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Radiometric age constraints regarding the timing of metamorphism in the western 

Blue Ridge province of the southern Appalachians have been too limited or uncertain to 

enable broader correlation and understanding of Taconian, Acadian, and Alleghanian 

events in the region between western North Carolina and Alabama. Moreover, various 

fossil, stratigraphic and radiometric data for the timing of metamorphism in the Talladega 

belt of Alabama are difficult to reconcile with radiometric ages of comparable tectonic 

units in the western Blue Ridge of North Carolina. New 40Ar/39Ar radiometric data for 

single-muscovite crystals have been collected, utilizing the Auburn Noble Isotope Mass 

Analysis Laboratory (ANIMAL), to help constrain the timing of metamorphism in the 

western Blue Ridge of Georgia and North Carolina. The mean ages of muscovite in
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phyllites collected from the Cartersville transverse zone record crystallization and cooling 

in the interval from 321.4±0.3 - 335.5±0.8 Ma (corresponding to Serpukhovian and 

Visean stages of the Mississippian). The mean ages of muscovite in three phyllites from a 

sampling transect along U.S. Hwy. 64 (between Murphy, North Carolina and Ducktown, 

Tennessee) are similar to those of the Cartersville transverse zone. However, the age 

distributions of single-crystal muscovite in six other schists and phyllites from this 

Murphy-Ducktown transect are complex, with ages ranging up to ca. 465 Ma. The mean 

ages of muscovite in metasiltstones and phyllites collected within or near the Great 

Smoky fault (between the Murphy-Ducktown transect and the Cartersville transverse 

zone) also tend to be Visean. However, several samples from this tectonic setting also 

yield very complex age distributions. The complex age distributions determined in this 

study seem mainly due to effects of polymetamorphism in some rocks, but are also 

influenced by the presence of relict-detrital muscovite and incorporation of unsupported-

extraneous (‘excess’) 40Ar in some samples. The single-crystal 40Ar/39Ar ages determined 

in this study are interpreted to indicate that Mississippian tectonic events dominated 

metamorphic and structural evolution in the Talladega belt and in the Mineral Bluff 

Group of the western Blue Ridge. For Ocoee Supergroup rocks, in the western Blue 

Ridge, the muscovite in phyllites and schists record a history of pre-Carboniferous 

(Acadian or Taconian) events partially overprinted by Mississippian deformation. The 

Mississippian ages are interpreted to represent Alleghanian events recorded in the 

muscovite of Talladega belt-western Blue Ridge rocks that pre-date final emplacement of 

the Blue Ridge thrust sheet, as the youngest deformed strata of the Valley and Ridge 

(Pottsville Formation; 316-303 Ma) indicates Pennsylvanian deposition. This combined
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with Tournaisian fossil control (Periastron plant fossil; 360-350 Ma) indicates 

Alleghanian metamorphism and deformation in the Talladega belt-western Blue Ridge is 

constrained to ~ 360-300 Ma, older and longer in duration than the classic view of the 

Alleghanian as Pennsylvanian to Permian.
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INTRODUCTION 

 The western Blue Ridge and Talladega belt (Figure 1) together represent the 

leading thrust belt of the southern Appalachian metamorphic core and consist primarily 

of low-grade metasedimentary rocks. These rocks were deposited as shallow marine 

sediment along the eastern-coastal margin of Late Proterozoic to Paleozoic Laurentia. 

Subsequently, these sediments were metamorphosed and thrusted cratonward over 

younger sedimentary rocks through several orogenic events of Paleozoic Appalachian 

evolution (Williams and Hatcher, 1982; Thomas, 1983; Hatcher, 1987; Hatcher, 1989; 

Horton et al., 1989; Tull and Holm, 2005). 

 The tectonic history of the western Blue Ridge in northwest Georgia is unclear, 

and its relationship to well constrained southern Appalachian events elsewhere is 

uncertain. Research in the Smoky Mountain region of the western Blue Ridge indicates a 

Taconian and Acadian dominated tectonic history (Connelly and Dallmeyer, 1993; Kunk 

et al., 2006). Geologic studies in the Talladega belt of Alabama indicate an Alleghanian 

dominated tectonic history (Gastaldo et al., 1993; Steltenpohl and Kunk, 1993; McClellan 

et al., 2005; Steltenpohl, et al., 2005; McClellan et al., 2007). This thesis focuses on 

constraining timing limits of metamorphism and cooling in the western Blue Ridge of 

Georgia by 40Ar/39Ar radiometric dating of muscovite and how it relates to the tectonic 

history known for adjacent regions.
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Figure 1: The southern Appalachians depicting the Talladega belt-western Blue Ridge 
and other tectonic units as labeled (modified from Gastaldo et al., 1993). The inset boxes 
indicate areas of previous geochronologic research: 1) Connelly and Dallmeyer (1993), 
Ordovician-Silurian (Taconian) and Late Devonian (Acadian) tectonics; 2) Steltenpohl 
and Kunk (1993), McClellan et al. (2005) and Steltenpohl et al. (2005), Carboniferous 
(Alleghanian) tectonics. Yellow triangles indicate approximate sampling locations for 
this thesis. Red circle indicates location of an Early Mississippian (Tournaisian) 
Periastron plant fossil reported by Gastaldo et al. (1993).
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Muscovite is a relatively plentiful mineral in the metasedimentary and meta-

igneous rocks of the western Blue Ridge. Furthermore, it is amenable to 40Ar/39Ar dating, 

as the growth of this mineral can usually be placed in the context of a sample’s structural 

evolution, has a closure temperature conducive for dating low to moderate temperature 

events, and is relatively insensitive to problems associated with extraneous argon 

(McDougall and Harrison, 1999). Radiometric ages for muscovite could represent the 

timing of metamorphism, the timing of cooling to a temperature at which radiogenic 

argon accumulates (“closure temperature;” see Dodson, 1973), or the timing of 

deformation at low metamorphic grade (e.g., Dunlap, 1991). The cooling history has 

important implications for the accumulation of radiogenic argon. A rapid cooling history 

for a rock sample gives similar age dates for different minerals with relatively high 

closure temperatures. Slow cooling rates give a range of age dates due to different 

mineral closure temperatures. 

Thirty-two samples of lower-greenschist facies rocks were collected, based on 

regional setting and petrography, from the Talladega belt-western Blue Ridge (Georgia, 

North Carolina, and Tennessee; Figure 1). The study areas include 1) the Cartersville 

Transverse Zone, 2) the Blue Ridge thrust front in northwest Georgia, and 3) a sampling 

transect from Ducktown-Tennessee east through the Murphy synclinorium in North 

Carolina. The samples were analyzed petrographically to verify whether the rocks have a 

simple metamorphic history or evidence of polymetamorphism. A web-enabled GIS was 

constructed for use as a database for sample and research locations, and to make the 

radiometric data readily available to other researchers.
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GEOLOGIC SETTING OF THE SOUTHERN BLUE RIDGE 
PROVINCE 

The southern Appalachian orogen culminated in the Paleozoic from a series of 

contractional events (Figure 2) along the eastern margin of Laurentia (Thomas, 1983; 

Hatcher, 1987). These orogenic events follow the processes of a complete Wilson cycle 

(Wilson, 1966). The evolution of the southern Appalachians (Figure 3) began with Late 

Proterozoic continental rifting and formation of a subsiding passive continental margin 

into the Early Paleozoic, followed by later Paleozoic plate convergence and accretion of 

rifted-terrane fragments and island-arc terranes, finalized by continent-continent collision 

(Hatcher, 1989). 

REGIONAL GEOLOGY 

The Cumberland Plateau and the Valley and Ridge represent the Appalachian 

foreland. The Appalachian metamorphic core comprises, from west to east, the western 

Blue Ridge and correlative Talladega belt, the eastern Blue Ridge, the Inner Piedmont, 

and peri-Gondwanaland arcs of the Carolina terrane (Figures 1 & 3). 

The Cumberland Plateau represents the westernmost Appalachian deformation 

belt and consists of gently folded, Paleozoic sedimentary rocks (Rodgers, 1970). To the 

southeast the Valley and Ridge (foreland fold and thrust belt) overlies the Cumberland 

Plateau and consists of intensely folded and faulted Paleozoic-sedimentary rocks 

(Weaver, 1970).
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Figure 2: Timing of major events in the tectonic evolution of the southern Appalachians 
(modified from Hatcher, 1987).
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Figure 3: Main tectonic events in schematic cross-sections depicting evolution of the 
southern Appalachians (from Hatcher, 1987).
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The Valley and Ridge was thrust cratonward by thin-skinned decollement, foreland 

thrusting (Hatcher and Odom, 1980). 

The westernmost metamorphic belt of the southern Appalachians and easternmost 

occurrence of Laurentian rocks is represented by the western Blue Ridge, in northwest 

Georgia and western North Carolina, and the Talladega Belt, in west-central Georgia and 

east-central Alabama (Tull and Holm, 2005). The western Blue Ridge and Talladega belt 

were originally deposited on the Late Proterozoic to Paleozoic, rifted to passive margin 

along the eastern margin of Laurentia and western shoreline of the Iapetos Ocean 

(Williams and Hatcher, 1982). These terranes consist primarily of lower-greenschist 

facies metasedimentary rocks and Grenville basement that were thrust upon Paleozoic 

sedimentary rocks of the foreland fold and thrust belt along the Talladega – Cartersville – 

Great Smoky fault (Horton et al., 1989). The western Blue Ridge and Talladega belt 

preserve the initial and subsequent metamorphic history of the southern Appalachians. 

