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Field Trip Agenda 

 
 
Leave: Casa Monica Parking Lot – 7:30 AM 
 

Stop I: Stratigraphy and Fine Aggregate Sand Mining at Vulcan’s Grandin Sand Mine 
 
Arrive @ 9:00 AM: Grandin Sand Mine Office (~1 mile east of Putnam Hall, FL, on SR-100) 
 
• Conduct site specific safety orientation and provide background on Vulcan’s mining 

operations 
• Tour of Fine Aggregate Sand Plant 
• Tour the exposed northern mine wall of the mine pit 

 
At this location, the general stratigraphy, depositional model, and mineral resource 
potential of the Cypresshead Formation will be reviewed.  Discussions will focus on the 
details of the unit as seen in the Grandin Sand Mine pit, with emphasis place on the 
sedimentary structures and corresponding lithofacies exposed at the site, and their 
implications for understanding the depositional dynamics that directed Cypresshead 
Formation accumulation in Florida and southeastern Georgia.  Additional discussions will 
address the relationship between the development of particular facies characteristics 
and the economic potential of the Cypresshead Formation as the most important source 
of fine aggregate sand in peninsular Florida 

 
• Tour the active dredging at the southern end of the mine (if time permits) 
 
Leave @ 10:30 AM 
 

Stop II: Kaolin and Sand Operations at the Edgar Minerals EPK Mine 
 
Arrive @ 11:00 AM: EPK Mine Office (~5 miles southwest of Interlachen, FL, on Keuka Road) 
 
• Conduct site specific safety orientation and provide background on Edgar Minerals’ mining 

operations 
• Tour of active mine pit 
 

At this location, the differences between mining seen at the Grandin Sand Mine and that 
executed at the EPK site will be reviewed along with differences in the Cypresshead 
Formation that generate the economic potential for kaolinitic sands at this location.  The 
accumulation of kaolinitic clays will be discussed, with an overview of alternative models 
proposed for their origin (in situ weathering vs. secondary deposition), and their 
relationship to the overall depositional model proposed for the Cypresshead Formation. 

 
• Tour of the No. 1 and No. 2 sand plants 
• Tour (Overview) of the EPK Kaolin Plant 
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Lunch @ 12:00 PM: EPK Mine training Facility (Provided by Edgar Minerals) 
Leave @ 1:00 PM 
 

Stop III: DuPont’s Trail Ridge Mining Operations, Starke, Florida 
 
Arrive @ 1:45 PM: DuPont’s Highland Office Complex (east of US301 on CR-125, Lawtey, FL) 
 
• Conduct site specific safety orientation and provide background on DuPont’s mining 

operations 
• Drive to and tour the Maxville Wet Mill site (west of US301 on CR-228, Baker County) 
 

At this location, heavy mineral sand dredge mining will be explained within view of the 
Sand Piper dredge and wet mill.  Discussions will cover land preparation prior to mining, 
dredging, concentration, and reclamation.  A brief panning demonstration will show how 
heavy mineral concentration can be evaluated in the field.  Water issues, including 
conservation and recycling will be covered, as will permit requirements for storm water 
management.  Brief discussions will cover how mine planning is performed and how the 
business uses production forecasts for budgeting. 

 
• Drive to and tour the Modular Concentrator (MC) (south of CR-228, Clay County) 
 

Route will cross CR-228 and Deerfield Estates Road which have recently been mined 
through and reconstructed.  Route will then follow concentrate pipelines from the wet mill 
to the MC where a brief stop will include an explanation of how this concentrator 
provides additional production for the site beyond that of the Sand Piper dredge. 

 
• Drive to the Concentrate Stacker pad (southwest of the Modular Concentrator) 
 

Concentrate from both wet mills is cleaned, stacked and loaded out from this facility.  
The concentrate is then hauled to the Highland Dry Mill. 

 
• Drive to the Mining Unit (MU) area (southeast of the Modular Concentrator) 
 

The MC is supplied with ore pumped from the MU.  Similar to the dredge and wet mill 
mine site, clearing, stripping, and berming happens before mining.  Excavators and haul 
trucks move ore to the hopper where ore is screened then slurried.  Process water 
ponds and tailing pits will be identified and described.  A brief stop at the MU’s drive over 
hopper, shaker screen, sump and pumps will round out the visit here. 

 
• Return to the Highland Dry Mill 
 

Wet mill concentrates are hauled to this mill where they are stockpiled then fed in to the 
Dry Mill.  Titanium mineral products are then separated and concentrated using the 
magnetic and electrostatic properties of the minerals.  Titanium minerals are loaded into 
rail cars at this site, and dry mill tailings (rich in staurolite, zircon and other minerals) are 
hauled to the Trail Ridge Plant for further separation in to mineral products. 

 
Leave @ 4:00 PM 
Arrive: Casa Monica Parking Lot – 5:00 PM 



 6

 
STRATIGRAPHY AND SIGNIFICANCE OF THE CYPRESSHEAD FORMATION 

 

Introduction 
 

The name Cypresshead Formation was first used by Huddlestun (1988) to describe “a 
prominently thin- to thick-bedded and massive, planar- to cross-bedded, variably burrowed and 
bioturbated, fine-grained to pebbly, coarse-grained sand formation in the terrace region of 
eastern Georgia”. Subsequently, the name was extended into Florida by Scott (1988) to 
encompass sediments in peninsular Florida previously assigned to the Citronelle Formation of 
Matson (1916). 

As defined by Huddlestun (1988) and Scott (1988), the Late Pliocene (early Piacenzian) to 
early Pleistocene (Calabrian) Cypresshead Formation is composed entirely of siliciclastics; 
predominately quartz and clay minerals, with quartz and/or quartzite pebbles locally abundant 
(Pirkle et al., 1970). The unit is characteristically a mottled, fine- to very coarse-grained, often 
gravelly, variably clayey quartz sand, containing minor amounts of feldspar, mica and heavy 
minerals (Scott, 1988). Sediments vary from poorly- to well-sorted and angular to subrounded, 
with induration generally poor to nonindurated. The binding matrix or cementing agent is 
normally clay although iron oxide cement is known to occur. In areas where the Cypresshead 
outcrops, the sediments are characteristically oxidized and mottled, exhibiting shades of red, 
orange, and white (Scott, 1988). 

As noted, clays are present throughout the Cypresshead Formation as a binding agent 
and occasionally as a primary lithology. Clay content of the sediments appears to decrease in a 
general north to south trend with greater average clay content in southern Georgia than in 
northern Florida. The clay mineral present in the oxidized, mottled portion is characteristically 
kaolinite while in the downdip unoxidized portion illite and smectite are reported to dominate 
(Scott, 1988; 1992). Although not yet recognized in Florida, shells are reported to occur very 
sporadically near the base of the Cypresshead Formation in southeastern Georgia (Huddlestun, 
1988). 

The Cypresshead Formation is known to extend as far north as Dorchester County, South 
Carolina, and to be widespread in southeastern Georgia and in the Central Highlands of the 
Florida peninsula, south to Highlands County (Figure 1), although the extent of the Cypresshead 
Formation has not been accurately mapped in this area (Scott, 1992). In Florida, the unit thins 
toward the west onto the flanks of the Ocala Platform, and appears to extend into the 
subsurface south of Highlands County. In Georgia, north of the Altamaha River, the western 
limit of the Cypresshead Formation occurs at or a few kilometers west of the Orangeburg 
Escarpment, while south of the river, the formation occurs west of the escarpment in northern 
Wayne County, and immediately west of Trail Ridge (Huddlestun, 1988). In both Florida and 
Georgia, the eastern edge of the Cypresshead appears to be truncated or grades laterally into 
age equivalent sands and marls (e.g. Nashua Formation and/or Raysor Formation). The 
Cypresshead is thickest in the Central Highlands of Florida, where it crops out and may attain 
thicknesses in excess of 200 ft (~60 m) in Lake County. The reader is referred to Huddlestun 
(1988) and Scott (1988; 1992; 1997) for a more detailed review of the Cypresshead Formation, 
including type locality, lithology, and stratigraphic relationships. 

