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ABSTRACT

Old Hickory is aheavy mineral sand deposit located 60 km south of Richmond, Virginia, USA.
It has been an active mine since 1997, operated by |luka Resources, Inc. The deposit is one of
several known large occurrences of heavy mineral sand along the "Fall Zone" from southern
Virginiato central North Carolina. These deposits were formed by marine processes, probably at
the intersection of shorelines and major paleorivers, during multiple transgressive/regressive
events perhaps from Cretaceous through Tertiary time.

The pre-mining resource was estimated at 75 million tons averaging 9% heavy mineral.
The average heavy mineral assemblage comprises 63% ilmenite, 19% zircon and 2.5% rutile
plus leucoxene. The remaining non-valuable heavy minerals are predominantly staurolite,
kyanite and sillimanite. The host sediment is dominantly clayey sand, which contains an average
of 33% materia finer than 75 microns, mainly clay. The original sediment was probably quartz
sand to feldspathic quartz sand. The clay currently disseminated in the deposit is thought to have
been derived by weathering of feldspar and infiltration through the pile of clay-laden meteoric
water. Much of the sediment is structureless from bioturbation, but locally planar cross-bedding,
trough cross-bedding, planar laminations, and dewatering structures are preserved. Most fossils
have been obliterated, but ophiomorpha and scolithus burrows have been identified. The bulk of
the heavy mineral appears to have been deposited in foreshore and backshore (dune) facies,
although some of the basal material may have been fluvial. Bouldery units serve as horizon
markers and were probably deposited by debris flows related to storms or earthquake activity.

Unusual for heavy mineral deposits, Old Hickory experienced widespread faulting, which
spanned pre-mineral to post-mineral deposition. Most faults appear to be high-angle with
reverse sense of shear. Ridges were uplifted, which commonly have high-grade heavy mineral
along their flanks and in intervening swales. Paleochannels have been identified cutting across
stratigraphy, which commonly have high-grade heavy mineral with elevated zircon content. The
deposit can be separated into two parts: atopographically higher western, older part and a
younger eastern part. The younger part commonly has higher titanium values than the older part,
and, in the younger part, rutile, leucoxene and zircon values increase to the east. The current
deposit probably formed in Miocene through Pliocene time through multiple transgressive/
regressive events in the same area with reworking and redeposition of heavy minera in foreshore
and back-barrier environments.
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INTRODUCTION

The Old Hickory heavy minera sand deposit islocated in Dinwiddie and Sussex Counties,
southeastern Virginia. Heavy mineralization was discovered here and described in publication
by C.R. Berquist, Jr. (Berquist, 1987). The deposit has been mined by Iluka Resources, Inc.,
since 1997, and is currently producing about 350,000 tons per year of ilmenite, zircon, rutile and
leucoxene. Rutile and leucoxene are blended back into the ilmenite product which is primarily
sold in the TiO, pigment market. Zircon is sold separately, primarily to the ceramics industry.

The Old Hickory deposit is one of several locations of heavy mineral concentration lying
along the "Fall Zone" from central Virginiato central North Carolina (Figure 1). This zone
roughly marks the western edge of Cenozoic coastal plain sediment overlap on Paleozoic and
Precambrian piedmont crystalline basement rocks. The Fall Zoneis so named becauseitisa
topographic break causing rapids in rivers, and north of Old Hickory it is marked by a scarp of
several meters relief at around 80-90 meters elevation, which is at least as old as 5-10 million
years BP (Howard, et al., 1993). The maximum height of the westernmost (oldest) heavy
mineral sand at Old Hickory is 90 meters and the basement underlying it is at 80 meters
elevation and progressively slopes off the east, suggesting that the Old Hickory deposit formed
on top of the Fall Zone scarp.

The segment of the Fall Zone from central North Carolina north through central Virginia
isapromontory with Piedmont basement rocks in contact with Miocene-Pliocene coastal plain
sediments (Figure 1). Cretaceous to Oligocene sediments are absent along this segment of the
Fall Zone, yet they are thick to the south where the Fall Zone bends westward forming an
embayment in southern North Carolina, South Carolinaand Georgia. Itislikely that in southern
Virginiaand northern North Carolina, these ages of coastal plain sediments were successively
eroded and reworked by younger transgressive/regressive events. All mgor known heavy
mineral deposits along the Fall Zone occur on this promontory. The Fall Zone deposits are
unique among southeast U.S. heavy mineral depositsin that they have high clay fines content,
averaging around 35%, and they contain exceptionally high-grade heavy mineral, commonly
averaging 6-10% heavy mineral.