To the east, amphibolite-facies crystalline rocks of the eastern Blue Ridge were 

thrust upon western Blue Ridge and Talladega belt rocks along the Hollins Line – 

Hayesville fault (Horton et al., 1989; McClellan et al., 2005). The eastern Blue Ridge is 

interpreted as the accretionary wedge that resulted from accretion of the Piedmont Arc to 

Laurentia (Hatcher, 1987). The eastern Blue Ridge consists primarily of metamorphosed 

distal-clastic rocks deposited off the eastern Laurentian margin as slope-rise sediments, 

fragments of oceanic crust, mafic bodies, felsic intrusives, and Grenville basement 

(Hopson, 1989). The major Paleozoic phases of the southern Appalachian Orogen 

(Hatcher, 1987, and discussed below) include the Taconian, Acadian, and Alleghanian 

orogenies.
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TACONIAN OROGENY 

Middle Ordovician to Early Silurian (ca. 480-430 Ma) plate convergence resulted 

in the initial closing of the Iapetos Ocean and production of a system of thrust faults 

(Drake et al., 1989; Horton et al., 1989). This included partial subduction of the 

Laurentian margin and minor obduction of oceanic crust. Accretion of an Early 

Ordovician arc terrane (Piedmont Terrane) to the Laurentian margin resulted in thrusting 

of Late Proterozoic to Cambrian Laurentian-margin terrane cratonward over Laurentia. 

An Appalachian foreland basin formed due to tectonic loading and eroded sediment was 

deposited as a clastic wedge over the Cambrian, Appalachian platformal margin 

(Thomas, 1977; Drake et al., 1989). The Taconic clastic wedge is represented by the 

Blount and Martinsburg formations in the central-northern Appalachian foreland basin 

and the Sevier-Paperville formation in the southern Appalachian foreland basin (Stevens 

and Wright, 1981; Thomas 1991). The Taconian orogeny is considered the principal 

Paleozoic event that metamorphosed Laurentian rocks of the central and northern 

Appalachians. 

ACADIAN OROGENY 

Early to Late Devonian (ca. 420-340 Ma) plate convergence resulted in closure of 

the Iapetos Ocean and the corresponding accretion of a Middle Ordovician arc terrane 

(Carolina terrane) to the Laurentian margin (Horton et al., 1989; Osberg et al., 1989). The 

timing of Carolina terrane deformation has been confirmed by 40Ar/39Ar analysis of 

pseudotachylite from the Gold Hill shear zone (muscovite ca. 377 ±4 Ma; Lavallee, 

2003). Emplacement of the Carolina terrane resulted in thrusting of the Piedmont terrane, 

further thrusting of elements of the Late Proterozoic to Cambrian Laurentian margin
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cratonward over Laurentia, and additional clastic wedge deposition primarily onto the 

central Appalachian platform margin (Thomas, 1977; Osberg et al., 1989). The Acadian 

clastic wedge is represented by the Chattanooga Shale (Early Devonian) in the central 

Appalachian foreland basin and the Catskill delta (Middle to Late Devonian) in the 

northern Appalachian foreland basin (Thomas, 1991). The Acadian orogeny is not known 

to have metamorphosed Laurentian rocks of the southern Appalachians (Osberg et al., 

1989; Tull, 2002), though it may have been a time of local deformation and magmatism. 

ALLEGHANIAN OROGENY 

Early Carboniferous to Permian (ca. 340-270 Ma) plate convergence resulted in 

closure of the Theic-Rheic Ocean and corresponding oblique-dextral collision of 

Gondwanaland with Laurentia (Secor et al., 1986; Hatcher et al., 1989). It has been 

suggested that the Uchee terrane, a rifted fragment similar to the Carolina terrane, was 

also accreted to the Laurentian margin before collision with Gondwanaland (Mueller et 

al., 2005). Collision with Gondwanaland resulted in thrusting of the Late Proterozoic to 

Permian Laurentian margin and Piedmont terranes as a composite thrust sheet cratonward 

over Laurentia (Secor et al., 1986; Hatcher et al., 1989; Hatcher, 2002). This resulted in 

significant deposition and subsequent deformation of clastic-wedge sediment in the 

Appalachian foreland basin that prograded cratonward onto the platform from the 

southern and central Appalachians (Thomas, 1977; Hatcher et al., 1989; Hatcher, 2002). 

The Alleghanian clastic wedge is represented by the Pottsville Formation 

(Pennsylvanian) in the southern Appalachian foreland basin (Hatcher et al., 1989; 

Thomas, 1991). Alleghanian metamorphic effects are pervasive in the eastern Blue Ridge 

and Piedmont, and have been thoroughly documented in the Talladega Belt.
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TIMING OF EVENTS 

The record of Ordovician (Taconian) and Devonian (Acadian) tectonics in the 

Smoky Mountain region of North Carolina and Tennessee and how its extension to the 

south fits with the Late Devonian-Permian (Acadian-Alleghanian) tectonic history in 

Alabama and west-central Georgia is important for a more complete understanding of 

southern Appalachian evolution. There is no consensus among current researchers 

concerning the timing of western Blue Ridge metamorphism between its southernmost 

extension and the Great Smoky Mountain region farther to the north. 

STRATIGRAPHIC CONSTRAINTS 

In the Talladega belt of Alabama, the youngest metamorphosed fossils are Early 

Mississippian (Tournaisian) Periastron plant fossils from the Erin Slate (Gastaldo et al., 

1993). The presence of these fossils constrains the age of metamorphism in the Talladega 

belt-western Blue Ridge to be no older than ~360-350 Ma, Early Mississippian 

(Tournaisian; based on the time scale of Gradstein et al., 2004). 

The foreland-sedimentary sequence (Valley and Ridge) is isoclinally folded and 

cut by faults related to thrust emplacement of the Talladega belt and western Blue Ridge 

(Tull and Holm, 2005). The youngest deformed sediments of this sequence are the 

Pottsville Formation (Hatcher et al., 1989). The Pottsville clastic wedge was deposited in 

the Appalachian foreland basin during the Alleghanian tectonic event. The Pottsville
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Formation stratigraphically constrains the youngest age of deformation for the Talladega 

belt-western Blue Ridge to ~ 316-303 Ma. 

RADIOMETRIC CONSTRAINTS 

Kish (1983; 1990) made some conventional K/Ar age determinations for whole 

rock and mineral samples from the western Blue Ridge in the Tennessee-North Carolina 

region southwest of the Smoky Mountains. However, these data are generally difficult to 

interpret due to effects of extraneous argon and heterogeneous-mineral assemblages 

inherent to whole-rock ages (Kish, 1991). 

In the western Blue Ridge of North Carolina and Tennessee, 40Ar/39Ar age data 

for low-grade metamorphic rocks indicate Taconian and Acadian metamorphism (Figure 

4). Chlorite-grade rocks record Middle to Late Ordovician metamorphism at 460-440 Ma 

and biotite-grade rocks record Late Devonian metamorphism at 380-360 Ma (e.g., 

Connelly and Dallmeyer, 1993). Muscovite from mylonitic rocks record Early 

Mississippian cooling at 355-330 Ma (e.g., Kunk et al., 2006). Taconian metamorphism 

in the garnet and staurolite zones of the Smoky Mountains has been confirmed by recent 

U/Pb TIMS ages of ca. 445-455 Ma for garnet-hosted monazite inclusions (Corrie and 

Kohn, 2007).
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Figure 4: Map from the Smoky Mountain region southwest to the Cohuttas of North 
Georgia, with isograds and a combination of 40Ar/39Ar and K/Ar ages (from Connelly and 
Dallmeyer, 1993).
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In the Talladega belt of Alabama, 40Ar/39Ar age data indicate Alleghanian 

metamorphism. The oldest 40Ar/39Ar ages for metamorphic muscovite are Middle 

Mississippian, ca. 329-327 Ma, and for hornblende are also Middle Mississippian, ca. 

334-330 Ma (Figures 5; McClellan et al., 2007; Steltenpohl et al., 2005). The oldest 

40Ar/39Ar ages for white mica are Middle to Late Mississippian, ca. 334-320 Ma (Figure 

6; McClellan et al., 2005; McClellan et al., 2007). These radiometric ages imply rapid 

cooling and constrain the timing of the earliest metamorphism to be no younger than ca. 

334-320 Ma, Middle to Late Mississippian. In the Piedmont of Alabama and southwest 

Georgia, Steltenpohl and Kunk (1993) made some 40Ar/39Ar age determinations for 

hornblende (ca. 347-320 Ma; Mississippian), muscovite (ca. 296-283 Ma; Early 

Permian), and biotite (ca. 293-276; Early Permian) indicating Alleghanian 

metamorphism. This combined with stratigraphic constraints clearly indicates 

Mississippian to Pennsylvanian tectonics dominated the history of this region. 
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Figure 5: a) Map of the southern Appalachians in Alabama with locations for samples as 
studied by Steltenpohl et al. (2005). b) Incremental heating spectra and 40Ar/39Ar ages for 
samples reported by Steltenpohl et al. (2005).
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Figure 6: a) Map of the southern Appalachians in Alabama with locations for samples as 
studied by McClellan et al. (2005). b) Incremental-heating spectra and 40Ar/39Ar ages for 
samples reported by McClellan et al. (2005). Note that the main area for sampling in the 
present study (see Figure 7) begins in the vicinity of Cartersville, where the Talladega 
belt tectonic stratigraphy has been correlated with the Blue Ridge stratigraphy by the 
mapping of Tull and Holm (2005).
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GIS DATABASE 

A GIS database was constructed in order to manage, interpret, and present the 

radiometric data generated in this thesis. This database includes sample locations, 

regional and mesoscopic geologic information, and as much sample characterization 

(petrography, chemical data, etc.) as is practical. The database is web-enabled, and can 

potentially be utilized by other researchers (Figure 7). 

