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The SEG
GS Remem
mbers Tom Jackson

010
Jan 31, 20
Our SEGS President, To
om Jackson of Lakeland Flo
orida, passed
d away on Deccember 26, 2009 after a brief
om was recently elected to
o serve as thee 2010 SEGS President,
P
asccending from the office of Vice
illness. To
President where he served in 2008 and 2009, an
nd was looking forward to an active yeaar leading thee
society. Tom was 60 ye
ears old.
I first mett Big Tom in 1984
1
when wee were underrgraduate students in the geology
g
program at the
Universityy of South Flo
orida in Tampa. We both graduated in 1986
1
after atttending field camp
c
togetheer in
New Mexico, and enjoyed travel experiences acrross the Southwest with our
o fellow geo
ology
classmatees. After graduation Tom continued
c
studying geology at USF and received his Masters
degree beefore enteringg the work fo
orce. He was active
a
for neaarly two decad
des working in
i private secctor
consultingg and for regu
ulatory divisio
ons at both th
he St. Johns River
R
Water Management
M
District and the
Southwesst Florida Watter Managem
ment District. I stayed in co
ontact with To
om through work
w
associatiions,
and moree recently with
h the SEGS, and we shared
d mutual inteerests in hydro
ogeology and
d Florida’s nattural
and cultural history.
Tom was passionate ab
bout Florida history
h
pertaiining to state water law an
nd the effectss of human
impacts on
o Florida’s rivvers and aquiifers. As a Pollk County nattive, and a lifeelong resident of Lakeland, he
was deeply concerned about the diminished hyd
drologic condition and eco
ology of the Peace River. Most
M
he historical disruption
d
of base flow in the Upper Peeace River fro
om losses of spring
s
troubling to him was th
discharge to the river due
d to ground
dwater extracctions, which is especially evident at th
he historic
Kissengen
n Spring site. While
W
Tom was
w always praagmatic abou
ut the slim pro
ospects of seeeing Kissengeen
Spring flow again, he remained optimistic to thee end that it could be possiible to restore flow to the
spring. On
ne of his favorite sayings in
n this regard was, “Just folllow the scien
nce”, and I think Tom was
always pretty good at doing that. We
W will all misss Tom, his sin
ncerity, kindn
ness, and thou
ughtful insigh
hts
about geo
ology.
Dave DeW
Witt, SEGS Pre
esident

The Wekiva River
(Excerpted from
f
the St. Johns River Water Management
M
District website, www.sjrwmd.com
w
m/middlestjohnsriver/wekivarivver)

The Wekivva River form
ms at the meeting of Wekivva Springs Run and Rock Sp
prings Run an
nd continues for
about 14 miles before entering the St. Johns River downstreaam from Lakee Monroe. Fou
und in Orangee,
unties, this rivver is designaated as an Ou
utstanding Flo
orida Water and Aquatic
Seminole and Lake Cou
a a federal Wild and Sceenic River. Th
he river is a major black beear corridor to
o the Ocala
Preserve and
National Forest.
F
Signifiicant public ownership
o
of the
t land existts along the Wekiva
W
River, helping to
protect th
his waterway..
The main tributary to the
t Wekiva River is the Litttle Wekiva River, which is 42 miles longg, running thrrough
the highlyy developed Orlando
O
area. Much of thee region was developed
d
priior to stormw
water
managem
ment requirem
ments, and as a consequen
nce, the river is plagued byy a series of water
w
quality and
a
quantity problems.
p
Sto
orm water russhing from paaved surfacess deposits ferttilizers and seediments thatt
pollute th
he river and erode its side banks. The bu
uildup of sediiments contin
nues on the river’s bed and
d
contributees to frequen
nt flooding. Th
his process haas deteriorateed water quality in both th
he Little Wekiva
and Wekivva rivers.
To preserve those areaas still in good
d condition, the
t Florida Leegislature passed the Wekiiva River
Protection
n Act in 1988 which requirres the river’ss surroundingg counties to amend
a
their comprehensive
plans and land develop
pment rules to
t deter wetlaands losses an
nd protect wiildlife and its habitats. Thee act
authorizes local govern
nments to creeate rules to treat
t
stormw
water runoff. Special
S
rules are
a also in plaace
for develo
opment in the
e basin that require additional stormwaater treatmen
nt and established protecttion
zones along the waterw
ways to preseerve wetlands, uplands and water quality and reducce erosion and
d
groundwaater drawdow
wn.

Wekiw
wa Springs run
n at Wekiwa Springs
S
State Park

Area location map of Wekiwa Springs State Park, Rock Springs at Kelly Park, and the Wekiva River.