Kaolin deposits in the southeastern United States are important economically as an 
industrial mineral and geologically as an indicator of past climatic and depositional conditions. 
As a result, the Cretaceous and Tertiary deposits of the Georgia-South Carolina kaolin district, 
one of the largest and most valuable coastal plain kaolin deposits in the world (Patterson and 
Murray, 1984), have been the focus of extensive research. In comparison, the kaolinitic sands of 
the Cypresshead Formation, actively exploited for kaolin at the Edgar Minerals EPK Mine in  
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Figure 1.  Distribution of the Cypresshead Formation in Florida and southeastern Georgia 
(modified after Huddlestun, 1988; Scott et al., 2001). 
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north-central Florida, have received only limited study due in part to their minor economic value 
and poorly known geologic history. 
 

Cypresshead Origin and Age 
 

A review of the history of stratigraphic nomenclature applied to Cypresshead Formation 
sediments in north-central Florida is given by Kane (1984) and for southeastern Georgia by 
Huddlestun (1988). Some of the many stratigraphic designations applied to the Cypresshead 
Formation in Florida include the terms Citronelle Formation first used by Doering (1960), Fort 
Preston Formation used by Puri and Vernon (1964), and the Grandin Sands, a designation used 
by Kane (1984). The first of these, Citronelle Formation, evolved from the belief of Cooke 
(1945), Doering (1960), and Pirkle (1960) that the sediments of peninsular Florida correlated to 
the Citronelle Formation described by Matson (1916) as reddish-orange quartz clastics located 
in Mobile County, Alabama. Otvos (1998) recently suggested including both the Cypresshead 
and Miccosukee formations in the Citronelle Formation. However, use of that term in northern 
and central peninsular Florida implies a direct correlation to southern Alabama and western 
Florida that has not been clearly demonstrated. In Georgia, Cypresshead Formation sediments 
have previously been included with the Okefenokee and Altamaha Formations by Veatch and 
Stephenson (1911) and in various shoreline complexes, among others (Huddlestun, 1988). 
 
Facies Associations 
 

Pirkle (1960) was the first to describe Cypresshead Formation lithofacies, basing his 
conclusions on the physical appearance of these sediments in Florida. This stratigraphic 
technique divided the unit into three zones from the surface downward; (1) loose surface sands 
(now considered to be, in part, Pleistocene cover of marine, pedogenic, or windblown origin), (2) 
red and yellow clayey sands, and (3) white clayey sands. Subsequently, Kane (1984) defined 
four facies, distinct from those of Pirkle (1960), based on lithologic and biogenic associations 
observed in north-central Florida. In ascending order, these facies are: bivalve and burrowed, 
burrowed and trough cross-bedded, burrowed and planar cross-bedded, and unstructured. This 
vertical facies progression was interpreted by Kane (1984) to indicate a prograding shoreline, 
consistent with deposition within a coastal or nearshore environment. 

In southeastern Georgia, Huddlestun (1988) described the Cypresshead Formation as 
consisting of two gross lithofacies independent of those defined by Kane (1984). The first of 
these, the updip lithofacies, is described as coarse-grained and pebbly, with the sand-size 
fraction ranging from fine to coarse with scattered gravel stringers. Sorting in this facies ranges 
from well-sorted to poorly sorted with typically prominent bedding ranging from thick to thin in 
thickness. Cross-bedding is also conspicuous in this lithofacies, with the largest scale cross-
bedding associated with the coarsest and most poorly sorted sands. Ophiomorpha nodosa, a 
trace fossil, is locally common, and is especially common in the massive, structureless, medium 
to coarse sands. This lithofacies is very similar in appearance to the Citronelle Formation in the 
panhandle of western Florida, and is typically developed in the updip area and near large rivers 
(Huddlestun, 1988). 

The second lithofacies of Huddlestun (1988), the downdip lithofacies, consists of fine-
grained sand and clay. It is characterized by thinly-bedded, fine-grained, well-sorted sand with 
thin layers, laminae, or partings or clay dispersed through the sand. In some areas, the bulk of 
the formation consists of massive, argillaceous, fine-grained sand that is devoid of any primary 
sedimentary or biogenic structures. In such cases, the sediment is interpreted as being 
completely mixed and homogenized by burrowing organisms. Intermediate lithologies consist of 
bioturbated, poorly mixed sediments commonly associated with a discontinuous, gray, thinly 



 9

layered, silty, diatomaceous clay. This lithofacies resembles the Miccosukee Formation of 
southwestern Georgia and western Florida, and is typically developed in the downdip areas and 
between large rivers (Huddlestun, 1988). 

A recent evaluation of lithofacies in the Cypresshead Formation indicates consistency with 
a nearshore marine depositional model (Figure 2). In north Florida, lithofacies correlated to 
upper shoreface, proximal lower shoreface and distal lower shoreface environments have been 
noted.  Additionally, outcrop evidence suggests the potential for an offshore transition at the 
base of the formation in several locations, with increases in clay and mica content observed in 
EPK materials likely indicative of such conditions. 
 
Paleoenvironment 
 

The environment of deposition for the Cypresshead Formation in Georgia and Florida has 
been interpreted as flood-plain (Davis, 1916), coastal or nearshore marine (Bell, 1924; Martens, 
1928; Kane, 1984; Huddlestun, 1988), and alluvial or fluvial-deltaic (Bishop, 1956; Pirkle, 1960; 
Pirkle et al., 1964). The theory of an alluvial or fluvial-deltaic origin suggests deposition 
associated with a large delta, with terrestrial sediments in some areas laterally continuous with 
marine fossiliferous strata (Bishop, 1956). Pirkle (1960) supported the alluvial model based on 
the intimate mixing of sediments ranging in size from coarse quartzite pebbles to very fine clay, 
as well as the irregular stratification characterizing these sediments. Observations of vertical 
and horizontal irregularities in sediment mixtures, extensive cross-bedding and cut-and-fill 
structures were all considered compatible with an alluvial origin (Pirkle, 1960). However, this 
interpretation was based, in part, on a lack of marine fossils; an observation proven since to be 
incorrect (Kane, 1984; Huddlestun, 1988). Also, as noted by Alt (1974), the alluvial or fluvial-
deltaic model is inconsistent with the long, relatively straight geometry of the deposit and its 
orientation along the crest of the Florida peninsula. 

Although a coastal or nearshore marine model now appears most appropriate, it is unclear 
whether the Cypresshead Formation was deposited in a large sound or lagoon, partially isolated 
from the open ocean as suggested by Huddlestun (1988), or whether it was deposited in a 
nearshore marine setting as part of a barrier island complex as suggested by others (Kane, 
1984). Evidence is mixed, as the presence of abundant Ammonia beccarii and Elphidium spp. at 
the base of the Cypresshead Formation in Effingham County, Georgia, indicate brackish water 
conditions, while the presence of sparse planktonic foraminiferal assemblages in Georgia and 
kaolinite molds of pelecypod shell morphologies resembling Mercenaria spp. and Ensis spp. in 
Florida suggest that near normal salinities must have prevailed in some areas (Kane, 1984; 
Huddlestun, 1988). Additionally, the presence of locally abundant Ophiomorpha spp. trace 
fossils in both Georgia and Florida (Kane, 1984; Huddlestun, 1988) suggest that the associated 
sediments were deposited in shallow water, near to sea-level. Thus, it seems most likely that 
Cypresshead Formation sediments were deposited in a mix of shallow water marine and coastal 
environments which appear to have varied in their characteristics in a north-south trend, a 
condition similar to what is seen along the modern coasts of Georgia and Florida. 
 
