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PREFATORY LETTER.

\

To his Exceilency,
B. B. CoMmEr,
Governor of Alabama,

Sir:—Since 1898 the Geological Survey of Alabama in
co-operation with the United States Geological Survey, has
been engaged in the systematic investigation of the Water
Resources of the State.

Most of the well records contained in the present report were
published by the United States Geological Survey, in Water
Supply and Irrigation Paper No. 102, “Contributions to the
Hydrology of the Eastern United States, by M. L. Fuller,
1003-4.” A year later a Summary of the Underground Water
Conditions in Alabama, with a sketch map showing approxi-
mately the artesian water systems of the State, was prepared
by the present writer for Water Supply and Irrigation Paper
No. 114 of the National Survey, “Underground Water Condi-
tions of the Eastern United States, by M. L. Fuller, 1904.”

The manuscript of this report, in approximately its present
form, was submitted in July 1905 to the Director of the United
States Geological Survey. In that office it was edited, to its
material improvement, and with the expectation of early publi-
cation; but owing to the congestion of work at the Govern-
ment Printing Office, the prospect of immediate publication by
the National Survey scemed to be so remote that the manu-
script was returned for publication by the Alabama Survey.

During this interval a considerable amount of new material
had accumulated, which has been incorporated in the report,
together with additional sections in the discussion of the Chem-
istry and Classification of the Alabama Waters.

I trust that the report now submitted to the people of Ala-
bama may be of service to many, and that in due time it may
be followed by a more comprehensive account of the Under-
ground Water Resources of the State, and especially of the
medicinal waters.

182018



v PREFATORY LETTER.

Most of the records of wells and springs herein mentioned
were collected by Dr. B. F. Lovelace, then with the University
of Alabama ; some, by Mr. James A. Anderson of Alabama Sur-
vey; the rest by corrcspondeme from the office of the United
States Geological Survey. The analyses, with the few excep-
tions duly credited, were made in the laboratory of the Ala-
bama Survev by Mr. R. S. Hodges, Chemist to the Survey.

Very respectfully,
EuGENE A. SMITH,
State Geologist.

University of Alabama, March 25, 1907.



TABLE OF CONTENTS.

CHAPTER 1.

Physical Geography, Geology and Climate___________________
Physical geography and natural divisions__________________
Geographic position £
Surface configuration and grand divisions______________
River systelnstucCRTSEaERS ¢ tages ool olblnt se m ot ur ris e ool
Mountain'*andstablelanasc SE S irat e Sl P 0 L e
SUAIVAPIOMEE: 1 sk gl to & L S T Sl eo S a0 e — < s s
Geology =
Appalachian division ____
Talladega Mountains and Ashland Plateau ____________
Appalachian Valleys __
Coal ‘Fieldsy—tertl el ot RETEE RS Py o
Valley of the Tennessee _____
CoastalPlain divaSionssates = WU T THTNSN et sl fows 5
Cretaceous ___
Tuscaloosa formation ___
Eutaw sands i)
Selma chalk __________ Ty
Ripley formation K
Tertiary x S
Eocene A Sty e
Midway i Sronp ez ol sa S8 ok o r s
@laytontlimestone s EmEne e i et L o s Saiee
Sucarnochee clay
Naheola (Matthews Landing) formation________
Chickasaw (Wilcox) group
Nanafalia formation (Coal Bluff) ___.__._________
Tuscahoma formation (Bells Landing) - _____
Bashi formation (Woods Bluff) ____ ___________
Hatchetigbee formation ____
Claiborne group :
Tallahatta buhrstone __ s =
Lisbon formation _ ¥ s
Gosport greensand 8
St. Stephens Limestone
Topographic features of the Eocene _____________

Miocene __ ¥dp
Chattahoochee semes ey = : "

Pliocene __ e i
Pascagoula
Grand Gulf formation <

Quaternary ___ o

TLafayette formation ______ ik
JEATe EATO T A Bl O Sk S s S ST T S e
Climate of Alabama, by Frank P. Chaffee..________________
ol PRI S o e gl e ey AN R = = o g st
Temperature __
Rlllinge i oS tascSiva ki S50 = et L0 s T Dot Rt
Precipitation . __________ o
Hail
Fog .

- “ThunderStorms; — L2 - To — - Ce ity
Winds

V=R Jo la, T I EUUN U g By



VI TABLE OF CONTENTS.

CHAPTER II.

A. General discussion of underground waters________________ :

Source of circulating waters —____________________ e
Disposition of the water falling upon the land surface______
Evaporation before absorption____________________
Dikect Bunoffyor Hliood-omwe S 3 e s = e s e Ll L
F VTN R | R SN A T S T PR 5 = >
DiTEOEN I U100 (075 g R S ety AL A
Amount of water available to artesian wells ______________
Depth of penetration A8y D=1
Distribution and movements of underground waters___.____
Modifications of groundwater movement due to physical
SErNCHime S Ry 2 T =
Porosity e e e R O R T o L
Amount of water absorbed by porous roeks__________
IcompleterSatunation) ol el = L 8 SOUEERE L T TR
TEIONE SRR i U EN T ES
Permeability . ________________
(Cause and rate of movement of underground waters__
VGO GITYAS HEASS TS L A6 L PR 2
NlontonltadiScharge, -t » - 0 St uD ISR S e L
Modifications of groundwater movement (lue to topography
Groundwater divisions __

IR C0 Parte O POmE e e P Ll S e A

Form of the groundwater table___________________ =

Modifications of groundwater movement due to stratifica-
0 R T e ol i e e e L

Deep zones of flow < i
Recovery of underground waters . _______________________
Waters near the surface ____________ . ______________
S DRSS by W= ot = L SESTURGRS VAT 075
Open wells ____
Driven wells _______
Deep-seated waters
Deep springs (Fissure springs) __________________
noRamEr Wl TS A R M L e
10 e GRS S IS TS N S T b (T e S AR o et (N
ke e T e s S I S AR e L S e s
Artesian system ____ od Haky
MOdEvingReondibion e SEuwla. = || NETLNIL AR SRR L
V0 i R G (s Al U S O - e S s G
Variations in the water-bearing stratum_______________
Variations in the confining impervious beds____________
Other modityingscon@itionsyras e Zin e rade g o 10 a3 =1L
Arrangement of the strata in the Alabama Coastal Plain____
Decline or failure of artesian wells________________________
Tn ereaseiioflealkage BE ks ok 's e rurin (s By Wb e IUN ) By
Olosnrerofisitihie shoresteling s e At PR hy S Ry, /T nTCiE
Decline®from™exhaustiont wara b fasiaed sic | TOMTEE: WEE
Gharacterof,thewateripmis i vurrisy - SO NRMUY “SISNES TR
(HenmperatiPe say Vo cwdafen e Siea pa CTRINE 1IN 10, A liwe
Mineral¥imgrodients; 20Nt 7 T A8 S0 LAl ST LI S

CIIAPTER III.

Detailed description of the Underground waters of Alabama.
A ppalachiandigision e =] Sosasdusiaio. it saoeies 5 Ut ima i
Talladega Mountains and Ashland Plateaun____________

32
39

57
=

63

66
66



TABLE OF CONTENTS. / VII

Surface features e R e WP T Y SV, AN W 66
Shallow waters s 66
Mineral waters —_____ 5 . 67
ATtesiant PEOSPects’ ol St Rilos nadil s aiws 3t 68
Lanett- wellg soa S TR IE L 10 Caanmnda & Diiaded 70
Alexander City wells 70
Auburn, T.ee county ______ . _______ e Y e 71
Appalachian Valleys - " J_ o siwace ol ool oegie b 71
Surface features __ 71
Shallow waters .________ -2 AR R 71
Mineral waters __________ gatSbhi i S s s By i b 2
Sulphur and chalybeate waters __________________ 73
Jones springs $7 SNSRI T

St. Clair springs __ 3
Talladega springs —_____________ 4
Shelby springs 4 ()
Hawkins well—Leeds mineral water____________ ™
Alabama White Sulphur springs . ______________ 76
Blount springs and vieinity - ___________ T
Coldispring . ___1% 9
Glenwood Springs _—.______ £ 79
HarrelPgEwellV == _— - ¥Issisesass 80
Borden-Wheeler springs ) 80
Other springs ___ i3 81
oA Wel | T o . apes AR By 82
Saline "Wiaters EFINS CaR LR " -5 g - 2 2 iy 82
Landers well and Gary springs . ___ . ____ 82
Bal = Elaferelbpaisisiieg il s v . . . ool ESINRNIES 83
ArtesiaRfi DrOSICCHE e e ¥ E s dhi i dange vaa: Ly o CaadiESiag 84
Anniston __ A PO TR 1 L 85
GFaterClty A TS CORRAIny] f SSns U o el 86
Coal Measures - (Carboniferous roeks) ________________ 88
Shallow waters SN . ar 88
Mineral - waters S22 Sl st U Sty o 88
Cook springs —_______ 2 89
Springs on Shades Mountain =l 89

. Springs on Lookout Mountain ______.___________ 90
Mentone springs STATE ELL G Vel g N gl | g s 91
Other springs ____ 91
Artesian prospects __ 0 P AT A VORI 1T L 92
Etowah county 93
Cahaba field —________ s SN T 94
St. Clair County ___ < o P 04
WarEIorAICIde TEE-"0t0 Sue 3 B b e it ity Wyl A S St 94
N ATROT LRIRTY D s s e g e s 094
UMM UEOURLY ot St Wl & S wlrebg s Shir v e - 95
MATION OIS hiids i e St i at® hes L0 An 96
Jefferson County - il 96
Fayette County oy 3 97
Tusealoosa County ____ ) 97
Valley of the Tennessee a ; 100
Surface features ______.__________ i 100
Shallows Waters. Lo 2l s te SN W I 4 Vpe S Lo abidie, npie L 100
Minergl*waters o i L Jliul Besd ¥l o manile cf v ed e DAL 101
Chalybeate springs __________ 101
Sulphur springs AT S ST ) 101
Alkaline-Saline springs —— 103
Acid springs __ : 104
Tar springs —._ 104

Artesian prospects e 105




VIII TABLE OF CONTENTS.

New Market o

Hazel Green

South of Tennessee River ____
Coastal Plain Division __

General account ________________

Waters of “the“@retaceous woofl Ll 2T boan e L

Tombigbee-Alabama-Conecuh rivers
Discussion by counties

drainage ____

Lamar County -
Shallow waters

Artesian prospects __

Sulligent __________

Fayette County __

Tuscaloosa County

Surface features _____

Shallow waters __

Artesian prospects

Tuscaloosa and vieinity
Right bank of river

Hulls __

Willifords Ty

Bibb County _
Chilton County ____

Pickens County

SurfacersfcaliNBes RN s Ce WAl ITE il L, Tl

Shallow waters

Artesian@brospects ML =S I8 0 L N aiT el

Wells in the Eutaw formation

iy 3 RS St S IS S B s ARSI (i

Lubbub Creek ____

Aliceville and vicinity

Near Tombigbee River

Pickensville and vicinity
Wells in the Selma Chalk

Vienna and vicinity
Stone and viecinity

Sherman, Dancy and vicinity

Sumter County ____

Surface features —___

Shallow waters

SprinegsrinwSelmaichalk, - —2_C/<_ = 2 herani o f
INCORINIDORSE SRy =2 | bul K20 s Co BT SIS

Springs in the Tertiary foramtion

York and vicinity __

ATEORIAMMPROSPOCES s - o J I F I |
Warsawrandivieinity 222000 A il

Gainesville and vieinity
Epes and vicinity _

Sumterville and vicinity
Livingston and vicinity
Greene County el e

Surface” features (s o= oo J UMY LRSS

Artesian records -

Judge Mobley’s list
Sipsey >,

Lock 6 now Loclz—fg, B]ack_ Warrio; River__

Steeles Bluff __

Slinten~and, vicinity, oo B8 W RIS

Eutaw and vicinity and southward

Hairston

105
106
106
108
108
111
111
113
113
113
114
114
114
115
115
115
117
118
120
121
122 -
122
123
123
123
123
124
124
125
125
125
126
127
12%
128
129
130
131
131
131
131

132
133
135
135
187
139
141
141
143
143
145
146
152
152

156



TABLE OF CONTENTS.

Boligee and vicinity

Burton Hill =

Erie and vieinity —_____

Forkland and vicinity r?

Hale County ____________

Surface features

Artesianwellsws it Seas, Cb o Ly Ly i

Moundville and vicinity

Powers Station and vieinity___________
OypressiSitchyssisss BF 232 7 )y 17

Stewarts and vieinity

AKkron and vicinity __

Evans Station and vieinity . _______

Wedgworth, (Greenwood, Mays Station).__

Lockt A (howiEo Ul aT SEmEas 1122 o C
Sawyerville and vieinity _____________

Erie __ p =

Greenshoro and VG Gystte eIl s o3 7o)
Millwood and vicinity —________________
Cedarville and vicinity —______________

Whitsitt and vicinity
Newberne and vicinity

Sunshine ______

Laneville and vicinity __

Gallion and vicinity A

Faunsdale and vicinity

PerryaGonbysi=s Sesmans b e E
Shallow waters

Artesian waters

Wells in the Tuscaloosa formation_ ______
wells in the Eutaw formation ___________

Manion: and viGinity NacUR Bl o S L

Old Hamburg _____ i
Radfordville L

Felix and vicinity

Wells in the Selma chalk

Uniontown and vieinity _______________

Scott’s Station ____

Southward from Marion ______________
Hamburg Station and vicinity —________
Marion Junction and vieinity —________

Marengo County -

Surface features

Artesian records ___._

Demopolis and vicinity

Gallion and vicinity ____________._____

Faunsdale and vicinity

Near Old Spring IHill 2

Dayton

Linden

Flatwoods or Post Oaks

Lower part of the county _____ E0 .

Dallas County ____ i

General Conditions ___

Artesian records _______________

Cahaba Tty X

Selma and vicinity

Along the Louisville & \'ashvﬂle R R

Orrville and vicinity . ______________

X

156
157
157
157
158
158
158
159
160
160
160
141
162
163
165
166
166
167
168
169
170
171
174
174
174
175
176
177
177
177
178
178
178
178
179
180
180.
180
180
181
182
182
182
183
183
185
185
186
186
187



TABLE OF CONTENTS.

Martins Station and vicinity, Louisville &

Nashwille ' R."R. fsst RS-t £ (00 2 o 199

Near lines of Southern R. R. —_____________ 200
Rast-ofiAlabaina River sfomsssier s vo - o 0 205
Eowiides Contty L Ll LSRR e 205
StrfaceTfestures: /2 o L - L LCENEISES S - T 206
A e . POOOTS o L S 207
SCOBGIEN o 0t - =k oL M S P TE i F . et 207
owndes Station a2t SRSE R T E Sy 207
(0f0) & 1 i 2 IS e PR SR IS0 ¢ A Dl a Vo) 207
BSiyntgillegtaes: 2ir. L1 3, B MSR7. - ST Tew /208
MONTEOIN SEW (EOMILINE b i DO S s T 208
Surface features ________ 208
Shallow waters _____ s SRS S 208
AL ST ML GCORAS o 28 3PSl DEE TS ey U L 208
Montgomery ________ -l 209
North and west of Montgomery___________ 218
South and east of Montgomery_ ___________ 213
Autauga County ______ 5 BN N 215
BRAIEET . Werher'n Sl i o L L e 215
Artesian prospects 215
PraGtvillelfoaiad /e 1 (PR A R 215
Autaugaville _____ g 5219
BImores CONNEY MR SEs S ¢ 2 2 L5 WRTER i A L - 219
Surface sfealinmaRersc " & 2 =T T laele - 4T 219
Shallow waters AL - e A 219
ATtESIQIMEON@iGIONS, s Te == (= =T SRR L D L L 220
180 AR S T 1 (o) s e el - 220
Gty Lt S Sl o o i R 2000

SHENTE TR BRI e e R i e 2o g AT PR 221
MACONRGOUTIGVR =Tl L STl T LGN e T 221
SUBfaCasieaiiRERTema L L S el 221
Artesian prospects A i 771 |
Tuskegee el PN 222
Warriorstand .____ : : LR NSO
Chesson _____ YR PR S K R 222

TS ke e R S el I Bl Ut b S 222
Downsian( WACINILY el LS SIS T T e 222

SO W ) S Sy LT T ) i R 228

T DR, AL e Ly e sl e b L MRS N DT 223

L o CLOTIN £ A b e £ ST o SR v L ot SN N e 223
Surface features 223
AT TORIANEDEOMDECHS ARt C i S TP ¥ b L 223
Auburn 244 223
GIDAO RS AT R T e e e = 224
Pike=Conntys i atar S e T r el (2. AR
Artesian prospects o 224
ORONEADATCICIINIEY SRS BRSSO T vl G 224
Logton ______ L 425
Linwood = 225

0 LTHONETET Sl B o 0= 4 NI D205
Bullock County 20 226
SUEEACEI O DITaSF "t C AR, SR el el 226
Artesian prospects ofat s D]
Mitchell Station __ 227
Fitzpatrick Cagi 227
Thompson Station 227
North of Chunnennugga Ridge . ______ 227
Shapton~and svicinity - soL el lit o L 227

Bughall ____ i 228




TABLE OF CONTENTS,

Union. Springs and vieinity ______________
Kast of Union Springs
South of Union Springs
Chattahoochee River drainage—*“blue marl region”____
Stratigraphic chatactereh co i i T i ol o0 L
County details _________ Ay
Russell ‘countysesraniie N EETaERAT hi b
Surface features ___-__________ :
Artesian-irecordgpassasniiie dy:in SIENT ¢ ANV
Kaolin Station __________
Huttsborerand: vicinity SLu 2 Z0-2 L=
Hatchechubbee and vieinity __
Sealeiandlvicinilsprssds MITm, SVRAe Tl 2
Rutherford and vicinity
Pittsboro and vieinity _____
Glenville and vicinity __
Barbopr Qousity’ Yo s L s N [ e S
Surface-featurelya=—un L aeTNEINE TN As Iy . I¢ 1
Artesian prospects _________
Eufaula and vicinity __
Haprisfandy vicini e JENURNNTECPEE Loug £ i b Ui
CIAYEaR- dua e R e et et
Waters of the Tertiary
General statement i
Discussionshyacountiesyias o ..o - IS SN
Henrya Gonntye seeriSaieafan =y o S WSS S e
Surface features
Artesian record
Houston County
Surface features
Artesian records
Columbia __ b WINARMSTY L e
Dothan ____ i
Gongy & Claantie. 1 ik soaals LI o D Y
Surface features
Artesian records
Genevd _____ ¥ it
Hantfonduistinees o £33
S10COMB st 23 SESVIC WA IO Lo oo o
Dale County
Artesian prospects . _______________._
Qzaiks 2= 58 %
Coffee CONMNtY -cade sa sl s b v LHEEN.
Surface features
Artesian prospeets ___________________________
LN 2@ vienRY - 0s: WL IRA s e D
Brocton S S g tabes 15 S S 77 PR
ROt DIISe sghal o S MIOTIE e e,
Covington County ___._.__ ] JE 5
Suighce ifeaturesy il sal TRTTIC CONINE L oo
Shallow waters __
Artesian prospects ___________________________
Andalusiai-and gxicinitpPalis. VEFMIME .~
River Falls and Sanford _________________
Crenshaw County __ Y
Surface features ________________. pe
Artesian prospects
Theba et
Brantley and vieinity s
Searight s




XII

TABLE OF CONTENTS.

BitleFEotmlie s Saatr T AT N S W2
Surface features - __________________
Mineral waters X3 3!

ROPEr’S| WellX /T2 i ci oy JHa heias o

putler Springs ________

Artesian prospects __
Greenville 2 T

o L R A B Ve TR P e R
! Yol T e e N S T RS S :

Chapman __

DTN Sl A= foe ok LS " g USRS

Conecuh County ______

Surface features
Artesian prospects ____

BROrPTOoR .ol Nis oo S ULl Ty
Escambia Coumty _______________

Surface features __

Artesian prospects
Brewton and vicinity - ______.____
Herrington and vicinity ——_________
Pollard 4

West of Pollard ____

Roberts sav s T=Cw, 0 1 - Lh S a G
Monroe County

Surface features ________

Mineral waters ____________..._______
Awin and vieinity __

Tunnel Springs ___________________
Artesian prospects ___

BT WEATIN R T TN s i L
e e N e

Wilcox County _______
Surface features ________

NN RrAAW AT EI Sy oA L2 T TR Lo b by
CalEdania~ra ittt A s e gng falh L o

I - o e e e A L ;

Awin _

Other Springs ___
Artesian prospects ____________________
Pine Hill _

Catherine and vicinity ____. _______
ClarkerCounty, <= S Wi UL LT L Sadi e

Surface features ___________

Mineral-waters __ Ll _SoSsSiaiall padlviag
Jallahatta - Springsg ges s w-v cieg s
Lower Salt Works Sulphur Springs

Artesian prospects __

O1dISAlt wellsUEien Serleeis St iy a =

Recent borings INEY?

Choctaw County 2EML

Surface features o

Mineral Springs 2 .

