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In an effort to protect Florida’s water resources from significant harm, the five 

water management districts have been legislatively mandated to establish Minimum 

Flows and Levels (MFLs) on their lakes, rivers, springs, and aquifers.  To describe the 

fluctuating hydrology of their lakes, the St. Johns River Water Management District 

(SJRWMD) has defined the Frequent High (FH), Average (AVE), and Frequent Low 

(FL) levels as the lakeshore elevations that are flooded 20%, 50%, and 80% of the time 

respectively.  The SJRWMD uses Lake Stage Indicators (LSIs) to determine the historic 

FH, AVE, and FL of lakes that have weak stage records.  Currently the SJRWMD relies 

heavily on vegetation-based LSIs 

To date, no soil-based LSIs have been developed due to the lack of knowledge 

concerning the relationships between hydric/sub-aqueous soil morphology and lake stage 

fluctuations.  This research investigated these relationships for two sandhill lakes in the 

SJRWMD.  Lake Magnolia and Sand Hill Lake were chosen because of their small stage 
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fluctuations and undisturbed soils.  Histosols occurred on the seepage slopes while 

Entisols occurred on the non-seepage slopes.  The sub-aqueous soils on the non-seepage 

slopes of both lakes had stratified layers in the epipedon.  The stratified layers varied in 

number, thickness, contrast, and composition as a function of lake stage fluctuations.  

These variations occurred at consistent elevations on Sand Hill Lake, allowing for the 

development of three soil-based LSIs.  Results from soil and hydrologic monitoring 

provided a better understanding of the lakes’ hydrology and soil morphology.  Based on 

these results it was recommended that the preliminary soil-based LSIs be used as a 

starting point for soil-based LSIs on all SJRWMD lakes. 
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INTRODUCTION 

 
The Need for Water Management in Florida 

Florida is famous for its water resources.  With approximately 1200 km of 

beaches, 7800 lakes, and 320 springs, Florida attracts over 50 million tourists each year, 

making it the fourth most populated state in the United States.  Tourism accounts for 

more than 40 billion dollars of Florida’s economy while employing hundreds of 

thousands of Floridians (Data Source: http://www.flausa-media.com).    State legislators 

are faced with the difficult task of providing water for 15 million residents while 

protecting the water resources from over consumption so that its largest industry, tourism, 

continues to thrive. 

Florida’s water resources exist due to a small surplus of rain water.  Annually, 

Florida receives 1300 mm of rain, but endures 1100 mm of evapotranspiration.  The 

surplus, 200 mm/yr, is what the lakes, rivers, and aquifers rely on for recharge.  As 

Florida’s population grows, so does the demand for water.  Managing water use is not as 

simple as calculating the statewide surplus to determine available water.  The demand for 

water is high, regardless of rainfall conditions.  Water in Florida is stored not only as 

surface water but as groundwater in a complex system of aquifers often connected with 

surface water bodies.  The availability of water is a function of the hydrogeology, 

climate, and the demands humans place on water.  Water may not always be available 

where demand is highest.  Since supply and demand do not always coincide 

geographically or temporally, many areas of Florida experience frequent water shortages.  

http://www.flausa-media.com
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To cope with these supply and demand problems, five Water Management Districts have 

been established in Florida. 

Florida Water Management Districts 

Striking a balance between protecting water resources for future use, and providing 

water for current use, has been the task of the Florida Water Management Districts 

(WMDs) for the past thirty years (Figure 1).  These five agencies have the power to 

manage water resources through taxation, permitting, etc.  Backed by state legislature, the 

WMDs manage water based on current laws and scientific knowledge, but also evolve 

their policies as the laws and knowledge changes.  A recent change that has taken place 

in the early 1990’s was the establishment of the Minimum Flows and Levels (MFLs) 

Program. 

In 1994, Florida’s legislation mandated that all five WMDs establish MFLs for all 

the surface water and groundwater in Florida (F.S. 373.042).  These MFLs are meant to 

protect Florida’s water resources from “significant harm.”  The goal is that the maximum 

allowable water demands will be defined for all areas of the state, thus facilitating 

judicial use of the water now and in the future. 

 



 

 

3

100 0 100 200 Kilometers

NWFWMD SRWMD
SJR

W
M

D

SFWMD

SW
FW

M
D

G
u l f  

o
f

 
M

e
x

i
c

o

A
t l a

n
t i c

 O
c

e
a

n

 
Figure 1. The Five Water Management Districts of Florida: Northwest Florida Water 
Management District (NWFWMD), Suwannee River Water Management District 
(SRWMD), St. Johns River Water Management District (SJRWMD), Southwest Florida 
Water Management District (SWFWMD), South Florida Water Management District 
(SFWMD). 

A crucial part of the MFL methods is to identify the current hydrologic regime of 

the lakes, rivers, and aquifers that are to be protected.  Determining what the high, 

average, and low water levels are for a particular water body can prove difficult if long 

term stage records are not available.  In these cases, the WMDs must use physical 

evidence of water fluctuations such as water marks on trees and boat docks as well as 

biological evidence such as vegetation community distribution.  Unfortunately, the 
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evidence found by the WMDs often does not provide the precision or the accuracy 

needed to determine the existing hydrologic regime.  Water marks can fade.  Vegetation 

communities can migrate, be disturbed, or have boundaries that are not easily delineated.  

A more precise and accurate method of identifying current hydrologic regimes is needed.   

Soils can provide that accuracy and precision.  The morphology of the hydric and 

sub-aqueous soils that surround lakes and rivers are subject to frequent flooding.  If the 

relationship between surface water fluctuations and soil morphology can be understood, 

then soil morphology can be used to determine the stage fluctuations of areas where 

hydrology data is insufficient. 

Research Goals and Objectives 

The goal of this research is to determine what, if any, features in the soil can be 

used to determine the current hydrologic regime of SJRWMD sandhill lakes.  To 

accomplish this goal, two research objectives have been established. 

1. To investigate soil and hydrology of selected study lakes 

2. To develop soil-based lake stage indicators 
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MINIMUM FLOWS AND LEVELS 

 
Legislation 

Florida Legislature mandates the WMDs protect water resources from significant 

harm by establishing MFLs (Chapter 373.042 F.S.)  The legislature defined MFLs as 

water flows and levels that represent the lower threshold of what a water-based system 

can tolerate.  Levels below this threshold will cause “significant harm” to the system.  

Florida Administrative Code (62-40.473) broadly outlines protection by stating, 

“consideration shall be given to the protection of water resources, natural seasonal 

fluctuations in water flows or levels, and environmental values associated with coastal, 

estuarine, aquatic, and wetlands ecology.”  Specifically, the code identifies the following 

areas for protection: recreation in and on the water, fish and wildlife habitats, the passage 

of fish, estuarine resources, transfer of detritus material, maintenance of freshwater 

storage and supply, aesthetic and scenic attributes, filtration and adsorption of nutrients 

and other pollutants, sediment loads, water quality, and navigation.  Further consideration 

of protection from significant harm is left to the water management districts’ discretion 

(Hupalo et al., 1994). 

Multiple Lake Levels Approach 

The long-term fluctuations of a water body, called the hydrologic regime, are 

driven by the water body’s constantly fluctuating hydrologic inputs and outputs.  To 

approximate a hydrologic regime, the SJRWMD uses a multiple level approach.  The 

levels used are the Infrequent High (IFH), Frequent High (FH), Average (AVE), Frequent 
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Low (FL), and Infrequent Low (IFL). (St. Johns River Water Management District Staff, 

1994).   

Lake-Level Definitions 

The IFH level is defined by the 10% flood event.  For surface water, that is the 

elevation that experiences flooding from surface water 10% of the time.  The FH, AVE, 

FL, and IFL are represented by the 20%, 50%, 80%, and 90% flood events, respectively.  

Levels can be determined by calculating the 10th, 20th, 50th, 80th, and 90th percentiles 

of a water level data (Rao, 1982). 

MFLs are used to describe the minimum hydrology below which “significant 

harm” may occur: Minimum Frequent High (M-FH), Minimum Average (M-AVE), and 

Minimum Frequent Low (M-FL) which described the 20%, 50%, and 80% flooding 

events of the minimum hydrologic regime (Figure 2). 
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Figure 2. Hypothetical current (blue) and minimum (red) hydrologic regimes for a 
surface water body.  Solid line represents the hydrologic regime and the dotted lines 
represent the lake levels that approximate those regimes.  Frequent High (FH) and 
Minimum Frequent High (M-FH) = 20% exceedence.  Average (AVE) and Minimum 
Average (M-AVE) = 50% exceedence.  Frequent Low (FL) and Minimum Frequent Low 
(M-FL) = 80% exceedence. 

Problems Associated With Water Level Data 

How closely the calculated water levels match the actual water levels, depends on 

the quality of the data.  A data set that spans an entire hydrologic regime, with records 

that are frequent enough to show most of the fluctuations, will allow calculated levels 

that are very close to the actual levels.  However, a data set that is either sparsely 

populated or short in duration will likely not yield useful levels.  For surface water, the 

quality of this data can vary.  Some lakes and rivers have staff gauges near boat docks or 
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other places that facilitate data collection.  Other surface waters can be in remote or 

private areas that hinder data collection. 