Age Estimates 
 

Age estimates for sediments composing the Cypresshead Formation have varied from 
Miocene to Pleistocene, with Cooke (1945) the first to assign a Pliocene age to the unit. 
Additionally, Cooke (1945) made the observation at that time that the unit was essentially 
contemporaneous with other Pliocene deposits in Florida, including the Caloosahatchee 
Formation, Nashua Formation and Tamiami Formation, among others, and merely represented 
a littoral lithofacies of the other units (Matson and Clapp, 1909; Sellards, 1914; Cooke and 
Mossom, 1929). 
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Figure 2.  Stratigraphic sections and associated facies interpretations for the Cypresshead Fm. 
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The best estimate of the maximum age range for the Cypresshead Formation prior to this 
study, based on stratigraphic position, limited internal paleontology, and physical correlation, 
has been interpreted as late Pliocene (early Piacenzian) to early Pleistocene (Calabrian) 
(Huddlestun, 1988), although deposition in Georgia is most likely restricted to the late Pliocene 
(late Piacenzian to late Gelasian). This age range is based, in part, on two microfossil 
(planktonic and benthic foraminifera) assemblages recovered from the Cypresshead Formation 
in Wayne and Chatham Counties, Georgia, and evidence from a third assemblage recovered 
from the Nashua Formation in northern Florida. Each of these assemblages is consistent with a 
late Pliocene age, but based on the contention of Huddlestun (1988) that the Cypresshead 
correlates laterally with the Nashua Formation, timing for potential Cypresshead Formation 
deposition was extended into the early Pleistocene (Calabrian). 

Recent evidence suggests that the Cypresshead Formation is, in fact, a multi-deposit unit 
as suggested by Huddlestun (1988) (Figure 3), with timing for deposition in Florida constrained 
to between 3.4-2.7 Ma during regression that brackets the 3.6-3.7 sea-level curve boundary of 
Haq et al. (1988).  Reworking in Florida appears to have followed between 2.8-1.8 Ma. 
 

 
 
Figure 3.  Chart illustrating the timing and correlation of the Cypresshead Formation in Florida 
and southeastern Georgia. 
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Grandin Sand Mine 
 

The Grandin Sand Mine possesses the best exposed outcrops of Cypresshead Formation 
sediments in north-central Florida.  Figures 4 and 5 illustrate, for reference, many of the 
sedimentary features that can be observed at the mine and other nearby locations. 
 

 
 
Figure 4.  Examples of sedimentary features observed in the Grandin Sand Mine and similar 
sites in north-central Florida: (A) outcrop in the Goldhead Sand Mine near Keystone Heights, 
FL, illustrating the exposure of upper shoreface (USF) and  proximal lower shoreface (pLSF) 
lithofacies, (B) USF, pLSF, and distal lower shoreface (dLSF) lithofacies exposed in the Grandin 
Sand Mine, small scale (C) and large scale (D) cross-bedding, (E) example of clay (kaolin) 
stringer, (F) hummocky cross-bedding in the dLSF lithofacies. 
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Figure 5.  Trace fossils from the Grandin Sand Mine and Paran Church site: (A) highly 
bioturbated unit within the pLSF lithofacies containing Ophiomorpha spp. (nodosa) and 
Skolithos spp. trace fossils, (B) close-up of (A), (C) branching Thalassinoides spp. trace fossils 
exposed along a horizontal bedding surface at the Paran Church site (dLSF facies), (D) bivalve 
molds exposed along a horizontal bedding surface. 
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EDGAR MINERALS, INC. 

 

Introduction 
 

The Edgar Plastic Kaolin (EPK) Company, reputedly the oldest continuous mining 
operation in Florida, was founded in 1892 by Charles S. Edgar.  EPK, which has existed as a 
kaolin producer since that time, was acquired by The Feldspar Corporation (Zemex Corporation) 
in 1978 from NL Industries.  In September 2007, Imerys NAC acquired The Feldspar 
Corporation from Zemex.  Finally, on July 1, 2008, the assets of the Edgar, Florida operation of 
The Feldspar Corporation were purchased from Imerys NAC by L. Baylis Carnes, III and Edgar 
Minerals, Inc. was formed.  

The plant is located approximately 72 miles south of Jacksonville, Florida and 8 miles east 
of Hawthorne, Florida.  The plant is situated on 2100 acres of company owned land and 480 
acres of land leased from Joberta Enterprises, Inc. 

Ore reserves total more than 1,300,000 plus tons of clay and 8,000,000 plus tons of sand. 
The plant operations consist of four separate activities, which are: mining, clay processing, EGS 
sand processing, and industrial sand processing operations. Annual production currently 
includes approximately 25,000+/- tons of kaolin and 230,000+ tons of sand. 

The work force typically totals 39 employees, 11 salaried positions and 28 hourly 
positions. The mining operation utilizes 6 hourly employees, the clay operation utilizes 10 hourly 
employees, the EGS operation utilizes 2 hourly employees, the industrial sand operation utilizes 
5 employees and maintenance is 5 employees.  

The current project site is located in the Southeastern most portion of Edgar Minerals Inc. 
owned property.  This project area consists of two adjacent parcels of land.  One is 
approximately 1500 feet x 2000 feet or about 69 acres and the other is approximately 100 feet x 
1000 feet or about 2 acres. 

Actual mining or excavation will occur on about 45 of the total 71 acres and the remainder 
of the site will be utilized as temporary sand storage piles, access roads, property boundary 
setbacks and wetlands buffer zones.  It is anticipated that the mining project will progress in 5 to 
7 acre tracts over the next 6 to 7 years. 

Timber was harvested from the site in advance of overburden removal.  Overburden, 
consisting of fine sand and tan/brown silt/clay, will be removed and stored in the Southeast 10 
acres, for future sales and/or reclamation material.  This overburden is typically 16 to 18 feet 
deep and is removed using excavators, haul trucks, bulldozers and rubber tired front end 
loaders. 

Underlying the overburden is the ore body, typically comprised of 16% kaolin clay and 
84% silica sand.  The excavated area is then inundated using water pumped from a reservoir 
and a suction head dredge pumps material via 12” pipeline to the processing plants. 

The ore body averages 30 to 35 feet in thickness and yields approximately 5000 tons 
kaolin clay and 35,000 tons silica sand per acre mined. 
 

Description of the Mining and Processing Operations 
 

Mining is done by a suction head dredge, with a 10” main pump.  The clay and sand slurry 
are transported to #2 Wet Plant using 2 to 3 -12” booster pumps through approximately 1 mile of 
12” pipeline.  The coarse sand (plus-30 mesh) is removed, using 2 density separators, partially 
dewatered using screw classifiers, and stockpiled, using radial stacking conveyors, for further 
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dewatering.  This sand may be sold directly from the stockpile as wet filter well point sand or 
dried in a natural gas fired rotary drum dryer @ 250O F and screened to produce various grades 
of industrial sands, with uses including swimming pool surfaces, grouts, shingles and blasting 
sand. This sand may be bagged or sold in bulk. 

The minus-30 mesh sand fraction (fine sand) is pumped to #1 Sand Plant through 
approximately 1800’ of 12” pipeline.  There it is dewatered using 3 cyclone separators and 
stockpiled for additional dewatering.  This sand is then screened and dried in a natural gas fired 
rotary drum dryer @ 250O F and loaded directly into railcars or tanker trucks for shipping to 
customers.  Primary uses for this sand are for the manufacture of fiberglass, roofing materials, 
grouts and mortars. 

