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HYDRCGEOLCGY OF THE SUIIPICIAL AND INTERMEDIATE AQUIFERS 

OF CENTRAL SAPASOTA COUNTY, FLORIDA 

By A. D. Duerr and R. M. Uolansky 

ABSTIUCT 

The h y d r o g e o l o g i c  u n i t s  u n d e r l y i n g  a  300-square-mi le  a r e s  i n  c e n t r a l  
Saraso ta  County, F l o r i d a ,  c o n s i s t  of  t h e  s u r f i c i a l  a q u i f e r ,  i n t e r m e d i a t e  
a q u i f e r s  (Tamiami-upper Hawthorn and l o v e r  Hawthorn-upper Tampa a q u i f e r s )  and 
conf in ing  u n i t s ,  t h e  F lor idan  a q u i f e r  system, and t h e  s u b - F l o r i d a n  c o n f i n i n g  
u n i t .  The s a t u r a t e d  th ickness  of t h e  s u r f i c i a l  a q u i f e r  ranges from about 40 
t o  75 f e e t  and t h e  water  t a b l e  i s  g e n e r a l l y  w i t h i n  5 f e e t  of l a n d  s u r f a c e .  
The Tamiami-upper Hawthorn i s  t h e  uppermost in te rmedia te  a q u i f e r .  The t o p  of 
t h e  a q u i f e r  ranges from about 50 f e e t  to  about 75 below s e a  l e v e l  and h a s  a n  
a v e r a g e  t h i c k n e s s  of about 100 f e e t .  The lower Hawthorn-upper Tampa a q u i f e r  
is the  lowermost in te rmedia te  a q u i f e r .  The t o p  of  t h e  a q u i f e r  r a n g e s  f rom 
a b o u t  190  t o  a b o u t  220 f e e t  below s e a  l e v e l  and i t s  t h i c k n e s s  ranges from 
about 200 t o  250 f e e t .  

The q u a l i t y  o f  w a t e r  i n  t h e  s u r f i c i a l  and t h e  two in te rmedia te  a q u i f e r s  
i a  accep tab le  f o r  po tab le  use except near  t h e  coas t .  W a t e r  from t h e  F l o r i d a n  
a q u i f e r  s y s t e m  i s  used  p r i m a r i l y  f o r  a g r i c u l t u r a l  purposes because it i s  ton 
minera l ized  f o r  moat o t h e r  uses;  t h e r e f o r e ,  t h e  s u r f i c i a l  and i n t e r m e d i a t e  

' a q u i f e r s  a r e  developed f o r  water  supply. The a r t e s i a n  pressure  of t h e  v a r i o u s  
a q u i f e r s  g e n e r a l l y  i n c r e a s e s  wi th  depth. 

A more d e t a i l e d  hydrogeologic d e s c r i p t i o n  i s  p resen ted  f o r  the  Ringling- 
MatArtbur Reserve, a  51-square-mile a r e a  i n  t h e  c e n t r a l  p a r t  of t h e  c o u n t y  
t h a t  may b e  used by Saraso ta  County a s  a f u t u r e  wate r  supply. Average annual 
r a i n f a l l  i s  56 i n c h e s  and e v a p o t r a n s p i r a t i o n  i s  a b o u t -  42  i n c h e s  a t  t h e  
R e s e r v e .  The a r e a  has a  h i g h  water  t a b l e ,  many sloughs and swamps, and un- 
developed land,  making i t  an a t t r a c t i v e  s i t e  a s  a  p o t e n t i a l  source of water .  
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The study a r e  i n  c e n t r a l  Saroso ta  County inc ludes  a p p r o x i m a t e l y  300 m i  2 
i n  wes t -cen t ra l  F l o r i d a  ( f i g .  1). This  a r e a  i s  experiencing a  rap id  growth i n  
populat ion.  Associated w i t h  t h i s  r a p i d  growth  i s  an i n c r e a s i n g  demand f o r  
p o t a b l e  wate r .  P r o j e c t i o n s  i n d i c a t e  t h a t  c e n t r a l  S a r a s a t a  County may need an 
a d d i t i o n a l  30 Ugalld by 2010. Water-supply s y s t w s  a r e  l i m i t e d  and some sup- 
p l i e s  from w e l l  f i e l d s  n e a r  t h e  c o a s t  r e q u i r e  expensive t reatment  by reverse  
osmosis before  use. P a r t  of t h e  c u r r e n t  supply (up  to 1 0  Mgalld) i s  i m p o r t e d  
from Manatee County. 

To meet t h e  increas ing  demand f o r  a t e r ,  Saraso ta  County is  p l a n n i n g  t o  
d e v e l o p  a  w a t e r  s u p p l y  from a 5 1 - m i r a r e a  known a s  t h e  Ringling-ElacArthur 
Reserve in  t h e  c e n t r a l  p a r t  of t h e  county ( f i g .  1 ) .  The a r e a  has a high water  
t a b l e ,  many slough8 and swamps, and undeveloped land,  making it an a t t r a c t i v e  
s i t e  as a p o t e n t i a l  source of water.  

Purpose and S c o ~ e  

S p e c i f i c  o b j e c t i v e s  of t h i s  s t u d v  were t o  d e t e r m i n e  t h e  hvdroneolonv .  . - 
i n c l u d i n g  t h e  p h y s i c a l  c h a r a c t e r i s i i c s ,  h y d r a u l i c  p r o p e r t i e s ,  w a t e r l e v e l  
v a r i a t i o n s ,  a n d  w a t e r  q u a l i t y  i n  t h e  s u r f i c i a l  and i n t e r m e d i a t e  a q u i f e r s  
w i t h i n  t h e  s t u d y  a r e a  and i n  more d e t a i l  in the  Ringling-HacArthur Beserre. 
In format ion  presen ted  i n  t h i s  r e p o r t  was obtained from d a t a  c o l l e c t e d  d u r i n g  
t h i s  i n v e s t i g a t i o n ,  unpublished d a t a  on f i l e  with t h e  V.S. Geological  Survey, 
publ ished U.S. Geological  Survey r e p o r t s ,  and consu l t ing  e n g i n e e r s '  r e p o r t s .  
A d d i t i o n a l  d a t a  were o b t a i n e d  from t e s t  d r i l l i n g  and w a t e r q u a l i t y  sampling 
w i t h i n  the  Ring l ing-MacAr thur  R e s e r v e  ( f i g .  1) .  T e s t  w e l l s  t h a t  t a p  t h e  
s u r f i c i a l  a q u i f e r  were i n s t a l l e d .  The v e l l e  were used f o r  monitor ing wate r  
l e v e l s ,  w a t e r q u a l i t y  s a m p l i n g ,  and d e t e r m i n i n g  d e p t h 8  t o  t h e  f i r s t  c l a y .  
Water  s a m p l e s  were a n a l y z e d  f o r  a  s u i t e  of chemical c o n s t i t u e n t s .  For con- 
venience,  t h e  w e l l s  a r e  numbered s e r i a l l y  i n  f i g u r e s  and i n  t a b l e s .  

The s tudy was pone i n  cooperat ion with Saraso ta  County. Valuab le  asa i s - .  
t a n c e  i n  conduct ing t h i s  i n v e s t i g a t i o n  was provided by many o r g a n i z a t i o n s  and 
ind iv idua ls .  Personnel  of t h e  F l o r i d s  Bureau of Geology, F l o r i d a  Depar tment  
o f  T r a n s p o r t a t i o n ,  Southwest F l o r i d a  Water Management D i s t r i c t .  and Saraso ta  
County provided ~ u p p o r t  and access  t o  wel l  records and rock c u t t i n g s .  

S p e c i a l  t h a n k s  a r e  due t o  L o r i n g  L o v e l l  and J e f f e r y  Lincer .  Saraso ta  
County, f o r  t h e i r  cooperat ion and support  during t h e  s tudy .  I n i t i a l  ne twork  
d e s i g n  a n d  d a t a - c o l l e c t i o n  e f f o r t s  were d i r e c t e d  by H. S u t c l i f f e .  Jr.. 
Saraso ta  f i e l d  o f f i c e ,  U.S. Geological  Survey. Geronia Bowman, Saraso ta  f i e l d  
o f f i c e ,  U.S. Geological  Survey, provided t e c h n i c a l  support  f o r  hydrologic and 
geophysical  d a t a  c o l l e c t i o n .  



8 AQUIFER-TEST SITE AND SITE LETTER. 
AQUIFER-TEST DATA ARE I N  TAB#.& 2. 

A STREAU-GAGING STATION 

Figure 1.--location of study area, Ringling-Hadrthur Beserve, streargaging 
stations, and aquifer-test s i t e s .  
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Previous I w e s t i u  

Cent ra l  Saraso ta  County has been included i n  s e v e r a l  l o c a l ,  c o u n t v .  and 
s t a t e w i d e  ground-wate r  rebources i n v e s t i g a t i o n s .  Ecmever, eva lua t ion-o> t h e  
hydrogeology of t h e  s u r f i c i a l  and i n t e r m e d i a t e  a q u i f e r s  had n o t  b e e n  t h e  
p r i n c i p a l  s u b j e c t  o f  any p r e v i o u s  i n v e s t i g a t i o n .  Prev ious  i n v e s t i g a t i o n s  
descr ibed  t h e  occurrence &d q u a l i t y  o f  v a t e r  and i d e n t i f i e d  w a t e r - < e l r i n g  
z o n e s  i n  t h e  s u r f i c i s l  and i n t e r m e d i a t e  a q u i f e r s ,  b u t  they d i d  cut inc lude  
reg iona l  d e l i n e a t i o n  o r  hydrologic e v a l u a t i o n  of t h e  a q u i f e r s .  

S e v e r a l  p rev ious  i n v e s t i g a t i o n s  provide geologic and ground-rater  in for -  
mation. S t r i n g f i e l d  (1933s; 1933b) descr ibed  t h e  geology, g r o u n d l r a t e r  w n d i -  
t i o n s ,  a n d  y i e l d s  of w a t e r - b e a r i n g  s t r a t a  i n  Saraso ta  County. Cla rk  (1964) 
d i scussed  l o c a l  geology, water  q u a l i t y ,  and a q u i f e r  t e s t s  in t h e  Venice a r e a .  
E p p e r t  ( 1 9 6 6 )  r e p o r t e d  on t h e  s t r a t i g r a p h y  of  u p p e r  Miocene d e p o s i t s  i n  
S a r a s o t a  County. S u t c l i f f e  and Joyner  (1968) gave r e s u l t s  of packer  t e s t s  i n  
w e l l s  i n  t h e  county .  J o y n e r  and S u t c l i f f e  (1976) i d e n t i f i e d  and descr ibed  
wate r  resources  i n  t h e  Myakka River  b a s i n  and included a d e ~ c r i p t i o n  of w a t e r  
b e a r i n g  zones  over ly ing  t h e  F lor idan  a q u i f e r  syatem. Wolansky (1983) def ined  
t h e  hydrogeologic framework f o r  the  Sarasota-Port  C h a r l o t t e  area.  M i l l e r  and 
S u t c l i f f e  ( 1 9 8 4 )  r e p o r t e d  t h e  o c c u r r e n c e  of radium-226 i n  ground wate r  in 
Saraso ta  County. 