The web-enabled GIS database was constructed using a desktop computer, 

Auburn University server space, ARCMAP (ARCGIS 9.1 desktop by ESRI) GIS 

software, the EasySVG (by Adobe) plug-in for ARCMAP, and FrontPage (by Microsoft) 

web authoring software. A geologic map of the southern Appalachians was scanned and 

imported into ARCMAP as the raster basemap of the study area and then geo-referenced 

to the WGS 1984, geographic-coordinate system. The x-y data, attributes, and hyperlinks 

for each sample location were entered into ARCMAP in spreadsheet form, added as 

layers to the basemap, and then converted into shapefiles. HTML webpages were 

constructed for each sample location using FrontPage. The geo-referenced raster basemap 

and shapefiles were converted, using the EasySVG plugin, into Scalable Vector Graphics 

(SVG) format. The SVG map files and hyperlinked HTML webpages were published, 

using FrontPage, onto Auburn University server space. Installation of the SVGViewer 

(by Adobe), a web browser plug-in, is needed to access the GIS map on the World Wide 

Web. 
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Figure 7: Screen capture of the web-enabled GIS map of study area. The particular 
basemap used is that of Hatcher et al. (1990). The sampling locations (n=24) shown as 
black triangles.
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Scalable Vector Graphics (SVG) is showing promise as a new XML based 

graphics standard for internet applications and is the best choice for internet mapping 

(Duce et al., 2002; Herman & Dardailler, 2002; Ruffle & Richens, 2004). SVG is the 

W3C (World Wide Web Consortium) mark-up language for vector graphics on the 

internet and also specifies interactive mechanisms and behavior tools (Carrarat et al., 

2003). The high retention of resolution by vector graphics at high zoom levels is an 

inherent advantage of SVG as well as the facilities to interact with the graphics and 

assign resolution levels to specific map features or zoom levels (Cecconi & Galanda, 

2002).  The raster image format has been the standard for mainstream internet mapping, 

however the image quality of raster graphics is marginal for internet mapping (Cecconi & 

Galanda, 2002) and the raster format requires large server capacities and lacks interactive 

abilities (Duce, et al, 2002). 

The web-enabled GIS constructed for this thesis can be classified as a “single-

source GIS,” meaning it has a single website or server, and sub-classified as dynamic due 

to the interactive nature of SVG (Shaig, 2001). The functionality of this web-enabled GIS 

can be classified as a “map server,” defined by Rinner (1998) as being able to provide 

graphics on the internet as well as interactive tools, or alternatively as a “dynamic map 

browser” by Plewe (1997).
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DESCRIPTION OF TECTONIC UNITS STUDIED 

Muscovite-bearing rocks were collected from several tectonic units of the 

Talladega belt (Figure 8a) and western Blue Ridge (Figure 8b). Refer to Table 1 for 

tectonostratigraphy of the formations sampled. 

Rocks of the Talladega belt have been biostratigraphically correlated with the 

Laurentian Ocoee Supergroup and Chilhowee Group of the western Blue Ridge and the 

Shady Dolomite of the Valley and Ridge (Tull et al., 1988). The Talladega belt includes a 

lower clastic sequence (1.5 km thick; Kahatchee Mountain Group), conformably overlain 

by a middle carbonate sequence (1.5 km thick; Sylacauga Marble Group), unconformably 

overlain by an upper clastic sequence (2-5 km thick; Talladega Group), which is 

tectonically overlain by a Middle Ordovician volcanic terrane (Hillabee Greenstone; Tull 

et al., 1982; McClellan et al., 2007). Seven samples were collected from the Lay Dam 

Formation of the Talladega Group (Table 1). The Lay Dam Formation is a clastic 

sequence of slates and metasiltstones unconformably overlying the Sylacauga Marble 

Group (Carrington, 1973). The Lay Dam Formation is stratigraphically equivalent to the 

Mineral Bluff Group in the western Blue Ridge (Tull, 2002; Tull et al., 1988). 

The Ocoee Supergroup is the primary rift-basin sequence (300 km long, 75 km 

wide, and 12 km thick; Hadley, 1970) of the western Blue Ridge and occurs in at least six 

thrust sheets (Hadley, 1970; Rankin, 1975). The units were originally deposited in a 

continental rift basin along the eastern Laurentian margin during the Late Proterozoic
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Figure 8: Tectonostratigraphic map of the study region: a) Talladega belt of Alabama and 
Georgia; and b) western Blue Ridge of Georgia and adjacent North Carolina (from Tull 
and Holm, 2005, their Figure 3b).
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(Hatcher, 1989; Tull and Holm, 2005). The Ocoee Supergroup includes the Great Smoky 

Group overlying the Snowbird Group along the pre-metamorphic Greenbrier fault (King, 

1958; Tull et al., 1993). The Snowbird Group consists primarily of highly feldspathic 

alluvial, fluvial, and shallow marine clastic rocks deposited over Grenville basement 

(Hatcher, 1989; Tull and Holm, 2005) during a limited cycle of extension associated with 

continental rifting (Li and Tull, 1998). The Snowbird Group is 4-km thick and had a 

source area to the east and southeast (King, 1964; Rodgers, 1972). Four samples were 

collected from the Pinelog Formation of the Snowbird Group (see Table 1). The Great 

Smoky Group is a thick unit of relatively deep marine sandstone and shale (Hatcher, 

1989; Tull and Holm, 2005) and was deposited during a more aggressive cycle of 

extension (Li and Tull, 1998). The Great Smoky Group is 7-km thick and had a source 

area to the northeast (King, 1958; Rodgers, 1972). Thirteen samples were collected from 

several formations of the Great Smoky Group (see Table 1). The Walden Creek Group 

overlies the Great Smoky Group on the footwall side of the Greenbrier fault (King, 1958; 

Tull et al., 1993) and is a unit of unstable shelf deposits that could be facies equivalent to 

the Great Smoky Group or an unrelated sequence of a separate basin (Rankin, 1975). The 

Walden Creek Group is 2-km thick and had a source area to the northwest (King, 1964; 

Rodgers, 1972). Three samples were collected from the Wilhite Formation of the Walden 

Creek Group. The Chilhowee Group, a drift-facies sequence, conformably overlies the 

Ocoee Supergroup and is relatively widespread (Rankin 1975; Tull et al., 1993). The 

Chilhowee Group consists of shallow-marine sandstones and shales originally deposited 

post-rift over the Ocoee Supergroup and Grenville basement highs, during the Early 

Cambrian (King, 1958; Hatcher, 1989; Tull and Holm, 2005). 
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Rocks of the Murphy belt lies within the core of a regional isoclinal fold (170 km 

long, 1300-2000 m thick; Hurst, 1955) and gradationally overlie the Ocoee Supergroup 

southeast of the Greenbrier fault (Tull et al., 1993). Lithologies of the Murphy belt 

consist primarily of the drift-facies Hiawassee River Group (Tull et al., 1991) or 

alternatively the Murphy Belt Group (Thigpen and Hatcher, 2006). The Murphy Belt 

Group includes the Nantahala and Brasstown Formations and the Murphy Marble (Tull 

and Holm, 2005) unconformably overlain by the Mineral Bluff Group. The Nantahala 

and Brasstown Formations conformably overlie the Ocoee Supergroup (Tull and Holm, 

2005) and are considered to be outer margin equivalents of the Chilhowee Group (Aylor, 

1994). The Murphy Marble conformably overlies the Nantahala and Brasstown 

Formations (Tull and Holm, 2005) and represents the base of the Cambrian-Ordovician 

carbonate shelf along the Laurentian margin (Keith, 1907). The Mineral Bluff Group is a 

clastic sequence of metaconglomerates, metasandstones, and metasiltstones that are 

interbedded with metavolcanic units (Tull et al., 1991). Four samples were collected from 

the Mineral Bluff Group (see Table 1).
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Table 1: Schematic tectonostratigraphy of units sampled in this study, based on the 
regional compilations of Tull and Holm (2005) and Thigpen and Hatcher (2006).
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SAMPLE PETROGRAPHY 

The petrography of minerals - a study of their characteristics including habit, 

strain state, grain size, and associations in rock assemblages - provides a foundation for 

interpreting their history. Thus, efforts to date minerals by radioactive decay are best 

carried out with a characterization that focuses on the phase(s) of interest. Muscovite is a 

very powerful mineral for the radiometric dating of orogenic events through the K-Ar and 

40Ar/39Ar method. The bulk closure temperature of muscovite for argon retention (350 ± 

50°C; e.g., Purdy and Jager, 1976) is such that ages from sub-greenschist and lower 

greenschist facies rocks can approximate the timing of muscovite growth, whereas ages 

for higher-grade rocks tend to record the timing of cooling. Muscovite is common in 

metamorphic rocks from a wide range of protoliths. Furthermore, the growth of 

muscovite can usually be placed in the context of a sample’s deformational history and its 

crystal structure efficiently retains radiogenic gases. The relationship of muscovite grains 

to fabric development within a rock sample has important implications for interpreting 

the radiometric data. Muscovite from a rock that has a simple metamorphic history would 

be expected to yield a single age. Muscovite from a rock that has experienced multiple 

generations of fabric development would be expected to yield a range of ages, assuming 

those fabrics developed near the closure interval (Dodson, 1973) for Ar in muscovite. 

