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Hydrogeology and Ground-Water Flow in the Memphis
and Fort Pillow Aquifers in the Memphis Area,

Tennessee

By J.V. Brahana and R.E. Broshears

ABSTRACT

On the basis of known hydrogeology of
the Memphis and Fort Pillow aquifers in the
Memphis area, a three-layer, finite-difference
numerical model was constructed and calibrated
as the primary tool to refine understanding of
flow in the aquifers. The model was calibrated
and tested for accuracy in simulating measured
heads for nine periods of transient flow from
1886-1985. Testing and sensitivity analyses
indicated that the model accurately simulated
observed heads areally as well as through time.

The study indicates that the flow system
is currently dominated by the distribution of
pumping in relation to the distribution of areally
variable confining units. Current withdrawal of
about 200 million gallons per day has altered
the prepumping flow paths, and effectively cap-
tured most of the water flowing through the
aquifers. Ground-water flow is controlled by
the altitude and location of sources of recharge
and discharge, and by the hydraulic characteris-
tics of the hydrogeologic units.

Leakage between the Fort Pillow aquifer
and Memphis aquifer, and between the Mem-
phis aquifer and the water-table aquifers (allu-
vium and fluvial deposits) is a major component
of the hydrologic budget. The study indicates
that more than 50 percent of the water with-
drawn from the Memphis aquifer in 1980 is

derived from vertical leakage across confining
units, and the leakage from the shallow aquifer
(potential source of contamination) is not uni-
formly distributed. Simulated leakage was con-
centrated along the upper reaches of the Wolf
and Loosahatchie Rivers, along the upper
reaches of Nonconnah Creek, and the surficial
aquifer of the Mississippi River alluvial plain.
These simulations are supported by the geologic
and geophysical evidence suggesting relatively
thin or sandy confining units in these general
locations. Because water from surficial aquifers
1s inferior in quality and more susceptible to
contamination than water in the deeper aquifers,
high rates of leakage to the Memphis aquifer
may be cause for concern.

A significant component of flow (12 per-
cent) discharging from the Fort Pillow aquifer
was calculated as upward leakage to the Mem-
phis aquifer. This upward leakage was generally
limited to areas near major pumping centers in
the Memphis aquifer, where heads in the Mem-
phis aquifer have been drawn significantly
below heads in the Fort Pillow aquifer.
Although the Fort Pillow aquifer is not capable
of producing as much water as the Memphis
aquifer for similar conditions, it is nonetheless a
valuable resource throughout the area.

Abstract

1



INTRODUCTION

The Memphis area has a plentiful supply of
ground water suitable for most uses, but the resource
may be vulnerable to pollution. Withdrawal of nearly
200 million gallons per day (Mgal/d) ranks Memphis
second only to San Antonio, Texas, among the nation's
cities that depend solely on ground water for
municipal-water supply. For the past century, most of
the city's ground water has been pumped from the
Memphis aquifer, a Tertiary sand unit that is confined
in most of the Memphis area. Industrial, public supply,
and private withdrawals also have been made from the
Fort Pillow aquifer, but these generally have amounted
to less than 10 percent of the total pumping in the area.

There has been increasing concern that contami-
nated ground water in the area's surficial aquifers may
leak downward to the Memphis aquifer (Parks and
others, 1982; Graham and Parks, 1986; M.W. Bradley,
U.S. Geological Survey, written commun., 1987). To
assess the potential for such leakage, a cooperative
investigation was initiated in 1978 between the City of
Memphis, Memphis Light, Gas and Water Division
(MLGW) and the U.S. Geological Survey. This inves-
tigation is part of a series of studies pursuing a more
complete understanding of ground-water flow and
chemistry in the area. The main tool of this investiga-
tion is a ground-water flow model of the major aqui-
fers in the Memphis area. This flow model integrates
all available information on the geology, hydrology,
and ground-water chemistry of the region. The model
has helped to quantify the potential for leakage
between principal aquifers, and it may be a valuable
predictive tool to assist water managers in managing
ground-water resources.

Approach and Scope

The necessary approaches to this investigation
were:

1. to describe the hydrogeologic framework of the
Memphis area, with emphasis on the Memphis
aquifer and Fort Pillow aquifer;

2. to develop a conceptual model of ground-water
flow in the Memphis area;

3. to test the conceptual model through the application
of a multilayer, finite-difference ground-water flow
model.

