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ABSTRACT

The Tablerock thrust sheet is exposed along the southwestern margin of Grandfather Mountain window
in northwestern North Carolina, where it separates basement and cover rocks inside the window from
basement thrust sheets of the overriding Blue Ridge-Piedmont megathrust sheet. It is a complex of
footwall-derived horses of rifted-margin metasedimentary rocks, including Neoproterozoic to Early
Cambrian Chilhowee Group quartzite and phyllite, and Shady Dolomite. Penetrative deformation
throughout the Tablerock thrust sheet is defined by an extensively transposed foliation, and strong
colinearity between well developed transport lineations and SE/NW-trending tight, isoclinal, and sheath
folds. Centimeter- to meter-scale sheath folds are common throughout the interior of the thrust sheet, and
not just within fault zones. NE-trending/NW-vergent crenulations and mesoscale open folds overprint
these fabric elements, and represent one to two later phases of deformation. The strong colinearity
between transport lineations and the hinges of tight to isoclinal folds, prevalence of mesoscale sheath
folds, and outcrop patterns on Bryant and Reed’s 1970 map suggest SE/NW-trending megascopic folds
at Linville Falls waterfall, Woodlawn quarry, and in the Linville Gorge Wilderness Area are map-scale
sheath folds. Deformation temperatures estimated from metamorphic mineral assemblages, quartz
lattice-preferred orientations, dynamic recrystallization microstructures, feldspar deformation
microstructures, and the opening angles of quartz [c]-axis fabrics indicate the Tablerock thrust sheet
reached 550-595 °C during lower-middle amphibolite facies conditions, and was later overprinted by
upper greenschist to lower amphibolite facies conditions at 465-550 °C. These estimates are at least
120 °C higher than all previously reported temperatures, and are consistent with a model in which the
Tablerock thrust sheet was significantly deformed during coupled transport with the Blue Ridge-

Piedmont megathrust sheet prior to being emplaced at its present location.
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CHAPTER 1 | INTRODUCTION

Transport-parallel mineral and stretching lineations are often coaxial with the trends of tight and isoclinal
folds in high-strain, orogenic shear zones, and other settings characterized by heterogeneous
deformation—including glaciers and sub-glacial sediments, volcanic flows, migrating salt, and sediment
slumps (Bryant & Reed 1969; Escher & Watterson 1974; Nicolas 1987; Alsop 1992; Alsop & Holdsworth
2004a; Carreras et al. 2005; Cook et al. 2011; Morales et al. 2011). Natural and experimental studies
(e.g. Bryant & Reed 1969; Escher & Watterson 1974; Alsop 1992; Mies 1993; Jiang & Williams 1999;
Rosas et al. 2002; Alsop & Holdsworth 2004a, b; Carreras et al. 2005; Alsop & Carreras 2007; Kuiper et
al. 2007; Xypolias 2010; Morales et al. 2011; Reber et al. 2013a; and others) suggested this alignment is
most often produced by progressive, non-coaxial deformation, during which objects or surfaces oriented
at high angles to the shear regime rotate towards the extensional apophysis of the flow (i.e. the shear
plane of finite strain). Mesoscale sheath folds are also common in shear zones, and most models for
their formation invoke similar mechanisms of rotation and amplification. In the Tablerock thrust sheet,
exposed inside the Grandfather Mountain window of the southern Appalachian Blue Ridge, strong
colinearity between well-developed transport lineations, SE/NW-trending tight to isoclinal folds (e.g.
Bryant & Reed 1969, 1970; Boyer 1978; Trupe 1997; Walker & Hatcher 2012a), and mesoscale sheath
folds (e.g. Walker & Hatcher 2012b) indicates at least part of the thrust sheet’s deformation history was
dominated by non-coaxial simple shear. However, previous studies of the Grandfather Mountain window
and related Blue Ridge faults and thrust sheets (e.g. Bryant & Reed 1969, 1970; Butler 1973; Schwab
1977; Boyer 1978; D’Agostino et al. 1983; Boyer 1984, Fetter & Goldberg 1995; Adams & Su 1996; Trupe
1997; Trupe et al. 2004; and others) have not attempted to characterize the internal structure of the
Tablerock thrust sheet; thus the mechanism(s) responsible for the NW-alignment of transport lineations
and tight to isoclinal fold hinges remains enigmatic (Walker & Hatcher 2012a).

