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 Predicting the locations and thicknesses of aggregate-affable lithologies (ore 

units), interburden (non-ore material between ore-units), and overburden (overlying 

soil/saprolite) on a local level is critical for developing a cost-effective aggregate stone 

mine.   This research thesis investigates a tectonic sequence of meta-sedimentary and 

igneous lithologies that have been metamorphosed under amphibolite-facies conditions 

yielding both a tectonically and lithologically complex deposit within a historically 

problematic group of Inner Piedmont rocks.  Temporal, geometric, and lithologic control 

over the Farmville Metagranite and its encapsulating units at the Vulcan Materials 

Company Notasulga Quarry, Notasulga, Alabama, was achieved through geologic 

mapping, diamond drill core logging, petrographic analysis, electrical resistivity, seismic 

refraction, and geomorphologic methods.  Five rock packages (RPs), or units, were 

recognized within the immediate area of mining operations.  From structurally lowest to 
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highest these include:  1) RP1, a metasedimentary package consisting of paraquartzite, 

quartz-plagioclase paragneiss, and garnet-muscovite schist; 2) RP2, an ore unit, 

characterized as an augen gneiss with persistent concordant pegmatite layers; 3) RP3, a 

metasedimentary package predominantly composed of quartz-biotite schist with common 

leucosomal pegmatitic boudins; 4) RP4, the primary ore unit, a metagranite with gneissic 

margins corresponding to the Farmville Metagranite; and 5) RP5, a relatively pure 

muscovite quartzite marking the uppermost structural layer encountered within the 

mining area.  Electrical resistivity was found to be an effective method for delineating 

RP3, a local interburden unit that affects the quality of stone produced from the mine 

operation if incorporated into the production mix.  Estimation of overburden, which is 

costly to remove, was achieved through a seismic refraction survey.  It is demonstrated 

that the overburden/rock interface can be found through this non-invasive technique at a 

fraction of the cost of drilling.  Field mapping of joints and foliations and their 

geomorphologic relations provide technical information for enhancing mine design.  

Analyses of boudinage structures and metamorphic conditions aided in explaining the 

morphology of rock packages and contributed to our understanding of the tectonic and 

metamorphic evolution of the Opelika Complex.  Computer-generated rock solids were 

used to model the five rock packages utilizing Gemcom GEMS 6.2®.  These were used 

in the creation of an accurate geologic map that can guide future exploration programs 

and mine design.
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I.  INTRODUCTION 

 

General Statement 

The importance of the Farmville Metagranite in both its implications for southern 

Appalachian evolution and as a valuable aggregate resource necessitates further research.  

The Vulcan Materials Companyôs (VMC) Notasulga Quarry affords the best exposure of 

the Farmville Metagranite and its encapsulating units along its entire outcrop belt.  The 

geologic relations of the units are available to be studied in three dimensions.  Prior to the 

opening of the current mine operation, outcrops were limited strictly to surficial 

exposures along ridge crests and streams and were largely covered by a thick saprolitic or 

colluvial cover.  Diamond drillhole data are also available, allowing inspection of the 

Farmville Metagranite beneath surface exposures for the first time.   

The Farmville Metagranite is a regionally significant aggregate resource because 

it occurs along the ñfall lineò with the Gulf Coastal Plain physiographic province, making 

it one of the southernmost exposures of crystalline bedrock available to serve a large 

portion of the southeastern United States.  The complex intrusive relations and their  

amphibolite-facies metamorphic and deformational overprint make for a deposit that 

necessitates a detailed and accurate geological evaluation to understand  both academic 

implications and applied applications. 
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The primary objective of this thesis is to establish a temporal, geometric, and 

lithologic understanding of the Farmville Metagranite and its encapsulating units at the 

VMC Notasulga Quarry that may affect present or future mining operations.  The goal of 

my thesis is to generate an accurate geologic model for the Farmville Metagranite at the 

site by synthesizing the data in such a way that it will best serve the aggregate industry in 

its efforts to develop similar deposits.   

 

Location of Study Area 

The study area is located 2.25 miles west of Loachapoka in western Lee County, 

Alabama, within the Notasulga 7.5ô U.S. Geological Survey topographic quadrangle map 

(Fig. 1).  The northern and western boundaries of the study area are formed by 

Sougahatchee Creek.  Access to the site is provided by the main entrance road to the 

mine operation that is located near mile marker 10.2 of Alabama State Route 14. 

Topography of the study area is characterized by approximately parallel 

southwest-northeast trending ridges that are a manifestation of the more resistant 

quartzite units underlying portions of the site.  Shallow valleys occur over areas underlain 

by less resistant schist, gneiss, and granitic units.  One valley is obscured by two 

impoundments related to the mining operation.  Pre-mining elevations on the site range 

from approximately 450 to 672 feet above mean sea level.  The maximum local relief is 

approximately 130 feet. 

Surface-water drainage of the study area is manifest as a modified trellis pattern 

with main tributary channels to Sougahatchee Creek running parallel to the strike of the 

underlying bedrock.  Lower order tributaries commonly intersect the main tributary  
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Figure 1.  Notasulga, Alabama U.S.G.S. 7.5ô Quadrangle.  Study area is bounded by 

Sougahatchee Creek and red line. 
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channels at nearly right angles and are attributed to be a manifestation of preferential 

weathering along joint planes.  Minor areas of contorted drainage patterns are found in 

the southern section of the site and are an expression of the variable weathering rates of 

the less resistant lithologies encountered. 

 

Methods of Investigation 

 Geologic mapping was conducted across the breadth of the VMC property.  

Lithologic units and their contacts and structures were delineated, described, and mapped 

along the quarry floor, highwalls, benches, and natural outcrops outside the immediate 

area of the pit.  Surficial geologic mapping outside of the open-pit mine was hindered due 

to thick amounts of alluvium, colluvium (zones), saprolite, and vegetation.  All areas on 

the property with a high probability of bedrock outcrop (streams, ridgelines, etc.) were 

traversed and mapped utilizing a Brunton® pocket transit for orientations of bedrock 

planar and linear features.  The entire length of Sougahatchee Creek bounding the site 

was mapped by canoe.  Location control was provided by a sub-meter Trimble® global 

positioning system (GPS) hand-held unit.   

