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ABSTRACT 

  
 The Paleozoic growth of the eastern margin of the North American continent is 

exemplified by the amalgamation of a series of terranes due to the closure of 

intervening ocean(s) and the obduction of fragments of oceanic and continental crust. 

The Appalachian orogen has traditionally been described as a culmination of three 

distinct events including the Taconic, Acadian, and Alleghanian orogenies. While 

evidence of the aforementioned discrete events has been well documented in the 

Appalachians in general, substantiation of the effects and timing of each orogeny 

appears to be more ambiguous regionally, likely requiring differing tectonic models 

along strike of the orogenic belt. The response of Laurentia to orogenesis is important in 

determining the timing and extent of Paleozoic accretionary events as well as 

characterizing the accreted terranes themselves. 

Tectonic models of classically studied mountain belts including the Alps, 

Himalayas, and Appalachians were constructed relying heavily on identifying collisional 

structures formed during closure of an intervening ocean(s). The modern Pacific margin 

represents an alternative to collisional models termed accretionary orogenesis. 

Accretionary orogenesis is also variable in that there may be an advancing subduction 

boundary or a retreating subduction boundary (extensional accretionary orogen). 

This study examines the role of crustal growth in an accretionary margin along 

the southeastern margin of Laurentia during a time of extensive (orogen-wide) arc 

accretion and closure of an intervening ocean commonly associated with the 

Ordovician-aged Taconic orogeny. Structural, stratigraphic, geochemical and isotopic 

evidence suggest that the southeastern margin of Laurentia (Alabama promontory) 

remained open to an ocean (as an accretionary orogen) until at least the Acadian and 

possibly as late as the Alleghanian orogeny.  The structural architecture of the terrane-

bounding fault (Allatoona and Hollins-Line faults) systems and adjacent terranes and 
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petrogenesis of arc-related volcanics and plutonic bodies provides insight into the early 

Paleozoic evolution of the southeastern margin of Laurentia. 



CHAPTER 1 

INTRODUCTION 

 

1.1 Purpose and scope of study 

 

 Models of Appalachian Paleozoic orogenesis (herein referred to as the 

Appalachian orogen) have traditionally solicited three discrete orogenic events, Taconic, 

Acadian, and Alleghanian, to elucidate the current architecture of the Appalachian 

mountain belt (fig. 1.1). These orogenic events are substantiated throughout the orogen, 

but are not manifest equally along the extent. Models of the southern Appalachians (e.g. 

Moecher et al., 2004; Hatcher, 1978, 1989) in general, and specifically the southeastern 

margin of Laurentia appear to be no exception to orogen-wide along-strike variations. 

Tectonic models of classically studied mountain belts such as the Alps, Himalayas, and 

Appalachians rely heavily on resulting structural architecture derived from collisional 

events including colliding arcs and microcontinents, and terminal continent-continent 

collision. Often models of collisional orogenesis, especially the Appalachian orogen, 

follow the archetypal Wilson Cycle (Wilson, 1966) of opening and closing of intervening 

oceans. These collisional tectonic models, however, cannot account for all the new 

crust being added to the host continent. The addition and inclusion of juvenile crust into 

a mountain belt requires that accretionary (both contractional and extensional) 

processes persist during collisional orogenesis. It is the inherited structural architecture 

of rifted margins (Thomas, 1991, 2006), here specifically eastern Laurentia after the 

break-up of Rodinia, that allows for diverse concomitant orogenic processes along strike 

(see Tull and Holm, 2005) and the variations recognized along orogenic belts.  

This study examines the origin and sequence of crustal growth along the 

southeastern margin of Laurentia during the early Paleozoic, a period of Appalachian
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Figure 1.1 Digital elevation model of the United States (USGS Map I-2206). Modified from Thelin and Pike (1991).
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orogenesis commonly associated with extensive arc accretion and closure of an 

intervening ocean, commonly associated with the Ordovician-aged Taconic orogeny. 

Structural, stratigraphic, geochemical and isotopic evidence suggests that the 

southeastern margin of Laurentia remained open to an ocean (as an accretionary 

orogen) until at least the Mid-Paleozoic Acadian orogeny and possibly as late as the 

Early-Carboniferous Alleghanian orogeny. Evidence of extensional accretionary 

orogenic volcanism is found as bimodal volcanic sequences bearing primitive (or 

juvenile) mafic materials as well as extensive concomitant plutonism in adjacent 

terranes that may have been emplaced in a highly extended (rather than thickened 

crust) Laurentian continental margin. The implications of this study are that what has 

traditionally been referred to as accreted terranes (possibly of exotic nature or as 

microcontinents) of the southern Appalachians may have originated along the slope rise 

of the Laurentian continental margin (Drummond, 1994), and volcanic and plutonic 

emplacement occurred during a period of extensional accretionary orogenesis.  

 

1.2 Methodology of study 

 Detailed mapping (1:24,000 scale to outcrop scale) of lithologic, stratigraphic, 

and structural characteristics along the southeastern margin of the Laurentian realm is 

employed to elucidate tectonic relationships between the continental margin Talladega 

belt (TB)/ western Blue Ridge (WBR) sequences and the accreted terranes of the 

eastern Blue Ridge (EBR). This work includes mapping of four separate USGS 7.5’ 

quadrangles in Georgia and partial mapping of adjacent quadrangles. Also, refinement 

of the stratigraphic assignments for a number of units in this study has been revised to 

better follow the stratigraphic code (North American Commision on Stratigraphic 

Nomenclature, 1983). The boundary between the TB/WBR and EBR, known as the 

Allatoona and Hollins-Line fault systems, is examined in order to determine the 

kinematic history and timing of accretion of the EBR terranes onto the Laurentian 

margin sequences (TB/WBR). Stratigraphic age relationships within the TB/WBR 

sequences, and relative to the Allatoona and Hollins-Line fault systems, are important in 

order to constrain timing of accretion onto Laurentian margin sequences. Stratigraphic 

age relationships within the EBR are difficult to determine because of the absence of 

3 



fossil assemblages, poorly constrained stratigraphic contacts, and modification by 

intense (amphibolite facies) metamorphism and deformation. Investigation of the 

lithologies within the EBR, specifically igneous rock (volcanic and plutonic) bodies, is 

utilized to constrain the age (zircon U-Pb and Rb/Sr whole-rock geochronology), 

tectonic setting and petrogenesis (major and trace element geochemistry), and 

relationship to the underlying continental or oceanic crust (Nd and Sr whole rock isotope 

geochemistry). Detrital components of the EBR are also analyzed by U-Pb zircon and 

Sm/Nd whole-rock isotope geochronology to constrain the source and upper age limits 

of this terrane.     

 

1.3 Geographical setting 

  

 Detailed mapping for this investigation is focused along the Allatoona fault from 

Villa Rica to Canton in northern Georgia. Samples were collected from the Alabama 

coastal plain onlap (around Alexander City) to as far northeast as Elijay, Georgia. 

Because of the wide geographical setting of this research, specifically examination of 

the eastern Blue Ridge granitoids, this project has benefited from the detailed mapping 

of previous workers. Each investigator and reference will be cited as appropriate 

throughout the manuscript.   
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CHAPTER 2 

GEOLOGY OF THE SOUTHERN APPALACHIAN BLUE RIDGE 

 

2.1 Tectonic elements of the southern Appalachians 

 

 The southern Appalachian orogenic belt can be subdivided according to a series 

of discriminating factors. On a first order scale, the Appalachians can be subdivided into 

a western, Laurentian realm, and to the east, a non-Laurentian, or accreted terranes, 

realm (fig. 2.1). The Laurentian realm consists of a non-deformed plateau and foreland 

fold and thrust belt containing deposits from a molasse basin, platform sedimentary 

rocks and eastward thickening synorogenic clastic wedge deposits. The Appalachian 

metamorphic core contains a low (sub-chlorite) to high metamorphic grade (granulite 

facies) portion of external basement massifs and Laurentian margin deposits termed the 

Talladega belt (Alabama and western Georgia) and western Blue Ridge (northeast of 

Cartersville, GA). The accreted portion of the Appalachian orogen consists of a series of 

terranes or composite terranes that contain vestiges of volcanic arcs, oceanic crust, and 

exotic and suspect crustal materials. The accreted terranes are likely highly-

allochthonous, of relatively high metamorphic grade, and are distinguished by their 

affinity to non-Laurentian realms. The terranes of the accreted realm within the 

Appalachians have been classified as such by, for example the occurrence of 

Gondwanan paleontological assemblages (e.g. Cramer, 1973), similarities to rock 

assemblages of western Africa (Rodgers, 1970), isotopic correlation signatures of 

distinct terranes, and paleogeographic investigations (e.g. MacNiocaill et al., 1997), 

establishing unique tectonic histories prior to accretion onto Laurentia. Overall, the 

accreted terranes of the Appalachians represent a complex collage with a protracted 

tectonic history beyond the scope of this study. As an example, Hibbard (2000)  

examines different tectono-chronological models for accretion of the Carolina terrane
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Figure 2.1 Map illustrating major tectonic components along eastern North America 
including the western extent of deformation due to the amalgamation of two 
supercontinents during the Mesoproterozoic Grenville orogeny (Rodinia) and Paleozoic 
Appalachian orogeny (Pangea). Modified from Thomas (2006).  
 

 

 

6 



to Laurentia. The Carolina terrane is a geographically extensive segment of the 

accreted terranes. It exhibits evidence of a protracted tectonic history and remains an 

unresolved and highly debated tectonic problem in the southern Appalachians.   

 

2.2 Geologic setting of the southern Appalachian Blue Ridge 

 

2.2.1 Rifted margin setting 

After the Mesoproterozoic assembly of Rodinia and conclusion of the Grenville orogeny, 

multi-stage rifting commenced around 760 Ma (Aleinikoff et al., 1995) and continued 

through the late Proterozoic to early Cambrian as evidenced by widespread extension-

related magmatism (Odom and Fullager, 1984; Badger and Sinha, 1988) and erosion of 

the Grenville highlands that was deposited into the western margin of the Iapetus 

Ocean basin. Sedimentation subsequently evolved into a stable margin drift facies, 

covering the rift-stage sediments. The late Precambrian to early Cambrian rifted margin 

of Laurentia (fig. 2.2) contained a series of promontories and embayments offset from 

each other by transform faults. These rift-related features maintained differing crustal 

geometries as upper and lower plate segments as suggested by Thomas (1977, 1991), 

based upon continental-scale, low-angle, asymmetric rifting models of Wernicke (1985) 

and Lister et al. (1986, 1991). Thomas (1977, 1991, 2006) also suggested that 

promontories and embayments correspond with the future locus of structural recesses 

and salients respectively. The distributions of thickness and facies along the Laurentian 

margin reflect the structural architecture of the upper and lower plate margins. In the 

southern Appalachians, a reversal in the polarity of rifting plates occurs along the 

Cartersville transfer fault (Tull and Holm, 2005), which demarcates the boundary 

between the upper plate Alabama promontory and the lower plate Tennessee 

embayment (fig. 2.3). A series of rift-detached basement slices formed outer basement 

highs within the lower plate Tennessee embayment. Within the Tennessee embayment, 

the initial rift- related sedimentation consisted of the alluvial, fluvial, and shallow marine 

Snowbird 
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Figure 2.2 Rifted margin of eastern Laurentia after the breakup of Rodinia (approximately late-Precambrian to early 
Cambrian). Dashed lines represent major transform faults and thin black lines are representative of rift margin. Note the 
location of the Ocoee Supergroup and the rift-detached Precambrian basement to the east along the Tennessee 
embayment. Modified from Thomas (1991, 2006).

8 



 

 

Figure 2.3 Model and cross-section of the geology across a major transfer fault between 
the Alabama promontory (AP) and the Tennessee embayment (TE). (A) Three-
dimensional model of the upper plate (AP) and lower plate (TE). (B) Along-strike cross-
section of the AP, across the transfer fault, and into the lower plate margin TE. Modified 
from Tull and Holm (2005). TG, Talladega Group; KMG, Kahatchee Mountain Group; 
SMG, Sylacauga Marble Group; NBFU, Nantahala Brasstown Formation 
unidifferentiated; MBG, Mineral Bluff Group; MM, Murphy Marble; (s), sill; (d), dike; (v) 
volcanic. 
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group (lowermost portion of the Ocoee Supergroup) containing immature sediments 

derived from Grenville basement materials sourced from the eastern basement highs.  

Later, as rifting became more extensive, the Great Smokey Group was deposited as a 

thick, >10km thick, deeper water turbidite sequence (Li and Tull, 1998). The Ocoee 

Supergroup terminates against the Cartersville transfer fault as the Laurentian margin 

switches from a lower to upper plate margin. Along the Alabama promontory, an upper 

plate margin, there are no known deep rift-related basins, though the eastern Blue 

Ridge Ashland-Wedowee belt -Emuckfaw Formation may be equivalent to Laurentian 

affininty slope rise basinal facies (Tull, 1978; Thomas et al., 1980; Stow et al., 1984; 

Drummond et al., 1994, 1997). 

 

2.2.2 Drift facies of the southern Appalachians 

 The Ocoee Supergroup in the Georgia and North Carolina Blue Ridge was 

conformably overlain by the Nantahala and Brasstown Formations (NBF), likely 

equivalents to the cosmopolitan, drift facies, shallow marine assemblages of the Lower 

Cambrian Chilhowee Group (Aylor, 1994). The Lower Cambrian (?) NBF are 

subsequently overlain by the Murphy Marble and altogether constitute the Cambrian 

Hiawassee River Group of Tull et al. (1991). The Talladega belt extends from the Blue 

Ridge across the Cartersville transverse zone, where stratigraphic thicknesses 

decrease to ~1 km, to the southwest across the Alabama recess until it is overlapped by 

Upper Cretaceous deposits of the Gulf Coastal Plain. The Talladega belt likely 

represents a distal, outboard fragment of the Laurentian continental margin and is highly 

allochthonous based on palinspastic restoration of Alleghanian thrust sheets (Ferrill and 

Thomas, 1988). The Talladega belt however, lacks evidence for inclusion of the rift 

stratigraphy found in the Blue Ridge to the northeast as the stratigraphic level of 

Alleghanian thrust sheet detachment is no lower than the base of the Chilhowee-

equivalent Kahatchee Mountain Group (fig. 2.3b).  Figure 2.4 exhibits variations from 

the Talladega belt into the western Blue Ridge, including thickening of the stratigraphy 

and the inclusion of external basement (Grenville) massifs northeast of Cartersville, GA. 