Recognizing the key role of non-coaxial deformation in both the development of sheath folds and
lineation-parallel fold hinges, Hatcher et al. (2006) suggested kilometer-scale NW-trending tight folds

near Linville Falls waterfall could be parasitic folds on map-scale sheath folds in the Tablerock thrust



sheet. Kilometer-scale fold-like structures with apparently SE/NW trends are also visible in satellite
images of the eastern rim of Linville Gorge, and of the northeast part of the thrust sheet, near Jonas
Ridge. If these structures are megascopic NW-trending folds, both they, and outcrop patterns mapped
by Bryant and Reed (1970), may also be consistent with map-scale sheath folds (Walker & Hatcher
2012b). Type-F (fold-related) thrust sheets (e.g. Hatcher & Hooper 1992) and fold-nappes form
megascopic sheath folds in the basal regions of many large thrust sheets, including those of the Cabo
Ortegal complex, northwest Spain; Tambo nappe, central Swiss Alps; Dumbara syncline, Sri Lanka; and
the Shimanto accretionary complex, Japan (Azcarrga et al. 2002, and references therein; Searle & Alsop
2007). Mesoscale sheath folds have been used to identify the existence and geometry of map-scale
sheath folds in sparsely exposed parts of the Scottish and Norwegian Caledonides (Vollmer 1988; Alsop
& Holdsworth 1999), the Strangeways orogen in central Australia (Goscombe 1991), and the Hercynian
allochthons of the Iberian Peninsula (Azcarrga et al. 2002). If the Tablerock thrust sheet contains
kilometer-scale sheath folds, the parallel alignment of SE/NW-trending tight to isoclinal folds, mesoscale
sheath folds, and transport lineations could have developed during nappe-like emplacement along the
base of the Blue Ridge-Piedmont megathrust sheet.

This study is an attempt to characterize the internal structure of the Tablerock thrust sheet and
develop a kinematic model for the generation of lineation-parallel tight, isoclinal, and sheath folds using

detailed field measurements and microstructural analysis.

1.1 Study area

The Tablerock thrust sheet is exposed along the southwestern margin of the Grandfather Mountain
window in northwestern North Carolina, where it structurally separates basement and cover rocks inside
the window from the basement thrust sheets and Tugaloo terrane of the overriding Blue Ridge-Piedmont
crystalline megathrust sheet (Bryant & Reed 1970; Boyer 1978; Goldberg et al. 1986; Hatcher et al.
2007a). It is a footwall-derived horse containing rifted-margin metasedimentary rocks, including
Neoproterozoic (?) to Early Cambrian Chilhowee Group quartzite and phyllite, and Shady Dolomite, and

is the highest thrust-imbricate in the now unroofed antiformal stack duplex of the window (Bryant & Reed



1969, 1970; Boyer 1978). The Tablerock sheet is overlain by a kilometer-thick ductile shear zone that
defines the base of the Blue Ridge-Piedmont megathrust sheet (the Linville Falls shear zone of Trupe
1997), and is locally overlain by horses of crystalline rock derived from the base of the Blue Ridge-
Piedmont sheet. Penetrative deformation within the Tablerock sheet is defined by prominent, NW-
trending mineral and stretching lineations, NE-trending/NW-vergent crenulations, and two mesoscale
fold populations—one trending NE with close to open interlimb angles, the other trending NW with tight
to isoclinal interlimb angles (Bryant & Reed 1969, 1970).

The Tablerock thrust sheet is comprised in ascending order of the lower quartzite unit, blue phyllite
unit, upper quartzite unit, and Shady Dolomite; it extends north-northeast from Marion to Crossnore, NC,
and crosses parts of the Ashford, Linville Falls, Little Switzerland, Marion West, Newland, and Oak Hill
7.5 quadrangles (Fig. 1.1). Land associated with the Tablerock thrust sheet is located within the North
Carolina Pisgah National Forest (administered by the U.S. Forest Service), and crosses parts of the Blue
Ridge Parkway (National Park Service), Linville Gorge Wilderness Area (U.S. Forest Service), and
Southern Region (R-8) of the Grandfather Ranger District (U.S. Forest Service). Significant acreage in
each of these jurisdictions is privately owned, including land crossing, or adjacent to official U.S. Forest
Service and National Park Service trails, overlooks, and attractions.

Chilhowee Group rocks are well-exposed in roadcuts along US-221 between Marion and the
community of Linville Falls, as well as in roadcuts along the Blue Ridge Parkway entrance to the Linville
Falls parking area, in outcrops at National Park Service Upper Falls overlook (including the Linville Falls
fault type locality), in several small klippen on and near Tablerock Mountain, and along the walls of
Linville Gorge; Shady Dolomite is exposed in the Woodlawn quarry (Explosive Supply Co.), near Marion,
NC, and in several small outcrops along state route NC-183 (Wilkins 1966; Bryant & Reed 1970; Byrd
19783; Boyer 1978; Trupe 1997; Walker & Hatcher 2012a). Structural data were collected at 123 field
stations from March—-August 2012; mesoscopic structures and fabric elements were measured with a
Brunton™ pocket transit compass, and recorded on a Trimble GeoExplorer® Series GPS unit using ESRI
ArcPad™ software. Stereographic fabric diagrams were created using OSXStereonet 2.2 (© Cardozo &

Allmendinger 2012). Field maps were digitally compiled using ESRI ArcGIS® 10.2 and edited with Adobe
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lllustrator® CS6; all figures were also produced using Adobe lllustrator® CS6. Field samples were

collected in accordance with National Park Service permit BLRI-2011-SCI-0027.

