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INTRODUCTION

-

Lake Hancock is a large, very shallow lake located in the Central Highlands
in the northern portion of the Polk Upland in west central Polk County, Florida.
Covering approximately 4,500 acres, most of the lake lies within the northwest
quarter of Township 29 South, Range 25 East.

In a general discussion of central Florida lakes, White (1958, 1970) felt
that large, shallow, flat bottomed lakes like Lake Hancock were formed in areas
where '"|permeable sands overlie soluble limestone which is sufficiently impermeable
to hold the water table up in the sand much of the time' (White, 1958, p. 69),
and that the lake bottom was formed by solution in areas where ground water motion
was primarily lateral. Once formed, such lakes would accumulate organic muck
that would protect their limestone bottoms from further solution.

White pointed out that most of these lakes have both inlets and outlets,
indicating that water in these lakes primarily moves laterally, More importantly,
he claimed that these outlets assure ''a considerable longevity at a fairly uniform
surface level", (op cit., p. 72): and that "a lake with surface drainage maintains
a rather uniform level of surface which is largely controlled by the level of
the spillway over which it drains'. (op cit., p. 73) He further states that
these lakes are located in areas where the potentiometric surface is above the lake
surface, thus preventing downward movement of ground water; this would keep surficial
ground water high, and thereby produce more horizontal flow of ground water.

In summary the major points of White's thesis include:

a) The formation of the lakes is due to lateral flow of surficial ground
water in permeable sands and associated lateral solution of under-

lying impervious limestones;



, b) This solution process creates a shallow depression which becomes
a lake;

c) The subsequent formation of organic muck seals off the bottom of
the lake and arrests deepening;

d) The stability of the lake level is assured by the continuous lateral
flow of ground water into the lake, and by the level of the lake's
discharge outlet which carries off overflow;

e) The continued existence of the lake is assured by the lake level
being below the potentiometric surface, thus assuring that downward
solution and drainage of either the lake or the surficial aquifer
does not take place.

It should also be noted in this regard that any changes affecting the above
enumerated elements would threaten either the level or the existence of the lake,
Thus, should the organic muck in the bottom of the lake be disturbed, the seal it
forms might be breached, allowing further deepening of the lake; should the level
of the discharge outlet change, so would the level of the lake and of the aquifer
which feeds it; should the level of the surficial aquifer drop either because of
natural or artificial factors, the level of Lake Hancock would become dependent
primarily on the inflow from that part of Saddle Creek that enters into the North
end of the lake and thus fluctuate much more widely than if the level was dependent
on outflow from the surficial aquifer. Such fluctuations could be the result of
extended droughts or of conditions induced by human activity such as mining.

Changes observed in several lakes located further north along the peninsula
led White to postulate that it is the effect of such a combination of events,

particularly the breaching of the organic seals by sinkholes which caused the



demise of lakes which used to exist in such places as Payne's, Sandez, Kanapaha,
and Hogt;wn Prairies near Gainesville, and that other lakes such as Levy and
Newnan's are in the process of disappearing for similar reasons,

Thus; since the time of its formation it appears that water levels in Lake
Hancock have been maintained primarily by the elevation of the outlet into

lower Saddle Creek, by an adequate outflow from the surficial aquifer into the

lake, and perhaps also by recharge from the deeper artesian aquifers.



LOCAL STRATIGRAPHY

Until the 1950's the edges of Lake Hancock supported primarily cattle and
timber industries. Since then mining and development of the underlying phosphate
resources have crept up on both the South and East shores. Exploration of Lake
Hancock by the Three Gee Dee Company (for Coastal Petroleum Company) was carried
out by drilling 40 prospect holes in the bottom of Lake Hancock. Their report
reveals that the stratigraphy of Lake Hancock conforms to White's general
predictions. The lake is shallow, with an average depth of less than 5 feet and a
layer of muck along its bottom ranging in depth from | to 4 feet. In the
eastern portion of the lake the overburden averages nearly 16' in thickness and
ranges from 9-17', while the matrix averages a little over 9' in thickness and
ranges from 5-14', Generally, the phosphatic sands, gravels, and clays of the
Bone Valley Formation and the '"Surficial Sands' comprise a blanket of some 30
feet or more of sediments draped across the Hawthorne limestones. The presence
of the Bone Valley Formation underlying the lake and adjacent areas indicate that
the lake was formed after the deposition of this formation. Based on paleontological
evidence, the sediments of this formation range in age from Miocene to perhaps
as late as Middle Pleistocene; therefore, the formation of the lake was probably

a Pleistocene event, although nothing precludes its initiation as early as Pliocene.