As defined for this investigation, the Memphis
area comprises a rectangular zone of roughly

2  Hydrogeology and Ground-Water Flow in the Memphis and
Fort Pillow Aquifers in the Memphis Area, Tennessee

1,500 square miles (miz), measuring about 45 miles
from east to west by 35 miles from north to south. The
Memphis area lies near the center of the northern part
of the Mississippi embayment and includes all of
Shelby County, Tennessee, and parts of Fayette and
Tipton Counties, Tennessee, DeSoto and Marshall
Counties, Mississippi, and Crittenden and Mississippi
Counties, Arkansas (fig. 1).

The study area includes all of metropolitan
Memphis, as well as undeveloped, outlying areas
where ground water is affected by pumping from met-
ropolitan well fields. Although the study focuses on
the Memphis area, the aquifers and confining units are
regional in occurrence, and extend far beyond the
Memphis area boundaries. Descriptions and maps nec-
essary to define the regional hydrogeology are
included within this report only as an aid to under-
standing ground-water flow in the Memphis area.
Readers interested in a full discussion of the regional
hydrogeology of the Memphis and Fort Pillow aqui-
fers in the northern Mississippi embayment are
referred to Arthur and Taylor (1990).

Previous Investigations

A substantial body of literature exists on the
hydrology and hydrogeology of aquifer systems in the
Memphis area. The most recent, comprehensive stud-
ies include those of Graham and Parks (1986), who
studied the potential for leakage in the Memphis area,
and Parks and Carmichael (1989a, 1989b, 1989c¢), who
described the geology and ground-water resources of
three aquifers in West Tennessee. Extensive bibliogra-
phies of previous ground-water studies are included in
Brahana (1982a, table 2 and p. 35-40) and in Graham
and Parks (1986, p. 41-44). A series of potentiometric
maps and a description of historic water-level changes
and pumpage from the Memphis aquifer and Fort Pil-
low aquifer in the Memphis area are included in Criner
and Parks (1976). Historic water levels in individual
wells are also documented by the U.S. Geological Sur-
vey (1936-1973). The potentiometric surface in the
Memphis aquifer for 1978 and 1980 in the Memphis
area is shown in Graham (1979, 1982), and for 1985
for West Tennessee is shown in Parks and Carmichael
(1989d). The potentiometric surface of the Fort Pillow
aquifer for 1980 for the northern Mississippi embay-
ment is shown in Brahana and Mesko (1988, fig. 11),
and for 1985 for West Tennessee is shown in Parks and
Carmichael (1989, fig. 2).
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Water quality in aquifers in the Memphis area
has been summarized by Brahana and others (1987),
and data describing selected water-quality parameters
in the water-table aquifers in the Memphis area have
been described by McMaster and Parks (1988). Parks
(1973, 1974, 1975, 19770, 1978, 1979a, 1979b)
mapped the surface and shallow subsurface geology of
the Memphis metropolitan area. A summary of some
current and possible future environmental problems
related to geology and hydrology in the Memphis area
is given in a report by Parks and Lounsbury (1976).
Parks and others (1982) described the installation and
sampling of observation wells at selected waste-
disposal sites.

Analog simulation of water-level declines in the
Sparta aquifer (equivalent to the upper part of the
Memphis aquifer) in the Mississippi embayment was
summarized by Reed (1972). A two-dimensional digi-
tal flow model of the Memphis aquifer was described
by Brahana (1982a). This model was used as a predic-
tive tool to estimate aquifer response to various hypo-
thetical pumpage projections (Brahana, 1982b). Arthur
and Taylor (1990) evaluated the Memphis and Fort
Pillow aquifers (as part of the Mississippi embayment
aquifer system) in a regional study that encompassed
the northern Mississippi embayment. Fitzpatrick and
others (1989) described the geohydrologic characteris-
tics and digital model-simulated response to pumping
stresses in the Sparta aquifer (equivalent to upper part
of Memphis aquifer) in east-central Arkansas.

Reports describing the general geology and
ground-water hydrology of the Memphis area include
Fisk (1944), Schneider and Blankenship (1950),
Caplan (1954), Stearns and Armstrong (1955), Stearns
(1957), Cushing and others (1964), Krinitzsky and
Wire (1964), Moore (1965), Boswell and others (1965,
1968), Hosman and others (1968), and Cushing and
others (1970).