Detail of Wekiwa Sprin
ngs State Parkk camping and
d headsprings area

The Geology and Hydrogeology of Central Florida in the vicinity of Wekiwa and Rock Springs
By
Thomas M. Scott (SDII Global Corp.) & Dave DeWitt (SWFWMD)

Wekiwa and Rock Springs occur in northwestern Orange County near the junction of Orange, Lake and
Seminole Counties. Wekiwa Spring is in Wekiwa Springs State Park near the town of Altamonte Springs.
Rock Springs is in Dr. Howard A. Kelly County Park near Apopka. Wekiwa Spring is at the headwaters of
the Wekiva River. Rock Springs discharges into Rock Springs Run that flows to the southeast several
miles until it merges with the Wekiva River. The Wekiva River flows northward into the St. Johns River
near DeBary in Volusia County.

Central Florida has undergone significant development in the past four decades. The area surrounding
Wekiwa and Rock Springs is, for the most part, highly developed as is very evident from satellite
imagery. Development in the uplands that surround the springs is encroaching into the lowlands of the
Wekiva Plain. Much of the lowland area is now managed as county and state parks and conservation
areas protecting wildlife and water resources.
Geomorphology
The field trip area falls within White’s (1970) Central or Mid‐Peninsular Zone which is characterized by
discontinuous highlands separated by broad valleys. The Wekiva Plain, where Wekiwa Spring, Rock
Springs and other springs occur, was named and illustrated on maps in Puri and Vernon (1964) and
White (1970). Neither Puri and Vernon nor White described the feature in detail. The Wekiva Plain is
bounded on the west by the Mount Dora Ridge, on the north by the Marion Upland, on the east by the
Osceola Plain, and the south by the Orlando Ridge and the Osceola Plain (Figure 1).

Elevations within the Wekiva Plain range from less than 15 feet msl to more than 50 feet msl. Elevations
in the uplands often exceed 100 feet msl. The transition from the Wekiva Plain to the surrounding
uplands takes place over relatively short distances along the western, southern and eastern boundaries
of the plain. The transition is more subdued to the north. Karst features are abundant in the uplands
surrounding the Wekiva Plain. However, within the lowlands, few karst features other than the springs
are evident. As elevations in the plain increase, more karst features can be recognized. Karst processes
appear to have been responsible for the formation of the Wekiva Plain.

The springs of the Wekiva Plain emanate from caves and enlarged fractures. Rock Springs flows from
caves exposed on a steep slope. Wekiwa Spring flows from an elongate fissure in the bottom of the
spring pool (Scott et al, 2004). Numerous small spring caves occur along the Wekiva River downstream
from the headspring.
Geology

The geologic structures (Figure 2) that have affected shallow Tertiary and Quaternary
sediments of the Florida Platform have been defined by numerous authors (Puri and Vernon,
1964; Miller, 1986; Scott, 1988; Scott, 1991). The majority of the structures recognized as
influencing the deposition, erosion and alteration of the Cenozoic sediments in Florida do not
appear to have had a significant effect on the surface expression of the lithostratigraphic units.
These geologic structures include the Gulf Basin, Jacksonville Basin, St. Johns Platform, Sanford
High, Brevard Platform, Osceola Low and the Okeechobee Basin (Scott, 1992). Those structural
features that exerted an influence on the surficial or very near surface distribution of the
Cenozoic sediments, or mark areas of significant facies changes, include the Gulf
Trough/Apalachicola Embayment, Chattahoochee “Anticline” and the Ocala Platform. Eocene
sediments crop out on the Chattahoochee Anticline and the Ocala Platform. The Wekiva Plain
lies between the Ocala Platform and the Sanford High.
The near surface geologic units in the field trip area include the Eocene Ocala Limestone, the
Miocene Hawthorn Group, the Pliocene Cypresshead Formation and undifferentiated Plio‐
Pleistocene sediments. The units mapped in this portion of central Florida include the
Hawthorn Group and the Cypresshead Formation (Scott et al., 2001) (Figure 3).
The Ocala Limestone consists of nearly pure limestones and occasional dolostones. It can be subdivided
into lower and upper facies on the basis of lithology. The lower member is composed of a white to
cream‐colored, fine to medium grained, poorly to moderately indurated, very fossiliferous limestone
(grainstone and packstone). The lower facies may not be present throughout the areal extent of the
Ocala Limestone and may be partially to completely dolomitized in some regions (Miller, 1986). The
upper facies is a white, poorly to well indurated, poorly sorted, very fossiliferous limestone (grainstone,
packstone and wackestone). Silicified limestone (chert) is common in the upper facies. Fossils present
in the Ocala Limestone include abundant large and smaller foraminifers, echinoids, bryozoans and
mollusks. The large foraminifera Lepidocyclina sp. is abundant in the upper facies and extremely limited
in the lower facies. The presence of these large foraminifers in the upper facies is quite distinctive.
The permeable, highly transmissive carbonates of the Ocala Limestone form an important part
of the Floridan aquifer system (FAS). It is one of the most permeable rock units in the FAS (Miller, 1986).
The top of the Ocala Limestone occurs at ‐25 feet msl to ‐50 feet msl in this area (Scott and Hajishafie,
1980)
The Hawthorn Group unconformably overlies the Ocala Limestone in much of central Florida (Scott,
1988). In the field trip area, the Hawthorn Group in generally not differentiated into its component
formations. However, the uppermost Hawthorn Group sediments in the Wekiva Plain have been

