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OutlineOutline

• OverviewOverview 

• Value of minerals in the N.C. economy

di i l i d i l i l i C• Traditional industrial minerals in N.C.

• Emerging resources in N.C. and the ‘new stone 
age’
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Important industrial mining districts in 
h lNorth Carolina
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Geologic belts (terrains) of North 
lCarolina

12/11/2012
Jeffrey C. Reid, PhD, PG, CPG                     

919.707.9205 ‐ jeff.reid@ncdenr.gov
4



Mining activity and North Carolina’s economyMining activity and North Carolina s economy
$25,000,000,000

$15 000 000 000

$20,000,000,000

$10,000,000,000

$15,000,000,000

$5,000,000,000

$0

2010 mineral production ‐ NC (~$1 B) ‐
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2010 economic impact ‐ NC ~$3.5 B 
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2012‐13FY state budget ($~20 B)
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N.C. Mining FactsN.C. Mining Facts
• Mineral statistics –

The NC Geological Survey in cooperation with the USGS compiles– The NC Geological Survey in cooperation with the USGS compiles 
economic mineral information vital to commerce, jobs and national 
security – a function that needs to be sustained. 

• Mineral processing –p g
– The Minerals Research Laboratory (MRL) of NC State University 

(Asheville) complements activities of the North Carolina Geological 
Survey. 

– Statewide tailings study completed by MRL leading to industry interest
Th t th h t th l t 60 h b ti ll– These two groups throughout the last 60 years have been partially 
responsible for the development of about $1 billion dollars of mineral 
revenue.

• Value added industries –Value added industries 
– Several industries provide value added to industrial and metallic 

minerals including specialty steel production, fiberglass insulation, fiber 
optic production, gypsum board production (flue gas scrubbing).
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Mining activity and North Carolina’s economyMining activity and North Carolina s economy

• Mining activity –
– All mining is from 866 permitted active mines that cover 132 033 permitted– All mining is from 866 permitted active mines that cover 132,033 permitted 

acres, or only about 0.43 % of the state’s ~48,000 square miles of land area 
(~126,000 square kilometers).

– This is about $6,980 per permitted acre (USGS 2010).
– Per capita mineral production is about $92 per year (USGS 2010).

A b d l ti h i i– A bond ensures reclamation when mining ceases.

• Minerals and the North Carolina economy –
– In 2010 North Carolina ranked 24th among the 50 states in total nonfuel 

mineral production value ($880 000 thousands) [NMA report $1 013mineral production value ($880,000 thousands) [NMA report $1,013 
thousands] accounting for about 1.33% of the U.S. total (USGS 2010).

– Crushed stone is North Carolina’s leading nonfuel raw mineral accounting 
for about than 70% of the state’s total value of nonfuel raw mineral 
production (USGS Minerals Yearbook advance release 2010)
Phosphate rock sand and gravel (construction) sand and gravel– Phosphate rock, sand and gravel (construction), sand and gravel 
(industrial), and dimension stone are the main commodities.

– Feldspar, clays (common and kaolin), gemstones (natural), and mica were 
also produced along with andalusite, pyrophyllite).

– Nano-technology may prove fruitful in evaluation of tailings.
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Mining activity and North Carolina’s economyMining activity and North Carolina s economy

• Minerals and the North Carolina economy in 2010
Mi i id d di t l t t 10 230 l d th– Mining provided direct employment to 10,230 people and another 
27,510 people indirectly for a total of 37,740 jobs

– The average annual wage was $52,871
– Payroll earnings and indirect economic activity generated $1.399 million
– Income and payroll taxes generated ~$686 million
– Mining operations created $1,013 million of mineral metal and fuel 

products
– Indirect revenue accounted for $2,436 million$ ,
– Total economic impact was $3,449 million
– Mining generated 0.88% of the state’s GDP

From National Mining Association, 12 October 2012
URL htt // / df/ t t / / df i d 7 D b 2012URL http://www.nma.org/pdf/states/econ/nc.pdf viewed 7 December 2012
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Mining activity and North Carolina’s economyMining activity and North Carolina s economy

• Minerals and the North Carolina economy (continued) –

– High purity quartz: 90% of the world’s high purity quartz is mined and 
processed in western North Carolina for the electronic industry.