The Kahatchee Mountain Group and Sylacauga Marble Group (SMG) are likely 

equivalents to the Hiawassee River Group of the western Blue Ridge (Tull and Holm, 
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2005) whereas the SMG also correlates with the Cambrian-Ordovician carbonate shelf 

of the Appalachian foreland (Johnson, 1999; Johnson and Tull, 2002; Tull et al., 1988). 

 

2.2.3 Regional unconformity and clastic wedge (response to tectonism?) 

 Along the Talladega belt (TB) and western Blue Ridge (WBR) a regional 

unconformity occurs at the base of the Lay Dam Formation (lower part of Talladega 

Group) and Mineral Bluff Groups (WBR) and cuts down irregularly as deep as the 

Kahatchee Mountain Group (TB) and Ocoee Supergroup (WBR) (fig. 2.3b). Above the 

unconformity in the TB is a major clastic wedge sequence (successor basin), the 

Talladega Group. The lower siliciclastic sequence in the Talladega Group, the Lay Dam 

Formation, a probable equivalent of the Mineral Bluff Formation in the WBR, contains 

immature sedimentary units including olistostromal, arkosic sandstone, conglomerates, 

and turbidite facies (Tull and Telle, 1989). The source materials include lithic fragments 

derived from the underlying Kahatchee Mountain Group and Syllacauga Marble Group 

as well as a dominant population of Grenville basement clasts in the olistostromal units, 

suggesting exposed basement at the time of deposition. The lower age restriction of the 

Lay Dam Formation is only constrained by the youngest unit below the unconformity, an 

Early Ordovician conodont assemblage (Tull et al., 1988). The upper portion of the Lay 

Dam Formation contains post-Ordovician (Silurian-Mississippian) conodonts (Tull et al., 

1988). Conformably above the Lay Dam Formation is the Lower Devonian Cheaha-

Butting Ram Quartzites. These correlative units represent a time of regional margin 

stability as they exhibit an increase in physical and chemical maturity of sediments as 

well as a decrease in source materials (reworking of sediments rather than supply from 

highlands). Overlying the clean quartzites is the starved basin Erin Slate that is 

intercalated with the Jemison Chert (Tull, 1982). The youngest age of these upper units 

is constrained by the occurrence of a Periastron reticulatum fossil, as reported by 

Gastaldo (1995). Beck (1978) notes that this particular fossil could range from the 

Middle Devonian to Tournaisian placing an upper age limit at ~350 Ma. Because the 

Talladega belt contains the most complete Lower to Middle Paleozoic stratigraphy in the 

southern Appalachian Blue Ridge and its original depositional position was along the 
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Figure 2.4 Generalized geologic map of the southernmost Appalachian Blue Ridge. Modified from Tull and Holm (2005)
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distal portion of the Laurentian margin, it is important to examine in terms of response to 

orogenesis. Late Paleozoic deformation associated with the Alleghanian orogeny 

telescoped and transported thrust sheets over long distances, making it difficult to 

decipher pre-Alleghanian structures. The Middle Ordovician-Middle Silurian Taconic 

orogenic event (Drake et al., 1989) exhibits no evidence of thrust faults and the 

synorogenic Blount clastic wedge thins significantly from the Tennessee embayment to 

the southwest and occurs only as a fringe (Athens Shale) along the Alabama 

promontory. After palinspastic restoration of the Appalachian thrust sheets, Thomas 

(2004) suggests that Taconic deformation may have only been proximal to the most 

outboard portion of the Laurentian margin. Tull’s (1998) retrodeformation of the pre-Lay 

Dam Formation unconformity shows that older units of the Kahatchee Mountain Group 

and Syllacauga Marble Group were only mildly warped into broad open folds, 

supporting the idea that the Taconic orogenic event had little effect on deformation of 

cover rocks across the Alabama promontory.  

The Acadian orogenic event modified the Appalachian margin (Osberg et al., 

1989) and is associated with the Early Devonian onset of flysch deposition in the 

northern Appalachians and development of the Middle-Late Devonian regionally 

extensive Catskill Delta syn-orogenic clastic wedge centered in New York and 

Pennsylvania. In the foreland of the southern Appalachians, along the Alabama 

promontory, no significant Devonian clastic wedge is present. The Lay Dam Formation 

is a thick clastic wedge of similar character to the flysch deposits of the northern 

Appalachians, but probably younger in age. The upper units of the Talladega Group, 

Cheaha/Butting Ram Quartzites and the Jemison Chert/ Erin Slate are of similar age to 

the Catskill Delta, but represent a period of margin stability along southeast Laurentia 

rather than syn-orogenic siliciclastic deposition (Tull, 2002). The tectonic origin of the 

Lay Dam basin has been proposed to be restricted to a transtensional pull-apart basin 

or a fault-bound basin (Ferrill and Thomas, 1988; Tull, 1998). Thomas (2004) suggested 

that at the palinspastically restored (removing Alleghanian deformation) location of the 

Talladega belt, there was no deformation, tectonic loading, or thrust propagation during 

the Acadian orogeny. 
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 2.2.4 Accreted (?) terranes of the southern Appalachian Blue Ridge 

 Above the Laurentian affinity Talladega Group in the Alabama recess is the 

arc/back-arc affinity Hillabee Greenstone (HG), a bimodal volcanic sequence containing 

mafic and felsic lithologies and primary extrusive features (Tull and Stow, 1980). 

Originally thought to be conformably above the Jemison Chert/Erin Slate (Tull,1982), 

206Pb/207Pb (Russel, 1978) and 206Pb/238U (McClellan and Miller, 2000) zircon ages of 

~450-470 Ma from a felsic unit within the HG suggest that there must be a tectonic 

boundary at the base (Barineau and Tull, 2001; McClellan et al., 2005). The HG and 

structurally lower Talladega Group maintain the same deformational features and lower-

greenschist metamorphic grade across their contact suggesting that accretion of the 

volcanic complex was pre- or syn-metamorphic. Constraints can be made as to the 

timing of accretion based on the age of the youngest unit in the Talladega Group 

(Devonian-Early Mississippian). The HG in its current structural setting is part of a fault 

duplex, the Hollins-Line fault, and is in the footwall overthrust by the high metamorphic 

grade eastern Blue Ridge composite terrane. To the northeast, in the hanging wall of 

the Allatoona fault, is the Pumpkinvine Creek Formation (PCF), an Ordovician bimodal 

volcanic sequence similar in age and composition to the HG, but in a different structural 

position (eastern Blue Ridge) and at a higher (amphibolite) metamorphic grade. The 

PCF and HG are likely fragments of an arc/back-arc complex developed along the 

Laurentian margin during Ordovician back-arc rifting. Timing of accretion of the PCF is 

contingent upon its relationship with the HG. The southern Appalachian eastern Blue 

Ridge is a composite terrane (e.g. the Jefferson composite terrane of Horton et al., 

1989), consisting of metasediments, amphibolites, and plutonic suites. A detailed 

geologic history of the arc-related terranes and the adjacent eastern Blue Ridge 

terranes is discussed in the following chapter.  

 

2.2.5 Early-Middle Paleozoic deformation in the Blue Ridge 

 Deformation in the Blue Ridge is constrained by a series of isotopic 

geochronology investigations and structural relationships with fossil-bearing units. In the 
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Talladega belt, a series of K-Ar whole rock and Ar-Ar mineral ages have been 

determined. Peak regional metamorphic conditions based on conodont alteration index 

classification (C.A.I.= 5.5; ~350°C) and mineral assemblages yield a pressure of ~4 

kbar (Tull et al., 1988). The Talladega Group and HG exhibit evidence of only a single 

phase of prograde dynamothermal deformation, constraining the age of deformation to 

post-Periastron (Middle Devonian-Middle Mississippian). K-Ar whole rock ages of ~400-

370 Ma by Kish (1990 and 1991) may be too old for the upper age of Periastron, though 

they fall within the range for Acadian orogenesis in the northern Appalachians. A 

question as to whether or not there were detrital components in the analyzed samples 

needs to be resolved. 40Ar/39Ar mineral separate analyses yield ages of ~335-320 Ma 

(McClellan et al., 2005; W.E. Hames, pers. comm.), and likely represent cooling ages of 

the micas. The younger (335-320 Ma) ages allow for the Blue Ridge thrust sheet to 

uplift through blocking temperatures (~350-400°C) after deposition and supsequent 

burial of a Tournasian-aged Periastron. However, these ages are younger than the main 

period of deposition of the Catskill delta clastic wedge. The young 40Ar/39Ar ages are 

closer in age to early Alleghanian orogenesis (Hatcher, 1989) and may represent timing 

of uplift and subsequent cooling of the Alleghanian thrust sheets. Based on structural 

relationships of the Talladega Group to the HG (and equivalent (?) PCF), and 

metamorphic cooling ages, the accretion of the arc-related HG/PCF is constrained to 

post deposition of the Periastron (~350-390 Ma) and the timing of Ar-retention in the 

thrust sheet of ~320-335 Ma. 
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CHAPTER 3 

EVIDENCE FOR EXTENSIONAL ACCRETIONARY OROGENESIS IN A 

COLLISIONAL OROGENIC BELT: THE PALEOZOIC PUMPKINVINE CREEK 

FORMATION AND RELATED UNITS IN THE SOUTHERNMOST APPALACHIANS 

 

This chapter is an expansion of a manuscript submitted by Christopher S. Holm 

and Resmi Das to a Geological Society of America volume motivated by presentations 

from the 17th International Basement Tectonics Association Conference: 4-D framework 

of the continental crust, held in Oak Ridge, Tennessee during the summer of 2004. 

 

3.1 Introduction 

 

The Pumpkinvine Creek Formation (PCF) is a compositionally bimodal (at the 

map and outcrop scale), predominantly volcanic assemblage containing fine-grained 

amphibolite (meta-basalt), felsic gneiss (meta-dacite/rhyolite), and associated pelitic 

schist (Laurentian-derived deposits) that forms part of a linear belt extending from near 

the Alabama-Georgia border and continuing for about 100 km into northern Georgia. 

The PCF is commonly included in a terrane (>220 km along strike) termed the 

Dahlonega gold belt (DGB) (e.g. McConnell and Abrams, 1984) that occurs along strike 

of, and in the same structural position as the Ashland-Wedowee belt, which continues 

southwestward into Alabama to the onlap of Cretaceous sediments of the Gulf Coastal 

Plain (Fig. 3.1). An important aspect of the PCF is that it occurs structurally adjacent to 

the eastern margin of the Laurentian portion of the Appalachian metamorphic core, 

making it the most inboard accreted terrane in this portion of the southern 

Appalachians. Based upon field mapping the PCF and associated units are at least 4 

km thick, but the relationships are complicated by a lack of facing criteria, complex 

folding, and terrane bounding thrust faults on both structurally lower and upper margins 
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Figure 3.1. Generalized tectonic map of the southern Appalachians. Modified from 
Hatcher et al. (1990) and Bream (2003). SMW- Sauratown Mountains Window; CBR- 
central Blue Ridge; DGB- Dahlonega gold belt; G-E Fault- Goodwater-Enitachopco fault 
the east by the Chattahoochee fault).  
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(bound to the west by the Allatoona fault and on the east by the Chattahoochee fault 

[Fig. 3.2 a,b]). Geochemical signatures suggest a tholeiitic-arc/backarc setting for the 

PCF amphibolites. Primary textural features include relict amygdules filled with epidote 

and phenocrysts of plagioclase (Fig. 3.3) and reported pillow structures (Hurst and 

Jones, 1973; McConnell, 1980; Abrams and McConnell, 1984). The felsic component of 

the PCF, termed Galts Ferry gneiss (GFG) is intimately associated with the 

amphibolites, as they are typically interlayered. The GFG is a low-K rhyolite/dacite, but 

exhibits ambiguous trace- and rare earth element (REE) chemical signatures that may 

be explained by a variety of processes found in supra-subduction zone (SSZ) settings 

(see below). The associated meta-sedimentary rocks are also peculiar because they 

consist mainly of aluminous schist rather than the typical meta-greywacke facies often 

found in volcanogenic settings. This facies may represent sediment imput from a 

continental margin rather than volcaniclastic sedimentation. Supporting a continental 

margin sediment source is the abundance of Grenville-aged detrital zircon populations 

found in meta-sandstone within the PCF (Das and Holm, 2005). Previous (ion 

microprobe U-Pb) zircon ages of ~460 Ma (Thomas, 2001) and new laser ablation- 

multi-collector- inductively coupled plasma- mass spectrometry (LA-MC-ICP-MS) ages 

of ~460 Ma (Das and Holm, 2005) are reported for the GFG and related units described 

here. Rb-Sr whole-rock isotopic analysis has also been employed here to help constrain 

timing of the PCF magmatism. The Rb-Sr systematics in the GFG are complicated, as 

the whole rock measurements do not conform to a unique isochron. One interpretation 

is that the source of the felsic magma was from multiple or mixed sources, and 

simplification of the data yielded two separate isochrons of similar age (420-450 Ma with 

significant errors) but differing initial 87Sr/86Sr ratios of 0.7082 and 0.7059. Nd and Sr 

isotopic modeling has been employed as a tracer for the source of both mafic and felsic 

components of the PCF. Epsilon (T460 Ma) Nd values of +3.3 to +7.7 for PCF 

amphibolites are indicative of a primitive mantle source likely containing minor to 

negligible contamination from the Laurentian margin or similar aged crust. This would 

suggest that this was an arc/backarc system formed in a Benioff-type subduction setting 

(on oceanic crust) or possibly on a thinned and highly extended portion of the 

continental margin of Laurentia. Most other Ordovician arcs of the Appalachians exhibit 
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evidence of interaction (assimilation) with the Laurentian Mesoproterozoic (Grenville-

aged) basement or, in the case of the New England Taconic arcs, with Avalonian crust. 