In addition to published reports, there is a sub-
stantial body of unpublished hydrogeologic data for
the Memphis area. These data include borehole geo-
physical logs, well-completion data, driller's records,
geologic logs, summaries of pumping tests, invento-
ries of pumpage, and individual well records and maps
of water levels. Most of these records are located in
the files of the U.S. Geological Survey, Water
Resources Division; Tennessee Division of Geology;
Tennessee Division of Water Resources; and City of
Memphis, Memphis Light, Gas and Water Division.

4  Hydrogeology and Ground-Water Flow in the Memphis and
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HYDROLOGIC SETTING

Climate and Precipitation

The Memphis metropolitan area is characterized
by a temperate climate, with a mean annual air temper-
ature of about 62° F, and abundant precipitation.
About 48 inches of precipitation per year is typical,
although annual amounts recorded have ranged from
31 to 77 inches.

The distribution of rainfall is nonuniform in
space and time. Mean annual precipitation increases
approximately 4 inches per year from west to east
across the Mississippi embayment (Cushing and oth-
ers, 1970). The driest part of the year is late summer
and fall, and the wettest is late winter.

Topography and Drainage

Land-surface altitudes in the Memphis area
range from about 200 feet above sea level on the flat
alluvial plain of the Mississippi River to about
400 feet above sea level in the upland hills of eastern
Shelby County. A bluff 50 to 150 feet high separates
the alluvial plain from the upland. Other than the bluff,
local relief seldom exceeds 40 feet.

The Mississippi River dominates surface-water
flow in the area. From the upland in the east, it
receives drainage from three main tributary streams—
Nonconnah Creek, Wolf River, and Loosahatchie
River. Along most reaches, these three tributaries flow
throughout the year. One notable exception is Noncon-
nah Creek upstream from the mouth of Johns Creek.
Since the 1950's, Nonconnah Creek has been dry in its
upstream reaches for short periods during the dry sea-
son from July to October (Criner and others, 1964).

Hydrogeologic Framework

The Memphis area is located near the axis of the
Mississippi embayment, a regional downwarped
trough of Paleozoic rock that has been filled with more
than 3,000 feet of unconsolidated sediments (Criner
and Parks, 1976). These sediments include unce-
mented sand, clay, silt, chalk, gravel, and lignite. On a
regional scale, the sediments form a sequence of
nearly parallel, sheetlike layers of similar lithology.
The layers reflect the trough-like shape of the Paleo-
zoic strata (fig. 2).
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On a local scale, however, there are complex lat-
eral and vertical gradations in the lithology of each
layer. Of particular interest to this study are variations
in thickness and sand percentage of the major clay lay-
ers. These confining clay units control the ground-
water interchange between the sand layers that form
the major aquifers. Zones where the confining clays
are thin or sandy are potential sites of high leakage,
and the most likely pathways for pollutant migration
(Graham and Parks, 1986).

The structural axis of the northern Mississippi
embayment is approximately coincident with the Mis-
sissippi River, passing south-southwest through the
western part of the study area in eastern Crittenden
County, Ark. (fig. 1). The sedimentary rock layers
which comprise the embayment gently dip 10 to
35 feet per mile from both the west and east toward the
axis of the embayment (fig. 2). These layers thicken to
the south-southwest (fig. 3).

The thickness, lithology, and hydrologic signifi-
cance of each stratigraphic unit in the Memphis area
are described briefly in table 1. Five of these units rep-
resent major water-bearing zones: the alluvium, the
surficial fluvial deposits, the Memphis Sand, the Fort
Pillow Sand, and the Ripley Formation and McNairy
Sand. With the exception of the alluvium and fluvial
deposits, water-bearing zones are confined by clay
layers over much of the Memphis area. Reported
ground-water conditions and hydraulic characteristics
of selected units that are the focus of this report have
been generalized in table 2.

Water-Table Aquifers

Water-table aquifers in the Memphis area con-
sist of the alluvium and fluvial deposits which are
mostly unconfined (Graham and Parks, 1986, p. 5).
These aquifers outcrop throughout the study area, and
generally occur at shallow depths (table 2).

An interpretive water-table map of the alluvium
and fluvial deposits was constructed for "average,"
steady-state conditions, designated 1980 (fig. 4). The
map was based on the most complete set of water-level
data available (Graham and Parks, 1986), supple-
mented by historic water-levels (Wells, 1933), stream
stages, and where no other data were available, esti-
mates based on topographic maps, land surface eleva-
tions, and extrapolated depths to water (Brahana and
Mesko, 1988).