However, if the muscovite was thoroughly recrystallized, thereby overprinting the older 

fabrics, the radiometric data pertains to the latest metamorphic generation.
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Rock samples for this thesis are from four distinct structural settings within the 

western Blue Ridge. These are the Cartersville transverse zone, the Great Smoky fault, 

the Ducktown anticlinorium, and the Murphy synclinorium. The four sample groups have 

unique metamorphic grades, muscovite characters, strain features, and metamorphic 

fabrics. Petrography for representative samples will first be discussed for the 

southernmost extent of the western Blue Ridge and then west to east according to 

structural setting from the thrust front into the center of the belt. 

CARTERSVILLE TRANSVERSE ZONE 

The Cartersville transverse zone (see Figure 8; as defined by Tull and Holm, 

2005) marks stratigraphic and structural contrasts between the Talladega and western 

Blue Ridge belts. The western Blue Ridge is a thick rift-facies sequence metamorphosed 

mostly to biotite grade or higher (indicating relatively deep burial) with regional isoclinal 

folds. The Talladega belt is a relatively thin terrane metamorphosed mostly to biotite 

grade or lower (indicating relatively shallow burial), with no rift-facies rocks or isoclinal 

folds. Samples CV-7a, CV-8a, CV-8b, and CV-5a (Figure 9) were collected from the 

northeast extension of the Talladega belt. Samples CV-3 and CV-2 (Figure 10) were 

collected from the zone where the Talladega belt trends into the western Blue Ridge. 

Samples CV-1 and CV-10 (Figure 11) were collected from the southwestern extension of 

the western Blue Ridge. Refer to Table 2 (Analytical Results chapter) for geographic 

coordinates. 
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Figure 9: Photomicrographs of metamorphic textures in rocks from the Talladega belt 
(scale bars are 1.0 mm; cross-polarized light). (a) Sample CV-7a, biotite-muscovite 
phyllite. Sample characterized by a single-generation foliation. Muscovite porphyroclasts 
are aligned with foliation. (b) Sample CV-8a, muscovite phyllite. Sample characterized 
by an early generation, mica-rich fabric cut by a late-generation quartz and retrograde 
chlorite (cl) rich fabric. (c) Sample CV-8b, muscovite phyllite. Sample characterized by a 
single-continuous foliation with abundant retrograde chlorite. (d) Sample CV-5a, 
muscovite phyllite. Sample characterized by a single-continuous foliation defined by 
fine-grained muscovite and elongated quartz grains. (e) Map of sample localities (adapted 
from Tull and Holm, 2005).
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Figure 10: Photomicrographs of metamorphic textures in rocks from the Cartersville 
transverse zone (scale bars represent 1.0 mm; cross-polarized light). (a) Sample CV-3, 
muscovite phyllite. Sample characterized by a single generation, spaced foliation. Sample 
has abundant retrograde chlorite. (b) Sample CV-2, garnet-chlorite-muscovite phyllite. 
Sample characterized by an early generation, continuous foliation cut by late-stage 
crenulation. (c) Map of sample localities (adapted from Tull and Holm, 2005).
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Figure 11: Photomicrographs of metamorphic textures in rocks from the western Blue 
Ridge-Cartersville transverse zone (scale bars represent 1.0 mm; cross-polarized light). 
(a) Sample CV-1, muscovite phyllite. Sample characterized by a single generation, 
spaced foliation and abundant feldspar porphyroclasts. (b) Sample CV-10, muscovite 
schist. Sample characterized by an early generation, spaced foliation deformed by late-
stage fabric development (as evidenced by muscovite porphyroclasts). (c) Map of sample 
localities (adapted from Tull and Holm, 2005).
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Sample CV-7a (Figure 9a) is a biotite-muscovite phyllite of the Lay Dam 

Formation (alternatively the Mineral Bluff Group of the western Blue Ridge). The sample 

is characterized by a single-generation fabric, defined by fine-grained muscovite and 

minor biotite. Muscovite porphyroclasts could be detrital grains or relicts of an earlier 

generation. Samples CV-8a and CV-8b (Figures 9b and 9c respectively) are muscovite 

phyllites of the Lay Dam Formation. Sample CV-8a is characterized by a multiple-

generation fabric. The early-generation foliation is defined by fine-grained muscovite and 

chlorite. Late-stage foliation is defined by coarser grained muscovite and abundant 

retrograde chlorite. The quartz grains are strained as evidenced by undulose extinction. 

The sample is graphitic and has hematite staining. Sample CV-8b is characterized by a 

single-generation fabric, defined by very fine-grained muscovite. An abundance of 

retrograde chlorite is present. Sample CV-5a (Figure 9d) is a muscovite phyllite of the 

Lay Dam Formation. The sample is characterized by a single-generation fabric, defined 

by fine-grained muscovite and elongated quartz grains. Undulose extinction, exhibited by 

the quartz grains, indicates strain. 

Sample CV-3 (Figure 10a) is a muscovite phyllite of the Dean Formation, Great 

Smoky Group. The sample is characterized by two planar fabrics. Early-generation 

spaced cleavage is defined by fine-grained muscovite. Late-stage deformation has 

sheared the early foliation. Quartz grains are strained as evidenced by undulose 

extinction. The sample is predominantly quartz and has abundant retrograde chlorite. 

Sample CV-2 (Figure 10b) is a garnet-chlorite-muscovite phyllite of the Otto Formation 

(eastern Blue Ridge). The sample is characterized by a multiple-generation fabric. The 

early generation, continuous foliation is defined by fine-grained muscovite and chlorite.
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Late-stage deformation has crenulated the early foliation. The sample is graphitic and has 

abundant garnet porphyroblasts. Strain is indicated in the quartz grains by undulose 

extinction. 

Sample CV-1 (Figure 11a) is a muscovite phyllite of the Wilhite Formation, 

Walden Creek Group. The sample is characterized by a single-generation spaced 

foliation, defined by fine-grained muscovite. The sample is graphitic and has abundant 

feldspar porphyroclasts. The quartz and feldspar grains are strained as evidenced by 

undulose extinction. Sample CV-10 (Figure 11b) is a muscovite schist of the Wilhite 

Formation. The sample is characterized by a multiple-generation fabric. The early-spaced 

foliation is defined by fine-grained muscovite. Late-stage deformation crushed the early 

foliation forming muscovite porphyroclasts. Strain is evident in quartz grains by the 

exhibition of undulose extinction. 

GREAT SMOKY FAULT 

The Great Smoky fault is the northwestern most structure of the western Blue 

Ridge. This region of the western Blue Ridge is characterized by sub-greenschist facies, 

metasedimentary rocks. Samples WM-9a (Figure 12a) and WM-9c (Figure 12b) were 

collected near the Carters Lake Dam, approximately 2000 ft. due north of the stop 

localities indicated in McConnell (1986). Sample WM-10 (Figure 12c) was collected 

farther north, near Chatsworth along Route 52 (refer to Table 2 for geographic 

coordinates). 

Samples WM-9a and WM-9c are graphitic-muscovite metasiltstones of the 

Ammons Formation, Great Smoky Group. Both samples have abundant clasts of relict 

quartz pebbles. These quartz clasts are strongly strained, as evidenced by undulose 
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Figure 12: Photomicrographs of metamorphic textures in rocks from the Great Smoky 
fault (scale bars represent 1.0 mm; cross-polarized light). (a) Sample WM-9a, graphitic-
muscovite metasiltstone. Sample characterized by a multiple-generation fabric, plastic 
deformation of quartz, brittle deformation of micas, and large relict-quartz pebbles or 
clasts (qp). (b) Sample WM-9c, graphitic-muscovite metasiltstone. Sample has similar 
fabric with a relatively higher abundance of feldspar clasts (fe) and coarser grained mica. 
(c) Sample WM-10, muscovite phyllite. Sample characterized by an anastomosing, 
multiple-generation fabric defined by relatively fine-grained muscovite and relict apatite 
(ap) clasts. (d) Map of sample localities (adapted from Tull and Holm, 2005).



 32 

extinction and subgrains, and are surrounded by recrystallized quartz grains with 

interlobate boundaries. The mica is characterized by fine-grained muscovite 

recrystallized from the original sedimentary matrix. These samples have apparently 

experienced multiple generations of fabric development, with ductile deformation of 

quartz and brittle deformation of micas. Radiometric data for these samples may be 

influenced by the presence detrital minerals. Sample WM-10 is a muscovite phyllite of 

the Pinelog Formation, Snowbird Group. Foliations are defined by very fine-grained 

muscovite with an anastomosing multiple-generation fabric. The sample is also 

characterized by an abundance of apatite clasts. 