 Sixteen exploratory drillholes totaling of 7,345 feet of BQ-sized (36.4 mm) 

diamond drill core were logged during an exploratory drilling program instituted by 

VMC from January 2008 through June 2008.  Descriptive geologic logging was 

conducted independent of VMC geologic logging.  The author had no say in the location, 

angle, or depth of the drillholes.  A majority of the logging was completed at the drill site 

with minor amounts conducted at the VMC core storage area in Calera, Alabama.  

Descriptive geologic logging included the accurate description of lithology, contacts, 
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competency, foliation dip angle (core were non-oriented, negating a strike measurement), 

and other properties of note.  Terms used to describe the relative abundance of minerals 

and features in increasing magnitude are ñtraceò, ñfrequentò, ñcommonò, and ñabundantò.  

The term ñlocalò was used to describe minerals or features that occur in small, defined 

zones within an overall rock package. 

 In addition to the sixteen diamond core holes completed in the first half of 2007, 

access was granted to photographs of seven historic (pre-VMC) diamond core holes.  The 

diamond core holes totaled an additional 971 feet of NQ-sized (47.6 mm) core.  Existing 

descriptive geologic logging was limited; therefore, the core was interpreted by the 

author using only photographs to infer lithology and assign into units defined by 

physically examined core samples.   

 A total of forty samples were extracted from various diamond core sections from 

the 2007 drilling program and cut into thin section blanks.  Thin-section samples were 

targeted to define rock types, identify metamorphic and/or igneous mineral assemblages, 

and determine textural and microstructural relationships.  The thin-section sample blanks 

were cut perpendicular to the dominant metamorphic foliation and parallel to mineral 

elongation or lineation and sent out to be commercially processed.  The completed thin 

sections were subsequently examined using standard polarized light petrographic 

microscope techniques in the Department of Geology and Geography, Auburn 

University.  

 A geophysical survey transect was completed within an undisturbed area west of 

the active mining operation along the projected strike of the ore units.  Both seismic 

refraction and electrical resistivity data were gathered along the same transects and 
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compared.  Location control was established utilizing a GPS receiver.  Seismic and 

resistivity data acquisition equipment from the Auburn Universityôs Department of 

Geology and Geography were used.  Data collected were processed using industry 

standard computer software.  The objective was to model top of bedrock depths as well as 

seismic velocity and/or electrical resistivity variations between lithologies.  Geophysical 

model calibration was corroborated by data from exploratory drillholes.  Geophysical 

cross-sections were produced aiding in generating the overall geologic model for the site.  

A more detailed explanation of geophysical field techniques and processing techniques is 

found below in Section III. 

 Geomorphological interpretation was enhanced through the use of a slope 

gradient map developed from a historic topographic contour map of the study area with a 

2-foot contour interval that represented the study area with a minimal mining footprint.  

The vertices, or nodes, of the contour lines were exported from this map in an x, y, z 

point format.  The point data were subsequently modeled into a digital elevation model 

(DEM) utilizing ArcGIS®9.  DEMs can be utilized to derive large amounts of 

information about the geomorphology of a land surface (U.S.G.S., 1987).  A slope 

gradient map was constructed using data obtained from the DEM. 

 Data from all of the previously discussed methods were integrated into a three-

dimensional geologic model of the site utilizing the Gemcom GEMS 6.2® mining 

software package.  Measurement units within the model and diagrams are given in United 

States survey feet, where 1 U.S. survey foot = 1200/3937 meters, to ensure consistency 

between the research work and the aggregate industry standard measurement unit.  The 

coordinate system used for figure generation is U.S. State Plane Alabama East.  
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Rockworks 14® was used to create rose diagrams and stereoplots of structural features 

noted within the thesis.  All stereoplots presented in this report are lower hemisphere 

stereographic projections. 

 

 

Geologic Background 

The site is located within the ñtraditionalò Inner Piedmont terrane of the Piedmont 

physiographic province of the Appalachian highlands (Fig. 2).  The ñtraditionalò Inner 

Piedmont of Alabama is bounded by the Brevard fault zone to the west and the Towaliga 

fault to the east.  The Inner Piedmont has been subdivided into the Dadeville and Opelika 

Complexes (Bentley and Neathery, 1970; Osborne et al., 1988).  Regionally the two 

complexes form the core of the northeast plunging post-metamorphic Tallassee Synform 

(Grimes and Steltenpohl, 1993).  Consequently, the bedrock on the site strikes northeast 

and dips towards the northwest.  Lithologies within the study area were metamorphosed 

under kyanite-staurolite grade conditions.  Local retrogression (predominately chlorite) is 

associated with ductile deformation zones (Steltenpohl and Moore, 1988). 

 

Dadeville Complex 

The Dadeville Complex comprises a group of predominately metavolcanic and 

metaplutonic rocks with minor metasedimentary units.  Within Alabama, the Dadeville 

Complex contains six distinct lithologic units: 1) the Agricola Schist; 2) the Ropes Creek 

Amphibolite; 3) the Waverly Gneiss; 4) the Waresville Schist; 5) ultramafic and mafic  
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Figure 2.  Geologic map and cross-section of the Alabama Piedmont (modified after 

Osborne et al., 1988; Thomas and coworkers as presented in Hatcher et al., 1990; and 

Steltenpohl, 2005).  The red star indicates the approximate location of the Notasulga 

Quarry within the Farmville Metagranite. 
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intrusive rocks; and 6) ñgranitesò and felsic gneisses (Bentley and Neathery, 1970; 

Steltenpohl et al., 1990).  The Dadeville Complex is bounded by the Brevard fault zone to 

the north and is separated from the Opelika Complex to the south by the Stonewall line 

shear zone (Bentley and Neathery, 1970; Grimes, 1993). 