O t h e r  r e p o r t s  t h a t  p e r t a i n  main ly  t o  w a t e r s u p p l y  development, bu t  in- 
c lude information on the  s u r f i c i a l  and in te rmedia te  a q u i f e r s ,  include:  Bishop 
( 1 9 6 0 )  who presen ted  water-resource problems i n  Saraso ta  County and Smith and 
G i l l e s o i e ,  Inc. (1960). who repor ted  on a l t e r n a t i v e  ground-water  s u p p l i e s  near  . . 
S a r a s o t a .  S m a l l e y ,  Y e l l f o r d  and N a l v i n ,  I n e .  ( 1 9 6 3 ) ,  addressed- the  wate r  
s u p p l i e s  of Saraso ta  County. Russel and Axon, Inc. (1965) .  p r e s e n t e d  an i n -  
v e s t i g a t i o n  of f u t u r e  sources of water  supply i n  the  Venice a rea .  Joyner  and 
S u t c l i f f e  (1967) repor ted  on s a l t w a t e r  contamination i n  w e l l s  on S i e s t a  Key. 
G e r a g h t y  and M i l l e r ,  I n c .  ( 1974).  repor ted  on t h e  eng ineer ing  end f i n a n c i a l  
f e a s i b i l i t y  of wate r - supply  a l t e r n a t i v e s  a v a i l a b l e  t o  V e n i c e  G a r d e n s .  
G e r a g h t y  and M i l l e r ,  I n c .  ( 1 9 7 5 ) .  a d d r e s s e d  t h e  s a f e  y i e l d  of w e l l s  a t  t h e  
Verna w e l l  f i e l d .  Smith and G i l l e s p i e ,  I n c .  ( 1 9 7 5 ) .  r e p o r t e d  on t h e  S a f e  
y i e l d  and w a t e r  q u a l i t y  o f  t h e  s u r f i c i a l  and i n t e r m e d i a t e  a q u i f e r s  i n  t h e  
Verna w e l l - f i e l d  area.  Smalley, Wellford and Nalvin, Inc. (1977). p resen ted  a 
l i t e r a t u r e  a s s e s s m e n t  of the  Manadota Basin ( S a r a s o t a  and Uenatee Counties) .  
Hutchinson (1984) d i s c u s s e d  t h e  hydrogeology of t h e  Verne w e l l - f i e l d  area.  

DESCRIPTION OF M E  AEEA 

The Ringl ing-Madrthur  Resfme,  i n  the  c e n t r a l  p a r t  of t h e  s t u d y  a r e a ,  
o c c u p i e s  a p p r o x i m a t e l y  5 1  m i  . The ~ t u d y  a rea  inc ludes  p a r t  of t h e  Myakka 
River b a s i n  and c o a s t a l  d r a i n a g e  a r e a s .  Heavy r e s i d e n t i a l  and commerc ia l  
deve lopment  c h a r a c t e r i z e s  the  c o a s t a l  areas, vhereas  in land  a r e a s  a r e  m s t l y  
r u r a l ,  a g r i c u l t u r a l ,  o r  rangeland. 
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Cent ra l  Saraso ta  County i s  p a r t  of t h e  Gulf Coas ta l  Lowlands s u b d i v i s i o n  
of t h e  midpeninsular  physiographic zone (White, 1970). A s  descr ibed  by White, 
t h e  Gulf Coas ta l  Lowlands i s  a  b r o a d ,  g e n t l y  s l o p i n g  m a r i n e  p l a i n  t h a t  i s  
c h a r a c t e r i z e d  by broad f l a t l a n d s  w i t h  many sloughs and swampy areas.  Some of 
t h e s e  a r e a s  have been dra ined  by d i t c h e s  and cana ls .  L a n d - s u r f a c e  a l t i t u d e s  
range from s e a  l e v e l  near  t h e  coas t  t o  about 50 f e e t  above sea  l e v e l  along t h e  
n o r t h e a s t e r n  boundary. 

The Myakka R i v e r  is  t h e  m a j o r  s t r e a m  i n  c e n t r a l  Saraso ta  County. Two 
smal le r  s t reams,  Deer P r a i r i e  Slough and Big Slough ( f i g .  1 ) .  d r a i n  t h e  cen- 
t r a l  p a r t  of t h e  s tudy a r e s .  Nmerous small  s t reams d r a i n  e o a s t a l  a r e a s  from 
t h e  c i t y  of Venice to  t h e  c i t y  of Sarasota .  These small  s t reams are a f f e c t e d  
by t i d e s  throughout much of t h e i r  length.  

The a v e r a g e  a n n u a l  r a i n f a l l ,  b a s e d  on r e c o r d s  o b t a i n e d  a t  t h e  Myakka 
River  S t a t e  Park from 1944 t o  1981, i s  56.0 inches.  About 6 0  p e r c e n t  of t h e  
a n n u a l  r a i n f a l l  o c c u r s  from June through September. The d r y  season,  October 
through Hay, i s  t h e  peak i r r i g a t i o n  season. 

Mean month ly  t e m p e r a t u r e s  r a n g e  from about  8 2 O ~  J u l y  and August t o  
6 1 ' ~  i n  January.  The mean annual temperature i s  about 7 3  F. The m o d e r a t e l y  
h i g h  t e m p e r a t u r e s  r e s u l t  i n  l a r g e  amounts  of r a i n f a l l  being l o s t  t o  evapo- 
t r a n s p i r a t i o n .  The l o s s e s  vary depending on r a i n f a l l ,  temperature,  d i s t r i b u -  
t i o n  of v e g e t a t i o n  communities, and l a n d u s e  p a t t e r n s .  

Evaporat ion from a r e a s  t h a t  have  s t a n d i n g  w a t e r  a l m o s t  e q u a l s  y e a r l y  
p o t e n t i a l  evapot ransp i ra t ion ,  o r  about 49 inchea annual ly (Dohremrend, 1977). 
The average annual e v a p o t r a n s p i r a t i o n  from vege ta ted  land  i s  a b o u t  3 8  i n c h e s  
(Dohrenwend, 1977) .  Based on an e s t i m a t e  of 3 5  p e r c e n t  of t h e  s tudy a r e a  
being open wate r  and 65 percen t  vege ta ted ,  t h e  average annual e v a p o t r a n s p i r a -  
t i o n  i s  about 41.8 inches a t  t h e  Ringling-MacArthur Reserve. 

HYDROGEOLOGIC FRAMEWORK 

A q u i f e r s  i n  t h e  s t u d y  a r e a  c o n s i s t  o f  t h e  s u r f i c i a l  and i n t e r m e d i a t e  
a q u i f e r s  (Tamiami-upper Hawthorn and l o w e r  Eawthorn-upper  Tampa a q u i f e r s ) .  
The F l o r i d a n  a q u i f e r  system, 'underlying t h e  in te rmedia te  a q u i f e r s ,  is  a t h i c k ,  
s t r a t i f i e d  sequence of l imestone and dolomite  t h a t  a r e  h y d r a u l i c a l l y  connected 
i n  varying degrees.  The a q u i f e r  does no t  c o n t a i n  po tab le  water  i n  most of t h e  
s tudy a r e a  and i s  not considered f u r t h e r  i n  t h i s  repor t .  
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Geologic u n i t s  t h a t  comprise t h e  s u r f i c i a l  aquifer  a r e  undif ferent ia ted  
deposits  of Bolocene and Pleistocene age, t h e  Caloosahatchem Marl of P l e i s -  
tocene and P l iocene  age. and t h e  Bone Val ley  Formation of P I i o c e ~  -a. 
Geologic u n i t s  of t h e  i n t e r m e d i a t e  a q u i f e r s  a r e  t h e  P l i o c e n e  T a i u i  and 
Miocene Hawthorn F o r u t i o n s  and p a r t s  of the  Hiocenc T-p. L i u s t o n a  t h a t  ara  
not i n  hydraulic connection with the  Floridan aquifer  s y s t a .  

The s u r f i c i a l  aquifer  cons i s t s  primarily of permeable m i t s  in the  mdi f -  
f e r e n t i a t e d  d e p o s i t s ,  t h e  Caloosahatchee Marl. and t h e  Boo. Valley Foxmation 
( t a b l e  1) .  Permeable u n i t s  nea r  t h e  t o p  of t h e  T a m i u i  Formation may b e  
h y d r a u l i c a l l y  connected t o  t h e  s u r f i c i a l  aquifer.  The undifferentiated &- 
pos i t s  a re  predominantly layers  of fine- t o  ned iu rg ra ined  sand with some c lay  
and s h e l l .  The Caloosahatchee  Marl t y p i c a l l y  c o n s i s t s  of marl end s h e l l  
intermixed with s t r inge r s  of l i m c ~ t o n e .  Except f o r  t h e  l imestone,  t h e  de- 
p o s i t s  a r e  unconsolidated. The Bone Valley Formation w n s i s t s  of clayey sand 
and sandy clay with lens-like beds of quartz sand and wnsiderable  amounts of 
f o s s i l  fragment., phosphata nodules, and quartz pebbles. The s u r f i c i a l  aqui- 
f e r  i a  generally unconfined; however, l e n s e s  of sand,  marl. and l imes tone  
c o n t a i n  wa te r  under confined condit ions in some areas. The saturated thick- 
ness i n  the s u r f i c i a l  aquifer  ranges from about 40 t o  75 f e e t  ( f i g .  2).  The 
base of the s u r f i c i a l  aquifer generally c o n s i ~ t s  of clayey nand end sandy clay 
i n  the lower part  of t h e  Caloosahatchee  Marl o r  upper  p a r t  of t h e  Tamiami 
Formation. 

Depth to the water t ab le  of the  s u r f i c i a l  aquifer  is generally l e a s  than  
5 f e e t .  I n  h i l l y  a r e a s  where drainage channels a re  well defined, the water 
table  may be -re than 1 0  f e e t  below land su r face .  I n  a r e a s  of low topo- 
g raph ic  r e l i e f  and n e a r  t h e  coas t ,  t h e  water t ab le  may be v i r t u l l y  a t  land 
aurface. Fluctuations of t h e  wa te r  t a b l e  a r e  g e n e r a l l y  seasona l  and va rg  
w i t h i n  about a 5-foot range. The l w e s t  water table  generally occurs during 
May or  June a t  the end of t h e  dry  season.  Water l e v e l s  g e n e r a l l y  r ecover  
during the wet summer months t o  the  mnual high i n  Septsmber or  October. 