Priority Surface Water Bodies 

Some of these surface waters, although remote, are on the SJRWMD’s list of 

priority surface water (St. Johns River Water Management District Staff, 1994).  The 

prioritization process has evolved since the 1980’s.  Priority lake list criteria have been 

added, and therefore so have lakes.  Specific criteria have changed over the years, but 

basically, priority surface waters are those that are currently threatened by pumping, are 

currently low for other reasons, or are projected to be drastically low by 2010 (St. Johns 

River Water Management District Staff, 1994).  Additionally, citizen complaints often 

coincide with these factors and can have a lake listed.  Priority lakes are ones that for one 

reason or another, are thought to be in danger of being too low either currently or in the 

near future. 

Many sandhill lakes are priority lakes.  These lakes can have excellent hydraulic 

communication with the Floridan aquifer via sinkholes and other karst features.  As the 

potentiometric head in the Floridan aquifer fluctuates, so do the sandhill lake levels.  

Lake Brooklyn is an example of this.  Seismic studies have shown Lake Brooklyn to have 

“collapse features that show fractures and faulting in the Hawthorn Group” (St. Johns 

River Water Management District Staff, 1992).  Lakes that have this hydraulic 

communication with the Floridan Aquifer, such as Lake Brooklyn, can have large stage 

fluctuations (Figure 3) resulting in drastic surface area changes (Figure 4). 
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Figure 3.  Hydrographs for a chain of sandhill lakes in the Upper Etonia Creek Basin.  
Units for lake stage are in feet above Sea Level.  Lake Lowry is also know as Sand Hill 
Lake.  Note the large stage fluctuations of Lake Brooklyn compared to Lake Lowry 
(Source: Merritt, 2001). 
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Figure 4. Satellite imagery from 1992 and 1996 showing lake surface area changes.  Note 
the large surface area change of Lake Brooklyn compared to the small surface area 
change of Sand Hill Lake.  Lake Brooklyn is a priority lake due to its large stage and 
surface area fluctuations. 
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SJRWMD MFL Methods: Establishing MFLs for a Lake 

Determination of Current Hydrologic Regime 

The first step in establishing MFLs for a lake is to describe the current hydrologic 

regime by determining the current lake levels.  The SJRWMD may identify all five water 

levels, but currently only uses three in the MFL process: the FH, AVE, and FL (St. Johns 

River Water Management District, 1994). 

Often, the quality of the stage records is poor.  Either the period of record is too 

short or the period between records is too long.  In either case, the stage records and 

subsequent statistics usually fail to describe the hydrology.  As mandated by the 

legislation, all WMDs must use the “best available knowledge” (Chapter 373.042 F.S.)  

In the absence of quality stage data, the “best available knowledge” for the SJRWMD is 

usually based on field observations of vegetation. 

Vegetation can yield valuable information if the SJRWMD understands the 

physical and biological effects of lake stage fluctuations.  Knowing how plant species and 

communities tolerate various hydrologic regimes, the SJRWMD then develops LSIs.  By 

identifying location and elevation of these LSIs, the SJRWMD can approximate the 

current lake levels. 

Problems Associated With the Determination of the Current Hydrologic Regime 

In many cases vegetative LSIs do not provide the accuracy or precision needed to 

identify the FH, AVE, and FL.  Precision error results when the horizontal error 

associated with identifying an LSI translates into a large vertical error.  For example, if 

the edge of a particular vegetation community typically found on 2% slopes is a FH LSI, 

and if the identification of that edge results in a 3 m horizontal error, the subsequent 

vertical error is 21 cm.  For a lake with stage fluctuations of only a few meters, the FH-
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FL range may only be 20 - 30 cm.  In this example, the LSI does not precisely identify 

the FH, AVE, or FL.  Since the SRJWMD accepts a 10% exceedence range for their 

levels, the precision of a LSI must be less than 10% exceedence. 

Even if the edge of that vegetation community could have been identified with 

excellent horizontal and vertical precision, the use of that LSI may be questionable.  If 

that LSI was developed from a poor understanding of the vegetation and surface 

hydrology relationships, then it’s possible the LSI does not identify the lake stage it was 

designed to identify.  For example, vegetation communities that favor seepage slopes are 

supported by the perched water-table of those slopes.  The elevations of these 

communities may be meters above the lake and, therefore, should not be used as LSIs.  

Use of these communities would result in identification of a set of levels that are higher 

than those of the current hydrology. 

The two previous examples demonstrated how the use of vegetation can result in 

poor accuracy and precision due to the misinterpretation of vegetation/hydrology 

relationships, as well as the difficulties in determining the exact elevation of a vegetation 

feature.  The MFL process could benefit from LSIs that are either more precise or more 

accurate than vegetation-based LSIs.  Thus, research was being conducted to develop 

soil-based LSIs. 

The inclusion of soil-based LSIs could provide much needed assistance to the 

SJRWMD scientists.  Currently, there is very little known about the relationship between 

the hydrology and the morphology of the soils that surround many of the SJRWMD 

lakes.  Sandhill lakes are a very common type of lake in the SJRWMD.  Their soils are 

generally sandy, with little build up of organic matter and few redoximorphic features.  
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Although some hydric soil indicators are common to these areas, there have been no 

investigations in to use the soil features to help determine the current hydrologic regime.  

Currently, the SJRWMD has no soil-based LSIs. 

Predicting Minimum Lake Levels 

Once the current lake levels have been determined for a particular lake from “best 

available knowledge,” the SJRWMD must decide how much lower the lake levels can 

drop without causing “significant harm” (Chapter 373.042 F.S.).  The loss of watercourse 

navigability, significant retreat of existing wetland communities, and the oxidation of 

hydric soils are some of the “harms” that the Florida Administrative Code (62-40.473) 

deems “significant.”  The lowest allowable levels, or MFLs, should protect the lake from 

these harms.  In the case of lakes that are currently very low, the MFLs may be above the 

current lake levels. 

MFL Validation and Implementation 

Once MFLs have been initially determined for a lake, hydrologic models are used 

to determine what effect the MFLs will have on other groundwater and surface water 

levels.  The SJRWMD considers current and future demands for consumptive water use 

in order to determine when MFLs will be violated.  Once a set of MFLs are initially 

determined, they must be included in hydrologic models to predict whether the proposed 

MFLs will cause “significant harm.” (Kinser and Minno, 1995).  After the MFLs have 

been tested in this manner, they must be approved by the governing board to be used for 

future permitting decisions. 

Priority lakes are currently the focus of the SJRWMD MFL Program.  Since many 

of these lakes are a priority because of extremely low lake levels, the MFLs currently 
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being determined are often in violation.  In these cases, an emergency recovery strategy is 

set in place to bring the lake levels back to MFLs. 

Priority lakes have been identified as problematic or sensitive to pumping effects.  

Therefore, MFLs on these lakes will often cause permits to be restricted or denied.  This 

will cause people to challenge the MFLs in court.  Therefore, a solid foundation of 

research applied to lakes in the SJRWMD is necessary for the SJRWMD to defend the 

MFLs it sets. 

A New Direction for Minimum Flows and Levels Research: Soils 

To use soils as indicators of lake-stage fluctuations, the relationship between the 

morphology and the hydrology of a particular lake must be understood.  The SJRWMD 

has recently begun research to further the understanding of soil and hydrology 

relationships.  The starting point for this research was hydric and sub-aqueous soils. 

Hydric and Sub-Aqueous Soils 

A hydric soil is defined as “a soil that formed under conditions of saturation, 

flooding or ponding long enough during the growing season to develop anaerobic 

conditions in the upper part” (Federal Register, 1994).  While the hydric soils definition 

does not impose any restrictions as to the maximum amount of flooding a soil can 

experience, a widely accepted definition of soil does.  The definition of soil in Soil 

Taxonomy did not include shallow water sediments as soils (Soil Survey Staff, 1975).  

The revised edition of Keys to Soil Taxonomy states a new definition of soil (Soil Survey 

Staff, 1998).  Research (Demas and Rabenhorst, 1999) showed that shallow water 

sediments experienced pedogenesis as the result of four pedogenic processes: additions, 

removals, translocations, and transformations.  This research proposed a new category of 

soils be included in the definition of soil: sub-aqueous soils.  A major change in the 
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definition of soil followed by re-defining the horizontal limit of soil used to distinguish 

between soils and sediments.  The horizontal limit of soil is now defined as areas where 

“the surface is permanently covered by water too deep (typically greater than 2.5m) for 

the growth of rooted plants,” (Soil Survey Staff, 1999).  The hydric soils definition and 

revised soil definition signifies a forward thinking regarding sub-aqueous soils.  Soil 

forming processes that take place in flooded soils are now recognized with these 

definitions. 

The Need for Soil Investigations 

Several questions arise when hydric soils are used to determine specific 

fluctuations in hydrology: 

• What does the presence of a hydric soil say about the flooding? 

• Does the presence of a hydric soil guarantee a particular flooding event? 

• What about hydric soils occurring on seep slopes? 

• How do their elevations relate to the various flooding events? 

Questions such as these can be answered through research that is applied to hydric 

and sub-aqueous soils and their relationships with hydrology.  Since priority lakes 

currently need the attention of the SJRWMD, the soils surrounding these lakes are a 

logical place to focus their research efforts.  

