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Figure 3. Geomorphic districts (modified from W illiam s et al., in preparation)
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Figure 1.  Geomorphic terrains (modified from W illiam s et al., in preparation), springs, and swallets with LiDAR  and digital elevation model (DEM ) mosaic.
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Figure 4. Geomorphic terrains (modified from W illiam s et al., in preparation)
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Figure 2.  Springs and karst features shown with LiDAR  and digital elevation model (DEM ) mosaic.
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Central Lakes District
The Central Lakes District occupies most of the Central Highlands of Cooke (1939) in peninsular Florida. The district extends from eastern Alachua County,
southeastern Bradford County and southern Clay County to southernmost Highlands County (Figure 4). A thick sequence of up to 200 feet (61 m eters) of siliciclastic
and carbonate sedim ents of the Hawthorn Group, siliciclastic sedim ents of the Cypresshead Form ation and undifferentiated Q uaternary sedim ents overlie
undifferentiated Tertiary/Q uaternary shelly sedim ents in the Central Lakes District.  Dissolution of carbonates and subsequent subsidence or collapse has created the
characteristic rolling hills, sinkhole lakes and dry sinks that dom inate the landscape. Portions of the district are internally drained due to the karst features and the
perm eable sand cover. Due to significant dissolution, elevations in the Central Lakes District vary from less than five feet (1.5 m eters) above M S L to nearly 315 feet
(96 m eters) above M S L. In the study area, the Central Lakes District includes the DeLand R idge, Geneva Hill, the Lake Plain, the Lake W ales R idge Complex, the M t.
Dora R idge, the Ocklawaha R iver V alley, the Orlando R idge, the S t. Johns R iver Offset, the Tavares Lakes, and the W ekiva Plain (Figure 4).

The DeLand R idge occurs in western V olusia County extending north-south from northern V olusia County to the S em inole County line (Figure
4). Elevations on the DeLand R idge vary from approxim ately 20 feet (6.1 m eters) to 120 feet (36.6 m eters) above M S L within and outside the
m apped area.  Locally, relief on the ridge approaches 50 feet (15.2 m eters). The terrain is a rolling karstic landscape with closed-basin lakes. A
paleo-sand dune field occurs in the south-central portion of the ridge (OFM S  107, Plate 1). The DeLand R idge lies on top of the S anford High. In
portions of V olusia County, the M iocene Hawthorn Group and the Upper Eocene Ocala Lim estone are absent due to erosion or non-deposition.

Pliocene/Pleistocene Cypresshead Form ation and undifferentiated Tertiary/Q uaternary shelly sedim ents overlie the M iddle Eocene Avon Park Form ation in this area.
Thin remnants of the Ocala Lim estone are present under lim ited portions of the DeLand R idge.

DeLand Ridge

Lake Plain
The Lake Plain includes transitional regions between the M t. Dora R idge to the west, the S t. Johns R iver Offset to the east and the W ekiva Plain
to the south (Figures 1 and 4). It is underlain by Hawthorn Group, Cypresshead Form ation and undifferentiated Q uaternary sedim ents. Elevations
of the Lake Plain vary from five feet (1.5 m eters) to 115 feet (35.1 m eters) above M S L both within the m apped area and statewide. It is an area of
overall low relief that includes num erous springs and spring runs, such as S alt Spring and Alexander Spring. The lower elevation portions in the
Lake Plain are clearly influenced by karst, leaving various irregularly spaced higher elevation regions within the plain where karst is less evident.

The Lake W ales R idge Complex is an area of higher elevation rising above the Green S wamp to the south and east (Figures 1 and 4). The ridge
area is the rem nant of a broader upland that has been eroded and lowered by sea level fluctuations, fluvial erosion, karst processes and aeolian
redistribution of sedim ents. Elevations generally range from 50 feet (15.2 m eters) to 315 feet (96 m eters) above M S L statewide. W ithin the study
area they range from 60 feet (18.3 m eters) to 310 feet (94.5 m eters) above M S L.  The complex is predom inantly well-drained internally,
prim arily through the num erous karst features present.  S edim ents of the Cypresshead Form ation overlie the Hawthorn Group within the m apped

area (OFM S 107, Plates 1 and 2). In som e areas, aeolian sand dunes are present. Though lower in elevation, the karst lakes of the headwaters of the Palatlakaha R iver
are included in the Lake W ales R idge Complex due to their sim ilar karst lake morphology, paleo-beach ridge morphology and the presence of underly ing Cypresshead
Form ation. However, this region of the Lake W ales R idge Complex is som ewhat transitional to the Green S wamp.