Springs of the Claiborr_lé_forma—ﬁox;___
Thornton springs ___________ . ____
Mineral extracts ____________

Springs of the Buhrstone and Hatchetigbee

formations

Bladon Springs

Other Springs

281
281
282
282
282
283
283
283

283
284
284
286
290
290
290
290
290
290

291
201
293
293



TABLE OF CONTENTS.

Springs of the Woods Bluff formation_______
Butlersand aricinity- <22 2 50 Wl VL O el |
Springs of the Tmcahoma formation________
Springs of the Nanafalia formation ________
Springs of the Naheola formation____________
ArtesiansprospectshIlll s iy T Ss Al
Cullom Springs AL
Butler Hhen 02
Washington County ____ '
Surface features ____ : : i
Mineral Springs _____
! Springs of the Hatchetigbee f01mat10n ja 4N
Springs of the Grand Gulf fonnatlon ________
HealingSprings WenitBuhiaaniiny i vii) vl .
Artesian prospects o e
01d. - Saltwwel sttt ek FIEA Watain, | [ omals
St. Stephens _____ (3 Ao
Mobile County ____ : 1
Surface features =0 o
Mineral waters ____
Citronelle _
Springs near the coast ___________________
Springs about Mobile Bay _.______________
Artesian prospeects . ____________
Mobile and vicinity ____
Alabama Port ___ Mo =t
Fort Gaines __ s 314
Wells on Portersville Bay Shore__________
Citronelle ____. o
Baldwin County A8
Surface features R et o O
Shallow waters y
Mineral waters L &y
Artesian prospects
Supplementary notes ___
Additions VR
Appalachian Valleys g A
Valley of the Tennessee ____
Coastal Plain Division __ =
Creétaceons 2 Zeiianpda ittt ol L "
Hale County | W) & gty ol
Tertiary NGB A8 ]
Sumter County o
Corrections.

CHAPTER 1IV.

Chemistry and Classification of Alabama Waters______________
Chemistry
Classification ____

Scheme of Classification
Alkaline Waters (Tables I and II)
Alkaline-Saline waters (Table III)
Saline waters (Table IV)
Acid waters (Table V) __
Generalizations : SR
Waters from the Tuscaloosa strata (Table VI) __________
Waters from the Eutaw sands (Table VII) ___________.__
Waters from Upper Cretaceous and Tertlary strata
(Table VIII)

315
316

317
317
317
317
318
318
318
320
320

323
323
326
328
328
331
332
334
336
336
337

338



X1v TABLE OF CONTENTS.

Bilue MaEl waters (ot S s e 0 f SRl il Lot oo i 338
Teisti ayaswwatRushold ity Lortoh LR & o il gl -0 0 UL 850
Coneluding Remarks _____ e Vs 2N 344
Sanitary pARAIEsiSe e ted F Bod Sl e Al ¥ a0 S 345
AnalysistofMineralyWaters st o s Caalinibn bt v 0 346
Tables of analyses of Alabama waters ______________________ 351
Table I. Caleie alkaline bi-carbonates waters___________ 352-353
Table II. Sodic alkaline bi-carbonated waters____._____ 354
Table ITI. Alkaline-saline waters _____________________ 356-357
Table IV. Saline waters _._____________________ _______ 358-359
Dable IV SNACil IWACTIST S S Yy e S el PO 0 360
Table VI. Waters derived from Tuscaloosa strata______ 361
Table VII. Waters derived from Eutaw sands__________ 362
Table VIII. Waters derived from upper Cretaceous (Blue
Marl) and Tertiary strata ________________________ 363
ILLUSTRATIONS.

FULL PAGE PLATES.

YCA G R TN e S S Al 6 . R ] S T Y8 S [ Frontispiece.
Geological and Artesian Water Map of Alabaima.

Facing Page.

Rlate T oo o - LAl e 8 5 Gy ML el T S0 i 49
Big Spring in Huntsville, Madison County.

Plate L ITx ¢ s ONNINEIRR S 2 ity v L8 RSNy W e L L T4
Talladega Springs, Talladega County. :

Pl aite; ;T VEEMSNEN Scu i) ¥.1 LT - DO ST Lol Do oy B bl A ™
Shelby Springs, Shelby County.

RTARAVERE e SO A0S IV AN > b SIS A S0 A0 S peiae U Bt R I T T T 76
Hawkins Well, (Leeds Mineral Water) Jefferson County

10 () iy T N S R e T iy G T B S R 8 T (s By e LT AL 0
Alabama Whlte Sulphur Springs, Dekalb County.

104 R (AT I O SRR e T LN s U e B 78
Blount Springs, Blount County.

IRTArer VLTt el s e AN S o W RS T Tl 7 Tul Vw5 80
Borden-Wheeler Springs, Cleburne County.

IRlaite, doXe L. o SRR S Tl eer L SIS TS oSS v Sal AN 1 e 82

A. Ingram Well, near Ohatchee, Calhoun County.
B. Gate City Well, Jefferson County.
PlatelXi ) Xled TENSIAS" ) PORG. 45 1Sl s e e R a1~ 2 e £ dwasi e A 89
A. Cook Springs, St. Clair County.
B. Mentone Springs, Dekalb County.

Plate XI __ e ity T T e b 100
Big Spring, Tuscumbia, bolbert County

IRl Nl crind Soe SENINNETURIC Jlh- 10 Fontn B Hoantnl v tend ind)) 103
Bailey Springs, Lauderdale County.

Plage: DEITE, o D1 =GBty el S e T SR A T W rain 110-111
Map of Alabama Showing Approximately the Artesian
. Systems.

11N EEIN B AN Jo 2 L 2SS SO T T 70 ST, - 7 - DI T S LY 22
Artesian Well at Willifords, Tuscaloosa County.

|G TR QA BRI e U S =0 T olne i h Lot SR S ol NS TR 169

A. Well on Crassdale Plantatlon (J. O. Banks) near
. Eutaw Greene County.
; B.Pickens Well, near Greensboro, Hale County.
Plate XVI UESEr B I 0 SN S IR T s s “197




Plate

Plate

Plate

Plate
Plate

Plate

Plate

Plate

Plate

Plate
Plate

Plate

Plate

Plate

TABLE OF CONTENTS.

A. Well in Elkdale Park, Selma, Dallas County.

B. Old Road Showing Grand Gulf Strata capped with
Lafayette near Gainestown Ferry, Clarke County.
VTS s o= S S S L MG SR SR SRR e S e SO LS S

A. Blue Pond—Near Dixie, Covmgton County.

B. Pavilion of Sulphur Well, near Clarke County.

XVIIT ;237 22N S Tl O s o5 U GRUCEE RS SIS b o2,

Red Bluff on Mobile Bay near Montrose, Baldwin Coun-
ty, Grand Gulf Strata capped with Lafayette.
XIX o olres Souiie oSl el SN DUe Py S ST et T R SR E
Bluff of Grand Gulf Strata © overlain by Lafayette,
Perdido Bay, near Soldiers Creek, Baldwin County.
XX ot 06 T E P S I O SN TR R B Rt SISy ¥ LR
Perdido Bay from Bluff, near Lillian, Baldwin County.
XXIT
Gum Pond, Flatwoods (Grand Gulf), Baldwin County
XX £t s le v —pe o 1L B RS R
Pine Meadow or Savannah, between Swift and Lillian,
Baldwin County.

219, € | § ERNEERI S e R MRS £ 1) 0 e LR

McDade's Pond, Flmala Covington County.

P D LI v A iy e i e PR . r b Syt W LU

A. THotel at Bladon Springs, Choctaw County.

B. Pavilion of Sulphur Spring, Bladon Springs, Choc-
taw County.

XX it

Hotel at Cullom Sprlngs near Bladon Springs, Choctaw
County.

3.©,¢\ 14 B 1 LI Mue ' £ ay M Rue AN SREA Ly,

Salt Well at Cullom Springs, Choctaw County.

XN LI U Moy s i s Tl s b

A. Mound Spring at Healing Springs, Washington
County.

B. Creek Spring at Healing Springs, Washington
County. ‘

XX VIITIZ08S

Bascomb Well No. 2 (S‘llt Water and Inﬁammable Gas),
near Mobile, Mobile County.

2 @I A R by St e WA ey e do s i S aTRES LA

Artesian Well, Oyster Canning Establishment, near
Bayou LaBatre, Mobile County.

PO S SHES G s, T T S T et VR e SR U e I A i

Sketch Map of Cretaceous Formation.

XV

246

247

248

297
299

310

313



17,

TABLE OF CONTENTS.

FIGURES IN TEXT.

Page

Map showing mean annual temperatures in Alabama_______ 28

Map showing average annual precipitation for Alabama._._.__. 30
Ideal section across a river valley showing the position of

tilve, sronndwater, eteMi = Wt LSS ] L T e SR T T 45
Diagrammatic section illustrating seepage and the growth

QINSTRGA IS e W EFal L 3, o SN 45

Hillside spring from unconfined water bed without head._ 48
Hillside spring from confined bed under more or less head__ 49

Diagram showing buried sloughs - 50
BisSute V'Sprimg Sit Bl g L T i 51
Section showing conditions furnishing flows from unconﬁned

sandy strata - SN 53
Diagrammatic representation of a single artesian system____ 54
Ideal Artesian Basin SIS A Ui § e 80 T E (s L SR 54
Underground conditions in Thomp@onvﬂle well (Conn.)____ 55
Illustrating the influence of the dip of the strata on the

width of the outcrop __ WU by ARASA RS ALY 55
Section showing effects of erosion __ 58
Section illustrating the thinning out of a porous water

heannEghedhol —atio GEISREE > L HESar ey fr o W L (¢ SLe TR 58
Section illustrating the transition of a porous Water-bearing

bed into a close textured impervious one________________ 59
Illustrating the overlapping of the intake area of the porous

bed by an impervious bed ______ 60
Illustratmg occurrence of a gravel bed completely enclosed

N volaySERRMee el §F L 1 o s - 60
Illustrating occurrence of gravelly beds of ancient streams

between impervious beds ____________-________ FEEY GO
Illustrates conditions apparently favorable for water, but

where it does not accumulate - _________________________ 61
Section North and South across Alabama Coastal Plain

illustrating its artesian conditions —_____________________ 62
el PamEointed i rocls -0 AEIBEA RISV UL RS T 69

Difieramsiof SBlount, Springs TaiEsess SR Et f il o7 A8 D 0 S



UNDERGROUND WATER RESOURCES
OF ALABAMA.

CHAPTER L
PHYSICAL GEOGRAPHY, GEOLOGY, AND CLIMATE.

PHYSICAL GEOGRAPHY AND NATURAL DIVISIONS.

Geographic position—Alabama is situated between the
eighty-fifth and eighty-ninth meridians of west longitude and
mainly between the thirty-first and thirty-fifth parallels of north
latitude. The total area thus included is, according to the latest
estimates, 52,251 square miles, of which 51,540 square miles
constitute the land surface.

Surface Configuration and Grand Divisions.—Apart from the
minor inequalities and the relatively small area of the Talladega
Mountains, the surface of the State may be considered as an
eroded or dissected plain, whose mean elevation above sea
level is not much less than 600 feet. To the north and east the
surface rises above this elevation and to the south and west it
sinks below it. A curving line drawn from the northwest cor-
ner of the State through Tuscaloosa and Montgomery to Co-
lumbus, Georgia, would mark approximately the southern
boundary of the area whose altitude is above 600 feet. This
elevated land is the Southwestern terminus of the great Appa-
lachian region, and forms the Appalachian Division of this
report.

The line along which the highest altitudes occur—i. e., the
axis of elevation of this area—runs in a northeast-southwest
direction nearly along the northern boundaries of Coosa, Clay,
and Cleburne counties. The altitude increases toward the
northeast, and as a consequence the general slope of the surface
is away from this elevated area toward the northwest, west,



[

2 PHYSICAL GEOGRAPHY, GEOLOGY 'AND CLIMATE.

southwest, south, and southeast. The mountains of the State
all rise 1200 to 1600 feet above the highland, or 2000 to 2400
feet above sea level. The rest of the State, whose general alti-
tude is less than 600 feet, constitutes the Coastal Plain Divi-
sion. 'The surface of this area slopes, approximately one foot
to the mile, south and west toward the Gulf of Mexico and the
Mississippi Valley. The elevation decreases from about 600
feet where it.touches the Appalachian division to 200 to 300 feet
in the highlands overlooking the Gulf in the two coast counties.
Into the materials of this gently sloping plain the rivers and
other streams have sunk their channels, leaving between them
the remnants of the original mass which constitute the hills
of this section of the State.

Another point of difference between the two great d1v131ons
readily seen by an inspection of the map, is the prevailing north-
east-southwest direction of the minor subdivisions of the Appa-
lachian area and the approximately east-west trend of such sub-
divisions in the Coastal Plain area. Some other iniportant dif-
ferences between the two sections will be discussed below,

River systems—In general terms, two factors have been
mainly instrumental in determining the direction of the drain-
age systems of Alabama. These are, first, the slopes toward the
northwest and southeast away from the Appalachian axis of
elevation, and second, the more general slope of the surface of
the State, taken as a whole, southwestward toward the Mis-
sissippi Valley. The latter factor has greatly outweighed the
former in fixing the direction of the watercourses, the result
being that the whole drainage system of the State has a gen-
eral southwesterly direction, with the single exception of the
Tennessee River.

In the southeastern half of the ‘Appalachian area, while the
natural fall is to the southeast and south, most of the streams,
especially the minor ones, are also influenced by the northeast-
southwest trend of the valleys and ridges and make their way
toward the Coastal Plain in a zigzag course, alternating between
southeast and southwest. In the northwestern half of the Ap-
palachian area, the two branches of Black Warrior River fol-
low in general the troughs or basins of the Warrior coal field,
which pitch toward the southwest, while the ‘I'ennessee, en-
tering the State near its northeastern corner, follows a limestone
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valley southwestward to Guntersville, and then turns north-
westward down the slope from the axis of the Appalachian
highlands,

In the central part of the Appalachian area the dependence
of minor ridges and valleys on the geologic structure is most
clearly seen. They all have a northeast-southwest trend, par-
allel to the strike of the outcropping edges of the folded strata.
The valleys are cut into the limestones and other easily eroded
rocks, while the harder rocks form the ridges.

In the Coastal Plain area the main or trunk streams have
southerly or southwesterly courses, determined by the general
slope of the surface; while their minor tributaries together with
attendant ridges and valleys, are controlled in location and di-
rection by the geologic structure and by the character of the
materials of the geological formations.

Throughout the Coastal Plain the constituent beds of sand,
clay, limestone, and marl, have a dip in the same general di-
rection as the surface of the country, but at a more rapid rate—
on an average about 35 or 40 feet to the mile. While the main
(consequent) streams have cut across the edges of these slightly
inclined beds, the smaller streams run roughly parallel to them.
The result is that the landward or in-facing slopes of the minor
stream valleys are abrupt, while the slopes facing gulfward are
very gentle, often hardly to be distinguished from horizontal.
Thus, while the adjustment of the smaller streams of the Coas-
tal Plain to the geologic structure is not so striking, it is in
places quite as complete as in the Appalachian area.

Mountains and table-lands.~—As has been intimated above, the
mountainous region of the State is confined to the Appalachian
division, the two halves of which (divided by a northeast-
southwest line) show important differences. In the southeas-
tern half the strata have been greatly folded and plicated and
in part metamorphosed, and are always much indurated. As
a consequence the mountains of this section, illustrated by the
Talladega Mountain range, the most elevated in the State, are
often sharp-crested and serrated, but always with uneven sum-
mits. In the northwestern half the strata are in wide, open
waves or folds, and the mountains, exemplified by the Cumber-
land Plateau, are merel ythe remnants of an elevated table-
land, with steep slopes toward the bordering valleys.. Between
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the principal members of this mountain system are great val-
leys which are carved in the main from limestones interstrati-
fied with harder and more durable beds of sandstone and chert.
These harder beds form northeast-southwest minor ridges
which flute the great valley areas,

There are no mountains properly so called in the Coastal
Plain. The hills, like those of the Cumberland Plateau, are
merely remnants carved from the original mass.

Sub-Divisions—The sub-divisions of the Appalachian area,
based on the topographic and geologic features, are: (1) The
Talladega Mountains and Ashland Plateau, of igneous and
metamorphic rocks; (2) the Appalachian valleys of Paleozoic
rocks below the Coal Measures, ( Pennsylvanian) ; (3) the coal
fields of the Pennsylvanian Series; and (4) the Tennessee Val-
ley, of the Mississippian Series, (Lower Carboniferous.)

The Coastal Plain has two great basal systems, the Cretace-
ous and Tertiary, and two blanket formations, the Grand Gulf
and Lafayette. The Coastal Plain is best adapted to general
agriculture and is noted for its extensive forest growths.

In both these great divisions of the State the topographic
and other distinctive characters of the minor subdivisions are
so intimately dependent on the geologic structure that it is de-
sirable to discuss these features in connection with the geolo-
gic formations.

GEOLOGY.

The subjoined table shows the chronologlcal sequence of the
geologic formations represented in Alabama, and the geolog1c
map (PL I.) shows their surface distribution. It may be added
that the existence of certain late Tertiary marine formations
in the lower counties of the State has been revealed by deep
borings, while their outcrops have not as yet been observed at
the surface, a circumstance that is partly explained by the pres-
ence in that section of two superficial formations, the Grand
Gulf and the Lafayette, beneath which these marine deposits
lie in places deeply buried.
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Soils -

First bottom deposits and recent alluvium
Quaternary.< Second bottom deposits %

Columbia sands

Lafayette

Pliocene__ § Grand Gulf
| Pascagoula

Miocene—Chattahoochee (Alum Bluff, Oak Grove, etc.)

St. Stephens limestone
Gosport greensand
Claiborne___. 5 Lisbon beds

Tertiary-__ Tallahatta buhrstone

i Hatchetighee
Eocene_./ Chickasaw | J Bashi (Woods Bluff.)
Tuscahoma (Bells Landing.)

' ¢asnitia) Nanafalia (Coal Bluff)
| \ Naheola (Matthews Landing.) &
\ Midway_____ <( Sucarnochee clay
\

Clayton limestone

Ripley marl
Selma chalk
Eutaw sand
Tuscaloosa formation

Cretaceous___ {

Pennsylvanian Series
(Coal measures)

% : I Bangor limestone Contempo-
i Mississippian Series {( Oxmoor formation {raneous.
(Lower Carboniferous) } | Tuscumbia limestone {Ft. Payne
[ Lauderdale chert chert

Devonian;Chattanooga black shale
Silurian—Red Mountain formation (Clinton)

{ Pelham limestone (Trenton)

Ordoviciatin £=5 | Knox Dolomite

Coosa shale
Mcntevallo formation
Aldrich limestone

{_ Weisner sandstone

{ Metamorphic Paleozoic strata;
Talladega slates.__- | Pennsylvanian in part

Metamorpliie Metamorphic sediments of undetermined

Igne%ﬁg ook } Ashland mica schists {age, St Phisorbic

{ Granites, diorites, gneisses, etc., of several
Igneous rocks....--—- 1 ages (pre-Cambrian and Paleozoic)
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APPALACHIAN Di1vISION.

The main characteristics of the Appalachian area have al-
ready been sketched. Its four subdivisions will now be taken
up more in detail, especially as regards the topography and ge-
ologic structure, the discussion of the relation of these to the
circulation of the underground waters being left to another
chapter.

Talladega Mountains and Ashland Plateau, (igneous and
metamorphic rocks.)—These two sections correspond with the
Blue Ridge and the Piedmont plateau of Georgia and the
States to the northeast. They make up the southeastern half
of the Appalachian division, embracing part or all of Cleburne,
Talladega, Clay, Coosa, Chilton, Elmore, Tallapoosa, Randolph,
Chambers, Lee, and Macon counties. The rocks are all more
or less crystalline in texture and fall into two general classes:
(1)massive or dike rocks of igneous origin, such as granite,
diorite, and diabase; and (2) metamorphic or schistose rocks.
The latter class is likewise divided into two divisions according
to origin: (a) those derived from igneous rocks, such as the
gneisses, the hornblende schists, the Hillabee green schists, etc.,
(b) and those derived from sediments, such as the feebly crys-
talline phyllites of the Talladega Mountains, which are now
known to be, at least in part, of the age of the Pennsylvanian
series, (Coal Measures) ; the more fully crystalline mica-schists
of the Ashland Plateau; and the quartzites and crystalline
marbles and dolomites.

The planes of schistosity of these rocks, which may or may
not coincide with original bedding planes, have in Alabama an
almost universal dip to the southeast, giving a general north-
east-southwest direction to all those topographic features which
are due to the differential weathering of their outcropping
edges.

The Talladega Mountains, form the northwestern part of this
subdivision. They are high, generally sharp-crested ridges
with narrow, often gorgelike valleys between. These moun-
tains have an altitude of 2400 feet above sea level and are the
highest peaks in the State. From this elevated land the country
falls off rapidly on the west toward the great Coosa Valley, and
on the east to the Ashland Plateau. The latter has an average
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elevation above the sea of 1000 feet. The plain-like character
of this plateau is evidently the result of erosion—‘‘base-leveling”
—and is not due to the horizontal position of the rocks, as is
the case with the Cumberland Plateau, presently to be described.
The surface of the Ashland Plateau is made up of beveled-off
edges of the steeply dipping schists, and the present topo-
graphic features are due to the subsequent elevation of this
baseleveled plain and the dissection of its mass by the water-
courses.