1.2 Mechanics of sheath fold formation

Sheath folds are highly non-cylindrical to conic structures that extend subparallel to the X-axis of finite
strain, and have hinge lines that curve about an apex that opens < 90° (Fig. 1.2) (Skjernaa 1989; Alsop
& Holdsworth 1999; Alsop & Carreras 2007; Marques et al. 2008; Reber et al. 2012). They occur most
often in high-strain crustal and glacial shear zones, and during heterogeneous deformation associated
with diapirism, salt migration, sediment slumping, and magmatic flows (Alsop & Holdsworth 2002; Alsop
& Holdsworth 2004a; Cook et al. 2011). Natural and experimental studies suggest sheath folds form by
passive amplification of pre-existing structures in pure shear, simple shear, and transpressional regimes
(e.g. Cobbold & Quinquis 1980; Skjernaa 1989; Alsop 1992; Alsop & Holdsworth 2006; Mandal et al.
2009), and actively nucleate around perturbations in non-coaxial flow (e.g. Cobbold & Quinquis 1980;
Marques & Cobbold 1995; Rosas et al. 2002; Exner & Dabrowski 2010; Reber et al. 2012; Reber et al.
2013a, b) (Table 1.1).

During simple shear deformation, buckling accommodates layer-parallel shortening until the inner
arcs of fold hinge zones reach a critical tightness, after which strain accumulates by shear-related
flattening (Carreras et al. 2005). The progressive, heterogeneous flow associated with simple shear
rotates pre-existing (or recently formed) structures toward the X-direction of finite strain, promoting en
echelon buckling and the development of curvilinear fold hinges (Fig. 1.3) (Alsop & Holdsworth 2004a;

Alsop & Carreras 2007). With continued deformation, discrete return hinges may form between the

Table 1.1: Summarized mechanisms of sheath fold formation.

SIMPLE SHEAR PURE SHEAR TRANSPRESSION
PASSIVE - Rotation and amplification of - Flattening and amplification of - Constriction and ampilification of
FORMATION pre-existing structures. pre-existing curvilinear folds. pre-existing curvilinear folds.
ACTIVE - Nucleation and amplification; - Does not occur. - Does not occur.

FORMATION - Flow perturbations.
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overlapping echelon units (i.e. hinge bifurcation), while the curved hinge zones amplify to sheath fold
geometries (Alsop & Holdsworth 2004a; Alsop & Carreras 2007). Buckle folds that nucleate at high
angles to the shear plane develop highly thinned common limbs as their hinges rotate toward the
extensional apophysis (ap1) of the flow, while the limbs of buckle folds at low angles to the shear plane
tend to thin or thicken subequally (Carreras et al. 2005; Alsop & Carreras 2007; Kuiper et al. 2007,
Xypolias 2010; Morales et al. 2011; Reber et al. 2013a).

Turbulent flow around rigid inclusions and rheologically weak surfaces during bulk simple shear
promotes the nucleation and amplification of sheath folds at the low-velocity tips of boudins,
porphyroclasts, cracks, veins, faults, and other structural asperities (Cobbold & Quinquis 1980; Marques

& Cobbold 1995; Rosas et al. 2002; Exner & Dabrowski 2010; Reber et al. 2012; Reber et al. 2013a, b).



Like flanking structures, sheath folds formed around rigid inclusions are mechanically passive features
controlled primarily by prevailing strain levels (e.g. Cobbold & Quinquis 1980; Marques & Cobbold 1995;
Rosas et al. 2002; Exner & Dabrowski 2010). Recent studies by Reber et al. (2012) and Reber et al.
(2013a, b) demonstrate that sheath folds also form around rheologically weak surfaces or inclusions in
mechanically layered materials, and therefore are not always purely passive structures.

Sheath folds may also form when pre-existing curvilinear folds are modified by constriction during
transpression (e.g. Bailey et al. 2004), or constriction and flattening associated with pure shear (e.g. Ez
2000; Mandal et al. 2009). The occurrence of L and L>S tectonites, or the accommodation of more
shortening in the Z direction than in the Y direction of finite strain suggest a given deformation included a
constrictional component (Nicolas 1987; Azcarraga et al. 2002; Alsop & Holdsworth 2006; Alsop et al.
2007; Sullivan 2013). In folded rocks, L tectonites tend to localize within hinge zones, while L>S and L-S
tectonites form in the limbs (Sullivan 2013). However, because most experimental constriction models
produce dome-and-basin structures that do not develop into sheath folds with continued shortening, a
robust parameter for the contribution of constriction during shear deformation and the formation of
sheath folds has yet to be developed (Alsop & Holdsworth 2006). While bulk deformation may include
pure shear or transpressional components, or localized zones of constriction and flattening, detailed
studies by Alsop and Holdsworth (2006) and Alsop et al. (2007) indicate 98% of natural sheath folds

formed during bulk simple shear or general shear deformation.



CHAPTER 2 | GEOLOGIC CONTEXT

2.1 Nomenclature

The Tablerock fault was named for its type locality at the Tablerock Mountain klippe (elevation 1122 m),
just southeast of Hawksbill Mountain in the Linville Gorge Wilderness Area (Fig. 1.1). Some workers (e.g.
Bryant & Reed 1962; Hatcher et al. 2006; and others) have used “Tablerock” and “Table Rock”
interchangeably in past literature; the correct, compounded nomenclature should be used to eliminate
confusion between the Tablerock thrust fault, sheet, and klippe, and the Table Rock Mountain (elevation
1219 m) located just across Linville Gorge at the junction of Avery, Mitchell, and McDowell Counties

(northwest of Blue Ridge Parkway milepost 324).