assigned to the Coosawhatchie Formation (Scott et al., 2001). The Hawthorn Group is composed of
carbonates and siliciclastic sediments.

Figure 1 – Geomorphology (from White, 1970).

Figure 2 – Geologic structures in Florida (modified from Scott, 1988).

Figure 3 – Geologic map of Florida (Scott et.al, 2001).

The carbonates are yellowish gray to light orange, poorly to well indurated, sandy, clayey and
phosphatic with scattered mollusk molds and casts. The siliciclastics vary from a light gray to olive gray,
poorly consolidated, variably clayey and phosphatic sand with few fossils, to an olive gray, poorly to
moderately consolidated, slightly sandy, silty clay with few to no fossils. Occasionally the sands will
contain a dolomitic component. Sharks teeth are common and can be found in the sediments of the

spring run
ns. The Hawth
horn Group iss 50 to 100 feeet thick in this area and th
he top occurss at approximately
sea level to
t 50 feet mssl (Scott, 1988
8). These sediments are paart of the inteermediate con
nfining
unit/aquiffer system.
The Cypreesshead Form
mation consists of reddissh brown to reddish orange, unconso
olidated to poorly
p
consolidated, fine to very coarse grrained, clean to
t clayey sands. Cross bed
dded sands are common within
w
d quartzite pebbles and mica
m are often present. Clay
C beds are scattered an
nd not
the formaation. Discoid
areally exxtensive. In general, the Cypresshead Formation
F
in exposure
e
occcurs above 10
00 feet (30 meeters)
above meean sea level (msl). Original fossil maaterial is not present in the
t sedimentts although poorly
p
preserved
d molds and casts
c
of mollu
usks and burrrow structurees are occasio
onally presentt. The presen
nce of
these fossil “ghosts” and
a trace fosssils documen
nts marine in
nfluence on deposition
d
off the Cypressshead
head Formatiion form partt of the surficial aquifer sysstem.
sedimentss. The permeable sands off the Cypressh
Undifferentiated Plio‐P
Pleistocene sediments aree siliciclastics that include light gray, tan, brown to black,
unconsolidated to poo
orly consolidated, clean to
t clayey, siltty, unfossilifeerous, variab
bly organic‐beearing
sands to blue
b green to olive green, poorly to mo
oderately conssolidated, san
ndy, silty clayys.

Hydrogeology
Hydrogeo
ologic units in the Wekivva basin are the surficial aquifer, thee intermediaate aquifer or
o
intermed
diate confining unit, and the Floridan
n aquifer sysstem. The reelationships of these
hydrostraatigraphic units to the geologic
g
timee series and to the lithosstratigraphicc units are
detailed in the follow
wing:
Table 1 (From
(
SJRWM
MD, 2010).