Lake Wales Ridge Complex

The M t. Dora R idge occurs in the central portion of the study area in Lake, M arion, Orange and S em inole counties (Figures 1 and 4). The terrain
is a rolling karstic landscape with num erous lakes. Elevations on the M t. Dora R idge within and outside the m apped area vary from 10 feet (3
m eters) to more than 200 feet (61 m eters) above M S L. R elief often exceeds 100 feet (30.5 m eters). Karst processes acting through a thick
sequence of siliciclastic sedim ents (deep-cover karst) created the landscape. Dissolution of the Ocala Lim estone and carbonates within the
Hawthorn Group is responsible for the developm ent of the M t. Dora R idge’s distinctive landscape. Tertiary/Q uaternary dune sedim ents overlie

the Cypresshead Form ation on part of the M t. Dora R idge.

Mt. Dora Ridge

The S t. Johns R iver flows northward from its headwaters near the S t. Lucie County and M artin County boundary flowing into the Atlantic Ocean
near Jacksonville in Duval County (Figures 1 and 4). The Upper and Lower S t. Johns R iver valley s follow a pathway that is closer to and aligned
with the Atlantic coastline than the m iddle reach of the river between S anford and Palatka. At the approxim ate latitude of S anford, S em inole
County, the river jogs westward then northward in a narrow valley bounded in the study area by the Orlando R idge on the south, the Lake Plain
and W ekiva Plain on the west and the DeLand R idge on the east. W hite (1970) nam ed and described this as the S t. Johns R iver Offset.  Elevations

in the study area range from less than five feet (1.5 m eters) to 75 feet (22.9 m eters) above M S L. W hite believed that this portion of the S t. Johns R iver’s course was
first developed in the Pliocene or early Pleistocene by dissolution of the underly ing Eocene carbonate sedim ents and a complex geomorphic history ending with stream
piracy to force it into a more inland, older valley. Pirkle (1971) suggested that the dissolution along the west-to-east trend resulted from faulting and fracturing of the
Eocene rocks. W ithin the S t. Johns R iver Offset there are vary ing thicknesses of undifferentiated Q uaternary and Holocene sedim ents or Tertiary/Q uaternary shelly
sedim ents overly ing the Hawthorn Group and Ocala Lim estone, or Avon Park Form ation where the Hawthorn Group and Ocala Lim estone are m issing near the
S anford High (OFM S 107, Plate 2).

St. Johns River Offset

The W ekiva Plain, located in the central portion of the m apped area, is a karst basin. It is distinguished from the Lake Plain by the surficial
geology where the Hawthorn Group is exposed over parts of the basin floor. This area is largely the drainage of R ock Springs R un and the
W ekiva R iver, both of which are spring fed, but it also includes som e rem nant hills and areas adjacent to the S t. Johns R iver Offset of
undifferentiated Q uaternary sedim ents. Elevations in the W ekiva Plain range from five feet (1.5 m eters) to 75 feet (22.9 m eters) above M S L.

Wekiva Plain

Ocala Karst District
The Ocala Karst District encompasses a broad area from central W akulla County in the panhandle of Florida, south to Hillsborough and Pinellas counties in the west-
central peninsula and inland to nearly the center of the peninsula (Figure 3). Elevations within the district range from M S L along the Gulf of M exico coast to over 300
feet (91.4 m eters) above M S L on the Brooksville R idge. In the study area, the Ocala Karst District includes the Green S wam p, the Ocala Karst Hills and the W illiston
Karst Plain. W ithin the m apped area, elevations range from 10 feet (3 m eters) to 180 feet (54.9 m eters) above M S L. Carbonate rocks of the Upper Eocene Ocala
Lim estone lie at or near the land surface in this district within the study area. The Ocala Karst District is dom inated by cover-collapse and cover-subsidence sinkholes,
the latter form ing shallow bowl-shaped depressions, producing a rolling topography. Generally, a variably perm eable siliciclastic cover allows downward percolating
groundwater to slowly dissolve the underlying lim estone, leading to the cover-collapse and cover-subsidence sinkholes (S inclair and S tewart, 1985). Cover-collapse
sinkholes form rather abruptly from the structural failure of an overly ing cavern roof. Typically, cover-subsidence sinkholes form by the downward raveling of the
siliciclastic overburden filling voids created by slow dissolution of underly ing carbonates or by slow dissolution of the carbonate surface. Springs, sinks, sinking
(swallets) and resurgent stream s, and caverns com monly occur within the Ocala Karst District.