Sandhill Lakes for Initial Soils Study 

By virtue of their sometimes large and erratic lake-stage fluctuations, many of the 

priority lakes in the SJRWMD are sandhill lakes.  The SJRWMD has identified the need 

to investigate soil and hydrology relationships for priority lakes and, has therefore 

chosen, sandhill lakes as the initial type of lake to be studied.  Resulting from that 
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decision, this research may provide the insight needed to interpret the soil morphologies 

of these priority lakes and other sandhill lakes. 
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DESCRIPTION OF THE STUDY AREA 

 

Two lakes were chosen for study: Sand Hill Lake (Figure 5A) and Lake Magnolia 

(Figure 5B).  The center of Lake Magnolia is 29o40’50” N, 82o01’00”W.  The center of 

Sand Hill Lake is 29o50’40”N, 82o00’00”W.    Both lakes are located in the southern tip 

of the Camp Blanding U.S. Army Base, Clay County, Florida (Figure 6). 

  

 
A 

 
 

 
B 

 
Figure 5. Panoramic view of study lakes. Sand Hill Lake looking north (A) and Lake 
Magnolia looking north-east (B).  Note the white sands and low stage of both lakes.  A 
drought lowered both lakes and exposed their sub-aqueous soils. 
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Figure 6. Location of the study lakes: Lake Magnolia and Sand Hill Lake in Clay County, 
Fl.  The locations of Kingsley Lake and Blue Pond are shown for reference. 
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Regional Setting 

Physiography 

The study lakes lie in the northern portion Upper Etonia Creek Basin (UECB).  

The UECB is located in North-Central Florida and spans a 445 km2 in area that includes 

parts of Alachua, Bradford, Clay, and Putnam Counties (Figure 7). In the southwestern 

part of Clay County, or the northeastern part of the UECB, surface elevations range from 

60 m to 30 m National Geodetic Vertical Datum (NGVD) (Motz and Heaney, 1991). 

This southwestern portion of Clay County is located in the Interlachen Sand Hills 

physiographic region, which is just south of the Trail Ridge physiographic region (Figure 

8).  These two regions lie in the extreme western portion of Clay County and are higher 

in elevation than the surrounding areas.  In addition to being topographic high points of 

the county, these regions have many small lakes and few streams.  Some surface water 

flow is present in the form of chains of lakes.  The rest of Clay County is lower in 

elevation and has many streams and very few lakes (Figure 9).  These streams drain to 

the eastern boundary of Clay County which is the St. Johns River. 
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Figure 7. Upper Etonia Creek drainage basin (Source: Motz and Heaney, 1991) 
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Figure 8. Physiographic regions of the study area: Trail Ridge and Interlachen Sand Hills. 
Other physiographic regions are shaded gray. 
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Figure 9. Surface elevation of Clay County (Data Source: USGS 1:250,000 Digital 
Elevation Model) 
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Climate 

The study area lies in a humid subtropical climate (Yobbie and Chappell, 1979).  

The soil temperature regime is thermic (Weatherspoon et al. 1986).  The closest 

precipitation stations with long term rainfall records were located in the cities of 

Gainesville, Starke, and Palatka, Fl. (Figure 10).  Based on these and other precipitation 

stations located in their district, the SRJWMD calculated rainfall contours.  Based on 

these contours, the annual normal rainfall for the study area is around 1350 mm/year 

(Figure 11).  In northeast Florida, the wet season generally lasts from June to October.  

During this time 60 percent of the annual rainfall occurs (Rao et al. 1990).  The annual 

evapotranspiration can range from 1016 to 1117 mm/yr (Motz and Heaney 1991). 
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Figure 10. Locations of precipitation stations near the study area. 
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Figure 11. Rainfall contours showing the annual normal rainfall calculated by the 
SJRWMD.  Units are in inches of rain per year (Source: Rao et al., 1990). 
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Hydrogeology 

The surface waters of the UECB area are dominantly lakes.  The lakes occur in 

depressional areas formed through solution processes that create sinkholes (Schiffer, 

1998).  These lakes are part of the surficial aquifer that occurs in the Pleistocene and 

Miocene Sediments.  Generally, the dynamics of this aquifer are directly controlled by 

the amounts of precipitation and evapotranspiration, as well as human pumping from the 

aquifer.  Indirectly, the surficial aquifer is influenced by the Floridan aquifer that is 

confined beneath the surficial aquifer (Table 1).  The hydraulic pressure differences 

between the Floridan Aquifer and the surficial aquifer control the rate of recharge to the 

Floridan Aquifer.  Hydraulic pressure differences for this area of the state can be as high 

as 45 m, resulting in as much as 30 cm/yr of recharge to the Floridan Aquifer (Boniol, et 

al. 1993).  Additionally, fluctuations in Floridan pressures in combination with 

fluctuations in surficial aquifer and solution processes can foster sinkhole formation.  

Sinkholes can enhance the hydraulic communication between the surficial and Floridan 

aquifers which can greatly increase the recharge of the areas surrounding the sinkholes.  

All these factors combine to form a complex groundwater and surface water hydrology 

(Figure 12). 



 

Table 1. Geologic formations and hydrologic units of the Lake Brooklyn area. 

 
Source: Clark, 1964. Note: The stratagraphic nomenclature used in this table conforms to the usage of the Florida Geological Survey 
in 1964. 
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Figure 12. Geologic cross section of Alachua, Bradford, and Clay Counties (Source: Clark, 1964).  Elevation units are feet above 
Mean Sea Level.  Note the elevation difference between the potentiometric surface of the Floridan Aquifer and the “Water Table 
Aquifer.”  High recharge occurs on the Clay/Bradford County border.  Also note flow in the Floridan is away (east and west) from this 
area. 
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Ocala Limestone 

Clark reported that in the UECB the Floridan aquifer was confined to the Ocala 

Group, Avon Park Limestone, Lake City Limestone, and Oldsmar Limestone formations 

(Clark, 1963).  Today, the Ocala Group is referred to as the Ocala Limestone and the 

Lake City Limestone is no longer recognized.  The collective thickness of these layers 

can be greater than 250m.  Although the lowest layers are dense and not very permeable, 

the upper layers are more permeable.  The Ocala Limestone is the most permeable of 

these limestone layers.  It is highly porous and therefore very productive for groundwater 

pumping (Clark, 1963). 

The Floridan aquifer system is present throughout much of Florida.  Water travels 

from the recharge areas of Florida to the discharge areas.  Generally, the recharge areas 

are in the center of the state, where the highest elevations occur (Boniol et al., 1993).  

Groundwater flows from the surficial aquifer, through the Hawthorn Layer confining bed, 

and into the Floridan Aquifer (Figure 12).  The areas of recharge will produce the highest 

potentiometric heads in the Floridan Aquifer.  The water in the Floridan Aquifer will 

flow from these areas of higher energy, recharge areas, to areas that lower energy 

(discharge areas).  Some of these discharge areas are springs and other surface waters, but 

discharge also occurs into the ocean through the sea floor (Schiffer, 1998). 

Potentiometric maps can be used to show Floridan groundwater in the UECB, flow 

originates near Lake Brooklyn and flows east and northeast towards Lake Magnolia and 

Sand Hill Lake (Figure 13).  This is opposite the direction of flow for the chain of lakes 

that begins with Blue Pond. 
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Figure 13.  Potentiometric surface of the Floridan Aquifer (Source: Merritt, 2001) 
modified with flow arrows.  The blue arrows represent direction of flow in the Floridan 
Aquifer.  Red arrows show the surface drainage of a chain of lakes that includes Sand 
Hill Lake.  The orange arrow points to Sand Hill Lake.  The center of the blue arrows, 25 
km south of Sand Hill Lake, is a major recharge zone. 

Hawthorn Group 

The confining bed above the Ocala Limestone is the Hawthorn Group.  The 

Hawthorn Group is a group of Miocene layers consisting of sandy clays, clays, 

Sand Hill 
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limestones, and dolomites.  Most of these layers are phosphatic and are variable in 

thickness.  The more clayey layers are less permeable while the more carbonitic layers 

are more permeable.  The lowest part of the Hawthorn Group is very dense and much less 

permeable than the rest of the formation (Clark, 1963). 

Pleistocene Terrace Deposits and other Coarse Clastics 

Above the Hawthorn Group are two Pleistocene formations and one Miocene 

formation.  The Choctawhatchee Formation is a layer of Miocene age clays and marls 

with phosophatic nodules and thin layers of limestone.  Above this formation are 

unnamed coarse clastics.  These are gravels and sands with thin layers of clay.  Above 

these are Pleistocene terrace deposits that consist of mainly unconsolidated sand.  The 

surficial aquifer is a phreatic aquifer present in these layers that lie above the Hawthorn 

Group.  Since the Hawthorn Group is confining, the base of the surficial aquifer is 

considered to be the top of the Hawthorn Group.  The top of the surficial aquifer is 

unconfined and commonly referred to as the water table.  The water table does fluctuate 

with time but its average elevation is a function of surface elevation.  Areas of high 

elevation will have water tables with higher elevations.  Areas of low elevation will have 

low water table elevations (Motz and Heaney, 1992).  The average saturated thickness of 

the surficial aquifer surrounding Lake Magnolia and Sand Hill Lake is 18 m (Motz et al., 

2001). 