2.2 Regional geologic setting
The Blue Ridge-Piedmont megathrust sheet in the central and southern Appalachians is one of the
largest and best-preserved overthrust crystalline terranes currently known from collisional orogens
world-wide. It contains 1.0-1.2 Ga basement gneisses overlain by syn- to post-rift clastic rocks of the
Laurentian proximal rifted margin (i.e the western Blue Ridge), and the Neoproterozoic to Early
Ordovician distal margin clastic and volcanoclastic rocks of the western Tugaloo terrane that accreted
during the Taconic event (Hatcher 2010). Thick, ductile Alleghanian shear zones divide the Blue Ridge-
Piedmont sheet internally into a series of secondary thrust sheets, including the Fries, Fork Ridge, and
Linville Falls (Beech Mountain) thrust sheets (Bailey et al. 2004; Trupe et al. 2004; Hatcher et al. 2006).
During the final assembly of Pangea, the Blue Ridge-Piedmont megathrust sheet detached along a
brittle-ductile transition localized in Grenvillian basement rocks, and was thrust more than 300 km
northwest over the Laurentian margin (Hatcher & Hooper 1992; Hatcher et al. 2007a, 2007b). The last
stage of this movement was accommodated by subthrust duplexing in sedimentary platform rocks of the
footwall, and produced antiformal stack duplexes that domed the overriding crystalline terrane (Boyer

1978; Hatcher 1991; Hatcher 2004a). The Grandfather Mountain window, adjacent Mountain City and



Limestone Cove windows, and nearby Hot Springs and Sauratown Mountains windows are the unroofed
sections of antiformal stack duplexes beneath domes breached by erosion (Fig. 2.1).

The Grandfather Mountain window is the largest window through the Blue Ridge-Piedmont sheet, and
one of the largest in North America; it is situated just east of the Tennessee—North Carolina border in
northwestern North Carolina, where it occupies approximately 1200 km?2 of Blue Ridge terrane in the
southern Appalachian orogen (Fig. 2.2). Boyer (1978) interpreted that imbricate thrusts inside the
window sole into the master detachment along which the Blue Ridge-Piedmont megathrust sheet was
transported. Within the study area, the base of the Blue Ridge-Piedmont sheet is defined by the Linville
Falls shear zone (i.e. the Linville Falls fault, sensu lato), which frames the window and is believed to

rejoin the master detachment to the northwest (Fig. 2.2; Fig. 2.3).

2.3 General geology of the Grandfather Mountain window

Inside the Grandfather Mountain window 5-9 km of rift-related sedimentary and volcanoclastic rocks of
the Grandfather Mountain Formation nonconformably overlie 1.15 Ga Blowing Rock and Wilson Creek
basement gneisses and 0.76 Ga Brown Mountain Granite (Boyer 1978; Neton 1992; Fetter & Goldberg
1995). The Grandfather Mountain Formation, along with the correlative Mount Rogers Formation of
southern Virginia and northeastern Tennessee, and the Beech Granite and Bakersville Gabbro of the
Crossnore plutonic suite were produced by an early, incomplete phase of intracratonic rifting of Rodinia
~735 Ma (Hatcher 1978; Neton 1992; Aleinikoff et al. 1995; Fetter & Goldberg 1995; Hatcher et al.
2007a). Rocks of the Grandfather Mountain Formation contain interlayered beds and lenses of
feldspathic quartzite, metasiltstone, and metagraywacke; pebble and cobble conglomerate; mafic and
felsic tuffs; rhyolite flows; and metamorphosed basalt (Montezuma Member) (Schwab 1977). Ripple
marks, filled channels, and poor sediment sorting indicate the clastic units were deposited in a fluvio-
deltaic environment, while abrupt changes in thickness and rock type along strike suggest the basin
subsided rapidly during deposition (Bryant & Reed 1970; Schwab 1977). The complex and laterally
discontinuous stratigraphy throughout most of the Grandfather Mountain Formation is consistent with

these depositional conditions.
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Figure 2.1: Major tectonic elements of the southern Appalachian orogen. The southern and central Appalachian orogen is
defined by a series of tectonostratigraphic terranes, including the Carolina superterrane, Cat Square terrane (blue), Tugaloo terrane,
and Western Blue Ridge province (Laurentian margin). Thick outlines highlight major windows, including the Grandfather Mountain
window (GMW), Limestone Cove window (LCW), Mountain City window (MCW), Pine Mountain window (PMW), and Sauratown
Mountains window (SMW). After Hatcher et al. (2006).