STRATIGRAPHY AND PETROLOGY

Host sediment in the Old Hickory deposit consists mainly of angular to sub rounded medium to
fine quartz and iron-stained kaolinitic clay. Sands within the heavy mineral-enriched zones are
well sorted to very well sorted, with rare grains greater than 2mm. The deposit consists
predominantly of paleobeach sands with less abundant dune facies and possible fluvial facies.
Two major periods of heavy mineral deposition are recognized, informally called the older and
younger units, and are delineated in Figure 2. The older deposit has an elevation range of 42-90
meters and the younger deposit ranges from 53-73 meters. Terraces are locally well-devel oped
at roughly 70 and 55 meters elevation. Figure 3 shows five proportionally spaced vertical cross-
sections of heavy mineral content in the central part of the deposit. Noting that the sections have
vertical exaggeration of 20 times horizontal, the sections show that basement scarps and terraces
are punctuated by peaks and valleys which, in three dimensions, are linear ridges and swales. On
excavation, ridges commonly reveal themselves to be elongate domes or horsts of basement



rocks and sediments uplifted along reverse faults. Thisirregular basement presents a grade-
control challenge for miners and mine geologists, discussed in an earlier publication (Romeo,
2005).

Older Deposit

The bulk of the older deposit is a clayey sand with 10-30 wt % heavy mineral. In pockets, heavy
mineral grades can get quite high (up to 80%). These pockets are often located adjacent to the
flanks of buried ridges of saprolitic bedrock.

The sand is dominantly clayey quartz sand and locally white kaolinitic pseudomorphs
after feldspar are common. Much of the sand originally may have been feldspathic quartz sand,
although the higher grade heavy-mineral facies may have been mainly quartz sand. Clay fines
content, which is material less than 75 microns in size, commonly comprises 15-40% of the
clayey sand. Locally there are intercalated coarse pebble-rich zones or fine clay-rich zonesin
which may primarily be sedimentary clays. Zones of angular cobbles to boulders occur as
discontinuous lenses intercalated with heavy mineral sand and represent debris flows from storm
or earthquake activity. These zones appear to occur at particular horizons and have been used as
stratigraphic markers. The base of the deposit, on top of saprolite, commonly contains abundant
rounded quartz pebbles and cobbles. Locally, pebble-rich cross-bedded heavy minera sand
beneath a weakly developed unconformity surface is present at the base of the sand sequence and
may be relict fluvial deposits.

Although the upper part of the deposit is massive (structureless) due to bioturbation, in
deeper parts, relict planar laminations and thin bedding, planar cross-bedding and soft sediment
deformation features are preserved. Fossil evidence is rare within the ore zones in the Old
Hickory deposit, but the trace fossils scolithus and ophiomorpha have been identified.
Ophiomorpha, thought to be fossilized burrows of the ghost shrimp callianassa, have been found
just below some of the high-grade heavy mineral zones. These shrimp live very near the swash
zone of an active beach face. The planar laminations and thin bedding are probably foreshore
swash sedimentary structures and the bulk of the sediment of the older deposit appears to have
been deposited in foreshore to upper shoreface environments.

Clay content is generally high in the first 2-3 meters below surface. Theclay is sticky
and plastic and the subsoil is reticulately mottled with strong plinthite development (Daniels,
personal communication, 2000). Soils developed on the older deposit have been identified as
Paleudults (Daniels, personal communication, 2006), old high-level clay soils with particularly
deep accumulations (>2 m) of fine clay. Colorsin the heavy minera sand commonly change
from dark red (highly oxidized) at the surface downward through yellow-brown to gray
(unoxidized) at the base. Commonly at the base of the weathering profileis azone < 1 meter
thick of indurated Fe-oxide cemented sand termed "laterite” in theindustry. Thisis better
developed in the older deposit than the younger deposit.