 

Ropes Creek Amphibolite 

The only Dadeville Complex unit that may occur in the quarry area is the Ropes 

Creek Amphibolite (Fig. 3).  The Ropes Creek Amphibolite is a unit of delicately layered 

amphibolite that outcrops over approximately forty percent of the Dadeville Complex 

(Bentley and Neathery, 1970).  Near the study area the Ropes Creek Amphibolite is 

described by Grimes (1993) as a fine- to medium-grained amphibolite comprised 

predominantly of green-brown pleochroic hornblende, plagioclase, and quartz with 

accessory titanite.  The rock displays strong compositional layering defined by alternating 

layers (5-10 cm thick) of amphibolite and tonalitic material.   The rock has a distinctive 

nematoblastic fabric defined by parallel hornblende. 

 

Opelika Complex 

Rocks within the study site have been traditionally assigned to the Opelika 

Complex (Steltenpohl et al., 1988; Sterling and Steltenpohl, 2004).  Work by Grimes 

(1993; see also Grimes et al., 1993) and White (2007) indicates that the Opelika Complex 

is not related to the Inner Piedmont as traditionally interpreted but rather correlates with 

rocks of the eastern Blue Ridge, specifically the Emuckfaw Group, around the hinge zone  
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Figure 3.  Geologic map of the Notasulga 7.5ô Quadrangle.  Modified from Sterling and 

Steltenpohl (2004).  Study area bounded by Sougahatchee Creek and blue line. 
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of the Tallassee synform to the west.  The Opelika Complex is bounded by the Stonewall 

line to the northwest and the Towaliga fault zone to the southeast. 

The Stonewall line was originally described by Bentley and Neathery (1970) as 

ñan enigmatic line of stratigraphic discontinuity, either an unconformity or a faultò, 

dividing the predominately metavolcanic Dadeville Complex from the predominately   

metasedimentary Opelika Complex.  Steltenpohl and others (1990) interpreted the 

Stonewall line as an amphibolite-facies, synmetamorphic fault zone.  Mapping by 

Sterling and Steltenpohl (2004) places the Stonewall line immediately north of the study 

area (Fig. 3). 

The Opelika Complex is divided into four lithologic packages (Bentley and 

Neathery, 1970; Steltenpohl et al., 1990):  1) the Loachapoka Schist; 2) the Auburn 

Gneiss; 3) Farmville Metagranite (formerly the Bottle Granite); and 4) pegmatites of 

uncertain affinity. 

 

Loachapoka Schist 

Regionally, the Loachapoka Schist comprises predominantly metapelite and 

graphitic schist, minor quartzite, and thin amphibolite (Steltenpohl et al., 1990).  The 

Loachapoka Schist has been intruded by numerous small pegmatites and larger bodies of 

Farmville Metagranite.  Quartzite units within the Loachapoka Schist have been reported 

by many workers (Bentley and Neathery, 1970; Sears et al., 1981; Steltenpohl et al., 

1990; Grimes, 1993).  Sears and others (1981) designated the distinctive quartzite that 

outcrops along Sougahatchee Creek as the ñSaugahatchee Quartzite Memberò of the 

ñLoachapoka Formationò.  Steltenpohl and others (1990) and Grimes (1993) suggest 
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using the term Saugahatchee quartzite as a collective informal name for all quartzites 

found within the Loachapoka Schist.  (Note that the spelling ñSaugahatcheeò does not 

match the name of the creek on the 1971 Notasulga U.S.G.S. 7.5ô quadrangle.  R.B. Cook 

[as presented in Steltenpohl and others,1990] reports that the spelling Saugahatchee does 

appear on some of the older deeds from this area.)  

Grimes (1993) reported that individual quartzite units range in apparent thickness 

from several centimeters up to 80 meters.  The same author described the Saugahatchee 

quartzite as an orthoquartzite containing greater than 95 percent quartz with the 

remainder consisting of fine-grained muscovite, zircon, and minor opaques.  

Compositional layering is defined by heavy mineral layers that parallel the metamorphic 

foliation defined by fine-grained, parallel muscovite grains.  Grimes (1993) also 

describes exposures of quartzite containing garnet flattened into the metamorphic 

foliation.   

The quartzite occurs as tabular, distinct ridge forming units that can be traced 

along strike in excess of 7.5 miles (Steltenpohl et al., 1990).  Topography within the 

study area is strictly controlled by the outcrop of these quartzite units within the less 

resistant metapelites of the Loachapoka Schist.  Units of Saugahatchee quartzite are 

especially pronounced on the slope gradient map (see Section III below). 

 

Auburn Gneiss 

 The Auburn Gneiss sequence comprises predominantly interlayered, faintly 

foliated biotite gneiss and migmatitic muscovite-biotite schist (Steltenpohl et al., 1990).  

The medium-grained light-gray biotite gneiss is interpreted by the former authors to be 
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the paleosome of the migmatitic muscovite-biotite schist.  Also present within the 

sequence are rare beds of pelitic schist and scattered calc-silicate pods (Colberg, 1989).  

The Auburn Gneiss was interpreted by Bentley and Neathery (1970) as a metamorphosed 

sequence of graywacke and pelitic sediments possibly representing a turbidite sequence. 

 

Farmville Metagranite 

 The Farmville Metagranite of Steltenpohl and others (1990), formerly the ñBottle 

Graniteò of Bentley and Neathery (1970), is the unit of economic (aggregate) interest at 

the VMC Notasulga Quarry.  The Farmville Metagranite is named for exposures in and 

around Farmville City, Lee County, Alabama.  Steltenpohl and others (1990) designate 

the type locality as the extensive pavement outcrops along and directly beneath the bridge 

over Sougahatchee Creek, Lee County, Alabama (SW1/4 sec. 18, T. 19N., R 25 E.).   

The Farmville Metagranite based upon proportions of modal quartz, alkali 

feldspar, and plagioclase is classified as a granite (Goldberg and Burnell, 1987).  