The recent discovery of Carboniferous fossils on the eastern
flank of the Talladega Mountain range where it merges into
the Ashland Plateau, is evidence that some, at least, of these
metamorphic rocks are of Paleozoic age. The southeastern
half of the Plateau is in part made up of gneisses and mica-
schists which are apparently older than the schists above men-
tioned. This may be due, however, simply to a greater degree
of alteration. Dikes of granite, diorite, gabbro, and other types
of rock generally considered to be of unquestioned igneous
origin are sometimes intruded between the schists, and fre-
quently across them,

In the western part of the Ashland Plateau these dikes in-
tersect the Paleozoic schists and are, therefore, of Paleozoic or
later age. In the eastern part, the dikes are intruded into schists
of possible pre-Cambrian age. A kind of metamorphosed trap
rock or greenstone of peculiar character has been traced in an
irregular line of outcrop from Chilton County, Alabama, into
Georgia. This has been called the Hillabee Schist. It has been
observed in Alabama only along the eastern base of the Talla-
dega Mountain range, generally separating the slates of the
Talladega Mountains from the mica-schists of. the Ashland
Plateau.

Appalachian Valleys (Paleozoic formations below the Penn-
sylvanian).—The wide valley with prevailing calcareous soils
lying between the Talladega Mountains on the east and Iook-
out Mountain and the Coosa coal field on the west has received
the name of Coosa Valley, from the river which drains it. It
is the continuation and terminus of the Valley of Fast Tennes-
see and the Great Valley of Virginia. Cahaba Valley lies be-
tween the Coosa and Cahaba coal fields; Wills Valley occupies
the country between Lookout and Raccoon mountains. Both
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of these valleys merge into the Coosa Valley between the end
of Lookout Mountain and the Cahaba coal field. Between the
Warrior and Cahaba coal fields are Shades and Jones valleys,
the latter at its north end branching into Coosa Valley on the
one hand and Murphrees Valley on the other. Farther west,
lying between Raccoon Mountain on the east and the Cumber-
land Plateau on the west, is Browns or Blount Springs Valley,
the prolongation in Alabama of the Sequatchee Valley of Ten-
nessee. In structure all these valleys are anticlinal—that is,
they have been eroded out of the crests of the long, narrow
folds into which the strata have been bent by the compressing
force acting from the southeast. With the exception of Mur-
phrees Valley, these folds were lapped over toward the north-
west and so have their .steeper slopes on that side, while the
gentle slope is toward the southeast. In Murphrees Valley the
reverse is the case, the steeper slope being on the southeast side.
The erosion to which these arches have been subjected has re-
moved their crests, leaving only the remnants of the upbent
strata to show by their position the original structure.

In the Coosa Valley the structure is more complex. It is
not a single anticlinal fold, but rather a series of folds, closely
conmpressed, overlapping toward the northwest, and complicated
by faulting and over-riding of the broken parts. Most of the
present strata are the remnants of these folds. They have in
consequence a very general dip toward the southeast. In the
other valleys the structure is more simple, since there is but a
single arch, which is nearly always, broken or faulted on the
northwest side, (on the southeast side in Murphrees Valley.)

The steep dips above alluded to are always on the faulted
side. By reason of the faulting, some of the strata are cut out
and do not appear as they should in a normal anticline,

The geologic formations occurring in these valleye range
from the lowest Cambrian up to the Pennsylvanian series, the
latter, however, affecting the valley making only in the sense
that it makes the summits of the bordering mountains. The
most prominent of these formations is the Knox dolomite, a
massive calcareous rock which generally occupies the central
portions of the valleys. There are also other important lime-
stones and calcareous shales, of Cambrian age, which form the
floors of parts of these valleys, especially of the Coosa. All
these limestones are interbedded with sandstones and chert,
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which stand out as subordinate ridges that diversify all the val-
leys. The Coosa Valley is thus a great trough, 30 miles wide,
fluted with scores of parallel smaller valleys and ridges. The
other valleys mentioned are of 51m11ar nature, but have less
of these minor features.

The Weisner sandstone occurs, so far as the writer has ob-
served, in the Coosa Valley region only. It is a veritable moun-
tain-making formation, appearing most prominently in the
range that extends from Alpine Mountain, near Coosa River,
northeastward by Talladega, Oxford, and Anniston and on part
Jacksonville into Georgia. The sandstones of the Red Moun-
tain (Clinton) formation, as well as those of Mississippian se-
ries (Lower Carboniferous,) in the southwestern part of the
Coosa Valley, form a number of well-defined ridges. The sili-
ceous or cherty parts of two of the limestone formations—the
Knox dolomite and the Lauderdale make prominent flint ridges
in all the valleys; the Lauderdale also caps the Red Mountain
(Clinton) ridges of the smaller valleys. A great body of cal-
careous shales and shaly limestones, appears in the “Flatwoods”
of the Coosa Valley, extending from the Georgia line on both
sides of the river down to Gadsden and thence farther south-
westward toward the north end of the Cahaba coal field. These
are the Coosa and Montevallo shales of Cambrian age.

The Pelham (Trenton) and Bangor limestones are of less
importance in the valley making, though each is found in the
subordinate troughs of the greater valleys. Shades Valley,
which has been formed mainly out of the Bangor limestone, lies
between Red Mountain,  east of Birmingham, and Shades
Mountain, the western escarpment of the Cahaba coal field, and
forms a very important topographic feature of that section.

These great valley regions are of extreme importance to Ala-
bama from the fact that they contain the'iren ores, bauxites,
limestones, shales and clays, all of which have played a promi-
nent part in the development of the State.

Coal fields (Pennsylvanian series.)—The coal fields are four
in number—the Coosa, Cahaba, I.ookout Mountain, and War-
rior. They are separated from one another by long, narrow an-
ticlinal valleys above described. Structurally they are troughs
or synclines between these anticlines. In a general way it
may be remarked that the synclinal troughs were much wider
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than the anticlinal ridges, and that, away from the immediate
vicinity of these uplifts, the strata of the coal fields are far less
disturbed than are those of the adjacent valleys, retaining in
general their original nearly horizontal position. By reference
to the geological map it will be noticed that the expanse of near-
ly horizontal strata of the coal becomes gradually wider and
wider to the west and that the upward-bent wrinkles of the
valleys are correspondingly narrower and farther apart. In the
Coosa and Cahaba fields the syncline is unsymmetrical. Its
axis lies close to its southeastern edge, in consequence of which
the strata on the western side of the synclinal axis, embracing
the greater part of the field, have a gentle southeasterly dip.
On the eastern side they are sharply upturned, at times verti-
cal, and give to these fields the appearance of being mono-
clines. Cross folds of minor character divide both these fields
into several smaller basins. Lookout Mountain is a shallow
synclinal trough well elevated above the valleys on each side
of it. 'The same may be said of Raccoon Mountain, which forms
the northern and northeastern parts of the Warrior field.
Raccoon Mountain is capped by the Pennsylvanian rocks and
presents steep escarpments to the bordering valleys. That part
of these fields in which the flat-topped summits of the highlands
are capped with Pennsylvanian rocks, has been called the “pla-
teau region.” Across Tennessee River, in the northeast corner
of the State, these plateaus are known as the spurs of the Cum-
berlands. In the southwestern part of the Warrior field, how-
ever, the strata of the Pennsylvanian series are found at levels
ranging from that of the general drainage to far below it. This
part of the field has been called the “basin region.” It is evi-
dent that in the plateau region only the lower strata of the
Pennsylvanian series are present, while in the basin region we
may have, and in its routhwest end do have, the entire thickness
of these rocks. The principal coal-mining districts are thus to
be found in the western or southwestern parts of these fields,
especially in the Warrior and Cahaba, and less conspicuously
in the Coosa. The Lookout field is wholly in the plateau region.

Valley of the Tennessee, (Mississippian series) —The area
included under this head is naturally divisible into two parts,
the first including the region east of Huntsville, bordered by
the Cumberland mountains on the one side and Sand Mountain
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on the other. The second part embraces the valley west of
Huntsville to the Mississippi State line. :

From the northeast corner of the State down to Guntersville,
the river is confined to a long narrow trough, known in Ten-
nessee as the Sequatchee Valley, and in Alabama as Browns
or Big Spring Valley. Below Guntersville the river flows in a
northwest direction along a narrow, often gorge-like valley
through the Cumberland Plateau to about the Meridian of
Huntsville. It here emerges into the broad and open valley
which is usually referred to as the Valley of the Tennessee.

The geologic formations of this lower stretch of the river

. are the Bangor (Chester) limestone with its interstratified sand-
stones, lying in general south of the river, while the country
to the north is made by the siliceous limestones of the Tuscum-
bia (St. Louis), the Lauderdale, and other members of the
Mississippian series below the Bangor. These strata, while
almost horizontal, have yet a perceptible dip to the south. The
river crosses them nearly at a right angle to the dip, giving a
Coastal Plain type of topography. The river itself occupies
a broad trough in the Tuscumbia limestones, while on both sides
are erosion ridges, with steep northward-facing slopes and gen-
tle structural slopes on the south. North of the river these
ridges are formed by the siliceous parts of the limestones. On
the south the principal east-west ridge, known as Little Moun-
tain, owes its existence to one of the intercalated sandstones in
the Bangor limestone. Moulton Valley lies between Little
Mountain and*Raccoon Mountain. The Tennessee Valley, like
the Coosa Valley, is a complex trough fluted with narrow par-
allel ridges and subordinate valleys. Back from the river the
red residual soils form some of the finest farming lands in the
State. 'The cherty portions of the limestone from which these
soils are derived remain as low rocky knolls which support a
fine growth of oaks. The houses of the planters are usually
located on these knolls. In the more broken part of the valley,
between the immediate lowlands of the river and the northern
boundary of the State, the large proportion of siliceous matter
in the limestones makes the soils in general inferior to those of
the river plain. '
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CoastAL PLAIN DIVISION.

The two fundamental systems of the Coastal Plain are the
Cretaceous and Tertiary. They consist of interstratified beds
of sand, clay, limestone, and marls, with their admixtures.
These beds have an average dip toward the Mississippi embay-
ment and the Gulf of Mexico, ranging from 30 to 40 feet to
the mile. The surface of the Coastal Plain as a whole falls away
in the same direction, but at a much less rapid rate—about 1
foot to the mile—so that in going southward from the Appa-
lachian area we pass in succession over the beveled edges of
these formations from the oldest to the newest. FEach of these
formations, with the exception of some of the Miocene and
Pliocene, occupies the surface in a belt proportional in width to
its thickness and running approximately east and west across
the State.

After the close of Tertiary time there was deposited a blanket
formation which is of great importance in the Coastal Plain.
It is known as the Lafayette formation, and is a mantle of red-
dish and light-colored loams and sands, with frequent beds of
waterworn pebbles in the lower parts. It has an average thick-
ness of 25 to 30 feet and formerly covered the entire area of
the Coastal Plain. It reste unconformably on the older for-
mations following the topography in general very closely,
though in many large areas it has been in great part removed
by erosion. As a consequence this formation makes perhaps
tfour-fifths of the cultivated soils of the whole plain, and its sig-
nificance in relation to the underground waters, which appear
in springs and shallow wells, cannot well be overestimated.

The characteristics of the several divisions of the Creta-
ceous, Tertiary, and Quaternary systems will here be reviewed
in a general way, many details being left for consideration in
connection with their relations to the underground water supply.

The combined thickness of the Cretaceous formations in
Alabama has been estimated to be about 2500 feet; that of the
Tertiary formations classed as Eocene in the table, about 1800
feet. 'The thickness of the post-Eocene strata can not yet be
stated with much certainty, though in some deep borings at
Mobile, Miocene shells found at a depth of over 1500 feet.
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CRETACEOUS.

The Cretaceous system in Alabama includes four formations
which are, in ascending order:

(1) The Tuscaloosa, a formation of freshwater origin,
made up in the main of sands and clays in many alternations.

(2) The Eutaw, a formation of marine origin, composed of
sands and clays more or less calcareous, but nowhere showing
beds of hard limestone.

(3) The Selma Chalk, likewise of marine origin, a great
calcareous formation of the nature of chalk, with varying ad-
mixtures of clay and other impurities.

(4) The Ripley, also a marine formation in which the cal-
careous constituents generally predominate, but in parts con-
taining sandy or clayey beds.

None of these formations greatly affects the topography or
has marked lithologic characters except the Selma chalk. This
underlies a’belt entering the State from Mississippi and ex-
tending eastward with an average width of 20 to 25 miles, to a
short distance beyond Montgomery, where its distinctive char-
acters are lost or merged into those of the “blue-marl region,”
to be more particularly treated later. The somewhat uniform
composition of the Selma chalk has caused it to be more deeply
and evenly wasted by erosion and solution than the more sandy
formations north and south of it. As a consequence, its out-
crop is in the shape of a trough, with a gently undulating, al-
most unbroken surface except where remnants of the once con-
tinuous Lafayette mantle have protected the underlying lime-
stone from erosion and have thus formed knobs and rldges
capped with its loams and pebbles.

In this belt, more than in any other of the Coastal Plain, the
soils show their residuary character. They are, as a rule,
highly calcareous clays and, where much mixed with organic
matters, of black color. Throughout tkis section are areas orig-
inally destitute of trees and hence known as “prairies”. From
the agricultural point of view, the Selma chalk or black belt is
the most highly favored part of the State and, apart from the
cities, holds the densest population.
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The Eutaw and Tuscaloosa formations outcropping north of
the prairie or Selma chalk belt, show no marked topographic
features. The relatively broken and uneven topography of the
Tuscaloosa area results largely from the preponderance of
loose or slightly indurated sands with subordinate beds of plastic
clay in the formation. The general absence of lime and phos-
phate from the strata causes comparatively poor soils. The
most important features of some parts of this territory are, or
rather were, the grand forests of long-leaf pine, now practically
exhausted. The surface of the Eutaw belt is generally smoother
than that of the Twuscaloosa, and the calcareous character of
many of the sandy and clayey beds insures greater fertility.

The Ripley formation, south of the Selma area, has many
features in common with the Futaw, and while prevalently
sandy, it yet contains a very considerable proportion of lime-
stone and calcareous clays.

As has been intimated above, the Selma chalk seems to give
out a short distance east of Montgomery, and the whole ma-
rine Cretaceous section takes on a very uniform lithologic char-
acter, being composed in the main of a bluish sandy marl in
which scales and flakes of mica are numerous. The lower beds
of the blue marl might perhaps be discriminated from the rest
by the presence of certain fossils of the Eutaw horizon. In the
eastern part of the State, however, the three marine Creta-
ceous formations, so clearly distinct in the western part, are
represented by a series of beds of rather uniform lithologic
character, though perhaps sufficiently distinct in their fossils.

TERTIARY.
EOCENE.

In the western half of the State, in the vicinity of Alabama
and Tombigbee rivers, the succession and thickness of the
strata from the base of the Tertiary up to the top of the St.
Stephens limestone, have been ascertained with a considerable
degree of accuracy. FEastward to the Chattahoochee, less work
has been done, but the formations have been fairly well studied
and their succession and thickness along the Chattahoochee are
also very well established, chiefly by the work of Mr. D. W.
Langdon. These strata, which are usually classed as Eocene, -
have a thickness of about 1800 feet and present the following
characteristics :
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MIDWAY GROUP.

Clayton Iimestone.—At the base of the Tertiary is found an
impure limestone, thin and inconspicuous in western Alabama,
but thickening to the east until on Chattahoochee River it in-
cludes fully 200 feet of alternating calcareous sands and lime-
stones. This formation is called the Clayton limestone.

Sucarnochee clay.—Next above the Clayton there is, along
Tombigbee River, a series of black or dark-brown clays at
least 100 feet thick. This formation is also well exposed at
Black Bluff on Tombigbee, and on Sucarnochee River, and
has been called Sucarnochee. At Black Bluff and sparingly at
a few other points these clays are fossiliferous. While nearly
devoid of lime in the Tombigbee drainage, except in the lower-
most strata, the clays become more and more calcareous to the
east, and in Wilcox county, east of Alabama River, they form
the basis of some fine black prairie lands. The formation east
of Wilcox County has not been traced.

Naheola formation (Matthews Landing.)—Next above the
Sucarnochee clays is the Naheola formation, embracing 150
feet or more of gray sandy clays, with some beds of dark sandy
glauconitic clay contaaining marine fossils near the base. To
the east this formation appears to die out and it is not found ex-
posed on Chattahoochee River. '

CHICKASAW (WILCOX) GROUP.

Between the top of the Sucarnochee clay and the base of the
Tallahatta buhrstone lies a group which Dr. Hilgard, in his re-
port on the Geology of Mississippi, called the Lignitic,

The term LaGrange was used by Dr. Safford of Tennessee,
to include a portion of the beds originally termed Lignitic by
Hilgard. LaGrange is a locality name and would doubtless
have stood but for the fact that Safford included in it the La-
fayette (Orange Sand), and a portion of the Cretaceous. The
name Lignitic being also deemed inadmissible, because descrip-
tive, the term Chickasaw, from the Chickasaw Bluffs near Mem-
phis, was proposed by Dr. Hilgard and Prof. Dall as a substi-
tute, to include the beds grouped by Hilgard under thé term
Lignitic, excluding what he termed the Flatwoods belt. In this
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sense the name was duly accepted by the geologists and has been
used by Prof. Dall and others since 1895. Some objection
seems to have arisen to this name also, and in a recently pub-
lished report, by Messrs. Eckel, Crider and Johnson, on the
Underground Water Resources of Mississippi* the term Wil-
cox, from Wilcox County, Alabama, where these beds are

- characteristically developed, is substituted for Chickasaw, and
embraces the Nanafalia, the Tuscahoma, the Bashi, and the
Hatchetigbee formations. In the present Report the accepted
term Chickasaw is retained for this group with the alternative
of Wilcox in case the objection to the former name proves to
be well founded.

This is the most massive of these divisions, having a thick-
ness which is probably not less than goo feet. It also presents
a great variety in lithologic character and in fossil contents.
In the most general terms the Chickasaw or Wilcox strata are
cross-bedded sands, thin-bedded or laminated sands, laminated
clays, and clayey sands, with beds of lignite and lignitic matter
which merely colors the sands and clays. With these are found
interbedded at several horizons strata containing marine and
estuarine fossils. The fossil-bearing beds form the basis for
the separation of this group into four formations, given in
some detail below. .

Nanafalia formation (Coal Bluff.)~—The Nanafalia overlies
the Naheola, and maintains a tolerably uniform thickness of
about 200 feet entirely across the State. These beds are mostiy
sandy, but contain great numbers of the shells of a small oys-
ter, Grvphoea thirsae. Near Alabama River and for a short
distance to the east, a gray siliceous clay with a tendency to
indurate into a tolerably firm rock resembling very closely some
of the strata of the Tallahatta buhrstone of the Claiborne group,
presently to be described, is a characteristic feature of the whole
section. At the base of the oyster-shell beds there are, at cer-
tain localities, other fossiliferous beds containing a great va-
riety of forms. :

At the bottom of the Nanafalia formation there is a bed of
lignite, 5 to 7 feet thick, which may be traced across the country
from Tombigbee River into Pike County, where it is well ex-
posed near Glenwood station, not far from Troy.

*Water Supply Paper, No. 159, U. S. Geological Survey.
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The Nanafalia sands will be considered again in another
chapter in connection with the underground water supply of
some parts of the State,

Tuscahoma formation (Bells Landing.)—These beds are
about 140 feet thick and consist mainly of gray and yellow
cross-bedded sands and sandy clays, generally poor in fossils
except at one horizon, which is typically exposed at the locali-
ties from which the two names above have been taken.

Bashi formation (IWoods Bluff).—Above the Tuscahoma is
the Boshi which averages perhaps 8o feet in thickness. It is
composed of the sands and sandy clays common in the Tertiary.
Tt is distinguished by a characteristic bed of highly fossiliferous
greensand with associated beds of lignite immediately below it,
By these features the Bashi may be easily identified across the
width of the State—The best exposure of the fossiliferous .
green sands of this formation 1s at Woods Bluff on Tombigbee
river,

Hatchetigbee formation.—The uppermost formation of the
Wilcox group is composed of beds of brown, purple, and gray
laminated sandy clays and cross-bedded sands abounding in
characteristic fossils. It is about 175 feet thick in the vicinity
of Tombighee River, but it thins to the east, though otherwise
maintaining its distinctive character. These beds have been
namer] Hatchetigbee, from a bluff on Tombigbee River. They
will be referred to again in the discussion of the underground
waters. 3

CLAIBORNE GROUP.

Between the Chickasaw group and the base of the St. Steph-
ens limestone lie the strata of the Claiborne group easily divi-
sible in Alabama, into three formations, the lower being the
Tallzhatta Buhrstone, the middle being the Lisbon formation
and the upper, the Gosport Greensand.

