DEPARTMENT OF THE INTERIOR

WATER-RESOURCES INVESTIGATIONS REPORT 86-41
U.S. GEOLOGICAL SURVEY

SHEET 2 OF
78°
79° \
81° 80° \ c‘,masﬂnwo( ameson) § | 81° 80°
g2° A / et A ‘ g2° 4 / )
= / "/ y RICHMO a7} ! \ . RICHMO
S S, HERYKE & p S S HERWKE /. ot :
o o ) ' oS, f O\ smect ; R
e] o
84 Y / 3\ o 84 \
o 0 o : PICKENS Z — 85 =7 PICKENS N Z
352 90 89 " 87 A ‘ﬁ - _‘3\ gt o FANNIN Bl ‘—3\ e
*be 40710 S B RABUN S OBONEE NCASTER 2140 rRABUN JOfONEE NCASTER ,
BENTO ° ONE NION CHESQTE NION CHESTE
c et I : o o \ = o ¢ g .‘
‘ 3 ® I GILMER ® 3
| Q@O' % A ‘Ic}5 GILMER § S WH § W 7
i ICA\ 1 TR E j L .1 ¢ M B S WAUKER f’% i = ‘
PRENTISS mEQ A ® A
~ 3 \ \/—/_ﬂ . | vl STEPHENS { L ARRERDS AIRFIE KE L e / A UMPKIN STEPHENS / ARRE NS AIRFIE e 3
S 1 vie ANDERSO » ANDENSO = i i i I P\ T
S \/ ol ’ o Yo i oRGAN e ; ANKLIN % NEWBERRY,] A RE e T na : (/1" ANKLIN % NEWSERRY,] A W o f i/ @ . BRUNSWIC
8 oL LAFAYETTE ‘ == (—— BANKS RT \ ; N . S = BANKS aRT by KN, Byuon " K
2 LEE BEVILL X - R X ABB ILLL,' ) > O ‘ 2 4 \
Y ‘ Ifswamaa = CHERQREE AN HA AB | o WENCE e CHERQREE S A = ‘ P & JRENCE = °
; PON = =7 (Oe - £ ENWOOD - . £\ 50 FL D O s . £ENwOdD AN < @ ° ! °
? W \ \ 5 . 4 5 clLEMaN ACKSPN Y MADISON EL axiti 2 g Rt t;,A. - el ) 7000 7/ “UACKEON \ MADISON L il s <X ' : ~ & Q o® «&d
] ‘ : =, , , e )
} =) j{ A 0 100 ‘ =t - o . | 0 T o
34° VALoauvA 90 S V'\ // L S N KE }OGLETHDRPE Ok % ‘ 34° - VM.OBUSHA_ i —COBH— o e KE‘G'GLETHD PE % 178 \ ~ L e J. ‘ -~ ® . ‘ I
— 1 A ) — a / ! L
\ | EDoun j Aﬂw NeoE - WILKES % ¢ edcen L yENDO AMSBU r ° baubing OCONEE WILKES f¢ edeent / B ot dLagenoo o IAMSBURS. r | /
e River " . LAMAR/J, ATLA LTON LINCOLN p ALHOU | Llocy. R 50)ee P River ATLA LTON LINCOLN . CALHOUN lacy. e /
i 3 WA LKER : o, GR | N~ 0 = 7/ o
av A2 rJ ?9 ETTE o\‘ OF KALE o . e(’ [ ) ¢! . } DOUGLAS ‘oe PE & / - 5«0’* & by &y VB //
il i v S MORGAN GREENE—~ya AFERRO GOLUMRIS = SN oS MORGAN GREENE—('/ 1arERRO COLUMBIA \ o s *
LEFLORE weBSseg = / FFERS! 00" < LAYTON 1 NEWION o { oz . g FLORE WEBSRER *00" < LAYTON NEWI DN Yo oz, RAN YR L ‘ /
CARROLL "OA,) L g RREN o bt pcing RREN 25 gy &er /
I re a ;f r FAYETTE RN - / f% & raverre | W\ t ., 8 r /
o, LOWNDES PUTNAM L PUTNAM ELL BERG\%
rS JASPE v cowelra JASPE c /
PICKENS I ALJ £ SPALDING s i 00 E sPaLDING N BUTTS HANGOGE R ¥ \ $9mc 3 2 //
J b i B \ N < g AbL! M - P ri ‘;*‘u _:gr/‘ ) RK E® T &o /
BALDWIN - BALDWIN sl oN )8
IN$TON 1 OXUBEE < ¢ 3 PIKE ) LAMAR onroe)  YONES # & OXUBEE 0&" PIKE } LAMAR wonroe)  YONES L INGTRN N N ———— 2 '-. - ) & r;y/ -
33¢ 8 = /o \ 33°] .. v i, | SR e H v o /
N ! CPNTON <+ upbon i 1 KNS [ S 2 AR CHILTON & upon i : ] ¢ NI s [ : ‘ v
s SRECHE ' \ o GREENE - hae @ T e P =y - e \ A+ e y /
o I HALE 2 : WAL ON - % R H/ L~ l B A . /e Ny BV ornsorts )~ \_— e y
5 1S G = LEAKSE B 5 ARRIS - ) L I\ b~ K @ i LS { ~
oun ulER - 2 = TALBOT 8 GS ) EMRNUEL & ) . AR ACk S| eort i o T'/ TALBOT s & JWees \ 1 Ny , ] /
PERRY 5 e "“TER 2= K é Bl- MALISON P ! PERRY\ 4 - A e N \ ~ ~J/ JASPER : §/