Goldberg and Steltenpohl (1990) describe the major mineral assemblage as quartz, 

microcline, plagioclase (albite-oligoclase), biotite, muscovite and trace amounts of 

garnet, epidote, sphene, apatite, and zircon.  The dominate phyllosilicate is biotite, with 

muscovite representing a minor phase (< 3%) and predominantly confined to the margins 

and within sheared zones of the metagranite.  The same authors classify the metagranite 

as peraluminous (molar Al/Na + K + Ca >1.1) and corundum-normative (0.8-6.4%) based 

upon major element data. The metagranite is thus characterized as having an S-type 

affinity denoting an origin through partial melting of a pelitic source (Goldberg and 
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Burnell, 1987).  The same authors also indicate that the schists of the Auburn Gneiss 

sequence could not have been source for the Farmville. 

Goldberg and Steltenpohl (1990) recognized that the Farmville Metagranite 

occurs as smaller, ill-defined tabular bodies with highly mobilized margins against its 

host units rather than distinct, homogenous, regional scale individual plutons as depicted 

on the geologic map of Alabama (Osborne et al., 1988).  Sills of Farmville are generally 

concordant to the regional foliation and exhibit a lit-par-lit relationship attributed to 

injection along foliation planes and lithologic contacts in the country rock (Colberg, 

1989).  These observations are supported by field relationships exposed at the study site. 

Emplacement of the Farmville Metagranite was determined to be syntectonic by 

Goldberg and Steltenpohl (1990) based upon the criteria established by Paterson and 

Tobisch (1988) of: 1) continuity of dominant foliation in both the metagranite and 

country rock; 2) continuity of stretching lineations in both the metagranite and country 

rock; 3) the greatest intensities of strain occur along the margins of the metagranite 

bodies; and 4) the general concordance of the bodies with regional structures. 

 The Farmville Metagranite was originally interpreted to have intruded and 

crystallized in the Devonian based upon a Rb-Sr whole-rock isochron of 369 ± 5 Ma 

(Goldberg and Burnell, 1987).  Steltenpohl and others (2005), however, report a TIMS U-

Pb date on zircons from the Farmville Metagranite indicating igneous crystallization at 

460 ± 16 Ma.  This date further supports correlation of the Opelika Complex rocks with 

the Emuckfaw Group based upon mapping (Grimes and Steltenpohl, 1993; White, 2007) 

and Middle Ordovician granitic magmatism.  Steltenpohl and others (2005) interpret 

remobilized parts of the Farmville as due to metamorphism and deformation circa 369 
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Ma.  Goldberg and Steltenpohl (1990) report a 341 +/- 10 Ma Rb-Sr isochron on rocks 

marginal to these remobilized Farmville bodies, which likely reflects mid-Mississippian 

fluid-driven shear deformation. 

 

Pegmatites 

 Pegmatite bodies are common within the migmatitic schists and Farmville 

Metagranite of the Opelika Complex (Steltenpohl et al., 1990; Cook et al., 2007).    At the 

study site two different pegmatite-generating events are evident.  One generation is 

characterized by classic boudinage structures in which the long and intermediate axes of 

the boudins are aligned parallel to the foliation of the country rock.  The other is strongly 

tabular in shape and cross-cuts both the former generation as well as metamorphic 

foliation at a high angle, in a dike-like manner.  The second type of pegmatite appears 

relatively undeformed but ñzonedò with a coarse-grained central core that progressively 

fines toward the margins.  The core of these pegmatite dikes commonly contain a greater 

abundance of quartz than the more K-feldspar rich margins. 
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II.  SITE-SPECIFIC TECTONOSTRATIGRAPHY 

 

Introduction 

 A primary objective of this study was to determine and delineate the various rock 

units on the site that may affect present or future mine operations.  Characterization of 

site tectonostratigraphy was aided by access to sixteen exploratory drillholes drilled in 

2008 and photographic logs of seven historic core holes.  The locations of these twenty-

three drillholes are illustrated in Figure 4.  Analysis of the drillhole data reveal five 

distinct rock types, or packages, that may be correlated within the immediate vicinity of 

mine operation, which include:  1) Rock Package 1 (lower metasedimentary unit); 2) 

Rock Package 2 (augen gneiss); 3) Rock Package 3 (upper metasedimentary unit); 4) 

Rock Package 4 (metagranite); and 5) Rock Package 5 (quartzite).  In addition to these 

main rock packages, two types of pegmatites occur.  Drillhole intercepts are listed in 

Table 1.  The original stratigraphic relations of the rock types are unknown due to 

complex folding and shearing attending amphibolite-facies metamorphism.  Stratigraphic 

up indicators (i.e. graded bedding) were not consistently apparent to allow for confident 

interpretation.  The site-specific tectonostratigraphic column is depicted in Figure 5.
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Figure 4.  Diamond drillhole location map.  Note that drillholes are also displayed along 

with logs in Plate 1.  Contour interval 5-feet. 
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Table 1.  Diamond drillhole intercepts.
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Figure 5.  Site specific tectonostratigraphic column based upon diamond drillhole data.  

RP represents ñRock Packageò.  UMS = upper metasedimentary unit.  LMS = lower 

metasedimentary unit.  Unit thickness in feet. 
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Rock Packages 

Rock Package 1 

 Rock Package 1 (RP1) is a metasedimentary package that typifies the structurally 

lowermost unit assigned to the lithologic model.  The unit was only partially penetrated 

during the exploration drilling program.  The top of the unit was intercepted by drillholes 

1-08, 2-08, 3-08, 4-08, 5-08, 8-08, 10-08, and 11-08, facilitating correlation.  The bottom 

of the unit was never penetrated by a drillhole, and therefore, unit thickness could not be 

determined.  The greatest penetration of the sequence was by drillhole 3-08, which 

intercepted RP1 from 33.0 to 498.5 feet below ground surface (BGS).  Foliation through 

the package averaged 30º dip, yielding a minimum structural thickness of approximately 

403 feet.  Predominate metasedimentary lithologies include quartzite, quartz plagioclase 

paragneiss, amphibolite, and garnet muscovite schist.  Minor amounts of mobilized or 

igneous materials include ñburr rockò (an aggregate of muscovite books and quartz), 

concordant pegmatitic migmatites, and infrequent pegmatite dikes that were emplaced 

within the sequence.  A typical 10-foot core interval and outcrop appearance are 

illustrated in Figures 6 and 7, respectively. 