Geomorphic terrain boundary

The Barrier Island S equence District is characterized by beach ridges, dunes and relict (or paleo-) lagoons.  The district extends into Florida from Georgia southward to
the vicinity of Lake Okeechobee (Figure 3).  W ithin the m apped area, the District is divided into three terrains (Figures 1 and 4): the Atlantic Coastal Complex, the
Osceola Plain and the Upper S t. Johns R iver V alley. Elevations within the district range from m ean sea level (M SL) to 145 feet (44.2 m eters) above M S L.  The
surficial and shallow subsurface sedim ents of the district were deposited during the Plio-Pleistocene and lie unconform ably on sedim ents ranging from the M iddle
Eocene Avon Park Form ation to the M iocene Hawthorn Group.  Beach ridge plains occur in several areas of the Barrier Island S equence District at elevations ranging
from near M S L to more than 75 feet (22.9 m eters) above M S L.  In the study area, these occur within the Atlantic Coastal Complex and portions of the Lower S t. Johns
R iver V alley (Figures 1 and 4).  Drainage patterns in these areas are strongly controlled by relict beach ridges, in som e cases form ing a distinct trellis pattern.  The
beach ridge swales are often swampy and control developm ent of lakes on portions of the Osceola Plain.  The Barrier Island S equence District contains paleo-lagoons.
The occurrence of lagoonal features is most prom inent in the southern portion of the district in the headwaters of the S t. Johns R iver.  W hite (1970)* thought that this
area was not a paleo-lagoon but a beach ridge plain that had been reduced in stature by dissolution of shell m aterial.  He stated that there were relict beach ridges in the
area which controlled the drainage.  M odern topographic m aps, LiDAR  and digital elevation models do not show the beach ridges, nor do they reveal a drainage
pattern indicative of beach ridges.  This paleo-lagoon lies between the Atlantic coast on the east and a prom inent erosional scarp on the west.  The scarp toe occurs at
approxim ately 30 feet (9.1 m eters) above M S L and extends nearly continuously from the southernmost portion of the Barrier Island S equence District, northward to the
Florida-Georgia state line.  The paleo-lagoon extends uninterrupted from the southern end of the district to southern V olusia County.  Northward, the relict lagoon is
either interrupted or partially covered by beach ridges.  However, it can be recognized as far north as the vicinity of Jacksonville.

Barrier Island Sequence District

The Atlantic Coastal Complex extends from the S t. Johns R iver at Jacksonville to northern Palm Beach County (Figure 4). In the m ap area, this
terrain consists of Pliocene through R ecent barrier beach ridges and dunes that are consistent with the terrain as a whole. Elevations range from
M S L to 90 feet (27.4 m eters) above M S L. W ithin the m apped area, elevations range from less than five feet (1.5 m eters) M S L to 55 feet (16.8
m eters) above M S L. In the study area, the terrain is underlain by vary ing thickness of undifferentiated Tertiary/Q uaternary shelly sedim ents,
undifferentiated Q uaternary sedim ents and Q uaternary beach ridge and dune sedim ents (OFM S 107, Plate 1).