\ L ] ® | o X 5 . » i
\ , UR o BULLOCH EFFINGH 7] UREN ‘ o D - ]
UGA EE g B 0 i ( b UGA MUSCOGEE N )
SUMTE N NOLER N - NOLERN, ‘
12 & \ Tellapbos b BLE.CK & Ano [ vreu % } | . Tullapbos — | PRALLLN % : \‘
ON UDERDALE H : \ © /@ - i ’ \ ‘ { a > —
% pas = $ 2 L~ , Y MAC e UL ‘ ‘ ” 2 . 6
h DA :,§ MONTGQOMER =0 ¥ = \ 1 # DA MONTGOMER - Loy et s : ;
— gfcK 0;\/ 5 MO MERY E & |roomas AN o g o MERY AT\ b wi v L~ S L &£ [Toomss - 1 7
i f ; (8 pooLy esLer) § s CHATHA 0 " S NN e ooowy |— ‘ MEELER) & ‘ ) CHATHA 0
s ) "\\—J M "\ LOWNDES A = L - LOWNDES ) . - — I | % ) =X
. JASPER| LA RuE “g v hxos MTER ey -4 ~V JASPER] AN } T MWALCOX, | : !
82°. N Hocnwgf Jl s 8% crise | TREF AVemarg LIBARTY 4 b = 1 5%  crise | i, Aarmang LISERTY 4
e o . _ B — . (BN ,
= 3 l v 0"“8/- JETe APPLING LON CJ N ~ el A APPLING LON CJ
% E NEE ¢ BEN HiLL '?’b \ -1 ~ .. 1 E | SEN_ Gk \\ % \
[ e ! {
S L s {545;!? 3 ot ANDOBPH i TURNER 5 AR K\e a 3 o FUTHSR UENER . ; N 7.
s { wAYWE r RW CDFFEE EACON MC INT & o N 5 ‘ RW COFFEE CON Ny 'MC INTO, &
3 PRGE )/ : | HEMRY lcuv onekry (o WORT % ~ JNROE FRE SHAW, WOR ~__ é
CALH H ] \
1 \r " o 5 \'F PIERCE ' S —~ i PIERCE
Ecu Gl % Vt ° o Satilla Rive’ GLYNN V WASHINGTO \\ co }&u 5] 2y \ Satilla Rive" ELYNN V
P o & ArLY €R o ATKINEO o & ) R RRI ATKIN
BRANTLRY =
, VINGTON ) /( ( (] L] MITCHELL QUITT o ’ W E ‘V S 5 ;;\\: VY X L k- INGTON MITCHELL QUITT 2 ' w’“LE—’ ‘V
!ps — I E ! =
; HOUSTON !
1 0 T} W\gi\““ /\ @a i & EXPLANATION g \Q..@w* ~ i &
WALTHALL fec AE N/E VA ! N — ; s - = <A
sl . %o . \\\M M - ] - CAMOE X | AREA OF OUTCROP OF A3 AQUIFER ~— = 5 CAMDEN A+
= o ’ 4 Py =y s_, GRADY DMA B8 KS OWNDE Y;\Q & DMA BROOKS OWNDES Q.'\Q A
\ X { &HoLme -kt & ——100—— LINE OF EQUAL CONCENTRATIONS OF / | EXPLANATION
TONE| N\ ’ KALDOSA — y O HOLS DISSOLVED IRON--Dashed where Hoils
\ A E) ¥ nc‘,(‘-\ NASSAU inferred. Interval, in miltigrams per | NASSAU e
NN " 3 o) } g liter, is variable S o] Vi D : CALCIUM BICARBONATE FACIES
{ N wekEifiar Fon e Bo %HA IAI'ON < s e DO ‘%HA“ .Aron < s
& X P Nram {_ > e MARION (= - , v ———— BOUNDARY OF INNER MARGIN OF THE ™ 0 ogmatdon % | i ) . SODIUM BICARBONATE FACIES
- HARRISON S} TALLAHA 2 W ® @ ~ v Py 1] >3 Q o *
; s} CALHQUN @ & COASTAL PLAIN
= w * BAKER o < & SODIUM CHLORIDE FACIES
2 o = B SUWANNEE > o === o= APPROXIMATE BOUNDARY OF DOWNDIP SUWANNEE > Q
‘7 < v LIMIT OF PERMEABLE STRATA I v - SODIUM CHLORIDE-SULFATE FACIES
%) (o] | o
[ D r 2,
n - N r__,J < o UNION L] ° WELL LOCATION WNHERAE D(;SSOI,'QIEI?_IRON | Q| o y . LOCATION OF WELL OR SPRING USED TO
CONCENTRATION WAS OBTAINE DETERMINE HYDROCHEMICAL FACIES
BASE FROM U.S. GEOLOGICAL SURVEY 0 20 40 60 80 100 120 140 MILES BASE FROM U.S. GEOLOGICAL SURVEY 0 20 40 60 80 100 120 140 MILES
DIGITAL LINE GRAPHS FROM 1:2,000,000 - SCALE MAPS L | | | | | l | DIGITAL LINE GRAPHS FROM 1 :2,000,000 - SCALE MAPS L [ I | | | | |
0 20 40 60 80 100 120 140 KILOMETERS 0 20 40 60 80 100 120 140 KILOMETERS