Upper Etonia Creek Basin Chain of Lakes 

Sand Hill Lake and Lake Magnolia are part of a chain of lakes that drain from Blue 

Pond to Halfmoon Lake (Figures 14 and 15) before discharging to Putnam and Goodson 

Prairies, and ultimately to Etonia Creek.  Although drainage occurs through the surficial 



31 

 

aquifer and surface water, the streams are intermittent and may be dry during times of 

drought (Robison, 1992). 
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Figure 14. Drainage sequence of the Upper Etonia Creek Basin chain of lakes. 
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Figure 15. Perspective view of the chain of lakes from Blue Pond to Halfmoon Lake. 

Soils 

The morphology of the soil in a given area can reflect many physical and chemical 

processes occurring in that area.  For wet areas, these processes are the chemical 

reduction of the soil environment resulting in the surface accumulation of organic matter, 

formation of spodic horizons, and lower chroma soil colors.  In the drier areas, the soil 

environment is oxidized resulting in higher chroma soil colors.  Although organic matter 

will accumulate on the soil surface, the amount will be much less than in the wet areas.  

Because the water table is lower in the dry areas compared to the wet areas, materials 

such as clay will be translocated to deeper portions of the soil.  These major differences 

in soil morphology can be seen at the Order level of Soil Taxonomy. 
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Soils of Clay County 

In Clay County, the soils can be grouped by Order to show differences between the 

dry southwestern part of the county and the rest of the county which is wet.  In the 

southwestern part of the county, the area surrounding the study site, Entisols are the 

dominant upland soil (Figure 16).  These soils are high in quartz sand without much 

subsurface accumulation of clay or organic matter within two meters of the soil surface.  

Patches of Ultisols are present suggesting the Entisols may have clay layers deeper than 

two meters. 

Spodosols and Inceptisols are located in the wetter areas surrounding the lakes.  

These areas, however, are of minimal extent when compared to other areas of the county.  

Spodosols and Ultisols are dominant throughout the rest of the county.  These areas are 

lower in elevation and have more streams.  The larger number of streams in this part of 

the county compared to the southwestern part suggests that most of the lower elevations 

of the county have argillic horizons that are shallow enough and thick enough to support 

surface runoff in the form of streams.  A shallow groundwater table can also be inferred 

by the presence of Spodosols throughout this part of the county.  This inference is 

confirmed when the estimated water tables for each soil map unit are plotted on a map to 

show the estimated water table depth for Clay County (Figure 17) 

Soils in the wettest parts of the county are hydric.  A set of hydric soils criteria has 

been used by the NRCS to identify which soil series have the highest chance of meeting 

the hydric soil definition.  The soils in the southwestern part of Clay County are very well 

drained and thus dominantly non-hydric.  Hydric soils are mapped surrounding the lakes 

of the southwestern part of the county and extensively throughout the rest of the county 

(Figure 18). 
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Figure16. Geographic distribution of Soil Orders in Clay County. 

Sand Hill 
Lake 

Lake 
Magnolia 

St. Johns 
River 



35 

 

10 0 10 Kilometers

N

EW

S

Water Table Depth (m)
Surface Water

0.00 - 0.15

0.15 - 0.30

0.30 - 0.45

0.45 - 0.60

0.60 - 0.75

0.75 - 1.00

1.00 - 1.15

1.15 - 1.30

1.30 - 1.45

1.45 - 1.60

1.60 - 1.75

1.75 - 2.00

 
Figure 17. Estimated depth to the surficial aquifer (water table) for Clay County. 
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Figure 18. Geographic distribution of hydric soils in Clay County.  Hydric soils in this 
figure are soil that meet the Hydric Soils Criteria (Federal Register, In Press). 
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Soils Near Sand Hill Lake 

The soils around the perimeter of Sand Hill Lake are mapped Spodosols.  The 

areas of groundwater seepage on the north shore of Sand Hill Lake is reflected in more 

extensively mapped Spodosols (Figure 19).  Immediately upland from the Spodosols are 

mapped Entisols.  These soils are well drained and have deep water tables.  Although not 

reflected in mapping of this scale, these well drained Entisols should not be present 

where groundwater seepage occurs on Sand Hill Lake (Figure 20).  Seepage areas are 

poorly drained and probably have a confining layer perching the water table. 

Soils Near Lake Magnolia 

The soils around the east perimeter are mapped Entisols.  The west perimeter is 

mapped Ultisols while Inceptisols and Histosols are mapped in both the inflow and 

outflow areas (Figure 21).  Most of the series occurring near Sand Hill Lake also occur 

near Lake Magnolia (Figure 22).  As with Sand Hill Lake, the Entisols occur on the non-

seepage slopes of Lake Magnolia.  These are the eastern slopes.  The western slopes as 

well as the inflow and outflow areas have clay horizons that perch the water table. 
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Figure 19. Geographic distribution of Soil Orders near Sand Hill Lake. 
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Figure 20. Geographic distribution of soils near Sand Hill Lake. 
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Figure 21. Geographic distribution of Soil Orders near Lake Magnolia. 
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Figure 22. Geographic distribution of soils near Lake Magnolia. 

Symbol Map Unit
3 Hurricane fine sand, 0 to 5 percent slopes
5 Penny fine sand, 0 to 5 percent slopes

10 Ortega fine sand, 0 to 5 percent slopes
29 Rutlege-Osier complex, flooded
34 Penny fine sand, 5 to 8 percent slopes
37 Ridgewood fine sand, 5 to 8 percent slopes
54 Troup sand, 0 to 5 percent slopes
56 Kershaw sand, 0 to 8 percent slopes
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METHODS 

 
Objective 1 – Investigate Soil and Hydrology of Sand Hill Lake and Lake Magnolia 

Scale of Study 

Objective 1 involved investigations at two scales: a regional scale and a lake scale.  

At the regional scale a literature survey was conducted to provide an understanding of the 

Upper Etonia Creek Watershed.  This understanding helps put in context the hydrology 

and soils of both Lake Magnolia and Sand Hill Lake.  At the lake-scale, a line transect 

method was employed.  Results from the lake-scale study combined with the regional 

scale study provided the necessary information to describe the hydrology of both study 

lakes.  That information was necessary for the correct interpretation of soil morphology 

needed to accomplish the second objective. 

Transect Location 

Based on the findings of the literature review and interpretations of initial 

vegetation and soils, five transects were established on Sand Hill Lake and two on Lake 

Magnolia (Figure 23).  Transects were positioned to represent the non-seepage slopes and 

seepage slopes (Figure 24).  Hydrologic cross-section models for hypothetical seepage 

and non-seepage slope show the relative placement of the monitoring wells and the 

difference in water table elevation and flow pattern that exists between the slopes 

(Figures 25 and 26). 
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Figure 23. Transect locations on Lake Magnolia and Sand Hill Lake. 

 
 Figure 24. Transect slope characteristics on Lake Magnolia and Sand Hill Lake. 
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 Figure 25. Flow-through slope diagram showing water table and direction of flow. 
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Figure 26. Seepage slope diagram showing water table and direction of flow. 
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Construction, Installation, and Elevations of Wells Along Transects 

Monitoring wells were installed along each transect.  Wells were constructed of 

6.4 cm OD PCV pipe.  Screened areas allowed for the flux of groundwater in and out of 

the well while bentonite clay provided a seal to protect the wells from short-circuiting 

during rain.  Clean-washed, coarse-grained sand was used as back-fill material. (Figure 

27).  Additional ground elevations were surveyed every 4 – 5 m except where abrupt 

changes in topography occurred.  At these abrupt changes, additional elevations were 

recorded to describe the topography (Figure 28).  All pipe elevations and ground 

elevations at the pipes were surveyed (Figure 29) to 0.9 cm precision. 
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Figure 27.  Monitoring well diagram. 

 
 
 



46 

 

Black arrows show surveyed elevations

Red arrows indicate the elevations of 
the wells were surveyed

Water table

Soil surface

 
Figure 28. Transect diagram showing points where elevations were recorded. 

 

 
Figure 29. Surveying the location of monitoring wells on Transect 1 (Sand Hill Lake). 
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Groundwater Hydrology: Surficial Aquifer Monitoring 

Once the transects were constructed, weekly monitoring of the wells began.  Water 

levels in the wells were measured with a hand held water meter.  Weekly readings of the 

wells continued for the duration of the one-year research.  The data was used to construct 

a groundwater cross-section of each slope, revealing information of the soil environment, 

and the response of the water table to lake-stage fluctuations. 

Surface Water Hydrology: Stage Fluctuations 

On both lakes, detailed stage records were available.  Sand Hill Lake’s record 

began in 1957 while Lake Magnolia’s record started in 1958 (Figure 30).  Although the 

records date back over 40 years, the data frequency changes with time.  For each lake, the 

data frequency can range from daily to monthly.  To avoid bias from periods that have a 

higher data frequency, the data set was strengthened using linear interpolation to create 

daily readings for the entire period of record.  This method cannot recover minor stage 

fluctuations lost due to sparse data collection, however this loss should not have much 

effect on the determination of the FH, AVE, and FL lake levels. 
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Figure 30. Available stage records for Lake Magnolia and Sand Hill Lake. 