In general, most of the clay disseminated in sand is considered to be secondary and post-
depositionally introduced as supergene enrichment from weathering of feldspar and infiltration
of clay-laden meteoric water. The clay in the top 3 meters may have come from millions of
years of precipitation of clay derived from overlying material, much of which was probably
feldspar bearing sand. This upper clay continues to be dispersed throughout the lower parts of



the deposit by the same process. Indicative of this process are clay-lined seams that have been
observed cutting down through the sediment.

The deposit is displaying an intact weathering profile which, based on the extremely
mature soil development, may be inherited from Early Pliocene weathering and may be
correlative with similar surfaces identified to the north by Howard, et al. (1993) as having
formed 3-5 million years ago. Aswill be discussed in the geochemistry section, vertical
variation in Ti and Fe content may also be attributabl e to the section being a weathering profile.
The area of the older deposit has been mapped as Miocene sand and gravel by Mixon, et al.
(1989) and suggested to be afluvial to margina-marine facies of the Middle Miocene Choptank
Formation or the Upper Miocene Eastover Formation. The possible age range of deposition
therefore would be approximately 5-10 million years BP and early Pliocene weathering and soil
development in the 3-5 million year BP range is plausible.

Younger Deposit

The younger deposit is composed of two facies. The bulk of it has planar laminations and thin
bedding and appears to be primarily a paleobeach facies. The east side of the northern half of the
deposit has well-devel oped festoon cross-bedding and appears to be primarily a back-barrier
dune facies. Bioturbation in the upper portion of the entire deposit has obliterated sedimentary
structure and more of the unit may be dune facies than is presently recognized.

The younger deposit most commonly adjoins the older deposit a an elevation around 70 meters
(230 feet). Below thislevel, aburied scarp is commonly well-developed and may largely have been
erosional, cut back into the older deposit by wave action. However, locally this scarp was accentuated
by tectonic uplift along reverse faults that occurred after the younger deposit was laid down (see Figure
5). The younger deposit is up to 11 meters (35 feet) thick and was deposited on the scarp and adjacent
to it to the east to abase level of about 55 meters (180 feet) above sealevel. The younger deposit
overlies the older deposit east of the scarp and the two are separated by a barren zone of coarse yellow-
white feldspathic quartz sand which thickens toward, and contains abundant pebbles near, the scarp
zone. Thisunit may in part be fluvial/deltaic and it is considered to be the upper portion of the Miocene
regressive sequence of which the older deposit is part. Overlying the coarse sand is up to a half meter of
barren pinkish gray gummy clay. The upper contact of the clay zone is sharp beneath heavy minera
sand of the younger deposit and locally soft sediment deformation features such as ball and pillow and
flame structures have been noted below the contact. This clay zoneisinterpreted to be alagoona mud
deposited during transgressive drowning of channels, and it marks the base of the Pliocene
transgressive/regressive sequence of which the younger deposit is part.

The basal few meters of the younger heavy mineral deposit on top of the clay bed consists of
well-devel oped planar laminated to thin bedded heavy mineral-rich fine sand. The well-stratified sand
commonly has low-angle cross-bedding with foresets dipping either east or west, climbing ripples and
reactivation surfaces, suggesting swash stratification (see Figure 4). The planar beds generdly dip £ 5°
to the east (seaward). Overlying the planar beds near the scarp zone is athick zone of cross-stratified
heavy mineral-rich sand with foresets dipping 25° east (seaward). The general environment appears to
have been foreshore with rare high energy events. Large-scale trough cross-bedding is aso locally
preserved near the scarp’ s southern part, suggesting local dune formation. Festoon cross-bedding is



common on the far east side of the northern half of the deposit, and this is predominantly a back-barrier
dune sequence deposited on top of the beach sequence during continued regression.

Like the older deposit, the younger deposit consists mainly of clayey quartz sand with 10-40
wit% slimes and 5-40 wt% heavy mineral. It also has a high concentration of clay in the upper two
meters. Locally, aweathering profile is well-devel oped with red-yellow-gray downward color zoning,
but plinthite in the subsoil is only weakly to moderately devel oped, suggesting a less mature weathering
profile than in the older deposit. Laterite at the base of the weathering profile is only weakly devel oped.
Vertical chemical zonation is also weaker compared to the older deposit. Also in contrast to the older
deposit, the younger deposit displays a marked lateral geochemical and mineralogical zonation,
discussed in the geochemistry section. This unit has been mapped as Pliocene sand and gravel by
Mixon, et al. (1989) and suggested to be a marginal-marine equivaent to the Y orktown Formation
(Berquist, personal communication, 1998; Carpenter and Carpenter, 1991), aregionally extensive Early
to Late Pliocene (3.4-5.3 million years old) marine transgressive-regressive sequence (Bailey, 1987).
The weathering probably dates from about 3 million years ago. The younger deposit was probably a
regressive sequence formed after acirca5 Matransgression. The area experienced post-regression
subaerial exposure and prolonged weathering.