Figure 4.--Dissolved iron in the A3 aquifer. Figure 6.--Hydrochemical facies in the A3 aquifer.

Dissolved Iron appropriate dominance field of the trilinear parts of the diagram in figure 5, taking its desig- Sodium chloride facies occur in the downgradient parts of the study area, and extend Carlston, C.W., 1942, Fluoride in the ground water of the Cretaceous arca of Alabama: Geological Survey of Renken, R-A, 1984, The hydrogeologic framework for the southcastem Coastal Plain aquifer system of the United
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Concentrations of dissolved iron exceed 5,000 wg/L in ground waters in many parts of
the A3 aquifer. Suchelevated concentrations of dissolved iron are found in narrow bands near
the outcrop areas of the aquifer in Georgia and South Carolina (fig. 4). Lee (1985)
demonstrated that dissolved iron is removed from ground water by precipitation of an iron-
bearingsolid phase (siderite) in the aquifer downgradient from the areas of clevated concentra-
tion. Concentration of dissolved iron increases farther downgradient as iron solubility
increases owing to increasing chloride content of the ground water. Dissolved-iron data are
poorly distributed throughout the study area and are generally not accurate within normal
quantitative limits of %5 percent, especially for waters containing elevated concentrations of
iron. Because a coarse contour interval was used (100-500-1,000-5,000 wg/L), estimation of
local concentrations of dissolved iron throughout the study area should be made with caution.