The FH, AVE, and FL levels were determined by calculating the 20th, 50th, and 

80th percentiles of the interpolated stage records.  Lake stages from the strengthened 

records were matched with the corresponding groundwater cross-sections for each 

transect and for several dates during the study.  The calculated FH, AVE, and FL were 

used to guide the study to accomplish Objective 2. 

Objective 2 – Develop soil-based lake stage indicators 

Using the initial soil morphology investigations for each transect and the 

knowledge gained from the results of Objective 1, the study was focused on developing 

soil-based lake stage indicators.  To do this, areas near each transect that were believed to 

be undisturbed were surveyed so the morphology of the soils at the FH, AVE, and FL 

elevations could be described. 
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Initial Morphology Investigations 

Each transect was investigated for soil-based LSI potential.  Focusing on the FH, 

AVE, and FL elevations, the soil morphology at each transect was recorded for 

comparison to the hydrologic cross section at that transect.  Transects 1 and 5 on Sand 

Hill Lake and Transect 1 on Lake Magnolia were chosen for detailed study because of 

their similar morphologies and absence of groundwater seepage. 

Detailed Morphology Investigations 

At each transect selected for detailed investigation, proximate areas that were 

believed to have experienced little disturbance from wave action and surface erosion 

were chosen for detailed study.  This allowed for observation of the undisturbed soil 

morphology across the FH – FL elevation range (Figure 31).  Once undisturbed areas 

were identified, elevations in those areas surveyed to determine the locations of the FH, 

AVE, and FL (Figure 32).  Once these levels were located, a trench was dug to expose 

the soil morphology (Figure 33).  The trenches were dug perpendicular to the topographic 

contours.  The trenches were approximately 0.5m wide, 0.5m deep with lengths that 

ranged from 4m to 5m.  For all three trenches, the upland end was higher in elevation 

than the FH while the lakeside end was lower in elevation than the FL.  For the duration 

of the study, drought conditions caused lake levels to decline.  The resulting dry 

conditions of the soil facilitated the investigations (Figures 34 and 35). 
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Figure 31. Block diagram showing the layout of the trench used for detailed soil 
morphology investigations.  The trench is perpendicular to the surface elevation contours 
and spans the Frequent High (FH), Average (AVE), and Frequent Low (FL) elevations. 
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Figure 32. Surveying an undisturbed area near Transect 1 to locate the FH, AVE, and FL 
elevations (Sand Hill Lake).  Some vegetation was removed to facilitate surveying. 

 
Figure 33. Trench in an undisturbed area near Transect 1 (Sand Hill Lake).  On this 
trench red flags mark the location of the upper and lower limits of the Frequent High, 
Average, and Frequent Low. 
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Figure 34. Exposed lake bottom resulting from low lake levels (Sand Hill Lake).  Lake 
levels are below the FH, AVE, and FL elevations. 

 
Figure 35. Exposed lake bottom resulting from low lake levels (Lake Magnolia).  Lake 
levels are below the Frequent High (FH), Average (AVE), and Frequent Low (FL) 
elevations. 
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Establishing a Soil-Based Lake Stage Indicator 

Specific morphologic features, changes in morphology, and intensities of 

morphologic expressions were recorded to determine what, if any, consistencies could be 

seen among the three transects.  To qualify as a LSI, the features must be reproducible on 

both lakes, both in physical appearance and in elevation and be descriptive enough to be 

applied to other lakes in the SJRWMD.  Also, the genesis of the LSI must be understood 

so that its presence on other lakes can help understand the genesis of soils surrounding 

those lakes. 
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RESULTS AND DISCUSSION 

 
Objective 1 – Soil and Hydrologic Investigation of Study Lakes 

Lake Scale Groundwater Hydrology 

Groundwater monitoring of the five transects began on March 16th, 2000.  The lake 

stage and groundwater levels were low and on a downward trend before the study began.  

For the duration of the study, the lake stage remained below 40 m NGVD (Figure 36). 
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Figure 36. Sand Hill Lake stage fluctuations occurring during the study.  Black arrows 
highlight the lake stages occurring at the beginning and end of the groundwater 
monitoring.  Orange arrows highlight the highest and lowest lake stages occurring during 
hydrologic monitoring. 

Groundwater levels on each transect of Sand Hill Lake fluctuates with the lake 

stage.  For all five Sand Hill Lake transects, the lowest groundwater levels occurred at the 

lowest lake stage.  The highest groundwater levels occurred at the highest lake stage.  
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The lowest lake stage during the study was 30.6m NGVD occurring on July 10th 2000.  

The highest lake stage during the study was 30.8m NGVD occurring on September 12th, 

2000 (Figured 37 – 41).  The monitoring wells at Lake Magnolia were vandalized before 

data could be collected. 
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Figure 37. Hydrologic cross-section for Transect 1 on Sand Hill Lake. 
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Figure 38. Hydrologic cross-section for Transect 2 on Sand Hill Lake. 
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Figure 39. Hydrologic cross-section for Transect 3 on Sand Hill Lake. 
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Figure 40. Hydrologic cross-section for Transect 4 on Sand Hill Lake. 
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Figure 41. Hydrologic cross-section for Transect 5 on Sand Hill Lake. 
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Lake-Scale Surface Water Hydrology 

Although the groundwater monitoring for Lake Magnolia was not possible, lengthy 

stage data was available for lake-level determinations.  The data frequency for Lake 

Magnolia was daily from 1960 through 1978.  After 1978, only weekly stage readings 

were taken (Figure 42).  To avoid bias from the 1960’s and 1970’s, linear interpolation 

was used to create daily data for the entire period of record (Figure 43). 
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Figure 42. Stage record frequency for Lake Magnolia. 
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Figure 43. Interpolated stage record for Lake Magnolia. 

  Equally spaced data points were necessary so that the percentiles calculated 

represented the actual percent exceedences of the lake-stage fluctuations for the entire 

period of record.  If unaltered, the statistics calculated from the original data would 

suggest FH, AVE, and FL levels that described mainly the hydrology of the 1960’s and 

1970’s.  Since that period of time had smaller fluctuations than the 1980’s and 1990’s, 

the FH, AVE, and FL calculated from the original data would have shown less variability 

than the FH, AVE, and FL calculated from the interpolated data set.  The FH-FL range 

for Lake Magnolia was only a 0.44m elevation difference (Table 2).  This very narrow 

elevation difference can also be observed from a stage duration curve (Figure 44).  The 

flat slope of the curve shows the small variability in lake stage elevations.  The steep drop 

at the lower end of the curve near the 90th percentile suggests that the lower lake stages 
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are more extreme than the higher lake stages.  This could possibly indicate a changing 

hydrology. 

Table 2. Lake-stage statistics based on Lake Magnolia interpolated stage data. 
 

Lake Level % Exceedence Lake Stage (m NGVD)

15 38.12
25 38.06

45 37.96
55 37.92

75 37.80
85 37.67

Frequent Low

Frequent High

Avaerage 
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Figure 44. Stage duration curve for Lake Magnolia (blue line).  Orange bands represent 
the percent exceedence range for the Frequent Low (FL), Average (AVE), and Frequent 
High (FH). 

Average 
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Lengthy stage records were also available for Sand Hill Lake.  Again, data 

frequency was inconsistent.  Daily readings were available from 1990 to present, 

however, only weekly or monthly readings were available prior to 1990 (Figure 45).  

Linear interpolation was again used to strengthen the data (Figure 46).  Percentiles were 

calculated from the interpolated data to determine the FH, AVE, and FL of Sand Hill 

Lake (Table 3).  The FH-FL range was 0.27 m.  The stage-duration curve for Sand Hill 

Lake (Figure 47) shows a more symmetry, suggesting the highs and lows are more 

balanced than on Lake Magnolia. 

0

50

100

150

200

250

300

350

400

19
55

19
60

19
65

19
70

19
75

19
80

19
85

19
90

19
95

20
00

Date

N
um

be
r 

of
 S

ta
ge

 R
ea

di
ng

s

Daily Readings

Monthly Readings

Weekly Readings

Weekly Readings

Monthly 
Readings

 
Figure 45. Stage record count for Sand Hill Lake. 
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Figure 46. Interpolated stage record for Sand Hill Lake. 

Table 3. Lake stage statistics based on Sand Hill Lake interpolated stage data. 
 

Lake Level % Exceedence Lake Stage (m NGVD)

15 40.24
25 40.20

45 40.12
55 40.09

75 40.03
85 39.97

Frequent High

Avaerage 

Frequent Low
 

  

Average 
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Figure 47. Stage duration curve for Sand Hill Lake (blue line).  Orange bands represent 
the percent exceedence range for the Frequent Low (FL), Average (AVE), and Frequent 
High (FH). 

Objective 2 – Develop soil-based lake stage indicators 

Initial soil morphological investigations of each transect provided insight to 

identify the areas eligible for detailed soil morphological investigations.  These were 

areas that appeared to have little groundwater seepage, and therefore, were influenced by 

lake-stage fluctuations.  