The majority of Grandfather Mountain Formation rocks are exposed in the northern part of the window,
where they form part of a complex syncline overturned to the northwest (e.g. Bryant & Reed 1969;
1970), and are truncated by the Linville Falls and Tablerock faults above (Fig. 2.3). The syncline is
overprinted by a later generation of NE-trending open, tight, and isoclinal mesoscale folds, and the
pervasive SE-dipping foliation also present in the Blowing Rock and Wilson Creek Gneisses. All NE-
trending fabrics, including several secondary faults, are truncated by the Linville Falls and Tablerock
faults along the northern frame of the window and eastern edge of the Tablerock thrust sheet (Bryant &
Reed 1970; Walker & Hatcher 2012b).

Both the Linville Falls and Tablerock faults are thick, ductile shear zones defined respectively by ~8.0

km and ~2.5 km of greenschist-grade mylonite (Trupe 1997). The Linville Falls shear zone contains small
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Figure 2.2: Major structural elements of the Grandfather Mountain window. Simplified tectonic map of the Grandfather
Mountain window and vicinity. At this latitude the Blue Ridge-Piedmont megathrust sheet contains the Tugaloo terrane (Spruce Pine
and Gossan Lead thrust sheets) and the Fork Ridge, Beech Mountain, Buffalo Mountain, and Shady Valley thrust sheets; the
Saltville and Pulaski thrust sheets belong to the Valley and Ridge physiographic province. After Hatcher et al. (2006).

horses of crystalline rock derived from the base of the Blue Ridge-Piedmont megathrust sheet, including
the block of Linville Falls granite overlying ~40 cm of ultramylonite at the Linville Falls type locality
(Upper Falls overlook, Blue Ridge Parkway). Bryant and Reed (1970) originally mapped this unit as
“Cranberry Gneiss” and placed it in the hanging wall, but later mapping by Trupe (1997) revealed the
block pinches out ~0.5 km south and ~1.0 km north of the type locality, and is overlain by more than 7
km of shear zone mylonite. The tops and bases of both the Tablerock thrust sheet and the
aforementioned horse of Linville Falls granite are strongly sheared by the bounding fault zones; however,
only the Linville Falls shear zone contains a late cataclastic overprint in the lowermost meter of basal

mylonite (Trupe 1997).
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Figure 2.3: Geologic map of the Tablerock thrust sheet. F1 fold hinges and L+ lineations have nearly parallel, SE/NW-trending orientations,
and form high- to orthogonal angles with NE/SW-trending F2 crenulations and fold hinges. Star on inset map indicates the location of the
Grandfather Mountain window just east of the Tennessee—North Carolina border. Tugaloo terrane west of the Brevard fault zone is part of the
Eastern Blue Ridge, while Tugaloo terrane east of the Brevard fault zone is part of the Western Inner Piedmont. Dashed lines represent the
locations of contacts and faults as originally mapped by Bryant and Reed (1970). Dashed line representing the contact between the Shady
Dolomite and upper quartzite unit along the Linville Falls fault northeast of the Woodlawn quarry is newly mapped based on data presented
by Bozdog et al. (2012) and Walker and Hatcher (2012b). Updated boundaries are based on observations and field measurements made
during the field work for this study, but are not high-precision. After Bryant and Reed (1970); Hatcher et al. (2006); Walker & Hatcher (2012a,
2012b).
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CHAPTER 3 | LITHOSTRATIGRAPHY OF THE TABLEROCK THRUST SHEET

The Chilhowee Group is a thick succession of Neoproterozoic to Early Cambrian quartzite, feldspathic
quartzite, and phyllite exposed in belts along the external margin of the central and southern
Appalachian Blue Ridge (Mack 1980; Cudzil & Driese 1987; Simpson & Sundberg 1987; Walker & Driese
1991). It was deposited on the Laurentian margin during the opening of the lapetus ocean, and
preserves the evolution of the margin from active rift-zone to stable shelf environment (Bryant & Reed
1970; Cudzil & Driese 1987; Simpson & Sundberg 1987; Walker & Driese 1991). Lithostratigraphic and
paleocurrent data indicate Chilhowee Group rocks reflect a transition from terrestrial braidplain
deposition to a tide-dominated marine shoreface, and again to a storm-influenced shelf environment
(Mack 1980; Cudzil & Driese 1987; Walker & Driese 1991).

Northwest of the Grandfather Mountain window the Shady Valley thrust sheet, Mountain City window,
and Doe Ridges inner-window contain Chilhowee Group rocks correlated with the Erwin, Hampton, and
Unicoi Formations in northeast Tennessee (Fig. 2.1) (King & Ferguson 1960). Lithologic and stratigraphic
data, and the presence of Skolithos sp. tubes indicate the Tablerock thrust sheet also contains
Chilhowee Group rocks and Shady Dolomite. However, folding and pervasive deformation in the
Tablerock thrust sheet—as well as the great distance between it and other Chilhowee Group rocks—
prevented previous workers (e.g. King & Ferguson 1960; Bryant & Reed 1970) from identifying specific
Chilhowee Group formations in the Tablerock thrust sheet. The extensive folding also makes
stratigraphic thicknesses difficult to measure, but structural cross sections by Bryant and Reed (1970)

and Boyer (1978) indicate the thrust sheet contains at least 1200 m of Chilhowee Group rocks.