LAKE TERRACES

>

The edge of Lake Hancock, as any shoreline, is subjected to the continuous
erosional action of waves. Sediments are sorted by the wave action, resulting
in the winnowing and carrying out of the finer materials from the beach zone,
leaving the coarser materials behind. This combined action of landward erosion
and lakeward deposition will in time create a bench or platform that marks
the normal shoreward extent of the lake's influence. Often associated with
these normal or ordinary wavecut beaches are storm platforms (classically called
high-water platforms) formed largely by the splash of storm waves. Because
the storm waves attack the shore at higher-than-normal elevation the storm
platforms naturally occur at slightly higher elevations than the ordinary
wavecut beaches,.

Given a minimal recurrence requirement of some years to form platforms
in these particular materials, their existence is prima facie evidence for a
degree of stability in the water level of the lake., With a widely fluctuating
water level there would be insufficient time to form clearly delineated platforms.
Where the water level of a lake changes and stabilizes at a different elevation,
new beaches are cut. Where the new level is below the original level, the original
beach is exposed as a relictual terrace. However, should the rising water levels
transgress across older terraces, they will tend to mask or destroy them. Thus,
as a general rule any shoreline which shows a succession of stair-step terraces
is considered an emergent shoreline and indicates either a drop in water levels
or a rise in surrounding land. Since no evidence exists to indicate that sur-

rounding areas have risen, it is safe to assume that these terraces are linked

to changes in the lake level.



Despite the fact that Lake Hancock is a small body of water, its shoreline
is marked by the presence of several terraces. Although small, they are never-the-
less quite distinct and persistent; a plot of elevations along the surveyed
botanical transects graphically documents their presence. (see Appendix A)
Because these terraces represent the former landward extent of the lake waters'
influence, their elevation also represents the elevation at which water had to
stand in order to cut these terraces.

Although several different levels are represented on all transects, only
two levels assume special significance when the various transects are compared.
The most conspicuous group of terrace elevations clusters near 100.6'. Every
transect shows a more or less pronounced scarp between 100.4' and 100.8' of
elevation. (See Table 1) The second group of terrace elevations clusters near
103.1. Therefore, based on elevation profiles, there are two distinct terrace
levels which represent former stable stands of Lake Hancock, the higher at an
elevation of 102.5' to 103.3', and the lower at 100.4' to 100.8'., Slight
variations in elevation and morphology most likely represent local variations
in wave energy and lithology. However, given the continuity of these terraces
at similar elevations from transect to transect, it is also evident that these
terraces reflect changes in water levels that affected the entire lake rather
than merely representing localized conditions.

Based only on morphological evidence there is no absolute way of dating the
terraces. However, considering their relative position and the transgreséive/
regressive criteria mentioned above, the 103'+ terrace is clearly older than
the 100.5'+ terrace. The sequences of terraces, therefore, indicates a two-step
drop in the level of Lake Hancock, from an elevation near 103' to an elevation

near 100.5', then down to the present elevation of the lake near 98',



Present
Water Levels

Terrace Elevations

TROI
TRO2
TRO3
TRO4
TRO6
TRO7

TR11

97 .B
97 .7
97.8
97 b
-
977
976

100.1 100.8
100.2 100.6 101.2 to 101.6

100.7  (Faint) -

99.8 - 100.6 S
100.6 100.8 101.0
99.2 100.4  (Faint) 101..6
99.0 100.5 100.8 101.5
TABLE 1

ELEVATION OF LAKE HANCOCK TERRACES

BASED ON PLOTS OF TRANSECT ELEVATIONS

102.5

102.2

102.4

1021

102.6

102.9

102.8
103.4
103.3
103.0
103.1

103.5



Such a drop in the lake levels cannot be accounted for by precipitation
alone. As indicated in Sutron's Peace River Report, average vyearly precipitation
records taken over the last ninety years reveal no significant changes in rainfall
until 1960. After 1960 there is a decrease of nearly 10% in annual precipitation.
Although the cause of recent drops in lake levels may be related to precipitation,
such an explanation fails to account for earlier drops documented by the presence
of high level terraces. The most probable reasons for such a shift are either a
change in elevation in the Saddle Creek outlet or a change in the conditions in the
local water table, or both. It should be also noted that structure P-11 was
constructed at the outlet of Lake Hancock in 1963, thereby stabi]izing the level
of the lake. Both of these considerations are treated at length in the various
contractor's reports on the Peace River OHWL.