Tallahatta buhrstone.——lh the western part of the State the
most prominent rocks of this formation are aluminous sand-
stones or siliceous claystones. They vary slightly in composi-

tion, but are always poor in fossils except the microscopic sili-
9
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ceous shells of marine diatoms and radiolaria. To the east
the percentage of clay decreases, the rocks become more cal-
careous, and the fossils are more abundant, and in place of the
silicified shell casts of the Tombighee and Alabama drainage
basins are extensive beds of shells, mostly oyster shells. The
thickness of the buhrstone varies from 400 feet in the western
part of the State to 200 feet in the eastern part. In the wes-
tern part of Alabama and still more in Mississippi, beds of fos-
siliferous green sand are abundant in both the Tallahatta and
in the Lisbon strata of the Claiborne. The decay of the green-
sands has in many places given rise to the accumulation of de-
posits of brown iron ore which may some day have a commer-
cial value. 'The Tallahatta Buhrstone as here defined is the
equivalent of the Siliceous Claiborne of Hilgard.

The Lisbon Formation.—Between the Buhrstone and the base
of the Gosport greensand are.the Lisbon beds consisting of
about 115 feet of calcareous clayey sands and sandy clays gen-
erally fossiliferous. :

The lower half of these beds contams a great number and va-
riety of well preserved shells; in the upper half the shells of
ostrea sellaeformis and several species of pecten greatly pre-
ponderate over other forms. The most characteristic exposures
in Alabama of these beds, which are the equivalents of Hilgard’s
Calcareous Claiborne, are at the Claiborne and Lisbon Bluffs
on the Alabama river.

The Gosport Greensand.—This division, which, so far as yet
known, does not appear in any other of the Gulf States,
embraces the strata of the Claiborne group lying between the
top of the Lisbon, and the base of the St. Stephens. The beds
are in general highly glauconitic sands about thirty feet in
thickness at the Claiborne and Gosport bluffs and include the
fossiliferous greensands which have made the name Claiborne
famous, and which have furnished the greater part of the
Claiborne fossils described and figured by Conrad and Lea.
While this division, as above mentioned, is not known in Miss-
issippi, Louisiana or Texas, yet its importance in Alabama, from
the historical point of view and because of the great number and
variety and beautiful state of preservation of its fossils, is
such as to compel mention and a distinct name. This member
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of the Claiborne group has been observed at a number of local-
ities in Monroe, Clarke, Choctaw and Washington counties.
The name is from Gosport a landing on the Alabama river a
few miles below the Claiborne Bluff.

St. Stephens limestone.—Above the Claiborne, and constitu-
ting the uppermost member of the Eocene in Alabama, is the
St. Stephens limestone, equivalent in part to the Vicksburg lime-
stone \nd in part to the Jackson limestone of Mississippi. In
Alabama these two formations blend so completely that it has
been impossible to draw clearly the line of demarkation between
them, and the St. Stephens is therefore intended to include the
Alabama representatives of both. Immediately overlying the
Claiborne fossiliferous sands, at many points in Clarke, Choc-
taw, and Washington counties, is an argillaceous limestone
closely resembling the Selma chalk and like it giving rise to
rich black limy soils: The fossils of this bed show that it is
probably of Jackson age, but the great mass of the St. Stephens
formation, between 200 and 300 feet thick, consists of a lime-
stone of a considerable degree of purity in which the ever pres-
ent fossil is a nummulitic shell, Orbitoides lyelli. Other shells
also abound, but this is characteristic. This limestone shows
many variations, being in some cases hard, almost crystalline,
capable of a bigh polish, of a pleasing variety of color, and
hence probably well adapted for ornamental construction. Com-
monly, however, the rock is soft and easily cut with a saw, axe,
or plane when fresh from the quarry, and it is much used in the
construction of chimneys and pillars to houses. On this ac-
count it is well known from Texas to Florida as the “chimney
rock.” In the southeastern part of the State and in Georgia
this limestone has frequently become silicified, and great masses
of it appear to have all of the lime replaced by silica. The
bones, particularly the vertebrz, of an extinct whale, Zeuglo-
don, are in some localities abundant in the lower (Jackson) di-
vision. ~ -

Topographic features of the Eocene.~In general it may be
said that the part of the State in which the Eocene strata occur
is a gently sloping plain into which the streams have sunk their
valleys, leaving between them remnants of the original mass as
hills. ‘Two or three formations of the groups impress them-
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selves on the soils and the topography more forcibly than the
others. The first of these is the great bed of black clays of the
Sucarnochee horizon, underlying a belt of country known west
of Alabama River as the “Flatwoods” or “Post Oaks.” Fast
of this river these clays are strongly calcareous and give rise
to black prairie soils. The Flatwoods proper constitute a sort
of trough 5 or 6 miles wide, badly drained and little cultivated,
with a heavy growth of small post-oaks and short-leaf pine.
During wet weather the Flatwoods have all the characferistics
of a swamp. Along the northern border of this belt the clays
are often highly calcareous, and the transition from the limy
Cretaceous formations to the tough plastlc clays of the genuine
Flatwoods is very gradual.

The next member of topographic importance is the Nanafalia
especially in that part of the State west of the drainage area
of Alabama River. In this section there is a considerable thick-
ness of indurated clayey sands—sandstones, in fact—overlying
the oyster-shell bed. This gives rise to a very broken and hilly
country, as shown in the Grampian Hills of Wilcox County. In
the eastern part of the State there are many ‘“‘sinks” and big
springs in the Nanafalia territory.

Farther south the outcrop of the Tallahatta buhrstone, es-
pecially in the western half of the State, makes veritable moun-
tains, often rising with steep northwardfacing slopes 200 feet
or more above the adjacent lowlands. In Clarke and Choctaw
counties, and in still greater degree in Mississippi, these buhr-
stone mountains, with their rocky slopes, remind one of the Ap-
palachlan region.

In the eastern counties the Clayton limestone acquires ex-
ceptional thickness, 200 feet or more, and shows the character-
istics of limestone terranes such as caves, lime sinks, and “big
springs.” The St. Stephens limestone also gives rise to broken
country with characteristic caves and other features. Along
the northern edge of this (St. Stephens) outcrop the strong,
limy, black soils formed by the clayey limestone resemble the
black prairie soils of the Selma chalk, but the topography of
the country offers strong contrast—in the chalk, softly undula-
ting, almost level lands; in the lower St, Stephens, exceedingly
broken and deeply eroded lands, justifying the name “lime
hills.”
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As has been indicated above, the trunk streams of the Ala-
bama Coastal Plain flow across the outcropping strata, whi'e
their tributaries flow in general parallel to the strike of these
outcrops. In the gradual sinking of the beds of these tributary
streams the characteristic Coastal Plain topography is devel-
oped ; the infacing slopes of the hills are precipitous, while the
gulfward slopes are gentle. The streams have their place gen-
erally at the base of the steep infacing slopes.

MIOCENE.

CHATTAHOOCHEE SERIES.

In 1889 Mr. D. W. Langdon of the Alabama Geological Sur-
vey, discovered on Chattahoochee River a new series of marine
calcareous formations of Miocene age, overlying the Vicksburg
limestone. This series he called the Chattahoochee from the
town and landing of that name.

With the exception of some sandy clays on Conecuh River,
which hold a few poorly preserved fossils of the Chattahoochee
horizon, none of these beds has up to the present time been
found to outcrop in Alabama, for the reason that the section
of the state in which these outcreps” would normally occur is
covered with a thick mantle of two superficial formations, the
Grand Gulf and the Lafayette. In addition to this that portion
of the region contiguous to Mobile river in which we should
expect to find the outcrops, is of the nature of a delta with low
alluvial banks. It is safe, however, to say that these Chatta-
hoochee formations underlie the southern part of the State be-
neath the superficial deposits mentioned, for deep borings in
Mobile and Baldwin counties have demonstrated their existence
at depths between 800 and 1550 feet, by means of the shells
characteristic of the several horizons brought up by the drills.

PLIOCENE.

PASCAGOUTLA.

In 1889, Mr. L. C. Johnson, also of the Alabama Survey, dis-
covered on Chickasawhay river in Mississippi a few miles above
its confluence with Leaf river to form the Pascagoula, a highly
fossiliferous marine or estuary deposit to which he gave the

5
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name Pascagoula.  This bed has as yet been seen in outcrop
only at the type locality and, according to Mr. Dall, at Shell
Bluff on the Pascagoula river*. At the type locality it under-
lies strata of the Grand Gulf formation. Most of the shells of
this bed are of a new species, (Rangia Johnsoni) ; but along
with these are numerous shells of Ostrea Virginica, by Mr.
Dall’s determination. As this latter species is not known to
occur in strata older than Pliocene, the Pascagoula is placed in
this formation in our classification.

In the artesian wells at Mobile shells characteristic of the Pas-
cagoula horizon are brought up from depths of about 700 fect.
We may therefore be reasonably certain that this formation,
like the Chattahoochee, underlies the lower part of the State
though its outcrop for reasons given, has not yet been discov-
ered.

GRAND GULF FORMATION.

This name was given in Mississippi to a series of sands and
clays of varying character and varying degree of induration,
overlying directly and unconformably the Vicksburg limestone,
and, together with the next overlying Lafayette beds, forming
the surface of the Coastal Plain of that state down to within ten
miles of the Gulf of Mexico. More specifically the strata are
thin-bedded and massive clays of colors varying from white
through shades of red and brown to black, interstratified with
sands, the latter in many places indurated to form sandstones,
with aluminous or siliceous cement. Occasionally these rocks are
even quartzitic, as at the type locality and in a number of places
in Georgia and Alabama, but as a rule they are only slightly
coherent. The clays also in part are indurated into mudstones,
and in part are more or less plastic. The presence of lignitic
matters and of gypsum is also locally characteristic of the clays,
many of which are quite meager because of intermixture with
fine grained sand. In Alabama the prevailing materials are
massive clays of reddish to brown colors or mottled gray to red
and laminated clays interbedded with sands varying in coher-
ence from loose sands to firm sandstones and aluminous or
siliceous cement. The aluminous sandstones pass by insensible

*This may be the same as the type locality, which is also called
Shell Bluff. E. A. S.
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gradations into meager clays which are themselves often indu-
rated into mudstones as compact as some of the sandstones.

Whilz the induration of the sands is common in Mississippi
along the border of the river valley from Grand Gulf down to
the Louisiana line, and thence eastward beyond Brandon, it is
by no means confined to those bounds as some are disposed to
believe. In Georgia in all parts of the Altamaha Grit region,
occasional occurrences of the exceedingly hard, sometimes
quartzitic, sandstones are known down to within a few miles
of the Atlantic coast. It may be here remarked that the exces-
sive silicification, often resulting in the complete obliteration of
the original texture of the rock, as is the case in one of the
sandstone ledges at the type Grand Gulf locality, is by no means
confined to that locality nor, indeed to the rocks of the Grand
Gulf formation, for in the southeastern parts of Alabama and
southwestern of Georgia adjacent, much of the Vicksburg
limestone has been so completely petrified by silica that not a
trace of lime remains, and many of the masses of Miocene co-
rals so common in Southwestern Georgia are completely silici-
fied, being interiorly a mass of amorphous silica devoid of all
trace of organic structure. These remarks are made in con-
nection with a proposition to restrict the name Grand Gulf to
the quartzitic sandstone occurring at the type locality.

While the inner or landward border of the Grand Gulf man-
tle is in contact with the Vicksburg limestone in Mississippi and
with the St. Stephens in western Alabama, from Covington
county in the latter state eastward it is found lapping succes-
sively over the older Tertiary formations, and about Clayton
and Fufaula and in adjacent parts of Georgia, even over the
Ripley beds of the Cretaceous. On the map accompanying this
report only this landward margin of the formation is attempted
to be shown. Below or southward of this line its strata cover
partially the outcrops of the upper Cretaceous and older Ter-
tiary beds, while those of the newer Tertiary, Chattahoochee
and Pascagoula, with the exception .of the exposure on the
Conecuh river above mentioned, seem to be completely hidden
by it and the closely associated Lafayette. Along the Chatta-
hoochee river south of the Alabama line, however, the whole
series of these newer Tertiary beds (possibly excepting the
Pascagoula,) is clearly exposed, with the Grand Gulf and La-
fayette beds overlying them. In Alabama as yet we have only
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the evidence afforded by the deep borings in Mobile and Bald-
win counties, to prove that below the surface occupied by the
Grand Gulf and Lafayette beds, all the Miocene and Pliocene
marine Tertiary formations above mentioned are reached at
depths between 200 and 1550 feet. All the facts derived from
observations in Mississippi, Alabama, Georgia, and Florida
seem to show that the Grand Gulf formation cannot be older
than upper Pliocene, since it overlies often by an interval cf
many feet, the Pascagoula shell bed with Osirea Virginica.
In these states no formation older than the Iafayette is known
to overlie it.

It is impossible to give with certainty the thickness of the
Grand Gulf strata. The dip in some parts of its territory seems
to be no greater than the general slope of the land surface; in
this respect it resembles the Lafayette. TIn Mobile and Baldwin
counties the thickness above sea-level is at least 150 feet, and
in the borings mentioned a greater but undetermined thickness
is found. The absence of fossils, except plant remains and a
few fresh water unios, makes the fixing of the exact age of the-
formation difficult; in this also it reseinbles the Lafayette.

In the lower counties of the State the Grand Gulf is one of
the most important formations in relation to underground wa-
ters, and more detailed mention of it will be made later.

QUATERNARY.
LAFAYETTE F_ORI\IATION. ’

The surface distribution of this great mantle formation, or
rather its landward limit, will be seen by the map. In general
it. consists of a red sandy loam, usually devoid of stratification
in the upper part, with cross-bedded sands and irregular beds of
water-worn pebbles in the lower part.

The thickness does not often exceed 25 feet, and it follows
the contours of the surface very closely, being a veritable blan-
ket, sometimes cumpletely washed away, but varying very
little in thicknesé whether on the high level interstream plateaus
or along the slopes which break away from them. ¢
It overlies with uncomfortable contact every formation in Ala-
bama from the oldest up to the Grand Gulf inclusive.
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Since all the high table lands, remnants of the plain into
which the streams have worn their valleys, are covered by the
red loam of this formation its importance as a soil former is
obvious. In yet another particular its importance cannot be
overestimated, namely, in its relations to the underground wa-
ters. Its loam and pebble beds are storage reservoirs of count-
less springs and shallow wells over the entire Coastal Plain.
Other detai's will be given in connection with the discussion of
the underground water distribution,

LATER FORMATIONS.

The later formations, Columbia, Second Bottom deposits,
First Bottom and other récent alluvial deposits, and soils, may
be here passed over with mere mention, and with the remark
that no sure identification of the Columbia has been made in
Alabama, though some gray and white sands frequently seen
overlying the Lafayette are probably of this age.

CLIMATE OF ALABAMA.

BY MR. FRANK P. CHAFFEE,

Section Director, U. S. Weather Bureau, Montgomery, Ala.
(By permission from an article prepared for the Climatolog-
ical Department of Agriculture.)

GENERAL FEATURES.

In the preparation of this climatic summary, reference has
been made to the reports of the Smithsonian Institution and of
the United States Signal Service, now the Weather Bureau; to
Bul'etin No. 18 of the Agricultural Experiment Station at Au-
burn, Ala. ; and to the reports of the various voluntary observers
in Alabama co-operating with the Weather Bureau. :

In its distance from the ecuator, elevation above sea level,
configuration of its mountain chains, proximity to the sea, and
prevailing winds, Alabama is favorably situated for a temper-
ate and comparatively uniform climate. In the extreme south-
western portion, washed by the water of the Gulf of Mexico,
the climate approaches the subtropical, while the climate in the
highlands of the northeast is similar to that of regions of less
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elevation much farther north. FExtremes of temperature are
rare. Opver the southern half of the States the heat of the sum-
mer is tempered by the prevailing winds from the Gulf, and ‘n
the more northern counties the elevation secures immunity
from excessively high temperature. Freezing temperatures do
not often continue longer than 24 to 48 hours. Snow rarely
falls, except in the northern counties, where it occurs on an av-
erage of about twice each winter and seldom remains on the
ground for more than 48 hours. The rivers do not freeze.
With the exception of the country along the Gulf Coast, wherc
the precipitation is heavy, the rainfall is well distributed. The
growing season is so long that often two and sometimes three
minor crops are raised on the same ground in one year.

TEMPERATURE.

The average temperature of the entire State is 63 degrees;
for the southern portion, 66 degrees; middle portion, 64 de-
wrees; northern portion, 60 degrees. Highest average, 67 de-
grees, in Baldwin and Mobile counties ; lowest average, 60 de-
grees, in Dekalb County. The average by seasons is as follows:
Winter, 46 degrees; spring, 63 degrees; summer, 79 degrees;
autumn, 63 degrees. The average summer maximum is go de-
grees and the average winter minimum 35 degrees. The abso-
iute maximum, 109 degrees, occurred at Tock No. 4 (Lincoln),
Talladega County, July 7, 1902; the absolute minimum, 17 de-
grees below zero at Valley Head, Dekalb County, February
13, 1899. Average number of days per year with temperature
above 9o degrees, 62; average number of days per year with
temperature below 32 degrees, 35. The temperature seldom
falls below zero, the above extremely low reading being re-
corded during the severe cold wave of February 12-13, 1899,
which gave the coldest weather ever recorded or remembered
in this section.*

Killing Frost—The average dates of last killing frost in
spring are as follows: northern district, April 6th; middle
district, March 23rd ; southern district, March oth; for the state,
March 2rd. Average dates of first killing frost in autumn:

*Since preparing this article a temperature of 18° below zero oc-
curred at Valley Head, Dekalb County, February 14, 1905. F. P. C.

L]
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northern district, October 2oth ; middle district, November sth;
southern district, November 17th; for the state, November 4th.
This gives average growing seasons as follows; northern dis-
trict, 197 days; middle district, 227 days; southern district,
253 days; for the state, 226 days. The latest killing frost
known, May 2nd, 1897, at Oneonta, Blount Co.; with this ex-
ception, the latest on record, was April 3oth, at Valley Head,
Dekalb County. The earliest killing frost of which there is
official record was October 2nd, at Decatur, Morgan County,
but the voluntary observer at Oneonta reports that there is a
record of killing frost having occurred at that place, September
4th, 1866. Over the middle counties, the last killing frost, as a
rule, occurs during the first half of April, and where the last
frost is recorded in March, the records show its formation dur-
ing the early part of April was prevented by cloudy weather
or fresh to brisk winds. The first killing frost usually occurs
over the middle counties during the last half of October. When
the first frost occurred in November, the records show that at
the same time during the last half of October the temperature
was low enough for frost, the formation of which was prevent-
ed by conditions mentioned above.

The distribution of the temperature is shown by the subjoined
chart.
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Fig. 1.—Map showing mean annual temperatures (Fahrenheit) in
: Alabama.

. : PRECIPITATION.

Annual precipitation for the State as a whole, 52 inches;
for northern district, 52 inches; middle district, 51 inches;
southern district, 55 inches. The distribution of precipitation
is shown by the accompanying chart. The greatest annual av-
erage—irom 62 to 63 inches—is in the southwestern counties,
bordering on the Gulf of Mexico. Another region of heavy
precipitation is found over the mountainous (north-central and
north-eastern) portions, where it ranges from 47 to 54 inches
per annum. The region of least precipitation is near the center
of the State, where the annual average is about 46 inches. The
precipitation is practically all rain. Snow occurs on an average
twice each winter in the northern half of the State and about
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once a winter in the southern counties; it varies from very light
in the southern district to moderately heavy (about 8 to 14
inches) in the north-central and northern counties. [t is not
common for a winter to pass without snow enough to cover
the ground in any portion of the State. The precipitation is
well distributed throughout the growing season, especially in
the middle and most important agricultural counties, and the
autumns are, as a rule, favorable for the maturing and gather-
ing of the staple crops.

Fog—Dense fog seldom occurs, and then generally in the
winter or spring months, and is mostly confined to the coast
district.

Hail—This occurs occasionally during the spring and sum-
mer months, though really destructive hailstorms are rare in
this section.

Thunderstorms.—These occur in some portions of the State
during every month of the year, being most frequent during
the summer months. The most severe thunderstorms occur
‘along the Gulf coast, and in the west-central counties,
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Fig. 2—Map showing average annual precipitation in inches for
Alabama.

- WINDS.

The prevailing direction for the year is south; for winter,
north; spring, south; for summer, south; for autumn, north.
Average hourly velocity, (computed from records at Mobile
and Montgomery only), 7 miles. The highest velocity ever
recorded, was 72 miles from southeast at Mobile October 2nd,
1893. Winds of 40 miles per hour or more have occurred as
follows: Mobile (record from 1885 to 1893 inclusive) 23
times, or on an average or a little more than once a year. Mont-
gomery, (record from 1875 to 1903 inclusive), 12 times, or
an average of about once in three years.

During the passage of general storms over and to the north
of this region, destructive wind storms or tornadoes have oc-
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curred as follows: Year of greatest frequency, 1884, with 19
storms ; average yearly frequency 1.6 storms; year in past twen-
ty-three with no report of storms, none; month of greatest fre-
quency, March; day of greatest frequency, January 11th;
hours of greatest frequency, 6 to 8 p. m.; months without such
storms, July, August, September, and October; prevailing di-
rection of storm movement, southwest to northeast; region of
greatest frequency, north central portion.