 Paraquartzites of RP1 are typically light to medium gray and micaceous with 

accessory garnet (usually Ò 3mm), pyrite, magnetite, and common zones of migmatitic 

K-feldspar blebs.  Rare and sporadic zones within the quartzite are mottled with minor 

amounts of green hornblende.  Quartz plagioclase gneisses are typically fine- to medium-

grained and light to medium gray in appearance with biotite being the predominate 

phyllosilicate.  Garnet muscovite schists contain common concordant quartz veins (Ò 0.5 

ft). 
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Figure 6.  Typical section of Rock Package 1, lower metasedimentary unit, from drillhole 

5-08, 324.9 to 334.9 feet BGS.  Long axis of core box equals 2 feet. 
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Figure 7.  Typical outcrop of Rock Package 1 displaying sub-horizontal foliation and 

nearly 90º joint intersections resulting in blocky weathering pattern.  Location (715,753 ft 

E, 766,661 ft N) is directly beneath the conveyor from the primary crusher, southern 

highwall, view is towards the south.  Note the distinctive mica-rich parting surfaces in the 

otherwise massive lithology. 
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The entire sequence of RP1 is characterized by frequent to common concordant 

pegmatite layers and/or lenses.  The pegmatites are commonly thin (Ò 0.5 ft) with 

sporadic thicker layers (Ò 5.0 ft).  Pegmatitic blebs appear randomly within the matrix of 

impure quartzite and schists with a slight alignment along foliation.  Margins of 

pegmatites in core samples appear as ñprotrusionsò into the country rock, commonly 

wrapped by phyllosilicates.  These textural relationships are most likely a result of in-situ 

formation through migmitization of the surrounding country rock. 

 Petrographic analysis of a targeted sample of amphibolite containing a 

particularly green-colored band from RP1 (drillhole 5-08, 295 ft BGS; Fig. 8a) revealed a 

visual estimate assemblage of 40% hornblende (0.4-2.5 mm), 30% plagioclase (0.4-1.0 

mm), 10% muscovite (0.2-1.25 mm), 10% quartz (0.4-0.7 mm), 5% garnet (1.0-2.5 mm), 

and 5% opaques (0.2-0.6 mm).  Hornblende was confined to layers aligned with foliation 

otherwise defined by muscovite.  The green hornblende grains are typically subhedral to 

euhedral, with a deep green pleochroism.  Quartz grains have interlocking grain 

boundaries.  Garnet porphyroblasts are poikiloblastic with inclusions of quartz, 

amphibole, and opaques randomly oriented.   

 A sample of garnet muscovite quartz schist (Fig. 8b) from the southern highwall 

150 feet south of the primary crusher contained a visual estimate assemblage of 65% 

quartz (0.25-1.0 mm), 20%  muscovite (0.25-1.25 mm), 8% garnet (5.0-7.0 mm), 5% 

staurolite (0.4-1.7 mm), < 2% opaques, and trace amounts of biotite.  Quartz was the 

predominant matrix mineral; a coarse-grained 10 mm vein, parallel to foliation and  

bounded by muscovite, inflated the quartz percentage.  Quartz grains within the matrix 

have interlocking grain boundaries.  Muscovite grains defined foliation within the 
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a)  

b)  

Figure 8.  a) Photomicrograph of garnet-plagioclase-hornblende amphibolite from 

RP1.  b) Photomicrograph of staurolite-garnet bearing muscovite schist from RP1.  

Blue epoxy.  Plane-polarized light.  
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sample.  Garnet porphyroblasts are anhedral and are typically poikilitic with inclusions of 

staurolite, quartz, and opaques aligned parallel to the foliation outside of the 

porphyroblast.  Staurolite porphyroblasts are anhedral and occur within horizon layers. 

 

Rock Package 2 

Rock Package 2 (RP2) is a relatively homogenous augen gneiss with common K-

feldspar augen (average 2 cm long) and persistent concordant pegmatite layers that 

average 15 cm in thickness.  The unit was partially penetrated by drillholes 3-08, 5-08, 6-

08, 7-08, 9-08, 10-08, 12-08, CCH-1, CCH-7, and CCH-12;  it was fully penetrated by 

drillholes 1-08, 2-08, 4-08, and 8-08 with downhole thicknesses of 174.5 ft, 205.1 ft, 

184.3 ft, and 287.6 ft, respectively.  Foliation through the unit averages 30º dip equaling a 

measured thickness of approximately 163 feet for drillholes 1-08, 2-08, and 4-08.  Unit 

thickness towards the west (drillhole 8-08) is approximately 249 feet.  The anomalously 

thick intercept in drillhole 8-08 is explained in the geologic model section (Section V) 

below.   

The contact between RP2 and RP1 is generally marked by an approximately 2 

foot or less thick zone of muscovite ñburr rockò pegmatite.  This same contact relation 

between Farmville Metagranite and its host units is also reported by Colberg (1989).  

RP2 is predominantly a gray-colored, medium- to coarse-grain biotite quartz plagioclase 

gneiss with common salmon-colored K-feldspar augen.  Locally the gneiss has a pink, K-

feldspar rich matrix as opposed to the more predominant quartz-plagioclase felsic 

component of the matrix.  Foliation is defined by mafic compositional layers of biotite.  

The unit is distinguished in outcrop and in diamond core by presence of augens and 
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persistent concordant K-feldspar pegmatite layers (Figs. 9 and 10).  These concordant 

pegmatite layers are the ñmarkerò for discriminating between RP2 and RP4, which 

otherwise may be indistinguishable in massive samples.  K-feldspar grains within the 

pegmatites commonly have recrystallized mica-rich margins with a core-mantle texture in 

hand sample suggesting a migmatitic, fluid-driven emplacement.  RP2 locally contains 

small (< 2 mm) almandine-colored garnets and fractures may be lined with pyrite.  