One of the most reproducible indicators of the ''‘presence and action'' of
water, or the lack thereof, is a change in the composition of soil. As mentioned
earlier, the wave action of the lake tends to transport clay and organic materials
away from the uplands through the processes of erosion. Generally, this trans-
portation results in a systematic decrease in the average grain size of the soil
and a tendency for the particles to become more equal in size (better sorted).

A statistically significant difference can often be seen between the physical
characteristics of upland soil (parent material) and the eroded soil. At the
OHWL a sudden improvement in the sorting characteristics of the soil together
with the occurrence of the largest average grain size is usually observed. In
addition, there should be detectable differences in leathing and oxidation
between upland soils and those subjected to the anaercbic conditions imposed

by persistent inundation. The relationship between lake levels and soil features

is considered in the following section of this report.



LAKE HANCOCK SOILS

A sgil has been defined as 'a collection of natural bodies which has been
synthesized from a variable mixture of broken and weathered minerals and decaying
organic matter which covers the earth in a thin layer and which supplies, when
containing the proper amounts of air and water, mechanical support and sustenance
for plants.'" (Brady, 1974) As such, this definition is both pedologic, that is,
it considers the origin, history and classification and description of the
materials and processes which lead to the existing soil; and edaphic, in that
it considers the material and properties of soils in relation to plants. In
an effort to arrive at a more refined determination of the HHWL, an examination
of the soils along Lake Hancock was undertaken. Primarily pedofcgic in nature,
it was supported by the subsequent chemical analysis of available soil samples.
Limited edaphic interpretations have also been included in order to corroborate
particular interpretations. More detailed and refined edaphic studies, however,
have been carried out by other contractors.

Because of the need for comparisons between transects, a series of trenches
was dug parallel to the transects. Owing to a regrettable misunderstanding between
the owner and the project sponsors, already communicated to you, our field crew
was evicted from the site before being able to complete the trenching, thus severely
handicapping the descriptive and comparative aspects of the study. Nonetheless,
limited field notes and samples were taken. Based on these observations, materials,
and notes some preliminary conclusions were reached,

Upon comparing results from the various transects, it is evident that there
are at least two lakeshore sedimentary environments represented: one at TROl and

TRO2, and a different one at the other transects,



TRQ1 and TRO2 are located on a small promontory that projects into the lake
in an eastward direction and is relatively devoid of vegetation. At both of
these transects, there is an outcrop of calcareous sandstone. Test trenches dug
to a depth of over two feet pass through an organic-poor, unzoned, sandy and cobbly
material obviously derived from the sandstone. Two projectile points crafted
between 3000 B.C. to 1000 A.D. were recovered from this trench just above 99.5'
of elevation. They were not associated with any particular soil zone, and their
presence, as well as their great antiquity, reinforces the assumption that the
rubble in which they were contained is a lag concentrate formed by the constant
reworking of sediments by wave action focused along the exposed shore.

In contrast to the high energy environment sampled along TROl and TROZ,
the remainder of the transects are located along a ''cove!' in a much more protected
sedimentary environment. Their most distinctive, lithologically consistent
feature is the presence of a black, highly organic, indurated, sandy layer,
up to nearly a foot in thickness at 100' of elevation. (See Fig. 1) When
traced to higher elevations, this organic layer rapidly thins near 100.5' and
by 101' of elevation it is no longer distinct. As can be seen by the accompanying
table (Table 2) there is a decrease in organic content with increased elevation
particularly abrupt near 100.5'. This organic-rich layer containing up to 15%
organic matter must have been deposited in a quiet reducing environment where
the reworking action of waves was relatively weak. In conjunction with this
interpretation, it is interesting to note that the transects whose soils contain
the highest amount of organic materials show very weak topographical dissection;
conversely, TROl and TR02, which are the most exposed transects, viritually lack

organics. In this respect, Lake Hancock is similar to other shallow lakes in Florida.