Several lines of evidence suggest that the older deposit was partially eroded and resedimented to
form the younger deposit. The scarp zone with its top at about 70 meters elevation has an irregular trace
with concave eastward embayments extending west into the older deposit. These embayment features
probably mark stream/tidal channels that cut back into the headland. Thick heavy minera
accumulations locally are found at the mouth of these embayments. These areas aso have higher zircon
fractions of heavy mineral (see Figure 6) and represent channels in which zircon concentrated, perhaps
dueto its dightly higher specific gravity relative to other heavy minerals. Poorly sorted alluvial deposits
with abundant pebbles and cobblesin a matrix with high clay content are locally common adjacent to
the embayments and scarps and are intercalated with and cut out part of the older deposit. These
conglomeratic deposits contain clasts of indurated highly oxidized heavy mineral sand (plinthites),
probably eroded from an existing deposit. Aswill be discussed in the geochemistry section, bulk and
zonationa geochemical and mineralogical differences between the younger and older deposits also
support that the older one was reworked to form the younger one.

Faults and Folds

In the first year of mining, unexpected offsets and folding of mineralized sediment and basement were
observed, and NW-trending faults displacing saprolitic basement over top of heavy mineral sand in the
older deposit were identified. Those faults strike NW and WNW, dip moderately steeply both SW and
NE, and have oblique striations that plunge moderately to steeply NW on SW-dipping faults (Berquist
and Bailey, 1999). The dominant sense of shear is sinistral oblique reverse with a maximum separation
of 6 meters (20 feet).

In the third year of mining, a portion of the scarp zone was exposed which revealed that the
“scarp” in that area was the nose and upright limb of an overturned anticline in the hanging wall of an
east vergent thrust fault (Figures 5A and 5B) striking N15W. Sediments of the younger eastern deposit
were cut by the thrust fault and overridden by basement metavol canic rocks. Movement on these faults
would not have been enough to produce the scarp, which has vertical relief of 18 meters (60 feet). The
scarp was probably produced by wave cutting but was locally accentuated by uplift along reverse faults.



Many of the faults appear to bound linear basement uplifts. These uplifted areas commonly have
thin to no cover of heavy mineral sediment and may have been eroded in Pliocene time, with alluvial
heavy mineral being deposited in adjacent structural depressions and carried downstream to be
resedimented in the younger deposit.

Additional N-S striking faults have been identified in the southern and northern parts of the
deposit, and they generally have steep dips either east or west with reverse sense of shear. Individual
faults can not be traced for any great distance and appear to be associated with discrete linear domes or
horsts. The faults at Old Hickory are consistent with a WNW-ESE compressive stress field which has
been suggested to have characterized the Mid-Atlantic region throughout Cenozoic-Recent time
(Wentworth and Mergner-Keefer, 1983). Severa Cenozoic high-angle reverse fault systems have been
identified in the eastern United States displacing Coastal Plain sediments and Piedmont basement rocks
(Prowell, 1988). It is possible that faulting along the edge of the Coastal Plain in Virginiaand North
Carolina occurred at various times and places during the Cenozoic era and that zones of fault-generated
topographic ridges and troughs acting as coastal barriers and traps may have helped to localize heavy
mineral deposits such as Old Hickory.

Mineralogy and Geochemistry

The pre-mining resource at Old Hickory was estimated at 75 million tons averaging 9% heavy
mineral. The average heavy mineral assemblage comprises 63% ilmenite, 19% zircon and 2.5%
rutile plus leucoxene. The remaining non-vauable heavy mineras are predominantly staurolite,
kyanite and sillimanite.