CHAPTER 1I.

A. GENERAL DISCUSSION OF UNDERGROUND
WATERS.
SOURCE OF CIRCULATING WATERS.

The ocean, which covers three-fourths of the surface of the
earth is the chief source from which is derived the water which
circulates through the atmosphere, and upon and through the
lands, and the great reservoir into which most of these waters
finally return* ‘

By evaporation from its surface, moisture is taken up into
the atmosphere to be condensed and to fall as rain or snow e'ther
directly back into the ocean, or upon the land surface and from
it back into the universal reservoir by several ways more par-
ticularly to be mentioned below. In this passage, the water may
be temporarily locked up and withdrawn from circulation in the
tissues of organic beings, animal and vegetable, and in minerals,
but eventually practically all joins again the great cycle.

As has been shown in a previous chapter, the amount of this
rainfall for the state of Alabama, averages about 52 inches per
annum. s

DISPOSITION OF THE WATER FALLING UPON THE LAND
SURFACE.

The water falling upon the surface of the land is disposed of
in the following ways: (1) A part is restored directly to the
atmosphere by evaporation from the surface without previous
absorption,.(2) a part runs directly into the streams without
being first absorbed by the soil, and (3) a part soaks downward
into the ground where it is retained for a longer or shorter
period.

*Different views are held as to the origin of Underground waters,
for while it is generally conceded that the rainfall is the chief
source, some believe that the original constituent water of the igne-
ous rocks is the source of certain highly carbonated springs. Others
think that the sea water included in marine sediments at the time
of their accumulation is the source of some saline waters.
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(1) Ewvaporation before absorption.—During and immedi-
ately following precipitation in the form of rain, the atmosphere
is commonly nearly or quite saturated.with vapor, and the
evaporation which takes place before the rain is absorbed by
the ground is very small, the amount being practically negli-
gible as compared with that absorbed by the soil and later evap-
orated from its surface or through its vegetation. The evap-
oration from the streams in a region like Alabama, though con-
siderable in the aggregate, is also small as compared to that
from the general land surface after absorption, probably not
averaging more than 1 or 2, possibly 3 per cent. at the out-
side, of the whole amount evaporated. In broad general com-
putations, the entire evaporation proceeding the absorption of
the water by the soil may. be neglected without introducing any
material error.

(2) Direct runoff of Flood flow.—This portion of the rain-
fall makes its way by open channels into the streams and thence
finally back into the ocean, in its progress carving and sculp-
turing the land surface into irregularities which constitute scen-
ery, and producing the infinite variety of topography which we
everywhere see. It moves the loose rock waste down the slopes
and into the streams where, reinforced by seepage waters, it
carries the- waste, often after many interruptions, finally into
the sea, and spreads it upon the sea bottom in layers of sorted
materials, the basis of a new series of rock formations, which
may be added to the dry land by the uplifting of this sea bot-
tom. Held back temporarily in its descent by more resistant
rock ledges, it develops power which may be utilized by man;
in other parts, where unobstructed, it is available as a means
of transport; when occasion demands it may be stored up by
artificial means and used for power, for irrigation, and for
other purposes. '

Few observations have been made as to the amount of water
which thus passes from the land without being first absorbed,
but this is known to be very small when any large district is
considered. In a sandy soil only 3 or 4 per cent of the rainfall
may be thus returned: On the other hand Prof. Prestwich¥*,
for a region showing an ordinary succession of permeable

*Geology, Vol. I, p. 155. This assumption is probably consider-
ably too large.
. 3



34 GENERAL DISCUSSION OF UNDERGROUND WATERS.

strata, assumes that 1-3 of the total rainfall is removed by di-
rect runoff. In certain limited glacial areas, where the rocks
are nearly or quite free from soil, this percentage of direct run-
off may be much greater than this amount. In the Coastal
Plain region of Alabama perhaps one fourth of the soil is clayey
and would have a runoff as high as that indicated by Prof.
Prestwich, but the remaining three-fourths are sandy and
should possess a direct runoff of less than 5 per cent. It is
believed that the direct runoff in the area of the consolidated .
rocks in the northeastern portion of the state will not average
more than 15 or 20 per cent of the rainfall.

(3)" Absorption—Neglecting the small amount of evapora-
tion taking place before absorption and deducting 15 per cent
of the total rainfall to cover the direct surface runoff, we have
a total of approximately 85 per cent. of the rainfall absorbed
by the soil. :

This absorbed water plays an important part in the disinte-
gration of rocks and their conversion into soil. It takes up the
soluble matters encountered in its passage through the rocks
and soil, transporting a part of them in solution to the sea, de-
positing a part in the interstices of loose sediments cementing
them into rocks, concentrating and depositing another part in
veins or beds or other available forms in which they may be
turned to the i1se of man. It maintains and regulates the sup-
ply of moisture in the soil, without which all vegetable life
would be impossible. It saturates the soil below certain depths,
affording thus the sources of our springs and wells; and by
its slow but constant movement through the ground it feeds the
streams as they flow towards the sea.

A large amount of it is returned to the atmosphere by evapo-
ration either directly from the surface and through the tissues
of growing plants, or from the streams after the surplus of
the ground water has joined them by seepage. In Alabama the
evaporation, owing to the limited arca exposed in proportion to
the length of the drainage systems and to the humidity of the
climate, is not especially high. Determinations made in the
years 1000-1903 of the runoff of the Alabama river, showed that
27 of the 54 inches of rainfall were returned by the stream to
the sea, most of the remaining 27, or nearly 50 per cent. of
the rainfall, having been lost by evaporation.
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Over the broad area of the Mississippi basin the average
evaporation is much greater. According to Messrs. Humphre) s

and Abbott* only 25 per cent. of the total rainfall of this basin -

is discharged into the Gulf of Mexico. Nearly 75 per cent.
must, therefore, have been lost by evaporation.

Final Runoff.—One per cent. or less of the water remaining
after evaporationt may be taken up in chemical combination by
the rocks; the rest representing about 35 per cent. of the total
rainfall, joins the permanent underground water body occupy-
ing the pores of crevices within the rocks and other materials
below the water table. These materials in the course of time,
where conditions have been favorable to the absorption, have
become filled to saturation, so that at the present time practically
all of the ground water not lost through evaporation finds its
way by s seepage into the streams, constituting at least two-thirds
of what is ordinarily spoken of as the final run-off, the other
third being contributed by the surface run-off or flood flow.

It is in high degree probable, however, that the direct sur-
face run-off in Alabama covers less than 15 per cent. of the
rainfall, and that the proportion -of the final run-off contributed
by underground seepage is correspondingly greater than above
given.

AMOUNT OF WATER AVAILABLE TO ARTESIAN WELLS.

It is computed that one inch annual rainfall amounts to 17,-
378,743 gallong per square mile; 52 inches, which is the average
rainfall for the State of Alabama, being thus equivalent to 903,-
604,636 gallons to the same area. Since the area of the State,
according to the Twelfth Census, is 52,250 square miles, the
total rainfall per annum for the State amounts to 47,218,044,-
731,000 gallons.

As we have seen above, approximately 85 per cent. of this
rainfall is absorbed by the ground. This amount is equ'valent to
a daily supply of 109,950,830,195 gallons for the whole area,
or 2,104,494 gallons daily per square mile.

*Report on the Mississippi River, p. 132.

$C. R. Van Hise, Treatise on Metamorphism, Monograph, 47; U.
S. Geol. Surv., p. 156.

-
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The largest flow measured by the writer in Alabama is that
of the great well near Roberts in Escambia county, which
yields 5,000,000 gallons daily. The average daily rainfall
would supply 21,992 such flows, or nearly go,000 such as that
of the Pickens well yielding 850 gallons per minute, provided
all the water entering the ‘soil were available to wells.

If we exclude the 50 per cent. returned to the atmosphere
through evaporation of the 85 per cent. of the rainfall absorbed
by the ground, there would still remain 35 per cent. theoretical-
ly available; but as a matter of fact the clays and other of the
finer soils may contain a large amount of water and yet be-
cause of their compactness give up a little of it to wells pene-
trating them. For this reason the amount of available water
may fall far short of the maximum above given.

These rough estimates given, even with the limitations men-
tioned, will suffice to show that the rainfall is adequate to sup
ply as many artesian wells as are likely to be sunk within the
limits of the State supposing them to be evenly distributed
over the area. i

As a matter of fact, however, the wells are at present, and
probably always will be, more or less concentrated in groups
which may lead to an excessive draining on the resources of
certain districts.

It may be remarked that the water which soaks into the
ground, passes directly downward into the artesian reservoir
rather than laterally toward the stream channels, and that an
excessive drain on account of artesian wells would show itself
first of all in the general lowering of the water table, with con-
sequent diminution of the supply of water in shallow wells and
springs, and in the lessening of the run-off of the streams.

We may therefore be safe in saying that so long as the shal-
low wells and springs continue to yield, and so long as the
streams continue to flow, our artesian supply may be counted
on.

DEPTH OF PENETRATION.

The downward penetration of water under the influence of
gravity takes place through cracks and fissures or through
pores of the rocks, and its lower limit will be reached when
these openings no longer exist. The depth at which all pores
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are closed has been estimated to be about six miles. Experi-
ence, however, shows that ground waters do not actively cir-
culate to any such depth, being confined in fact largely to the
upper 2,000 feet of the crust where they occur mainly in sed-
imentary rocks. In crystalline rocks the depth to which the
water pentrates in economic amounts is usually much less,
few wells obtaining supplies at depths of more than 500 feet.

DISTRIBUTION AND MOVEMENTS OF UNDERGROUND
' WATERS.

Undergrounil water, like that which circulates in the ocean
and in the atmosphere, is in constant motion as observation
shows. Tlie chief cause of this motion is gravity. Capillary
~action and thermal changes are effective also, but in compara-
tively limited degree.

The distribution of the ground water and the direction and
other peculiarities of its movements are in so great measure
determined and controlled by the physical structure and ar-
rangement of the materials through which it circulates, and by
the surface topography, that a consideration in some: detail of
these modifying causes becomes necessary.

MopI1ricATIONS OF GROUNDWATER MOVEMENTS DUE TO
PHYSICAL STRUCTURE.

POROSITY.

All the materials, whether loose or consolidated, composing
what is commonly called the curst of the earth, are in varying
degree capable of absorbing water through the pores or open
spaces separating the particles. The degree of porosity is de-
termined by the size and shape of the particles and their close-
ness of approximation. If the particles are of somewhat uni-
form size and shape, and rounded, the porosity will vary be-
tween 25 and 45 per cent. according to the closeness of the
packing. In material composed of grains of varying size and
shape, the porosity is considerably less.

Thus the residual materials resulting from the weathering of
crystalline rocks and consisting of grains varying perhaps from
a quarter of an inch in diameter down to the finest clay, would
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absorb much less water than if the grains were of uniform
size, whether like the larger grains or the smaller. Neverthe-
less, because of the looseness of such materials the porosity
may be as high as 30 per cent. or more of the volume.

In sedimentary deposits (mechanical), the materials are
more or less completely sorted according to the weight of the
individual particles, and hence the different beds of this kind
are likely to be composed of grains of approximately uniform
size, and in the unconsolidated condition may possess a poros-
ity amounting to 20 to 50 per cent. of their volume.

The calcareous sediments formed by the precipitation of car-
bonate of lime by organic agencies may be in the form of lime-
stones or of a calcareous ooze or mud, originally as open and
porous as the mechanical sediments above considered, but more
liable to have the pores filled by secondary deposition of car-
bonate of lime, and to become compacted limestones, which
are at times the most impermeable of rocks. Under certain
conditions, however, in the form of chalk or chalky marls,
these beds may retain their porosity. In the change from lime-
stone to dolomite tHe rock becomes open-textured because of
shrinkage in volume, and the permeability of all rocks may be
increased by the formation of cracks and fissures from any
cause,

On the other hand the porosity of loose and open-textured
sediments may be diminished by pressure, and by secondary
filling of the pore spaces. So while all the rocks exposed at
the surface of the earth or lying within a few miles depth from
the surface, possess a greater or less degree of porosity, this
porosity diminishes with- the depth from the surface and is
practically nil long before the extreme depth of five or six
miles is reached, at which theoretically the existence of open
spaces becomes impossible.

Amount of water absorbed by porous rocks.—The porous
beds above referred to, in a region of adequate rainfall, below
the water table will be saturated with water to a very consid-
erable depth, and the amount of water thus absorbed is very
great, as will be apparent when we consider that over go per
cent. of the surface of the earth is occupied by such beds. In
general the compact rocks show rarely over 15 per cent. of
pore space, but one hundred feet thickness of rocks of this
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degree of porosity, when saturated with water would hold an
amount equivalent to an underground lake of water 15 feet
deep. In one hundred feet thickness of loams and clays and
chalks similarly saturated, the amount would be correspond-
ingly greater.

In the following table are given the amounts of water which
a cubic foot of some common materials will absorb.*

Comparative Avbsorptii'e Capacity of Different Materials.

- Water ab- Water ab-
Material sorbed per|Material sorbed per

cubic foot } cubic foot.

- Quarts. : Quarts.

Sand; fr AR e GO R L HIA Gyl 0 cIDolomitesa St TNt S 1 to 10
Potsdam sandstone —_.___ 260 6.5 |Chalk ¥ Sa-aess Sinai o S
Triassic sandstone_______ o lGranite CEIGK NS Sfed 2 1/100 to 14
Trenton Limestone _____ 14 to 114)

Incomplete Saturaiion ———It is generally assumed as above
stated, that below the water table and down to the limit of
meteoric circulation, the pores of all the strata are filled to
saturation with water. But recent studies of well records
and samples have shown that this is far from being true.t
“Few of the crystalline rocks, for instance, hold anything like
their full capacity of water. Many mines in both sedimentary
and crystalline rocks are dry and dusty even when far below
the water level, open and porous sandstones which contain no
water at all have been recognized in deep wells, while clays
underlying the ground water are often incoherent and pow-
dery. Estimates of the ground-water in the earth have varied
many hundred per cent. because of the different initial assump-
tions made in the computations.”

Lost Water—This phenomenon also is referred to in the
article above quoted. “Many of the iower sandstones of south-
western Pennsylvania and elsewhere, although open and po-
rous, are found by the drill to be destitute of water. That they
are beyond the ordinary limit of meteoric circulation will be
“admitted, but as marine formations, they must have been sat-
urated at the time of their deposition, and as they have never

*M. L. Fuller Water Supply Paper No. 114, U. S. Geol. Surv., p. 23.
tM. Lz Fuller, Economic Geology, Vol. I, page 565.
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down to the present time been above sea or drainage level
the water should, in the absence of any known means of escape
still be present. This, as has been indicated, is not the case.
The problem of what has become of this water is one of the
more fascinating ones left for future solution.”

PERMEABILITY.

Marked diiferences exist in the rate of movement of water
through permeable rocks. Falling upon sand water is quickly
absorbed and transmitted through the relatively large pores to
the permanent groundwater below, and a small proportion only
is lost by evaporation or direct surface runoff. In the case of
clays the water penetrates the capillary pores very slowly.
The pores in the upper layers soon become filled and much
water is lost by direct runoff and by evaporation because of
the slowness with which it penetrates the underlying layers.
Thus, while clay possesses high. absorptive capacity it holds
water with wonderful tenacity, and offers the greatest resist-
ance to any movements through its pores.

For these reasons clays are classed with the impervious ma-
terials, and in most of the artesian systems of Alabama, serve
as the water-tight confining beds to the water-bearing sand-
stones and other open-textured rocks. Of course, with suf-
ficient time the water taken up by the clay will be transmitted,
but this movement is so slow that for our present purposes it
" may be ignored.

Other fine grained materials exhibit sumlar qualities and
Professor Prestwich* has shown that some chalks, with the
same absorptive capacity as certain sandstones, transmit water
600 times slower.

Cause and rate of movement of underground waters.—
Gravity is the chief cause of the movements of underground
waters as it is for the movements of water in the surface
streams. In both cases the flow is from a higher to a lower
level. The rate of movement, according to Schlichter,t de-

*Geology, Chemical, Physical,' and Stratigraphie, Vol. I,'page 159.

iThe Motions of Underground Waters; Water Supply Paper No.
67, U. S. Geological Survey, p. 17.
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pends (1) on the size of the pores, (2) on the degree of po-
rosity, (3) on the pressure, and (4) on the temperature.

Ve'ocity.—According to this author the welocity of the
groundwater flow is the rate (measured as so many feet a day,
or a year, etc.,,) at which the water advances through the
porous medium, irrespective of the amount of water thus ad-
vancing. For materials of various grades the following re-
sults have been obtained:

Velocity of Groundwater through Materials of different Grades,
having a Pressure Gradient or Slope of 10 Feet

to the Mile.

Material. Miles per year. Ft. per year.
Fine  sapdyEeccas 0.2 mm. diameter 0.010 52.8
Medium sand ___0.4 mm. diameter 0.041 216.0
Coarse sand ____0.8 mm. diameter 0.16 845.0
Fine gravel _____ 2 mm. diameter 1.02 5,386.0

The velocity for any other gradient can easily be calculated
from the above. Thus, for a gradient of 100 feet to the mile,
the velocity will be ten times that given in the table.

Flow or Discharge—The amount of water (measured in
cubic feet per minute) passing through a given cross section,
is called the flow or discharge, and for the same materials and
same degree of porosity and same gradient as in the preceding
table, this flow is shown in the following table:

Flow of Groundwater tn Materials of different Grades, through
a Bed of Vertical Cross section 200 by 1000 Feet,
sloping 10 Feet to the Mile.

Cubic ft. per minute.

Fine sand __ 5.5
Medium sand —__________ 22.0
Coarse sand _ 87.0
Fine gravel 546.0

When the results of experiments on loose unconsolidated
malterials are compared with the actually measured rate of
flow through the rocks for long distances, great discrepancies
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appear; for it is found that the flow through rocks is many
tunes more rapid than the calculated and observed movements
through porous sands. Concerning this Professor King* says:
“It appears clear therefore, . ... .. that the movements of
water across long distances must take place in considerable
measure through passage ways larger than those which de-
pend upon the pore space fixed by the diameters of the grains
which constitute the beds themselves.”

“['here is no doubt but that the rate of flow of water through
the superficial layers of rocks is increased by the existence of
cracks and fissures due to the contraction and expansion from
changes of temperature, to frost, crustal movements, etc., but it
must he borne in mind on the other hand that at considerable
depths below the surface these cracks and fissures are likely to
be closed by the creep of the rock, and by the deposition of
miineral matters from the circulating waters, so that after all
we may conceive of the transmission of water through the
rocks, and especially through deep seated rocks, as being main-
ly through the pores of the rocks themselves.

We have heretofore taken no account of another factor
which is bound to affect the rate of flow, viz., hydrostatic pres-
sure. On this point Prof. W, H. Nortont says, “rocks which
transmit but feebly at the surface yield water at far greater
ratios under strong pressure of artesian head. Since one pound
of pressure to the square inch is required to support each 2.31
feet of water, in a flowing artesian well 1,155 feet deep in
which the water rises to the surface from the bottom of the
well, the water must exert at the base of the boring a pressure
of 500 pounds to the square inch. The effect of such pressures
...... must be to augment greatly the horizontal transmis-
sion of water. The effect of even a moderate increase of pres-
sure is seen in mechanical filters, and the rapid rise in perco-
lation accompanying the use of such pressure is set forth in
certain experiments made by Isaac Roberts.! The stone
through whose pores the water was forced is stated to have
been to 10 1-2 inches thick, and of “average coarseness.”

*Nineteenth Annual, U. S. Geol. Survey, Part II, page 249.

tArtesian wells of Iowa, Iowa Geological Survey, Vol. VI, page
165.
iDe Rance, Water Supply of England Wales, p. 19.
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Relation of Percolation to Pressure.

Pressures. Percolation.
10 pounds to square inch 4 14 Imperial gallons.
20 pounds to square inch 7 15 Imperial gallons.

46 pounds to square inch 19 Imperial gallons.

The temperature of the water is also an important factor in
determining. the rate of flow, the movement being noticeably
greater for high temperatures than for low ones, as shown in
the following table P

Relative Flow of Water at various Temperatures through Soil.
(Standard Temperature is 50 Degrees F.)

Relative ~ Relative Relative
Temperature flow. Temperature flow. Temperature flow.
Degrees F. Degrees F. Degrees ¥.
32 0.74 55 1.08 80 o)
35 0.78 60 1.16 85 1.62
40 0.85 65 1.25 90 1.70
45 <0.92 70 1.34 95 1.80
50 1.00 5 1.42 100 1.90

MobIricaATIONS OF GROUNDWATER MOVEMENT DUE TO
TOPOGRAPHY.

The running streams found in the caverns and subterra-
nean channels of limestone formations, and in less degree in
the cracks and fissures of other rocks, while sometimes of large
size and of local importance, form but an insignificant part of
that great body of water circulating through sands, and other
porous strata, with which we are here chiefly concerned and
which is here termed “ground water.”