The amount of geochemical data for southern Appalachian arc-related terranes is 

limited, though recent work by McClellan and Miller (2000), Thomas (2001), Settles 

(2002), Bream (2003), and McClellan et al. (2005) in the Dahlonega gold belt (and 

adjacent terranes) has added significantly to the geochronological and geochemical 

database of this region. The geochemistry and geology of other Ordovician arc-terranes 

of the Appalachians, including the HG metavolcanic suite, are used for comparison with 

the PCF and their current tectonic positions and histories are evaluated in order to 

develop a frame of reference for the tectonic evolution of the PCF. 

 

 

 

 

 

 

 

 

 

 

Figure 3.2a-c. (opposite page) (a) Generalized geologic map of eastern Alabama and 
western Georgia Blue Ridge terranes showing the tectonic relationship between the 
PCF and Hillabee Greenstone. Modified from Allison and Tull (pers. comm.). WBR- 
western Blue Ridge; PCF- Pumpkinvine Creek Formation; MRG- Mulberry Rock Gneiss; 
AG- Austell Gneiss; HG- Hillabee Greenstone; EQD- Elkahatchee Quartz Diorite. (b) 
Detailed geologic map of the Pumkinvine Creek Formation and location of samples 
used in geochemical investigation. (c) Generalized stratigraphy of the Hillabee 
Greenstone and the Pumpkinvine Creek Formation. The Hillabee Greenstone is in the 
footwall with the Talladega belt while the PCF is in the hanging wall above the 
Talladega belt. No relative thickness is implied.
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Figure 3.3a-d. Photomicrographs from the felsic gneiss (GFG) and amphibolites of the 
Pumpkinvine Creek Formation (PCF). (a) GFG- plagioclase phenocryst exhibiting grain 
boundary migration recrystallization. (b) GFG- plagioclase phenocryst with dynamically 
recrystallized quartz matrix. (c) PCF amphibolite with amygdules (exhibiting strain 
shadows) filled with epidote. (d) PCF amphiolite displaying primary volcanic mineral 
plagioclase and amphibole (after pyroxene). 
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3.2 Previous studies 

 

3.2.1 Regional geology 

The units now associated with the PCF were first described in reference to their 

association with the occurrence of economic mineral deposits (Yeates et al., 1896), with 

the majority of mining of associated units taking place from about 1830-1930 in 

Dahlonega, GA (German, 1985, and references within). Mines and prospects were 

locally developed along this narrow belt and there is no distinctive gold-bearing unit. 

Shearer and Hull (1918) suggested that because the amphibolites included elongate 

conformable layers that they contained lava flows, suggesting an extrusive origin. In 

contrast, Kesler and Kesler (1971) suggested that these rocks were para-amphibolites 

and that they may have formed from sediments completely devoid of basaltic materials, 

despite the fact that chemical analyses exhibit a composition similar to that of tholeiitic 

basalt. Hurst and Jones (1973) describe relict igneous extrusive textures including 

amygdules, pillow structures, and porphyritic textures. They correlated the PCF 

amphibolites to the northeast with those in the Ashe Formation in North Carolina, and 

further northeast with Virginia’s Mount Rogers Formation, and southwest into Alabama 

with the Ashland Supergroup. The age and tectonic settings of these other mafic 

sequences differ from the PCF, however (Misra and Conte, 1991, Stow et al., 1984; 

Rankin et al., 1969; Aleinikoff et al., 1995).  

Tull’s (1978) stratigraphic differentiation of the northern Alabama Piedmont (eastern 

Blue Ridge) includes the Ashland Supergroup that contains the further divided Coosa 

block and the Tallapoosa block, separated by the Goodwater-Enitachopco fault. The 

Tallapoosa block contains the Wedowee Group and structurally higher Emuckfaw 

Formation (fig. 3.2a). The Hollins Line fault structurally separates the HG (and the 

Laurentian sequences of the Talladega belt) from the overlying Ashland Supergroup. 

This fault also represents a significant metamorphic discontinuity; the HG is 

metamorphosed to lower-greeschist-facies, whereas the hanging wall Ashland units 

reach upper-amphibolite facies. The PCF was first described as a unit, differentiated 

from the New Georgia Group, by McConnell (1980) after correlating metavolcanic and 

associated metasedimentary rocks based on detailed lithologic mapping by Crawford 
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(1976, 1977) and McConnell (1978) in western Georgia (fig. 3.2). These studies 

recognized the sequence as consisting of an amphibolite (metabasalt) lithology, termed 

the Pumpkinvine Creek Formation that included the Galts Ferry Gneiss Member, felsic 

gneiss interlayered with the amphibolites, and graphitic aluminous schist termed the 

Canton Formation. This stratigraphic nomenclature has required revisions, as detailed 

mapping (fig. 3.2b) has shown that the stratigraphic relationships between the three 

facies are complex and the earlier nomenclature violates the North American 

stratigraphic code (North American Commission on Stratigraphic Nomenclature, 1983). 

In this study, both the mafic and felsic facies are collectively termed the Pumpkinvine 

Creek Formation. The term Galts Ferry gneiss (GFG) is used here informally to describe 

the felsic lithofacies of the PCF. Where metasedimentary rocks are intercalated with the 

metavolcanic rocks, they are considered part of the PCF. Dominantly metasedimentary 

rocks structurally and possibly conformable with the PCF are termed the Canton 

Formation (fig. 2b) and are likely correlative with the Univeter Formation as described 

by McConnell and Abrams (1984). German (1985; 1989) extended the PCF and 

associated units to the northeast into Dahlonega and Helen, GA (fig. 2a). In that region, 

German (1985) correlates the GFG with the presumably equivalent Barlow Gneiss 

Member. Gillon (1982) and Nelson and Gillon (1985) continued correlation of units 

related to the PCF and Canton Formation to the north of Helen, GA as the Helen Group. 

Further to the northeast, Hatcher (1988) correlated the Otto Formation in North Carolina 

southward with units of the Helen Group (Table 3.1). 
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TABLE 3.1. STRATIGRAPHY OF THE PUMPKINVINE CREEK FORMATION AND ASSOCIATED 
SEQUENCES IN GEORGIA. STRATIGRAPHIC ORDER IS NOT CONCLUSIVE. 
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3.2.2 Geochemistry and geochronology 

In their discussion of mafic rocks of the southern Appalachians, Misra and 

McSween (1984) emphasize the wide geographic and age distribution found in the 

eastern Blue Ridge and Piedmont. They recognized the probable distribution of rift-

related, island arc, as well as continental arc magmatic species. Shaw and Wasserburg 

(1984) compared Sr and Nd isotope systematics of several southern Appalachian mafic 

complexes including Chunky Gal amphibolite, the Lake Chatuge complex, and the 

Webster-Addie ultramafic body in North Carolina with those of modern oceanic crust 

and found that the Chunky Gal and Lake Chatuge mafic bodies contain a signature 

similar to modern ocean crust, whereas the Webster-Addie ultramafic body contains 

isotopic signatures of older continental crust. These and other relationships 

demonstrate that southern Appalachian mafic assemblages likely have very diverse 

origins. The earliest geochemical studies of the PCF amphibolites included major 
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element analyses conducted by Kesler and Kesler (1971) in an effort to constrain the 

protolith composition. Jones and Hurst (1973) used Sr isotope compositions of the 

amphibolites (sampled between Cartersville and Villa Rica, GA), having initial 87Sr/86Sr 

(assuming a crystallization age of 600 Ma) ranging from 0.7033 to 0.7068 (average of 

0.7054 ± 0.0010), and evidence of relict igneous textures, to show that these rocks are 

likely to be of volcanic origin and were derived from the upper mantle with negligible 

crustal contamination.  

The HG, southwest of the Cartersville-Villa Rica, GA area, has been extensively 

studied (e.g. Tull et al., 1978). Tull et al. (1978; 1998) and Durham (1993) used trace 

and major element data to demonstrate a volcanic arc setting for the origin of the 

tholeiitic meta-basalts and intercalated calc-alkaline meta-dacites. Using paleontological 

constraints, Tull et al. (1988) suggested that emplacement occurred along a thinned 

southeastern Laurentian margin during or after the Devonian/Early Mississippian based 

on fossil assemblages of the structurally underlying units. Zircon geochronology studies 

of metadacites associated with the HG by Russell (1978), Russell et al. (1987) and 

McClellan and Miller (2000), however demonstrate an Ordovician age (~460-470 Ma) 

for the complex, thus indicating disparity between the field relationships and 

geochronological evidence. Tull et al. (1998) argue for possible inheritance or end 

member mixing of zircons from different populations (Paleozoic igneous intrusions and 

Precambrian crust). It is more likely that there is a poorly understood pre- to 

synmetamorphic fault separating the HG and the Laurentian units of the Talladega belt.  

McConnell (1980), McConnell and Abrams (1984), German (1985), Higgins et al. 

(1988), Gillon (1989), Spell and Norrell (1990), Thomas (2001), Settles (2002) and 

Bream (2003) published major-, trace- and/or rare earth element (REE) chemistry of the 

Pumpkinvine Creek Formation amphibolites and its possible equivalents, and 

demonstrated that these units have a tholeiitic composition probably associated with an 

arc/backarc tectonic setting. Additionally, Thomas (2001) obtained ion microprobe U-Pb 

zircon ages of the GFG and the possibly equivalent Barlow Gneiss, yielding ages of 463 

± 3 Ma and 466 ± 5 Ma repectively. Settles (2002) and Bream (2003) obtained an U/Pb 

zircon age of 482 ± 7 Ma for the Cane Creek felsic gneiss, assigning this as the age of 

the Sally Free mafic complex (near Dahlonega, GA).  Zircon geochronologic data 
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obtained from the GFG, by Das and Holm (2005), also shows that the igneous age is 

~460 Ma. 

 

3.3 General description of lithotectonic units 

 

3.3.1 Unit descriptions 

The PCF is composed of three distinct interlayered lithologies. The dominant 

lithologies include amphibolite and felsic gneiss (GFG) that are typically interlayered on 

the scale of centimeters to kilometers, though one lithology is usually dominant locally. 

A third and relatively minor component is aluminous schist with a very minor 

metasandstone component by volume. This metasedimentary lithology was likely 

deposited as minor sedimentation during periods of volcanic quiescence because it is 

temporally sporadic and is in sharp contact with the metavolcanic rocks of the PCF. 

There may also be some chemical sediment incorporated into the metasedimentary 

units, as they locally contain ferruginous quartzites. There is no distinct stratigraphic 

positioning of these three lithologies (fig. 3.2b), and thus all are considered different 

lithofacies of the PCF. 

 

3.3.2 Petrologic/outcrop expression 

The amphibolite of the PCF is fine-grained, commonly strongly foliated, locally 

displays strong mineral and stretching lineations, and is commonly compositionally 

laminated. Compositionally, it contains  >75% amphibole with ~20% plagioclase. 

Common accessory minerals include epidote and garnet. The most highly 

deformed/altered samples contain a retrograde assemblage including actinolite and/or 

chlorite after amphibole. Relict amygdules occur locally within the mafic facies and are 

commonly filled with epidote. Relict phenocrysts, typically plagioclase, also occur in the 

GFG (fig.3.3). 

The felsic metavolcanic lithology (GFG) occurs in two modes. In the first, it forms 

thin (0.1-0.5 m) layers within the mafic lithology. The other occurrences are thicker, 

mapable, lenticular bodies up to ~2 km thick, and extending for up to 10 km along strike.  

These large bodies are dominantly plagioclase and quartz-rich but often include 
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enclaves of an intermediate to mafic composition and may contain abundant amphibole. 

The average composition is that of low-potassium rhyolite/dacite. Other common 

minerals are muscovite and to a lesser degree garnet. The larger bodies of felsic gneiss 

are likely large felsic eruptions that may involve a more highly differentiated portion of a 

volcanic arc/back-arc crust, and may include a minor but significant portion of 

sedimentary input or continental crust into the melt as well. The third and volumetrically 

least significant lithology of the PCF is aluminous schist, composed mainly of 

sericite/muscovite, quartz ± garnet and biotite. Thin <1-meter layers of metasandstone 

occur locally throughout the section. They likely represent sediment deposition during 

periods of volcanic quiescence.  

 

 

3.3.3 Major and trace-element geochemistry of the Pumpkinvine Creek Formation 

Tables 3.2 and 3.3 provide whole-rock major oxide and trace element compositions of 

selected samples from the PCF. The compositionally bimodal nature of the PCF is 

shown in a histogram (fig. 3.4a) illustrating the SiO2 content of both mafic and felsic 

components. Importantly, there is no intermediate component associated with these 

units. In the total alkalis vs. SiO2 diagram (fig. 3.4b), the PCF samples plot clearly within 

the basalt and rhyolite/dacite fields, with no intermediate compositions. The GFG 

composition is extremely sodic and falls within the trondhjemite field on the feldspar 

triangle for granites (fig. 3.4c) of Barker (1978) and is moderately to strongly 

peraluminous (fig. 3.4d). While the traditional view suggests that strongly peraluminous 

magmas are derived from mature pelitic sediments yielding S-type igneous rocks 

(Chappell and White, 1974), Miller (1985) describes more likely sources of these rock 

types including continentally derived immature sediments and intermediate to felsic 

igneous rocks, as well as certain products of partial melting in metaluminous mafic 

sources.  