Atlantic Coastal Complex

The Osceola Plain has the topographic form of a terrace overall, but it m ay not be related to a specific stand of sea level (W hite, 1970). M ost of
its eastern border with the Upper S t. Johns R iver V alley is a scarp with a toe at 25-30 feet (7.6-9.1 m eters) above M S L and a crest as high as 75
feet (22.9 m eters) above M S L (Figures 1 and 4). The crest elevations are reduced at the southernmost end of the Osceola Plain in M artin County.
M ost of the terrain is relatively level, with elevations 60-70 feet (18.3-21.3 m eters) above M S L. Overall elevation ranges from five feet (1.5
m eters) to 120 feet (36.6 m eters) above M S L in the Osceola Plain.  The Kissim m ee R iver drains m uch of the western portion of the Osceola Plain

southward to Lake Okeechobee and the Everglades. W hite (1970) suggested that m uch of the Osceola Plain was developed subaqueously and thus does not have as
strong a trellis drainage control as m any of the surrounding terrains. Nonetheless, as seen in the Kissim m ee R iver and on the eastern portion of the terrain, m uch of the
drainage, particularly the larger stream s and rivers, is still coast parallel to the Atlantic Ocean. Elevation and local relief increase at the north end of the Osceola Plain
in Orange and S em inole counties where the Econlockhatchee R iver and other tributaries of the S t. Johns R iver are more developed than other drainages in the terrain.
Elevations within the study area range from 5 feet (1.5 m eters) to 110 feet (33.5 m eters) above M S L. The Osceola Plain is underlain by undifferentiated Hawthorn
Group sedim ents, Tertiary/Q uaternary shelly sedim ents and Q uaternary beach ridge and dune sedim ents in the m apped area.

Osceola Plain

The Upper S t. Johns R iver V alley includes the paleo-lagoon and modern fluvial valley from the headwaters of the S t. Johns R iver in the vicinity
of the S t. Lucie-M artin County boundary, northward to the westward bend in the vicinity of Geneva Hill where the S t. Johns R iver Offset begins.
Elevations range from less than five feet (1.5 m eters) to 60 feet (18.3 m eters) above M S L (Figures 1 and 4).  M uch of the terrain has Holocene
sedim ent overlying a broader region of Tertiary/Q uaternary shelly sedim ents and undifferentiated Q uaternary sedim ents. W hether by stream
capture (W hite, 1970), deflection around the more resistant Avon Park Form ation near the S anford High, or a com bination of these factors, the

Upper S t. Johns R iver V alley ends where the river trends west and then north again through a more western valley. Elevations within the study area range from less
than five feet (1.5 m eters) to 45 feet (13.7 m eters) above M S L.

Upper St. Johns River Valley

Geneva Hill is a rem nant of a broader undifferentiated Q uaternary sedim ent deposit that has been mostly eroded out, presum ably by fluvial
m igration, at the bend in the S t. Johns R iver where the Upper S t. Johns R iver V alley and the S t. Johns R iver Offset m erge (Figure 1).
M orphologically, it has more affinity to the DeLand R idge to the north than the Osceola Plain to the south due to its subtle ridges and karst
swales. The terrain is not significantly higher in elevation than the surrounding S t. Johns R iver V alley, nor does it have distinct fluvial scour on its
edges, both of which are found at Palatka Hill where the S t. Johns R iver Offset m erges with the Lower S t. Johns R iver V alley (Green, et al.,

2014a, Green et al., 2014b). Elevations in the terrain range from 20 feet (6.1 m eters) to 85 feet (25.9 m eters) above M S L.

Geneva Hill

The Ocklawaha R iver V alley is a narrow valley extending from near the Lake-M arion County line northward to the M arion-Putnam County line
(Figures 1 and 4). It is only present in a very sm all area along the northwest edge of the study area (Figure 1). The headwaters of the Ocklawaha
R iver, included in the Lake W ales R idge Complex, occur just south of the southwest edge of the m apped area near Lake Louisa.  As it enters the
Ocklawaha R iver V alley, the river becom es confined to a narrow valley to the north (near the northwestern edge of the m apped area).  The terrain
is underlain by Hawthorn Group sedim ents, Cypresshead Form ation and undifferentiated Q uaternary and Holocene sedim ents. Elevations of the

valley within the study area range from 50 feet (15.2 m eters) to 100 feet (30.5 m eters) above M S L.

Ocklawaha River Valley

The Orlando R idge includes sandy highlands north and west of the lower and flatter Osceola Plain (Figures 1 and 4). It is distinguished from the
M t. Dora R idge, a m uch larger, continuous ridge to the west, by its lower elevation and relief. M uch like the other ridges in central Florida, the
Orlando R idge has num erous karst lakes. Elevations in the terrain range from 20 feet (6.1 m eters) to 125 feet (38.1 m eters) above M S L. W hite
(1970) hypothesized that the Orlando R idge m ay be the remnant of som ething akin to the M erritt Island/Cape Canaveral area during a higher sea
level stand than present conditions. M ost of the Orlando R idge consists of undifferentiated Q uaternary sedim ents, but som e of the northwestern

portion consists of moderately weathered Cypresshead Form ation (OFM S 107, Plate 1).