Initial Soil Morphology Investigation 

The soils at all of the stations on the non-seepage slopes (Transects 1, 3, and 5 on 

Sand Hill Lake and Transect 1 on Lake Magnolia) were Entisols.  The upland soils of 

each transect looked very similar.  Other than the accumulation of organic matter in the A 

horizons, there was very little evidence of pedogenesis in any of the upland soils.  Each 

soil had a thin A horizon underlain by multiple C horizons.  Although the A horizons did 
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vary slightly in color and thickness between stations, all soils had Ochric epidons (Soil 

Survey Staff, 1999).  The C horizons were 10YR7/1 or 10YR 8/1 with either a sand or 

coarse sand particle size.  Since the sands were uncoated, there was no morphology that 

allowed for water table determinations. 

The sands were probably uncoated before they were deposited.  If the sands were 

coated before deposition, then it is possible that an extremely deep spodic horizon exists 

on all transects.  The C horizons would then be E horizons.  This is unlikely since no 

evidence of spodic horizon formation was identified on the wetter portions of the 

transects.  The likely scenario is that the sands were uncoated upon deposition.  If the 

sands did not have coatings at the time of deposition, then there was no material to be 

illuviated by water movement.  This explains why no evidence of water table fluctuations 

were found on the upland portions of any of the non-seepage transects. 

Hydric soils covered a small area on each of these transects.  Except for Transect 3 

on Sand Hill Lake, all the hydric soils on the non-seepage transects were dominated by 

stratified A and C layers (Figure 48).  Transect 3 of Sand Hill Lake did not have stratified 

layers (Figure 49).  The soils of Transect 3 also had a much larger sand grain size than 

the other transects. 

Observations of wave action and wind direction coupled with the larger sand grain 

size suggest that the soils near Transect 3 on Sand Hill Lake formed in a high energy 

environment.  It’s likely that the stratified layers that formed on the other non-seepage, 

lower energy transects formed briefly on near Transect 3 during seasons of calm weather 

and then were destroyed by wave action during windy seasons (Figure 50). 
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Figure 48. Typical stratified mineral layers.  Stratifications are alternating layers of A and 
C horizons.  Each A horizon is a layer of sand coated with organic matter that formed 
when the layer was at the soil surface, during lower lake levels.  In times of flooding, a 
layer of uncoated sands was deposited on top of the surface A horizon, creating a C 
horizon. 

 
Figure 49. Soils sampled from the Frequent High (FH), Average (AVE), and Frequent 
Low (FL) elevations near Transect 3 (Sand Hill Lake).  Transect 3 is located on the lake 
shore that is affected by high energy waves.  These waves do not permit stratified layer 
formation. 

 

AA hhoorriizzoonnss
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Figure 50. Dominant wind direction of Sand Hill Lake.  Wind speed coupled with a 3km 
fetch results in high energy wave action near Transect 3. 

The soils at the all stations on the seepage slopes (Transects 2 and 4 on Sand Hill 

Lake and Transect 2 on Lake Magnolia) were either Histosols or Inceptisols with Histic 

epipedons.  The landscapes near Transects 2 and 4 on Sand Hill Lake had very flat slopes 

and extensive wetlands.  The soils occurring near both of these transects were Histosols 

(Figures 51A and 51B).  The landscape near Transect 2 on Lake Magnolia was steeper 
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and had a less extensive wetland.  Inceptisols with a Histic epipedons occurred on this 

landscape (Figure 52). 

      
Figure 51.  Histosols occurring near on the seepage slopes of Sand Hill Lake.  The 
Histosols near Transect 2 (A) and Transect 4 (B) were over 1 m thick.  The Histosols 
occurred not only across the Frequent High – Frequent Low range, but also occurred at 
elevations several meters above that range.  This indicates a large amount of groundwater 
seepage occurring on these slopes. 

AA BB
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Figure 52. Inceptisol with a Histic epipedon occurring near Transect 2 on (Lake 
Magnolia).  The presence of a Histic epipedon instead of stratified layers indicates 
groundwater seepage occurs on this slope. 

The organic horizons in the Histosols and Inceptisols on these seepage transects 

were Oe horizons.  These moderately decomposed organic horizons ranged in thickness 

from 20 cm in the Inceptisols to more than 100 cm in the Histosols.  The seepage slopes 

were flat compared to the non-seepage slopes.  The wetlands and hydric soils extended 

for several hundred meters along across the landscape, at elevations well above the 

influence of surface water flooding from lake stage fluctuations.  Since seepage greatly 

influences soil formation on these slopes, they were not chosen for detailed investigation.  

The sites chosen for detailed study were Transects 1 and 5 from Sand Hill Lake and 

Transect 1 from Lake Magnolia (Figure 53). 

HHiissttiicc  
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Figure 53. Transects chosen for detailed study at Sand Hill Lake and Lake Magnolia. 

 

Detailed Soil Morphological Investigation of Transect 1 on Sand Hill Lake 

Stratified layer morphology occurred across the FH – FL range (Figure 54).  From 

the beginning of the trench (landscape positions above the FH) to the upper limit of the 

FH, the surface layer was a 5 – 15cm thick Oe horizon.  Across the FH range, this Oe 

horizon was stratified by uncoated quartz sands creating an Oe and C horizon that 

overlaid stratified mineral layers (Figure 55). 

The stratified mineral layers make up the A and C combination horizon.  The 

stratified mineral layers were parallel and generally continuous for over a meter.  Since 

the stratified mineral layers were deeper in the soil at the higher landscape positions of 

the trench and since they were horizontal, their depth from the surface decreased as the 

surface elevation decreased.  At landscape positions immediately below the FH, the 

stratified hemic layers terminated and the stratified mineral layers intersected the surface.  

Transect 1

Transect 5

Transect 1



 

 

 

 

Figure 54. Trench near Transect 1 exposing the soil morphology at the Frequent High (FH), Average (AVE), and Frequent Low (FL) 
(Sand Hill Lake). 
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Figure 55. Epipedon near the Frequent High (FH) level showing both stratified hemic and 
stratified mineral layers (located on Sand Hill Lake Transect 1). 

 
At this point the stratified mineral layers increased in number, decreased in 

thickness, and increased in contrast.  The layers reached a maximum number and contrast 

around the AVE and then decreased in number at lower landscape positions (Figure 56).  

At landscape positions between the AVE and FL, the number of stratified mineral layers 

decreased.  At the FL, the number of stratified mineral layers was 20% of the maximum 

(Figure 57).  Below the FL, the layers became diffuse (Figure 58).  Figure 59 summarizes 

the soil morphology of the entire trench. 
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Figure 56. Epipedon showing the maximum number of mineral stratified layers (located 
on Sand Hill Lake Transect 1).  The maximum number occurs at the Average (AVE). 

 
Figure 57. Epipedon showing the 20% of the maximum number of stratified mineral 
layers (located on Sand Hill Lake Transect 1).  This occurs at the Frequent Low (FL). 
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Figure 58. Epipedon showing diffuse stratified layers occurring below the Frequent Low 
(located on Sand Hill Lake Transect 1).     
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Figure 59. Trench near Transect 1 exposing the soil morphology at the Frequent High (FH), Average (AVE), and Frequent Low (FL) 
(Sand Hill Lake). 
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Detailed Soil Morphology Investigation of Transect 5 on Sand Hill Lake 

The soil morphology of Transect 5 was similar to Transect 1.  Stratified layer 

morphologies occurred across the FH – FL elevation range (Figure 60).  From the 

beginning of the trench (landscape positions above the FH) to the upper limit of the FH, 

the surface layer was a 5 – 10 cm thick Oe horizon.  Across the FH range, this Oe horizon 

was stratified by uncoated quartz sands creating an Oe and C horizon that overlaid 

stratified mineral layers (Figure 61). 

The stratified mineral layers make up the A and C horizon.  The stratified mineral 

layers were level and generally continuous for over a meter.  At landscape positions 

immediately below the FH, the stratified hemic layers terminated and the stratified 

mineral layers intersected the surface.  At this point the stratified mineral layers increased 

in number, decreased in thickness, and increased in contrast.  The layers reached a 

maximum number and contrast around the AVE and then decreased in number at lower 

landscape positions (Figure 62).  At landscape positions between the AVE and FL, the 

number of stratified mineral layers decreased.  At the FL, the number of stratified mineral 

layers was 20% of the maximum (Figure 63).  Below the FL, the layers became diffuse.  

Figure 64 shows the soil morphology of the entire trench. 



 

 

 

 

 
Figure 60. Trench near Transect 5 exposing the soil morphology at the Frequent High (FH), Average (AVE), and Frequent Low (FL) 
(Sand Hill Lake). 
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Figure 61. Epipedon near the Frequent High (FH) level showing both stratified hemic and 
stratified mineral layers (located on San Hill Lake Transect 5). 

 
Figure 62. Epipedon showing the maximum number of mineral stratified layers (located 
on Sand Hill Lake Transect 5).  The maximum number occurs at the Average (AVE). 
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Figure 63. Epipedon showing the 20% of the maximum number of stratified mineral 
layers (located on Sand Hill Lake Transect 5).  This occurs at the Frequent Low (FL). 
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Figure 64.  Trench near Transect 5 exposing the soil morphology at the Frequent High (FH), Average (AVE), and Frequent Low (FL) 
(Sand Hill Lake). 
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Soil Morphology Investigation – An Overview 

Transects 1 and 5 on Sand Hill Lake and Transect 1 on Lake Magnolia had similar 

epipedon morphologies across the FH, AVE, and FL elevation range.  Trenches dug at 

each transect showed the morphologies were dominated by stratified layers (Figures 65 - 

67).  At the upper sections of the trenches, hemic and stratified hemic layers were present 

at the surface (Figures 68 and 69).  In the middle sections of the trenches, stratified 

mineral layers were present at the surface (Figure 70).  In the lower portions of the 

trenches, more diffuse and thicker stratified mineral layers were present at the surface 

(Figure 71). 