The petrogenetic relationship between the felsic and mafic facies of the PCF is 

important in understanding the evolution of this sequence. It is difficult to determine 

whether these facies follow a continuous trend between tholeiitic and calc-alkaline 
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compositions because there are no intermediate values between the sample suites. The 

amphibolite lithofacies clearly displays a tholeiitic trend, whereas the felsic GFG 

displays a calc-alkaline trend, as shown in the AFM diagram (fig. 3.4e). It is important to 

identify a parameter useful in discriminating    

 

 

 
TABLE 3.2 MAJOR OXIDE ANALYSIS OF PCF AMPHIBOLITE AND GFG 

PCF- Galts Ferry Gneiss 
Wt % SiO2 Al2O3 Fe2O3

T
MgO CaO Na2O K2O TiO2 P2O5 MnO Cr2O3 LOI SUM 

Sample     

Y 23 C 74.53 13.53 1.96 0.4 1.6 6.56 0.26 0.14 0.01 0.02 0.001      1 100.01 

Y 24 72.68 14.12     3.9 0.7   1.37 4.13     1.4 0.27 0.06 0.07 0.001 1.3   100 

Y 131 75.37    14.3 2.09   0.28   0.13 3.73 1.91 0.21 0.01 0.03 0.001 1.8   99.86 

NT 911 73.17 14.64 2.63   0.46   1.32 3.88 2.27 0.22 0.05 0.03 0.001 1.3   99.97 

BH 166 76.24 13.05     2   1.25   0.84 3.55 0.45 0.19 0.03 0.01 0.001 2.4 100.01 

SC 318G 75.07 12.41 2.85 1.2   0.73     5.9 0.04 0.23 0.02 0.03 0.001 1.6 100.04 

TA 7 72.99 14.02 2.36   0.69   2.46 4.53 1.16     0.2 0.05 0.05 0.001 1.2   99.76 

US 41A 72.46    12.6 3.78 1.4 1.4 5.41 0.34 0.27 0.03 0.07 0.001 1.8   99.57 

PCF- Amphibolites            
Wt % SiO2 Al2O3 Fe2O3

T
MgO CaO Na2O K2O TiO2 P2O5 MnO Cr2O3 LOI SUM 

Sample      

Y 126 49.79 14.97 11.26 7.58 11.35 2.54 0.14 1.06     0.1 0.16 0.037      1 100.01 

Y 172 48.14 15.32 13.69 4.19      9.8 3.74 0.15 2.34 0.34 0.18 0.008      2   99.91 

TA 16 46.16 16.61   9.27 8.27 13.17 1.86 0.07 0.91 0.06 0.14 0.039 3.4   99.98 

TA 17 49.66 14.69 11.41 6.85 11.02 3.01 0.06 1.32 0.14 0.16 0.025 1.6   99.96 

SC 254 43.19    17.4    13.8 4.91 15.87 1.26 0.07 1.45     0.2 0.22 0.007 1.5   99.89 

SC 318A 49.46 14.14 12.97 7.64   8.95 3.73 0.04 1.16 0.08 0.17 0.021 1.6   99.97 

AC 78 47.93    14.3 12.32     7.6 12.63 2.29 0.06 1.17 0.12 0.17 0.039 1.2   99.85 

BH 57 46.94 15.58 10.91 8.99 10.39 2.78 0.05 1.03 0.11 0.15 0.051 2.9   99.91 

 
Total iron reported as Fe2O3

T 

LOI – Loss on ignition. 
Cr2O3 values at detection limilt of ICP-OES 
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TABLE 3.3. TRACE ELEMENT ANALYSIS OF PCF AMPHIBOLITES AND GFG  

PCF Galts Ferry gneiss 
(ppm) Co Ba Ga Hf Nb Rb Sr Ta Th U V Zr Y La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu 

Y 23 C 11.4   49.6    12 6.9 6.6 14.1   62.2    1.0 19.6    7.0 18 223.4 27.2 35.8 67.4 7.11 26.4    5.0 0.53 4.16 0.72 4.39 0.85 2.53 0.44 2.96 0.46 

Y 24 20.4 320.7 15.8 4.1 4.9 47.5 108.6 0.7   4.4    2.0 24 138.4 25.4 10.9 25.4 2.65 12.1    3.0 0.71 3.32 0.59 3.85 0.83 2.42 0.42 2.86 0.49 

Y 131 12.8 427.5 16.3 3.8 4.8 59.8   69.2 0.6 12.6 2.8 14 127.6 11.7   7.2 45.1 1.36   5.1 1.1 0.22 1.06 0.24 1.78 0.38 1.29 0.22 1.71 0.27 

NT 911 10.5 586.1 15.3 3.3 4.6 86.7  194.0 0.5 11.8    4.0 30 107.7 16.1 19.7 29.9 3.37 12.2 2.4 0.52 2.09 0.38 2.47 0.45 1.53 0.25 1.68 0.31 

BH 166 16.4 111.2 10.2 3.1 4.3 13.1 103.2 0.5   2.6 0.9 21 101.3 12.1      6.0 15.1 1.42     6.0 1.4 0.25 1.43 0.26 1.74 0.35 1.22 0.21 1.42 0.23 

SC 
318G 

12.2   17.3 16.9     3 3.5   0.5   26.8 0.4   1.1 0.3 <5  100.0 24.1   3.6   7.5 1.06   4.8 1.6 0.49 1.93 0.43 3.16 0.84 2.64 0.45 3.01 0.51 

TA 7 56.4  376.0 12.4 2.6 3.3 32.8 201.5 0.9 11.3 5.6 40   80.8   8.5 19.9 38.8 2.92 10.1 1.3    0.40 0.93 0.22 1.24 0.22 0.72 0.12 0.84 0.18 

US 41A 53.4    62.0 15.4 4.1 4.9 10.6    53.0    1.0   2.4 0.6 21 126.1 36.8 10.9 23.3 3.05 14.2 3.8 0.73 4.43 0.86    5.40 1.32 3.76 0.59 4.38 0.61 

                            

PCF Amphibolit  es                         

(ppm) Co Ba Ga Hf Nb Rb Sr Ta Th U V Zr Y La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu 

Y 126 43.6 14.9 17.3     2.0 3.3 2.6   164.6 0.3 0.5 0.2 258    66.4 31.6   4.9 12.5 1.89 10.2 3.5 1.05 4.22   0.78 4.99 1.05 3.02 0.47 3.08 0.46 

Y 172 32.0 25.7 25.8  5.6 9.3 1.8   326.7 0.6 1.0 0.4 371 188.4 50.8 12.6 29.9 4.07 21.7 6.1 2.31 7.35   1.26 8.22 1.64 4.84 0.74 4.74 0.76 

TA 16 39.0 59.5 16.3  1.7 2.5 2.4   200.1 0.3 0.3 0.1 232    51.2 19.8   3.6   8.6 1.28   6.7 2.4 0.83 2.99 0.50 3.19 0.64 1.94 0.26    1.9 0.28 

TA 17 48.0 13.7 19.3  2.3 4.4 0.5   198.3 0.3 0.4 0.1 315    81.6 30.5   5.6 12.8 1.99 10.9 3.5 1.24 4.38   0.77 5.04 1.07 2.95 0.44 2.97 0.43 

SC 254 49.7   8.6 29.1     3.0 4.1 0.8   646.6 0.5 0.6 0.6 479 100.3 43.9   7.3 14.6    2.4 13.4 4.2 1.62 5.46   1.09 6.73 1.43 4.36 0.72 4.56 0.71 

SC 318A 55.6 12.3 16.5     2.0 2.1 2.1   106.0 0.2 0.3 0.1 314    67.8 27.4   3.9   9.1 1.47   8.3     3.0 0.85 3.82 0.70 4.37 0.94 2.71 0.42 2.63 0.44 

AC 78 57.5 13.9    20.0  2.3 2.8 2.7   223.3 0.2 0.1 0.1 326    69.0 29.9   3.8   9.8 1.53   8.6 2.8 1.09 4.16   0.72 4.87 1.02 3.02 0.43 2.73 0.45 

BH 57 74.1 40.2 17.5  1.9 2.6 0.9   229.1 0.2 0.3 0.1 295     57.0 25.2   3.1   8.3 1.26   7.4 2.6 0.85 3.44   0.66 4.19 0.86 2.39 0.38 2.54 0.39 



the process for generation of the felsic component. Rollinson and Windley (1980) use 

the relationship of the HFSE Zr and Ti (fig. 3.4f) as an indicator of fractional 

crystallization as a source mechanism of felsic melt during magmagenesis. If fractional 

crystallization of felsic material from a mafic source is the main contributor to the 

genesis of the felsic magmas, the felsic material would either fall along the same trend-

line as the mafic material or, after Ti-bearing minerals, such as magnetite or titanite 

crystallize, the felsic material would fall off the trend but with increasing Zr content. In 

figure 3.4f, it is clear that the felsic GFG does not fall along the differentiation by 

fractional crystallization trend of the spatially related mafic material. Thus, it is unlikely 

that fractional crystallization is responsible for the generation of the felsic magma. It is 

important to examine possible source mechanisms for the GFG. Because it is unlikely  

 

Figure 3.4a-f. (opposite page) Geochemical characterization of the Pumpkinvine Creek 
Formation (PCF). (A) SiO2 weight % histogram of the felsic and mafic components of 
the PCF. 38 total samples include values from McConnell (1980) and McConnell and 
Abrams (1984). (B) Total Alkalis versus SiO2  (Lebas et al. 1986) place the mafic 
component of the PCF in the basalt field while the GFG (felsic component of PCF) falls 
mainly in the rhyolite field. The fields for the Hillabee Greenstone (metabasalt) and 
associated metadacites are shown as ellipsoids for comparison with the PCF. Closed 
circles- PCF amphibolite, open circles- GFG, open triangle- GFG from McConnell and 
Abrams (1984), closed triangle- PCF amphibolites from German (1985), cross- PCF 
amphibolites from McConnell (1980). (C) Classification of the GFG on the normative Ab-
An-Or granite diagram of Barker (1979). In general the GFG is low in K and plots within 
the trondhjemite field. (D) Classification of the GFG using Shand’s index of Maniar and 
Piccoli (1989). The GFG displays a strong peraluminous affinity, typical of 
Trondhjemites. Open circle- GFG, cross- GFG from McConnell and Abrams (1984), 
open triangle- Hillabee metadacites (Durham, 1993) for comparison with GFG. (E) AFM 
diagram after Irvine and Barager (1971) showing tholeiitic trend of PCF amphibolites- 
closed circles, and calc-alkaline trend of GFG- open circles. The Hillabee Greenstone 
(and associated metadacite) fields are shown as gray ellipsoids for comparison with 
PCF (Durham, 1993). Total iron is shown as FeO*; Alkalis are shown as Alk. (F) Ti vs. 
Zr plot to illustrate trend of PCF amphibolites (closed squares) and expected trend of 
GFG (open squares) if GFG was derived from fractional crystallization of PCF 
(Rollinson and Windley, 1980)  
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that fractional crystallization is the major factor in genesis of the GFG, it is necessary to 

explore the possibility of incorporation of supra-subduction zone components such as 

dehydration and partial melting of a subducting slab, mantle wedge components and 

later decompression melting at a spreading ridge, or partial melting of arc crust or of a 

preexisting continental edifice. Many of the Ordovician arc-related rocks of the 

Appalachians show evidence of interaction with Laurentian (Grenville-aged) continental 

crust (e.g. Coler et al. 2000). The abundance of inherited zircons and negative epsilon 

Nd values attest to the close interaction of these arcs with the preexisting 

Grenville/Laurentian crust (Coler et al. 2000).  

 

 

3.3.4 Structural and stratigraphic setting 

 The PCF is located in the hanging wall of a northwest directed thrust-sheet 

adjacent to the Laurentian affinity Talladega belt-western Blue Ridge (TB-WBR) 

bounded by the Allatoona fault (fig 3.2). The terrane-bounding faults on either side of 

the PCF in the area of study are relatively late kinematic faults post-dating 

metamorphism and early fold phases and are likely related to thin-skinned thrusting 

associated with the Alleghanian orogeny. The PCF is of higher metamorphic grade 

(lower-middle amphibolite) than the adjacent TB-WBR (though the metamorphic grade 

of the TB-WBR increases to the north from lower greenschist facies to sillimanite grade 

[Tull and Holm, 2005]). This makes the PCF part of the most inboard, accreted terrane 

in this portion of the southern Appalachians. The units structurally above the PCF, 

described as the New Georgia Group, which includes the Canton and Univeter 

Formations (Abrams and McConnell, 1984), contain a mixture of pelitic (Canton 

Formation) and chemical sediments (in the form of iron-bearing quartzite and 

manganiferous and ferruginous alteration products) as well as minor amphibolite and 

locally altered ultramafic pods (Univeter Formation). These units also contain a series of 

intrusive gabbroic, intermediate and felsic gneisses including the ~430 Ma Austell 

gneiss (Higgins et al. 1997) and the ~432 Ma (Holm and Das, 2005) Mulberry Rock 

gneiss (~460 Ma Rb-Sr whole rock age; unpublished data), as well as many unnamed 

and undated intrusive bodies. The New Georgia Group possibly correlates to the 
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southwest into Alabama with part of the Ashland-Wedowee belt/ Emuckfaw Formation 

(fig. 3.2a), as the intrusive units are likely similar in age and composition to the 

granitoids (including the ~460 Ma Kowaliga and Zana granites) of Alabama as 

described by Drummond et al. (1997) and Russell et al. (1987). The age of the New 

Georgia Group and possible correlative units of the Ashland-Wedowee belt/ Emuckfaw 

Formation to the southwest as described by Tull (1978) is likely late-Proterozoic to 

earliest Paleozoic, and may represent a highly extended portion of the rifted Laurentian 

margin including slope-rise/turbidite facies or basin-fill sequences. The intrusives into 

this sequence, however, likely formed due to subduction-related slab melting or 

decompression melting due to extended crust (e.g. Elkahatchee Quartz Diorite at 495 

Ma) and/or later magmatic events associated with discrete dynamothermal orogenic 

events (Drummond et al., 1997). The upper structural boundary of the PCF/New 

Georgia Group sequences in the northern portion of the study area is the 

Chattahoochee fault, also late in the kinematic sequence, which emplaces higher grade, 

migmatitic, predominantly metasedimentary units of the Sandy Springs Group (Higgins 

and McConnell, 1978) above the PCF. Just southwest of Canton, Georgia, the 

northeast-southwest trending Chattahoochee fault trace curves to a north-south 

orientation and drastically increases the apparent thickness of the DGB to the 

southwest (fig. 3.2b). The complex stratigraphy structurally above the PCF may be fault-

bounded (pre- or syn-metamorphic faulting) though no unambiguous structures have 

been identified.  