Orlando Ridge

Centered mostly in Lake County, the Tavares Lakes terrain includes m any of the large lakes that stretch northwest from Orlando to Leesburg.
Elevations in the Tavares Lakes range from 55 feet (16.8 m eters) to 165 feet (50.3 m eters) above M S L. S ignificant karst activity has form ed the
intricate patchwork of lakes and interlaced lands between the lakes. This region is the southern end of the Central V alley and part of the Lake
Harris Cross V alley of W hite (1970). The terrain is distinguished from adjacent terrains due to its overall lower elevations and abundance of large
lakes. Som e of the adjacent terrains, particularly the M t. Dora R idge and Lake W ales R idge Complex contain lakes, but they tend to be sm aller

and the overall elevations of these terrains are higher. The terrain also includes m any of the connected karst lakes that m ake up the headwaters of the Ocklawaha R iver
and is underlain by a m ix of Cypresshead Form ation and Holocene sedim ents, the latter com mon in the lake basins.

Tavares Lakes

The Green S wam p occurs in parts of Hernando, Pasco, S um ter, Lake, Polk and Hillsborough counties (Figures 1 and 4).  Elevations within the
Green S wamp range from 40 feet (12.2 m eters) to 180 feet (54.9 m eters) above M S L.  The entire area is very poorly drained and swamp
conditions prevail due to the high potentiom etric surface of the Floridan aquifer system .  A few areas of sand dunes are found in the terrain.  Karst
features are com mon throughout the Green S wam p but there are few springs.  The Green S wamp occurs in the southwestern part of the study area
where elevations range from 85 feet (25.9 m eters) to 155 feet (47.2 m eters) above M S L.  The Green S wamp is prim arily underlain by the Upper

Eocene Ocala Lim estone with the Lower Oligocene S uwannee Lim estone only under the southwestern most part of the terrain.  Hawthorn Group sedim ents occur
scattered throughout the terrain.  Tertiary/Q uaternary Cypresshead Form ation, reworked Cypresshead Form ation and Undifferentiated Tertiary/Q uaternary siliciclastic
sedim ents cover m uch of the Green S wamp.  W ithin the study area, the terrain is underlain by the Ocala Lim estone.

Green Swamp

The Ocala Karst Hills terrain occurs from north-central M arion County southward to northeastern S um ter County (Figures 1 and 4). Elevations in
the Ocala Karst Hills range from 20 feet (6.1 m eters) to 190 feet (57.9 m eters) above M S L. Elevations within the study area range from 50 feet
(15.2 m eters) to 180 feet (54.9 m eters) above M S L. S everal large springs are present in the Ocala Karst Hills west of the study area, including
S ilver Springs. The karst in this terrain is not m ature as the terrain still has significant topographic variability.  The Upper Eocene Ocala
Lim estone underlies either Q uaternary siliciclastic sedim ents or Tertiary/Q uaternary Cypresshead Form ation of vary ing thicknesses, while

undifferentiated M iocene Hawthorn Group sedim ents are thin, where present.

Ocala Karst Hills

The W illiston Karst Plain occurs from northwestern Gilchrist County southward to Hernando County (Figures 1 and 4). It has very little overland
drainage as most precipitation is captured and internally drained via karst features com mon throughout the terrain. Elevations of the W illiston
Karst Plain range from 10 feet (3 m eters) to 160 feet (48.8 m eters) above M S L. W ithin the m apped area, elevations of the terrain range from 30
feet (9.1 m eters) to 160 feet (48.8 m eters) above M S L. The W illiston Karst Plain has thin siliciclastic cover underlain by the Upper Eocene Ocala
Lim estone. The current study area is covered with variable thicknesses of Cypresshead Form ation, reworked Cypresshead Form ation, or

undifferentiated Q uaternary sedim ents.

Williston Karst Plain

Geomorphic terrain boundary