DUCKTOWN ANTICLINORIUM 

The Ducktown anticlinorium is a northeast-trending synmetamorphic fold east of 

the Great Smoky fault. This regional antiform is characterized, as discussed by Hatcher 

and Goldberg (1991), by a core of staurolite-grade rocks (amphibolite facies) with limbs 

of garnet and biotite-grade rocks (upper-greenschist facies). Samples BB-1 (Figure 13a) 

and BB-2 (Figure 13b) were collected from a tailings pile at the Bura Bura Mine in 

Ducktown. Samples MS-2 (Figure 13c) and MS-3 (Figure 13d) were collected farther 

east along Route 64 (refer to Table 2 for geographic coordinates). 

Samples BB-1 and BB-2 are garnet-biotite-muscovite schists of the Copperhill 

Formation, Great Smoky Group. The samples are characterized by a multiple-generation 

fabric, an abundance of garnet porphyroblasts, and crystal-plastically deformed quartz 

grains as evidenced by undulose extinction and subgrains. An early-generation foliation 

is defined by coarse muscovite and biotite grains. Late-stage deformation has crenulated 

the foliation in sample BB-1. Late-stage folding deformed the foliation in sample BB-2.
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Figure 13: Photomicrographs of metamorphic textures in rocks from the Ducktown 
anticlinorium (scale bars represent 1.0 mm; cross-polarized light). These garnet-biotite-
muscovite schists are characterized by an early-generation foliation, defined by coarse-
grained muscovite (mu) and biotite (bi), subsequently deformed by late-stage folds. (a) 
Sample BB-1. (b) Sample BB-2. (c) Sample MS-2. (d) Sample MS-3. (e) Map of sample 
localities (adapted from Tull and Holm, 2005).
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Sample BB-2 also has minor retrograde chlorite. Sample MS-2 is a garnet-biotite-

muscovite schist of the Copperhill Formation. An early-generation foliation is defined by 

coarse-grained muscovite and biotite. The sample has abundant garnet porphyroblasts. 

Some quartz grains have recrystallized and some are older-strained grains. Late-stage 

deformation has crenulated the foliation. Sample MS-3 is a garnet-biotite-muscovite 

schist of the Upper Anakeesta-Wehutty Formations, Great Smoky Group. An early-

generation foliation is defined by coarse muscovite and biotite grains. The biotite grains 

were subsequently deformed, indicating post-growth shear, as evidenced by lens shaped 

porphyroclasts and kink bands. 

MURPHY SYNCLINORIUM 

The Murphy synclinorium is a northeast-trending synmetamorphic fold east of the 

Ducktown anticlinorium. This regional synform, as discussed by Hatcher and Goldberg 

(1991), has a core of chlorite-grade rocks (lower-greenschist facies) with limbs of biotite 

and garnet-grade rocks (upper-greenschist facies). Samples MS-5, 6, 7, and 8 (Figure 14) 

were collected from the core of the synclinorium along Route 64 (refer to Table 2 for 

geographic coordinates). 

Sample MS-5 (Figure 14a) is a chlorite-muscovite phyllite of the Mineral Bluff 

Group. The sample is characterized by fine-grained muscovite and chlorite that define an 

early-generation foliation. Quartz grains consist of recrystallized and strained-host grains. 

Late-stage deformation has sheared the foliation. Sample MS-6 (Figure 14b) is a chlorite-

muscovite phyllite of the Mineral Bluff Group. An early foliation, rich in quartz and 

chlorite, is deformed and rotated by a later formed foliation, defined by fine-grained 

muscovite. The quartz grains consist of recrystallized and older-strained grains. Sample 
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Figure 14: Photomicrographs of metamorphic textures in rocks from the Murphy 
synclinorium (scale bars = 1.0 mm; cross-polarized light). (a) Sample MS-5, chlorite-
muscovite phyllite. Sample characterized by an early-generation planar fabric defined by 
muscovite sheared by late-stage deformation. (b) Sample MS-6, chlorite-muscovite 
phyllite. Sample characterized by an early-generation, quartz-rich, fabric rotated by a 
late-generation, mica-rich, fabric. (c) Sample MS-7, chlorite-muscovite phyllite or slate. 
Sample characterized by undeformed and fine-grained muscovite laths that define a 
single cleavage. (d) Sample MS-8, chlorite muscovite slate. Sample characterized by a 
continuous foliation defined by very finely-grained muscovite and elongated quartz 
grains. (e) Map of sample localities (adapted from Tull and Holm, 2005).



 36 

MS-7 (Figure 14c) is a chlorite-muscovite phyllite of the Mineral Bluff Group. The 

sample has a single continuous cleavage (phyllitic or slaty) defined by undeformed and 

fine-grained muscovite laths. The general lack of microstructural evidence for 

intracrystalline strain in quartz indicates annealing. Sample MS-8 (Figure 14d) is a 

chlorite-muscovite slate of the Mineral Bluff Group. The sample is characterized by very-

fine grained muscovite and elongated quartz grains that define a continuous slaty 

cleavage. This sample also lacks evidence for intracrystalline strain.
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40Ar/39Ar ANALYSIS 

BASIS OF THE METHOD 

Argon is a noble gas that occurs naturally throughout the atmosphere and 

potassium is a common element in rock-forming minerals. Several isotopes of these 

elements pertain to the K/Ar method and 40Ar/39Ar technique (Figure 15). 40Ar occurs 

naturally and is produced by a radioactive-decay branch of 40K, due to electron-capture 

and positron-emission pathways (Faure, 1986). 39Ar is produced entirely by the decay of 

39K and 42Ca, 38Ar occurs naturally and is produced by the radioactive decay of 38Cl, 37Ar 

is produced entirely by the radioactive decay of 40Ca, and 36Ar occurs naturally and is 

produced by the radioactive decay of 40Ca (Dickin; 1995). The naturally occurring 

40Ar/36Ar ratio in the atmosphere is 295.5, enabling the correction for atmospheric 40Ar 

(Faure, 1986). 

The K/Ar method has conventionally been used to date K bearing minerals. Two 

separate aliquots of 40K and radiogenic 40Ar are measured quantitatively, 40Ar* in an 

inert-gas mass spectrometer and 40K by flame photometry or one of several chemical 

methods. The fundamental-age equation (as derived in Dalrymple & Lanphere, 1969) is 

t = (1/λ) ln (40Ar*/ 40K+1). 

The decay constant (λ) for 40K→40Ar (as described in McDougall & Harrison, 1999) is 

5.543*10-10/year.
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Figure 15: Decay scheme and isotopes relevant to the 40Ar/39Ar method. Symbols filled 
with yellow signify naturally-occurring isotopes. Red arrow signifies the 40K→40Ar* 

decay reaction that occurs in nature. The blue arrow signifies the 39K(n,p)39ArK reaction 
that occurs in a nuclear reactor and enables the 40Ar/39Ar method. 

40Ar/39Ar DATING TECHNIQUES 

The 40Ar/39Ar technique is a variation of K/Ar. Based on the assumption that the 

39K/40K ratio is constant in nature and 39ArK is dependent upon the 39K in the sample, 

40Ar*/39ArK is proportional to 40K/40Ar* and 39ArK can be substituted for 40K (McDougall 

& Harrison, 1999). The age equation (as discussed in McDougall and Harrison, 1999) is: 

t = (1/λ)ln(40Ar*/39ArK(J)+1). 

40Ar* is the fraction of 40Ar produced by radioactive decay. 39ArK is the 39Ar produced 

through neutron-capture, proton-emission reactions by bombardment with fast, high 

energy neutrons in a nuclear reactor (Merrihue and Turner, 1966). Determination of the 

production factor (J; as discussed in Dalrymple et al., 1981) for the 39K→39Ar reaction, in 

the mineral sample and corresponding monitor of known age, during irradiation is 

J = eλt-1*1/(40Ar/39Ar). 
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The 40Ar/39Ar technique permits precise age determinations on smaller sample 

sizes (such as single crystals) and allows for simpler data acquisition, as the isotopic ratio 

data are collected with a single measurement instead of quantitatively analyzing two 

separate aliquots. This reduces the standard error and lab time for radiometric analysis 

relative to K/Ar. 

The closure temperature (see Petrography section) for any mineral is variable and 

heavily dependant upon cooling rate and grain size. The cooling of geologic temperature 

through time (Figure 16a) influences the closure temperature for muscovite. A low 

cooling rate favors a cooler closure temperature and a high cooling rate favors a higher 

closure temperature. This influences the ratio of 40Ar/40K through geologic time (Figure 

16b). Before the closure temperature is reached there is no retention of daughter (40Ar) 

atoms. Cooling through an interval of partial retention of daughter atoms (the “closure 

interval”; Dodson, 1973) is shorter for fast cooling rates and longer for slow cooling 

rates. After muscovite cools through its closure temperature there is complete retention of 

daughter atoms within the crystal lattice (Giletti; 1972). The grain size of micas also 

influences the closure temperature (Hames and Bowring, 1994). A smaller muscovite-

grain size favors a cooler closure temperature due to the short diffusion dimension and a 

larger grain size favors a hotter closure temperature due to its longer diffusion dimension. 