– Feldspar: 60% of the United States’ consumption comes from NC

– Common clays, mica, olivine, and pyrophyllite produced; the latter two 
were produced in only one other state and North Carolina.p y

– Significant quantities of construction sand and gravel and dimension 
stone were produced in the State.  

– Metal production in the State, especially that of steel, resulted from the 
processing of recycled materials or raw materials received from other 
domestic and foreign sources.  
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Crushed stoneCrushed stone
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Sand – construction and glassSand  construction and glass
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Quartz, feldspar, micaQuartz, feldspar, mica
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Note: Deposits are now all foreign‐owned: Unimin, and Quartz Corp. (Emery and Norwegian Crystallite venture).



BricksBricks
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PhosphatePhosphate

•Middle Miocene – Pungo River 
Formation
•Interbedded phosphatic sands, silts and 
clays and phosphatic and non phosphatic
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clays, and phosphatic and non‐phosphatic
limestones, plus shell hash and coquina



PhosphatePhosphate
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(From Gilmore, 2006)



PhosphatePhosphate

(From Gilmore 2006)
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PhosphatePhosphate
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Dimension stoneDimension stone

12/11/2012
Jeffrey C. Reid, PhD, PG, CPG                     

919.707.9205 ‐ jeff.reid@ncdenr.gov
18



Dimension stone (cont’d)Dimension stone (cont d)
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Argillite (dimension stone)Argillite (dimension stone)
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FlagstoneFlagstone

•Typically mylonites
I l d i bbl•Includes river cobbles 
(not shown)
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Roofing granulesRoofing granules

•Metavolcanic rocks
•Ground and sized
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•Coated with different colors (enamel)



LithiumLithium

•Hard rock silicate resource not currently produced
•Plant processes imported carbonate ore
•Canadian junior explored strike extent to north of present hard rock pit resulting in 
identification of additional resources along strike to the northeast
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identification of additional resources along strike to the northeast



Glass sandGlass sand

The glass sand product after attrition scrubbing, sizing, and magnetic separation contained 0.13‐0.16 % Al2O3,    
0.02 – 0.04% Fe2O3, < 0.01 – 0.02% TiO2 and traces of other minor elements. Further reduction of impurities will 
be obtained from separation processes that include flotation. This product is well within the specifications for 
typical glass sand and is suitable for many glass sand applications.
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typical glass sand and is suitable for many glass sand applications. 

From: Mensah‐Biney, Carpenter, Miller, and Reid, 2005 



Iota quartzIota quartz

Preliminary processing evaluation and chemical analysis of the 
quartz concentrates from the two samples indicated low impurity 
levels to justify further chemical treatment to produce ultra‐high 
purity quartz.  The processing steps involved crushing, grinding to 
produce 60 x 140 mesh flotation to remove mica iron mineralsproduce 60 x 140 mesh, flotation to remove mica, iron minerals 
and feldspar impurities, magnetic separation of the clean quartz, 
sizing and hydrofluoric / hydrochloric acid leach to produce ultra‐
high purity quartz product (Iota Grade).
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From Mensah‐Biney and Reid, 2006



GarnetGarnet

•Bakersville metagabbro: 1)water jet cutting application; 2) ~ 36.5 million mt resource potential, 
pilot plant studies done, 3) ~3 million mt garnet concentrate potential
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•From Mensah‐Biney and Reid, 2008.



Garnet (abrasive)Garnet (abrasive)

•Resource: 1,000m x 1,000m x 100m x 3.65 or ~36,500,000 mt
•Recovery (conservative): 10% based on bench scale lab study
•Potential: 3,650,000 mt garnet concentrate
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Map from Adams, 1995



Garnet (abrasive)Garnet (abrasive)
• A heavy mineral garnet concentrate, suitable as an abrasive, was produced 

from a 2 kg sample of garnet rich material from the Bakersville eclogitefrom a 2 kg sample of garnet‐rich material from the Bakersville eclogite, 
Mitchell County, North Carolina. Use as water jet abrasive.