,The general configuration of the water table  i~ shown i n  f i g u r e  2. The 
a l t i t u d e  of the water t ab le  range. from zero to about 10 f e e t  above sea level  
near the coast to about 40 f e e t  above sea level  i n  the extreme m r t h e a s t  p a r t  
of t h e  s tudy a rea .  The d i r e c t i o n  of flow of the water is downgradient and 
normal to the contour lines. The water f lovs  g e n e r a l l y  sou th rea tward ;  how- 
e v e r ,  t h i s  p a t t e r n  i s  i n t e r r u p t e d  l o c a l l y  where t h e  equifer  discharges t o  
n t r ems ,  lakes, o r  low svmpy areas. 

Major sources of recharge t o  the  s u r f i c i a l  aquifer  are  (1) r a i n f a l l ,  
( 2 )  upward leakage vhere the a l t i t u d e  of t h e  p o t e n t i o m e t r i c  surface of t h e  
Tamiarni-upper Hawthorn aquifer  i s  higher than the water table. (3 )  l n f i l t r s -  
t i on  of i r r iga t ion  water, and (4) ground-water inf low from ad jacen t  areas .  



Table 1.--Hvdroneoloeie framework 

[Modified from Wolansky, 19831 

gray, fine- to medium-grained quartz nand with a 
considerable aount of land vertebrate fossil 

many m l d s  of pelecypadn and gaatropod~; often in- 
terbedded with light gray clay and sandy clay. A 
residual mantle of green to greenish-blue, calcar- 
eous clay is often m e d .  



Figure 2.--Thickness of the aurf ic is l  aquifer. alt itude of the water table, 
and head difference between the water table and the potentimetric surface 
of the T ~ i ~ i - u p p e r  Bnrthorn aquifer (modified from Wolansky, 1983). 
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Kajor types  of d i scha rge  from the s u r f i c i a l  aquifer  a re  (1)  evapotranspira- 
t ion;  (2)  seepage in to  streams, lakes,  swamps, and c a n a l s ;  ( 3 )  pumping from 
w e l l s ;  and ( 4 )  downward leakage where t h e  a l t i t u d e  of t h e  v a t e r  t ab le  is 
higher than the potentiometric surface of the Tamiami-upper Harthorn aquifer.  

The q u a n t i t y  of wa te r  t h a t  an aquifer  w i l l  y ie ld  to v e l l s  depends upon 
t h e  hydraulic cha rac te r i s t i c s  of the  aquifer. The hydraulic proper t ies  of the 
s u r f i c i a l  a q u i f e r  va ry  from p lace  t o  p lace  p r i m a r i l y  because of the  large  
range in hydraulic conductivitr  of individual l i t ho log ic  u n i t s  and the  hetero- 
g e n e i t y  i n  t h e i r  d i s t r ibu t ion .  Bydraulic proper t ies  have been computed from 
th ree  aqu i fe r  t e s t s  of wall# t h a t  penetrate sections of t h e  s u r f i c i a l  aqui5er. 
T r a n n i s 8 i v i t i e s  detemined i r o n  three  t e s t s  ranged from 1,000-fo 1.800 f t  /_dl 
and storage coe f f i c i en t s  detemined f r m  tvo t e s t s  a re  1.5110 and 1.9110 
( t a b l e  2 )  (Clark ,  1964; Ceraghty  and M i l l e r ,  I n c . ,  1978) .  The s u r f i c i a l  
aquifer  #upplies r a t e r  t o  wells  a t  Venice ( f ig .  1) .  The yie ld  of t h e s e  w e l l s  
i s  generally l e s s  than 50 gallmin. 

The moat co-n const i tuents  i n  r a t e r  t h a t  a f f e c t  p o t a b i l i t y  a r e  d i s -  
so lved  aolidm, c h l o r i d e ,  su l fa te .  and fluoride.  Iron and color a r e  commonly 
present i n  watar f r m  the  s u r f i c i a l  aquifer  i n  objectionable mnounts; however. 
t hey  can he removed by t r e a u e n t  methods, including aera t ion and f i l t r a t i o n .  
Recommended maximu concen t ra t ions  f o r  t h e s e  c o n s t i t u e n t s  i n  p u b l i c  v a t e r  
suppl ies  a r e  as  f o l l w s :  

Consti tuent 

Diseolved aol ids  
Su l fa t e  (SO ) 
Chloride ( ~ f )  
P l w r i d e  ( r )  
Iron (Fe) 
Color ( p l a t i n m -  

cobalt  tinits) 

Concentration. 1/ 
i n  m i l l i g r m a  

Der l i t e r  

U ~ l o r i d a  Department of Enviromental Regulation (1982). 

U ~ a s e d  on the  mean a i r  temperature of study ares. standard may varg based 
on local  c l imat ic  conditions. 

u ~ t a n d a r d  f o r  the source of supply. 

The qual i ty  of water f ron  the s u r f i c i a l  aquifer gene ra l ly  is  w i t h i n  t h e  
recommended l imi t s  fo r  potable use, except near the  coast. Concentrations of 
the  above const i tuents  generally increase f ro .  the m r t h e a s t  t o  t h e  west and 
southwest .  Concen t ra t ions  of chloride, su l f a t e ,  and f luor ide  a re  generally 
wi th in  recommended l i m i t s ,  except near the coast. Concentrations of dissolved 
s o l i d s  a r e  l e s s  than 500 mglL ( m i l l i g r a m s  p e r  l i t e r )  i n  the  northeast  and 
increase to more than 1 ,000 mg/L nea r  t h e  c o a s t .  The U.S. Environmental  
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Table 2.--Aauifer   raper ties der ived  from a q u i f e r  t e s t s  

[Locat ion of t e s t  s i t e s  a r e  shown i n  f i g u r e  1. Aqui fe r  t e s t s :  Su, s u r f i c i a l ;  
U ,  Tamiami-upper Hawthorn; L ,  l m e r  Hawthorn-upper Tampa] 

Transmis- S torage  Leakage 
Test  Aquifer  s i v j t y  coef f  i- coef f  i c i c n t  Reference 
s i t e  t en ted  ( f t  I d )  c i e n t  I ( f c / d ) / f t l  

A Su 1,000 -- -- 
-4 Cla rk ,  1964 

A U 800 l ~ 1 0 - ~  2x101~ Clark ,  1964 
A L 2,500 1 . 2 ~ 1 0  1x10 Clark,  1964 

B Su 1,070 1 . 5 ~ 1 0 - I  -- Geraghty and Mi l le r .  1981 
8 U, L 2,740 -- -- Geraghty and M i l l e r ,  1981 

C Su 1,800 1 .9~10- I  -- Geraghty and Mi l le r ,  1981 

D L 9,000 l=10-~ 1.3x10-4 Geraghty and H i l l e r ,  1978 

P r o t e c t i o n  Agency (1977) recommended l i m i t  f o r  d i sso lved-so l ids  c o n c e n t r a t i o n  
i s  5 0 0  mg/L; however ,  water  with d i sso lved-so l ids  concent ra t ions  between 500 
and 1,000 mglL i s  commonly used f o r  p u b l i c  supply i n  t h i s  a res .  

INTERKEDIATZ AQUIFERS AND CONFINING UNITS 

The i n t e r m e d i a t e  a q u i f e r s  end c o n f i n i n g  u n i t s  c o n s i s t  of a  s e r i e s  of  
i n t e r c a l a t e d  permeable and poorly permeable m a t e r i a l  t h a t  f u n c t i o n  r e g i o n a l l y  
a s  a  water-yielding hydrau l ic  u n i t  t h a t  i s  s e p a r a t e  from t h e  s u r f i c i a l  a q u i f e r  
a n d  t h e  F l o r i d a n  a q u i f e r  system. Within t h e  study a r e a ,  a d i s e o n t i n w u 8  w n -  
f i n i n g  bed s e p a r a t e s  the  two in te rmedia te  a q u i f e r s .  The u p p e r  a q u i f e r  con- 
s i s t s  o f  t h e  Tamiami Pormation and t h e  upper p a r t  of t h e  Havthorn Formation, 
h e r e i n  c a l l e d  t h e  Tamiami-upper Havthorn  a q u i f e r ,  f o l l o w i n g  t h e  u s a g e  i n  
Wolansky (1983). The lower a q u i f e r  c o n s i s t s  of t h e  lover  p a r t  of t h e  Hawthorn 
Formation and permeable p a r t s  of t h e  u p p e r  Tampa L i m e s t o n e  t h a t  a r e  n o t  i n  
h y d r a u l i c  connect ion wi th  the  F lor idan  a q u i f e r  s y s t m  and i s  c a l l e d  t h e  lover  
Hawthorn-upper Tampa aqui fe r .  The t o t a l  t h i c k n e n s  of t h e s e  a q u i f e r s  r a n g e s  
from about 300 f e e t  i n  the  nor th  to  375 f e e t  i n  t h e  south. 

The Tamiami-upper Hawthorn a q u i f e r  c o n s i s t s  of p a r t i a l l y  conso l ida ted  
d e p o s i t s  of phosphat ic  marl ,  s h e l l ,  s a n d  and c l a y e y  nand,  and t h i n  beds  of 
p h o s p h a t i c  l i m e s t o n e .  The a l t i t u d e  of  t h e  t o p  of t h e  a q u i f e r  ranges from 
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about 50 f e e t  b e l w  sea l e v e l  i n  t h e  n o r t h e a s t  t o  about 75 f e e t  below sea  
l e v e l  i n  t h e  ~ o u t h w e s t  ( f ig .  3). I t s  thickness averages about 100 f e e t ,  in- 
creasing s l i g h t l y  i n  thickness t o  the southwest. Generally, clayey m a t e r i a l s  
above and below t h e  aquifer  wnfine it; h w w e r ,  many l a t e r a l  fac ies  changes 
within the s t r a t ig raph ic  tmi ts  r e s u l t  i n  loca l  h y d r a u l i c  connect ion between 
o v e r l y i n g  o r  under ly ing  a q u i f e r s .  The Tamiami-upper Hawthorn aquifer,  o r  
pa r t a  of i t ,  has a lso  been refer red  t o  as "artemian zones 1 and 2" (Su tc l i f f e ,  
1975; Joyner and Su tc l i f f e ,  1976) and " f i r s t  a r t e s i a n  aquifer" (Clark, 1964). 