3.1 Lithostratigraphic units

The lower quartzite unit (€cl) is a package of white, gray, and greenish-gray quartzite with interbedded
laminations of lustrous green phyllite (Fig. 3.1; Fig. 3.2D-F); it ranges in thickness from 250 m to 670 m,
and contains layers a few centimeters to as much as 9 m thick (Bryant & Reed 1970). The quartzite is

generally coarse-grained, feldspathic, and sugary; it contains horizons of metamorphosed quartz-
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Figure 3.1: General lithostratigraphy of the Tablerock thrust sheet. The vertical positions and thicknesses of lithostratigraphic
horizons within each unit are schematic, and intended for illustrative purposes only.
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pebble conglomerate up to 1.5 m thick at the base, conspicuous beds of arenaceous quartzite and
metasiltstone in the upper section, and approximately 20 m of vitreous quartzite near the contact with the
overlying blue phyllite unit (Bryant & Reed 1970; Walker & Driese 1991). The lower unit is unfossiliferous
and commonly contains cross-stratified beds. Where it contacts arkose and siltstone of underlying
Grandfather Mountain Formation rocks, the lower quartzite unit can be distinguished by its laterally
continuous stratigraphy, lower feldspar content, fewer conglomerate beds, and the presence of detrital
tourmaline (Reed 1964; Bryant & Reed 1970).

The lower quartzite unit grades into the blue phyllite unit (€cp)—a thin, but continuous sequence of
lustrous, dark blue-gray phyllite locally interbedded with sugary bands of white, gray, and blue quartzite
(Fig. 3.1; Fig. 3.2C) (Bryant & Reed 1970). The exposed thickness of the blue phyllite unit varies from 0-
120 m, but is generally less than 45 m in most places; bands of vitreous blue to white quartzite 3.0 cm-
6.5 m thick are common where the phyllite reaches thicker intervals (Bryant & Reed 1970). The rock is
strongly foliated along fine, transposed bedding laminations, and is often crenulated by millimeter-scale
folds on the bedding-parallel foliation surfaces.

The top of the blue phyllite unit transitions into 390-760 m of fine- to medium-grained white, blue-gray,
and greenish-gray quartzite and metasiltstone of the upper quartzite unit (€cu) (Bryant & Reed 1970).
Quartzite in the upper unit resembles that of the lower unit in both texture and composition, but is
generally better sorted, lacks conglomerate beds, and contains more vitreous, blue to white quartz ite
horizons (Bryant & Reed 1970). Interbedded laminations of lustrous blue-gray phyllite (Fig. 3.2A-B) are
similar to phyllite of the middle unit, and distinct from the green variety common to the lower unit. The top
of the unit is conformably overlain by Shady Dolomite (Fig. 3.1; Fig. 3.3) and contains a few deformed
Skolithos sp. tubes in exposures along the east flank of Linville Gorge (e.g. Wilkins 1966; Bryant & Reed
1970), indicating at least part of the upper quartzite unit belongs to the Erwin Formation.

The top of the Tablerock thrust sheet is defined by an incomplete section of Shady Dolomite exposed
along the western edge of the Grandfather Mountain window in quarries and sporadic outcrops near
Woodlawn, Marion, North Cove, and Linville, North Carolina (Fig. 2.3; Fig. 3.3) (Wilkins 1966; Bryant &

Reed 1970; Byrd 1973; Bozdog et al. 2012; Walker & Hatcher 2012b). The rock is extremely fine-
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Figure 3.2: Chilhowee Group rocks of the Tablerock thrust sheet. (A) Moderately weathered arenaceous quartzite. (B) Blue,
gray, and buff quartzite, and metasiltstone. (C) Thick dark blue-gray phyllite of the middle unit overlies massive white quartzite of
the lower unit. (D) Green, lustrous phyllite typical of the lower unit; note coin in center of phyllite for scale. (E) Massive blueish-white
quartzite typical of beds toward the top of the unit. (F) Cross-bedded greenish and blue-gray feldspathic quartzite.
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Figure 3.3: Buff, blue-gray, and dove-gray Shady Dolomite of the Tablerock thrust sheet. (A) Folded layers in quarry wall. (B)
Close-up view shows the complex relationships between lithologies in the Shady Dolomite; knife is 8.5 cm long. Photos taken with
permission on-site at Explosive Supply Co. (Woodlawn quarry), American Thread Rd., Marion, NC.

grained, and has a complex fabric defined by folded, lobate horizons of interfingered white, dove-gray,
dark blue-gray, and pinkish dolostone. Thin layers of gray, dark green, and greenish-gray phyllite are
common throughout the section, while sugary to porcelaneous dolomitized limestone, marble, and
siliceous dolomite occur locally (Bryant & Reed 1970; Byrd 1973; Bozdog et al. 2012; Walker & Hatcher
2012b). Shady Dolomite adjacent to the Linville Falls fault is mylonitic, but quickly grades into more
massive rock away from the fault zone (Trupe 1997).