6 Hydrogeology and Ground-Water Flow in the Memphis and
Fort Pillow Aquifers in the Memphis Area, Tennessee

Alluvium

Alluvium occurs at land surface in the stream
valleys of the study area. The alluvium is not a major
ground-water source in the Memphis area, even
though it is a major water-bearing zone and can supply
large quantities of water to wells. This lack of use is
related to its limited area of occurrence and to the
hardness and high iron concentration of the water.
West, north, and south of the study area, the alluvium
of the Mississippi River alluvial plain is one of the
most productive regional aquifers in the Mississippi
embayment, supplying over a billion gallons per day
to irrigation wells in Arkansas and Mississippi
(Boswell and others, 1968; Ackerman, 1989).

The thickness of the alluvium may vary signifi-
cantly over very short distances (Krinitzsky and Wire,
1964). In the Mississippi River alluvial plain, which
lies west of the bluffs (fig. 4), the alluvium is com-
monly 100 to 175 feet thick (Boswell and others,
1968); along valleys of upland streams tributary to the
Mississippi River east of the bluffs (fig. 4), thickness
generally is less than 50 feet (Graham and Parks,
1986). Alluvium includes gravel, sand, silt, and clay;
the latter is commonly rich in organic matter. Abrupt
vertical and horizontal variations in lithology are
common.

The alluvium is separated from the Memphis
aquifer by a confining unit made up of clays and fine-
grained sediments of the Jackson Formation and
underlying upper part of the Claiborne Group, which
has variable thickness and lithology. Where this con-
fining unit is thin or sandy, leakage of ground water
from one aquifer to the other may be substantial. The
generalized thickness of this confining unit is shown
in figure 5.

Rivers dominate the hydrology of the water-
table aquifers. Local streams, as shown by figure 4, are
in direct hydraulic connection with these aquifers,
functioning as drains during much of the year. Sea-
sonal variations of water level in the alluvium are typi-
cally less than 10 feet, although variations of as much
as 15 feet have been reported (Plebuch, 1961; Broom
and Lyford, 1981; Brahana and Mesko, 1988, fig. 13).
During floods when stream stage is temporarily higher
than the water table, some recharge to the alluvium
occurs. No long-term declines in water level in the
alluvium in the Memphis area are known.

Aquifer hydraulic characteristics of the Missis-
sippi River alluvial aquifer in Arkansas and Missouri
have been reported by Halberg and Reed (1964), Albin



', g-g aul| buoje uswAeque iddississipy 9yl ybnoays ‘yuou o} yinos ‘syun Buiuiyuod pue sisyinbe jediound Buimoys uonoss o160j0aboipAH g ainbi4

pajesabbexs Ajjealb ajeos [eonop

SHILINOTMO0S Oy 0E 02 OF O
1 1 1 1 1 |
[ T T T T 1
S3TIN 05 (014 0g 0c (0] 0
T ,000v
|
|
|
|
| $)0014 010Z08jed —
“ pojenUBIoHIPUN
|
|
| —.000°¢
SUOIBW.IO} SNOSJE}RID
| AeNO pue Asidig-aid parenuaiayipun
|
|
| »
|
|
sjuajeainba pue |
pues AreNo pue uonewlo Asidiy |
|
| —.000C
|
(syusreainba pue uoiewIoH 39810 IMQO |
‘uoewo uokeln “Aej yesi) sislod |
‘uolfewlioq sylomisealg plQ) Hun Bujuyuod Aempiy “
|
sjuaeainba pue |
$)0014 010Z08|ed pues mojjid Mo+ |
psrenuaiayipun —.000°L
(syuaeainba pue uonew.o pue|s| Jnoj4) yun Bujuyuo) “
1 yun Bujuyuo
|
sjusjeAinba pue puesg siydwaiy | B
|
|
|
|
1 —13A3aT
(dnoun auioqrel) jo ued Jjaddn vas
L.E Pu UoRewLIO4 uosxoer) yun Buiuguod /. wniAniy
sysodep |