The wnfigura t ion of t h e  p o t e n t i o m e t r i c  s u r f a c e  of t h e  Tamiami-upper 
Hawthorn a q u i f e r  i s  shorn  i n  f i g u r e  3. The a l t i t u d e  of the potentiometric 
surface ranges from about 10 f e e t  above sea l e v e l  n e a r  t h e  c o a s t  t o  30 f e e t  
above sea l eve l  i n  t h e  northeast .  Water generally flows f r m t h e  n o r t h e a G t o  
the  vest  and southwest. 

The Tamiami-upper Bavthorn aquifer  i s  recharged by downward leakage from 
the  wer ly ing  s u r f i c i a l  a q u i f e r ,  upward leakage from t h e  under ly ing  lower 
Bawthorn-upper Tampa aquifer ,  and g roundra te r  inflow f r w  adjacent areas to 
the  northwest. Downward l eakage  from t h e  s u r f i c i a l  a q u i f e r  r cchnrges  t h e  
Tamiami-upper Hawthorn aquifer  except in the southern and centra l  pa r t s  of the 
study area where the Tamiami-upper Havthorn aquifer  discharges through upward 
leakage t o  the  s u r f i c i a l  aquifer  because the potentiometric surface i s  higher 
than the water table.  The water t ab le  of the s u r f i c i a l  a q u i f e r  g e n e r a l l y  i s  
ze ro  t o  1 0  f e e t  h ighe r  than t h e  Tamiami-upper Hawthorn a q u i f e r  ( f ig .  2).  
Recharge from the  lover Harrthorn-upper Tampa a q u i f e r  t o  t h e  Tamiemi-upper 
Hawthorn aquifer  i s  areawide. The p o t e n t i w e t r i c  surface of the Tamiami-upper 
Bawthorn aquifer  i s  generally 5 t o  10 f e e t  lover than the potent iometr ic  sur-  
face of the lover Aawthorn-upper Tampa aquifer ( f ig .  3) .  

The hydraulic proper t ies  of the Taiami-upper Bawthorn a q u i f e r  a r e  more 
c l o s e l y  r e l a t e d  t o  i ts  l i thology and t o  solut ion developoent within limestone 
and dolomite un i t s  than to va r i a t ion  i n  the aqu i fe r ' s  thickness. qa ta  from an 
a q u i f e r  t e a t  a r e  sb_ewn i n  t a b l e  2 .  T r a n s m i s s i v i t y  q s  800 f t  Id,  storage 
coeff ic ient  was 1x10 , and leakage coeff ic ient  was 2x10 ( f t l d ) l f t .  

The Tamiami-upper Hawthorn aquifer  i s  the most highly developed aquifer 
i n  the  coas ta l  area. It supplies most of the  water f o r  domestic and i r r i g a -  
t i o n  use. Also, public-supply wells  near Venice tap the aquifer.  

Water i n  the Tamismi-upper Hawthorn aqu i fe r  is  g e n e r a l l y  of a c c e p t a b l e  
qual i ty  fo r  potable use, except near the coast. The chemical qual i ty  of water 
f r w  wells tha t  penetrate the aquifer  may vary g rea t ly  depending i n  p a r t  upon 
t h e  pe rmeab i l i ty  of the aquifer.  Water f lovs  r e l a t ive ly  f a s t  through perme- 
able  zones such as f r ac tu res  and solutions1 fea tures .  Water f l w s  more slowly 
through l e s s  permeable p a r t s  of t h e  a q u i f e r  and i s  i n  contact longer with 
soluble minerals;  thus,  water-quality cha rac te r i s t i c s  d i f f e r .  

The approximate regional  d i s t r ibu t ion  of selected chemical consti tuents 
i n  r a t e r  from t h e  Tamiami-upper Hawthorn a q u i f e r  i s  shown i n  f i g u r e  4 .  
Dissolved-solids mncentrs t ions  range from l e s s  than 500 mglL in the northeast 
t o  more than 1.000 mglL along the coast. Chloride concen t ra t ions  range from 



Figure 3.--Altitude of the top and altitude of the potentimetric surface of 
the Tamiami-uvver Havthorn aauifer and head difference between the muifer  . . 
and the underlying lover Hawthorn-upper Tampa aquifer (modified from 
Wolannky, 1983). 
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EXPLANATION - 50 - 
LINE OF EQUAL DISSOLVED SOLIDS. CHLORIDE. OR SULFATE 
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8I.o MAXIMUM 
0.2 MINIMUM 
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Figure 4.--Concentrations of d i s s o l v e d  s o l i d s ,  c h l o r i d e ,  s u l f a t e ,  and f l u o r i d e  
i n  water f r w  the  Tamieni-upper Hawthorn aqui fer  (modif ied from Wolansky, 
1983) .  
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l e s s  t h a n  5 0  mg/L i n  t h e  n o r t h e a s t  t o  more t h a n  1 0 0  r g l L  n e a r  t h e  coast .  
S u l f a t e  concent ra t ions  range from l e s s  than 100 nglL i n  t h e  e a s t  t o  more t h a n  
250 mg1L near  the  coast .  F l u o r i d e  w n c e n t r a t i o n s  range from 0.2 t o  2.2 mglL. 

Lower Hawthorn-D~oer Tamna A a u i f a  

The lower  Hawthorn-upper Tampa a q u i f e r  i s  t h e  lowermost in te rmedia te  
aqu i fe r .  The a q u i f e r  c o n s i s t s  of permeable l imestone and dolomite  beds i n  the  
l o v e r  p a r t  of t h e  Hawthorn Formation and upper p a r t s  of t h e  Tampa Limestone. 
The a l t i t u d e  of t h e  top  of t h e  a q u i f e r  ranges from about 190 t o  220 f e e t  below 
sea  l e v e l ,  decreas ing  i n  a l t i t u d e  from n o r t h  t o  south ( f i g .  5). I t s  thiclmeas 
ranges from about 200 f e e t  i n  t h e  m r t h  t o  250 f e e t  in t h e  south. 

The t o p  of t h e  lower Hawthorn-upper Tampa a q u i f e r  is g e n e r a l l y  b a l m  the  
beds  of c l a y e y  l i m e s t o n e  and d o l o m i t e  t h a t  o c c u r  n e a r  t h e  m i d d l e  of t h e  
Hawthorn Formation. Beneath t h e  a q u i f e r  is g e n e r a l l y  a u n i t  t h a t  i s  comprised 
of clayey sand and sandy c l a y  t h a t  occurs  50 t o  100 f e e t  below t h e  t o p  of t h e  
Tampa Formation. The lower Hawthorn-upper Tampa a q u i f e r  has a l s o  been c a l l e d  
" lover  Hawthorn a q u i f e r "  ( S p r o u l  and o t h e r s ,  1 9 7 2 )  and " a r t e s i a n  zone 3" 
( S u t c l i f f e .  1975;  J o y n e r  and S u t c l i f f e .  1 9 7 6 ) .  The g e n e r a l  shape of t h e  
po ten t iomet r ic  s u r f a c e  of t h e  lower Hawthorn-upper Tampa a q u i f e r  i s  shown i n  
f i g u r e  5. The a l t i t u d e  of the  po ten t iomet r ic  s u r f a c e  ranges from l e s s  than 1 0  
f e e t  above sea  l e v e l  i n  t h e  northwestern c o a s t a l  a r e a  t o  a b o u t  35  f e e t  above  
s e a  l e v e l  i n  t h e  e a s t .  Watcr  i n  t h e  a q u i f e r  g e n e r a l l y  flows from e a s t  t o  
west. 

The a q u i f e r  i s  recharged by upward leakage from t h e  underlying F lor idan  
a q u i f e r  system and by g r o u n d r a t e r  inf low from ad jacen t  a reas .  Discharge from 
t h e  lower Hawthorn-upper Tmpa a q u i f e r  t o  t h e  over ly ing  Tamiami-upper Hawthorn 
a q u i f e r  occurs  throughout t h e  s tudy area. The head d i f f e r e n c e  between t h e s e  
two a q u i f e r s  ranges from 5 t o  about 1 0  f e e t  ( f i g .  3) .  

Hydraul ic  p r o p e r t i e s  from tvo  a q u i f e r  tests of w e l l s  t h a t  p e n e t r a t e  sec-  
t i o n s  of t h e  l o w e r  Hawthorn-upper Tampa a q u j f e r  a r e  shown i n  t a b l e  2. Com- 
puted-6ransmirsiviti_ep were 2,500 and 9.000 f t  Id ,  s t o r a g e  c o e f j f i c i e n t s  we58 
1 x 1 0  a n d  1 . 2 ~ 1 0  , and l e a k a g e  c o e f f i c i e n t s  were  1x10  and 1 . 3 ~ 1 0  
( f t 1 d ) l f t .  The t r a n s m i s s i v i t y  o f  a t h i r d  w e l l  t h a t  was open  t o  b o t h  t h e  
Tapinmi-upper  Hawthorn and l o w e r  Hawthorn-upper Tampa a q u i f e r s  was 2,740 
f t  Id. 

Water  f rom w e l l s  t h a t  t a p  t h e  lower  Hawthorn-upper Tampa a q u i f e r  i s  
g e n e r a l l y  of po tab le  q u a l i t y ,  except  i n  t h e  c o a s t a l  a rea .  C o n c e n t r a t i o n s  of 
d i s s o l v e d  s o l i d s  i n  w a t e r  from t h e  a q u i f e r  a re  l e s s  t h a n  500 mglL i n  the  
n o r t h e a s t  and increase  t o  more than 2,000 mglL near  the  coas t  ( f i g .  6 ) .  Chlo- 
r i d e  c o n c e n t r a t i o n s  r a n g e  from a b o u t  5 0  t o  1,000 mglL, with concent ra t ions  
more than 250 mglL occur r ing  near t h e  w a s t .  S u l f a t e  c o n c e n t r a t i o n s  r a n g e  
from 250 t o  500 mg/L. C o n c e n t r a t i o n s  g r e a t e r  than 250 mglL a r e  l i m i t e d  to  
c o a s t a l  a r e a s  and t o  an a r e a  i n  cen t ra l -nor theas te rn  S a r a s o t a  County. Fluo-  
r i d e  c o n c e n t r a t i o n s  v a r y  a r e a l l y  and v e r t i c a l l y  and range from 0.8 t o  2.6 
mslL. 
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Figure 5 . - -Alt i tude o f  the  top of and a l t i t u d e  of the  p o t e n t i m e t r i c  surface  
of th- l o v e r  Hawthorn-upper Tampa aqui fer  and head d i f f e r e n c e  between the  
aquifer  and the  underlying Floridan aqui fer  system (modif ied from Wolansky, 
1983). 
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Figure 6.--Concentrstiona of dissolved solids, chloride, sulfate, and fluoride 
in water from the lwer liawthorn-upper Tampa quifer (modified f n a  Wolansky, 
1983). 
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BYDRCGEOLCGY OF l l l E  RINGLING-HACARlliUR BESERVE 