Elevation

& Depth
Sample TRO3 TRO% TR06 TRO7
100" 12.9 (0-3") 10.1 (0-31) 5.4 (0-2") 15.4 (0-3")
100" 8.2 (3-Ton) 47 (3= 3.8 (2=5") 7.8 (3511)
100.5! e e 9.7 (0-2") 5.7 (0-6")
100.5" ——— - ——— e 6.1 (2-6") 1.5 (6-9")
100.5" S ——m - ——e --- 3 (16-18")
101" 5.0 (0-3") E I cem - sem s
101! 1.5 (3-7") e ——— - T
TABLE 2

Percent Organic Content in Lake Hancock

10

Soils Samples



In,a study of present ordinary high water levels of thirty modern Florida
lakes, Bishop (1967) indicates that ''the landward termination of peat or sandy
peat occurs at or very near the same elevation as the landward termination of
beach deposits. These materials are deposited along shorelines protected from
wave action and are protected from destruction by oxidation by being kept wet
with lake water''.

Another striking feature of the soils along Lake Hancock is the presence
of a brown, variously indurated, organic-rich sand, below the black layer
discussed above. In the one sample analyzed (TRO7 @ 100.5' of elevation) the
organic content of this zone is virtually as high as that of the uppermost
soil (5.3% vs. 5.7% for the latter). The amount of organic material present
in this brown layer seems to be inversely proportional to the amount of organics
in the black upper soil zones. For exaﬁple, at higher elevations where the
surficial soil zones are poor in organic materials, this lower brown layer is
extremely conspicuous and indurated. Lakeward, where the percentage of organics
increases, the brown layer is less indurated and less prominent.

One plausible explanation for this brown zone might be that it marks the
upper zone of a paleosol. It is much more likely, however, that this layer
marks a zone of accumulation of leached surface organics} The latter inter=-
pretation is reinforced by the fact ‘that all the transects which exhibit

this pattern of leaching (i.e., TRO3, TRO4 and TRO7), also have an associated

brown organic zone. The transect (TR06) which does not show this leaching

pattern and where, in fact, organics increase with higher elevation (5.4% @

100" vx 7.7% @ 100.5'), also lacks this organic zone. Were this brown layer

i ; : : ; a L g
No destinction is made here between leaching and eluviation and/or cheluviation.

For these purposes, ''leaching' is used collectively to include downward removal
of both soluble and particulate material.



at the upper zone of a paleosol, one would expect to find this relictual
soil represented in all the transects rather than only in those where leaching
is prominent.
Where measured, the organic zone occurs between 98' and 99' of elevation.
This elevation corresponds approximately to the present elevation of the lake
water. Thus, the formation of such a soil would have had to occur at an elevation
close to the present elevation close to the present elevation of the lake. Yet,
the terraces indicate that lake levels have been decreasing rather than widely
oscillating. Also, one would expect that such a paleosol would be increasingly
prominent lakeward rather than to be increasingly attentuated as is the case
with the peaty sand at 100.5',
In sum, the limited pedological sampling carried out indicates the following:
1. TROl and 02 differ from the other transects and provide little
comparable pedological information because of differences in
environment and lithology.
2. TRO3, TROL4, TRO6 and TRO7 feature a black, organic rich soil,
which disappears (and probably was not deposited) between 100"
and 10i' of elevation. This layer is interpreted to represent a
relictual swamp or marsh deposit,
3. Because the black organic layer requires standing water and
reducing conditions for its formation and because it disappears
beyond 100.5' of elevation, the formation of this soil layer is

interpreted to indicate a former lake stand near 100.5' of elevation.



* L4, TRO3, TRO4, and TRO7 show a brown organic rich zone associated
with the upper higher elevation soil zones. This layer is inter-
preted to represent a secondary depositional zone associated with
the leaching of organics from soils exposed to leaching beyond

what was then the OHWL.

Soil Analyses

Spectroscopic analyses of the limited number of samples available were
performed using both water and double-acid extraction methods. The results of
these analyses are given in Tables 3 and 4.