These variables must be considered for reliable interpretation of radiogenic data. In this 

study the cooling rate of geologic temperature is assumed to be 5˚C/m.y. and the grain 

size varies between 0.1mm to 0.5 mm (Figure 17). Given the grain size variation, the 

range of closure temperatures may have varied by as much as 50˚C. Given the 5˚C/m.y. 

cooling rate, the timing of the retention of argon may have a 10 m.y. variation.
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Figure 16: Idealized closure-temperature concept (figure adapted from Dodson, 1973): To 

= initial temperature, Tc = closure temperature, c = argon retention at diffusion-domain 
centers (crystal cores), e = argon retention throughout diffusion domains; a) Plots 
geologic temperature against geologic-cooling history (time). b) Plots the daughter/parent 
ratio (40Ar/40K) against geologic time.
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Figure 17: Closure temperature for muscovite grain sizes in this study as a function of 
geologic-cooling rate (calculated with the model of Dodson, 1973, with muscovite-
diffusion parameters from Hames and Bowring, 1994).
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ANALYTICAL METHODS 

Samples were selected on the basis of structural setting and petrography. Low-

grade metamorphic rocks containing muscovite were collected from the Cartersville 

transverse zone, the Blue Ridge thrust region, and a transect from the Ducktown 

anticlinorium into the Murphy synclinorium (refer to Table 2). The samples were gently 

crushed with mortar and pestle, separated into size fractions using standard test sieves, 

and examined under binocular microscope. Approximately 50 grains of muscovite and 

biotite (if present) were picked from each sample, immersed in ethanol and stored in 

centrifuge vials. The mica grains were packaged in aluminum foil along with aliquots of 

a monitor mineral (Fish Canyon Sanadine; ca. 28.04 Ma; Renne et al, 1998). The sample 

package was sent to the McMaster University nuclear reactor in Hamilton, Ontario for 

neutron irradiation. 

The mica grains and monitors were analyzed at the Auburn Noble Isotope Mass 

Analysis Laboratory (ANIMAL; Figures 18 and 19), a facility under the direction of Dr. 

Hames of the Auburn University Department of Geology and Geography. The lab is set 

up for single crystal, isotopic analysis utilizing the 40Ar/39Ar technique and provides 

enhanced sensitivity and resolution relative to labs that use bulk sample methods. Single 

crystals of a single mineral were analyzed individually. This minimizes effects due to 

extraneous argon and heterogeneous-mineral assemblages inherent to multigrain analysis. 
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Figure 18: Schematic diagram of the lab apparatus in the Auburn Noble Isotope Mass 
Analysis Laboratory (ANIMAL facility). 

 

Figure 19: The author analyzing samples in the Auburn Noble Isotope Mass Analysis 
Laboratory (ANIMAL facility).
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The laboratory is equipped with an ultra-high vacuum, 90-degree sector, 10-cm 

radius spectrometer optimized for single-crystal 40Ar/39Ar research. The spectrometer 

employs second-order focusing (Cross, 1951), and is fitted with a high sensitivity 

electron-impact source and a single ETP electron multiplier (with signal amplification 

through a standard pre-amplifier). The total volume of the spectrometer is 400 cc. 

Resolution in the instrument (with fixed slits for the source and detector) is constrained to 

~150. The high sensitivity and low blank of the instrument permits measurement of 10-14 

mole samples to within 0.3% precision. The extraction line is fitted with a 50W Synrad 

CO2 IR laser for heating and fusing silicate minerals and glasses. The sample chamber 

uses a Cu planchet, KBr cover slips, and low-blank UHV ZnS window (manufactured at 

Auburn University and based on the design of Cox et al., 2003). The laser system is 

suitable for fusion analysis of single crystals as employed in this study. The laser beam 

delivery system utilizes movable optical mounts and a fixed sample chamber to further 

minimize volume and improve conductance of the extraction line. The extraction line for 

this system is fully computer automated and utilizes a combination of Varian and Nupro 

pneumatic valves, and Varian turbomolecular and ion pumps. Residual and sample 

reactive gases are pumped out of the line through use of SAES AP-10 non-evaporable 

getters. Pressures in the spectrometer and extraction line are routinely below ~5x10-9 torr, 

as measured with an ionization gauge. An automated pipette delivers standard aliquots 

for use in measuring sensitivity and mass fractionation. The time required to inlet or

equilibrate a ‘half-split’ of a sample is less than 7 seconds, and the inlet time for a full 

sample is 20 seconds. Typical blanks for the entire system (4 minute gettering time, while 

running sanidine monitor minerals) in May of 2006 are as follows (in moles): 40Ar, 
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2.1x10-16; 39Ar, 1.6x10-17; 38Ar, 3.2x10-18; 37Ar, 2.6x10-18; 36Ar, 1.7x10-18. Computer 

control of the laser, laser optics, extraction line, mass spectrometer, and data recording is 

enabled with National Instruments hardware and the Labview programming environment. 

Initial data reduction is accomplished through an in-house Excel spreadsheet, with final 

reduction using Isoplot (Ludwig, 2003). 

40Ar/39Ar isotopic analyses of the irradiated samples were performed to determine 

their cooling-crystallization ages. The mica grains were individually arranged in a copper 

planchet and placed in a vacuum sealed chamber. To determine the background levels of 

gas in the system, blanks were run before sample analyses and after every fifth sample. 

Air analyses were run daily to confirm the mass spectrometer yields the 40Ar/36Ar ratio of 

295.5. Argon was extracted from the mica grains by fusing individual crystals with single 

laser shots.  Hydrocarbon contaminants or other active gases that may have been present 

were removed by gettering the gas. The gas samples were then passed through the ion 

source and analyzed in the gas mass spectrometer, measuring the individual voltage for 

36Ar, 37Ar, 38Ar, 39Ar, and 40Ar. The argon isotopic ratio data was then reduced; 

corrections were made for background gases and interfering isotopes and ages were 

calculated for the 40Ar*/ 39ArK ratios along with corresponding standard error and 

deviation (as discussed in McDougall and Harrison, 1999).
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ANALYTICAL RESULTS 

Radiometric age determinations included the systematic laser analysis of single 

muscovite crystals. The data are reported as the mean and standard error at the 68% 

confidence level (±1s) of approximately ten analyses for each sample or as a range of 

single-crystal ages (Table 2). Resulting 40Ar/39Ar single-crystal ages vary from 307.1±8.5 

Ma to 667.0±3.9 Ma, the younger samples having single mode distributions and the older 

samples having multiple modes. Younger ages are recorded in muscovite from the 

Cartersville-thrust region and to the north are represented as younger modes in a more 

complex record. The oldest ages are recorded for muscovite proximal to the Great Smoky 

fault, with no single-crystal ages younger than 355 Ma. The overall pattern is a 

predominance of ages close to 330 Ma for the southern (Cartersville) portion of the 

Talladega belt-western Blue Ridge, significantly older ages to the north along the Great 

Smoky fault varying from 355 - 667 Ma (possibly influenced by extraneous argon or a 

relict/detrital component), and ages varying between 328-465 Ma from along the 

Ducktown-Murphy transect. The radiometric data will first be discussed for the twelve 

samples from the Cartersville transverse zone, then for the eleven samples from along the 

Great Smoky fault, and then west to east for the nine samples across the Ducktown and 

Murphy structures.
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Table 2: 40Ar/39Ar data for western Blue Ridge muscovite (SCTF is Single Crystal Total 
Fusion; n is number of analyses; * Ages (Ma) quoted as a mean at 1σ or as a range). 

Study Area Sample Quad Tectonostratigraphic Unit Longit ude Latitude
Dating 
Method

n Age *

CV-1 Acworth Wilhite Formation (Walden Creek Group) -84.746 34.108 SCTF 9 328.6 ± 1.6

CV-2 Otto Formation (Muscovite Schist) -84.769 34.080 SCTF 10 321.7 ± 0.6

CV-3 Dean Formation (Great Smoky Group) -84.769 34.092 SCTF 10 322.8 ± 2.0

CV-4 -84.847 34.058 SCTF 10 329.0 ± 0.6

CV-5a SCTF 9 331.7 ± 1.6

CV-5b SCTF 8 330.6 ± 1.4

CV-6 -84.869 34.075 SCTF 10 322.1 ± 0.8

CV-7a -84.912 34.027 SCTF 10 335.5 ± 0.8

CV-8a SCTF 10 331.1 ± 1.1

CV-8b SCTF 8 322 - 341

CV-9 Acworth Great Smoky Group (undivided) -84.716 34.115 SCTF 10 321.4 ± 0.3

CV-10a
Allatoona 

Dam
Wilhite Formation (Walden Creek Group) -84.692 34.142 SCTF 9 329.6 ± 0.8

WM-1a Waleska
Upper Anakeesta / Wehutty Formations 

(Great Smoky Group)
-84.561 34.325 SCTF 9 337.6 ± 0.5

WM 2 White East Wilhite Formation (Walden Creek Group) -84.643 34.344 SCTF 10 315.5 ± 0.5

WM-3 -84.678 34.454 SCTF 10 325 - 345

WM-4 -84.684 34.454 SCTF 10 334 - 370

WM-5 -84.681 34.454 SCTF 10 328.6 ± 1.1

WM-6 Ludville
Upper Anakeesta / Wehutty Formations 

(Great Smoky Group)
-84.616 34.463 SCTF 10 351.1 ± 1.7

WM-7a
Talking 
Rock

Great Smoky Group (undivided) -84.587 34.546 SCTF 10 338.6 ± 0.7

WM-9a SCTF 10 355 - 367

WM-9b SCTF 10 361 - 480

WM-9c SCTF 10 379 - 667

WM-10 Crandall Pinelog Formation (Snowbird Group) -84.730 34.755 SCTF 10 378 - 391