The heavy minera suite is dominated by fine, black, rounded to well rounded, equant
ilmenite grains, comprising 50 to 70% of the suite. The grain surface is usually pitted to some
degree. Zircon comprises 12 to 30% of the suite as rounded to well rounded white to pink,
frosted very fine grains. The remainder of the valuable heavy mineral suite is composed of 2-4%
very fine grained, rounded, red to black rutile grains and well-rounded butterscotch to silver-
colored leucoxene (very altered ilmenite) grains. Grains of sillimanite and kyanite occur as
relatively coarse, tabular, white to translucent grains, averaging about 6% of the heavy minera
suite. Staurolite occurs as brown-orange coarse, angular grains averaging about 10% of heavy
mineral. Other accesory minerals include tourmaline, limonite, goethite, magnetite, and spinel.
Heavy minerals, most noticeably zircon, commonly have iron-staining on the outside of the
grains, due to precipitation of Fe-oxide from groundwater.

[Imenite and TiO, Content

Titanium content of ilmenite shows marked zonation patterns that differ in the older and younger
deposits. In the older deposit, there commonly is avertical zonation with moderate TiO, content in the
top three meters of the profile and low TiO, content at the bottom of the profile. In the younger deposit
thereislocally aweak vertical zonation of TiO,, but there isamarked lateral zonation with moderate
TiO, values close to the scarp zone increasing to high TiO, values to the east.

Variationsin TiO, content of ilmenite are due to the relative proportions of altered (weathered)
ilmenite to fresher ilmenite. The vertical zonation patterns in the older deposit are related to weathering
and the section probably represents a paleoweathering profile relict from early Pliocene time when



subtropical (hot and wet) conditions existed and the deposit was situated in awell-drained area such as a
back-barrier/dune setting. Intense weathering at the top of the profile would have rel eased Fe from
ilmenite, relatively increasing Ti and altered ilmenite contents, and adding Fe to percolating meteoric
water which may have filtered through the lower part of the deposit, depositing Fe on sand grains.
Periods of exposure above the water table would be necessary for Fe to be fixed in dominantly an Fe®*
oxidation state.

The deposit east of the scarp zone is younger than the older deposit and may in large part
represent reworking and resedimentation of the older deposit. The bulk of the eroded material would
have been derived from the upper portions of the older weathering profile, thereby generally containing
relatively abundant altered ilmenite and leucoxene. The lateral zonation of TiO- in ilmenitein the
younger deposit from moderate to high values west to east is probably related to density sorting of
altered versus fresher ilmenite as lighter grains (more atered) moved farther out seaward from the
beach.

Zircon

Zircon from Old Hickory is of premium quality on the world market. A primary reason isitslow
average U and Th contents, which average alittle over 200 ppm U plus Th. Age dating of zircon
was performed by C. Naeser of the U.S. Geological Survey. Heidentified three populations of
zircons with U-Pb dates of 357 + 34Ma, 230 + 30Ma and 156 + 18Ma, with the error quoted
being + 2 standard deviations (Naeser, personal communication, 2005). Heidentified alikely
source for the 231 Ma group as the Piedmont of Virginiaand North Carolina. The 357 Ma group
matches ages found in the Blue Ridge Mountains of North Carolinaand Virginia. No local (mid-
Atlantic) source was identified for the 156 Ma popul ation (Naeser, personal communication,
2005). Naeser (personal communication, 2005) indicates that the Old Hickory zircons have
unusually low U contents and lack U zoning which is common in other zircons. Of interest also
are the strong rounding and frosting ubiquitous in Old Hickory zircons which suggest extreme
abrasion (Naeser, personal communication, 2005).

Figure 6 isamap of the distribution of zircon as a percentage of heavy mineral. Evident
are two cross-cutting zones of higher zircon. Within these zones, E-W trending paleochannels
have been identified in the mining pits. These channels have high-grade heavy mineral and the
heavy mineral has higher than average content of zircon. Itisinterpreted that zircon is
preferentially upgraded in channels because it is heavier than atered ilmenite, rutile and other
heavy mineralsin the suite. Possible paleochannel locations are shown in Figure 6. Theincrease
on the central east side of the deposit may be due to dispersion by longshore drift from the
channel point sources. Heavy mineral in these channels was probably largely derived by erosion
of the older deposit.