GROUNDWATER DIVISIONS.
In the discussion of underground waters three divisions have

been recognized: (1) 'The unsaturated zone, (2) The sur-
face zones of flow, and (3) The deep zones of flow.

*Schlichter Water Supply Paper, No. 67 U. S. Geol. Survey, p. 24.
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The unsaturated zone extends from the surface of the
ground down to the upper surface of the groundwater body—
“the water-table.” In this zone the saturation of the strata is
prevented partly by the downward percolation of the water
into the permanently saturated layers and partly by its being
brought back to the surface by capillarity and the roots of
plants and there evaporated.

The surface zone of flow extends from the level of the water
table down to the first impervious stratum of considerable
extent. The deeper zones of flow are those which lie below the
first impervious stratum, and of these there may be several
in the same region.

In the discussion of artesian systems we shall be chiefly con-
cerned with the deeper zones of flow, while most of the other
problems of the water supply pertain to the surface zone.

SURFACE ZONE oF Frow.

FORM OF THE GROUNDWATER TABLE.

The upper surface of the groundwater body, or the water
table, shows a general agreement with the surface configu -
tion of the land. Where the surface is horizontal over any
broad area the water table likewise tends to be horizontal, its
distance helow the top of the ground depending partly on the
raintall and partly upon the depth from which moisture can be
raised to the surface and evaporated. Where the land is
sloping the water table slopes in a similar direction but us:aliy
at a less angle. Again where the surface is hilly there are
corresponding ‘but less marked undulations in the water table,
the latter being practically at the level of the streams in the val-
leys, while nnler the crests of the hills it is considerabiy be-
low the surface, the distance depending upon the amount of
rainfall and the angle of slope towards the valler. . i liese re-
lations are very well shown in the accompanying diagram taken
from Schlichter.
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Fig. 3. Ideal section across a river valley,; showing the positiofx of
the groundwater and the undulations of the water table with
reference to the surface of the ground and bed rock.

I

Ordinarily the surface of the water table is above the level
of the streams, and it will easily be seen how streams are con-
stantly fed by seepage from the higher lands on each side, and
how valleys not occupied by streams may be kept wet by the
slow rise of water from below as it is forced up by hydrostatic
pressure. 'This will be illustrated by the subjoined figure.*

Fig. 4. Diagramatic section illustrating seepage and the growth
of streams. Lines with arrows are lines of flow.

This figure will also show that the very general belief that
underground waters are fed from rivers and lakes, is true
only in very exceptional cases and under peculiar circumstan-
ces, for the hydrostatic pressure forcing the water from the
highlands into the stream will in most cases exceed the pres-
sure in the opposite direction.

Where, however, shallow soil is spread out over limestones
cut by fissures and cracks, it may happen that the groundwater
level cannot be maintained above the ordinary level of some
of the surface streams. Similar conditions may exist in certain
porous sandstones or other fissured rocks which are deeply
underdrained. Again, in the arid region streams flowing out
upon dry plains over channels of coarse materials, are often

*Schlichter Movements of Underground Water. Water Supply
Paper No. 67, U. S. Geological Survey, p. 13. :
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rapidly absorbed, the water joining the so-called ‘underflow’
which may emerge further down the valley.

Usually this underflow is not important, yet where the river
slope (downstream) is great and the material deposited in the
river channel is coarse, or where the fine silt of the channel
covers deeper deposits of coarser material, rendering seepage
into the charnel difficult and underground passage downstream
easy, the underflow may be relatively large, but the velocity
of the underflow is always, according to Schlichter, very small
and the total amount is commonly greatly exaggerated.

The depth of the water table, as we have seen, is greatly
influenced by topography, but in regions of abundant rain-
fall and comparatively little evaporation, as in the eastern
United States, the permanent groundwater level is seldom very
far below the surface even in the uplands. In most parts of
the Alabama highlands wells do not require to be more than
100 feet deep, and water is usually obtained at a much less
depth. In lands of medium elevation the usual depth of wells
is from 30 to 40 feet. In the valleys and low grounds water
is often obtained very near the surface, and usually at depths
of from 10 to 15 feet. It is only in the arid regions of the
country that the groundwater level is many hundred feet below
the surface.

MODIFICATIONS OF GROUNDWATER MOVEMENT DUE TO
STRATIFICATION.,

DeEp ZoNES OF FLow.

The materials of sedimentary formations are more or less
perfectly sorted according to size. and the strata of different
kinds constituting a cycle of deposition, normally succeed each
other in a definite order, which is, pebbles and coarse sands be-
low, followed in ascending order by finer sands, and these in
turn by clays. To these inorganic matters must be added, as
the last term of the series, the organic sediments, ‘chalk and
limestone. ;

Of the sediments above named the sandstones or sands
usually constitute the porous, permeable beds, and the shales
or clays, the impervious ones. The limestones in general may
be classed as impervious, but some of the chalks, and especially
those limestones, which are made up of loosely cemented frag-
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ments of shells and those which by exposure to weathering
in the unsaturated zone, have become fissured and traversed
by caverns and other open passage ways, may be in very high
degree permeable, and thus water-bearers. Of this nature are
the loose textured, shelly limestones of the Claiborne formation
which constitute the water-bearing stratum of so many arte-
sian wells in Georgia, Alabama, and Mississippi. In still
another way limestone may become open-textured, viz., in its
alteration into dolomite, with attendant diminution in volume,
and development of cracks and interstices.

In any considerable thickness of stratified deposits represent-
ing a number of cycles of deposition as above outlined, there
will almost certainly be found beds of porous materials well
fitted for quickly absorbing water and for transmitting it by
percolation, enclosed between beds which are relatively im-
pervious. And since these beds are nearly always inclined at
some angle to the horizon they furnish the conditions for
storing, and maintaining a circulation of water far below the
zone of surface flow in one or more systems or zones of deeper
flow as defined above.

The distinguishing features of the deeper zones of flow have
been so clearly presented by Prof. Schlichter in the work so
often referred to above, that we can not do better than quote
his words.

“The pervious and water-bearing sandstones and limestones be-
neath the surface zone of flow constitute what we have called the
deeper zones of flow. There may be several of these deeper zones
or they may be absent allogether. When present, they may be dis-
tinguished from the surface zone of flow by the following character-
istics: ‘

(1) The surface zone of flow has a free, unconfined upper boun-
dary (the water table) and an impervious lower boundary. The
deep zone of flow has an impervious upper boundary as well as an
impervious lower boundary.

(2) The unit of the upper zone of flow is the drainage area or
river valley. The unit of the deep zone of flow is regicmal and
geologic and not dependent upon surface contours. However, it
must not be forgotten that the deeper geologic structure is fre-
quently the principal determining factor controlling the surface
drainage, so that the deep zcmes of flow do not commonly run
counter to the direction of the surface flow.

(3) The surface zone of flow is dependent upon the local rain-
fall of the immediate region. The deeper zones of flow receive their
waters from distant areas.
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(4) The surface zone of flow is in part above the level of surface
drainage channels, while the deeper zones are entirely below the lo-
cal drainage level.

(5) There is commonly a difference in the chemical composition
of the waters from the two zones. It is difficult in our present state
of knowledge to make valuable generalizations. The waters of
the surface zonme are usually less mineralized than those of deep
strata, but in arid regions this general rule is frequently reversed.
The carbonates are the predominant salts of the surface waters.
The deeper waters are usually characterized by rather high amounts
of dissolved chlorides. Waters of the surface zone contain - dis-
solved oxygen gas, which is almost entirely absent from the deep
waters.”*

RECOVERY OF UNDERGROUND WATERS.

Water is returned to the surface mainly by two general
ways: (1) By springs, and (2) by wells.

‘WATERS NEAR THE SURFACE.

Springs.—It has already been pointed out how in a region of
uneven surface the rain-fall soaking into the ground will raise
the level of the groundwater in the uplands until the head is
sufficient to cause lateral movement towards the low ground,
where it will rejoin the surface water by general seepage or
seepage springs along the sides of the valleys, or pass into lakes
and running streams and even into the sea if the distance is
not too great. Where the emergence of the water is concen-
trated in a small area we have what is known as a spring.
Such springs most commonly emerge just above an impervious
bed. (Fig. 5)T or from between two impervious beds. (Fig.

)T

Fig. 5. Hillside spring from unconfined water bed without head.

*The Motions of Underground Weaters, page 53.

M. L. Fuller. Water Supply Paper, No. 145. U. S. Geol. Survey:
page 47.
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Fig. 6. Hillside spring from confined water bed under more or
less head.

In limestone regions they generally emerge from solution
passages in a mass of uniform rock. These are often. of con-
siderable size, and are commonly known in Alabama as “big”
or “limestone” springs. Omne of the best known springs of
this character in the State is that at Huntsville, (See Plate II).
The water emerging from *he subcarboniferous limestone at
this point forms a stream of considerable size. The Knox
Dolomite, another extensive calcareous formation in Alabama,
affords hundreds of similar big springs. In the Coastal Plain
region, especially in Barbour and Henry Counties, the Clayton
and Nanafalia limestones, and further south the St. Stephens
limestone of the Tertiary, are also characterized by similar
springs.

Open wells—To supplement these natural modes of recovery
of underground waters, recourse has been had from the ear-
liest times to artificial contrivances, the most important and
most commonly used of these being the ordinary open well.

An excavation is made in water-bearing sands to some depth
" below the water table. A lowering of the water table around
the well at once follows by reason of the converging flow of the
underground waters into the well. If the water is not drawn
from the well the level of the water table will be restored after
a time and stand at the same height in and near the well as
father away. If the water be removed in any considerable
quantity, the level of the water in the well will remain below
that of the general water surface outside, the depression de-
pending on the quantity of the water removed.

Driven wells.—'The driven well is merely a modification of
the open well, made by driving a pipe with open end, or better
4 .
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with closed point at the end and with perforations -above it
to admit the water.

From the open well the water is raised by bucket, or pump,
or other mechanical means. For a driven well the pump is
mostly used. ‘

In all parts of Alabama, except in some of the limestone re-
gions and the Post Oak Flatwoods, (and even in these in
places), water may always be obtained by sinking wells to
depths varying from a few feet to one hundred or more, gen-
erally less than fifty feet. In residual accumulations, (i. e.
those resulting from the decomposition of the rocks ), such as
are common in the area of the crystalline rocks, and in
the Cogl Measures, and in some limestone regions where these
surface matters are more or less clayey and localized in ex-
tent, the supply is likely to be uncertain, and the wells to go
dry or to diminish greatly in summer. But where the surface
materials are of such wide distribution and of such favorable
composition as are afforded by the Lafayette beds that have
been spread so generally over the whole Coastal Plain Region
of Alabama, the supply seems to be never-failing under pres-
ent climatal conditions.

It is not an uncommon circumstance in some parts of the
Coastal Plain Region, that of two closely contiguous wells the
water of the one may be good while that of the other may be
unfit for use by reason of excess of organic matter and iron
salts. The one penetrates into a buried slough or other de-
posit of organic matters, while the other does not. This is
shown by the accompanying figure taken from Water Supply
Paper No. 145, U. S. G. S. page 112.

Fig. 7. Diagram showing buried sloughs. Wells at a and b would
furnish water containing iron and organic matter. The well
at ¢ would furnish comparatively pure water.

(After Purdue.)

Inasmuch as the lowering of the groundwater level in the
uplands by drainage into the lowlands, goes on very slowly,
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the time of low water in the wells rarely coincides with the
season of dry weather.

The hillside springs are subject to like conditions or limita-
tions, they go dry in many places in the Coal Measures and
region of the Crystalline rocks, while they are never-failing
in parts of the Coastal Plain where the materials of the Lafay-
ette form the surface. -

DEEP-SEATED WATERS.

It has been shown above how alternations of the permeable
and impervious strata of the sedimentary formations afford the
conditions for deep seated flow of underground waters. From
these deeper zones of flow as from the surface zone, the water
may also be recovered through the agency of gravity supple-
mented by natural or artificial return ways.

Deep Springs (Fissure springs.)—The groundwater in gent-
ly dipping porous beds enclosed between impervious ones,
may in the course of its downward percolation to considerable
depths, meet with joints or fissures in the impervious overlying
bed and thus escape to the surface, sometimes at considerable
distance from the place at which it entered the ground, as is
shown in the accompanying figure.

Figure 8. Fissure spring.

The waters of springs of this kind having been long in con-
tact with the strata are likely to be highly charged with min-
eral matters that have been taken into solution on the way.
Deep springs are usually distinguished from surface springs
by a greater constancy of flow, by relative uniformity of sum-
mer and winter tenperatures, and by freedom from contami-
nation.

Artesian wells—In this paper the term “artesian” is used
for any well sunk into a deep zone of flow where the water is
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found under hydrostatic pressure, so that it will rise in a weil
above the impervious confining strata. As thus defined arte-
sian wells may be divided into flowing and non-flowing. This,
however, is a non-essential distinction, since of two wells sunk
into the same water-bearing stratum one may flow while the
other on somewhat higher ground may not. From such wells
the deép seated waters are recovered either by natural flow
or by pumping at the surface.

B. ARTESIAN WELLS.

Artesian wells are governed by certain laws and present cer-
tain definite featutes, a discussion of which will be found in
the following paragraphs.

ESSENTIAL CONDITIONS.

In his treatise entitled, The Requisite and Qualifving Con-
ditions of Artesian Wells, *Prof. Chamberlin enumerates the
following seven prerequisites:

1. A pervious stratum to permitl the entrance and the pas-
sage of the water.

II. A water tight bed below to prevent the escape of the water
downward.

IT1. A like impervious bed above to prevent escape upward, for
the water, being under pressure from the fountain head,
would otherwise find relief in that direction.

IV. An inclination of these beds, so that the edge at which thz

waters enter will be higher than the surface at the well.

V. A suitable exposure of the edge of the porous stratum, so
that it may take in a sufficient supply of water.

VI. An adequate rainfall to furnish this supply.

VII. An absence of any escape for the water at a lower level
than the surface at the well.

These have commonly been accepted as essential to arte-
sian flows, but recent investigationst indicate that artesian
flows may take place where the first four of these conditions;

*Fifth Annual Report. U. S. Geol. Survey, 1885, pp. 131-173.

M. L. Fuller. Artesian Flows from Unconfined Sandy Strata;
Engineering News, Vol. 52, pp. 329-330. .
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supposedly indispensable, are absent. The following figure
representing a typical East and West section across the bays
on the north shore of Long Island, illustrates one such case,
where, notwithstanding the permeability of the sands, wells
penetrating below the water table at the base of the bluffs
obtain flowing water.

Fig. 9. Section showing conditions furnishing flows from un-
confined sandy strata. (After Fuller.)

Slight difference in the degree of porosity of the sands may
account for the phenomena, or the horizontal arrangement of
the grains, even in uniform sand, may so oppose the passage
of the water that it will pass upward through the well with
gréater ease than through the sand of the nature described, and
a flow will result. i

In the region of the metamorphic and igneous rocks also,
artesian wells are obtained where some of these “essentials”
appear to be wanting.

In fact, adequate rainfall, suitable outcrop of the porous bed,
and ahsence of leakage being assumed, it is probable that the
one essential pre-requisite of an artesian flow is a sufficient
difference in the level of the water table in closely adjacent
regions.

In the great majority of cases, however, with which we in
Alabama are concerned, the conditions governing the artesian
problems are practically those discussed by Prof. Chamberlin,
and a statement of some of the most important of these condi-
tions will help to a proper undertaking of much that follows.

Artesian system.—A series consisting of a porous or per-
meable bed enclosed between two impervious ones, all having
a moderate dip or incline somewhat greater than the general
slope of the surface, constitutes an artesian system. Water
falling as rain upon the outcropping edge of the permeable bed
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will be absorbed by it, and by the force of gravity will perco-
late through it in the only direction possible, i. e. down the
dip, general diffusion being prevented by the under-and over-
lying impervious beds. Carried thus between impervious
sheets to a lower level than the outcrop, the water will accu-
mulate under hydrostatic pressure, and if the overlying retain-
ing bed be pierced by an opening, natural or artificial, the
water will ascend, approximately to the level of its head, which
is the outcrop of the permeable bed.

The ideal arrangement of the strata, rarely realized in nature,
is that in which the basin shape is approximated. In this case
the water falling upon the outcropping edges of the porous
beds, gradually sinks from every side toward the center of the
basin. This case is illustrated by Fig. 10 below.

Fig. 10. Ideal Artesian Basin.

A far more common arrangement and one prevalent in the
Alabama Coastal Plain is that where the strata all dip in one
direction and the general slope of the land surface is in the
same direction but at a less rapid rate. In such a system the
character of the well, whether flowing or not, will depend upor
the local inequalities of the surface.

These conditions are illustrated in the following figure.

Fig. 11. Diagrammatic representation of a single ar-
tesian system, showing the influence of relative altitude in de-
termining whether or not the well will flow. A is the porous
water-bearing bed enclosed between impermeable ones.

The well at a will flow, that at b on higher ground
will not.
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If the general slope of the land surface were in the opposite
direction from the dip of the strata, a flowing artesian well
would be an impossibility except under peculiar local condi-
tions. ' ;

The diagram below, Fig. 12, for which we are indebted to
Mr. M. L. Fuller* illustrates a case which has come under his
observation, where the water flows at a higher level than the
outcrop of the water-bearing bed of the region, being fed,
however, in part through a joint or fault from a higher lying
source.

Fig. 12. Underground conditions in Thompsonville well. (Conn,)

A very gentle dip of the strata is most favorable, for if the
dip be great not only will the outcrop of the porous bed be
narrow and its intake capacity thus reduced, but the water will
very quickly be conducted to depths which it would be imprac-
ticable to reach by borings. A dip of one per cent. will carrv
a stratum down 52.8 feet in a mile; a dip of ten per cent, will
carry it down 528 feet in a mile; while a dip of 45 degrees will
carry the bed down one mile in a mile. These relations and
the rapid narrowing of the area of outcrop with increase of
the angle of the dip will be made clear by the accompanying
diagram in which A, B and C, represent the relative widths
of the outcrop of three strata of equal thickness but of differ-
ent inclinations; A at g5 degrees,-B at 10 degrees, and C at 25
degrees from the horizon.

Fig. 13. Illustrating the influence of the dip of the strata on the
width of the outcrop.

*Water Supply Paper'No. 110, U. S. Geol. Survey, p. 102.
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The following figures will further illustrate these points:

A bed of 1000 feet thickness inclined at different angles
will have a surface outcrop varying as shown in the table be-
low. '

Angle of Dip. Width of outcrop
45 degrees L 1414 feet.
20 degrees 2924 feet.
10 degrees 5780 feet.

5 degrees '’ 11495 feet.
30 minutes 114547 feet.
26 minutes (40 feet to the mile) 132275 feet.
1915 minutes (30 feet to the mile) 176367 feet.
16% minutes (25 feet to the mile) 208333 feet.

What has been said above refers tc a single artesian system,
but as a matter of fact the supply of a well may come from
more than one such system, and the motion of the water is in
consequence far more complicated than above indicated. On
this point Mr. King* writes as follows:

“It would appear that all fissures of all rocks must participate in
the horizontal movements of ground water to a considerable extent
if they lie below the plane of saturation and are in any way con-
nected with a water-bearing stratum. Where two sandstone (pc-
rous) horizons are separated by rock formations possessing jointed
structure developed in a marked degree it may be that these joints
and fissures participate in no inconsiderable extent in the horizontal
transmission of the water.”

“It ‘'may also be true that such beds separating two sandstone
formations will serve to make the water in Loth beds available to
wells which penetrate only the upper horizon, the water reaching
the well not directly but by rising in a general way at many places
or along numerous lines and networks of fissures and over wide
areas, in such a manner as te keep the upper sandstone more nearly
filled with water and thus maintain the pressure in the rcck about
the well at a materially higher point than would otherwise exist,
especially in such cases as the wells of the city water works where
continuous pumping is maintained.”

“It may even be true that water from an upper horizon of sand-
stone may, in certain regions, pass through a general system of
fissures into one of lower level, and vice versa, during the herizontal
transmission, the water taking in all cases the line of least resistance
so that if in the upper horizon of sandstone in a particular region
the texture is closer than that in the lower, the general flow could
well divide and become in one section stronger than normal, first in
the lower horizon and then in the upper horizon, according as the
textures of the two rocks vary in coarseness.”

“It would appear that the more rational view to take of the move-
ment of underground water is that it is one more or less continuous

*Nineteenth Annual Report, U. S. G. S. Part 1I, page 249.
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body receiving accessions at many high levels and discharging its
water at many lower levels, but that the water in reaching its lower
levels may not all of the way follow continuously one particular
geological horizon.’

“It is of course true that the maximum flow must be concentrated
in the sandstone horizons, but it seems also necessary to suppose
that even here there may be joints, fissures, or cther waterways
which materially assist in the transmission of the water.”

“In the case of wells sunk in rock the flow of water into them may
be very much more rapid than that of the general flow of the water
through the formation intc which the well is sunk, because when
the water is taken out, either by pumping or by natural discharge,
a lccal effective head is developed, much greater than the general
effective head, and as the water approaches the well from all sides, a
relatively very slow flow, even a few feet back from the well, will de-
liver a large amount of water to the well,"and if the material is
coarse and the bore of the well small the amount delivered may even
tax the capacity of the well to deliver the water which is brought to
itz

MODIFYING CONDITIONS.