The Floridan aquifer system is the principal source of fresh groundwater in the region and is
capable of supplying large quantities of water to wells and springs. The Floridan aquifer system
consists of the Ocala Limestone (where present), and Avon Park and Oldsmar formations of the
Eocene epoch and part of the Cedar Keys Formation of the Paleocene epoch. Where the Ocala
Limestone is absent, the Avon Park Formation constitutes the top of the Floridan in southwest
Volusia, north Seminole, and extreme northeast Lake counties.
The Floridan aquifer system is divided vertically into two aquifers, referred to as the Upper and
Lower Floridan aquifers. The Upper Floridan aquifer consists of the Ocala Limestone and upper
part of the Avon Park Formation. The Lower Floridan aquifer consists of the lower part of the
Avon Park Formation, the Oldsmar Formation, and part of the Cedar Keys Formation. The
aquifers are separated by a less‐permeable dolomitic limestone within the middle Avon Park
Formation, which is referred to as the middle semiconfining unit.
The Ocala Limestone constitutes the top of the Upper Floridan aquifer over much of the Wekiva
Basin area. Groundwater discharge from the springs comes from the Upper Floridan aquifer.
Throughout much of the region the Upper Floridan aquifer is confined, although the aquifer is
considered poorly confined or unconfined in western Marion and Lake counties.
Spring Discharge
Observed groundwater discharge at major springs in the basin is controlled by regional
groundwater flow patterns, dictated by complex pathways developed in karstic carbonate rocks
of the Upper Floridan aquifer. Distribution of recharge and discharge areas is a function of
geology and in turn the overlying topography that define the geomorphic regions shown
previously (Figure 2). All these factors play a role in the distribution of head potentials depicted
in the potentiometric surface of the Upper Floridan aquifer (Figure 4) along with locations of
springs.

Figure 4 – September 2007 potentiometric surfface of the uppper Floridan aquifer systeem with locatiions
of springss. Contours in feet above sea
s level, whitte arrows sho
ow general direction of gro
oundwater flo
ow.
Blue shad
ded area depicts the generralized ground
dwater recharge basin or springshed
s
fo
or the region.

d
datta for Wekiw
wa and Rockk Springs are shown belo
ow (Figure 5)).
Period off record of discharge
Average discharge fo
or Wekiwa Springs is 67 cubic feet per second (ccfs) and Rockk Springs
averagess about 58 cffs, placing th
he springs in a second magnitude
m
disscharge classification
(SJRWMD
D 2010). The
e region inclu
udes numerrous other sp
prings of varrying size, most notably the
second magnitude
m
Apopka Sprin
ng in the southwest corn
ner of Lake Apopka
A
in southern Lakee
County, and
a Gemini Springs, a sm
maller secon
nd magnitude spring neaar DeBary in Volusia Cou
unty
that provvide addition
nal flow to th
he Wekiva River.
R
Many other smaller springs occcur within the
t
basin con
ntributing to
o the ground
dwater discharge that maintains basse flow to the Wekiva Rivver.

Figure 5 – Period of record discharge for Wekiwa and Rock Springs (SJRWMD 2010).

Water Quality
The water quality of Wekiwa Springs, Rock Springs and the Wekiva River is typical of most
freshwater spring runs and springfed rivers in peninsular Florida, having a dominant calcium‐
bicarbonate geochemical signature reflective of groundwater discharging from the Upper
Floridan aquifer system. A graphic record of water quality data is shown in Figure 6, and Tables
2 and 3 provide the general chemical attributes of water present at the springs.
Clear water and stable water temperatures are the hallmark of the unique environments
present at many large spring groups in the state, but increasing nutrient levels, in the form of
dissolved nitrate, has also become an unwelcome attribute of the water chemistry in Florida’s
springs. The springs in the Wekiva Basin are no exception, and the sources of nutrient pollution
to the Upper Floridan aquifer system from the surrounding groundwater recharge area are
numerous and complex. Although natural sources of nitrogen in the environment are abundant,
the increasing trends in nitrate discharging from the springs are an indication of the land uses
and human activity in the springshed. Low historical levels of dissolved nitrate observed in
groundwater at the springs have steadily increased over a period of decades as the regions
population expanded, and intensive agriculture and urban development slowly covered the
landscape. Figure 7 shows dissolved nitrate concentrations for both Wekiwa and Rock Springs,
and although the concentrations appear fairly low, the ecological effects of even small
increases in nutrient loads to spring runs and rivers is of concern statewide.

Wekiwa Springs run (left) downstream of the headsprings, and Rock Spring headspring area (SJRWMD
2010).

Figure 6 – Water quality graphs of major constituents form Wekiwa Springs and Rock Springs (SJRWMD
2010).