The conformable contact between the upper quartzite unit and overlying Shady Dolomite indicates
the Tablerock thrust is at least partially comprised of rocks equivalent to the Erwin Formation—and the
similarity between the compositional and textural characteristics of upper and lower unit rocks, and the
absence of tuffs and volcanic flows indicative of some Unicoi rocks indicate the entire thrust sheet may
belong to the Erwin Formation. Similar successions of alternating quartzite, metasiltstone, and phyllite
beds are exposed in upper unit rocks at Midway overlook on the Blue Ridge Parkway, and in lower unit
rocks along NC-183, near Jonas Ridge. At Midway overlook the phyllite and metasiltstone beds thin and
disappear as the quartzite beds thicken up-section. Medium to large-scale sets of planar-tabular and
trough cross beds are preserved in thick successions of quartzite; trough cross beds may also be

present at locations where the lateral and stratigraphic continuity of large-scale cross bedding is
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compromised by weathering (including Pinch-In trail, Linville Gorge Wilderness Area; Plunge Basin trail
in Linville Falls park, Blue Ridge Parkway; and the top of Wolf Pit trail, Shortoff Mountain). Given the large
amount of strain accommodated by the Tablerock thrust sheet, it is possible the low angles of many
cross beds observed during this study were produced by deformation rather than depositional

processes.
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CHAPTER 4 | GENERAL PETROGRAPHY

Samples from the lower, middle, and upper Chilhowee units and Shady Dolomite are dominated by
recrystallized quartz with variable amounts of feldspars, micas, and accessory minerals, except for local
zones of mica-dominated mylonite in the Linville Falls shear zone. Feldspar content is 0-15% for all
samples, and generally consists of microcline, perthite, microperthite, and rare plagioclase. There is no
apparent difference in the content, behavior, or grain-character of feldspars from the different quartzite
units: grain size ranges from < 0.1 mm to as much as 5.0 mm, but is generally consistent within a given
sample; most grains have slightly cloudy surfaces, but more advanced sieve textures are not
uncommon; brittle fractures, quartz-muscovite strain shadows, and inclusions of epidote, muscovite, and
zircon are common in larger grains.

Muscovite is the dominant phyllosilicate and occurs as colorless platy laths, fine-grained sericite, and
green phengite (Fig. 4.1; Fig. 4.2C-D). Chlorite tends to be extremely fine-grained, colorless to clear-
green, and often exhibits anomalous berlin-blue interference colors. Both chlorite and phengitic
muscovite are pale green and weakly pleochroic, but are distinguished by the lower relief, parallel
extinction, and 2nd-order interference colors of muscovite, and anomalous to low 1st-order interference
colors and inclined extinction in chlorite. Biotite is stable in at least three samples, where fine-grained
laths are light brown, contain almost no chlorite alteration, and often display anomalously weak
absorption colors. In sample TR096 (€cl), biotite, muscovite, and chlorite are locally associated with
stringers and mats of fibrous sillimanite (Fig. 4.1C-F). Trace amounts of sillimanite also occur locally in
samples TR0O0O2 (€cu) and TR038 (€cl) as superfine, prismatic needles included in original and
recrystallized quartz grains. Where fibrous, sillimanite exhibits low 1st-order gray and yellow interference
colors, and is commonly mantled by fine-grained biotite; a close association with K-feldspar is also
common (Fig. 4.1C-F). Characteristic upper 2nd-order blue and purple interference colors and fractures
perpendicular to the longest crystallographic axes are visible in the largest prismatic needles. Both
crystal habits exhibit high relief against quartz, parallel extinction, and colorless to pale-brown

pleochroism.
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Figure 4.1: Optical characteristics of phyllosilicate minerals and fibrous sillimanite in the Tablerock thrust sheet. Sample
number, map unit, and trend of L1 are shown on each photomicrograph. Left column are viewed under plane-polarized light; right
column shows the same photos under cross-polarized light. Bt is biotite; Chl is chlorite; Kfs is K-feldspar; Msc is muscovite; Sil is
sillimanite. (A) & (B) Muscovite defines shear zones around a porphyroclast of K-feldspar. Phengitic muscovite exhibits light green
absorption colors and weak pleochroism. (C) & (D) Fibrous sillimanite intergrown with biotite (center), and with biotite, chlorite, and
K-feldspar (lower center). Brown to greenish-brown laths are biotite. Muscovite is also present, but individual grains cannot be
distinguished here. Note ilmenite inclusions within mats of fibrous sillimanite. (E) Detailed view of biotite (brown); clear, colorless to
light-green laths are muscovite, and smaller clear needles are chlorite. (F) Fibrous sillimanite is mantled by brown biotite, and
associated with muscovite and K-feldspar.
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Figure 4.2: Photomicrographs of detrital tourmaline characteristic of Chilhowee Group rocks in the Tablerock thrust sheet.
Left column are viewed in plane-polarized light, right column viewed in cross-polarized light; sample number, map unit, and trend
of L1 are shown on each photomicrograph. All three examples exhibit authigenic growth along grain boundaries. (A) Pale green
crystal with small, radial growth of 2° tourmaline (light brown disc on inside edge of left fragment). (B) High relief against quartz is
especially evident under crossed-polarized light. (C) Stubby prismatic grain with green phengite muscovite. (D) Strong absorption
is characteristic, and darkens interference colors under cross-polarized light.

