.-b--¥--- : o R /v.r 

1 

• - -- - '---'-· l -- T J, . \ -,r:JuO 
. f , ' \. 1.

000 
4t2K81 N S 0 N :J ~ 

2500 

~' \ ~-~-"~ 1: (M HELL I ]BERR I E ( - l, 
l.t 202 I / c .o L u I T f-- - T --'I 

\_ ' M I L L E R r' 1903 r' K ( ~- __l ! •3360 

w 

\ 
A R E -...., 

I 

I 
BRANTL 

{· - -

31 ~ 

~-- __l_ -.la.so.. -~. - ---- -- - __ , 1... -- - __ }_ - I 'L A ' I E 
.1672 ' I ~ ----..rT- _j' ' ' - .269()'1 

~ r ______ ..J___. --

'SEM INOLE 
\ ' 

I 
8 5' 

• •1833t 

1845 I 

2932 

I \ . 2226 ' ' 
, ?.soo I • > 258o L - -, C I 2862 N r" 2650 , 1 "' • 

( , 0 K s -) L' o w.N6~E~~7jj.J.-<8~o 0 2832 

I .3225 I r ' ~ALDa~?f \ 

. , \ I 02614 __ _ 

-------L l_ ' E c ~656 0 L .2§4 ; 

---;.....- ___ ':L-b~~- ? 2594 I 
-----_l ___ l!._ ---r 

\ ) 
~ \ 

1 ' 

c H i I 
' ' ' 12;- ---l 

I 

• 

I 
8 4 ' 

',-----' 
82' 

I 

' 
955 / •. 
£. 

\ 

--500--

276 
• 

PLATE 36 

EX PLANATI ON 

LI NE OF EQUAL TH ICKNESS OF OVER­
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GEOLOGIC SECTIONS OF THE CRETACEOUS AQUIFER SYSTEM 
PLATE 37 
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The Cretaceous Aquifer System in Georgia consists 
primarily of interbedded sand and clay, w ith some 
predominantly carbonate units in extreme southern 
Georgia. 

For the purposes of this study, an aqu ifer is 
considered to have less than a 50 percent clay con­
tent. The geologic section shows that, in places, 
the water -transmitting units grade laterally into 
confining units due to an in creased clay content. 
In other places, the confining units are thin or local ­
ly discontinuous so as to allow two aquifers to act 
as a single hydrologic unit. An example of this is 
found in section A-A' between GGS 194 and GGS 
491. The confining units between A

3
, A4 and 

A
5 

are shown as discontin uous to indicate that 
these aquifers may act as a single aquifer. 
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This map shows the elevation, in feet, of the 
top of the pre-Gulfian sand and sha le of the Lower 
Cretaceous Aquifer. These units are equivalent to 
the Comanchean Series of Cramer and Arden (1980) 
and, in part, equivalent to units F and G as defined 
by Brown and o thers (1979). Th e Lower Cretaceous 
Aquifer cons ists of the permeable sands within these 
units, which may be separated by less permeable units. 

The aqui fer top gene ra lly dips southeastward from 
the Fall Line. In the southeast corner of Georgia, 
it slopes toward the center of the southeast Georg ia 
Embayment. In Camden and Glynn Counties, the 
aquifer top attains a maximum depth of over 4500 
feet below sea leve l. 
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This map shows the thickness, in feet, of the pre­
Gulfian sands and shales of the Lower Cretaceous 
Aquifer. These units are equival ent to the Coman ­
chean Series of Cramer and Arden (1 980) and, 
in part, equivalent to units F and G as defined by 
Brown and others (1 979). The Lower Cretaceous 
Aquifer consists of the permeable sands which may 
be separated by less permeable units. Therefore, the 
thickness mapped here may be greater than t he 
tota l thickness of permeable sands. 

The Lower Cretaceous Aquifer generally thickens 
toward the southwest and attains a thickness of greater 
t han 1500 feet in the Apa lachicola (Southwest Georgia) 
Embayment. In the southeast portion of the State, the 
permeable strata thin to less than 100 feet, although 
they thicken slight ly in the Southeast Geor gia Embayment. 

SOURCES 

Brown, P.M., Brown, D.L., Reid, M.S., and Lloyd, 
0.8., Jr., 1979, Evaluation of the geologic and 
hydrologic factors related to the waste-storage 
potential of Mesozoic aquifers in the southern 
part of the At lantic Coastal Plain, South Caro lina 
and Georgia: U.S. Geol. Survey Prof. Paper 
1088, 37 p. 

Cramer, H.R., and Arden, D.O., 1980, Subsurface 
Cretaceous and Paleogene geology of the Coastal 
Plain of Georgia: Georgia Geol. Survey Open -tile 
Report 80·8, 184 p. 