These stratified layer morphologies indicate the soils are frequently flooded.  The 

frequency of flooding is probably the major factor contributing to the variations in 

stratified layers across the FH-FL range.  Soils that are flooded a majority of the time, i.e. 

the FL soils, have fewer and less distinct layers than the AVE and FH soils.  The A 

horizons in these FL soils can only form when lake levels are low enough to expose the 

soil surface.  By definition of the FL, this occurs only 20% of the time.  The other 80% of 

the time, the soil is flooded.  The duration of this flooding is probably sufficient to cause 

the diffuse appearance of the darker stratifications of the FL soils, the A horizons. 

The AVE soils by definition experience flooded and drained conditions equally.  

The frequency of flooding at this elevation is greater than the FL or FH.  This frequency 

allows for many A horizons to form and then be covered by uncoated sands from the lake 

bottom.  In both the FL and AVE soils, the only vegetation that can grow quick enough 

during the drained conditions are likely herbaceous plants and algae.  This would account 

for the lack of significant organic matter build up in these stratified A horizons. 
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The FH soils are probably soils that were once AVE soils, but after soil deposition 

from wave action, or erosion from more upland positions, were elevated above the AVE.  

Once above the AVE, the soil surface would have experienced less frequent flooding and 

more prolonged drainage.  These conditions would be drier than the FL and AVE, but 

wet enough to favor organic matter accumulation from vegetation.  This vegetation 

would have more opportunity to deposit organic matter, thus building a hemic layer.  This 

layer would be stratified by uncoated sands from flooding at the FH and continuous 

above the FH. 
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Figure 65. Trench showing soil morphology across the Frequent High (FH), Average 
(AVE), and Frequent Low (FL) elevations of Transect 1 (Sand Hill Lake). 
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Figure 66. Trench showing soil morphology across the Frequent High (FH), Average 
(AVE), and Frequent Low (FL) elevations of Transect 5 ( Sand Hill Lake). 
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Figure 67. Trench across the Frequent High (FH), Average (AVE), and Frequent Low (FL) elevations of Transect 1 (Lake Magnolia).
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Figure 68. Typical hemic layer occurring above the Frequent High of the non-seepage 
slopes on Lake Magnolia and Sand Hill Lake. 
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Figure 69. Typical stratified hemic layers occurring at the Frequent High of the non-
seepage slopes on Lake Magnolia and Sand Hill Lake. 
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Figure 70. Typical stratified mineral layers occurring at the Average and Frequent Low of 
the non-seepage slopes on Lake Magnolia and Sand Hill Lake. 
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Figure 71. Typical diffuse stratified hemic layers occurring below the Frequent Low of 
the non-seepage slopes on Lake Magnolia and Sand Hill Lake. 
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Soil-Based Lake-Stage Indicators For Sand Hill Lake 

Once the morphologies common to Transects 1 and 5 on Sand Hill Lake had been 

identified the elevations of those features were surveyed.  Appendix A contains the 

calculated elevations of each percent exceedence, from 0% to 100%, based on the 

interpolated stage data for Sand Hill Lake.  The surveyed elevations were compared to 

the calculated elevations to determine at what percent exceedence each morphological 

feature occurred.  Tables 4 and 5 show the features associated with the elevations of 

Transects 1 and 5 respectively.  On Transect 1, the elevation of the middle of the 

stratified hemic layers was 40.23 m NGVD, a 17% exceedence.  On Transect 5, the 

average elevation of the stratified hemic layers was 40.21 m NGVD, a 21% exceedence.    

Averaging those elevations yielded 40.22 m NGVD.  That was the 20% exceedence for 

Sand Hill Lake (Appendix A).  Based on these results, the average elevation of Sand Hill 

Lake stratified hemic layers was a very good indication of the Sand Hill Lake FH. 

Averaging the elevations of the maximum number of stratified mineral layers at 

Transects 1 and 5 on Sand Hill Lake yielded an elevation of 40.135 m NGVD which was 

the 43% exceedence for Sand Hill Lake.  This fell just outside the AVE percent 

exceedence range of 45-55%.  For Sand Hill Lake, the average elevation of the maximum 

number of stratified mineral layers is an indication of the upper limit of the AVE. 

Averaging the elevations of the 20% of the maximum number of stratified mineral 

layers yielded an elevation of 40.00 m NGVD which was the 81% exceedence for Sand 

Hill Lake.  This fell within the FL percent exceedence range of 75-85%.  For Sand Hill 

Lake, the average elevation of 20% of the maximum number of stratified mineral was a 

very good indication of the FL.  
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Table 4. Elevation features occurring near Transect 1 on Sand Hill Lake.  Elevations are 
in meters National Geodetic Vertical Datum (NGVD). 

Elevation 
(m NGVD) Exceedence

Beginning of stratified hemic layers 42.28 9%

Frequent High (FH) upper limit 40.24 15%

Middle of stratified hemic layers 40.23 17%

Frequent High (FH) lower limit 40.20 25%

End of stratified hemic layers 40.18 29%

Average (AVE) upper limit 40.13 45%

Maximum number of stratified mineral layers 40.12 47%

Average (AVE) lower limit 40.09 55%

Frequent Low (FL) upper limit 40.03 75%

20% of maximum number stratified mineral layers 40.02 78%

Frequent Low (FL) lower limit 39.97 85%

Feature
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Table 5. Elevation features occurring near Transect 5 on Sand Hill Lake.  Elevations are 
in meters National Geodetic Vertical Datum (NGVD). 

Feature Elevation 
(m NGVD) Exceedence

Beginning of stratified hemic layers 40.25 13%

Frequent High (FH) upper limit 40.25 15%

Middle of stratified hemic layers 40.21 21%

Frequent High (FH) lower limit 40.20 25%

End of stratified hemic layers 40.17 33%

Maximum number of stratified mineral layers 40.14 42%

Average (AVE) upper limit 40.13 45%

Average (AVE) lower limit 40.09 55%

Frequent Low (FL) upper limit 40.03 75%

20% of maximum number stratified mineral layers 39.98 84%

Frequent Low (FL) lower limit 39.97 85%
 

 

Soil-Based Lake Stage Indicators for Lake Magnolia 

Because access to Lake Magnolia was extremely limited, elevations of soil 

morphologic features of the trench near Transect 1 were not recorded.  The general 

locations along the transect of soil features were noted and photographed.  Enough detail 

was captured for Lake Magnolia to serve as a check that similar morphologies existed at 

similar exceedences to the morphologies at Sand Hill Lake. 

Soil-Based Lake Stage Indicators for Both Lakes 

Based on the results from the detailed study of Sand Hill Lake soils and the initial 

study of Lake Magnolia soils, three soil-based LSIs are proposed for both lakes (Table 6) 
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Table 6. Proposed soil-based lake stage indicators for Lake Magnolia and Sand Hill Lake.  
Frequent High (FH), Average (AVE), and Frequent Low (FL), can each be indicated with 
a soil-based Lake Stage Indicator. 

Flood Event Percent 
Exceedence Soil-Based Lake Stage Indicator

FH 20% The average surface elevation of soils 
that have stratified hemic layers

Upper Limit 
of the AVE 45%

The average surface elevation of soils 
that have the maximum number of 
stratified mineral layers

FL 80%
The average surface elevation of soils 
that have 20% of the maximum number 
of stratified mineral layers

 
 

The AVE is not directly indicated by any soil-based LSIs.  An accuracy error will 

occur when users of these LSIs average the FH and FL elevations to calculate the AVE.  

Because the AVE is not a statistical average of the lake stage records, this will only yield 

the AVE on certain types of lakes. 

Lakes with symmetrical stage/duration curves such as Sand Hill Lake (Figure 72) 

have floods and droughts of equal magnitude.  On these lakes, the elevation difference 

between the FH and the AVE is equal to the elevation difference between the AVE and 

FL.  For these lakes, the AVE can be approximated by the average elevation of the FH 

and FL.  However, lakes that have asymmetrical stage/duration curves, such as Lake 

Magnolia (Figure 73), do not experience droughts and floods of equal magnitude.  For 

these lakes, the elevation difference between the FL and AVE is not equal to the 

elevation difference between the FH and the AVE.  Therefore, averaging the elevation of 

the FL and FH on these lakes would not indicate the AVE. 
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Figure 72. Stage/Duration Curve for Sand Hill Lake.  Note the symmetry.  Lows and 
Highs are of equal elevations above and below the Average. 
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Figure 73. Stage/Duration Curve for Lake Magnolia.  Note the asymmetry.  The lows are 
much greater in magnitude than the Highs. 
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CONCLUSIONS 

 
Many of the lakes in the SJRWMD are in need of immediate attention.  Low water 

levels brought on by recent droughts and increased groundwater pumping have caused 

sandhill lakes to become the current focus of the SJRWMD.  Because many of these 

sandhill lakes do not have stage records that completely describe their current 

hydrologies, the SJRWMD needed soil-based LSIs that would be applicable to these 

lakes.  The purpose of this study was to develop soil-based LSIs for sandhill lakes in the 

SJRWMD. 