The Ringling-MacArthur Reserve encompasses approximate ly  51 m i 2  i n  t h e  
cen t ra l  pa r t  of the study area  ( f igs .  1 and 7). The Reserve consis ts  of broad 
f l a t l a n d s  v i t h  many sloughs and swampy areas. Land-surface a l t i t u d e s  range 
from about 1 0  f e e t  above sea  l eve l  along the Myakka River to almost 35 f e e t  
along the northeastern boundary. Pr incipal  d r a i n a g e  i s  by t h e  Myakka) River  
and Deer P r a i r i e  Slough. Discharge of the Qakka River averaged 254 f t  I s  f o r  
47 years of record (1937-84). The stream i s  e n s u r e d  a t  a s i t e  s l i g h t l y  up- 
s t r eam from the Resene ( f ig .  1). Discharge a t  a gage on Deer P r a i r i e  Slough 
t h a t  drains the  f a s t e r n  par t  of t h e  Reqerve ( t o t a l  d ra inage  a r e s  33.2 m i  
averaged 32.5 f t  Is i n  1982 and 43.7 f t  Is i n  1983, the 2 years f o r  vhich rec- 
ord i s  available.  The nlough i s  an in termit tent  stream and vas completely dry 
dur ing  t h e  w i n t e r  of 1984-85. Another m a l l  stream. Big Slough, dra ins  the 
extreme mutheas te rn  wrt of the Reserve ( f in .  1) .  I t a  t o t a l  drainane area i s  
3635 m i L ,  and average  d i s c h a r g e s  dur ing  i 9 8 2  and 1983 were 44.i and 56.7 
f t  Is, respectively.  

The depth to the va te r  t ab le  i n  the s u r f i c i a l  aquifer  ranges a rea l ly  from 
land surface t o  about 4 f e e t  b e l w  land surface. Seasonal f luc tuat ions  in the  
v a t e r  t ab le  a re  generally v i th in  a 3-foot range ( f ig .  8). Water levels  i n  f r o  
representa t ive  wells  i n  f igu re  8 show that  the va te r  table  i s  generally higher 
than  t h e  p o t e n t i o m e t r i c  surface of the Tv imi -upper  Bavthorn aquifer  i n  the 
westmn part of the Reserve and l w e r  i n  the  eas tern  part .  The va te r  t ab le  is 
a t  o r  n e a r  l and  su r face  f o r  aeveral m n t h s  during the  vet  season. The depth 
t o  t h e  wa te r  t a b l e  a t  a r e l a t i v e l y  we t  p e r i o d  d u r i n g  t h e  d r y  s e a s o n  
(Februa ry  1-3, 1984) i a  shorn i n  f igure  9. The r a t e r  t ab le  ranged from land 
surface i n  the  eas t  to about 2 f e e t  belov land surface i n  the  south and west .  
Figure 10 s h w s  the  depth t o  the r a t e r  table  during s d r i e r  period (May 29-31, 
1984). Water levels  vere  generally about 1 t o  2 f e e t  l o v e r  i n  Mav than i n  
February and ranged f m a - l m d  surface i n  the eas t  to about 4 f e e t  i e lov  land 
8nrface i n  the  north. 

F igure  11 shows t h e  a l t i t u d e  of t h e  top  of t h e  f i r s t  c l ay .  The top 
ranges from 1 5  f e e t  b l o w  sea level  in the extrene eas t  to about 25 f e e t  above 
s e a  l e v e l  i n  t h e  n o r t h e a s t .  Figure 12 shows the  thickness of the s u r f i c i a l  
deposi ts  overlying t h e  f i r s t  clay. The thickness range8 from about 5 f e e t  i n  
t h e  n o r t h e a s t  t o  about 50 f e e t  i n  t h e  northwest. I n  some areas,  s u r f i c i a l  
sand deposits  underlie the  f i r s t  clay layer. These depos i t s  a r e  p a r t  of t h e  
s u r f i c i a l  a q u i f e r  and contribute t o  the  y ie ld  of the aquifer. Table 3 shows 
da ta  f o r  the  51  snrf ic ia l -aquifer  t e s t  wells  d r i l l e d  t o  t h e  f i r s t  occurrence  
of c lay .  Many of t h e  v e l l s  were o r i g i n a l l y  d r i l l e d  to depths greater  than 
those s h a m  i n  table  3. 

The s t r a t i g r a p h i c  and hydrogeologic uui ts ,  l i thology, and concentrations 
of chloride and s u l f a t e  f o r  water f r a  v e l l s  19E and 19W a r e  shown i n  f i g u r e s  
1 3  and 14.  r e s ~ e c t i v m l v .  dene ra l lv .  the  concentrations of s u l f a t e  i n  water . - .  . . 
f r a n  the  Floridan aquifer  qstem are  higher than recommended l i m i t s ,  vhereaa  
s u l f a t e  c o n c e n t r a t i o n s  i n  water from the  intermediate and s u r f i c i a l  aquifers 
a r e  generally within r eamended  l i m i t s .  

17 
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Figure 7.--Location of v e l l s  and streams i n  the  Bingling-Hadrthur Beserve. 
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Figure 8.--Water levels in ROUP wells 19E and 19W. 



Figure 9.--Depth to rater in the aurficisl aquifer. February 1-3, 1984, 
Pingling-MacArthur Reserve. 



Figure 10.--Depth to water i n  the  s u r f i c i a l  aqu i fer ,  May 29-31, 1984, 
Ringl ing-kcArthur Reserve. 
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Figure 11.--Altitude of the top of the first clay, Ringling-MacArthur Reserve. 



Figure 12.--Thickness of surficial deposits overlying the first clay, 
Ringling-MacArthur Reserve. 
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Figure 13.--Hydrogeologie sect ion and chlor ide and s u l f a t e  concentrationn of  
water obtained during d r i l l i n g  of  w e l l  19W. 
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Table 3.--Record# of v e l l s  i n  the P w  - H.dr thur R e s e ~ ~  

[Well yield,  i n  gallons per minute, g w d  indicates  1 gal lon per minute and 
poor indicate8 1 gal lon per minute; f i r ~ t  clay,  top of f i r s t  clay, i n  f e e t  
above (+) o r  below (-) aes  l eve l  (SL); ALT LSD. a l t i t u d e  of land surface, i n  
f e e t ;  ALT W ,  a l t i t u d e  of measuring point, i n  f e e t ;  well  depth, a l l  wells  
screened from bottom of casing t o  b o t t a  of bole except fo r  wells  VLan. WAM, 
BLILM, and B U M ]  

Well Local 
( f ig .  7 )  ID number number 

caainn 
Well D i m -  
depth Depth e t e r  
( f t )  ( f t )  ( in.)  

Well 
y i e ld  

P i r s t  ALT 
clay LSD 

good -- -- 
4 
5 

5 
1 

poor -- 
3 

poor 
good 
ewr 
poor 

1 

WS 
E L M  
EUAM 

ES 
17-21 

-- -- -- -- 
good 

good -- 
4 

poor 
1 
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Table 3.--%cords of wel ls  in  the Binalinn-bdrthur Reeenre<ontinued 

Well 
( f i g .  7)  

Canira 
local  Well D i p  Well 

yield 
- 

A1t 
LSD 
- 

22.0 

number depth Depth efer  
( f t )  ( f t )  ( m . )  

poor 
poor 

4 
good 
poor 

-- -- 
poor -- 

4 

poor 
good -- 
poor 

3 

good -- -- -- -- 
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Table 3.-- c ds o -Continued 

Water lcvel. 
Well Date ALT i n  f e e t  ba lm 

(fig. 7) measured W o r  above (+I  Remarks 
W LSD SL 

1 2-03-84 32.5 5.7 2.2 +26.8 
5-30-84 32.5 6.0 2.5 +26.5 

2 2-03-84 29.7 3.6 + .I +26.1 
5-30-84 29.7 3.9 .2 +25.8 Standing r a t e r  0.2 f t  above 

LSD. 

5-30-84 27.7 4.2 1.5 +U.5 
11 2-03-84 28.6 3.4 .8 +25.2 

5-30-84 28.6 3.9 1.3 +24.7 
12 2-03-84 32.3 3.5 .2 +28.8 Standing r a t e r  0.1 f t  a h a  

LSD. 

5-30-84 32.3 4.2 .9 +28.1 
13 2-03-84 27.8 2.7 + .I +25.1 Standing r a t e r  0.3 f t above 

LSD. 

16 2-03-84 25.4 3.8 .4 +21.6 A t  edge of p o d .  
5-30-84 25.4 3.4 0 +22.0 
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Table 3.--Records of v e l l s  in the  Binalinn-MacArthur Re---Continued 

Water level. 
Well Date ALT i n  f e e t  below 

( f ig .  7)  measured MP o r  above (+) Remarks 
KP LSD SL 

17 2-02-84 23.2 5.1 1.9 +18.1 
5-31-84 23.3 5.8 2.5 +17.5 Casing repaired, n n  UP. 

18  2-02-84 18.4 4.7 1.3 +13.7 
5-31-84 18.7 6.0 2.3 i12.7 Casinn r e ~ a i r e d .  new KP. 

19H -- 32.5 - - -- S W W  ROMP ve l l .  
19H 2-15-84 22.9 5.1 2.2 +17.8 SWPVXD ROKP ve l l .  

5-29-84 22.9 6.4 3.5 +16.5 
1 9s -- 40.0 - - -- SWAlW ROMP v e l l .  
19B - 39.8 - - -- S h T W O  ROMP well. 

19H 2-01-84 34.3 4.4 1.1 +29.9 SIRWHI) BOHP ve l l .  
5-29-84 34.3 5.4 2.1 +28.9 

20 2-01-84 36.2 5.9 + .3 r30.3 Standing r a t e r  0.5 f t  above - 
LSD. 

5-30-84 36.2 5.9 + .3 +30.3 

21 2-01-84 30.5 - - -- Could not locate. 
5-30-84 30.5 3.6 .1 +26.9 Wet area. 

22 2-01-84 31.3 2.7 + .6 e28.6 Standing water 0.6 f t above 
LSD. 

5-27-84 33.5 6.3 .8 +27.2 Casing repaired, n w  MP. 

5-30-84 32.7 4.4 1.7 +28.3 Casing repaired. new UP. 
24 2-02-84 28.1 4.7 1.6 +23.4 

5-31-84 28.1 4.9 1.8 i23.2 
25 2-02-84 28.0 3.6 .6 +24.4 Never cleared up. 