Drillhole 4-08 intercepted a tourmaline-bearing pegmatite between 354.7 and 355.7 ft 

BGS. 

Drillholes 2-08, 7-08, 9-08, and 12-08 intercepted several anomalous lithologies 

within RP2.  The anomalous lithologies differ in lithology and foliation dip from the 

typical augen gneiss unit.  Drillhole 2-08 penetrated a fine-grained schistose biotite 

quartzite resembling metagraywacke between 83.7 and 87.0 ft BGS.  A highly silicified 

zone with horizontal partings was found through the 388.2 to 400.4 ft BGS interval in 

drillhole 7-08.  Biotite quartzite was encountered between 369.7 and 371.4 ft BGS in 

drillhole 9-08.  A package of metasedimentary units, pegmatite, and gray gneiss with 

nonconformable foliation was penetrated by drillhole 12-08 from 507.9 to 551.0 ft BGS.  

These anomalous lithologies are interpreted as xenoliths in the orthogneiss. 

Petrographic analysis of a representative K-feldspar rich section of RP2 (drillhole 

7-08, 385.5 ft BGS; Fig 11a) indicates a visual estimate assemblage of 40% K- feldspar 

(0.2-4.3 mm), 30% quartz (0.4-6.0 mm), 20% plagioclase (0.2-4.0 mm), 7% biotite (0.25- 

4.0 mm), and 3% muscovite (0.2-2.8 mm) with accessory rutile (0.06 mm).  K-feldspar 

has cross-hatch twinning and commonly embays both quartz and plagioclase (Fig. 11b).  

Matrix grain width averages 0.65 mm with larger grains confined to layers with elongated 
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Figure 9.  Typical section of Rock Package 2 augen gneiss from drillhole 4-08, 198.1 to 

207.7 feet BGS.  Long axis of core box equals 2 feet.  Note concordant pegmatitic layers. 
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Figure 10.  Outcrop of Rock Package 2 in upper bench south highwall displaying 

concordant K-feldspar pegmatites.  Highwall is approximately 40 feet tall.  Location at 

base of highwall, center photograph is approximately 716,277 ft E, 766,954 ft N. 
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a)  

 

b)  

 

Figure 11.  a) Photomicrograph of typical sample of RP2 gneiss. b) Photomicrograph of 

plagioclase embayment by K-feldspar.  Cross-polarized light.  Both photographs from 

sample collected from drillhole 7-08 385.5 ft BGS. 
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grains paralleling the foliation of the phyllosilicates.  Quartz grains average 0.8 mm 

within the matrix, but larger grains are restricted to more coarsely crystalline layers found 

within the rock.  Small (0.02 mm) quartz blebs are common throughout the sample.  

Plagioclase grains average 0.5 mm within the matrix but grains up to 4.0 mm occur 

within the coarser compositional layers.  Plagioclase grains bordering K-feldspar 

commonly have myrmekitic intergrowths of quartz.  Myrmekite is associated with points 

of high strain, whether through strain energy at exsolution lamellae or twinning planes or 

by indirectly favoring fluid access to the reaction interface (Vernon, 1991).  The 

predominate phyllosilicate within the sample is biotite which is frequently replaced by 

muscovite, with the Fe and Mg being absorbed by chlorite.  The phyllosilicates define the 

foliation within the sample.     

 

Rock Package 3 

 Rock Package 3 (RP3) comprises a metasedimentary package of fine- to medium- 

grained quartz biotite schist with common leucosomal pegmatitic boudins.  The unit was 

partially penetrated by drillholes 1-08, 2-08, 8-08, CCH-5, CCH-8, and CCH-12.  RP3 

was fully penetrated by drillholes 4-08, 6-08, 7-08, 9-08, 12-08, and CCH-1, with 

downhole thicknesses of 123.5 ft, 116.2 ft, 32.3 ft, 43.7 ft, 25.7 ft,  and 95.2 ft, 

respectively.  Foliation through the unit is well defined, averaging a dip of 30º; however, 

foliation appears to have been warped in many samples.  Orbicular foliation, interpreted 

to be small sheath folds, were noted in some drill cores.  Assuming a constant dip of 30º, 

the average thickness for the eastern drillholes 4-08, 6-08, and CCH-1 for RP3 is 96.7 ft.  

The western drillholes 7-08, 9-08, and 12-08 yield a true tectonostratigraphic thickness of 
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29.4 ft.  The thinning of the unit to the west is discussed below in the geologic model 

section (Section V). 

 The contact between RP3 and RP2 is similar to the muscovite ñburr stoneò 

contact between RP2 and RP1, although a persistent medium gray micaceous ñquartziteò 

was noted in drillholes where not obscured by K-feldspar pegmatite injections.  In 

outcrop the along the eastern highwall of the 500 bench the contact is obscured by a large 

K-feldspar bearing pegmatite injection that contains a folded xenolith of biotite schist 

concordant to foliation (Fig. 12). 

 RP3 is primarily a quartz biotite schist with large pegmatite boudins in excess of 

30 feet in length and 10 feet along the short axis.  Interbedded quartzites and gray gneiss 

in RP3 are not correlative between drillholes.  Smaller (<5 cm), white colored pegmatitic 

blebs are common throughout the sequence.  Concordant and disconcordant smoky quartz 

veins are also common within this unit.  Garnet, plagioclase, K-feldspar, and chlorite are 

locally visible in hand sample.  RP3 is locally sulfide rich containing pyrite, chalcopyrite, 

and pyrrhotite.  Pyrrhotite occurs along foliation planes whereas pyrite and chalcopyrite 

are usually associated with the margins of quartz veins and pegmatitic pods.  Oxides 

noted within the sequence include magnetite and graphite along foliation planes.  No 

aluminosilicate minerals were identified.  Foliation is defined by aligned biotite.  