In a single artesian system of the Alabama Coastal Plain,
of limited extent and fairly uniform in the composition and
structure of its strata, the conditions will be about as repre-
sented in the diagram given above, Fig. 11.

In the very nature of things, however, these sediments will
not be in continuous and unbroken sheets under the whole
expanse of the Coastal Plain. They will be intersected by
streams and will vary in the character of the materials and
their thickness and order of succession from place to place,
so that wells, which from their position should have nearly iden-
tical logs or records, do often show very great differences.
Some of the complications thus brought about may be briefly
noted.

Effects of erosion.—If the water-bearing stratum be inter-
sected by a ravine or stream valley at right angles to its dip,
the effect on wells on the two sides of the ravine may be very
different as the following diagram will show.
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Fig. 14.—Section showing the effect of erosion. A is the porous
water-bearing bed between two impervious ones. The well a will
flow provided the distance from the ravine be considerable and the
leakage from the water-bearing bed into the ravine not too great, but
the well b will probably not flow because of this leakage into the ad-
pjacent ravine.

The well at ¢ might not yield water if the exposure cf the water-
bearing bed was limited to the side of the ravine and therefore of
small area, but if the.bed outcrops over considerable area of the
valley floor as shown in the figure, a flow would probably be cbtained.

Variations in the Water-bearing stratum.—In two principal
ways the water-bearing stratum may change so as materially
to affect the artesian prospects. It may thin down in the di-
rection of the dip until the confining impervious beds come to-
gether. Above this point a well may be successful, below it not.
Again, the porous bed may become gradually finer and finer in
texture, or it may be gradually replaced by silt or clay, and thus
the transmission of the water may be clogged or prevented.

Conditions like these are common enough in the Coastal
Plain region and from the very nature of the mode of accu-
mulation of off-shore sediments, are normal, for the coarser
materials deposited near the shore are succéeded by finer tex-
tured sands and by silts and clays as the distance from the shore
increases. The two figures below will illustrate these coudi-
tions.

Fig. 15. Section illustrating the thinning out of a porous water-
bearing bed, A, enclosed between impervious beds B and C thus
furnishing the necessary conditions for an artesian fountain at
D, but to the left of D the conditions for such fountain would be
absent. (After Chamberlin.)
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Fig. 16. Section illustrating the transition of a porous water-
bearing bed A, into a close textured impervious one. Being en-
closed between two impervious beds B and C, it furnishes the con-
ditions for an artesian fountain at D, but not for o¢ne to the right
of D where the porous bed is replaced by an impervious one. (Af-
ter Chamberlin.)

Variations in the confining impervious beds.—These beds
may vary in texture from place to place, or they may be cracked
and fissured in such a way as ta permit leakage sufficient to
modify very materially the artesian conditions. Defects in
the confining bed below may allow leakage into a lower po-
rous bed which outcrops at a lower level, thus reducing the
effective head of the upper water-bearer. The character of the
confining bed above is even more important than that of the
underlying one, for the water being under pressure will be
forced through it unless it be comparatively water-tight or
else very thick, and thus the amount of water available to the
well will be diminished possibly to the extent of preventing a
flow altogether.

The efficiency of the cover increases with its thickness as
may be easily understood, and a relatively porous cover may
under certain circumstances not only serve as a confining bed
but may even increase the yield of water. This will be the case
when the surface of the country between the fountain head
and the well is high so that the general level of the water ta-
ble is above the outcrop of the porous water-bearing bed.

The downward pressure of this groundwater will not only
prevent the upward éscape of the artesian water but may even
add to its volume.

On the other hand, if the country between fountain head
and well is low and the cover on that account comparatively
thin, there will be some leakageé unless this cover is exception-
ally impervious.

In this way the occurrence of a river valley between the foun-
tain head and the well may seriously lessen the probabilities of
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sticcess of a well, even when the artesian system lies well below
the floor of the valley and the cover is not cut by the bed of the
stream.

Other modifying conditions.—In a region like the Coastal
Plain of Alabama, which includes a number of artesian sys-
tems, other complications arise from irregularities in the ex-
tent and in the order and distribution of the various strata.
The following figures, taken or adapted from Darton,* are in-
troduced to illustrate a few of the cases commonly encountered.

Fig. 17 Illustrates the case where an impervious bed overlaps
completely the intake area of the porous bed, thus greatly dimin-
ishing or cutting off its water supply. This porous bed may be, at
other points along its outerop, bared of this impervious overlap and
thus be water-bearing. .

¥
Fig 18 Represents the occurrence of a gravel bed completely
enclosed in clays so that no water can accumulate in it, and a well
at A although finding favorable materials for water wculd obtain
none. .

Fig 19 Shows the case where gravelly bedy of ancient streams
or the beaches of ancient lakes have become buried under the later
accumulations of impervious materials and rest on the same. Two
of these lines of gravel, which may be narrow and sinuous but which
may extend for miles, are here shown in cross section.. Unlike the
case represented in the preceding figure, the gravels are not com-
pletely enclosed in clays, but in other parts of their courses are
bared of the impervious cover and have thus become water-bearing.
Wells at AA which go down into the ancient channels would be suc-
cessful, while those at B and B wholly in the impervious material
would not.

*Bulletin No. 138. U. S. Geological Survey.
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In Fig. 20 the conditions would appear to be favorable for water
at A in the gravels between the upper clay beds, but the water does
not accumulate, for it is free to flow over the edge of the clay intc
lower gravels, where it would be found in a deep well, as at B.

ARRANGEMENT OF THE STRATA.IN THE ALABAMA
COASTAL PLAIN.

The most favorable disposition of the strata actually exist-
ing in Alabama, as has been said above, is found in the Coastal
Plain region, which is underlain by the sediments of the Cre-
taceous and Tertiary formations, consisting of beds of sand,
clay, and limestone, and others of intermediate character in
many alternations. These lie in great sheets thinning out land-
ward and increasing in thickness toward the Gulf, thus making
a great flat wedge resting on the Gulfward slopmg floor of the
older rocks.*

The ground surface in the Coastal Plain sinks from an alti-
tude of about 600 feet near the landward margin to the level
of the sea in the two coast counties though there are places in
Baldwin County where the land has an altitude of fifty feet
or more on the very border of Perdido Bay, and hlgh land,
100 feet and more in altitude, exists in both Mobile and Bald-
win a few miles from the Gulf.

The strata themselves have also a general dip or incline to-
ward the Gulf, but at a more rapid rate than that of the land
surface, this dip being from 25 to 40 feet to the mile, and aver-
aging perhaps 30 feet. The conditions are thus afforded for

*Very few of the artesian borings in Alabama have gone down
to this floor, except in the immediate vicinity of the surface out-
crops of the older formations. The borings at Tuskegee have pene-
trated the granitic rocks underlying that section; and at Tuscaloosa,
borings within a distance of one or two miles south of the last
appearance of the rocks of the Coal Measures in the bed of the river
at the bridge, have reached these rocks and penetrated them to con-
siderable depths; but beyond that distance none has gone throuch
the strata of the Cretaceous which here overlie the Ccal Measures.
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62 ARTESIAN WELLS.

many artesian systems. The low relief of the country makes
impossible, however, the great hydrostatic pressure observed
in the mountainous regions.

All this may be made clear by the accompanying diagram,
taken with slight modification from Darton’s Report on Arte-
sian Well Prospects in the Atlantic Coastal Plain,* to which
paper I am indebted for many valuable suggestions.
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Fig. 21. Section from north to south across the Alabama Coastal
Plain illustrating its artesian conditions.
]
DECLINE OR FAILURE OF ARTESIAN WELLS.

The causes of decline in the flow of artesian wells and their

detection, have been fully discussed in the article of Prof.

Chamberlin, which those interested in the subject should con-

sult. In this report we can make only brief mention of some
of the most obvious of these. ;

Increase of leakage is responsible for most of this trouble,
and is likely to occur when the well is not piped its whole
depth and especially when the boring is through limestone, the
capillary passages and cracks in which may be gradually en-
larged by solution, thus allowing the water to escape.

Iron rusts quickly, especially if there are corrosive ingredi-
ents in the water, and the piping thus rendered defective may
cause much loss from leakage.

Closure of the bore—Soft and plastic beds like those of
clay and shale, and loose ones like those of sand where the pres-
sure is great, may yield and tend to close the bore. Or the wa-
ter-bearing rock in the immediate vicinity of the well may be-
come clogged by the deposition of fine silt in its pores, or by
some form of organic life, or by a deposit of iron.

Deciine from exhaystion.—If there is but a limited accumu-
lation of water in the distant elevated edge of the porous bed

*Bulletin No. 138, U. S. Geol. Survey, p. 18.
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and it is not promptly renewed from the surface, the well may
gradually draw it off. A decreasing flow from this cause will
fluctuate with the rainfall and will renew itself with returning
wet seasons. But too heavy drafts on the capacity of the water-
bearing stratum by increase in the number of wells will be sure
to cause a gradual failure of the artesian basin, for while the
water supply is constantly renewed it may easily happen that
the drains upon the basin may be greater than the supply. Of
all causes of decline this is probably the most common. The ob-
vious remedy would be the attaching of spigots or the reduc-
tion of the outlets, by which too great waste would be pre-
vented.

CHARACTER OF THE WATER.

\
Temperature—~—It is a fact derived from observation that
below the depth at which the daily and yearly fluctuations of
temperature are felt, the temperature of the earth increases
with the depth at a rate which varies with the different mate-
rials encountered, but which may be put at an average of one
degree of Fahrenheit for every fifty feet of descent. In our
latitude the depth of the level of invariable temperature as it
has been called, is roughly speaking about 100 feet. Below
this, the increase of heat with the descent should be felt.
Waters coming from great depths would thus be expected tc
have a higher temperature than those which have a more su-
perficial origin, and many tests of temperature have shown this
to be the case. The. first attempt to prove this by the records
of Alabama artesian wells, was made by Dr. Alexander Win-
chell in 1856, while he was in charge of a school near Eutaw.
The results of Dr. Winchell’s tests were published by him in
the Proceedings of the American Association for the Advance-
ment of Science, for the year 1856. The temperatures given
vary from 64 degrees to 77.5 degrees, and the depths of the
wells from go to 728 feet. The mean annual temperature of
that part of the state (temperature of the invariable stratum)
is not far from 64 degrees.
After rejecting a number of observations which were obvi-
ously erroneous, the average shown by the records was an in-
crease of 1 degree for everv 44.96 feet.
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It is obvious that artesian wells do not afford the best means
for establishing this rate of increase, for the reason that in them
the water almost always comes from several horizons and thus
the temperature of the flow is likely to be lower than that. of
the deepest source. Still, it is very evident that the temperature
of the water increases with the depth of the well, though the
rate of this increase cannot be established by observations of
the temperature, except in such cases where it 1s certain that
the water comes from only one horizon,

Mineral Ingredients—Water which has long remained in
contact with the strata of the earth will have taken into solu-
tion a portion of the ingredients of those strata, and the pro-
portion of dissolved ingredients will be greater in proportion
to the length of time of such contact and the temperature there
prevailing. Waters which come from the greatest depths are
therefore on both accounts likely to be more fully saturated
with soluble matters than those which come from shallow
depths only. We have seen above that the movements of
groundwaters at considerable depths must be exceedingly slow
giving them more time to effect solution. But on the other
hand there,is a great difference in the amount of soluble mat-
ter which different strata contain, and it might easily happen
that the water from a well of moderate depth would come from
a bed with a large proportion of soluble salts, while one from
a greater depth might derive its water from a stratum of
nearly pure sand containing a minimum of such salts. It is
thus probable that the dissolved salts of an artesian water are
far more dependent upon the character of the water-bearing
beds than upon the depth and temperature. As the flow con-
tinues, the water which formed the original reservoir with a
maximum of dissolved salts, would gradually be drawn off
and its place would be taken by water which had not so long
been in contact with the rocks. A slight dimunition of the pro-
portion of dissclved salts might therefore in time be percep-
tible if the flow were very generous.

Inasmuch as most of the strata of the Coastal Plain of Ala-
bama are marine sediments, it would naturally be inferred that
the soluble materials enclosed in them and thus given up to
the circulating waters, would be such as were originally held
_in solution in the sea water. The chief one of these is common
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salt or chloride of sodium, and along with it are smaller quan-
tities of the chlorides and sulphates of potassium, magnesium,
and calcium. In some of the artesian waters the carbonates
predominate, such as carbonates of sodium, calcium, magne-
sium, and potassium. These waters are, in some cases at least,
derived from fresh water sediments.

In the next Chapter are given many analyses of the water\
from the different parts of the state and from the different
geological formations, which will partially illustrate this
subject.



CHAPTER III.

DETAILED DESCRIPTION OF THE UNDERGROUND
' WATERS OF ALABAMA,

APPALACHIAN DIVISION.

TALLADEGA MOUNTAINS AND ASHLAND PraTeavu. (IGNEOUS
AND METAMORPHIC ROCKS.)

SURFACE FEATURES.

In the geological sketch above it has been shown that the
rocks underlying the Appalachian division of the State are more
or less crystalline in texture, and below a moderate depth usu-
allly very densely compacted and practically impervious. Near
the surface they are often much fractured and fissured, but the
crevices offer very limited and uncertain channels for the trans-
mission of ground water. Most of these rocks display at the
surface division planes of schistosity, dipping generally toward
the southeast, but open passages along these lines are likewise
superficial, so that at best in the original rocks the conditions
are wanting, or at least very unfavorable, for the storage or
transmission of ground water.

SHALLOW WATERS.

By the action of atmospheric agencies the rocks throughout
this area are more or less completely covered by a mantle of
clayey sand, the result of their decay. In favorable locations,
where this residual matter is not disturbed by rains, it is
possible to trace the progress of the decay from the structure-
less clays through rotten slates down to the unaltered crystal-
lime rock. In some places the decay penetrates to great depths,
100 feet or more. Very frequently the residual matter has been
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removed from the place of its origin, having slid down slopes
and accumulated in lowlying lands, leaving the comparatively
fresh rock bare at the summits and along the exposed cliffs.
The surface mantle thus provided, being a mixture of clayey
matter with fragments of quartz and other undecomposed min-
erals, is sufficiently porous to absorb and transmit with readi-
ness water falling upon it. The moisture is thus diffused gen-
erally throughout the mass, descending until held in check by
the nearly impervious undecomposed rock below. The ground
water can therefore be utilized by means of ordinary shallow
wells and springs, but on account of the discontinuous charac-
ter of the surface accumulations the supply of water is in places
somewhat limited and liable to failure in seasons of drought.

A good many bored wells have been sunk in this residual ma-
terial especially in Chilton county, about Thorsby, by Mr. I. E.
Sarber. These wells get water at depths varying from 6o to
100 feet, in a clean yellow sand underlying a hard yellow or blue
clay, and resting on the solid granitic rock of the country:
Into this rock the borings have pentrated as much as 6o feet
without any yield of water. There is generally some rise of
water in the wells, the usual stand being from 30 to 70 feet
below the surface.

MINERAL WATERS.

The Hillabee schist is the source of a number.of mineral
springs, the most important of which are Chandler’s, Chambers’,
and Jenkins’, all situated on the eastern flank of the Talladega
Mountain range. A sample of the water from Chandler’s
Spring has been analyzed by Mr. Hodges, with the following
results:

Analysis of water from Chandler’s spring.

P Parts per million.
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This is an alkaline-saline water which, from the relatively
large amounts of iron and the sulphates of potassium and mag-
nesium, should possess some medicinal quality.

The water from Chambers Springs, a few miles distant from
Chandlers and derived from the same source,—the Hillabee
Schist—has somewhat similar though not identical composi-
tion, as may be seen from the {ollowing analysis by Mr. Hodges.

Analysis of water Chamber’s Spring. “Sulphur Spring.”’

Parts per million.
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ARTESIAN PROSFPECTS.

In the surface beds of residual soils and other products of
decomposition the conditions are unfavorable to the success of
artesian borings, since these beds are not continuous over large
areas and are lacking in alternations of pervious and imper-
vious strata with gentle inclination. In the underlying solid
rocks the conditions for artesian water can not be said to be
much more favorable, for while these rocks attain, especially
near the surface, some degree of permeability by reason of the
joints and fissures by which they are traversed, these channels
are not likely to be continuous for any great distance nor to
be present at any great depth; moreover, their position can not
be determined beforehand and there is no certainty about strik-
ing them. Almost any boring into these rocks will directly fill
with water, but only under favorable local conditions is the
amount likely to be sufficient to meet very large demands.
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The manner in which the joints may serve as waterways for
artesian supply is illustrated by the accompanying figure after
M. L. Fuller.*

Fig. 22. Well in jointed rock.

The figure will also show how it is possible for polluted water
to pass along these joints into the well.

On general principles then, the area of the igneous and meta-
morphic rocks may be considered as unfavorable for artesian
water prospects, and experience in many States bears this out.
On the other hand by increasing the number of borings within
a limited space, it is often possible to obtain an adequate sup-
ply. This has been demonstrated at Lanett in Chambers county.
Recent studies have also thrown some light on the artesian con-
ditions of the crystalline rocks, and Mr. Fullerf expresses the
opinion that it is possible by means of careful examination to
determine in advance the probabilities of the success of a well
within a margin of anly a few per cent. of error.

The number of well records from this section of the Appa-
lachian Division, is at present quite small, but the use of the
drill is steadily increasing.

*Water Supply Paper No. 114, U, S. Geol. Survey, page 28.
tEconomic Geology, Vol. 1. page 567.
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LANETT WELLS.

In 1897 and '98 eight wells were bored for the Lanett Bleachery  and
Dye Works at Lanett in Chambers County. The first well as 93 feet deep
through soil and loose rock only. It yielded thirty-six gallons per minute.

Well No. 2 was bored 248 feet, 113 feet through solid rock which is of
granite. This well yields 29 gallons.

Well No. 3, is 467 feet deep, 390 feet being in solid rock; yield 62 gal-
lons per minute.

Well No. 4, 703 feet deep, 610 In solid rock; yield 62 gallons per minute.

Well No. 5, 460 feet deep, 390 feet through rock; yield 17 gallons per
minute. ¥

Well No. 6, record similar to that of No. 5.

Well No. 7, 690 feet deep, 500 feet in solid rock. Original yield about
90 gallons per minute.

Well No. 8 1064 feet deep, 984 through rock; yield only 30 gallons.

These wells are in an area of 350 or 450 feet radius. Thé
rock, as above stated, is a blue granite with seams or veins of
flint rock, and from this flint rock comes all the water obtained
from the wells. In boring the eighth well, the water from the
two nearest wells was reduced, from which it has been inferred
that the group of wells takes up practically all the water avaii-
able within the area. The piping down to solid rock was all
six inches in diameter. The water is considered very pure. It
contains a trace of magnesia, and, with the exception of the
water from the surface well, appears to be free from lime.
Information concerning these wells is furnished by Mr. 1. La-
nier, President of the Lanett Cotton Mills.

ALEXANDER CITY WELLS.

Well No. 1, depth, 525 feet; depth to water, 250 feet; diameter, 10 inches;
depth of casing 60 feet, to rock; height of water, 17 feet; wields, 45 gal-
lons per minute; after lowering the sand to 100 feet there was no further
ctfange by pumping; use, for fire purposes only; method of pumping, air
compressor; total solids, 415.94 parts per million; volatile and organic
matter, 112.98 parts per million; temporary hardness 46.22 parts per mil-
lion; permanent hardness, 179.76 parts per million; mineral constituents,
chlorine, lime, and magnesia relatively abundant, sulphuric acid, iron,
and alumina in small amount.

Well No. 2, depth, 350 feet; depth to water, 250 feet; diameter, 10
inches; depth of.casing 60 feet, to rock; yield, 60 gallons per minute;
height of water, 17 feet; stand has not been lowered by pumping below
100 feet; total solids, 461.7 parts per million; volatile and organic matter,
51.8 parts per million; temporary hardness, 47.93 parts per million; per-
manent hardness, 172.89 parts per million; mineral constituents, chlorine,
lime, and magnesia relatively abundant, sulphuric acid, iron, and alumina
In small amount.

The composition of the water from the two wells appeared to be
substantially the same.
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AUBURN, LEE COUNTY.

A well was bored at Auburn in 1899 by M. L. Fullan, the
details of which will be found in the description of Lee County
in the Coastal Plain division below.

APPALACHIAN VALLEYS.
SURFACE FEATURES.

The geological formations occurring in the Appalachian vai-

leys range from Cambrian up to Lower Carboniferous inclu-
sive. The prevailing rocks are limestones and dolomites, but
along with them are subordinate beds of shale, sandstone, and
conglomerate.
- The great limestone formation is the Knox dolomite, which
occupies a very large proportion of the entire area. Of less
importance are the Trenton and Tuscumbia (Loower Carbon-
iferous) limestones, which usually outcrop only along the mar-
gins of the valleys or the bases of the bordering hills.