28 2-01-84 33.5 4.3 .8 +29.2 
5-30-84 33.5 4.9 1.4 +28.6 

29 2-01-84 35.4 3.7 .3 +31.7 Standing r a t e r  0.5 f t  above 
LSD. 

5-29-84 35.4 '4.9 1.5 i30.5 
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Table 3.--Recbrds of wells  i n  the Rineline-&lacArthur Resene-Cont inued 

Water level .  
Well Date ALT i n  f e e t  below 

( f ig .  7 )  measured W o r  above (+I  Remarks 

+20.4 
c20.6 
+17.8 Pumped f o r  60 minute.. 
+17.2 
+30.1 Standing r a t e r  0.5 f t  above 

LSD. 

43 2-01-84 32.4 3.9 1.5 +28.5 Pi tcher  pump on well. 
5-29-84 32.4 5.2 2.8 +27.2 

44 2-06-84 33.8 4.6 1.8 +29.2 
5-29-84 33.8 5.0 2.2 +28.8 

45 2-01-84 32.6 2.6 0 +30.0 Standing r a t e r  0.2 f t  above 
LSD. 
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Table 3.--Becords of wells  i n  the Riwlinn-HacArthur & s e ~ e - - ~ o n t i n u e d  

Water level .  
Well Date A i n  f e e t  k lw  

(f ig .  7 )  measured WP o r  above ( + I  Remarks 
W LSD SL 

48 2-02-84 27.0 4.1 2.1 +22.9 
5-29-84 27.0 6.1 4.1 +20.9 

Concen t ra t ion8  of chemical  c o n s t i t u e n t s  i n  w a t e r  from t h e  s u r f i c i a l  
aquifer  within the  Bingling-MacArthur Pesen-e a re  shwn i n  t a b l e  4. Concen- 
t r a t i o n s  of dissolved - l i d s  range f ro .  82 (well 17) t o  1,090 mglL (well  21). 
Host concentrations are  between 200 and 500 mg/L. Concentrations of c h l o r i d e  
range from 1 3  ( w e l l s  1 5  and 24) t o  220 mglL (well  25). Wort concentrations 
a r e  between 25 and 50 mglL. Concentrationa of s u l f a t e  range from ze ro  ( w e l l  
40) t o  430 mglL (we1 1 21).  Concentrations a re  generally l e s s  than I 5  q / L .  
Concentrationa of f luo r ide  range from zem ( w e l l  17) t o  1.4 mglL ( w e l l  47).  
Concen t ra t ions  a r e  g e n e r a l l y  l a s s  than  0.5 mg/L i n  the western half  of the  
area  and g rea te r  than 0.5 mglL i n  t h e  r e s t  of t h e  a rea .  Concen t ra t ions  of 
ha rdness  range from 25 (well 17) t o  704 mg/L (well  21). Host concentrations 
a r e  between 100 and 300 mg/L. 

The study area  in  cent ra l  Sarasota County encompasses approximate ly  300 
m i  . The average a n n u l  r a i n f a l l  f o r  the  area i r  56.0 inches. A b u t  60 p e r  
cent of the r a i n f a l l  occurr from June through September. The evapotranapira-  
t i o n  r a t e  is  about 42 in ly r .  

The hydrogeologic framework of the cent ra l  Sarasota County po tab le  squ i -  
f e r s  c o n a i a t s  of t h e  a u r f i c i a l  a q u i f e r  and intermediate aquifers (Tamiami- 
upper Hawthorn and l a e r  Hawthorn-upper Tampa aquifers)  and conf i n i n g  u n i t s .  
Geologic  u n i t s  t h a t  comprise the  s u r f i c i a l  aquifer  and intermediate aquifers  
a r e  the s u r f i c i a l  deposits. undif ferent ia ted  Caloosahatchee Marl, Bone Val ley  
Formation,  t h e  Tamiami and Hawthorn Formations, and p a r t s  of the Tampa Lime.. 
s tone t h a t  a r e  not i n  hydraulic connection with the Flor idan a q u i f e r  system. 
The a r t e s i a n  p reaaure  of t h e  v a r i o u s  confined aquifers  generally increases 
v i t h  depth. 

The s u r f i c i a l  a q u i f e r  s a t u r a t e d  th i ckness  ranges  from about 40 t o  75 
f e e t .  The a l t i t u d e  of the vater  table  ranges from about zero to 1 0  f e e t  n e a r  
t h e  coas t  t o  40 f e e t  i n  t h e  n o r t h e y t .  For three  aquifer t e s t s ,  transmis- 
s i v i t i e s  ranged from 1,000 t o  1,800 f t  Id,  and storage coe f f i c i en t s  determined 
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Table 4.--Water-aualitv data for water from surficial-aauifer re1 1s 

IConcentrations are in milligrams per liter] 

Well 
Well depth Date Chloride Sulfate Fluoride Eardners Dissolved 

(fig. 7) tft) sampled (C1) (SO4) (F) (as CaC03) solid. 

1 35 11-24-82 38 0.6 0.1 253 355 
2 25 11-24-82 29 3.3 .7 257 397 
3 23 11-24-82 92 8.6 .4 119 399 
4 20 7-06-82 22 .6 -3 245 324 
5 11 none -- - - - - 
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Table 4.--Waterqualitv data  fo r  water from s u t f i c i a l  aau i fe r  wells  
i n  the Rinalinn-MacArthur Reeervp--Continued 

Well .. - 
Well depth Date Chloride Sulfa te  Fluoride Hardness Dissolved 

( f ig .  7) ( f t )  sampled (C1) (SOL) (F) ( a s  CaCO,) so l ids  

from two t e s t s  were 1 . 5 ~ 1 0 - ~  and 1.9.10-~. The eoncentratians of chloride. 
su l f a t e .  and f luo r ide  a re  generally v i th in  the  U.S. Environmental P r o t e c t i o n  
Agency'a r e c ~ e n d e d  standards, except near the  coast. 

The Tsnirmi-upper Hawthorn aquifer  is the uppernost intermediate aquifer. 
The top of the aquifer  ranges f r w  about 50 Ceet b e l w  sea level  in the north- 
east to about 75 f e e t  b e l w  sea level  i n  the  southwest. I t s  t h i c k n e s s  aver-  
ages  about 100 f e e t ,  i n c r e a s i n g  s l i g h t l y  t o  the southwest. The a l t i t u d e  of 
the  potentiometric surface ranges f r a  about 10 f e e t  above sea l eve l  nea r  t h e  
c o a s t  t o  about 3 0  f 2 e t  above sea level  i n  the  w r t h e g t t .  Tranmiss iv i tg  was 
computed t o  be 8_PP f t  Id ,  storage coeff ic ient  was 1x10 , and leakage c o e f f i -  
c i e n t  wan 2x10 ( f t / d ) l f t .  Dissolved-solids concentrations range f r w  l e s s  
than 500 mglL i n  the  nor thers t  t o  w r e  than 1.000 l g l L  along the coast. Chlo- 
r ide  wncentra t ions  range from l e s s  than 50 mg/L i n  the  m r t h e s s t  t o  more than 
100 mglL near the  coast. Sul fa te  concentrations range from l e s s  than 100 mgIL 
i n  t h e  e a s t  t o  more than  250 mg/L nea r  t h e  w a r t .  f luo r ide  concentrations 
rauge from 0.2 t o  2.2 mglL. 
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The l o v e r  Rawthorn-upper T u p a  a q u i f e r  i s  t h e  lowermost intermediate 
aquifer.  The top of the aquifer  occurs a t  depths tha t  range from 190 t o  about 
220 f e e t  b e l w  sea level ,  increasing i n  depth f r m  north t o  south. Its thick- 
ness ranges f r m  about 200 f e e t  i n  the north t o  250 f e e t  i n  t h e  south.  The 
a l t i t u d e  of the  p o t e n t i a e t r i c  surface ranges f r a  l e s s  than 10 f e e t  above sea 
level  in t h e  northwestern coas ta l  a rea  t o  about 35 f e e t  above sea leve3 i n  the  
east .  Transmissivit ies f r a  twg aquifer  terfis were 2,500 and 9,000 f t  Id,  and 
storage coeff ic ients  were 1x10 and 1 . 2 ~ 1 0  . Disso lved-so l ids  concentra-  
t i o n s  range from l e s s  than 500 q / L  i n  the  northeast  t o  more than 2,000 mglL 
near the coas t .  Ch lo r ide  c o n c e n t r a t i o n s  range from about 50 mglL i n  t h e  
northeast t o  1,000 mglL near the coast. Sul fa te  concentrations range from 250 
t o  500 mglL, generally increasinp f r m  the  northeast t o  the aouthvest. Fluo- 
r i d e  c o n c e n t r a t i o n s  vary  a r e a l l y  and v e r t i c a l l y  and range from 0.8 t o  2.6 
mg/L. 
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L i t h o l o n i c  d e s c r i ~ t i o n  
Depth 
Ilrl 

4.5 

Well 1 

Sand, brown a t  s u r f a c e ,  t u r n i n g  yellow ---------- 4.5 
Sand, yellow t o  gray, f ine-grained --------- 5 
Sand, b r w n ,  very  f ine-grained,  s i l t y  ---------- 5 
Sand, b r w n ,  a t i c k y ,  s i l t y  ---------------- 5 
Sand, b r o w ,  s t i c k y ,  q u a r t z  g r a i n s ,  wi th  phosphate. 

large grains ....................... 5 
Sand, b r w n ,  s i l t y ,  c layey  -------------------- 5 
Sand, l igh t -green ,  c layey,  wi th  phosphate ------------- 5 

Well 2 

Sand, yellow 4.5 
Sand, gray,  s i l t y  ....................................... 5 
Sand, g r a y ,  s i l t y ,  w i t h  phosphate 5 
Sand, t a n  t o  l i g h t  gray,  s t i c k y ;  phosphate ------------- 5 
Sand, g ray ,  c layey,  wi th  phosphate ...................... 5 

Well 3 

Sand, sur face ,  f ine-grained t u r n i n g  t o  w h i t e  f ine-grained - 4.5 
Sand, dark-brown, f ine-grained,  s i l t y  ------------------ 5 
Sand, l igh t - tan  ....................................... 5 
Sand, 1ight-brovn, very silty 5 
Sand, greenish-gray,  s t i c k y ,  w i t h  phosphate ------------- 5 
Sand, greenish-gray,  very s t i c k y ,  s i l t y  5 

Well 4 

Sand, brown ( s u r f a c e ) ,  y e l l o v  4.5 
Sand, l i g h t - t a n ,  f ine-grained;  c l a y ,  sandy, g reen  5 
Clay, l igh t -green ,  sandy, wi th  a h e l l s  10 