Because Ordinary High Water represents such a significant Change in environ-
mental conditions, the soils that it influences should reflect and record this
change. The soils above the OHWL are exposed to the leaching action of downward
moving water and generally exhibit greater leaching in their upper zones and
less leaching and even accumulation in their lower zones. As leaching is con-
siderably reduced below the OHWL, the soils exhibit a generally greater con-
centration of certain inundation-controlled constituents than above this line
and there is little difference between topsoil and subsoil. Because the HHWL
is a relictual OHWL, and because of the greater effect of time, leaching will
be more intense above the HHWL than above the OHWL,

Analysis of the spectroscpoic data from TRO7 and TRO3 indicates that a major
change in elemental concentration takes place between 100' and 101'. The marked
decrease in concentration of virtually all elements indicates increased leaching.
There is also a consistently greater difference between the lower and upper soil

samples at or above 100.5' when compared to the same zones at 100'. It is

13



noteworthy that on TRO7 the zones of concentration of various constituents,
notably Al, Ca, Fe, Mg, P, and Ai, (Table 3) correspond to zones of increased
organics, supporting the statement made earlier in this report that the 'brown
zone'', found in all transects other than TRO1, TRO2, and TR0O6, is a zone of
accumulation rather than a paleosol. In this lake side profile, the same
mechanisms which control organic concentration control the accumulation of

other elements as well. Given the restrictions imposed by the limited number

of samples we were able to take, the elemental analysis is remarkably consistent
with the other evidence presented and indicates that the majof change in the

soils occurs between 100' and 101",

Edaphic/Botanical Observations

As mentioned earlier, soil conditions to a large extent control plant
distribution; thus changes in the substrate will normally also be reflected
in vegetation. Along the Lake Hancock transects there is very clear evidence
of two vegetational zones. On the highest terrace (above 103') large live

oaks (Quercus virginianus) and thick stands of sawtooth palmettos (Serenoa

repens) are abundant. Both these species extend down to approximately 100.5"
of elevation, although they become less common lakeward. Because these species
are intolerant of sustained inundation, their rather abrupt shoreward exclusion
near 100.5' suggests that this elevation marks the approximate extent of the
former high water line,

Conversely, mature bald cypresses (Taxodium distichum) occur consistently

up to 100.5' of elevation where they form a distinct line that parallels

established contour lines marking that elevation. Since this species is generally



accepted as occurring at or below the OHWL, the consistent and abrupt appearance
of mature specimens reflects the landward extent of the former OHWL. In his
previously mentioned study of modern lake shorelines in Florida, Bishop (1967)

also found that the line between Taxodium distichum, on the one hand, and Serenoa

repens and Quercus virginianus on the other, marked the approximate landward
extent of stratified beach deposits and therefore marked the actual high water
line of these Florida lakes. Extension of his analysis to Lake Hancock
confirms our conclusion that the 100.5' elevation marks the pre-mining OHWL

of this lake.



CONCLUS IONS

Js Based solely on geomorphic (terrace) evidence, the pre-mining or
HHWL, could be located either slightly over 100.5' above MSL (100.6-100.8")
or at slightly above 103' (103.0-103.3"').

2. Based on soil profiles, particularly on the presence of the black
organic-rich sands just below 100.5' and their absence above that elevation,
we conclude that, although the 103' terrace represents a former high stand of
Lake Hancock, eluviation of clay and organic matter and leaching from its
surficial layers indicate it was formed too remotely to reflect processes
acting within the last forty years. However, distinct organic accumulations
have not yet been eluviated from the 100.5' terrace; therefore this terrace
is regarded as more accurately representing the HHWL,

3 Botanical evidence supports the geomorphic and pedologic conclusions:
Mesic plant species are profusely distributed beyond the 103' elevation contour;
they extend, although much more sparsely, down to 100.5'. Mature specimens of
water tolerant species extend no further inland than to the same 100.5'
elevation; thus the abrupt contact between upland and lowland species indicates
that lake water consistently stood at 100.5' in recent times. Dendrochronological
techniques should readily yield a date after which water tolerant species were
no longer able to become established at 100.5' because of the lowering of the
lake. Therefore, based on the three separate lines of evidence, it is our opinion
that the Historical Water Line on Lake Hancock was located at or near 100.5"'

of elevation prior to phosphate mining.
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APPENDIX A

PLOT OF LAKE SHORE

PROFILES ALONG BOTANICAL TRANSECTS
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