The clay slurry is pumped through a bank cyclone separators to remove fine sand and 
mica in the underflow and the overflow is pumped through approximately 1000’ of 20” pipeline to 
the primary settling vats, then distributed to 5 secondary settling vats.  When a secondary vat 
has been properly packed, (dewatered to the point where the clay slurry is 20 to 30% solids) the 
clay slurry is pumped to the vacuum drum filters for further dewatering. 
 

• The filter cake (clay with solids of approximately 58 to 62%) is then fed, using belt 
conveyors, to a gas-fired tunnel dryer where it is dried to about 5 to 8% moisture. 

• This finished lump clay product is then transported to a warehouse, using belt and screw 
conveyors, where it is stored for sale or further processing. 

• This clay may be sold in lump form or fed, using a front-end loader, bucket and screw 
conveyors, to a roller mill for pulverizing and air classifying. 

• The clay is transported to customers in 50 lb. paper bags, disposable bulk bags or in bulk, 
using railcars or trucks. 

• Uses for this clay include sanitary ware, dinnerware, spark plugs, wall and floor tile, and 
electrical insulators. 
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Process Flow Chart 
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Photographs illustrating the active mine pit (Ellicott Dredge), #1 Dry Sand Plant, #2 Wet Sand 
Plant, #2 Dry Sand Plant (industrial sand), clay settling vats, and clay loading facility 
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Southeastern Georgia-Northern Florida” Edited by Fredrick J. Rich & Gale A. Bishop for the 33rd 
Annual Field Trip of the Georgia Geological Society, October 9-11, 1998. 

 
 

Introduction 
 

Since 1949 E.I. DuPont de Nemours & Company has mined and processed titanium 
mineral sands on Trail Ridge in northeast Florida.  Three mine sites have operated, with two 
mines still active today (Figure 1, Figure 2).  The titanium minerals are used by DuPont as a 
feedstock for the production of titanium dioxide pigment.  DuPont has recently proposed to mine 
for titanium minerals in southeast Georgia on Trail Ridge near Folkston, Georgia. 
 
Occurrence of Titanium Minerals 
 

Titanium occurs naturally in a variety of minerals, including ilmenite (FeTiO3), leucoxene 
(altered FeTiO3), and rutile (TiO2).  Titanium minerals, along with several other minerals 
(zircon, staurolite, garnet, epidote, sphene, etc.), are commonly referred to as "heavy minerals" 
because they have a specific gravity greater than quartz.  The heavy minerals often are 
concentrated through wind and wave action in beach sands eroded from igneous and 
metamorphic rocks.  Beach sand deposits can occur inland from the coast where they represent 
ancient shore lines created and exposed through a series of sea level regressions and 
transgressions. 

Potentially economic deposits of heavy minerals throughout the world typically contain 1 
to 10 percent heavy minerals by volume.  The Trail Ridge deposit being mined by DuPont in 
Florida ranges between 1.5 to 4 percent heavy minerals.  Ilmenite is the dominant titanium 
mineral at Trail Ridge and in many other heavy mineral deposits.  Ilmenite is the most common 
titanium mineral but has the lowest TiO2 content, typically ranging from 50 to 60 percent.  
However, in a few cases, the TiO2 content can be as high as 64 percent due to intense 
weathering, such as has occurred in the Trail Ridge deposit in northeast Florida and southeast 
Georgia.  Trail Ridge is one of the few known deposits in the world containing economic 
concentrations of this high quality ilmenite. 

Lower quality titanium minerals are mined in other locations throughout the world.  
Notable operations can be found in Australia and South Africa.  Several other heavy mineral 
deposits are found in politically or economically unstable areas.  In the United States, only 
DuPont and RGC, an Australian-owned company, are actively mining titanium minerals. 
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Uses for Titanium Minerals 
 

The major use for titanium minerals is as a feedstock to produce titanium dioxide (TiO2).  
Titanium dioxide is a non-hazardous, chemically stable and weather resistant material used as a 
white, bright pigment in paint, paper, plastics, fibers and numerous other products.  It is an 
opacifier, providing hiding power to these products, for example allowing paint to cover over a 
previous color in a "one-coat application".  Prior to using titanium dioxide, lead was a widely 
used white pigment and opacifier.  TiO2 replaced lead and provided substantial societal benefit 
by reducing the health hazards associated with lead-based paints.  Some TiO2 is used in 
cosmetics, sunscreens (a major UV-blocking ingredient), and food products.  None of the 
material mined by DuPont is used in the production of titanium metal alloys. 
 
Uses for Other Mineral Products 
 

In addition to ilmenite, commercially valuable minerals in the Trail Ridge deposit include 
zircon and staurolite.  Zircon is a zirconium-silicate mineral used in the foundry, ceramic and 
refractory industries.  In foundries, zircon is used to make the molds for high temperature 
castings.  It is chemically inert and stable at high temperatures; and its well rounded grains 
make it ideal for precision metal castings such as aircraft turbine blades, pump shells, etc.  In 
the ceramic industry, zircon is used as an opacifier in china and toiletry uses.  In the refractory 
industry, zircon is used to make high temperature bricks and linings for furnaces and steel 
making. 

Staurolite is an iron-aluminum-silicate mineral used in abrasive cleaning and cement.  The 
grains of staurolite are hard and angular which makes it very effective as an abrasive agent in 
sand blasting.  In fact, in many applications it is superior to using quartz (with its possible health 
hazards from respirable silica) since staurolite is low-dusting and recyclable.  Staurolite is also 
an additive in the manufacture of cement. 
 
History of Titanium Mineral Mining in the Southeastern United States 
 

The valuable black sands containing titanium and other heavy minerals were first noticed 
by Henry Buckman and George Pritchard along the beach near Mineral City, Florida in 1916 
(Martens, 1928).  Martens also examined heavy mineral concentrations at St. Simons Island, 
Georgia; and Kingsley Lake, Eau Gallie, Venice, Crooked Island, and Cape San Blas, Florida 
during his reconnaissance in 1927.  Production from the Mineral City deposit began in 1916 
(Calver, 1957).  Ilmenite was first used in the manufacture of titanium tetrachloride which 
became important in the production of tracer bullets, smoke screens and spotting shells during 
World War I.  Mineral City ilmenite production continued until 1929.  The mined lands were 
developed residentially and sold in 1942 by the Ponte Vedra Company.  The present day Ponte 
Vedra Country Club and golf course are located on the mined out portion of the Buckman and 
Pritchard property. 

In 1940, the Riz Mineral Company of Florida started a mining operation on beach sands in 
Brevard and Indian River Counties, Florida (Elsner, 1997).  In 1944, they began mining an older 
sand dune complex just north of Vero Beach, Florida.  Hobart Brothers also operated a mine 
near Vero Beach during the 1956-1963 period (Garner, 1978).  In 1943, the Rutile Mining 
Company of Florida, a subsidiary of Titanium Alloy Manufacturing Company, began mining a 
dune ridge complex in Duval County, Florida, midway between Atlantic Beach and Jacksonville.  
In 1944, Humphreys Gold Corporation made improvements to the mine and operated it until 
1964.  The Arlington mine is now the site of the Regency Square Mall in Jacksonville. 

In 1947, Bob Spencer, a mining engineer with the U.S. Bureau of Mines working in 
cooperation with the Florida Geological Survey, launched a drilling program on a stabilized dune 
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ridge in northeast Florida known as Trail Ridge (Spencer, 1948).  Spencer outlined a potential 
deposit approximately 3000 to 8000 feet wide and 19 miles long in Clay County, Florida, 
extending from just north of Highland, south to Blue Pond on Camp Blanding Military 
Reservation.  This deposit was later claimed by E.I. DuPont de Nemours & Company.  Mining 
was begun at the Trail Ridge Site in 1949 by Humphreys Gold Corporation under contract with 
DuPont.  A second operation was started on the same deposit in 1955 and was named the 
Highland Site.  Both sites were operated by Humphreys until 1958 when DuPont took over the 
mining operation.  In 1993, DuPont began mining on a third portion of the Trail Ridge deposit 
near Maxville, FL.  The Highland Site was shutdown in December 1992, just prior to the startup 
of the new Maxville Site.  Presently, the original Trail Ridge Site and the Maxville Site are still 
operating. 