Table 2 ‐ Summary statistics of water quality and discharge at Wekiwa Springs (SJRWMD 2010).
Wekiwa Springs

Min

Mean

Median

Max

Count

Period

Water temperature, °C

22.0

23.7

23.7

25.5

163

1956‐2005

Specific conductance, field, µmhos/cm at 25 °C

252

319

322

398

57

1984‐2005

Specific conductance, lab, µmhos/cm at 25 °C

192

283

282

371

82

1956‐2005

pH, field

6.13

7.37

7.39

8.22

88

1956‐2005

Discharge, cfs

29.4

67.1

66.8

92.0

282

1932‐2005

Calcium, dissolved, mg/L as Ca

19.0

33.6

33.0

40.0

43

1956‐2001

Calcium, total, mg/L as Ca

25.6

38.5

39.1

66.9

50

1992‐2005

Magnesium, dissolved, mg/L as Mg

8.1

9.8

9.8

12.3

44

1956‐2001

Magnesium, total, mg/L as Mg

7.7

11.3

11.0

29.3

50

1992‐2005

Sodium, dissolved, mg/L as Na

3.0

6.7

7.0

10.0

43

1956‐2001

Sodium, total, mg/L as Na

4.7

13.5

9.0

245.7

50

1992‐2005

Potassium, dissolved, mg/L as K

0.4

1.3

1.3

3.1

42

1956‐2001

Potassium, total, mg/L as K

1.3

1.8

1.5

8.7

50

1992‐2005

Chloride, total, mg/L as Cl

7.0

13.1

13.5

27.0

86

1956‐2005

Sulfate, total, mg/L as SO4

6.0

17.0

18.0

22.4

86

1956‐2005

Fluoride, dissolved, mg/L as F

0.10

0.20

0.16

0.40

35

1956‐1995

Fluoride, total, mg/L as F

0.12

0.16

0.16

0.21

40

1994‐2003

Nitrate + nitrite, total, mg/L as N

0.63

1.43

1.46

2.00

54

1977‐2005

Nitrate + nitrite, dissolved, mg/L as N

1.30

1.62

1.62

1.94

2

1995‐1999

Phosphorus, total, mg/L as P

0.10

0.28

0.12

2.04

12

1972‐2005

Orthophosphate, total, mg/L as P

0.06

0.11

0.11

0.15

44

1972‐2005

Alkalinity, total, mg/L as CaCO3

72.0

111.4

113.0

140.0

79

1956‐2005

Total dissolved solids, mg/L

101

171

174

217

77

1959‐2005

Total organic carbon, mg/L as C

0.0

1.0

1.0

2.3

6

1972‐1995

Table 3 ‐ Summary staatistics of watter quality and discharge at Rock Springgs (SJRWMD 2010).

NO3 + NO2 (mg/l as N)
NO3 + NO2 (mg/l as N)

Figure 7 ‐ Dissolved nitrate levels at Wekiwa Springs and Rock Springs, 1984 to 2009 (SJRWMD 2010).

References

Miller, J. A., 1986, Hydrogeologic framework of the Floridan aquifer system in Florida and parts of
Georgia, Alabama and South Carolina: United States Geological Survey Professional Paper 1403‐B, 91 p.
plus maps.
Puri, H.S., and Vernon, R. O., 1964, Summary of the geology of Florida:Florida Geological Survey Special
Publication 5 (Revised), 312 p.
Scott, T.M., 1988, The lithostratigraphy of the Hawthorn Group (Miocene) of Florida: Florida Geological
Survey Bulletin 59, 148 p.
____________, 1991, A Geological overview of Florida: in Scott, T.M., Lloyd, J. M., and Maddox, G.
(eds.), Florida's Ground Water Quality Monitoring Program‐ Hydrogeological Framework: Florida
Geological Survey Special Publication 32, p. 5‐14.
____________, 1992, Coastal Plains stratigraphy: The dichotomy of biostratigraphy and
lithostratigraphy ‐ A philosophical approach to an old problem: in Scott, T.M., and Allmon, W. D., (eds.)
The Plio‐Pleistocene stratigraphy and paleontology of southern Florida: Florida Geological Survey
Special Publication 36, p. 21‐26.
____________ and Hajishafie, M., 1980, Top of Floridan Aquifer, St. Johns District: Florida Bureau of
Geology, Map Series no. 95.
____________, Campbell, K.M., Rupert, F.R., Arthur, J.D., Green, R.C., Means, G.H., Missimer, T.M.,
Lloyd, J.M., Yon, J.W., and Duncan, J.D., 2001, Geologic map of the State of Florida: Florida Geological
Survey Map Series 146.
____________, Means, G.H., Meegan, R.P., Means, R.C., Upchurch, S.B., Copeland, R. E., Jones, J.,
Roberts, T., and Willett, A., 2004, Springs of Florida: Florida Geological Survey Bulletin 66, 377 p. plus CD.
http://www.sjrwmd.com/springs/orange/rock.html#
http://www.sjrwmd.com/springs/orange/wekiwa.html#
White, W. A., 1970, The geomorphology of the Florida peninsula: Florida Bureau of Geology Bulletin 51,
164 p.

APPENDIX