• The bench scale laboratory process consisted of crushing, grinding, and 
gravity separation to separate the heavy minerals from the light minerals.gravity separation to separate the heavy minerals from the light minerals.  
The sample was ground to pass US 30‐mesh and the minus 30‐mesh 
fraction was subjected to sink float separation using a heavy liquid with 
density of 2.96 g/cc.   The sink fraction (heavy mineral concentrate) 
composed mainly of garnet was subjected to mineralogical evaluation tocomposed mainly of garnet was subjected to mineralogical evaluation to 
determine garnet grade. The results of the heavy liquid separation process 
indicated that about 85% by weight of the original material reported as 
heavy mineral concentrate.

h d bh d l d i di• The garnets are red, subhedral, and average 2 mm in diameter. 
Microprobe compositions are Py32Alm47Grs22Sps<1 [rims] and 
Py27Alm49Grs24Sps<1 [cores] (Willard and Adams, 1994)1.
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Garnet (abrasive)Garnet (abrasive)

Particle Size Analysis of Garnet
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From Mensah Biney, Baldwin and Reid, 2008



OlivineOlivine

Uses
•Refractory Materials•Refractory Materials
•Foundry Materials
•Blasting Abrasive
•Future applications may include olivine as a source of   
Mg for CO sequestration

•Occurs as Isolated Lens in the Ashe Metamorphic Suite
•Associated rocks of the Ashe Metamorphic Suite include: 
mica schist, mica gneiss, amphibolite, meta‐ultramafic rocks, 

Mg for CO2 sequestration

eclogite, rare marble
•Intruded by felsic pegmatites of the Spruce Pine Intrusive 
Suite
•Contact relations and isotopic ages from associated rocks 
constrain the age to no younger than Devonian and most
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constrain the age to no younger than Devonian and most 
likely pre‐Ordovician From Adams, 2006



Pyrophyllite ‐ andalusitePyrophyllite andalusite
•Close relationship between the pyrophyllite ore bodies and 
paleohydrothermal centers. 

•A large lenses-shaped body of pyrophyllite and andalusite is 
being exploited by Piedmont Minerals a division of Resco Incbeing exploited by Piedmont Minerals, a division of Resco, Inc., 
in Hillsborough, North Carolina. 

•The ore body contains, pyrophyllite, quartz, andalusite, 
diaspore, topaz, sericite, lazulite, pyrite, rutile, and secondary 
phosphate minerals. 

•The pyrophyllite and andalusite are processed at the mine site. 
The high alumina refractory minerals are then transported to 
Greensboro, North Carolina. In Greensboro a new kiln has 
started operation to produce refractory bricks and blocks. 
Th t f Al O d i th b i k d bl k f•The amount of Al2O3used in the bricks and blocks ranges from 

33.3% to 51.1%. 

•The pyrophyllite and andalusite are desirable due to their 
chemical inertness, high dielectric strength, high melting point 
and low electrical conductivity The use of the high aluminaand low electrical conductivity. The use of the high alumina 
minerals decreases the thermal expansion and moisture 
expansion of the product during high temperature service, 
provides excellent volume stability and resistance to deformation 
at high temperatures, increases the firing range of the blocks and 
therefore decreases firing shrinkage, and increases the strength 
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From Gay, 2006
of the fired blocks and bricks.



PortsPorts

12/11/2012
Jeffrey C. Reid, PhD, PG, CPG                     

919.707.9205 ‐ jeff.reid@ncdenr.gov
32



N.C.’s ports import and exports 2003‐2012N.C. s ports import and exports 2003 2012
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Data from: www.ncports.com



GoldGold

• Stratigraphic control + structural complications
• Resource: 

– World class (Haile – Romarco, S.C.) – advanced stage 
explorationexploration

– Ridgeway – mined out, reclaimed
• Biogenic reprecipitation and concentration promoted 
by biogeochemical sulfide weathering producingby biogeochemical sulfide weathering producing 
thiosulfate complexes with gold and bacteria mediated 
Redox reactions in streams to precipitate gold 
(Sa nders 2012)(Saunders, 2012).