BB-1 SCTF 10 330 - 371

BB-2 SCTF 10 342 - 381

MS-2 -84.317 35.022 SCTF 9 339.0 ± 0.8

MS-3
Upper Anakeesta / Wehutty Formations 

(Great Smoky Group)
-84.284 35.015 SCTF 9 336 - 408

MS-4b
Persimmon 

Creek
Ammons Formation (Great Smoky Group) -84.249 35.021 SCTF 10 336 - 463

MS-5 -84.062 35.063 SCTF 10 334 - 465

MS-6 -84.045 35.074 SCTF 10 334.7 ± 0.6

MS-7 -84.018 35.095 SCTF 10 328 - 387

MS-8 -84.004 35.082 SCTF 9 332.5 ± 0.5

Pinelog Formation (Snowbird Group)

Ammons Formation (Great Smoky Group)

Copperhill Formation (Great Smoky Group)

Mineral Bluff Formation / Nottely Quartzite 
(Murphy Belt Group)
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CARTERSVILLE TRANSVERSE ZONE 

Laser 40Ar/39Ar analysis of twelve samples from the Cartersville-thrust region 

(Figure 20 and Appendix 2) yield single crystal total fusion ages with means that range 

between 321.4±4.0 Ma and 335.5±0.8 Ma. Probability distributions and isotope-

correlation diagrams (Figures 21 and 22) are presented first for samples collected from 

the northeast extension of the Talladega Belt. Figures 23 and 24 present the results for 

samples collected from the zone where the Lay Dam Formation has been correlated along 

strike into the western Blue Ridge (Tull and Holm, 2005). In general, each sample tends 

to yield single-crystal ages that are normally distributed, and thus a mean age and 

standard error of the mean are reported for each. There is no systematic variation among 

mean ages for samples of the Lay Dam Formation across the Cartersville transverse zone 

from the Talladega belt into the western Blue Ridge.  

A few samples yielded a crystal with an age significantly younger than the mean 

(CV8a, CV8b, CV6, and CV10). Samples CV6 and CV8a are phyllites of the Lay Dam 

Formation. CV8b was collected from a boudinaged quartz vein and its age is best 

expressed as a range (322-341 Ma; Figure 21g). Sample CV10, a schist from the Wilhite 

Formation, yielded one crystal with an age somewhat younger than the mean (325±1 Ma; 

Figure 24d). The younger single-crystal ages among these samples could correspond with 

crystals that had higher defect density or smaller size, and thus lower closure temperature 

than typical of the group. 

Samples CV1 and CV5a, phyllites from the Lay Dam Formation, yielded a few 

single-crystal ages significantly older than the respective means (Figures 22 and 23). The 

older single-crystal ages among these samples could be the result of a small proportion of 
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older muscovite, that could be due to incorporation of detrital minerals or muscovite from 

an earlier episode of metamorphism. 

 

Figure 20: Geologic map of the Cartersville transverse zone and locations for samples 
represented in Figures 21-24 (adapted from Tull and Holm, 2005).
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Figure 21: Inverse-isochron and age-probability plots for argon-isotopic data of 
Cartersville samples CV7a (a-b), CV6 (c-d), CV8a (e-f), and CV8b (g-h) (data-point 
error crosses are 1σ).
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Figure 22: Inverse-isochron and age-probability plots for argon-isotopic data of 
Cartersville samples CV5a (a-b), CV5b (c-d), and CV4 (e-f) (data-point error crosses are 
1σ).
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Figure 23: Inverse-isochron and age-probability plots for argon-isotopic data of 
Cartersville samples CV3 (a-b), CV2 (c-d), and CV1 (e-f) (data-point error crosses are 
1σ).
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Figure 24: Inverse-isochron and age-probability plots for argon-isotopic data of 
Cartersville samples CV9 (a-b) and CV10 (c-d) (data-point error crosses are 1σ).
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GREAT SMOKY FAULT 

Seven samples collected from the vicinity of the Cartersville-Great Smoky fault in 

the western Blue Ridge (Figure 25 and Appendix 2) yield mean 40Ar/39Ar ages that vary 

between 315.5±0.5 Ma and 351.1±1.7 Ma. Five of these samples tend to yield single-

crystal ages that are normally distributed, and thus a mean age and standard error of the 

mean are reported for each. Figures 26 and 27 present the results for samples collected 

from various formations of the Ocoee Supergroup, west of the Murphy synclinorium and 

north of the Cartersville transverse zone. Sample WM2, a phyllite of the Wilhite 

Formation, yielded the youngest mean age (315.5±0.5 Ma; Figure 26c) of all samples in 

this study and may be due to a locally-younger zone of deformation. Sample WM6, a 

phyllite of the Great Smoky Group, yielded a mean age of 351.1±1.7 (Figure 27c) 

somewhat older than other samples in this region and could be the result of slow cooling 

from an earlier event. Two samples yielded some crystals with a relatively complex 

distribution (WM3, WM4). Sample WM3 is a schist of the Pinelog Formation and its 

single-crystal ages are best expressed as a range from 325-345 Ma (Figure 26e). Also, 

sample WM4, a phyllite of the Pinelog Formation, yields ages ranging from 334-370 Ma 

(Figure 26g). The notably wide variation in ages among crystals in samples WM3 and 

WM4 could be due to polymetamorphism or perhaps the influence of detrital minerals.
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Figure 25: Geologic map of the Cartersville-Great Smoky fault and locations for samples 
represented in Figures 26-27 (adapted from Tull and Holm, 2005).
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Figure 26: Inverse-isochron and age-probability plots for argon-isotopic data of 
Cartersville-Great Smoky fault samples WM1a (a-b), WM2 (c-d), WM3 (e-f), and WM4 
(g-h) (data-point error crosses are 1σ).
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Figure 27: Inverse-isochron and age-probability plots for argon-isotopic data of 
Cartersville-Great Smoky fault samples WM5 (a-b), WM6 (c-d), and WM7a (e-f) (data-
point error crosses are 1σ).



 58 

Farther north, four samples from the vicinity of the Cartersville-Great Smoky 

thrust front in the western Blue Ridge (Figures 28 and 29, and Appendix 2) yield 

complex distributions of single-crystal ages, and thus an age range is reported for each. 

The minimum ages are as young as ~355 Ma, however ages older than any plausible 

timing of Paleozoic metamorphism are also present.  Samples WM9a, 9b, and 9c are 

metasiltstones from the Ammons Formation and were collected proximal to the fault 

(WM9c directly from the fault zone). Sample WM10 is a phyllite from the Pinelog 

Formation collected proximal to the Fort Mountain culmination. The age variation among 

the crystals in these rocks could be due to polymetamorphism, brittle deformation effects 

that may have introduced extraneous argon, or influence by detrital minerals. 

 

Figure 28: Geologic map of the Great Smoky fault and locations for samples represented 
in Figure 29 (adapted from Tull and Holm, 2005).
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Figure 29: Inverse-isochron and age-probability plots for argon-isotopic data of Carter 
Lake samples WM9a (a-b), WM9b (c-d), and WM9c (e-f), and Chatsworth sample 
WM10 (g-h) (data-point error crosses are 1σ).
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DUCKTOWN-MURPHY TRANSECT 

Nine samples collected along U.S. Hwy. 64 between Ducktown, Tennessee and 

Murphy, North Carolina in the western Blue Ridge (Figure 30 and Appendix 2) yielded 

single-crystal 40Ar/39Ar ages varying between 327.9±2.6 Ma to 465.5±6.6 Ma. The 

samples of the Ocoee Supergroup (BB1, BB2, MS2, MS3, and MS4b) tend to yield 

complex single-crystal age distributions and the samples of the Mineral Bluff Group 

(MS5, MS6, MS7, and MS8) tend to yield normally distributed single-crystal ages 

(Figures 31-33). Sample MS2, a metasandstone of the Copperhill Formation in the 

Ducktown anticlinorium, is an exception as it yielded normally distributed single-crystal 

ages with one crystal somewhat older than the mean (345±1 Ma; Figure 31e). Samples 

MS5 and MS7, phyllites of the Mineral Bluff Group in the Murphy synclinorium, both 

yielded a crystal with an age significantly older than the mean (Figure 32e and 33c).
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Figure 30: Geologic map of the Ducktown and Murphy structures and locations for 
samples represented in Figures 31-33 (adapted from Tull and Holm, 2005). 
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Figure 31: Inverse-isochron and age-probability plots for argon-isotopic data of 
Ducktown samples BB1 (a-b), BB2 (c-d), and MS2 (e-f) (data-point error crosses are 1σ).
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Figure 32: Inverse-isochron and age-probability plots for argon-isotopic data of 
Ducktown – Murphy samples MS3 (a-b), MS4b (c-d), and MS5 (e-f) (data-point error 
crosses are 1σ).
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Figure 33: Inverse-isochron and age-probability plots for argon-isotopic data of Murphy 
samples MS6 (a-b), MS7 (c-d), and MS8 (e-f) (data-point error crosses are 1σ).
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INTERPRETATION OF RESULTS 

Considering the results for samples obtained near the Cartersville transverse zone 

(n=12), muscovite appears to record cooling-crystallization over a range of time between 