[BIAN]} PUB SS807

L ISSINNGL )
IddISSISSIN
f

eale Apnig

7

ing

Hydrologic Sett



"UOTJEWLIO,] Y1) [M() PUE ‘UOTBULIO

uolke[) ‘AB[D Yoo1D) s19}104 SulA[Iopun 2y} yiim uofe ‘pues Mo[[id 1o, Y} 10 jun UONBULIO]
JIun SUTUIJUOD IOMO] d) SB SOAIDS "9JIUSI[ PUE PUBS JUIJ JO SPAqIoUl pUe SISUS| SuIuoo KEMpIA 05€-081 SYIOMISERIE PIO
ym siis KoKe[o pue sAe[od Af1s Jo Arurewirid sisisuo)) “usi pue ‘pues Is ‘KD
“TOATY 1ddISSISSI]A 2yl Jo 1sam sarjddns [eLn SUA203Ed
-snpul pue [edomunw 10j 19jem Surpraoid 1oybe ediound “Ansnpur ue £q pasn .
11ms sstydwoiy Jo A1) ayy Sur(ddns 1ojmbe rediourid puodas ayy 9ouQ “syred 1oy1nbe MO 104 S0£-26 (pues ,3003-0071,,) XOoIM
UI0)SBOULIOU PUB WISYLIOU Y] UI ISauury) ‘eare siydwopy oY) Jo 1red uraisom pues§ MO[[id 1104
-[INOS Y} UT JSAOIY ], "WNIPAW 0} dUTJ ST pue§ "ousI| pue [0 JOUTW )M pues
‘puesS MOJ[id 10, 2y} 10 Jrun Sururyuod roddn oy pue pueg srydwopy o)
0¥ J1un SUTFUOD JOMO] U} SB SOAISS "9JTUSI] pUE puEs QUIJ JO SPAqISIUl pue SASUQ| 1mun Surutyuo) 01€-0%1 :oﬁuwztom i
i sits Apues pue sKeo Ats Jo Aewid sIS1su0)) oIuSI| pue ‘pues is ‘4B PpUB[S[ N0 Arenial,
‘sTydweA Jo A1) 9y J0oJ I9)em JO 90INOS
Arewnid <1oATYy 1ddIssISSIIA 9U3 Jo Isea sarjddns [ernsnpur pue [ediounut 10J 191em .
Surpraoid 19yinbe [ediounq “3red uidseayliou ayy ut jsauury) ‘edre siydway 1opbe styduopy 068-00S (pues .300§-00S,,)
oY1 Jo 1ed UIOISIMYINOS BY) UI ISIYOIY ], “ONuSI[ Jouru pue suozuoy oryderSnens pueg siydwoapy
SNOTIRA J& B[O JO SOSUQ[ (3Im pues Jo Apoq o1y, "a3usI| Jourw pue ‘e[ ‘pues auroqre[) Suas0y
‘pues siydwoy
Ay 10j J1un Juruyuod 1oddn Jy) s SOAIS "UONRWLIO] UOSYOR[ Y} AQ UTR[IOAO (. Ao Surddeo,,)

9q Aewr pAIR{00)) Y3 A[[8I0] INq ‘SUOTIEWLIO] PIO[J00) SUIA[ISAO pUE UTEIUNOIA dnoin suroqrer) .

00D 9y} 0} JuareAInba st oouonbas paarasard oY) JO JSOJA “UOTIRULIOJUT d[qE[TeAL nun Sutuguo) 0L£-0 30 1red 1oddn pue G

uo paseq papraipqns A[qerfar oq Jouued dnoin) suroqre[) ay) Med 1oddn pue uon :,ozmcto  UosyoR[

-BUIIO,] UOSYOR[ oY) ‘ASO[OYII] U SOTILIL[IWIS JO 9SNEOdg 91U pue ‘pues Iis ‘Ae[) ’

‘SeaIe [eInI Ul )

S[[9M WLIBJ pUEB J1)SaWOP AUBW 0) I2Jem SIPIAOI] oseq pue do) Je s9oeJINS [RUOIS i (s1sodop 9oe1107) (¢) Queoorq @ V\CMMEH
-0I9 JO asnedaq A[1eaIS soLreA SSQUYOIY], Juasqe A[[eoo] aIe Jnq ‘seare puerdn ur 001-0 susodo(] [eIAN]] PUE QU200ISIS[q bm%ﬁ. -
SS90 9} SAI[IopUN A[[EIOUAL) "dUOISPULS SNOUISNIIYY PUe AB[O JOUTW ‘[oARIS ‘pues Y