H e l l  5 

Sand, l ight- tan ........................................ 4.5 
Sand, yellow t u r n i n g  l igh t -gray ,  s t i c k y  5 
Sand, t a n ,  c lean ,  f ine-  t o  medium-grained --------------- 5 
No return d r i l l e d  as above .............................. 5 
Sand, she l l s  ................................... 1.5 
Sand, g ray ,  wi th  s h e l l s ,  s t i c k y ,  with phosphate ---------- 3.5 

NOTE: Well m y  wt have been completed t o  f i r s t  c lay.  
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L i t h o l o e i c  d e s c r i ~ t i o n  

Well 6 

Thickness 
0 

Sand, b l e c k  (muck), very  silty .......................... 4.5 
Sand, dark-brown, fine-grained ........................... 5 
Sand, b r m n ,  f ine-gra ined  ( c l e a n )  10 
Sand, brown, f ine-grained,  nome l a r g e  q u a r t z  g r a i n s ,  

w i t h  ........................................ 
C l a y ,  light-green, sandy .............................. 5 

5 

Well 7 

Sand, l i g h t - t a n ,  c l e a n ,  medium- t o  f ine-grained ---------- 4.5 
Sand, brown, s h a l l ,  wi th  phosphate 5 
Marl, whi te ,  sandy, l imestone s t r e a k s ,  l i g h t - t a n  5 

Well 8 

Sand, w h i t e  ebanging t o  dark-brown ........................ 4.5 
Marl, whi te ,  limestone, sandy 5 

Well 9 

Sand, dark-brown a t  sur face ,  t u r n i n g  t o  l i g h t - t a n  t o  
yellosr a t  b-,ttw 4.5  

Sand, l i g h t - t a n ,  fine-grained ............................ 4 
Clay, g ray ,  sandy 1 
C l a y ,  g reen ,  very  nandy 5 

Sand, b l a c k  a t  s u r f a c e  to l i g h t - t m  to bright-yel low a t  
bottom of 4.5  

Sand, l igh t -green  t u r n i n g  t o  dark-brown, very s t i c k y  
( f i r s t  t ime t h i s  type  of m a t e r i a l  was found) 5 

Clay, dark-brown, (muck) changing t o  g reen  a t  bottom 
of b i t  .................................................. 5 

Depth 
L f L  
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L i t h o l o n i c  d e s c r i ~ t i o n  

Well 11 

Thickness 
( f t )  

Sand, brown, dark t o  t a n  a t  sur face ,  t u r n i n g  l i g h t - t a n  
w i t h  depth 4.5 

Sand, dark-brovn t o  tan, silty 5 
Sand, tan, s i l t y ,  fine-gmined ......................... 10 
Sand, brown, s i l t y ,  f ine-grained,  l i t t l e  s t i c k y  ----------- 5 
Sand, brown, s i l t y ,  v i t h  phosphate 5 
Sand, light-brown, medium- t o  f ine-gra ined .  c l e a n e r ,  

5 
Sand, light-brown, coarse ,  wi th  phosphate pebbles  3.5 
S h e l l  bed, v i t h  phosphate pebbles 1.5 
Clay (Very d i f f i c u l t  t o  b r i n g  up sample. D r i l l e d  l i k e  

p o s s i b l y  s t i l l  i n  s h e l l  bed end grave l . )  ---------------- 5 
Drill s t i l l  v i b r a t i n g .  Ao r e t u r n  snmple taken from 

bottom of b i t ,  i n d i c a t e s  p o s s i b l e  c lay  zone ------------ 5 

Well 1 2  

Sand, dark-brown a t  s u r f a c e ,  changing t o  yel low 4.5 
Sand light-brown silty ............................. 5 
sand, clayey 2.5 
C l a y ,  dark-gray 1 
Sand, g ray ,  ........................................ 1.5 
Clay, green, sandy 5 

Well 1 3  

Sand, dark-brown to  yellow, s i l t  4.5 
Sand, l i g h t - g r a y ,  f ine-grained,  s t i c k y  ------------------ 5 
Sand, light-brown, f ine-gra ined ,  c layey ------------------- 5 
Sand, l ight-green;  c l a y ,  l ight-green,  sandy --------------- 5 

Well 1 4  

Sand, dark-brown st sur face ,  changing t o  yellow 4.5 
Sand, l ight-gray,  very s i l t y ,  s t i c k y  5 
Sand, l ight-gray t o  brown, very s i l t y  5 
Sand, g ray ,  c layey,  s i l t y ,  wi th  phosphate 5 
Same ( s t i cky)  5 
Sand, coarse  t o  medium s h e l l s ,  with phosphate pebbles  ----- 2.5 

Sand ran  up and plugged augers. 
clay 2.5 

Depth 
m 
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Page 45 1 -- 

L i t h o l o a i c  d e s c r i n t i o n  

Well 1 5  

Thickness  
0 

Sand, dark-brown t o  yellow, f ine-grained 4.5 
Sand, g ray ;  c lay ,  gray. very s t i c k y  5 
Clay, p l a s t e r e d  s i d e  of hole ,  no r e t u r n  ------------------- 5 
Clay, l i g h t  green,  sandy, no r e t u r n  5 
Clay, seemed t o  be p r e t t y  f i rm,  gray. 1 0  f e e t  up on 

augers. Very s t i c k y ,  pure c l a y  ........................ 5 

Well 1 6  

Sand, whi te  t o  gray t u r n i n g  t o  yellow, f ine-grained 4.5  
Sand, g ray ,  f ine-grained,  c layey ......................... 5 
Sand, g r a y ,  s t i c k y ,  w i t h  s h e l l s  5 

Well 17 

Sand, w h i t e  a t  s u r f a c e  tu rn ing  dark-brown, f ine-grained -- 4.5  
Sand, dark-brown t o  light-brown, f i n e  g ra ined  5 
Sand light-brown fine-grained 5 
Sand, light-bram, very 5 

No c lay  on bottom of b i t .  Clay no t  reached al though 
sand was very s t i c k y .  

Well 1 8  

Sand, dark-brown t o  light-brown 4.5 
Sand, dark-gray, very s t i c k y ,  wi th  s h e l l s  5 
Clay, l igh t -green ,  very sandy, with s h e l l s  ---------------- 5 

Sand, dark-brown, s i l t y ,  f ine-grained 4.5  
Sand brmn clayey ....................................... 5 
Sand, l i g h t - t a n  to  g reen  (wate r )  .......................... 5 
Sand, l igh t -green ,  s i l t y ,  wi th  phosphate ----------------- 5 
Sand, l igh t -gray ,  c l e a n ,  medium- t o  f ine-grained,  wi th  

5 
Sand, l ight-gray,  c l e a n ,  wi th  phosphate (heavy) ----------- 5 
Sand, dark-gray, medium-grained, wi th  phosphate 

(very heavy) ......................................... 10 
Sand, g r a y ,  coarse- t o  medium-grained, wi th  s h e l l s  (heavy, 

cemented t o g e t h e r ) ,  with phosphate pebbles. Very 
d i f f i c u l t  to sample 6 

Clay, g reen ;  l imestone,  b lack ,  l a r g e  pebbles  -------------- 1 
4 1 

Depth 
Ilrl 
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L i t h o l o n i c  d e n c r i ~ t i o n  

Well 21  

Thickness 
( f t )  

Sand, b l a c k  t o  light-brown, f ine-grained ------------------ 4.5  
Sand, grayish-green,  f ine-grained;  c lay ,  l igh t -green ,  ................................................. 5 
Sand, l igh t -green ,  f ine-  t o  m e d i u g r a i n e d ,  c layey,  with 

phosphate ............................................. 5 
Sand, coarse-grained,  l a r g e  q u a r t z  g r a i n s ,  wi th  phosphate - 5 
Sand, coarse -gra ined ,  v i t h  phosphate pebbles, heavy ------- 5 
Sand; c l a y ,  g ray  a t  bottom of auger 5 

Sand, t a n  changing t o  y e l l w  s i l t ,  s t i c k y  a t  4.5 f e e t  4.5 
Sand, g ray ,  s i l t y ,  f ine-grained,  l i t t l e  s t i c k y  ----------- 5 
Sand, light-brown, f ine-grained,  s i l t y  ( s t i c k y )  ----------- 5 
Sand, light-brown, fine-grained 5 
Sand, light-brown, s t i c k y ,  with phosphate ----------------- 5 
Clay, l igh t -gray  t o  green,  sandy, with phosphate, s h e l l s  -- 5 

Well 23 

Sand, b l a c k  (muck) t o  orange ( b r i g h t )  ..................... 4.5 
Sand, l i g h t - g r a y ,  c layey,  s t i c k y ,  s i l t  .................... 5 
Sand, l igh t -gray  to  b r w n ,  no t  as s t i c k y ,  s i l t y  5 
Sand, l ight-gray.  very s i l t y ,  wi th  phosphate 1 0  
Sand, g r a y ,  wi th  phosphate; c lay ,  gray 5 

Well 2 4  

Sand, b lack ,  s i l t  tu rn ing  gray back t o  dark-brown, very 
fine-grained 4.5 

Sand, dark-brwn,  f ine-grained,  s i l t y  ..................... 5 
Sand, dark-brown, very s i l t y ,  f ine-grained 5 

Well 25 

Sand. ( s u r f a c e )  t u r n i n g  yellow. fine-grained -------------- 4.5  
Sand t a n  ................................................. 3 . 5  
C l a y ,  b lue,  1.5 

Depth 
LYL 
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L i t h o l o n i c  d e s c r i p t i o n  

Well 26 

Sand, brown, very  s i l t y  4.5 
Sand, light-brown clean 8 
Clay, grap, 2 

Water 6 inches  deep over  e n t i r e  area.  