In 1964, Humphreys Gold Corporation opened a mine just east of Folkston, Georgia and 
operated it under contract for DuPont until 1980 when the reserves were depleted.  Presently, 
the reclaimed mine site is used as a commercial pine plantation, residential and recreational 
property, and the site of the new D. Ray James State Prison.  Humphreys also mined a small 
deposit just south of the St. Marys River near Boulogne, Florida during this period. 

In 1972, a mine was opened near Green Cove Springs, Florida, by a group known as 
Titanium Enterprises, a joint venture between Union Camp Corporation and American 
Cyanamid Corporation (Garnar, 1971).  The mine stopped operating in 1978 and was later sold 
to an Australian company, Associated Minerals Consolidated, who began mining on the same 
deposit in 1980 (Samborski, 1983).  Associated Minerals was later bought out by another 
Australian Company, Rennison Goldfields Consolidated (RGC).  Presently, the RGC mine is still 
in operation. 
 

Geology 
 
Physiography and Geomorphic History 
 

The landscape of the coastal region of southeast Georgia and northeast Florida is 
characterized by a series of relatively flat terraces, ridges and scarps, dissecting stream valleys, 
ancient and modern aeolian dunes, and karst areas.  The step-like pattern of terraces and 
ridges descending from the interior to the coast is derived from a succession of ancient 
coastlines developed during stands between rising and falling sea level.  The exact location and 
form of current landscape features reflect the primary deposition (e.g., barrier island vs. back 
marsh) and subsequent uplift, erosion, fluvial and aeolian deposition, and karstification. 
 

Trail Ridge 
 

DuPont’s mines occupy a portion of Trail Ridge, a linear sand ridge that parallels the 
Atlantic coast, extending north northwesterly from the Interlachen Karst Highland near Starke, 
Florida to the eastern edge of the Okefenokee Swamp and then north northeasterly to the 
Altamaha River near Jesup, Georgia.  Trail Ridge is 130 miles long and one to two miles wide.  
There are two major breaks along its length:  one on the Georgia-Florida border where the St. 
Mary's River forms a sharply incised valley as it cuts eastward through the ridge, and another 
north of the Okefenokee Swamp where Trail Ridge becomes relatively indistinct over a broad 
area where it is broken by the Satilla River. 

Trail Ridge is generally the divide between the Atlantic and Gulf drainages, but because of 
the breaks in the ridge at the St. Marys River and the Satilla River the actual divide is often west 
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of the Ridge.  In fact, in Georgia the Atlantic-Gulf drainage divide occurs partly in the 
Okefenokee Swamp, since both the St. Marys River and the Suwannee head in the 
Okefenokee. 

In general, Trail Ridge and the adjacent terraces lose elevation from south to north.  Crest 
elevations fall faster than surrounding terrace elevations, so Trail Ridge becomes less 
pronounced from south to north.  In Florida, crest elevations are around 240 to 250 ft. at the 
Trail Ridge Mine, with the terrace to the west averaging 160 to 175 ft., and the terrace to the 
east averaging 150 to 160 ft.  At the Maxville Mine crest elevations are around 200 ft., with the 
terrace to the west, the New River Swamp, averaging 140 to 150 ft., and the terrace to the east 
averaging 80 to 100 ft.  East of Trail Ridge in Florida, North Fork Black Creek dissects the 
terrace down to elevations of 100 to 50 ft.  On Trail Ridge near Folkston, Georgia, the crest 
elevation is fairly uniform, around 145 to 150 ft., but high and low crest elevations occur within 
3.5 miles of each other on the southernmost portion of DuPont’s proposed Folkston project site 
(175 ft. and 137 ft.).  The Okefenokee terrace west of Trail Ridge in Georgia, occupied by the 
Okefenokee Swamp, is at an elevation of approximately 110 to 120 ft., while the terrace to the 
east, the Duval Upland, is at an average elevation of approximately 70 ft.  Spanish Creek and 
St. Marys River have eroded through this eastern terrace to elevations from 55 to 10 ft. 

In general, Trail Ridge in Georgia has a higher water table than in Florida, as evidenced 
by more extensive and abundant wetlands.  Additionally, Trail Ridge in Georgia is more highly 
dissected by intermittent drainageways on its west flank than it is in Florida. 

Trail Ridge is an ancient shoreline feature, initially formed as a complex of barrier island, 
beach ridge, and inland dunes that have been reworked by wind as sea level receded (Elsner, 
1997).  Huddlestun (1988) assigns Trail Ridge in Georgia to the Waycross Terrace, although in 
Florida it has been described as part of the Hazlehurst or Coharie Terraces.  The heavy 
mineral-bearing sands comprising the uppermost 50 feet of Trail Ridge are most likely reworked 
from the underlying Pliocene Cypresshead Formation.  The reworking of these sands by 
currents around the north end of the Lake Wales Ridge and formation of the coastal feature that 
eventually became Trail Ridge occurred during the late Pliocene or early Pleistocene (Pirkle and 
Yoho, 1970).  Some topographic, soil, and drainage characteristics of the west side of Trail 
Ridge in Georgia are similar to the Ohoopee dunes, suggesting that aeolian deposition may 
have occurred as recently as the Wisconsin glacial episode of the Pleistocene epoch (30,000 to 
10,000 years B.P.).  Uplift of the southern end of Trail Ridge and adjacent terraces occurred 
during the Pleistocene and may be on-going.  The uplift of 35 to 50 meters apparently is due to 
rebound as the sediment mass is reduced through karstification (Opdyke et al., 1984). 
 

Okefenokee Swamp 
 

In Georgia, Trail Ridge is bounded on the west by the Okefenokee Swamp, an irregularly 
shaped basin covering approximately 425,000 acres.  Most of the swamp is forested or dense 
scrub.  Open water and prairie (marsh) are limited to approximately 60,000 acres (Hurt, 1967).  
Open water lakes are mostly less than one-quarter mile in diameter, and rarely exceed 6 feet in 
depth.  A series of arcuate, low sand ridges in the interior of the swamp form small upland 
islands.  The Suwannee River exits the west side of the swamp and flows to the Gulf of Mexico.  
The St. Marys River exits the southeastern corner of the swamp, cuts through Trail Ridge, and 
flows to the Atlantic Ocean. 

On the north and east side of the Okefenokee Swamp, the land and water surface stand 
at approximately 123 ft.  The elevation of the Okefenokee Swamp where the Suwannee River 
exits is approximately 112 ft.  The elevation of the swamp where the St. Marys River exits is 
approximately 115 ft. 
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Peat has accumulated in the Okefenokee basin, and the elevations mentioned above refer 
to the land surface of exposed peat or the level of surface water.  The peat ranges from 0 to 14 
ft. thick, with variations in thickness due largely to the topography of the underlying sand that 
forms the floor of the swamp (Spackman et al., 1976). 