Photographs of a typical 10 foot core interval and an outcrop are provided in Figures 13 

and 14, respectively. 

 Petrographic analysis of a representative sample of a felsic-blebbed 

section of RP3 (drillhole 7-08, 298 ft BGS) documents an assemblage of 50% quartz  
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Figure 12.  K-feldspar bearing pegmatite obscuring contact between Rock Package 3 and 

Rock Package 2.  Pegmatite contains foliation concordant, folded xenoliths of Rock 

Package 3.  500 bench east highwall.  716405.68 ft E, 767108.79 ft N. 
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Figure 13.  Typical section of Rock Package 3 from drillhole 6-08, 284.2 to 294.0 ft 

BGS.  Long axis of core box equals 2 feet. 
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Figure 14.  Outcrop photograph of Rock Package 3; foliation dips towards the left.  500 

bench, east highwall.  Location at center of photograph approximately 716,323 ft E, 

767,332 ft N.  Highwall is approximately 40 feet high. 
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(0.3-1.2 mm), 30% biotite (0.1-3.0 mm), 15% plagioclase (0.25-0.8 mm), and 5% 

opaques.  Accessory minerals include chlorite, zircon, apatite, and pyrite.  Quartz grain 

size decreases proportionally to the increase in biotite abundance within the matrix.  

Quartz grains are commonly anhedral.  Biotite has a light to strong brown pleochroism 

and infrequently contains small (Ò 0.04 mm) zircon inclusions with dark pleochroic 

halos.  Biotite grains occur as subhedral, inequigranular books that are locally retrograded 

to chlorite.  Plagioclase is present as small (< 1.0 mm) anhedral grains with albite twins.  

Plagioclase has embayed boundaries with quartz and biotite and frequently contains 

quartz blebs.  Opaques are presumed to be pyrite (hand sample identification) and appear 

as ñstringersò in thin-section (Fig. 15a) and as platelets aligned with foliation in hand 

sample. 

  Quartz-plagioclase pegmatite boudins are common throughout the sequence and 

are generally wrapped by the enclosing biotite schist.  Petrographic analysis of a contact 

between pegmatite and schist (Figure 15b:  drillhole 2-08, 33.3 ft BGS) demonstrates that 

biotite clearly wraps the bulbous quartz-plagioclase pegmatite protrusions.  Biotite has 

embayed boundaries with plagioclase grains and straight boundaries with quartz grains.  

An abnormally high abundance of zircons are included within biotite in this sample.  

Core surrounding the thin-section sample contained a high percentage (10%) pyrrhotite 

immediately adjacent to the pegmatite contact.  The mineral assemblage of the pegmatite 

reveals is K-feldspar + plagioclase + quartz + muscovite with accessory calcite, biotite, 

and opaques.  Secondary calcite is common along fractures and within sericitized zones  

within plagioclase grains.  Biotite and opaque-rich zones are thought to be xenoliths of 
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 a)  

b)  

Figure 15.  a) Photomicrograph of typical Rock Package 3, drillhole 7-08 297.5 ft BGS. 

Plane-polarized light.  Blue epoxy.  b) Photomicrograph of contact between biotite-quartz 

schist and pegmatite.  Cross-polarized light. 
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biotite schist entrained within the pegmatite.  Foliation is not evident within thin-section 

samples of the pegmatite. 

 

Rock Package 4 

 Rock Package 4 (RP4) is a metagranite, the foliation of which becomes more 

distinct near the margin with RP3.  RP4 is the optimal production ore unit on the 

property.  Unit RP4 was not completely penetrated by any of the drillholes examined in 

this report.  The top of the unit was penetrated by drillholes 13-08 and 14-08.  The 

bottom of the unit was intercepted by drillholes 4-08, 6-08, 7-08, 9-08, 12-08, CCH-1, 

and CCH-5.  The largest penetrated interval was in drillhole 16-08 which began in RP4 

(after 16 ft of overburden) and ended in RP4 at 453.8 ft BGS, yielding a minimum 

downhole thickness of 437.8 feet for RP4.  The nearest top and bottom contact intercepts 

were from drillholes 13-08 (top) and 12-08 (bottom) (Table 1; Fig. 4).  Projecting 

drillhole 12-08 along strike and correlating it with drillhole 13-08 yields a projected 

downhole thickness of 525.6 ft.  Assuming a constant 30º dip, the thickness of RP4 is 

approximately 455 ft. 

 The contact between RP4 and RP3 is complex with highly altered mineralized 

zones that will be discussed below.  RP4 has been mapped as Farmville Metagranite by 

Sterling and Steltenpohl (2004).  The unit is medium- to coarse-grained and 

inequigranular.  The rock type can be divided into two sub-units that may alternate within 

the package.  The first sub-unit has little or no foliation and appears in hand sample to be 

an unaltered massive granite.  Foliation in the second sub-unit is defined by biotite and 

the rock contains salmon-colored K-feldspar augen like in RP2.  Pegmatitic zones are 
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frequent, although not as common as in RP2.  The mineral assemblage for RP4 includes 

quartz + K-feldspar + plagioclase + biotite + muscovite with accessory pyrite, magnetite, 

molybdenite, garnet, epidote, apatite, and zircon.  Figure 16 is a 10 foot core section and 

Figure 17 is a general outcrop photograph. 

 The modal composition of RP4 was determined via thin-section point counting (1 

mm increment, N = 200) of two representative samples.  The two samples were taken 

from drillhole 16-08 to ensure consistency within the rock type.  A mineral composition 

of 43% quartz, 30% K-feldspar, 20% plagioclase, 5% biotite, and 2% muscovite was 

determined for a sample collected from 184.8 ft BGS.  A sample from 426.8 ft BGS 

yielded a composition of 55% quartz, 23% plagioclase, 14% K-feldspar, 6% biotite, and 

2% muscovite.  Both compositions fall within the true granite field of the International 

Union of Geological Sciences (IUGS) classification system. 