In the lower part of the Cambrian occur the most important
bodies of shale, which underlie large areas in the Coosa Valley
and smaller ones in the central parts of the lesser valleys. Other
bedies of shale inclosing beds of sandstone, occur among the
strata of Clinton (Red Mountain) ridges. Still other shales
make a large part of the area of the Lower Carboniferous along
the western border of the Coosa Valley. ‘

The sandstones are fairly well distributed among the various
formations, but the greatest bodies, including conglomerates,
are found in the Coosa Valley, where they rise into veritable
mountains. The sandstones of the Clinton (Red Mountain)

-ridges and of the Lower Carboniferous formations may under
certain conditions be of importance in connection with artesian
prospects, which are considered below.

SHALLOW WATERS.

While the rocks of this subdivision are not as a rule chai-
acterized by any serviceable degree of porosity, as will be seen
later, yet they are all covered more or less completely by soils
and other residual matters resulting from their decay and
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weathering, and these surface accumulations are fairly well
adapted to the absorption and storage of the rainfall, so that
springs and open wells are common throughout this area ex-
cept where it is too thoroughly underdrained by cavernous lime-
stones. As is the case, however, with all residual accumula-
tions, these surface beds are not commonly in continuous bo-
dies of great extent and thus their water supply is more or less
closely dependent on local rainfall.

Of much greater importance in this connection are the great
limestone springs, or “big springs,” especially of the Knox
dolomite and in less degree of the Tuscumbia (Lower Carbon-
iferous) limestones. Both these limestones, in some.parts, are
highly siliceous or cherty, and like all limestones are traversed
near the surface by fissures, channels, and caverns, formed or
enlarged by the solvent action of the circulating waters, which
also, dissolving the purer parts of the limestone, leave behind
the chert in great open masses of the highest degree of per-
meability. In consequence of these conditions much of the
rainfall in these terranes finds it way sooner or later into these
subterranean channels forming streams which emerge as “big
springs:”’

It need hardly be said that wells or borings may sometimes
haoren to be sunk on one of these underground streams, from
which large supplies of water may be obtained by pumping,

“though in the nature of things the water is not likely to rise in
the wells, having free outlet through the underground chan-
nel. In Birmingham, and probably in many other places, such
streams have been utilized by air-lift appliances.

It would be hardly possible to enumerate all the great lime-
stone springs of this section, but the following are well known;
In the Coosa Valley, the springs about Piedmont, Alexandria,
Jacksonville, Coldwater Spring near Anniston, Oxford, Tal-
ladega town, Kelley’s above Talladega, Fayetteville, Monte-
vallo, etc.; in the lesser valleys, Village Springs, Springville,
Hawkins, Elyton, Bessemer, or Jonesboro, Bucksville, Tanne-
hill, Roup’s, Guntersville.

MINERAL WATERS.

The mineral waters of the Appalachian valleys show a great
variety in their composition on account of the variety of mate-



APPALACIIAN VALLEYS. 73

rials making up the formations in which they are found. The
most prolific sources of these mineral waters are, perhaps, the
ferruginous, calcareous shales of the Cambrian, and the black
bituminous shales of the Devonian and Lower Carboniferous;
and the most common mineral waters from these formations
are sulphur and chalybeate waters, usually more or less closely
associated, making classification rather difficult.

SULPHUR AND CHALYBEATE WATEES.

JONES SPRINGS.

Seven miles southwest of Gadsden on the Ashville road, in
the N. E. quarter, N. E. quarter, Section 1, Township 13,
Range 3 E., is a white sulphur spring on the place of Mr. Jones.
The spring flows daily from 800 to 1000 gallons and the water
is very agreeable to the taste. On the same land there is a
large spring coming out of the limestone formation.

. ST. CLAIR SPRINGS.

Farther southwest in Section 3, Township 15, Range 2 E.,
are the St. Clair Sulphur Springs. The waters come from the
limestones overlying thin-bedded calcerous shales of the “Flat-
woods.” They are pleasant to the taste and not too strongly
impregnated with sulphur. Ambple accommodations are pro-
vided for visitors. '

There are six springs along a brook running a little east of north.
The first five in order of occurrence from the south, are (1) Black Sul-
phur, (2) Sulphur, (8) Freestone, (4) White Sulphur, and (5) Red Sulphur.
No. 6, a short distance west of No. 5 is known as Lithia Spring. Nos. 1
and 2 are considerably stronger in sulphur than either No. 4 or No. 5,
but in other respects are similar. All the sulphur waters contain lithium
and traces of barium and strontium. No lithium could be detected in
No. 6, which is also free from barium and strontium. The temperatures
of the waters were, No. 4, 66.5°; No. 5, 63.56°; and No. 6,60.5°, the tem-
perature of the air at the same time being 73.8°.
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Analysis of water from springs No. 4, 5 and 6, St. Clair.

Parts per million.
No 4 No. & No. 6

Potassium (X) 1.8 u6
Sodium (Na) ... 23.6 3.5
" Lithium (Li) .. stg. trace. none
Magnesium (Mg) 14.8 17.3
Calcium (Ca) 3 31.8 31.5
Barium (Ba) ..... . trace.
SHEEOMHUDASET). 2. 502 Ll s Sl s piaierace.

Iron and alumina (FezO;, AlzOs)...... 2.2 2.2 1.3
CHIOTIneN (Gl o adl s SE e et & el 4.9 11.5 4.1
Sulphuric acid (SO,) 4.8
Carbonic acid (HCOs) 209.1 170.0 161.2
Sulphuretted hydrogen (H,S)......... a3 8.2

Silieari(Si0) 5 S g G i e 13.3 16.9 18.4
; 292.6 280.8 248.7

No. 4 “White sulphur.”
No. 5 “Red Sulphur.”
No. 6 “Lithia.”

TALLADEGA SPRINGS.

Both sulphur and chalybeate waters are found at Talla-
dega Springs, Plate 111, but their origin is difficult to determine
with certainty, since the springs arise from the limestones .at
the foot of mountains of the Weisner quartzite (Cambrian).
Inasmuch as these mountains are mostly in contact with much
younger strata on we north by reason of faulting, it is prob-
able that the springs have their origin in the Devonian or
Lower Carboniferous black shales, both of which appear in the
near vicinity, though the rock from which the water issues
seems to be the Pelham limestone. There are many conven-
iences for visitors here and the waters are well known.

Below is an analysis of this water by Prof. W. C. Stubbs
taken from Bulletin 32, U. S. G. S. 1886 but recomputed to
ionic form and parts per million by Mr. Hodges.

Determinations by Mr. Hodges of the sulphuretted hydrogen
of this water in 1904 and 1905 gave only about 19 parts per
million.
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Analysis of water from Talladega Springs.

Parts per million.

Botassium () Ll sles s S s T e ot 7.4
SoA UM | (N« = 5rikiefaefl b SR T eE e s < e} S e il277
Magnesium (M)l & 50Tk Sor s Sl e ol 4.6
Calelum, (Ca) . L e =SV 1o S A 1750
Aluminal (AleOzl. S8 S o AR e e e 3 24.8
Iron: , (Fe) o5 <% . Soen i e A S et ey s NEEace
Chlorine ' (Ch)m de s tibanh sl S R e S e =3 55.5
Sulphuric acid (SO4) .eoivceevneveeiiarinsnanns s
Carbonie dcid (FCO) "  SEN RISt AR A .. 368.0
Sulphuretted hydrogen (HzS) .......cccveennn Rert #3392
Sl (BIES) i 7 2 AT e BT e oA i e S DTSR 42.5

v 1486.7

SHELBY SPRINGS.

Shelby Springs, in Section 14, Township 21, Range 1 W.,
(Plate IV) comprising two sulphur springs with white deposits,
a chalybeate spring, and a magnesium spring, come from the
black shale of the Subcarboniferous, which here underlies so
much territory. In the near vicinity is a large limestone

spring.

The composition of one of the sulphur waters of Shelby
Springs, viz., that from a spring near the pavilion shown in
Plate 1V, is given in the following analysis by Mr. Hodges.

Analysis of water from Shelby Springs, “White Sulphur.”’

Parts per million.

PotasSiUnaBERS). S il SRR & e croe v 2877 ST oo 5 el e o s 1.2
Sadiumb RN 58 4 e oo T e AT ATA3h By s e s e 7.3
Magnesium (Mg) ...................... 7.9
Calchim) N a): SRR et T8 e e L L I s s 47.8
Iron and Alumma (@01 LD (O | At I BEN Ty S 1.3
(8] oY1) 292 (YR (O N30 o R A s L S N A o R AT 2.4
Sulphuric acid (SO,;) SR 4 9.6
Carionicvacids (BGOSR Sl Lonaes 128, L6 80 80.1
Sulphuretted hydrogen leS) ............ .8
(S TRTST: it (50 (01 g A b ot a1 S e Sk o 36.4

194.8

HAWKINS WELL—LEEDS MINERAL WATER..

This well is near the line of the Southern Railway, in Jef-
ferson County a mile or two cast of Leeds, (Plate V). The
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well is near the boundary of St. Clair County, and is an ordi-
nary open well about 50 feet deep. The composition of the
water is shown in the accompanying analysis, by Mr. Hodges.

Analysis of Leeds Mineral‘Water; Hawkins Well,

Parts per million.
Potassium (K) ....... e on o IR LA ST T RN S N 6.
SO IR OINIAR 25 s 2t s 50 2% Soverefs e s otebloyoletdlo Lot Lt el 20.
VTR SR N CIVL &) %1% SR Trsrels pieiéss s 5.3 SRl WAl D s ol v+ o1 Tots
(@510 R, (O RGBSRt b S e St AR ' 2 et
LR (HE)= 5.
Aluminum (Al)
Chlorine (CD) ...
Sulphuric acid (SOy)
Carbonic acid (HCOg)
Siliea) % (SiOg)r e < ¥ T St ro e s S e al!

The well is in. Subcarboniferous starta at the eastern foot of
Little Oak Mountain, in the Cahaba Valley. This water is
bottled and has an extensive sale in the State.

ALABAMA WHITE SULPHUR SPRINGS.

These springs are in the southwest corner of Section 10,
Township 4, Range 10 E., in Wills Valley, Dekalb County.
The surface rocks at the springs are the cherty limestones of
the Subcarboniferous, but the underlying’ Devonian shale is
undoubtedly the source of the sulphur water. This black shale
is rich in iron pryrites and its decomposition produces the sul-
phur. There are here five springs (Plate VI), three of which
are more or less lmpregnated with sulphur, though none of
them very strongly.



GEOLOGICAL SURVEY OF ALABAMA. UNDERGROUND WATER RESOURCES. PLATE V.

Hawkins WELL. (LEEDS MINERAL WATER), JEFFERSON COUNTY.
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Mr. Hodges has analyzed the waters from two of the springs,
viz, the White Sulphur and the Freestone, with the results given
below :

Analyses of water from Alabama White Sulphur Springs.

Parts per million.
No. 1 No. 2

Potassium & @) an s F s A an. 0 g et ne . S 3.2 trace.
SodiumAn @R R Il et 50 Fei ittt aden oS YLk 15. 1
Lithium (Li) ...... TN (LEACE,,
Magnesium (Mg) 5 55.8
Calcium (Ca)

Iron® (Bl s taser 7

Alumina (Al;Os) %3

Chlomim e IR R B e e Toiee e L AT 4.2
Sulphiri G CTARMIS ORI I 1 e ders o5 o afs otro AL Seorra 304.2 10.5

294.5

8.1

5.8

Carbonic acid (HCOs) ........
Sulphuretted hydrogen (H,S)
Silical: (SIOHt o4& L Tt e 3 s i

No. 1 “White sulphur.”
No. 2 “Freestone.”

The Plate (VI) shows the White Sulphur Spring, No. 1, in
the foreground, and the Freestone Spring, No. 2, in the back-
ground.

BLOUNT SPRINGS AND VICINITY.

The most noted sulphur springs in the State are the Blount
Springs, situated near the end of Sequatchee (Browns) Val-
ley, in the southwest quarter of Section 6, Township 13, Range
2 W.

The plate, No. VII, shows the pavilion at Blount and the
positions of the several springs mentioned below; while the
diagram, figure 23, will make these positions more definite, and
will serve for their better identification.

The little marble basins in front of the pavilion mark the
places of most of the springs.
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Pavilion

Fig. 23. Diagram of Blount Springs.

Quantitative analyses of the water of three of these springs
have been made by Mr. Hodges, and qualitative examinations
of three others, with the results given below.

Analyses of Blount Springs Sulphur Waters.

Parts per million.
No. 1 No.2 No. 3

J el b S a0 e S R Ly S 14.2 13.8 11.8
Sodium (Na) ........ 234.3 232.0 217.8
B Ehinmes el e st e 1.2 * et
DAL eSIERTRCVIE) " 20, .0 s oyt s i 24.3 24.9 ~23.1
GalciitmS(Gaywegs.. T 3. w0 Soaid 51.4 53.2 50.6
BRI SSOBENMIRES % 1, oo ool o bads oA 4.6 * *
SEEON TN (ST rarvie o o v v oo 2.4 * *
Iron (Fe) .......... s .8 1.0 &
Alumina (Al,03) 55 1.5 1.3
Chlorine (Cl) .. 325.1 320.1 297.3
Bromine. (Br) .. LAY * *
Todine (I) ....... trace. trace. trace.
Sulphuric Acid (SOy trace. trace. trace
Carbonic acid (HCO3) ..c.ccvvnens e 279.1 276.2 257.3
Sulphuretted hydrogen (H.S) ...... 56.5 54.2 53.1
Silica (Si02) cccvvvviiinnnns CPORA T35 a4 26.5 19.7 16.6-

*Present but not determined.




GEOLOGICAL SURVEY OF ALABAMA. UNDERGROUND WATER RESOURCES., PLATE VII,

BLOUNT SPRINGS, BLOUNT COUNTY.
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A qualitative test of springs No. 5 and 6 showed them to be very similar
to No. 1. A qualitative examination of spring No. 4 gives of solid dis-
solved matter 555.75 parts per million. The water is non-sulphuretted and
contains some sulphates; lithium is also present.

The temperature was found to be practically the same in all these
springs, 63.5° F., the temperature of the air at the same time being 82° F.
With the exception of No. 4 they were all strongly sulphuretted. They
furnish an abundant supply of water for drinking and baths, No. 1, the
largest, having a flow of about 3 gallons per minute.

The presence of some constituents in relatively large quanti-
ties, not commonly found in Alabama mineral waters, makes
these springs noteworthy, They contain more sulphuretted hy-
drogen and lithium than any other water in the State of whichh
a record is available, the presence of the latter being easily
detected with the spectroscope in the water as taken from thie
spring, without any concentration. Salts of barium and stron-
tium are also present.

Cold 'Spring—This is a good type of the “Big” springs
so characteristic of the Lower Carboniferous rocks, and would
not properly be considered as a mineral spring. It is about one
mile south of Blount Springs Hotel near the bank of Randolph
Creek. The flow of water is very large. Tle temperature is
50°, the temperature of the air at the same time being

The analysis given below show its principal ingredient to
be carbonate of lime. It is free from sulphuretted hydrogen
and any large amount of sodium chloride, which are so plenti-
ful in the Blount Springs water proper.

Analysis of water from “Cold Spring,” near Blount Springs.

Parts per million.

Potassium  (K)s veeess o dosninn 1.3
Sodium (Na) .. 7.2
Magnesium (M 4.4
Calcium (Ca) .. 58.7
Iron and Alum 1.7
Chilorine (€D, Lo i@k it asiit aiiaes 9.9
Sulphuric acid (SO4) ............ B 8.9
Carbonic acid (HCO;s) ............. ... 194:8
S1lICa +(S1O2) ¥l o deim bt il A B s e ok B 14.8

301.9

Glenwood Spring—Of somewhat similar nature is a water
from the Oxmoor sandstone ridge, near Blount Springs, on

-
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the property of Mr. G. D. Fitzhugh. This spring is in the N.
W. quarter, N. E. quarter, Section 6, Township 13, Range 2 W.,
and is called Glenwood Spring.

Analysis of water from Glenwood Spring, near Blount Springs.

Parts per million.
Potassium_ (K) 1.0

Sodium (Na) .. 4.5
Magnesium (Mg) 2.1
Calecium (Ca) . 28.1
Iron and alumina (Fezo Al,03) .
Chloerine “(CI) it . 08 A SR ass. 5.3
Sulphuric acid (SO,) 8.4
Carbonic acid (HCOs) 91.8
Silich (S1O0m)] . ¥ sbnls flhi S ATARRRIR I oS % lsiolds's s 0 014 12.2

154.5

Harrell's Well—The following analysis by Mr. Hodges of
the water from a well go feet deep on the property of Mr. W.
F. Harrell, one mile north of Blount Springs, shows it to be
a chalybeate water, and it is reputed to have valuable medi-
cinal character.

Analysis of water from Harrell's well, near Blount Springs.

Parts per million.
Potassium (K) .. ‘s
Sodium (Na) ..
Magnesium (Mg)
Calcium (Ca) .
Iron and alumina (Feg05,A1,03)
ChIOETTOr (L) 4 s ie o s o ols's s ox B TP DR Sje
SUNFBTRLCFACTAE (DL et S e s Siven s ae oo sis s o0s's
CHRbONIC IETACEIC O s o St e e cieiae s ARl
SilieasflBIO» 0.0 SN N AT ot Vere 4 WAL 1

BORDEN-WHEELER SPRINGS.

This much visited resort is on the Seaboard Air Line R. R.,
in Cleburne County, (Plate VIIL.)

The accompanying analysis of the water, by Mr. Hodges, will
show its character.



GEOLOGICAL SURVEY OF ALABAMA. UNDERGROUND WATER RESOURCES. PLATE VIII.

BORDEN-WHEELER SPRINGS, CLEBURNE COUNTY.
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Analysis of water from Borden-Wheeler Springs.

Potassium | (T, i odem o et v LAV Saviel fivfeio o'
Sodiumg JCN @)K L1 IR 12 B D S et -
Magnesium (Mg) .......
Calcium “(Cai)r e

Iron' ; (F o) et ain
Alumina (Al;Og)
Chilorine (Cly el Brrssints
Sulphuric jacid (SO u e e S SN S
Carbonic acid’ (FHCODE 1) JH IR et e e
Silcal (SI0g)t . Tt L A E i S I p s S I o P

'S
<

[
LRvhnnwase

e
O DD
D= HO®M

o2
1]
o
©

OTHER SPRINGS.

The Devonian black shales give rise to numerous sulphur and
chalybeate springs in Calhoun County and elsewhere. The sul-
phur springs in the N. W. quater, S. W. quarter, Section 30,
Township 15, Range 6, E., in Calhoun County, occur in black
shales interstratified with seams of resinous-looking brown and
grayish sandstones. The water is pleasant to the taste, being
not too strongly impregnated with sulphur. In the S. W.
quarter, N. W. quarter, Section 30, Township 16, Range 4 E.,
in St. Clair County, a group of sulphur and chalybeate springs
occur in the same black shales. A chalybeate spring from the
Subcarboniferous shale is recorded in the S. E. quarter, N. W.
quarter, Section 1, Township 15, Range 6 E., also in.Calhoun
County.

Of chalybeate springs there is no lack in the cther formations
in this section; thus in the Weisner (Cambrian) sandstones
are the Chocco Springs, near Talladega, in the southeast cor-
ner of Section 17, Township 18, Range 5 E., comprising two
chalybeate and several freestone springs; also another fine and
well-known chalybeate spring in the northeast corner of Sec-
tion 2, Township 15, Range g E., in Calhoun County. Chaly-
beate waters are also abundant in the strata just under the bluff
of the lower conglomerate of the Coal Measures capping Look-
out and Raccoon mountains. These are noticed under “Coal
Measures.”



82 DETAILS: APPALACHIAN DIVISION.
INGRAM WELL.

The Devonian black shale of Calhoun County yields another
water of rather interesting composition from the Ingram well,
28 feet deep, in the E. half, S. W. quarter, Section 26, Town-
ship 14, Range 6 E., one and one-half miles east of Ohatchee.
(Plate IX A.) The analysis below is by Dr. J. W. Mallett.*

Analysis of Ingram lithia water from well near Ohatchee.

Parts %er million..

Sodium (Na) Bl
Potassium (K) 1.58
Lithium (Li) . i .06
Manganese (Mn) s il
Caleium (Ca,) ] 5 A R Py serdet o e e (1 T, 44.21
Stront iU s (Sr) s e e s I e s tets e 16
AMMOoNT I N N e e e aiel o o sf5eieKls st d ol s orere oE A0
ZIDCS, (Zi1): yors s e e e ale e & o oro st l o A8 R .29
T oM e . X N e Y e el te o chrsic o o .70
Maganese (Mn) 4 J1
Copper (Cu) ...... Ve .06
Aluminum (A L 2.
Sulphuric acid (So‘) A3
Chlorine (Cl) ......... 5.68
Carbonic acid (HCOs) 147.72

N RTINS = o b T WIS AT A 3!

Silica (SiOg) 39.68
Fluorine (F) trace.
268.82

*Expressed by analyst in grains per gallon and hypothetical com-
binaticns; recomputed to ionic form and parts per million at U. S.
Geological Survey.

SALINE WATERS.

LANDERS WELL AND GARY SPRINGS.

Besides chalybeate waters, the variegat<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>