Hoyt and Hails (1974) and others have proposed that the Okefenokee Swamp represents 
the back-barrier lagoon on the landward side of the Trail Ridge barrier island.  However, peat 
has only accumulated in the Okefenokee Swamp for the past 7000 years and no salt water plant 
material is recognized in the peats, so clearly the Okefenokee basin has not been continuously 
inundated since its formation in the early Pleistocene (Parrish and Rykiel, 1979).  More likely, 
the present day Okefenokee began forming within the last 10,000 years, as rising sea level and 
a change to a more humid climate took place after the last glaciation.  These factors, combined 
with uplift of the land to the south (Cohen et al., 1984; Opdyke et al., 1984) raised the water 
table and caused more prolonged inundation, thereby allowing small swamps to enlarge and 
coalesce as peat accumulated, even further raising the water table.  In this scenario, as 
originally proposed by Veatch and Stephenson (1911), Trail Ridge is only a minor influence on 
development of the Okefenokee Swamp.  The geology underlying the Okefenokee Swamp is 
uncertain as investigations have focused on the surficial peat (Cohen, 1997). 
 
Stratigraphy 
 

Pliocene, Pleistocene, and/or Holocene clastic sediments of the Trail Ridge sequence are 
exposed at the surface on Trail Ridge (Figure 3, 4, 5, 6 and 7).  Wells and boreholes commonly 
penetrate through the underlying Pliocene Cypresshead Formation and Miocene Hawthorn 
Group and are completed in carbonates of the Eocene Ocala Group or occasionally the Avon 
Park Formation.  These units are exposed at the surface on terraces adjacent to Trail Ridge or 
in karst areas southwest of the Florida mining operations.  In general, the stratigraphy at 
DuPont’s Florida mine sites is similar to that encountered on Trail Ridge in Georgia. 
 

Avon Park Formation 
 

Five borings at DuPont’s Florida mine sites have penetrated the Eocene Avon Park 
Formation.  The Avon Park Formation consists of a lower sequence of dark brown to black 
porous, firm to hard, fossiliferous dolomitic limestone and an upper sequence of grey to tan, 
hard to dense, very fine grained, microcrystalline, fossiliferous dolomitic limestone.  The top of 
the Avon Park limestone was observed at a depth ranging between 530 feet bgs and 575 feet 
bgs.  The Avon Park Formation contributes to some of DuPont’s wells accessing the Floridan 
Aquifer System. 
 

Ocala Group 
 

The Eocene Ocala Group is penetrated by at least 11 wells or borings on or near 
DuPont’s Florida mine sites.  The carbonate typically encountered was a white to light tan, very 
fine microcrystalline, soft to hard, fossiliferous (Lepidoscyclina), and porous limestone.  The top 
of the Ocala Group was encountered at depths between 250 feet bgs at the St. Johns River 
Water Management District monitoring well station C-451, located southwest of Lake Magnolia, 
and 471 feet bgs at the DuPont Maxville production well.  Therefore, the top of the Ocala Group  
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apparently dips toward the northeast in the vicinity of the Florida mine sites.  The thickness of 
the Ocala Group was approximately 220 feet at three boring locations on the Trail Ridge mine 
site.  Ocala Group sediments comprise the Floridan Aquifer, utilized by DuPont for water supply. 
 

Hawthorn Group 
 

Miocene sediments underlying the Florida peninsula are collectively referred to as the 
Hawthorn Group.  At least 21 borings have penetrated Hawthorn Group sediments at or near 
DuPont’s Florida mine sites.  The early to middle Miocene Hawthorn Group sediments are 
typically olive-green to gray clay to clayey sand with intermittent lenses of phosphate and gray 
sandy limestone.  In general, the subdivisions of the Hawthorn Group were not investigated by 
DuPont.  However, the Charlton member of the Coosawhatchie Formation of late Miocene age 
is described in some logs as an olive-green to cream colored clayey sand with fossiliferous 
sandy limestone and marl.  The top of the Hawthorn Group has been encountered at depths 
between 70 feet bgs at the SJRWMD monitoring well station C-451, located southwest of Lake 
Magnolia, and 143 feet bgs in a boring (TR1Z1FL) in the southern portion of the Trail Ridge 
mine.  The thickness of the Hawthorn Group ranges from 371 feet at the Maxville production 
well site to 180 feet at well C-451, located southwest of Lake Magnolia. 

Water-bearing carbonates of the Hawthorn Group are referred to as the intermediate 
aquifer by DuPont.  Clay strata in the Hawthorn confine the underlying Floridan aquifer and the 
intermediate aquifer. 
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Cypresshead Formation 
 

Pliocene Cypresshead Formation sediments have been penetrated in numerous wells and 
boreholes at the DuPont mine sites.  The sediments typically consist of fine to coarse sand, 
olive-green to gray sand to clayey sand with lenses of calcareous fossils and mica flakes. 

The top of the Cypresshead Formation in eight  borings at the Maxville mine occurred at 
depths from 70 feet bgs at Maxville FeCL2 Well No. 2 to 40 feet bgs at the Maxville intermediate 
well site No. 6.  The variation in the depth below ground surface at which the top of the 
Cypresshead was encountered is largely related to the location of the borehole on the crest or 
the flanks of Trail Ridge.  The thickness of the Pliocene sediments ranges from 68 feet at the 
Maxville Site No. 5 intermediate well location to 30 feet at the Maxville site No. 13 intermediate 
well. 

Clay strata in the Cypresshead Formation are referred to as semi-confining units, since 
they act as aquitards, restricting vertical groundwater movement and partly confining ground 
water in the more permeable sand and gravel strata. 
 

Trail Ridge Sequence 
 

Undifferentiated Pleistocene to Holocene sediments are exposed on the surface of Trail 
Ridge.  These sediments are not formally defined as stratigraphic units, but DuPont informally 
refers to them as the Trail Ridge sequence, consisting of an upper sand unit and a lower sand 
unit.  The upper unit of the Trail Ridge sequence is mined by DuPont.  The upper unit of the 
Trail Ridge sequence consists of tan to brown fine to medium grained sand interstratified with 
organic stained and cemented zones hardpan). 

Woody debris is often encountered in the lower reaches of the upper unit of the Trail 
Ridge sequence.  The lower unit of the Trail Ridge sequence is typically described as tan to 
white very fine to fine grained sand and silt with interstitial clay and clay stringers.  Woody 
debris and peat may occur near the top of the lower unit of the Trail Ridge sequence or 
underlying it. 

On Trail Ridge, the upper unit of the Trail Ridge sequence ranges from 0 to 65 feet thick, 
with greater thickness at higher elevations along the crest.  The average thickness of the upper 
unit of the Trail Ridge sequence is 35 feet (Pirkle and Yoho, 1970).  The contact between the 
upper and lower Trail Ridge sequence has been observed by DuPont in numerous boreholes on 
Trail Ridge.  On the Maxville site, the contact occurs at depths ranging between 9 feet bgs and 
49 feet bgs, depending on the location of the borehole relative to the ridge crest. 

The upper unit of the Trail Ridge sequence is the surficial aquifer at the Florida mine sites.  
The lower unit interacts with the surficial aquifer, but is referred to as a semi-confining unit since 
clay strata act as aquitards to more permeable sand strata within the lower unit and the 
Cypresshead Formation. 
 

Mine Description 
 

DuPont actively mines at two sites, referred to as Trail Ridge and Maxville.  Mining 
methods are generally similar at both locations, although improvements in dredge operation, 
mineral processing, reclamation, and water management have been continually incorporated. 
 
Mining Summary 
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DuPont mines titanium-bearing sands using wet dredging techniques similar to those employed 
by other companies throughout the world.  DuPont's mining methods generally include the 
following steps. 
 

• Exploration defines the ore body and a mine plan is developed utilizing environmental and 
economic constraints. The initial dredge pond is constructed and the dredge and wet mill are 
installed in the pond. 

• Water treatment ponds and other support facilities are constructed. 

• The area to be mined is prepared by harvesting the timber, removing stumps, stripping and 
stockpiling topsoil, and constructing temporary stormwater detention berms and ponds. 