Role of Riversin Deposit For mation

In general, the major sources of sediment today on Atlantic shorefaces and continental shelf are
rivers (fluvial deltas) and tidal channels (ebb-tidal deltas). The fluvial deltas derive their
sediment from the source area the streams erode. Short rivers that head only in the coastal plain
mainly derive their sediment from reworking older coastal plain sediments. Longer rivers that



head in the Piedmont and A ppal achian Mountains carry aless mature assemblage including
abundant feldspar and may contain abundant heavy minerals, the assemblage and geochemical
characteristics of which reflect the nature of the eroding source rocks in the drainage basin. The
ebb-tidal deltas derive their sediment from reworking mainly Pleistocene barrier ridges and
normally contain little heavy minera except where earlier heavy mineral concentrations are
being reworked.

The larger longer rivers carry copious sediment and create large deltas. During
regression these deltaic deposits may be exposed and reworked in beach and back-barrier
settings. During transgression the deltas may be abandoned and submerged, leaving lobes of
sediment with positive relief on the seafloor. These piles of sediments are reworked by storm
waves and currents and may be the major source of sediment in the construction of barrier
islands and in the longshore drift stream. Heavy mineral concentration is commonly seen
downdrift of these deltalobes. Once entrained in the littoral environment heavy mineral suites
will mature in both textural and mineralogical senses. In these settings, there may aso be
admixture with exotic sediment brought in by longshore drift. A mixture of heavy mineral grains
of varying textural maturity might be expected.

Thorium and other radioactive elements in detrital minerals such as monazite, zircon and
feldspar are concentrated in deposits of streams whose upper reaches are in basement rocks. Iron
oxide and hydroxide coatings on detrital grains also scavenge thorium and uranium and claysin
floodplain deposits scavenge potassium. Thus, present drainages and sometimes pal eodrainages
are highlighted by radiometric anomalies. Thistool can be used to interpret the courses of
pal eodrainages, which may no longer be associated with a stream.

Figure 7 shows the present Appomattox, James and Rivannarivers with SE-trending
segments that fall in aroughly straight line. These segments are probably remnants of a SE-
flowing river, herein caled the paleoRivanna River, which was pirated by the younger east-west
trending Appomattox and Jamesrivers. Sections of interfluve with NW-SE thorium anomalies
connect the residual SE-trending stream segments and are labeled as “ Pirated paleoRivanna
River”. Figure 7 shows the interpreted trace of the paleoRivanna River south to the Old Hickory
deposit. It isworthwhile to note that the paleoRivanna would have drained anorthositic
granulite-facies metamorphic terranes in both the Roseland and Goochland areas, possible
sources for ilmenite and rutile.

There is an interesting juxtaposition of levels of maturity of Old Hickory sediment.
Intercalated sediment is compositionally immature with abundant kaolinite-altered but still
recognizable feldspar pseudomorphs. The heavy mineral suiteis texturally mature, being well
rounded and frosted from abrasion. Yet, it aso is compositionally immature. The suiteis
ilmenite-dominated with a high percentage of compositionally immature ilmenite, with TiO,
contents down to 53 wt%. In deposits formed at locations such as Florida, at the down-drift ends
of extensive longshore transport tracts, rutile, zircon and leucoxene contents and average TiO-
content in ilmenite are significantly higher while ilmenite contents are significantly lower than at
Old Hickory.

Just east of the Old Hickory deposit, on and east of the toe of the Fall Zone scarp,
topography has a shield shape with a semi-annular stream pattern around the northeast and
southeast sides. This geometry suggests arelict alluvia fan or deltalobe.



The association with identifiable paleoriver drainages, relict fluvial geomorphic features
and intercal ated feldspar and gravel-bearing facies of fluvial affinity suggest alarge component
of fluvially-derived sediment at Old Hickory. A plausible explanation isthat rivers were
continuously active at the deposit site for the millions of years that the shoreline ranged across an
east-west distance of only 3 kilometers. Heavy mineral from older deposits was reworked over
and over again while being admixed with sediment of fluvial and longshore transport derivation.
The heavy mineral may have been reworked from coastal plain deposits as old as Cretaceous.