• Where is the next Haile / Ridgeway?/ g y

12/11/2012
Jeffrey C. Reid, PhD, PG, CPG                     

919.707.9205 ‐ jeff.reid@ncdenr.gov
34



The new (old) gold rushThe new (old) gold rush
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The new gold rushThe new gold rush
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Source: Romarco Minerals ‐ 20121128



The new gold rushThe new gold rush

Ridgeway North Pit, looking north from south edge of pit, D. Heron, 1998
Neoproterozoic, large tonnage, low grade, low sulfide Kennecott Ridgeway Au-Ag-Mo
Gold rich olcanic associated massi e s lfide deposit ith s ngentic e halati e minerali ationGold-rich volcanic associated massive sulfide deposit, with syngentic exhalative mineralization 
overprinted by syntectonic deformation and epithermal alteration – traditional interpretation
Epigenetic origin, formed within a major north-dipping ductile-brittle deformation zone during 
rapid tectonic evolution associate with collision and amalgamation of the Carolina and Charlote
volcanic arc terranes Moye, 2012
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y
Host rocks are immature turbidite of the basal Richtex Formation and complex Au-
mineralization and deformation – Moye, 2012



The new gold rushThe new gold rush

(after Foley and Ayuso, 2012; Gillon, 2012)
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(after Foley and Ayuso 2012; Gillon 2012)
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(after Foley and Ayuso 2012; Gillon 2012)(after Foley and Ayuso, 2012; Gillon, 2012)
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Wolframite tailingsWolframite tailings

• Hamme (Tungsten Queen) Mine; Vance Co.
• Wolframite; byproduct fluorite (amount for glass flux? – plant 

nearby), quartz (quality?) and possibly silver (from galena)
• Resource (tailings) 

E i 2 038 000 @ 0 218%WO– Estimate: 2,038,000 tons @ 0.218% WO3
– ~445,500 STU WO3 (1 Short ton unit [STU] is 20 lbs. Prices around 

$400 / STU (Ranchers, 1975; Osborne, 2007). WO3 is 90% tungsten. 
• Recovery possible with advanced Knelson and Falcon concentratorsRecovery possible with advanced Knelson and Falcon concentrators 

– but are these good enough?
• Released from Superfund status (sulfide clean‐up).
• Unknown hard rock resources – would need to be dewatered.Unknown hard rock resources  would need to be dewatered.
• U.S. Corp. of Engineers continue pumping arm of Kerr Lake 

reservoir to avoid flooding of strategic mineral asset at request of 
the NCGS.
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Left – Wolframite and fluorite inLeft  Wolframite and fluorite in 
heavy liquid sink (plane light). FOV 
2.9 mm.

Right – Wolframite and fluorite 
in  heavy liquid sink (cross 
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polarized light). FOV 2.9mm



GemstonesGemstones
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DiamondsDiamonds

• 13 diamonds reported in the literature; 1 associated with a p ;
placer gold deposit.

• 12 in Inner Piedmont, 1 in Eastern ‘slate belt’ rocks associated 
with a gold placerwith a gold placer.

• Kimberlite model has been unsuccessful; ultrapotassic, 
lamproite model may hold promise.

• Mantle dike emplacement may be associated with CAMP and 
Pangea rifting, or with subduction features in terrain 
assembly.y

• N.C. produces synthetic diamonds for jewelry.
• Source rock: has not been identified – yet although there are 

candidate rocks in the Piedmontcandidate rocks in the Piedmont.
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EmeraldsEmeralds

• Alexander Co.Alexander Co.
• 20 largest emeralds from North America.
• Historically weathering material was• Historically weathering material was 
prospected; for first time hard rock exposed.

• Complex open voids with emeralds and• Complex open voids with emeralds and 
accessory minerals. 