Herrick, S.M., and Vorhis, R.C., 1963, Subsurface 
geology of the Georgia Coastal Plain: Georgia 
Geol. Survey Info. Circ. 25, 78 p. 
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EXPLANATION 

LINE OF EQUAL THICKNESS OF AQU IFER 
Shows thickness in feet of aquifer system. 
Contour interval is 100 feet. Dashed where 
appi'Oximately located . 

WE LL - Number is thickness in feet. 
(After Brown and others, 1979). 
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This map shows concentrat ions of sod ium chloride 
(NaCI) withi n pre-Gu lf ian strata of the Lower Creta ­
ceous Aquifer. Soduim chloride va lues increase with 
depth and to the south. Values ran ge from 500 mg/1 
to 2 15,000 mg/1. Approximately hal f of the area oc­
cupied by this uni t contains water with greater than 
10,000 mg/1 NaCI. Values greater t han 50,000 mg/1 pre-
vail in a large area of south-central Georgia. 

SOURCE 

Brown, P.M., Brown, D.l. , Reid . M.S., nnd Llovd. 
0.8., Jr. , 1979, Evaluation of the geologic and 
hydrologic factors re lated to the waste-storage 
potent ial of Meso zoic aqu ifers in the southern 
part of the Atlantic Coa stal Plain, South Caro­
lina and Georgia : U.S. Geol. Survey Prof. Paper 
1088, 37 P-
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-1000-- LI NE OF EQUI'.L SOD IUM CHLOR IDE 
CONCENTRATION - Shows NaCI concen­

n·ation in mil ligrams per l iter (mg/ 1). 
Contour· inter·val is var·icJb ie. 
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The pre-Cre taceous "basement", which consists of 
crystalline and sed imentary rocks that range in age 
from Precambrian and ea rly Paleozo ic to Triassic, 
und erlies a seaward-thickening wedge of Cretaceous 
to Quaternary st rata . The " basement" is present 
below t he coasta l basin and crops out north of 
the Fa ll Lin e and forms the Piedmont Province. 

The pre-Cre taceous unconformity descends rather 
evenly toward the south into two major depocenters 
call8d the So utheast Geor gi a Embayment and the 

Apalachicola (Southwest Georgia) Embayment, which 

are structurally low areas. The Southea st Georgia 
Basin and the Apalachicola Embayment are separated 
by a structural sa ddle known as t he Centra l Georgia 
Uplift. 
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Applin, P.L ., 1951, Preliminary report on buried 
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Brown, P. M., Brown, D.L., Reid, M .S ., and Lloyd, 
O.B., Jr ., 1979, Eva luation of the geologic and 
hydrologic factors related to the waste-storage 
poten t ia l of Mesozoic aqu ifers in the so uth ern 
part o f t he Atlant ic Coasta l Plain , South Caro lina 
and Georgia: U.S. Geol. Survey Prof. Paper 
1088, 37 p. 

Cramer, H.R., and Arden, D.O., 1980, Subsurface 
Cretaceous and Paleogene geology of the Coastal 
Plain of Georgia: Georgia Geol. Survey Open­
fi le Report 80·8, 184 p. 

Herrick , S.M .. 1961, Well logs of the Coastal Plain 
of Georgia: Georgia Geo l. Su rvey Bul l. 70, 462 p. 

Herrick, S.M., and Vorhis, R.C., 1963, Subsurface 
geology of the Coastal Plain: Georgia Geol. Survey 
Info . Circ. 25, 80 p. 

Milton, C., and Hurst, V.J., 1965, Subsurface 
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Bull. 76, 56 p. 
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exploration we ll s in Georgia: Georgia Geol. Survey 
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Note: Som e recent oil and gas we ll s were confidential 
at t he time of publicat ion and therefore were not 
used. 

• - 6398 

31 ~ 

85° 

STRUCTURE-CONTOUR MAP OF THE PRE-CRETACEOUS UNCONFORMITY 

T A Y L 

:MAR :O N I 'I 0' 
OCHEEI I ---< 
• - 99@ 

1 
~- --vL. •. _j \_ __ i 

·------____...../" 
l 

--

(_I' 
h J 

'' H Q U S T 
,..J - 1321 

\ 

H. C. KARP. JR . AND W. M. STEELE 

/ 

"'b· 

\ 
,JEFF •. 

'· " 
N G 1: u N \ 

I 

"-

I 
82° 

./ 

_\ 

SCREVE 

- - 33' 

' ' 

PLATE 41 

EXPLANATIO N 

--0-- STRUCTURE CONTOUR - Shows 
elevation in feet of the pre-Cre· 
taceous unconformity . Datum is 
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