335-320 Ma (see Table 2). These Middle to Late Mississippian ages have a bimodal 

cumulative distribution and are suggestive of Serpukhovian and Visean components 

(Figure 34). Individually, all of these samples yielded simple age distribution regardless 

of metamorphic textural complexity. These results are consistent with work in the 

Talladega belt (McClellan et al., 2007), and are interpreted to indicate that Middle to Late 

Mississippian (Alleghanian) tectonic events dominate metamorphic and structural 

evolution as far north as the Cartersville transverse zone in the western Blue Ridge.
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Figure 34: a) Cumulative-distribution plot of age probabilities for muscovite collected 
from vicinity of the Cartersville transverse zone. b) Map of sample localities (adapted 
from Tull and Holm, 2005).
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Considering the results for samples obtained farther north (Figure 35), along the 

Cartersville-Great Smoky fault (n=7), muscovite appears to record a complex cooling-

crystallization history. In this region, however, the age distribution tends to form a 

prominent Visean mode (Figure 35a) similar to the Cartersville samples. Results obtained 

in this region are consistent with a Mississippian (Visean) age of deformation and 

metamorphism that is superimposed on relict-mineral assemblages of an earlier 

metamorphic event.
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Figure 35: a) Cumulative-distribution plot of age probabilities for muscovite from 
vicinity of the Cartersville-Great Smoky fault. Sample WM2 (315.5 Ma) yielded the 
youngest age in this study. b) Map of sample localities (adapted from Tull and Holm, 
2005).
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Muscovite sampled proximal to the Great Smoky fault, at Carter Lake and 

Chatsworth, yielded pre-Carboniferous ages with a complex cumulative distribution, 

showing prominent Middle to Late Devonian modes (Figure 36). Individually, these 

samples generally yield complex age distributions, have complex metamorphic textures, 

show evidence of cataclasis, and are considered unreliable due to possible extraneous 

argon and presence of detrital or relict micas. The Chatsworth sample (WM10) yielded a 

pre-Carboniferous age with a simple age distribution, showing a prominent Late 

Devonian peak (Figure 36). A pre-Carboniferous history, possibly relict (Acadian or 

Taconian), is recorded in western Blue Ridge rocks north of Carter Lake, but that history 

cannot be discerned from data of this study.
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Figure 36: a) Cumulative-distribution plot of age probabilities for muscovite collected 
farther north (Carter Lake and the Fort Mountain structure) and more directly from fault, 
yield pre-Carboniferous ages. b) Map of sample localities (adapted from Tull and Holm, 
2005).
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Considering the results for samples obtained to the northeast, along the 

Ducktown-Murphy transect (Figure 37), muscovite yielded a complex cooling-

crystallization history in Ocoee Supergroup rocks (Ducktown anticlinorium) with 

prominent Visean and less prominent Tournaisian cumulative-distribution modes. 

Samples from this transect in rocks of the Mineral Bluff Group (MS-5, MS-6, MS-7, and 

MS-8; Figures 30, 32, and 33) have a strong tendency to yield normal distributions with 

prominent Visean modes.  A small percentage of the muscovite yielded pre-

Carboniferous ages, interpreted to reflect polymetamorphism, relict or detrital grains, the 

result of accumulating extraneous argon, or combinations of these effects. These results 

indicate that north of the Cartersville transverse zone, Early-Middle Mississippian 

(Alleghanian) tectonic events dominate metamorphic and structural evolution in rocks 

above the Lay Dam unconformity (Mineral Bluff Group). Below the unconformity 

(Ocoee Supergroup rocks), a record of early-generation muscovite growth is overprinted 

by Alleghanian tectonothermal effects.
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Figure 37: a) Cumulative-distribution plot of age probabilities for muscovite collected 
from the Ducktown-Murphy structures. b) Map of sample localities (adapted from Tull 
and Holm, 2005).
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DISCUSSION 

Middle Mississippian (Visean) ages recorded in muscovite from phyllites and 

schists of the western Blue Ridge-Talladega belt (see Figure 38) are interpreted to record 

metamorphism, ductile deformation, and synchronous rapid cooling. These Visean ages 

are somewhat older than the traditionally accepted Pennsylvanian range for the age of the 

Alleghanian event (e.g., Hatcher, 1987). The Alleghanian, therefore, comprises orogenic 

events as old as Early Mississippian. Furthermore, these ages are substantially younger 

than the Late Devonian to Early Mississippian ‘Neoacadian’ event (e.g., Hatcher, 2004, 

2006). Considering the low metamorphic grade of rocks dated in this study - and thus 

short time for any post-metamorphic cooling to significantly affect ages - the Visean ages 

of this study are not likely to result from a Neoacadian event.   

The youngest rocks of the southern Appalachian Valley and Ridge (including the 

lower Pennsylvanian Pottsville Formation) contain syn-orogenic strata that were 

overridden and deformed by the final emplacement of the western Blue Ridge-Talladega 

belt (Figure 39). Dominantly Visean ages recorded in muscovite of the western Blue 

Ridge-Talladega belt are older than the Pottsville Formation. This means the muscovite 

in low-grade metamorphic rocks of the western Blue Ridge-Talladega belt crystallized 

and cooled in a distal location, presumably far to the east of their present location, prior 

to final emplacement and juxtaposition with the Valley and Ridge province. 
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Figure 38: Visean (Mississippian) ages recorded in muscovite of this study (mean ages 
from Table 2 with error bars representing one standard deviation are shown to the right), 
in comparison with divisions of the Carboniferous Period. The ‘GTS 2004’ of the 
International Commission on Stratigraphy (Gradstein et al., 2004) is the timescale used in 
this study. See Gradstein et al. (2004) for additional references to earlier timescale 
versions in this figure. The comparison of timescales above was created with utilities in 
the International Commission on Stratigraphy web site: http:/www.stratigraphy.org.
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Figure 39: Map of study area showing the distribution of Mississippian ages yielded from 
rocks of the western Blue Ridge – Talladega Belt and the general stratigraphy of 
deformed-clastic units in the foreland (adapted from Tull and Holm, 2005). See Table 2 
for specific sample coordinates.
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Pre-Carboniferous ages recorded in muscovite from schists proximal to the Great 

Smoky fault and the transect through the Ducktown and Murphy structures are 

interpreted to reflect Taconian metamorphism and a protracted thermal history. However, 

it is possible that the effects of extraneous argon, and ‘inheritance’ of detrital mica, may 

have strongly influenced these older ages. 40Ar/39Ar analyses using incremental-heating 

methods would clarify the interpretation of these ages because those methods provide a 

convenient test for the presence of extraneous argon. All ages recorded in muscovite from 

phyllites near the Cartersville transverse zone of the western Blue Ridge–Talladega belt, 

and within the Mineral Bluff Group (Murphy synclinorium), tend to define normal 

distributions and occur within a range from 325-335 Ma. These Visean ages are 

interpreted to correspond with intense Middle-Late Mississippian deformation and a 

single, dominant low-grade Alleghanian metamorphic event having affected these units. 

This finding is consistent with the inference that the Lay Dam Formation (Talladega belt) 

and Mineral Bluff Group (western Blue Ridge) show evidence of a single low-grade 

metamorphism (Tull, 1988). 
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CONCLUSIONS 

Middle Mississippian (Visean) ages of ca. 330 Ma record an “early” Alleghanian 

event, which affected the Laurentian margin, in muscovite from lower-greenschist 

phyllites and schists of the western Blue Ridge-Talladega belt. These ages are interpreted 

to record metamorphism and ductile deformation in those terranes, likely synchronous 

with rapid cooling. No record of pre-Carboniferous thermal disturbance is present, 

proximal to the Cartersville transverse zone, in muscovite from Lay Dam Formation and 

Mineral Bluff Group phyllites. Single-crystal ages older than Carboniferous are also 

relatively rare, farther north, in Mineral Bluff Group phyllites inside the Murphy 

synclinorium. 

The Visean ages do not record final emplacement of the western Blue Ridge-

Talladega belt onto non-metamorphosed rocks of the Valley and Ridge province. As 

final emplacement of the western Blue Ridge-Talladega belt metamorphic terrane 

occurred along the dominantly brittle Great Smoky-Cartersville thrust and Talladega 

thrust. Dynamic metamorphism along the thrusts was sufficiently low in metamorphic 

grade not to result in substantial growth and recrystallization of muscovite. 

The present author interprets the Alleghanian orogeny in the southern 

Appalachians to comprise multiple Early Mississippian to Permian events. First, during 

the Mississippian, terrane accretion and continent-continent collision resulted in regional 

metamorphism and the associated ductile deformation and muscovite growth. Later,



 78 

during the Pennsylvanian to Permian, further thrusting of this metamorphosed coastal 

margin terrane resulting in brittle deformation and final emplacement onto the Valley 

and Ridge province.    

A Taconian metamorphic event and subsequent protracted thermal history is 

interpreted to be reflected in the complex single-crystal age distributions typical of 

muscovite found in phyllites and schists of the western Blue Ridge below the Lay Dam 

unconformity and away from the Cartersville transverse zone. As there are complex 

distributions of single-crystal ages in these polymetamorphic rocks, techniques that tend 

to homogenize muscovite (specifically, K/Ar sample processing and in vacuo 40Ar/39Ar 

incremental-heating analyses) seem likely to yield average, or hybrid, results that may not 

accurately record geologic history.
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