When compared to other heavy mineral deposits along strike in the Fall Zonein North
Carolina, the Old Hickory deposit has about three times higher average zircon content, even
though the other deposits are of equal or larger size and grade. This suggests differencesin the
source area of sediments and supportsindividual fluvial point sources for the deposits. Although
heavy mineral may have come from sediment as old as Cretaceous, the lack of homogeneity of
heavy mineral suites along this segment of the Fall Zone argues against a large longshore drift
component or extensive bulldozing of older sediment during transgression. Cretaceous heavy
mineral deposition may also have been controlled by proximity to rivers and local heavy mineral
Sources.

Summary

The Old Hickory heavy minera sand deposit was formed during Miocene to Pliocene transgressive-
regressive cycles along multiple strand lines established near the maximum elevation of inundation,
during probable subtropical climatic conditions. The Old Hickory deposit contains two main units,
termed the older and younger deposits. The older deposit, of probable Miocene age, rests directly on an
irregular surface of saprolitic crystalline basement rocks. It has awell-developed weathering profile
with a strongly weathered and leached top and a weakly weathered and supergene-enriched base. The
upper portion has high slime content and moderate TiO, content in ilmenite. The lower portion has
moderately low slime content and low TiO, content in ilmenite. Thisweathering profileis probably
relict from Early Pliocene time, when regression left the older deposit in a high well-drained coastal
setting in awet hot climate.

The younger deposit lies east of a prominent scarp zone and is probably Pliocenein age.

It has aless well-devel oped weathering profile, of probable Late Pliocene origin. Alsoin
contrast to the older deposit, it has moderate to high TiO, content in ilmenite. The deposit has a
well-developed lateral zonation of altered ilmenite contents from moderate near the scarp zone to
high on the east side. Zircon, rutile and leucoxene also increase to the east in the younger
deposit. Theincreasein leucoxene and TiO, content in ilmenite in the younger deposit deposit
suggests that the ilmenite was already weathered prior to deposition. The younger deposit is
suggested to have been mainly derived by erosion and reworking of the upper portion of the
older deposit.

Protoliths of both the older and younger deposits were probably quartz sands and feldspathic
guartz sands. The sands gained appreciable secondary clay derived from weathering of feldspar and
infiltration by clay-laden meteoric water. Primary sedimentary structures are preserved below
bioturbation levels and planar laminations and thin bedding are common, suggesting much of the
sediment was deposited in foreshore environments. Cross-stratification is also common and the



northeast part of the younger deposit has abundant festoon cross-bedding, suggesting back-barrier dune
formation.

Movement on reverse faults raised linear ridges of heavy mineral-capped basement,
which were eroded in Pliocene time contributing to the younger deposit. Faulting appears to have
taken place at various times during deposition of the ore bodies. Relief on scarpsisdueto a
combination of wave-cutting and tectonic uplift. Structural ridges and troughs may have acted as
coastal barriers and traps, localizing heavy mineral deposition.

The high degree of rounding of hard heavy minerals such as zircon, rutile and ilmenite indicates
the great amount of transport, reworking, and winnowing that the grains underwent. The greater
angularity of quartz and staurolite may be related to lower relative hardnesses with greater tendency to
fracture. Despite the textural maturity of the heavy mineral suite, the deposit is compositionally
immature as sediments contained alarge component of feldspar and the heavy mineral assemblageis
dominated by ilmenite of relatively low TiO, content.

The prolonged reworking of heavy mineral and lack of Cretaceous through Oligocene age
sediments along this segment of the Fall Zone suggests that sediments perhaps as old as Cretaceous were
reworked by younger transgressive/regressive episodes, upgrading heavy mineral by marine processes.
However, protoliths of feldspathic quartz sands, gravel zones and fluvial facies, recognition of
pal eochannels, and geomorphology of arelict alluvial fan or deltalobe east of Old Hickory suggest the
influence of ariver at the site throughout its depositional history. The compositional immaturity of the
heavy mineral suite and the variation of assemblage among deposits aong strike on the Virginia/North
Carolina segment of the Fall Zone, suggests that individual heavy mineral deposit sites were related to
the location of paleorivers, perhaps from Cretaceous through Tertiary time.
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FIGURE 3 Heavy Mineral Variation, Stacked Cross-sections From Central Area

FIGURE 4 Planar Stratification, HM Grade = 20-25%, Younger Deposit
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FIGURE 6 Map of Zircon as a Per centage of Heavy Mineral

FIGURE 7 Thorium Anomaly Map and Suggested Trace of PaleoRivanna River