'sy1sodop [e1an(y oy} 03 a31eyoar Jurpraoid-1agem
JO JUSWIOAOW PIEMUMOP PIBJAI 0} SPUI], "SJIN[q oY) WOIJ pIeM]SEd JoUuUIy) ‘ure[q
[eran]]y 1ddISSISSIA Y3 J0pIOq JEY} SHNIQ Sy} UO ISOYIIYL, “UIe]d [eISe0D) HnD 1oymby [eOYIMg 90 $5907 UL
a3 o seare puefdn ur ooejIns oy Je Jjrun [edrourlq ‘pues Joutw pue ‘Kefo AIIs YIS
urelq [eianyry 1ddssissiy Arewsarendy
QU3 UT S[[oM UONESIIII pPUe ‘TeLSNpUI ‘UlIe] 0) J9Jem SOPIAOIJ “9IUMOS[Q YTy}
199J ()G UBY) $SI] A[[erouad o1y} 193] OS] PUB ()] USM]q A[UOWIIOD IAYM SLT-0 wniAny QUID0ISIS[d
‘ute[d [eIAN[[Y 9y} Yleauaq ISoOIY ], "Ure[d [eIseo)) J[no oy} ur sweans jo surerd PUE 9U390[0H
[eran[re pue ure[q [erAn|[y 1ddIssISSIJA oy SoI[Iopu() AB[o pue ‘JIs ‘[oARIS ‘pueg
ssau uun
aoueayiubis a16ojoipAy pue ABojoyl] Hun 9160j0ipAH -MoIyL oydesbiens dnoin CETIETS walsAs

[0S61 “drysueduelg pue IprauYdS (1961 “YINGR[d ‘6961 ‘UMOIE PUE AI0OA ‘9.6 “SHTed PUE ISULL) WOLf PAYIPOA]

aoueonIubis o160j0ipAyY 418y} pue ease siydwasy 8yl BuiAjiepun spun 2160j086 010z08jed-1S0d "I dlgeL

Hydrogeology and Ground-Water Flow in the Memphis and
Fort Pillow Aquifers in the Memphis Area, Tennessee

8



‘a8e uerd

-TAOPIQ) JO SQUO)SIUWI] JNTWOTOP J10Z0d[ed £q Ure[ropuy) “eare srydwojy oYy ur

IoJmbe 10)emySoI] B POIOPISUOD JOU ‘IoJeM QUITeS IO YSIYOrIq SUIEIUO)) YOOI 9AIS

-NIJUT SNOSUST SAI[ISA0 UoneWIO,] sTjodowa(J Y} AI9YM Uua], ‘Aluno)) £q[oys

[enued-y)I0u Ul A[[e00] Juasqy "oseq oY) Je A[re[nonred ‘sosus] 800 S SINdJ0
Ke1D -onrudif 1o onruodne[3 A[[eo0] ‘WNIpaw 0} dulj ST pues "AB[O JOUIW pUB pues

Ioymbe aayjo) 0¢1-0 PUES 99JJ0D

‘pues 930D pue pues AIBNOJN pue uoneulo A9dry ay3 Sunere
-dos jrun Sururyuos redrourd Y3 se SIAIRS ‘sIoAR] pajeInpul ULIo) Y[eyd Jo sIake| 06£-0LT
QWIOS "SNOIJJI[ISSOJ PUE INIUOONE[S ‘SY[EYD pue SKB[O SNOAILI[R)) [eyd pue Ke[)

UOTJEULIO]
sijodowaq

jiun Surujuo))

‘Jrun SUMUGUOD) "UUR], ‘SOnuno)) 93394, UI0)SOMUIIOU pue AQ[oyS UIdISBIYlIoun
ur ATuo juesard A]qeqoiq ~o01 Jo SIOAe] UIY) SWOS SUTEIU0D A[[e00] {SNOIJI[ISSOF 09-0
pue on1uoone[3 A[[e00] {PUES QUIJ JO SPAQIAUI UTY) YIIm SKe[o Ao[eys "pues pue Ae[)

uoneuoq

9910 UOO,
121D D snoaoejar) roddn Nili=hlukl g}

‘gare siydwopy

QU} UT J9JeMUSAIJ JO aseq ST AITENIJA pue Ao1dry Jo osegq eaoqe s1ojinbe uey

I10)em Jo AyrTenb 10100d pue pues Jo sjunowre IassI Jo asneoaq eare srydwoy

ur osn 1oj Tenuejod mo[ yiim IoJinby "031uSI| Jo sasua [800] YIIm SAB[O SnOaIed[ed Iojmbe pues AITeNOJN pue