 

 

3.4 Hillabee Greenstone connection 

 

 

  It has been suggested that the HG of Alabama and westernmost Georgia and the 

PCF are equivalent units (McConnell, 1980; McConnell and Abrams, 1984; Higgins et 

al., 1988; McClellan et al., 2005; Holm and Das, 2005). The HG and the PCF have 

similar geochemical characteristics and occupy a similar structural position adjacent to 

the TB-WBR (fig. 3.2a). However, careful examination of the structural kinematics and 
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contacts with the TB-WBR show a marked difference in their current relationship to the 

TB-WBR. The Hollins Line- Allatoona fault system is among the latest kinematic 

structures in the southern Blue Ridge. In Alabama, the Hollins Line fault separates the 

lower greenschist facies Talladega belt, including the HG, from the upper amphibolite 

facies eastern Blue Ridge units. In Georgia the Allatoona fault separates the lower to 

middle amphibolite grade PCF and the eastern Blue Ridge from the greenschist facies 

TB-WBR. The HG occupies the footwall position of the Hollins Line fault, whereas the 

PCF occupies the hanging wall position of the Allatoona fault relative to the TB-WBR 

(fig. 3.2c). Tull et al. (1978), Tull and Stow (1980) and Tull (2002) interpreted the HG to 

stratigraphically overlie the late Devonian-early Mississippian Jemison Chert/Erin Slate. 

This contact is almost continuous along the entire length of exposure of the HG, even 

where the Hollins Line fault exhibits complex duplex structures. Russell’s (1978) 

reported zircon ages of 444 and 458 Ma from the metadacite within the HG contradict 

the previously mentioned proposed stratigraphic age of the HG. More recent ion 

microprobe zircon ages of ~460-470 Ma (McClellan and Miller 2000; Thomas 2001; P.E. 

Mueller, pers. comm.), from a metadacite within the HG, support an Ordovician 

crystallization age. Tull (2002) acknowledged the Ordovician ages of the HG and 

showed further evidence that the HG directly overlies fossil-bearing metasedimentary 

rocks of the Talladega belt. If the HG crystallized during the Ordovician it was not 

accreted onto Laurentia until after the late Devonian- early Mississippian and the 

contact between the HG and the Jemison Chert/Erin Slate is a cryptic pre- to syn-

metamorphic fault (Russell, 1978; McClellan et al., 2005). Rocks of the Talladega belt, 

including the HG, are shown to have experienced only one prograde dynamothermal 

event yielding a relatively low (lower greenschist facies) metamorphic grade (Tull, 

1982). Conventional whole-rock slate K-Ar ages of ~380-400 Ma (Kish, 1990) and mica-

separate 40Ar/39Ar analyses yielded ages of 334-320 Ma (Steltenpohl et al., 2001; 

McClellan et al., 2005) presumably dating metamorphism in the Talladega belt. This 

would suggest that the accretion of the HG onto Laurentia could be constrained to post-

deposition of the Jemison Chert/Erin Slate and prior to or during metamorphism, no 

younger than 320 Ma. Geochemically, the HG and the PCF are also similar based on 

tectonic discrimination diagrams (McConnell, 1980; McConnell and Abrams, 1984; 
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German, 1985; Tull et al. 1978) as geochemical evidence supports that both probably 

formed in association with an Ordovician arc/backarc complex and possibly more 

specifically within a backarc basin. If the HG and the PCF are equivalent and from parts 

of the same arc complex, the amphibolite facies PCF would have to have experienced 

deeper crustal conditions than the HG, while both require a very complex kinematic 

path. Barineau and Tull (2001) suggested a scenario by placing the arc atop the eastern 

Blue Ridge thrust sheet prior to accretion, and later being thrust westward over the 

eastern Blue Ridge units to its current position, and also preserving no evidence of a 

leading fold and thrust belt or accretionary wedge. 

 

3.5 Geochronology of the Pumpkinvine Creek Formation 

 

3.5.1 Zircon data 

Results of new laser ablation, multi-collector, inductively coupled plasma, mass-

spectrometric (LA-MC-ICP-MS) zircon U-Pb isotope ages (Das, written communication; 

Das and Holm, 2005) derived from the GFG at two localities yield 206Pb/238U zircon ages 

of 466.1 ± 7.2 Ma (sample US 41A) and 461.5 ± 6.8 Ma (sample TA 7). These ages are 

indistinguishable from the 463 ± 3 Ma age of the GFG (Allatoona Dam 7.5’ quadrangle) 

reported by Thomas (2001).  

A suite of detrital zircons (n~100), separated from meta-sandstone interlayered 

with the PCF, was analysed in the same method as the PCF felsic samples (Das and 

Holm, 2005). Of the ~100 spot analyses, 80% yielded ages between 1017-1190 Ma 

(Das, written communication). This predominantly Grenville-aged population likely 

represents sediment derivation from the Laurentian continental margin. Age peaks at 

511 Ma and 589 Ma (n=4) are somewhat curious because they are not ages 

representative of Laurentian zircon populations (Becker et al., 2005), though in 

Newfoundland, Cawood and Nemchin (2001) report synrift (572-628 Ma) detrital zircons 

with a local igneous source. Older peaks of 1351 Ma and 1462 Ma correspond to ages 

of the eastern Granite-Rhyolite province (Becker et al., 2005) or the Paleoproterozoic 

and subsequently remobilized Mars Hill terrane as described by Ownby et al. (2004).     
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3.5.2 Rb-Sr isotope whole-rock data 

Rb-Sr whole rock isotope analyses of the GFG help constrain timing of 

crystallization and possibly provide insight into petrogenesis of the PCF felsic facies. 

Whole rock analyses of GFG in Rb-Sr space produce a relatively scattered “errorchron” 

with a value of 391 ± 110 Ma (fig. 3.5a). Out of the eight samples analyzed, they cluster 

into two groups with differing initial 87Sr/86Sr ratios. It is likely that the magmagenesis is 

complex and may draw from sources with variable initial 87Sr/86Sr ratios. The GFG 

samples possibly define two isochrons of similar ages (420-450 Ma with significant 

errors) but differing initial 87Sr/86Sr ratios. A lower 87Sr/86Sr initial value of 0.7059 is 

similar to the associated (PCF) meta-basalts and is likely closely related to the primary 

melt by fractional crystallization of the meta-basalts and subsequent eruption (fig 3.5b). 

A higher 87Sr/86Sr initial value of 0.7082 (fig. 3.5c) requires a more radiogenic or more 

isotopically-evolved source bearing differing initial ratios that may include a mixed 

(mantle source plus recycled crust and/or sediment) source, possibly by assimilation 

and fractional crystallization (AFC). Unfortunately there are no spatial or obvious 

petrologic trends to constrain the two groupings. One cannot rule out the possibility of 

Sr mobility due to subsequent thermo-tectonic events or recrystallization of volcanic 

glass during early stages of diagenesis 

 

 

 

 

 
Figure 3.5a-c. (Opposite page) Rb/Sr isotope whole-rock geochronology of the GFG of 
the Pumpkinvine Creek Formation. (A) “Errorchron” of all samples analyzed for Rb-Sr 
isotopic analyses. (B) Subgroup of GFG with low initial 87Sr/86Sr value. (C) Subgroup of 
GFG with high initial 87Sr/86Sr value. 
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3.6 Geochemical discussion 

 

3.6.1 Primitive mafic rock (basalt) petrogenesis 

 The generation of primitive mafic rocks, except where mantle plumes are 

involved (White and McKenzie, 1995), requires a highly extended lithosphere. Collins 

(2002) notes that inducing decompression melting of the lithosphere to produce normal 

mid-ocean ridge basalts (N-MORB) compositions requires stretching of the lithosphere 

by at least a factor of two. McKenzie and Bickle (1988) calculate a lithospheric 

stretching factor of 5-6 to generate tholeiitic melts.  

 It is important to recognize that the trace element patterns of primitive mafic 

rocks relative to N-MORB provide insight into the tectonic environment of magma 

generation (e.g. Collins, 2002; Sun and McDonough, 1989). Volcanic arc basalts 

typically show variable but enriched patterns of large ion lithophile elements (LILE) and 

rare earth elements (REE) and depleted concentrations of high field strength elements 

(HFSE) relative to N-MORB. Decoupling of LILE and HFSE in the supra-subduction 

zone (SSZ) environment, termed “flux melting” (Gill, 1981), yields enrichment of LILE 

such as Ba, Rb, and Sr, whereas HFSE remain unaffected because of their immobility 

in aqueous fluids (Hawkins, 1995). Flux melting is likely due to dehydration fluids 

associated with the subducting slab. Additionally, HFSE provide values typically 

unmodified by moderate grade metamorphism making these elements robust 

parameters even for rocks that have experienced moderate subsequent tectono-thermal 

events (Cabanis and Lecolle, 1989; Meschede, 1986; Pearce and Norry, 1979; Pearce 

et al., 1984; Shervais, 1982; Wood 1980). Backarc basin basalts (BABB) typically have 

lower concentrations of LILE and REE relative to volcanic arc basalts because of the 

distance from the source of the slab derived component. Conversely, HFSE 

concentrations are higher in BABB relative to volcanic arc basalts because of the 

availability of more fertile asthenosphere (Collins, 2002).   

 

3.6.2 Tectonic discrimination and trace- and rare-earth element chemistry 

Several discrimination diagrams have been developed for mafic rocks based on 

HFSE including Wood (1980), Pearce et al. (1984), Meschede (1986), Cabanis and 
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Lecolle (1989), and Shervais (1982). Thorium is typically considered immobile as an 

HFSE, but could be mobilized in subduction zone fluids (Hawkins, 1995). In the Th-Hf/3-

Nb/16 diagram (fig. 3.6a), the PCF amphibolite samples generally fall in the transition 

area between N-MORB and SSZ arc basalts. There is probably only a slight to 

moderate amount of sediment-derived Th contributing to the total concentration of 0.1-1 

ppm Th. Other discrimination diagrams (figs. 3.6b,c,f) using HFSE including Meschede 

(1986) and Pearce et al. (1984) help constrain the PCF amphibolites as island-arc 

related, yielding compositions in the range of N-MORB to volcanic arc basalt.  

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3.6 (opposite page). Tectonic discrimination diagrams for the PCF. (A) Th-Hf/3-
Nb/16 diagram (Wood, 1980). (B) Zr/4-Nb*2-Y diagram (Meschede, 1986); OIB- Ocean 
island basalt, E-MORB- Enriched MORB, N-MORB- Normal MORB, VAB- Volcanic arc 
basalt, WP-Alk- Within plate alkaline, WP-Th- Within plate tholeite. (C) La/10-Y/15-Nb/8 
diagram (Cabanis and Lecolle, 1989). (D) Y vs. Nb diagram (Pearce et al., 1984). (E) Y 
+ Nb vs. Rb diagram (Pearce et al., 1984). The metadacite associated with the Hillabee 
Greenstone field is shown as ellipsoids for comparison with the GFG; VAG- volcanic arc 
granite, syn-COLG- syn-collisional granite, WPG- within plate granite, ORG- ocean-
ridge granite. (F) Y vs. Nb diagram for mafic rocks (Pearce et al., 1984). (G) Ti vs. V 
diagram (Shervais, 1982). (H) NMORB-normalized (Sun and McDonough, 1989) spider 
diagram plotting PCF amphibolites. (I) CI chondrite-normalized (McDonough and Sun, 
1995) REE element diagram plotting PCF amphibolites. (J) CI chondrite-normalized 
(McDonough and Sun, 1995) REE element diagram plotting GFG. Gray fields in all 
diagrams represent Hillabee Greenstone (and associated metadacite in) of Durham 
(1993) and Thomas (2001) for comparison with the PCF. 
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The variation of Ti with V is shown to be useful in identifying the original tectonic setting 

of basalts found within ophiolites (Shervais, 1982). Oxygen fugacity (fO2) is the main 

limiting factor in the behavior of V, whereas Ti remains relatively unaffected (Hawkins, 

1995). More oxidizing environments like SSZ’s often yield a Ti/V ratio 10 to 20 whereas 

MORB-like environments (low fO2) yield basalts with 

Ti/V of 20 to 50 (Shervais, 1982). The PCF amphibolites fall within the BABB/MORB 

field (fig. 3.6g) with Ti/V of ~20-35. Cabanis and Lecolle (1989) use the relationship 

between La and Nb to help discriminate between volcanic arc signatures and N-MORB 

signatures and include a field for BABB (fig. 3.6c) where PCF amphibolite samples fall. 

High La relative to MORB is a signature of SSZ compositions (Hawkins, 1995).  

When normalized to N-MORB, PCF amphibolites display a modest LILE 

enrichment and HFSE near N-MORB values (fig. 3.6h). Another typical BABB 

characteristic is the negative Ta-Nb anomaly (Kim et al., 2003). Rare earth element 

(REE) patterns of the PCF are extremely flat exhibiting minimal fractionation, which is 

typical of tholeiitic basalt (fig. 3.6i). The REE’s are considered relatively immobile and 

would not yield a SSZ signature. PCF amphibolites are therefore most similar to BABB. 

Maniar and Piccoli (1989) recommend the use of major element data in tectonic 

discrimination of granitoids. However, elemental mobility in multiply deformed and 

metamorphosed terranes in the southern Appalachians precludes the use of this 

approach. In an analogous approach to that of basaltic rocks, Pearce et al. (1984) use 

multi-element plots emphasizing HFSE as parameters and normalize samples to 

hypothetical ocean ridge granite (ORG) in order to discriminate tectonic fields. In Nb 

versus Y and Rb versus Y + Nb (fig. 3.6d,e) and Yb versus Ta and Yb + Ta versus Rb 

(not shown), the felsic GFG plots within the volcanic arc granite field. All GFG samples 

exhibit moderate light rare earth element (LREE) enrichment and a modest Eu anomaly 

(fig. 3.6j) except for sample SC318G, a very thin (<0.1 m) felsic layer possibly 

differentiated from the initial mafic melt. Flat heavy rare earth element (HREE) patterns 

along with enriched LREE and Eu anomaly are typical of a calc-alkaline trend. The 

moderate degree of enrichment of LREE’s and Eu anomaly suggest that the felsic 

magma is not derived from a source exhibiting a high degree of fractionation.    
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3.6.3 Sr and Nd isotope geochemistry 

The Nd and Sr isotope systems are most useful in providing insight as to the 

nature of, and mixing between sources during magmagenesis. The PCF amphibolite 

samples exhibit εNd (T460 Ma) values of +3.3 to +7.7, typical of a depleted mantle source 

composition. The GFG εNd (T460 Ma) values of –3.21 to +4.65 confirm that this magma is 

not derived directly from fractional crystallization and is likely evidence of sampling of a 

more isotopically evolved component (Table 3.4). This may include SSZ fluids, 

subducted sediments, or assimilation of the pre-existing arc. Because arc/backarc 

environments are complex and the compositions of magmas produced in these 

environments vary with arc/backarc maturity, it is difficult to distinguish the contributing 

source to the GFG magmas. Backarc basins in their initial stages often rift an existing 

arc making it conceivable that the GFG magma includes SSZ fluids, mantle wedge 

materials, and assimilation of a rifted arc. The possible variability in the source material 

makes it difficult to complete a mass balance of the GFG based on typical εNd values of 

these sources. Initial 87Sr/86Sr values of the PCF amphibolite vary between 0.7040 and 

0.7069, though mostly cluster around 0.70405. Initial 87Sr/86Sr of the GFG samples are 

scattered between 0.7046 and 0.7084 while a low population, <0.706, and a high 

population, >0.708, exist (Table 3.4). The population distribution within the GFG can be 

derived from Sr mobility during metamorphism, but could also further illustrate the 

unique sources contributing to the magma. Whereas there is paucity of isotopic data on 

backarcs in the Appalachians, and especially arc-related terranes in the southern 

Appalachians, it is important to attempt to frame the possible relationships of the PCF to 

other concomitant arc terranes to determine a possible reference frame with arcs 

accreted onto Laurentia. Most Appalachian arc-related data are available from the 

northern portion of the orogen, and in a compilation, by Coler et al. (2000) and 

references therein, of available Nd isotopic data, a Nd isotopic evolution diagram (fig. 