• The dredge advances into the pond wall, the sand/water slurry is pumped to the wet mill 
(floating in the pond), the heavy minerals are separated by gravity during repeated passes 
through spiral separators, and the tailings (quartz sand) are replaced onto the backside of 
the pond. 

• The heavy mineral concentrate is pumped to a stockpile, washed, loaded into trucks, and 
transported to the dry mill. 

• The tailings are contoured, topsoil is replaced, and the mined area is fertilized and seeded 
with a groundcover. 

• Pine seedlings are planted in upland areas and wetland areas are planted with hydrophytic 
species. 

• The temporary berms and ponds are removed. 

 
The mines operate 24 hours per day, 365 days per year.  The typical rate of advance is 

100-500 acres per year.  The pond advances throughout the mine site as the dredge continually 
removes sand from one wall and the tailings are replaced onto the opposite wall, so except for 
initial construction, each mining step may be occurring simultaneously on different parts of the 
mine. 

Methods to access areas which are not accessible by the dredge and wet mill, or which 
present unique topographic or environmental constraints are currently being evaluated.  These 
areas may be excavated with a trackhoe and the sand transported to the dredge/wet mill with 
trucks or as a slurry. 
 
Site Preparation 
 

Operation of the mine begins with preparation of the land in the path of the dredge and 
wet mill.  Trees are harvested by the timber owner or lessee.  DuPont then removes tree stumps 
using a trackhoe and bulldozer.  The stumps may be sold, used in reclamation, or piled and 
burned.  After the stumps are removed, the upper one foot of topsoil is stripped using pan 
scrapers.  The topsoil is frequently spread onto adjacent mined areas or stockpiled for later 
application on a reclamation site or may be used to construct temporary stormwater 
containment berms.  If the dredge will be advancing through a wetland area, the wetland is 
ditched and drained prior to topsoil stripping.  If the dredge is advancing into an area not 
previously flanked by a perimeter containment berm, an additional berm is constructed. 
 
Dredge and Wet Mill 
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An electrically powered suction cutter dredge removes sand from the advancing wall of 
the dredge pond with a rotating cutterhead.  The face is either undercut, allowing it to collapse, 
or bench cut.  The loosened sand slurry is captured by a suction pipe nested within the 
cutterhead and pumped through a floating pipeline to the wet mill.  The Maxville and Trail Ridge 
dredges can pump approximately 2000 and 1100 tons of sand per hour, respectively.  The 
cutterhead is on a boom assembly which swings back and forth in an arc across the face of the 
advancing wall.  Typical arcs are 150-200 feet.  Several arcs are made across the advancing 
face so that the total width of the dredge pond is 800-1000 feet.  Swingline cables attached on 
the port and starboard side at the front of the dredge are reeled in and out to create the 
swinging action.  The swinglines are secured at the sides of the dredge pond using anchors, 
and the swingline anchors are repositioned as the dredge advances.  The dredge is anchored in 
the pond by one of two long cylinders at the rear called spuds.  The main spud is lowered and 
serves as the pivot point and to push the dredge into the advancing wall.  The auxiliary spud is 
only lowered to secure the dredge when the main spud must be repositioned. 

The floating wet mill receives the sand slurry from the dredge and separates the heavy 
minerals from quartz sand and other material.  The wet mill is electrically powered.  Rotating 
screens remove large debris (wood and hardpan) and reject it to the rear of the dredge pond 
which has already been mined.  The slurry is then pumped to the top of the wet mill where it is 
distributed to spiral gravity separators.  As the sand and water flow down the spirals, the heavier 
minerals migrate to the inside of the spiral.  The concentrated heavy minerals are collected 
through cutters or ports located at the bottom or along the path of the spiral.  The collected 
heavy minerals are sent through several stages of spiral separators to maximize recovery and 
product quality.  The final concentrate is then collected and pumped from the wet mill to the 
concentrate stacker area.  The rejected sand is placed on the back side of the dredge pond with 
either stackers or a pipeline.  The distance from the advancing face to the back side of the 
dredge pond is typically 800-1200 feet. 

The wet mill is anchored in the dredge pond by cables which extend from the corners to 
the bank.  The cables are secured to four anchors along the sides of the pond.  Winches on the 
corners of the wet mill allow the wet mill to move to the port and starboard sides of the pond, 
and forward as the dredge advances.  The wet mill anchors are repositioned as mining 
advances. 

As the dredge advances through the sand, it may also encounter humate-stained zones 
and organically cemented sands called hardpan.  Some of these organics are resuspended as 
the cutterhead churns the sand so that the dredge pond becomes quite turbid.  Organic content 
can affect the viscosity of the dredge pond water, decreasing the effectiveness of the gravity 
separation by coating the spirals and plugging pipes.  Frequent washing of the spirals with fresh 
water is required to maintain efficiency.  A surfactant (such as NaOH) may also be used to keep 
the organic material from settling. 

Eventually, the dredge and wet mill reach the end of a mining block (typically one mile).  
At this point the dredge begins a 180 degree turn into the adjacent mine cut, creating a new 
800-1000 foot wide mine path parallel to the previous cut.  A narrow strip of unmined ground is 
left between the adjacent cuts to insure that the dredge accesses unmined material and 
provides space for on-shore equipment and reclamation activities. 

Some portions of the deposit may be inaccessible due to their location in an area where 
the dredge cannot advance or turn around.  Also, shallow areas where insufficient water depth 
exists to float the dredge and wet mill may also be inaccessible.  In these areas, heavy 
equipment such as dozers or trackhoes may be used to excavate the ore, which would then be 
trucked or pumped to the dredge or wet mill.  Temporary pumping of the surficial aquifer may be 
required in these cases. 

The quartz sand and other light material passing through the spirals is collected in the 
bottom of the wet mill and discharged onto the back wall of the dredge pond.  These tailings are 
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discharged aerially through one or two elevated tail stacker booms, or they may be discharged 
through a land laid pipeline.  The tailings slope back toward the pond so that they drain into the 
pond as they dewater.  As the mill advances, heavy equipment traverses the recently deposited 
tailings to aid in compaction and dewatering.  Elevations and drainage patterns are generally 
restored to approximate pre-mining conditions.  DuPont is developing an active Global 
Positioning System to guide tailings placement and assist in reclamation activities. 

The heavy mineral concentrate is pumped from the wet mill through a small diameter 
flexible pipeline lying on the ground to the stockpile and loading area.  An elevated boom 
discharges the concentrate into a series of stockpiles where the concentrate is allowed to 
dewater and air dry.  Front end loaders access the driest concentrate stockpile to load 20-25 ton 
trucks, which transport the concentrate to the existing dry mill near Starke or Highland, Florida. 

If the concentrate grains are heavily coated with humate (which reduces their response to 
electromagnetic separation at the dry mill) the concentrate will be washed with a 25 per cent 
solution of sodium hydroxide (NaOH).  This step may be performed at the mine prior to 
discharge into the concentrate stockpile or at the dry mill.  If performed on site, the wash water 
is recycled in the scrubber, and excess water is returned to the dredge pond. 
 
Dry Mill 
 

Trucks transport 20-25 tons of concentrate from the concentrate stockpiles at the Trail 
Ridge and Maxville mines to the dry mills at the Trail Ridge or Highland plant.  The dry mills 
employ a series of electrical and magnetic processes to separate the various minerals in the 
heavy mineral concentrate.  Products include a bulk titanium mineral concentrate (mixed 
ilmenite, rutile, and leucoxene) and various grades of zircon and staurolite sand.  The titanium 
mineral concentrate is transported by rail to DuPont TiO2 pigment plants throughout the United 
States.  The zircon and staurolite are transported by truck and rail as bagged or bulk products. 
 