Well 27 

Sand, brown, f ine-gra ined ;  c lay ,  brown, s i l t y  a t  s u r f a c e  -- 4.5 
Sand, l igh t -green ,  very  s t i c k y ,  c layey  5 
C l a y ,  5 

Well 28 

Sand, yellow, fine-grained 4.5 
Sand. l ight-gray,  5 
Sand, l igh t -gray  to green,  f ine-  t o  coarse-grained ................................................. 5 
Sand, l igh t -gray ,  c layey .................................. 5 
Sand, l i g h t - g r a y ;  c l a y ,  l ight-green,  and phosphate 5 

Well 29 

Sand, b lack  t o  gray, s i l t y  4.5 
Sand, light-gray t o  t a n  silty 5 
Sand, brown, very s i l t y  (wate r )  ........................ 5 
Sand, gray (dark) ,  s i l ty .................................. 5 
Sand, l igh t -green ,  with phoephate; c lay ,  l i g h t - g r e e n  ----- 5 

Well 3 0  

Sand, b l a c k  a t  sur face  t o  dark-brown, very  s i l t y  ---------- 4.5 
Clay, l igh t -gray ,  very 5 
C l a y ,  g r a y ,  very  5 

Well 31 

Sand, b l a c k ,  hard pan a t  3.5 f e e t ,  v h i t e  sand below ------- 4.5 
Sand, dark-brown, dry ............................. 5 
Sand, l i g h t - t a n ,  c lean ,  f ine-  t o  medim-grained 8 
Clay,  light-green, .................................. 2 

Depth 
u 
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L i t h o l o n i c  deaerip- 

Well 32 

Thickness 
0 

Sand, black t o  dalk-brown, s i l t  4.5 
Sand, dark-brov., fine-grained ........................... 5 
Iio r e t u r n ,  d r i l l e d  t h e  same a s  l a s t  5 f e e t  ---------------- 5 
Sand, brown, dark,  very  s i l t y ,  f ine-gra iped  5 
Sand, b r w n ,  f ine-  to m e d i w g r a i n e d  (no c l a y )  ------------ 5 

S e t  sc reen  a t  25 f e e t  below LSD, 20 f e e t  of 2-inch 
PVC, 5 f e e t  of 0.010- screen. Mmed r i g  1 0  f e e t ,  
d r i l l e d  down t o  40 f e e t .  

Sand, g ray ,  caarse-grained,  wi th  phosphate 5 
same, off  auger* 5 
Sand, grayish-green.  coarse-  t o  rnediwa-grained, phosphate. 

heavy, l a r g e  s h e l l s  a t  b o t t o n  of b i t  3 
Clay. dark-gray t o  green,  very  sandy (sampled o f f  b i t )  ---- 2 

Well 33 

Sand, b l a c k  t o  dark-brown, s i l t  4.5 
sand, gray, fine-gsained, silty .......................... 8.5 
clay, (pure) ............................... 1.5 

Sand. 
Sand, 
Sand, 
Sand, 
Sand, 
Sand, 
Sand, 
Clay, 
Clay, 

Well 3 4  

b l a c k  ( s u r f a c e ) ,  dnrk-brown ........................ 4.5 
light-brown fine-gr.ine* ....................... 5 
light-brown, , t icky 5 
light-brom fine-grained 5 
t a n ,  f ine-grained,  s o e  l a r g e  q u a r t z  g r a i a s  5 
l i g h t q r a y ,  f ine-gra ined ,  s h n l l s ,  with phosphate --- 5 
t a n ,  f ine-grained.  ~ h e l l s ,  v i t b  phosphate 5 
very .oft,  d i f f i c u l t  t o  determine ----------------- 1.5 
green ..................................... 3.5 

Well 35 

sand, brown, fine-grained ................................ 4.5 
Sand, l igh t - tan ,  f ine-grained,  s i l t y  5 
Sand, brown, f ine-gra ined ,  c layey ........................ 5 
Sand, light-brown, w i t h  s h e l l s ;  c lay ,  g r a y  111 5 

Very d i f f i c u l t  t o  determine c lay  layer .  B i t  
contained gray sandy clay.  

Depth 
i2.1 
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L i t h o l o n i c  d e s c r i p t i o n  

Well 36 

Thickness  
0 

Sand, b l a c k  (muck) t o  dark-brwn 4.5 
Sand, b r w n  t o  gray,  very s i l t y ,  f ine-grained -------- 5 
Sand, g ray ,  fine-grained 5 
Sand, g ray ,  very f ine-gra ined ,  s i l t y  ------------------- 5 

Very d i f f i c u l t  t o  b r ing  up c u t t i n g s  from bat tun.  
Samples may not a c c u r a t e l y  r e p r e s e n t  depth a s  noted. 

Same (very ?,ticky) ....................................... 5 
S a d ,  grecnish-gray,  very s t i c k y ,  v i t h  phoaphatc 5 

Hay mt  have d r i l l e d  t o  c l a y ,  a l though  it appears  
t h a t  c l a y  s t r e a k s  a r e  a l l  through t h e  sand. 

Well 37 

Sand b l a c k  4.5 
Sand, l ight-gray t o  green,  c layey  5 
Sand, l igh t -green ;  c l a y ,  l igh t -green  5 
C l a y  light-green sandy 5 
Sand, medium- t o  f ine-grained,  c layey,  v i t h  phosphate 

clay on b i t )  5 

Well 38 

Sand, dark-brwn a t  s u r f a c e  t o  l i g b t - b r a n  ---------------- 4.5 
S a d ,  dark-brwn, fine-grained ........................... 10 
Sand dark-green clayey 5 

Well 39 

S a d ,  dark-brwn 1 
Sand, yellow, f ine-  t o  medim-grained 3.5 
Send l igh t - tan  silty 5 
Sand, l igh t -gray ,  s i l t y ,  c layey ,  wi th  phosphate 5 
Sand, l igh t -gray ;  c lay ,  green,  w i t h  phosphate 5 

Well 40 

Sand, t o  yellov ............................... 4.5 
Sand, l i g h t - t a n ;  c lay ,  l ight-green,  sandy 5 
sand, clayey .............................. 5 
Sand, l i g h t - g r a y ,  s t i c k y ,  with phosphate and s h e l l  

fragments ............................................... 10 
Clay, l igh t -green ;  l imestone,  hard 2.5 

Depth 
LkL 
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Well 41 

Thickness 
( f t )  

Sand, b r w n  and black,  f ine-grained 4.5 
Sand, l igh t - tan ,  s i l t y ,  f ine-grained ...................... 5 
Sand, l i g h t - t a n ,  s i l t y .  w i t h  s h e l l  fragments 10 
Sand light-brorm 5 
Sand, l i g h t - b r w n ,  s i l t y ,  n o t  much water  ------------------ 1 0  
Same, clayey, not  much wate r  ............................ 5 
Sand, clayey, "it,, 5 

Well 42 

Sand hite silty ........................................ 4.5 
Sand dark-brar* to 5 
Sand, t a n ,  f inc-  t o  medim-grained, s i l t y  (wate r )  -------- 5 
Sand, l i g h t - b r w n ,  s i l t y ;  q u a r t z .  medim- t o  l a rge-  

grained 5 
Sand, light-brown, very s i l t y ,  c l a y ,  g reen  t o  g ray  -------- 1 0  
Sand, quartr, medim-grained ......................... 5 
sand, w i t h  phosphate pebbles 5 
Sand, coarse-grained,  w i t h  phosphate; c lay ,  g r a y  5 
C l a y ,  light-green to gray 5 

Well 43 

""& b l a c k  1 
Sand, yel low fine-grained 3 . 5  
Sand, yellar, clayey 3.5  
clay, l ightqreen,  sandg .............................. 1.5 
Clay, l ight-green,  t u r n i n g  y e l l w ,  sandy, wi th  i imestone,  

broken 5 
Clay, yellow to  l ight-green,  aandg (no  w a t e r )  5 
Clay, y e l l o v  to  l ight-green,  v i t h  l imestone,  broken, 

5 
Clay, light-green ( s w e  water) 5 
Clay, l igh t -green ,  wi th  l imestone,  broken ----------------- 5 
Clay, l i g h t - g r e e n ,  wi th  s h e l l s ;  l imes tone  5 

Well 44  

Depth 
Ilrl 
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L i t h o l o n i c  d c a c w  

Well 45 

Thickneaa 
(it) 

Send, dark-bram to yellow 3 
Sand, yellw ........................................... 3 
Clay, light-green, sandy ................................ 3.5  
Clay, l igh t -gray ,  s t i c k y  ( r a t e r )  .......................... 5 

Well 46 

Sand, dark-brown t o  l i g h t - t a n ,  f ine-grained 4.5 
Sand brown finkgrained 5 
Sand, b r w n  to l igh t -gray ,  f ine-grained,  v i t h  phoaphate -- 5 
Sme, appears to be in ............................. 5 
Clay, l igh t -green ,  wi th  a h e l l a  ( l a r g e  p i e c e s ) ,  wi th  

phosphate ........................................... 5 

Sand, 
Sand, 
Sand, 
Sand, 
Sand, 
Sand, 
Sand, 
Sand, 

Well 47 

b l a c k  t o  brm, 4.5 
l igh t - tan ,  .................................. 5 
medium- t o  f ine-grained (wate r )  ..................... 5 
medium- t o  f ine-grained,  s i l t y  .................... 5 
silty ............................................. 5 
medim- t o  f ine-grained,  c l e a n  5 
light-brown, medim- t o  f ine-gra ined  --------------- 5 
light-green; clay, light-green ...................... 5 

Well 48 

Sand 4.5 
Sand, dark-brown 5 
Sand dark-brovn (water) .................................. 
Sand, light-brwn, clayey 

5 
5 

Sand, light-brown, c layey  and a i l t y  ..................... 5 
Sand, light-bram, 5 
Same, s m e  coarserHr*ined .............................. 5 
Same, f i n e -  t o  m e d i w g r a i n e d ;  c lay ,  g reen  --------------- 5 
Sand, f i n e -  t o  medium-grained; q u a r t z ,  a w e  l a r g e  pebbles ,  

5 
Sand, f i n e -  t o  medium-grained; l a r g e  q u a r t z ,  w i t h  

little clayey ............................... 5 
C l a y ,  g reen ,  sandy ........................................ 5 

Depth 
fttL 
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Litholonic descr io t ion 

Well 49 

Thickness 
0 

Sand, brown t o  tan ------ --- - 4.5 
Sand, l ight -gray,  a i l t y  ------------- 10 
Sand, gray, very l i t t l e  clay. s i l t y  - -- 5 
Sand, l ight-tan;  quartz. so le  large  p b b l a s  - 5 
Sand, l ight-green; clay, green --- - 5 

Well 50 

Sand, brown to black, hard p n  a t  4 f e e t  --- 4.5 
Sand, gray, s i l t y  - --- --- 5 
Sand, gray, clayey, with phosphate (vator)  - 5 
Sand. very coarse-grained, with shel la  a d  phosphate 

pebbles -------- 5 
Same, very coarse-grained - - 10 
Sand. f ine-grained; gravel ,  coarse-grained. with phoaphata 

( s a l t  m d  pepper sand) 5 
Sand, s a l t  and p e p p r ,  fine-grainad, with s h e l l  

fragments -- ---- 5 
Sand, fine- t o  coarse-grained, with phosphate shells .  

with l i r a t o n a ,  b r a n ;  clay, gray - 5 
Sand, s i l t y ,  with phosphate. she l l s ;  clay, dark-gray - 5 
Clay, gray; s a d ,  medium- t o  eaarseqra ined,  with 

phosphate --- ----- 5 

Depth 
f t L  