3.7) shows that most northern Appalachian (and two southern Appalachian) arcs and 

arc-related felsic magmas sample at least Mesoproterozoic, Grenville-related crust.
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TABLE  3.4. Rb-Sr AND Sm-Nd ISOTOPIC DATA OF PCF 

Sample No. Unit * Rb Sr Sm Nd 
87

Rb/
86

Sr 
87

Sr/
86

Sr 
147

Sm/
144

Nd
143

Nd/
144

Nd 
87

Sr/
86

Sr (i) εNd 

  (ppm) (ppm) (ppm) (ppm) (error 0.2 %) (±2σ)**  (±2σ)**   

Y 23 C PCF-GFG 14.1 62.2 5 26.4 0.71361 0.712751 (7) 0.11689 0.512233 (6) 0.70807 -3.21 

Y 24 PCF-GFG 47.5 108.6 3 12.1 1.42647 0.714149 (8) 0.15303 0.512510 (5) 0.70480 +0.08 

Y 131 PCF-GFG 59.8 69.2 1.1 5.1 2.70726 0.722402 (7) 0.13312 0.512379 (7) 0.70466 -1.31 

NT 911 PCF-GFG 86.7 194 2.4 12.2 1.31529 0.716740 (8) 0.12142 0.512382 (7) 0.70812 -0.56 

BH 166 PCF-GFG 13.1 103.2 1.4 6 0.34996 0.710751 (7) 0.14401 0.512514 (8) 0.70846 +0.69 

SC 318G PCF-GFG 0.5 26.8 1.6 4.8 0.04825 0.706339 (8) 0.20573 0.512750 (8) 0.70602 +1.66 

TA 7 PCF-GFG 32.8 201.5 1.3 10.1 0.46739 0.710996 (9) 0.07944 0.512257 (7) 0.70793 -0.53 

US 41A PCF-GFG 10.6 53 3.8 14.2 0.59912 0.709467 (7) 0.16517 0.512781 (10) 0.70554 +4.66 

Y 126 PCFAmph 2.6 164.6 3.5 10.2 0.04626 0.704405 (7) 0.21179 0.512960 (9) 0.70410 +5.41 

Y 172 PCFAmph 1.8 326.7 6.1 21.7 0.01613 0.704735 (8) 0.17350 0.512908 (7) 0.70463 +6.65 

TA 16 PCFAmph 2.4 200.1 2.4 6.7 0.03512 0.704587 (8) 0.22109 0.512937 (9) 0.70436 +4.41 

TA 17 PCFAmph 0.5 198.3 3.5 10.9 0.00738 0.704128 (7) 0.19818 0.512938 (9) 0.70408 +5.78 

SC 254 PCFAmph 0.8 646.6 4.2 13.4 0.00362 0.706929 (8) 0.19345 0.512955 (8) 0.70691 +6.39 

SC 318A PCFAmph 2.1 106 3 8.3 0.05801 0.705794 (8) 0.22309 0.512887 (9) 0.70541 +3.32 

AC 78 PCFAmph 2.7 223.3 2.8 8.6 0.03541 0.706659 (26) 0.20095 0.513045 (22) 0.70643 +7.71 

BH 57 PCFAmph 0.9 229.1 2.6 7.4 0.01150 0.704820 (9) 0.21686 0.513029 (9) 0.70474 +6.46 

 
 

*Type of unit: PCF-GFG, Pumpkinvine Creef Formation-Galts Ferry gneiss; PCFAmph- Pumpkinvine Creek Formation amphibolite. 

(±2σ)** errors on
 87

Sr/
86

Sr and 
143

Nd/
144

Nd ratios reported as last two significant digits. 

εNd and 
87

Sr/
86

Sr (initial) calculated based on a 460 Ma age. 
143

Nd/
144

Nd Chur = 0.51205. 
147

Sm/
144

Nd Chur = 0.19760.
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This suggests that these arcs sampled a Laurentian crustal substrate. Only one arc, 

Exploits, does not have an εNd value that involves a substantial fraction of Grenville 

crust. The GFG also shows a similar trend. While this is not conclusive in excluding the 

PCF from being genetically related to Laurentian crust, it strongly suggests little to no 

input of Grenville or older materials incorporated into the magma. If the PCF was 

formed in a backarc environment, any isotopic signal of a continental or oceanic crust is 

likely filtered first by the assimilation and fractional crystallization (AFC) processes of an 

evolving arc, and then again by AFC of the rifting arc plus SSZ fluid and sediment 

addition. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3.7 (Opposite page). Epsilon Nd of ~450-480 Ma arc terrane felsic magmas 
(rhyolites and ash-fall deposits) of the Appalachians. Mesoproterozoic (Grenville-aged) 
and Paleoproterozoic crustal fields and included arc terrane values are modified from 
Coler et al. (2001) and references therein. The new data from the GFG is compared 
with the other more northern Appalachian arc terranes and associated units.
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3.7 Petrogenesis of modern and ancient arc/back-arc systems 

 

Arc and backarc basins appear to be simple tectonic environments, yet they 

often display tectonic and geochemical heterogeneity on a scale of kilometers (Gamble 

and Wright, 1995). Initial backarc spreading typically involves rifting of the pre-existing 

arc. It has been suggested that felsic volcanism accompanies early rifting in the backarc 

setting (Marsaglia, 1995) yielding compositionally bimodal volcanism with an arc-like 

signature during these early stages, whereas the more mature backarc basin volcanism 

displays mid-ocean ridge basalt (MORB)-like characteristics (Xia et al. 2003). In Xia et 

al.’s (2003) model of an Ordovician backarc basin in the northern Qilian Mountains of 

China, it is suggested that early island arc rifting does not influence normal arc 

magmagenesis in the mantle. During initial rifting, some of the arc melts are diverted to 

the young rift axis yielding the possibility of incorporation of supra-subduction zone 

(SSZ) components and melting of the extinct island arc and ambient mantle. Continued 

backarc spreading and the consequential relative movement away from the locus of arc 

magmagenesis should yield a more normal mid-ocean ridge basalt (N-MORB) -like 

composition of the mantle wedge. Descriptive terminology of backarc basin basalts 

(BABB) is variable in that it includes an array of arc-like to MORB-like compositions. 

Taylor (1995) suggests that modern backarc volcanism exhibits diversity in the 

generation of magmas at backarc spreading ridges and feels it is not feasible to 

describe compositional differences in basalts relating to stages of maturity of a backarc 

basin. There are probably three first-order components that influence the rock chemistry 

of evolving backarc basins including melting of the incipient island arc during initial 

rifting, SSZ fluids associated with the dehydration melting of the subducting oceanic 

slab, and decompression melting associated with the mantle wedge. The first two 

components should be most important during the initial and early backarc spreading 

and should decrease over backarc maturation as the spreading axis progresses away 

from the arc and SSZ fluid source. Many backarc basins, ancient and modern, show 

variation along the axis of backarc spreading from the incipient rifting, erupting island 

arc-like basalts, to a mature backarc where basalts are MORB-like (Xia et al. 2003; 

Gamble and Wright, 1995; Hawkins, 1976 and 1995) giving rise to the term back-arc 
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basin basalt. It has also been shown that MORB-like basalts can occur concomitantly 

and proximal to arc-like eruptions in the initial spreading of an active backarc (Fryer, 

1992). Modern or young analogues of backarc bimodal magmatism are limited. Cole et 

al. (1995) describe the backarc volcanism in the Taupo Volcanic Zone, located at the 

North Island of New Zealand as the southwest extension of the oceanic back-arc Havre 

Trough where magmagenesis of a large volume of rhyolite is likely composed of crustal 

materials incorporated with a mantle source. The Okinawa Trough also exhibits a 

compositionally bimodal petrogenetic nature. Shinjo and Kato (2000) put forth a model 

explaining the origins of basaltic, rhyolitic and hybrid magmas generated at the Okinawa 

Trough. The authors have identified two types of rhyolite (and associated basalts) and 

hybrid andesite related to different petrogenetic processes. While the Okinawa Trough 

is a continental backarc basin, the modes of magmagenesis are limited to fractional 

crystallization of the associated basalts, assimilation and fractional crystallization (AFC) 

of basaltic magma, and hybridization of evolved basalts and rhyolite derived from 

fractional crystallization. All these processes involve a lower gabbroic crust derived from 

the fractionation of mantle basaltic magmas. Silurian bimodal volcanism is described in 

the northern Appalachian coastal volcanic belt of New England and New Brunswick. 

While it is documented as a Silurian continental extensional environment (Van Wagoner 

et al., 2002), identification as a backarc basin remains enigmatic because of continental 

within plate geochemical signatures and island arc-like Nb anomalies. It is common for 

bimodal volcanism and the majority of highly silicic volcanism to occur in the early 

stages of rifting in continental regimes by underplating and anatexis of pre-existing 

continental crust and also in intra-oceanic regimes. Ringwood’s (1977) model of island 

arc magmagenesis, termed the orogenic volcanic series, leads to generation of a 

basalt-andesite-dacite-rhyolite suite. Ringwood (1977) also described the petrogenesis 

of a tholeiitic suite of rocks which formed concomitantly with a calc-alkaline suite that is 

derived from partial melting of the tholeiitic magmas in source regions comprised of 

either subducted oceanic crust or mantle wedge materials and yield an initially high 

silica content. 
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3.8 Discussion 

 

3.8.1 Distinguishing features of the Ordovician arc-related units of the 

southernmost Appalachian Blue Ridge 

 The following features of the PCF and HG and their related units are examples 

supporting the existence of a backarc basin at a retreating subduction boundary 

(Royden, 1993) or extensional accretionary orogen (Collins, 2002). 

1) The presence of primitive mafic rocks displaying compositions intermediate 

between N-MORB and volcanic arc basalt, 

2) decoupling between LILE and HFSE in primitive basalts, 

3) Ta-Nb anomaly typical of backarc basin basalt, 

4) absence of a well-defined arc chain, 

5) absence of blueschist facies rocks, paired metamorphic belts, and typical 

ophiolite suites, overall relatively low-P regional metamorphism, 

6) lack of evidence for early (Taconic or Acadian) crustal over-thickening. Moecher 

et al., (2004) show evidence for Taconian granulite facies metamorphism in the 

North Carolina western Blue Ridge), 

7) lack of definitive evidence for deformation or accretion onto Laurentia prior to the 

Devonian.  

 

3.8.2 Tectonic relationships 

Zircons from the Ordovician-early Silurian Austell (Higgins et al. 1997) and 

Mulberry Rock (unpublished data) gneisses include a fraction of inherited Grenville 

aged (~1.1 Ga) zircons and zircon cores suggesting that these formed while 

incorporating or intruding into Laurentian-affinity, Grenvillian crust. In contrast, the PCF 

likely formed outboard of or along a highly extended Laurentian margin, as evidenced 

by Nd isotope modeling and the lack of any significant inherited (Laurentian or 

Grenville-affinity) zircon fractions in the felsic component (GFG). The origin of the 

Ashland-Wedowee belt/ Emuckfaw Formation remains enigmatic, though the significant 

thickness of the metasedimentary package suggest that it was a marginal basin/slope-
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rise facies (Drummond et al., 1994 and 1997), possibly associated with the Proterozoic 

rifting of Rodinia, adjacent to the southeastern margin of Laurentia. If it is exotic to 

Laurentia, the Ashland-Wedowee belt must have been accreted against the Laurentian 

continental margin prior to the emplacement of middle Paleozoic intrusive rocks 

(Rockford-type granite: 366 Ma, by Russell et al. 1987) that likely included melts of 

underlying Laurentian basement as evidenced by the representative fractions of older, 

Grenville-aged zircons. However, there is no evidence of deformation along the 

southeastern Laurentian margin until the Devonian-Mississippian. Thomas (2004) 

suggests that because there is no deformation in the palinspastic location of the 

Talladega belt during the Taconic or Acadian orogenies, that accreted terranes 

remained at or southeast of the rifted margin of Laurentia until accretion during the 

Alleghanian orogenic event.  40Ar/39Ar ages (McClellan et al. 2005; W.E. Hames, pers. 

comm.) in the Talladega belt of ~350-320 Ma suggest that metamorphism and accretion 

of the Hillabee Greenstone, and possibly the PCF, were synchronous with and 

completed by the earliest Permian. A Laurentian affinity would place the Ashland-

Wedowee belt and equivalents inboard of an evolving arc (i.e. outboard of the 

Laurentian margin) during the Ordovician unless formed atop the Ashland-Wedowee 

belt. Drummond (1997) suggests that the intrusive 490 Ma EQD formed by subduction 

and melting of a westward-dipping oceanic slab beneath Laurentia during the earliest 

Ordovician. The younger (~460-430 Ma) granitoids are thought to accompany discrete 

dynamothermal events. Consequetly, during or after accretion, the PCF must have been 

thrust over and later entrained in front of the Ashland-Wedowee belt during Alleghanian 

thrusting to the current structural position. If the PCF is equivalent to the Hillabee 

Greenstone, then accretion must take place after the Devonian/early Mississippian and 

prior to metamorphism constrained by 40Ar/39Ar ages of 334-320 Ma (Barineau and Tull, 

2001; McClellan et al. 2005). The assignment of the PCF and Hillabee Greenstone to 

the Ashland-Wedowee belt as part of the Dahlonega Gold Belt needs to be clarified in 

that each may have dissimilar genetic and accretionary histories. The current tectonic 

position of these sequences would suggest that they were accreted adjacent to 

Laurentia at the same time and/or with the PCF and Hillabee Greenstone inboard and 

accreted prior to the accretion of the Ashland-Wedowee belt. The PCF and Hillabee 
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Greenstone are not unique in that they are arc-related yet there is paucity of much of 

the overall arc physiology. Unlike the Taconic arcs of the northern Appalachians that 

commonly include an accretionary wedge, voluminous arc-related sediments and 

sedimentary basins, and evidence of accretion in the foreland, the PCF and Hillabee, 

exist only as arc-fragments, specific to the backarc region. The setting, timing and style 

of the southern Appalachian arc-related terranes suggest formation in an environment 

very different from the Ordovician arcs of the northern Appalachians and probably 

accreted at a different time and in a different manner, possibly forming in the Ordovician 

and remaining outboard of the Laurentian margin until terminal closure of the Iapetan 

Ocean. 
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CHAPTER 4 

GRANITOIDS OF THE SOUTHERNMOST EASTERN BLUE RIDGE 

 

4.1 Introduction 

Historically, the granitoids in the eastern Blue Ridge (EBR) province of Alabama 

and Georgia have been studied primarily for the occurrence of economic deposits (e.g. 