22



Epidote-group minerals, clinozoisite, detrital tourmaline, sericite, magnetite, and ilmenite—hematite
(determined with reflected light microscopy) constitute the most common accessories, while zircon,
rutile, apatite, and sphene occur in trace amounts; calcite and dolomite are locally abundant in the
quartzite sample associated with the Shady Dolomite (TR043). Epidote minerals are most abundant in
feldspar-rich samples, where small anhedral to subhedral grains (< 1mm) exhibit characteristic high
relief and mottled 3@-order interference colors; pale- to blue-green crystals display weak to moderate
pleochroism in plane-polarized light. Clinozoisite is distinguished from epidote by its colorless, non-
pleochroic crystals and 2nd-order yellow and orange interference colors; granular clusters of small,
berlin-blue clinozoisite grains may represent an iron-poor composition (Deer et al. 1992). Small detrital
grains of euhedral to subhedral zircon have characteristic prismatic, doubly terminating crystals, and
high relief against quartz. Large, conspicuous grains of green and brown detrital tourmaline are
diagnostic of Chilhowee Group rocks in the Grandfather Mountain window, and distinguish them from
similar sequences of the Grandfather Mountain Formation (Bryant & Reed 1970). Subhedral prismatic
crystals exhibit low 3rd-order interference colors, parallel extinction, and moderately high relief, and
display moderate to strong dichroism with maximum absorption perpendicular to the vibration plane

(Fig. 4.2).
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CHAPTER 5 | MESOSCOPIC STRUCTURES

5.1 Foliations and lineations

Except in small outcrops of Shady Dolomite, rocks throughout the Tablerock thrust sheet are defined by
alternating, variably thick layers of quartzite and phyllite that ostensibly preserve original bedding (So).
However, intrafolial and sheath folds are common in quartz segregations and internally layered
quartzites, indicating So was transposed to form an Si foliation (So = S1). S1 forms the dominant
macroscopic foliation in the thrust sheet, and is generally defined by apparent bedding (So = S1), ~1-30
cm thick tabular layers of quartzite (Fig. 5.1C-D, F), and a well-developed slaty to schistose cleavage in
micaceous quartzite and laminated phyllite (Fig. 5.1B). Tabular slabs of quartzite are separated by ~1-
30 cm thick layers of phyllite (Fig. 5.1F) or millimeter-scale metamorphosed silt (Fig. 5.1D), and contain
thin, semicontinuous bands of fine-grained micaceous quartzite and metasiltstone that parallel the Sy
plane. S¢ parallels or is slightly subparallel to compositional layering, except where foliation bisects the
hinges of intrafolial and sheath folds, or transects the limbs of later, less-inclined folds; mylonites in the
Linville Falls shear zone and Tablerock fault also parallel the St foliation (Bryant & Reed 1970; Trupe
1997; Walker & Hatcher 2012b). St dip directions (Fig. 5.2D-E) indicate the thrust sheet forms a broad,
NW-vergent antiform with a moderate to steeply SE-dipping limb along Shortoff Mountain to the east, a
sub-horizontal to gently NW-dipping limb across the central region of the thrust sheet, and a gently SW-
plunging axis (Bryant & Reed 1970; Boyer 1978; Walker & Hatcher 2012b) (Fig. 5.2).

The strong SE/NW-alignment of micaceous minerals, fine-grained opaque oxides, and elongate
aggregates of recrystallized quartz define a prominent mineral lineation (L+1) consistent with the regional
lineation described by Bryant and Reed (1969, 1970), and others. In addition, LS tectonites (Fig. 5.1A)
and stretched quartz pebbles (Fig. 5.1E) define an L1 stretching lineation on the surface of S1 (e.g.
Walker & Hatcher 2012b), while the exposure of millimeter- to centimeter-scale intrafolial and sheath
folds on the XY-plane defines an intersection lineation also consistent with L1. A second, less-developed
lineation trending NE/SW (Fig. 5.2D) may correspond to a different deformational event, a reorientation of

the stress field, or a minor reorientation of the lineation that commonly occurs at lateral culminations on
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Figure 5.1: Summary of macroscopic foliations and mineral lineations in the Tablerock thrust sheet. Station number, map
unit, and viewing direction are included on each photo. (A) Quartzite with strongly developed L1 on the stretched foliation planes in
an LS tectonite. (B) Slaty to schistose St foliation bisects the hinges of intrafolial sheath folds in micaceous quartzite. (C) Thick,
tabular quartzite layers, now overturned to a steep angle. (D) Comparatively thick beds of quartzite are separated by thin layers of
metamorphosed dark, blueish-gray silt. (E) Stretched quartz pebbles and elongate aggregates of recrystallized quartz (roughly
aligned with pencil). (F) Alternating layers of quartzite, phyllite, and metasiltstone at the contact between the lower quartzite unit
and blue phyllite unit.
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Figure 5.2: Equal-area, lower-hemisphere projections of mesofabric data from the Tablerock thrust sheet. (A) Tight,
isoclinal,and sheath fold hinges, and poles to axial surfaces. (B) Close to open fold hinges, and poles to axial surfaces. (C)
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