-uou pue spues oniuoone[duou jo Ajurewid s)SISUOD AIIBNIJA (QUOISAWI] Apues [o0JeoeN-AIBNIIA 0L5-09¢ uoreur1o Aordry
IO QUOISPUES SNOATEITED JO SPAQIAUT JOUTW [JIM SAB[O SNOAILO[Ed Uk Spues
onmoone[3 jo Aurewnid s)sisuod A9[dry ‘pueS AIBNOIIA 03 SIydWwA Jo Iseayiou

sa108) sa3ueyd Ao1dry *o3uSI| pue ‘QuUOoISAWI] ‘QUOISPUERS JOUIW ¢AB[O pUB pUBS

“Jrun SUTUIFUO)) "UOTJEOIJLIoA [ISSOF JNOYIIM UOTBULIO] UolAeD) SUIA[I0A0 o1
WOy ysISunsIp 01 JMOLJIP ST UONBULIOA Y1) [MQ Y} ‘SOLIB[ILUIS JITO[OYI] 06-0%
JO 9sneoaq "SNOISJI[ISSOJ ‘pues onruodne[s pue Ae[o Snoarede)) "pues pue e[

EOE.NEHO@
Y9010 IMO

J1un Juruyuo)) *9z1ugod21 03 JNOYJIp st Arepunoq roddn ¢

‘SONLIRTUITS OISO[OYII] JO ASNEOA "SNOIJIIsS0J red [eSeq UT SUOISIWI] JO SASUI[
[B90] (PIM puUEs ONIUOONE[S Uk AB[D SNOAIEIR)) "AUO)SAWI] JOUTW PUL ‘pues ‘Ae[D)

jrun

Suruuoo AeMpIy 0zI-0% uoneurIo uolker)

s KempiA QUAd09[B] Areniag,

‘puesS AIeNOJA PUE UOTJEULIO] ¢

A91dry a3 pue pueg moj[id 3104 2uj Suneredas jtun Sururyuod redroutld ‘pues 02€-0ST KeD Yoo1) s1010d
onmodne[3 ‘AoAe[d JO SASUI[ [8O0] YIIm AB[D JO ApOq YOIy, ‘puLs Joulw pue Ae[D)

ssau yun
aoueayiubis a16ojoipAy pue ABojoyli] yun 2160j0ipAH -}oIyl oydesbens dnoin salas walsAs

panunuoy—aoueaiiubis o160j0ipAy Jiayy pue eale siydway ayi Buikuspun spun 2160j0ab 010z0vjed-1S0d "I dqel

9

Hydrologic Setting



B6RG1 TerYOIULIED) pue syIed pue {0661 ‘I0[ARL, pue INYIy ‘878G ‘BUBURIY ‘896 ‘SIOUYIO pUB UBWSOH G96] ‘QI00IA ‘961 ‘SIOYI0 pue Joull)) wolj eare siydwaA oY) Joj sinsay (q)

"¢ 9Iqe) 99s Juowkequuy 1ddISSISSIIA UIOY}IOU 9} UT PAJONPUOD }$9) WOIJ SINSAY (B)

1SoMmyIoU
- SIUSWIAINSBAUW ON SIUQUIINSBOW ON Ioymbe pourjuo) 0€t-09¢ 0S9°C 0 JSBaYINOS pues AITeNOA
‘suorn
-BUWLIO] Yo9I1D)
M0 pue
uoiker) ‘Aerd
SIUQUIAINSBOW ON -- -- IoKe[ Sutuyuo) 0LL-0ST 00LT-00%°T -- QA1) SIAMI0]
“1som
. . 011580 AJ11
@y 0IX TN 0T (q) go0°61-000°C T vowrwoo ooy -ewipd “1oua0
- (8) ¢.0TXC 01 4.01xC (®) 000°TT-00L'C Toymbe pautyuo) $0€-26 00S'T-00T°T Surdwnd ojuy  pueg Mo[[id MO
o UOTIBULIO
101778 - - 1oke[ Suruyyuo) 01€-0¥1 00%'1-000°T - pU[S] NO[{
‘eoIe
Jo 1ed 1seayinos ur
paurjuooun ‘eaie
@ 1-01XC 01, 01XT (@ 000'vS-00L9 stydwoA Jo 3sowr uowruwod ()OS pealiteh]
- (®) 4-01X9 01, 0TXT (®) 000°SH-00LT ur xopnbe pauyuo) 068-00S 009-0 Suidwnd ojug pueg stydwapy
‘(Kepo
urddeo)
dnoin awoq
-re[) jo wred
10ddn pue uon
SIUQUIINSBAW ON -- -- IoKe| Sutuyuo) 0L£-0 001-0 -- -BUWLIO,] UOSYOR[
‘syisodop
- SIUSWIAINSBAUW ON SIUQUIAINSBAW ON Iojmbe pouyuooun) 001-0 Qoeyng skarea o, (Te1AN[y) OBIIAY,
‘sooe[d Auew ur
PAULUOD WINIAN[[E “WEAIISUMOP
JoATy 1ddIsSISSIA —sweans
- (®) 01Xy 01, 01X] (® 000°0S-00S°S Iojinbe pourjuodun SLI-0 QoBJINg Jolewr preMO], wWnIAN[Y
(py) (ssappun) (P/z4) (199)) paial suonoalIp Moj}
D S 1 1e1oeleyd (109)) -unoaua Ajuow Kep-juasaid uun
Buiieaq-1o1e ssawyoIyL o160j0aboipAH