Prouty, 1923). However, rigorous geochemical and isotopic studies in this significant 

portion of the Appalachian orogen are limited. Detailed studies of the granitoids in the 

Alabama Appalachians (e.g. Drummond, 1986; Drummond et al., 1994, 1997; Russell et 

al. 1987) far exceed that of their Georgia counterparts. Recent geochemical and 

geochronological investigations, including this study, have helped constrain the timing 

and nature of granitoid emplacement and petrogenesis. 

The EBR (fig. 4.1) is a major host for Paleozoic granitoid rocks in the 

Appalachians. Particularly in the Alabama and Georgia EBR, herein referred to as the 

Ashland-Wedowee belt (AWB), there are a series of granitoid bodies exhibiting varying 

structural, petrological, geochemical, isotopic and geochronological signatures (fig. 4.2). 

Previous geochronological studies, especially by Russell (1978) and Russell et al. 

(1987), identified possible discrete periods of magmagenesis within the AWB of 

Alabama beginning with emplacement of the batholith-sized (>800 km2 exposure) 

Elkahatchee Quartz Diorite at ~490 Ma, ~460 Ma emplacement of the Zana and 

Kowaliga gneisses, ~366 Ma emplacement of Rockford-type (granite-trondhjemite) 

granitoids, and a postmetamorphic suite of Blakes Ferry-type (trondjhemite-tonalite-

granodiorite) granitoids. All granitoids reside within the polydeformed, amphibolite facies 

AWB (Ashland Supergroup - Wedowee Group - Emuckfaw Formation). Granitoids in the 

AWB of Georgia occur within a similar structural position as the aforementioned 

Alabama granitoids, and also constitute a series of diverse compositions and ages. The 

oldest studied granitoid in the Georgia AWB is the 460 Ma (Thomas, 2001) trondjhemitic 
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Figure 4.1 General lithotectonic map of the southern Appalachians (modified after 
Hatcher et al., 1989 and Bream, 2003). SMW – Sauratown mountain window, DGB – 
Dahlonega gold belt, CBR – central Blue Ridge, G-E fault – Goodwater-Enitachopco 
fault. Area of figure 4.2 is shown in dashed box. The Ashland-Wedowee belt includes 
the Emuckfaw Formation and equivalent units in Georgia. 
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Villa Rica Gneiss (VRG). Geochronologic studies of the Mulberry Rock Gneiss and 

Austell Gneiss (and likely equivalent, Sand Hill Gneiss) have yielded ages of ~460-430 

Ma (Higgins et al., 1997; P. Mueller, pers. comm.; this study, discussed below).  

Granitic rocks may provide a wealth of information regarding the tectonic 

character of the host terrane and can constrain the evolution of this terrane over time. 

Structural, geochemical, geochronological, and isotopic investigations of these 

granitoids, particulary of early Paleozoic age, are used to trace the location and tectonic 

evolution of the AWB relative to the evolving early Paleozoic Laurentian rift margin. 

Trace element and Nd and Sr isotope compositions are especially useful in identifying 

the presence of juvenile crust versus recycled (Laurentian) crust, a fundamental 

relationship within Appalachian lithotectonic realms.         

 

4.2 Geologic setting of Ashland- Wedowee belt granitoids 

 

4.2.1 Structural setting 

The AWB in the southernmost Appalachians is a polydeformed, amphibolite 

facies terrane located in the hanging wall of the Hollins-line and Allatoona fault systems 

as a major thrust sheet above the Talladega belt (TB) and western Blue Ridge (WBR) 

allochthon. The Hollins-line and Allatoona faults delineate an abrubt lithologic and 

metamorphic break. The lower metamorphic grade TB and WBR contain Laurentian-

affinity assemblages, whereas the AWB may contain accreted terrane sequences. The 

Brevard Zone, a regional dextral high strain zone (Hatcher, 1978) and possible terrane 

boundary, bounds the AWB structurally to southeast in Alabama. Along strike to the 

northeast, the Chattahoochee fault emerges from or converges with the Brevard Zone 

south of Villa Rica, GA. Here, the New Georgia Group is overthrust by the higher grade, 

migmatitic, Chattahoochee thrust sheet, which is also part of the EBR, but contains 

mostly younger granitoids (~350 Ma, except for the Whiteside granite of ~466 Ma. Miller 

et al., 2006). The Goodwater-Enitachopco fault, an internal normal fault (Allison, 1992), 

subdivides the AWB into the Coosa block (NW) containing the Ashland Supergroup and 

the Tallapoosa block (SE) containing the Wedowee Group (Tull, 1978) (fig. 4.2). 

Another internal fault, the Alexander City fault, separates the Wedowee Group 
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Figure 4.2 Geologic map of the Appalachian Blue Ridge in western Georgia and eastern Alabama including sample 
locations collected for this investigation. EQD – Elkahatchee Quartz Diorite, SHG – Sand Hill Gneiss, AG – Austell 
Gneiss, VRG – Villa Rica Gneiss, MRG – Mulberry Rock Gneiss, PCF – Pumpkinvine Creek Formation, WBR – western 
Blue Ridge.
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from the Emuckfaw Formation to the southeast (Bentley and Neathery, 1970). Because 

the Wedowee Group and Emuckfaw Formation appear to be in stratigraphic contact to 

the northeast proximal to the Alabama-Georgia state boundary (Muangnoicharoen, 

1975; McConnell and Abrams, 1984), Tull (1987) interpreted the boundary to originally 

be stratigraphic and the Alexander City fault to lack significant displacement. 

Emplacement of Early to Middle Paleozoic granitoids into the AWB predates regional 

amphibolite facies metamorphism, as evidenced by their current elongate geometries 

and concordance with the regional foliation (S1) of the host terrane. Later fold phases 

have been recognized including large amplitude, northwest vergent, overturned folds, 

with northeast and southwest trending fold axes (e.g. Austell-Frolona anticlinorium; 

Crawford and Medlin, 1973; Medlin and Crawford, 1973). It has been suggested that 

most of the granitoids are tabular to lacolith-shaped bodies (Drummond et al., 1994, 

1997; Tull, 1987).        

 

4.2.2 Stratigraphic framework of the Ashland-Wedowee belt 

 The AWB is composed of metasediments, amphibolites and granitoids. In 

Alabama, Tull (1987) divides the EBR along the Goodwater-Enitachopco fault into 

lithotectonic units, including the Coosa and Tallapoosa blocks. The Coosa block 

contains upper amphibolite facies sequences of the Ashland Supergroup. Pelitic schist 

is the dominant lithology within the Ashland Supergroup, but varying amounts of 

migmatite, pegmatites, and amphibolites occur. Within the Ashland Supergroup are 

correlative subdivided units that occur in separate structural salients. The western Poe 

Bridge Mountain and Higgins Ferry Groups contain a majority of the amphibolites found 

within the Ashland Supergroup. The eastern sequences, Mad Indian and Hatchet Creek 

Groups (Neathery and Reynolds, 1975), are far more homogeneous and contain 

negligible amounts of amphibolite (Tull, 1978). Overall, the Ashland Supergroup is 

relatively devoid of Paleozoic granitoids. The Tallapoosa Block is the main host terrane 

for AWB granitoids and contains two distinct metapelitic sequences, the Wedowee 

Group (Adams, 1926) and the Emuckfaw Formation (Neathery and Reynolds, 1975). 

Bieler and Deininger (1984) further subdivided the Tallapoosa block into the 

Elkahatchee and Kowaliga blocks along the Alexander City fault. The Wedowee Group 
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contains metapelitic schist and phyllonites with minor members of amphibolite (Stow et 

al., 1984). The Emuckfaw Formation is primarily composed of mica schist but also 

contains minor amounts of quartzite and amphibolite. Strict correlation of the EBR 

stratigraphy into Georgia remains largely speculative, though granitoids similar to those 

found in the Emuckfaw Formation are lithologically similar to granitoids in the Georgia 

EBR. The southeastern boundary of the AWB is the Chattahoochee fault. The 

Chattahoochee thrust sheet contains migmatites and gneisses of the (eastern belt) 

Sandy Springs Group (Higgins and McConnell, 1978) and is of relatively higher 

metamorphic grade than sequences in the footwall. The New Georgia Group and 

(western belt) Sandy Springs Group (McConnell and Abrams, 1984) in Georgia contain 

the Paleozoic granitoids of this investigation. The (western belt) Sandy Springs Group 

terminology is based on correlations of sequences correlated across a major fault 

boundary (Chattahoochee fault) to the (eastern belt) Sandy Springs Group as described 

by Higgins and McConnell (1978). The author finds it difficult to make such correlations 

because the Chattahoochee fault features a major metamorphic break from (lower) 

amphibolite facies in the footwall to higher-grade migmatitic assemblages in the hanging 

wall. Therefore, the (eastern belt) Sandy Springs Group in the Chattahoochee thrust 

sheet remains unchanged whereas the (western belt) Sandy Springs Group is here 

considered part of the New Georgia Group. The structurally lowest portion of the New 

Georgia Group is predominantly metavolcanic in composition, containing the 

Pumpkinvine Creek Formation (PCF), a bimodal volcanic sequence. Structurally and 

stratigraphically (?) above the PCF, the New Georgia Group becomes a dominantly 

meta-sedimentary sequence containing aluminous schist, termed the Canton 

Formation, minor meta-sandstone, and lesser amounts of meta-volcanic rocks. Various 

granitoids are located within the New Georgia Group. Because of the lithologic 

similarities of granitoids of the New Georgia Group and those of the Wedowee Group/ 

Emuckfaw Formation, as well as the similarities in structural positioning, the author 

proposes that the aforementioned stratigraphic units are correlative. 

Horton et al. (1984) suggested that the southern Appalachian EBR contained a 

series of separate terranes and termed this the Jefferson composite terrane. Based on 

investigations in Georgia, Higgins et al. (1997) subdivided the EBR into a 
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paratochthonous continental margin assemblage, genetically linked to the Laurentian 

basement, and an allochthonous assemblage formed on ancient oceanic crust offshore 

of the continental margin. Despite the occurrence of faults within the southern Alabama 

AWB (Goodwater-Enitachopco and Alexander City faults), Tull (1987) suggests that no 

significant (< 1km) displacement occurs and that the contacts between the individual 

blocks were previously conformable. Therefore, it is suggested that the AWB is a single 

lithotectonic terrane. The thickness of this terrane exceeds 20 km and is most likely 

representative of slope-rise deposits outboard of Laurentia (Drummond, 1994).   

  

 

4.3 Lithologic description of the Early Paleozoic granitoids of the Ashland-

Wedowee belt 

 

 

4.3.1 Alabama granitoids 

 The Elkahatchee quartz diorite (EQD) is a large, batholith-sized body of at least 

800 km2 of areal exposure (Drummond et al., 1994), making it the largest exposed 

intrusive complex in the southern Appalachian Blue Ridge. The EQD is presumably the 

oldest (~490 Ma; Russel et al., 1987) granitoid in the AWB. The dominant composition 

of the EQD is of an I-type, peraluminous, tonalite-granodiorite. SiO2 content is generally 

~69%. Drummond et al. (1994) noted a slight normal zonation with more felsic 

compositions in the core of the batholith and gabbro-diorite enclaves around the core. 

Biotite is the major mafic phase and typically constitutes ~15-20% of the rock (volume 

estimate). Feldspar compositions include K-feldspar and plagioclase. Plagioclase is the 

dominant mineral phase in the EQD (~40-50% volume estimate) and contains abundant 

euhedral, coarse (up to 6 mm) grains locally containing abundant biotite (+ trace 

mineral) inclusions. Finer-grained fractions (<1 mm) of plagioclase are present as 

interstitial grains. The finer grained phase may be due to deformation induced grain-

boundary migration or as a late igneous phase as evidenced by the myrmekitic texture. 

K-feldspar occurs as perthite, microcline, and myrmekite. Other mineral phases include 

biotite, a suite of trace minerals (apatite, zircon, sphene) and primary epidote. 
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Drummond et al. (1994, 1997) suggest that this primary epidote is indicative of 

crystallization at high pressure (>6 kbar; Nanet, 1983) although hornblende 

geobarometry yields pressures of 1-4 kbar. Drummond et al. (1994,1997) suggest that 

epidote was emplaced rapidly through fracture-controlled ascent and persisted 

metastably. 