Concentrations of dissolved iron in the A3 aquifer in northeastern Mississippi approach
1,000 wg/L then appear to diminish farther downgradient. Available dissolved-iron data in
Alabama were few and generally did not exceed 100 pg/L. Bands of elevaled concentrations
of dissolved iron (up to 5,000 wg/L) occur near oulcrop areas in Georgia and South Carolina,
Concentrations of dissolved iron diminish to less than 100 pg/L downgradient from these
bands. Concentrations of dissolved iron in recharge areas in Lexington and Richland Coun-
ties, South Carolina, approach 500 wg/L and may be due to high-acidity ground waler from
pyrite (FeS2) oxidation. Substantial concentrations of dissolved sulfate present in water
samples from these arcas support this hypothesis.

nations from the specific dominance field. A multiple ion designation in decreasing order of
dominance is used for water containing no cations or anions that individually amount to 50 per-
cent or more of the total cations or anions. For example, a magnesium-calcium-chloride-sul-
fate water is a water containing magnesium ion in greater concentration than calcium ion, and
chloride ion in greater concentration than sulfate jon; however, none of the ions are greater
than 50 percent of the total milliequivalents of cations or anions. Each equivalence percent of
this water would plot in the no dominant cation and no dominant anion fields of the trilinear
parts of the diagram in figure 5, with the order of designation coming from the quadrilinear
partof the diagram. The locations of the various cation-anion dominances of the water samples
have been mapped to show areal distribution of the hydrochemical facies,

Three hydrochemical facies (fig. 6) occur most frequently in the A3 aquifer; calcium
bicarbonate, sodium bicarbonate, and sodium chloride. Near the recharge areas, facies are vari-
able or there is no dominate facies owing to low dissolved-solids concentrations. In very dilute
ground-water solutions, analytical errors or minor changes in the chemistry of recharge (rain-
fall) may cause apparent “shifts" in the hydrochemical facies that are unrelated to flow and
general water chemistry in the A3 aquifer. Thus, concentrations of low dissolved solids may
permit a fourth classification in the recharge areas, variable or no dominant facies.
Downgradient, the concentrations of dissolved solids increase, and sodium bicarbonate and
calcium bicarbonate are the prevalent facies as a result of water-rock chemical interactions
(Lee, 1985). Farther downgradient, concentrations of dissolved solids exceed 500 mg/L, and
sodium and chloride are commonly the dominate solutes from mixing of freshwater with saline
walters known to exist in the downgradient parts of the aquifer. In northeastern Mississippi,

updip approximately to the 1,000 mg/L lines of concentrations of dissolved solids published
for Georgia by Brown and others (1979) and for Mississippi by Gandl (1982),

CONCLUSIONS

Water-quality maps of ground water in the A3 aquifer in the Southeastern Coastal Plain
show the spatial distributions of concentrations of dissolved solids, dissolved chloride, and dis-
solved iron, and hydrochemical facies. Concentrations of dissolved solids and dissolved
chloride progressively increase fromoulcrop areas toward downgradient areas, owing to water-
rock chemical interactions and mixing with saline waters in Lhe deeper parts of the A3 aquifer,
Elevated concentrations of dissolved iron (more than 5,000 pg/L) occur in narrow bands which
are roughly parallel and near the recharge areas. Farther downgradient, however, concentra-
tions of dissolved iron decrease, but may increase again as ground water becomes more saline.

Three major hydrochemical facies characterize ground water in the A3 aquifer — cal-
cium bicarbonale facies in the upgradient recharge areas, sodium bicarbonate facies in waters
that contain concentrations of dissolved solids less than 500 mg/L downgradient from the
recharge areas, and sodium chloride facies in the deep downgradient parts of the aquifer. In
the recharge areas, ground-water solutions are so dilute (concentrations of dissolved solids
<50 mg/L) that a variable facies or no dominant facies condition may occur.
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