  Petrographic analyses of the two aforementioned samples revealed quartz grains 

that are anhedral and range from 0.8 to 6.3 mm, though smaller blebs (Ò0.3 mm) are 

common throughout the sample (Fig. 18).  Quartz grains commonly contain abundant 

fluid inclusion trails that cross-cut grain boundaries.  Plagioclase grains are subhedral to 

anhedral and range between 0.4 and 3.4 mm in size.  Myrmekite is commonly formed 

where plagioclase grains border K-feldspar.  K-feldspar grains have microcline twins and 

most commonly occur as interstitial grains ranging from 0.3 to 3.4 mm in size.  

Noteworthy, thin-section samples did not contain the large K-feldspar augen seen in 

outcrop and core.  K-feldspar grain boundaries frequently embay both quartz and 

plagioclase.  Biotite grains are subhedral to euhedral and range in size from 0.2 to 2.4  
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Figure 16.  Representative section of Rock Package 4 metagranite from drillhole 16-08, 

262.8 to 272.4 ft BGS.  Note foliated texture, frequent pegmatite, and local K-feldspar 

augen.  Long axis of core box equals 2 feet. 
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Figure 17.  Outcrop of Rock Package 4 in lower bench east highwall illustrating massive 

nature.  Highwall is approximately 35 feet tall.  Location at base of highwall is 

approximately 716,188 ft E, 767,770 ft N. 
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a)  

b)  

Figure 18.  a) Photomicrograph of Rock Package 4, drillhole 16-08 184.8 ft BGS.  b) 

Photomicrograph of Rock Package 4, drillhole 16-08 428.6 ft BGS.  Cross-polarized 

light.  Note well-developed myrmekite. 
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mm in length.  Muscovite grains are generally small (0.1 mm) within the matrix but can 

attain lengths of 1.1 mm as overgrowths on biotite. 

The contact zone between RP4 and RP3 is complex with highly altered and 

mineralized zones.  The most conspicuous assemblage is that of quartz + K-feldspar 

(green) + plagioclase + garnet + chalcopyrite + pyrite + molybdenite.  The peculiar green 

coloration of the K-feldspar is likely due to metal substitution within the crystal lattice as 

inferred by the abundance of metal mineralization associated with the contact zone.  The 

green K-feldspar mineralization, abundance of sulfides, and presence of large red garnets 

(5 cm) are visual markers for this contact.  Pink potassic alteration is widespread.  

Garnetiferous zones without recognizable crystal form may be in excess of 15 cm thick.  

Molybdenite usually occurs in more felsic, Na-plagioclase rich portions of the granite, 

particularly around zones of small (1 mm) biotite flecks.  Single molybdenite crystals of 

2 cm are common, however, mineralization predominantly occurs in bands rather than 

randomly in the matrix.  It is important to note that molybdenite also occurs as rare, small 

(< 0.5 cm) crystals dispersed within the matrix of RP4, but concentrations do not 

approach the high abundance noted at the contact with RP3.  A representative thin-

section photomicrograph is illustrated in Figure 19 and a representative hand samples are 

in Figure 20.  

 

Rock Package 5 

Rock Package 5 (RP5), a relatively pure muscovite paraquartzite (sedimentary 

protolith), marks the uppermost correlative layer assigned to the geologic model.  Unit 

RP5 was partially penetrated by only two drillholes (13-08 and 14-08; Table 1).  Hole  
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 a)   

 b)   

Figure 19.  Photomicrograph of a sample from the contact zone between RP4 and RP3.  

Note abundant opaques.  K-feldspar in hand sample has green coloration.  a) Plane-

polarized light.  b) Cross-polarized light. 
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a)   

b)   

Figure 20.  Hand sample photographs of two samples from the RP4/RP3 contact zone.  

a) Molybdenite-bearing biotite schist.  b) Large (Ò 2 cm) molybdenite crystals. 
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c)   

d)   

Figure 20 (cont.).  Photographs of two hand samples from the RP4/RP3 contact zone.  a) 

Garnet-rich rock.  b) Green K-feldspar-bearing rock.  
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13-08 transitioned from saprolite to quartzite at 65 ft BGS and penetrated RT4 at 104.4 ft 

BGS.  This core was stained purplish-red and encountered a highly weathered zone (no 

recovery) near the base.  Drillhole 14-08 encountered quartzite at 20 ft BGS and 

penetrated more micaceous intervals.  Recovery within the unit averaged 60% between 

20 and 49 ft BGS.  A clay filled void was intercepted between 49 and 58 ft BGS.  

Between 58.5 ft and 89.0 ft BGS a highly weathered zone was penetrated yielding Ò 10% 

recovery; only smoky quartz vein material was recovered and the true bottom of this unit 

is difficult to constrain.  These voids may be attributed to a muscovite ñburr rockò contact 

zone as seen at the contact of RP1 and RP2.  A weathered muscovite-rich zone may 

easily be ñwashedò out through the drilling process. 

Quartzite is light gray to buff tan in hand sample and comprises chiefly medium- 

to coarse-grained quartz with small flecks of muscovite and resorbed garnet (Fig. 21).  

Petrographic analysis (Fig. 22) reveals small (<0.5 mm) rounded kyanite grains that 

likely are detrital in origin.  It is noted that although kyanite was also observed in 

quartzite in RP1 but no grains displayed a rounded appearance as found in RP5.   

Metamorphic foliation within the sample is defined by parallel layers of fine-grained (< 1 

mm) muscovite and elongate, interlocking quartz grains. 

Although RT5 was never fully penetrated by a drillhole it is interpreted that the 

total thickness of the quartzite lithology is relatively thin, presumably less than 80 feet.  

This is evidenced both by the ridge it that appears to ñbackboneò on the topographic map 

(Fig. 4; Plate 1) as well as geophysical data (see Section III below).  Units structually 

above this quartzite were not penetrated by a drillhole (with the possible exception being  
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Figure 21.  Representative section of Rock Package 5 from drillhole 13-08, 78.1 to 96.7 

ft BGS.  Note common purplish-red staining and evidence of low recovery near bottom 

of run. 

 

 

 