Water Use and Management 
 

The dredge and wet mill float in a 20-25 acre pond.  The water in the pond is the natural 
expression of the water table contained in the surficial sands.  It is very similar to a recreation or 
agricultural pond where water fills the excavated area and reaches equilibrium with the 
surrounding water table.  A very small and localized depression of the water table may occur in 
the immediate vicinity of the dredge pond as mining advances. 

Although the water in the dredge pond is used in the mining process, its recycle maintains 
the water level in the dredge pond.  The dredge and wet mill use and recycle approximately 30-
40,000 gallons per minute of dredge pond water to transport and separate the heavy minerals 
from the lighter weight quartz sand.  Most of this water is returned directly to the pond from wet 
mill overflows or flows back into the pond from the tailings replacement.  Approximately 250-500 
gallons per minute of dredge pond water is withdrawn from the pond to transport the heavy 
mineral concentrate to the stockpile area.  This water is usually recycled to the dredge pond 
although it may also be sent to settling ponds before returning to the dredge pond.  Water is 
also lost from the dredge pond by evaporation, or retention in the tailings.  Water is added to the 
pond from direct rainfall and surface runoff.  A small quantity of water (approximately 250 
gallons per minute) is brought onto the wet mill for housekeeping and domestic purposes.  The 
source of this water may be treated water recycled from the water treatment system, 
groundwater from wells in the intermediate or Floridan aquifer, or surface water from natural or 
excavated systems.  Overall, the water balance around the dredge pond allows for a relatively 
stable water level in the dredge pond. 

In areas disturbed by mining, naturally occurring humates and other organics, originally 
present as stained zones or hardpans in the sediments, may be resuspended.  Stormwater on 



 35

the mine site is retained by berms around the mining and reclamation areas to prevent humate-
laden water from leaving the site.  Stormwater can be released by permit when it meets 
stormwater quality criteria established by the regulatory agencies.  During dry periods, the 
stormwater may seep into the ground or evaporate.  During wet periods, excess stormwater 
may accumulate and require pumping to temporary settling basins constructed in previously 
mined areas.  Water from the concentrate stacker area or the dredge pond may be pumped to 
the temporary settling ponds also.  The temporary settling ponds allow suspended humate to 
settle out in the mining area so that chemical treatment and discharge from the water treatment 
system may not be required.  After several feet of humate has accumulated, the temporary 
ponds are allowed to dry and compact.  Dried humate will not resuspend if the pond is 
reflooded.  The temporary ponds may be utilized for several years and then reclaimed. 

Occasionally, too much water may accumulate for the stormwater berms and temporary 
settling ponds to allow for adequate settling.  In these cases, water is pumped to the water 
treatment system to promote rapid humate settling and discharge of good quality water into 
local streams.  A standard water treatment flocculant, such as 30 per cent ferric chloride or ferric 
sulfate, is added to the humate-laden water to lower the pH slightly from 4.0-5.0 to 
approximately 3.8-3.9.  The humate rapidly settles and is collected in ponds.  The humate may 
require occasional removal by returning it to mined areas, drying, and incorporating it into the 
soil.  The water from the top of the ponds is decanted and lime is added to raise the pH to 6.0-
8.5.  Typically, the pH is adjusted to a neutral 7.0.  Several small polishing ponds receive the 
lime-treated water and allow any additional sediments to settle out.  Finally, the high-quality 
treated water is recycled for use in the mining process or released to small streams. 
 
Reclamation 
 

Much of DuPont’s mined land is owned by commercial timber producers, and the post-
mine use is commercial pine production.  Exceptions to this land use include wetlands 
established to satisfy permit requirements or areas maintained for National Guard training or 
other minor uses.  This goal requires that DuPont re-establish a stable land surface suitable to 
allow the timber companies to plant pine seedlings.  In general, timber companies have not 
encouraged re-vegetation of understory species as these plants compete with pines for limited 
nutrients.  In a small portion of the Maxville Mine, the Florida Game and Freshwater Fish 
Commission has suggested that DuPont introduce native plant species that can provide food to 
bears that may attempt to cross Trail Ridge. 

As heavy minerals are separated from the Trail Ridge sand on the wet mill, the unwanted 
quartz sand is returned to the back wall of the dredge pond by elevated tail stackers or land-laid 
pipeline.  Crawler tractors and pan scrapers contour the tailings to approximate the pre-mine 
topography and drainage patterns.  Also, compaction and dewatering of the tailings is 
accelerated by the heavy equipment movement.  The general ridge profile and drainage basins 
are re-established although the exact elevation or contour may be slightly different at any single 
location.  DuPont is experimenting with a Global Positioning System (GPS) which will allow 
more accurate elevation and contour control. 

Once the tailings are graded to the desired topography and drainage patterns, 
approximately one foot of topsoil is spread onto the tailings.  The preferred method is to strip 
topsoil from an adjacent area being prepared for mining, and immediately reuse it in a post-
mined area.  This helps to promote rapid re-establishment of native grasses and shrubs.  
Stockpiled topsoil from dikes or other areas may also be used.  The topsoil is typically fertilized 
with 300 pounds per acre of 15-15-15 fertilizer. 

Areas that have been contoured and topsoiled are seeded to establish a cover crop to 
prevent erosion usually within one year of mining.  A seed mix of rye, hairy indigo, brown top 
millet and bahia is broadcast at a rate of 50 pounds per acre.  The topsoiled areas also contain 
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seeds and rootstock of native grasses and plants.  Once the soil surface is stabilized, the 
landowner or lessee replants pine seedlings in the upland areas employing standard timber 
management practices such as bedding and machine planting. 

Depressions and swales in the graded tailings surface become ponds and wetlands due 
to the high water table on Trail Ridge.  On older portions of the Trail Ridge and Highland Mines 
ponds are abundant, some of which are more than ten feet deep.  Current methods for replacing 
and grading tailings do not leave behind such deep depressions, and smaller wetlands and 
shallow ponds develop rather than large deeper water ponds. 

Wet depressions on the reclaimed land surface are managed to promote wetland 
establishment.  If topsoil is available from a wetland that is being cleared in front of the mine, the 
topsoil is placed into the wet depression.  Otherwise, these areas receive upland topsoil.  Even 
if wetland topsoil is introduced into a wet depression, the surficial muck and peat will likely have 
been mixed with mineral soil from other areas so that the soil profile of a reclaimed wetland is 
unlikely to have a well defined organic stratum (muck or peat layer or an umbric epipedon).  If 
woody debris (stumps and roots) is available from an area being cleared, it may be placed into 
the wetland in order to promote structural habitat diversity.  Native herbaceous hydrophytes 
voluntarily colonize the depressions, and DuPont typically plants native tree species around the 
perimeter of the larger wetlands. 

Many wetlands that have voluntarily developed in older areas of the mines have a diverse 
native plant assemblage and appear to be succeeding toward a plant community and hydrologic 
regime similar to natural conditions.  Three areas on the Highland Mine and Trail Ridge Mine 
were intensively planted in the 1980's to determine the feasibility of wetland re-establishment:  
Highland North (HLN), Highland 1 (HL1), and State Road 16 (SR16).  Subsequent monitoring of 
water levels, water quality, plant growth, invertebrate and fish populations, etc. indicates that 
wetlands have been successfully established.  The plant and animal communities contain many 
elements typical of natural wetlands, but community structure is different as would be expected 
in an early successional system. 

There are two obvious characteristics of wetlands on reclaimed land that are different from 
natural wetlands:  reclaimed wetlands usually have more open water than natural wetlands, and 
significant organic strata in the soil are absent.  Both of these conditions are expected to change 
over time as emergent and floating leaved aquatic vegetation colonize the sites and contribute 
to accumulation of a peat layer on the floor of the depression. 
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