Lake Magnolia and Sand Hill Lake served as excellent study lakes for the 

development of soil-based LSIs.  The combination of undisturbed soils, lengthy stage 

records, small stage fluctuations, and current drought conditions provided an opportunity 

to view a range of soil morphologic changes in a relatively small study area. 

Since most lakes in the area have shallow lake bottoms near the lake shore, stage 

fluctuations of three or four meters can translate into a lake shore that migrates tens to 

hundreds of meters.  The stage fluctuations of both study lakes were less than two meters 

for the entire period of record, which was almost 50 years for both lakes.  Combined with 

the flat land slope, this translated into only a 3-4 meter area of soil that experienced 

flooding from lake waters.  The timing of the study was fortuitous since lake levels were 

down below the FH for the entire study.  This allowed us to explore and view the 

continuous soil morphology across the FH-FL elevation range under dry conditions. 
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Transects of surficial aquifer monitoring wells upslope from the FH-FL elevation 

range provided groundwater data to understand why the hydric and sub-aqueous soil 

morphology of the FH-FL range differed around the lake.  Seepage slopes provided a 

constant source of water to the FH-FL soils, even when lake levels were down.  The 

morphologies of these soils reflect the constant saturation from groundwater instead of a 

variable saturation from lake-stage fluctuations.  The soils on the FH-FL areas of non-

seepage slopes were dry since the lake levels were down, and are assumed to only be wet 

when lake levels rise.  The stratified soil morphologies reflected the lake stage 

fluctuations.  When the FH, AVE, and FL elevations were calculated from the lake stage 

data, it was discovered that at the FH elevation range, stratified hemic layers are present.  

Above the FH, the hemic layer was not stratified.  Below the FH, no hemic layers were 

present. 

At the AVE elevation range, the maximum number of stratified mineral layers 

were present.  At the FL, the number of stratified mineral layers decreased to 20% of the 

maximum.  Also, the layers increased in thickness, and decreased in contrast. 

At the FH, the transition from solid hemic to stratified hemic indicated the soil 

experienced occasional flooding from the lake.  Wave action probably deposited the 

uncoated sands, thereby creating the stratified hemic layers.  The mineral stratified layers 

beneath the hemic layers indicated that the soil surface at that location was previously 

lower in elevation, thus facilitating the formation of stratified mineral layers.  After 

erosion from higher elevations or sediment deposition from very high lake levels, the soil 

surface elevation increased leading to less frequent flooding. 
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The mineral stratified layers occur under the frequent fluctuations of lake stage 

around the AVE elevation.  The lighter layers are uncoated sand grains, C horizons, 

deposited by wave action while the darker layers are thin A horizons that were covered 

before much organic matter could accumulate.  Because of the drought conditions, large 

areas of herbaceous vegetation were creating A horizons in the exposed lake bottom, 

below the FL.  These areas will likely be covered by sands when the lake returns to a 

higher stage. 

When these A horizons are covered and flooded for extended periods of time, 

organic matter is “washed out” of the A horizons making the boundary between the A 

and C horizons diffuse.  This explains why soils at and below the FL have fewer yet 

thicker and more diffuse stratified mineral layers. 

The concept of stratified layers changing in number, thickness, contrast, and 

composition across the FH-FL elevation range is one that can be applied to similar 

sandhill lakes.  It is possible that this gradient of morphologies may only occur on 

relatively undisturbed lakes with small lake stage fluctuations.  Different soil 

morphologies may exist on lakes with very large stage fluctuations (i.e. Lake Brooklyn). 

A major assumption that was made when developing these LSIs was that the soil 

morphology reflected the hydrology that existed during the entire period of hydrologic 

record.  The persistence of these stratified layers is unknown.  It is unknown whether the 

indicators will migrate, if the hydrology of a lake changes drastically.  In almost all soils, 

regardless of hydrology, A horizons form.  It is assumed that layers of stratified A and C 

horizons would persist if the hydrologic regime shifted down, creating a drier 

environment for the soils of the former FH-FL elevation range.  Based on the 
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observations of the diffuse stratified mineral layers at the FL and lower elevations, it is 

possible that if stratified mineral layers had formed at lower elevations to reflect a 

previously lower set of lake stage fluctuations, then those stratified layers would become 

diffuse and disappear as the set lake stage fluctuations increased.  If this occurs, then 

stratified mineral layers reflect current lake stage fluctuations, or previous lake stage 

fluctuations that were higher. 

Based on these research findings, the soil-based LSIs should be tested on other 

sandhill lakes.  These LSIs should be verified on similar lakes first, then a study should 

be conducted on sandhill lakes with lake-stage fluctuations that are different from Lake 

Magnolia and Sand Hill Lake.  In-situ studies could be conducted where the soils at the 

FH-FL are artificially drained or flooded to test for morphologic persistence.  Once the 

geographic distribution of theses and other soil morphologies are understood in the 

context of hydrology, these and other soil-based lake stage indicators can be used to 

determine lake stage fluctuations for lakes with little or no stage data. 
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APPENDIX 
LAKE STAGE STATISTICS 

Table A-1. Lake stage statisitics calculated for Sand Hill Lake. 

Stage Stage
(m NGVD) (m NGVD)

0% 40.47 26% 40.20
1% 40.40 27% 40.19
2% 40.37 28% 40.19
3% 40.34 29% 40.18
4% 40.33 30% 40.18
5% 40.31 31% 40.18
6% 40.30 32% 40.17
7% 40.30 33% 40.17
8% 40.29 34% 40.17
9% 40.28 35% 40.16

10% 40.27 36% 40.16
11% 40.26 37% 40.16
12% 40.26 38% 40.15
13% 40.25 39% 40.15
14% 40.25 40% 40.15
15% 40.24 41% 40.14
16% 40.24 42% 40.14
17% 40.23 43% 40.13
18% 40.23 44% 40.13
19% 40.22 45% 40.12
20% 40.22 46% 40.12
21% 40.21 47% 40.12
22% 40.21 48% 40.12
23% 40.21 49% 40.11
24% 40.20 50% 40.11
25% 40.20

Exceedence Exceedence
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Table A-1--continued. 

Stage Stage
(m NGVD) (m NGVD)

51% 40.11 76% 40.03
52% 40.10 77% 40.02
53% 40.10 78% 40.02
54% 40.10 79% 40.02
55% 40.09 80% 40.01
56% 40.09 81% 40.00
57% 40.09 82% 39.99
58% 40.09 83% 39.99
59% 40.08 84% 39.98
60% 40.08 85% 39.97
61% 40.08 86% 39.96
62% 40.07 87% 39.95
63% 40.07 88% 39.95
64% 40.07 89% 39.94
65% 40.06 90% 39.93
66% 40.06 91% 39.91
67% 40.06 92% 39.89
68% 40.05 93% 39.87
69% 40.05 94% 39.85
70% 40.05 95% 39.83
71% 40.05 96% 39.80
72% 40.04 97% 39.75
73% 40.04 98% 39.65
74% 40.04 99% 39.54
75% 40.03 100% 39.45

Exceedence Exceedence
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Table A-2. Lake stage statisitics calculated for Lake Magnolia. 

Stage Stage
(m NGVD) (m NGVD)

0% 38.38 26% 38.06
1% 38.29 27% 38.05
2% 38.25 28% 38.05
3% 38.23 29% 38.04
4% 38.21 30% 38.04
5% 38.20 31% 38.04
6% 38.19 32% 38.03
7% 38.17 33% 38.02
8% 38.17 34% 38.02
9% 38.16 35% 38.01

10% 38.15 36% 38.01
11% 38.14 37% 38.01
12% 38.13 38% 38.00
13% 38.13 39% 37.99
14% 38.12 40% 37.99
15% 38.12 41% 37.99
16% 38.11 42% 37.98
17% 38.10 43% 37.97
18% 38.10 44% 37.97
19% 38.10 45% 37.96
20% 38.09 46% 37.96
21% 38.08 47% 37.95
22% 38.08 48% 37.95
23% 38.07 49% 37.95
24% 38.07 50% 37.94
25% 38.06

Exceedence Exceedence
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Table A-2--continued.  

Stage Stage
(m NGVD) (m NGVD)

51% 37.93 76% 37.79
52% 37.93 77% 37.78
53% 37.92 78% 37.77
54% 37.92 79% 37.76
55% 37.92 80% 37.75
56% 37.91 81% 37.74
57% 37.91 82% 37.73
58% 37.90 83% 37.71
59% 37.90 84% 37.69
60% 37.89 85% 37.67
61% 37.88 86% 37.65
62% 37.88 87% 37.63
63% 37.87 88% 37.61
64% 37.87 89% 37.60
65% 37.86 90% 37.57
66% 37.86 91% 37.53
67% 37.85 92% 37.49
68% 37.85 93% 37.41
69% 37.84 94% 37.31
70% 37.84 95% 37.21
71% 37.83 96% 36.94
72% 37.82 97% 36.60
73% 37.82 98% 36.23
74% 37.81 99% 36.01
75% 37.80 100% 35.57

Exceedence Exceedence
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