yun jo sajadoad oinelpAH

-wod ydag

pazijeiauan

eaJe siydwayy ayi ul spun o160j0aboipAy 109]9s Jo saiuadoid oineipAy pue sonsuaoeIey9 Jalem-punoib pazijeiausr) "g ajqeL

10 Hydrogeology and Ground-Water Flow in the Memphis and

Fort Pillow Aquifers in the Memphis Area, Tennessee



'0861 ‘eaJe siydws|y ey} ul sysodep [eIAN]} puB WNIAN|E BY} Ul 8|qe) Jalem sy} Jo apnlie pazijelausw) *f ainbi4

so|bueipenb 0QG‘g9: | UoISSIWWOD
Janiy 1ddissISsI pue 000'72: +
Aaning [eo160j08Y) "S'N Woly 8seq

—1.00.5¢

(0]

SH3LINOTIM § 0

— =

STNNS 0

—] Sh.S€

ATAI TTHM NOISIAIA
YALVM ANV SVD 'LHOI'T SIHdIWEIN

SAAN 19 I

TOYLNOD SV ddSN SVM 861
TIVA NI HAVIN INHNFINSVAN v
HOVLS-MOTHIDIHM dO4 4OVD

“TOJLNOD
AYVINHNG1ddNS SV
ddsn SVM INHINFINSVAHN (o)
OIYOLSIH HOIHM 404 TTdM

“TOYLNOD SV
AdSN SYVM #7861 TTVA NI HAVIA o
LINHNFINSVIIN HOIHM JO4 TTdM

[9AQ] BS ST W]
193] () [eAIIUI INOJUO)) “uoIssardop
Q)LIIPUT SAINYORH "PALIAJUT AISYM
PaYse( d[qE) Jolem Jo dpmine 087—
SMOYS—INOLNOD HTIVLYHLVM

NOLLVNVIdXH |

G106

11

Hydrologic Setting



"eale siydwasyy 8y} ul yun Buiuuoo sulogie|) Jeddn-uosyoer sy} JO SSaUMOIYl pazijelousw) G ainbi4

so|bueipenb 0QG‘g9: | UOISSIWWOD
Janiy 1ddissISSIN pue 000'72: -
Aaning [eo1b60j0aY) "S'N Woly aseq

S—===T 77001~~~

SHILINOTIN § 0

_|_|_._|_|_._|_|_I_|_

I
] STIN S 0
|

_——
-
-__— - -
~

HAVN ANV dTdId TTdM NOISIAIA
/ ] \ YALVM ANV SVD ‘LHOI'T SITHIWAIN

{ ’ TOYLNOD SV
\ @asn DOTTYOISAHAOED HLIM TTHM ~ *

) 129 00 [eAIOIU]
N .:O_zwmhﬁvﬁ QJedIPUI SAINYILH "parrajur
foym paysed—LINN ONINIANOD
\ ANJOAIVTID ddddN-NOSHIVI
HHL 40 SSANMOIHL TVNOH 40 ANI'T = =00Z—

NOILVNVIdXHd

100,06 G1.06

00.5€

Sh.S€

12 Hydrogeology and Ground-Water Flow in the Memphis and

Fort Pillow Aquifers in the Memphis Area, Tennessee



	Hydrogeology and Ground-Water Flow in the Memphis and Fort Pillow Aquifers in the Memphis Area, T...
	ABSTRACT
	INTRODUCTION
	Approach and Scope
	Previous Investigations

	HYDROLOGIC SETTING
	Climate and Precipitation
	Topography and Drainage
	Hydrogeologic Framework
	Water-Table Aquifers

	Alluvium