• Emerald formation / occurrence poorly• Emerald formation / occurrence poorly 
understood. One fluid inclusion study in 
progress.progress.
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EmeraldsEmeralds

From: Wade Edward Speer, 2008
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EmeraldsEmeralds

From: Wade Edward Speer, 2008
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Heavy mineralsHeavy minerals

• 22.7 million metric tons of heavy minerals @ average grade 
of 6 wt. percent in 377.8 million metric tons of sand in 19 
deposits, upper Coastal Plain, VA and NC.

• Principle minerals: ilmenite (60%), rutile (2.5%), zircon 
(12.5%), staurolite (8.5%), tourmaline (0.7%), kyanite 
(3.0%), sillimanite (1.3%) and other – mostly limonite.

• The deposits during the worldwide Pliocene transgressive‐
regressive event between 3.5 and 3.0 Ma.

• The deposits formed as beach or dune sands during the 
regressive phase of the event over an elevation of 315 feet g p
to 175 feet.

• From Carpenter and Carpenter, 1991.
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Heavy mineralsHeavy minerals
•Fall zone
•Elevation controlled
•Pliocene age 
transgressive—regressive 
event
•22.7 million mt – NC and 
VA – 19 deposits
•Ilmenite ~60%
•Rutile ~2.5~%
•Zircon ~12.5%
•Staurolite ~8.5%
•Tourmaline ~0.7%
•Kyanite ~3%
•Others (limonite) ~11.5%
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Heavy mineralsHeavy minerals

From Carpenter and Carpenter, 1981
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Monazite and REEsMonazite and REEs

• Placer alluvial deposits in N.C. and S.C.ace a u a depos ts .C. a d S.C.
• Focus is REE and Thorium in monazite
• Resource: 13 largest deposits (Overstreet, 1967;Resource: 13 largest deposits (Overstreet, 1967; 
Straatz and others, 1979)
– Thorium ~5,300 metric tons with potential resources 
7X that

– REE oxides ~53,000 metric tons
LREE moderatel ell hara teri ed– LREE moderately well characterized

– HREE not well characterized
– Mineral chemistry limitedMineral chemistry limited
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Monazite and REEsMonazite and REEs
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NURE data available for La, Ce, Sm, Eu, Dy, Yb



Monazite and REEsMonazite and REEs
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Monazite placers and REEsMonazite placers and REEs

ll l l•52 alluvial monazites ~60‐63% total REE 
oxides and a mean value of 5.67% Th.
•The USGS estimated a resource for the 13 
largest deposits in NC and SC to be g p
~58,400 tons of REE oxide (USGS, 2010).
•HREE content unknown; LREE somewhat 
known.
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Helium in natural gasHelium in natural gas
• Two continuous composite total 

petroleum systems (TPS) in N Cpetroleum systems (TPS) in N.C.
• USGS assessed 5 of 14 basins (Fact 

Sheet 2012‐3075)
• North Carolina results:

• Deep River Basin: 1.66 TCF + 83 
MMBNGL; and

• Dan River‐Danville Basin: 49 BCF and 
NGL?

l l l h l• New N.C. law legalizes horizontal 
drilling and hydraulic fracturing (SB 
820). 

• New N.C. process leading to permitting 
in 2014.

• Geometry: thick shale sequences, with 
long strike extent => large volume of
source rock / reservoir.
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Helium in natural gasHelium in natural gas
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Helium in natural gasHelium in natural gas
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The ‘new stone age’The  new stone age

• N.C.’s industrial minerals warrant revisiting and another look –
their production creates jobs, wealth and economic stimulus

• The global demand for industrial minerals coupled with state 
resources augers well for mineral ventures

• N.C. has extensive mineral resource, geochemical and 
geophysical databases

• The NC State University’s Mineral Research Laboratory y y
(Asheville) offers unique mineral processing capabilities

• N.C. is an industrial minerals storehouse – new resources are 
on the horizon including nano-technology possibilitieson the horizon including nano technology possibilities

• Industrial minerals are vital to the state’s economy and future
• Vibrant international trade involves N.C. minerals
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