 The Kowaliga gneiss, outcropping within the Emuckfaw Formation, is a 

continuous elongate granitoid displaying an infrequent but locally distinctive augen 

texture as well as melanosome and leucosome layering. It falls on the boundary 

between metaluminous and peraluminous and is generally granodioritic in composition. 

The dominant mineralogy is plagioclase, which is up to 50% by volume and the mafic 

phase of biotite (up to 15% by volume). K-feldspar is also present but almost by an 

order of magnitude less than plagioclase. K-feldspar is likely a late and minor phase in 

the petrogenetic sequence as well as myrmekitic intergrowth textures with plagioclase. 

Minor mineral phases include muscovite and large euhedral grains of titanite (sphene).    

 The Zana Granite is a poorly exposed discontinuous suite that generally parallels 

the Kowaliga Gneiss (Bentley and Neathery, 1970; Muangnoicharoen, 1975). Bieler and 

Deininger (1987) identify at least three distinct phases of Zana based on the amount of 

biotite relative to total mica and suggested that the term “Zana Granite” be reevaluated. 

The best exposures of the Zana occur at Mill Falls near Daviston, AL (samples CH-4 

and CH-7), and this exposure has historically received the most investigation. The Mill 

Falls locality outcrop is two-mica granitic gneiss with subequal amounts of quartz, K-

feldspar, and plagioclase. Minor to trace garnet is also present (concentrated in mica-

rich layers) as well as epidote. Accessory minerals include zircon, sphene, and allanite 

(?).   

 

4.3.2 Georgia granitoids 

 McConnell and Abrams (1984) generally categorized the granitoids included in 

this study as pre- to synmetamorphic. All of the granitoids discussed below show strong 

evidence of penetrative deformation associated with regional prograde metamorphism 

as the foliation from granitoids across the contact into the host metasedimentary 

sequence is generally conformable. The VRG is distinctive in that it has a trondjhemitic 
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composition similar to that of the extrusive felsic facies (low-K metadacite) of the 

Pumpkinvine Creek Formation (PCF). The VRG could be an exposure of the deeper 

crustal magma source for the PCF. The VRG has low SiO2 (<69%) content, is 

moderately peraluminous, and plagioclase-dominant. The Austell Gneiss is located in 

the core of a late-phase regional fold (Medlin and Crawford, 1973). It is a two-mica 

slightly metaluminous granite, typically course-grained, and commonly displays an 

augen texture. The mineralogy contains subequal amounts of quartz, K-feldspar, and 

plagioclase as major phases and includes zircon, apatite, and sphene as common 

accessory minerals. The Sand Hill Gneiss (McConnell and Abrams, 1984) occurs 

proximal to the Austell Gneiss. The overall grain size is finer than the Austell, but the 

Sand Hill Gneiss contains a very similar mineralogy and chemical composition. The 

Sand Hill Gneiss and Austell Gneiss may share a common origin. The Mulberry Rock 

Gneiss (MRG)  (McConnell and Abrams, 1984) occupies a unique structural position in 

that it occurs along the Allatoona fault, adjacent to the Talladega belt. It is this structural 

position that apparently caused previous investigators to consider the MRG as the 

basement of the Talladega belt and a possible equivalent of the proximal Grenville-aged 

Corbin metagranite (McConnell and Abrams, 1984; Higgins et al., 1988; Osberg et al., 

1989). However, recent mapping and geochronological investigations (discussed below) 

clearly indicate that the MRG is a Paleozoic granitoid. The MRG is a medium grained, 

slightly metaluminous, two-mica granite with subequal amounts of quartz, plagioclase, 

and K-feldspar. Garnet occurs rarely, and biotite is typically a minor phase relative to 

muscovite. Accessory phases include zircon, epidote, and allanite.      

 

 

 

4.4 Geochronological investigations 

 

 A limited amount of high-precision geochronology of the AWB granitoids has 

been performed. Russell (1978) completed the first detailed isotope geochronology 

study of the crystallization ages of granitoids in Alabama, using U-Pb zircon and Rb-Sr 

whole-rock isotopic techniques. Since that time, few geochronological investigations 
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have been conducted. Russell (1978) and Russell et al. (1987) provide Rb-Sr whole 

rock and U-Pb zircon isotope ages for many of the granitoids of the Alabama AWB 

including the EQD, Zana Granite, and Kowaliga Gneiss. The reported EQD Rb-Sr whole 

rock isotope age, based on 9 points is 490 ± 28 Ma and is supported by an U-Pb zircon 

isotope age of 490 Ma (Russel, 1978; Russell et al, 1987). The reported initial 87Sr/86Sr 

ratio of 0.7036 is relatively low, suggesting little radiogenic crustal contribution. U-Pb 

zircon isotopic studies of the Zana Granite and Kowaliga Gneiss yielded ages of ~460 

Ma (Russell, 1978). An Rb-Sr whole rock isotope investigation failed to yield an 

isochron but when plotted to a 460 Ma reference isochron, show that the Kowaliga and 

Zana granitoids had differing initial 87Sr/86Sr ratios.  

The Georgia AWB granitoids in this study have been investigated even less than 

those in Alabama. Higgins et al. (1997) presented Rb-Sr whole rock (430 Ma) and U-Pb 

zircon (427-485 Ma) isotope ages for the Austell Gneiss. The zircon ages proved to be 

equivocal because different populations gave different ages. It is likely that the Austell 

zircon population has inherited components not easily rectified by individual analyses 

containing many grains. It is also noted that analyses were completed in two separate 

laboratories. Thomas (2001) provided ion microprobe U-Pb isotope zircon ages of  ~460 

Ma on zircons collected from the VRG. These analyses included approximately 15 spots 

on 10 individual zircon grains from a single sample. Probability age statistics of the VRG 

centered on 458 Ma, and are interpreted as the crystallization age. The lack of any 

significant inherited component (especially Grenville-aged inheritance) is unique to 

granitoids in the Appalachian Blue Ridge. The current study presents new 

geochronologic data on the Mulberry Rock Gneiss (MRG). An Rb-Sr whole rock 

investigation of the MRG yields an age of 462 +19/-54 Ma based on 8 samples.  Zircons 

were collected from two samples of the Mulberry Rock Gneiss and analyzed by laser 

ablation multi-collector ICP-MS. The zircon systematics of the Mulberry Rock Gneiss 

are complicated in that no statistically significant chord fits the data. However the most 

concordant analyses fall between 430 and 460 Ma (R.Das, written communication). 

SHRIMP analyses yielded an age of ~450 Ma (P.E. Meuller, personal communication). 

Clearly there is discrepancy between the Rb-Sr whole rock ages and the U-Pb zircon 

ages. Future high precision analyses of MRG zircons will hopefully resolve this issue. 
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Figure 4.3 Rb-Sr isotope isochron plot of the Mulberry Rock Gneiss. Data symbols 
exceed the size of error on plot. Isochron is fit as a robust (weighted least squares) 
regression as described by Rollinson (1993). Data from table 4.4. 
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Table 4.1 GEOCHRONOLOGY OF ALABAMA AND GEORGIA EBR 
GRANITOIDS 

 
Granitoid 

 
Age (method) 

 
Reference 

EQD ~490 Ma (U-Pb zircon; Rb/Sr whole-rock) 
Russel, 1978; 
Russell et al. 1987 

Zana ~460 Ma (U-Pb zircon) 
Russel, 1978; 
Russell et al. 1987 

Kowaliga ~460 Ma (U-Pb zircon) 
Russel, 1978; 
Russell et al. 1987 

Austell 
432 Ma (Rb/Sr whole-rock);  
427-485 Ma (U-Pb zircon) 

Higgins et al., 1997 

Mulberry Rock 
460 Ma (Rb/Sr whole-rock);  
432Ma and ~450 Ma (U-Pb zircon) 

This study; R. Das, 
written, comm.; 
P.E. Mueller, pers. 
comm. 

Villa Rica  458 Ma (U-Pb zircon) Thomas, 2001 

 

4.5 Major and trace element geochemistry 

 

 All granitoids in this study have many characteristics within I-type or S-type 

categories (Chappell and White, 1974). The EQD, Kowaliga Gneiss, and VRG typically 

have SiO2 weight % values of less than 70%, and are likely I-type, while the other 

granitoids in this study are likely S-type or mixed I- and S-type. Based upon criteria for 

differentiating I-type and S-type granitic rocks (Chappell and White, 1974; Zen, 1988), it 

is clear that strict categorization (table 4.2) based on major element chemistry is 

difficult. It is likely that there are mixed source granitic rocks and primary igneous 

sources that mimic proposed sedimentary sources (e.g. I-type granite from a 

peraluminous igneous source). However, it is clear that granitiods do distinguish 

themselves by their source. Isotopic tracers (discussed below) and trace-element 

characteristics (fig. 4.6) help distinguish the source and type of melt dervived from the 

source. The samples analyzed in this study fall into two categories, either moderately to 

strongly peraluminous, or plot near unity (fig. 4.4). The peraluminous granitoids, EQD, 

Kowaliga, Zana, and VRG, encompass a suite of trondjhemite, tonalite, and granodiorite 

(TTG) compositions (fig 4.5). The VRG is mainly trondjhemitic in composition. Extreme 
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fractionation of rare earth elements (REE) (fig. 4.5f) is indicative of a mafic source 

material composed primarily of garnet and hornblende (high partition coefficients of 

light-REE; Rollinson, 1993). A positive Eu anomaly precludes the presence of feldspar 

in the source melt and low K2O is evidence of paucity for K-feldspar phase. The best 

source candidate is that of garnet and amphibole (+ minor plagioclase) -rich depleted 

mafic material. Miller et al. (1997) suggest mid-ocean ridges and island arc melts as 

likely candidates for trondjhemite petrogenesis. The extreme depletion in the heavy-

REE may be best explained by depleted sources related to island arcs. The EQD also 

exhibits evidence of extreme fractionation of heavy-REE relative to light-REE (fig. 4.6a) 

and a minor positive Eu anomaly. Other geochemical properties include low SiO2 values 

(< 70 weight%) and high Aluminum Saturation Index (ASI) values (typically > 1.1). 

Drummond et al. (1994) used REE models to identify the most likely source material for 

the EQD and concluded that altered mid-ocean ridge basalt (+ minor deep sea 

sediment) was the best candidate. Based on a highly fractionated REE pattern and 

modest positive Eu anomaly, it is likely that the EQD formed from a garnet-amphibole (> 

plagioclase) melt. The enrichment of K in EQD (~4.5 weight % oxide) relative to the 

VRG (< 1 weight % oxide) is distinctive in that either the source of the melt or 

contamination must account for this disparity. The Zana Granite falls near unity between 

granite, trondjhemite, and granodiorite compositions (fig. 4.5c).   

 

 

 

 

 

 

TABLE 4.2 CRITERIA FOR I-TYPE VERSUS S-TYPE GRANITIC ROCKS 
(Modified from Chappell and White, 1974 and Zen, 1988) 

I-type S-type 

• Aluminum saturation index < 1.1 

•  CIPW norm diopside;   norm 
corundum < 1% 

• > 3.2% Na2O 

• Low initial 
87

Sr/
86

Sr values 

• Aluminum saturation index > 1.1 

• CIPW norm corundum > 1% 

• < 3.2% Na2O 

• High SiO2; > 5% K2O 

• High initial 
87

Sr/
86

Sr values 
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Table 4.3 MAJOR OXIDE (WEIGHT%) AND TRACE ELEMENT (in ppm) DATA 

Sample 
ID 

CH1 CH2 CH11 CH17 CH4 CH7 CH18 CH21 CH8 CH12 CH22

Unit EQD EQD EQD EQD Zana Zana Zana Zana Kow Kow Kow

SiO2 69.67 68.78 69.35 69.90 73.41 74.02 72.93 69.35 68.51 67.64 68.37

Al2O3 15.96 16.00 15.90 15.88 14.36 14.19 14.59 14.96 15.12 15.54 14.89

FeOT 2.97 3.20 3.25 2.23 2.06 1.98 2.19 3.53 3.79 3.91 4.04

MgO 1.20 1.27 1.31 0.88 0.60 0.57 0.63 1.14 1.23 1.29 1.35

CaO 2.74 3.16 2.69 2.54 2.24 2.18 2.23 2.85 3.12 3.35 3.25

Na2O 3.84 3.47 3.00 3.25 3.93 3.76 3.91 3.71 3.58 3.84 3.56

K2O 2.77 3.18 3.57 4.56 2.83 2.78 2.91 3.51 3.63 3.34 3.39

LOI** 1.3 0.7 1.6 1.2 0.8 0.7 0.6 0.6 1.0 0.4 0.6

Total 100.00 100.01 100.03 100.05 100 100.02 100.01 100.02 99.98 99.94 100

            

Rb 90.59 131.29 191.45 142.38 108.18 90.75 120.92 94.99 84.24 8.90 100.94

Sr 412.10 378.27 538.22 430.27 184.45 326.44 136.76 193.57 83.48 861.26 222.43

Y 11.04 11.72 10.44 8.98 35.65 25.37 27.17 29.46 18.94 3.16 29.97

Zr 57.77 58.90 353.45 49.49 89.93 727.87 117.67 41.38 574.08 26.31 51.72

Nb 5.44 12.62 12.70 9.53 16.75 14.63 18.29 13.07 13.97 0.89 11.98

Cs 2.65 5.90 1.48 5.60 2.08 0.54 2.46 1.40 1.72 0.14 1.47

Ba 832.84 533.10 2116.5 1126. 5 519.27 1164.4 389.64 689.47 398.23 329.50 778.88

La 16.91 17.64 101.45 19.44 42.13 32.03 28.67 35.29 15.55 8.33 49.38

Ce 35.38 36.50 202.64 40.69 65.95 77.83 51.15 73.56 42.22 25.39 92.76

Pr 4.02 4.24 19.19 4.75 8.73 6.69 6.44 8.57 3.68 2.05 10.38

Nd 15.47 16.68 60.67 17.86 32.30 23.98 23.27 31.73 13.49 7.66 36.54

Sm 3.04 3.60 7.98 3.59 6.90 4.75 5.14 6.02 2.84 1.41 6.73

Eu 1.12 1.24 1.44 1.62 1.38 0.79 1.08 1.51 0.40 0.32 1.60

Gd 3.56 4.46 4.55 4.61 8.35 1.43 6.35 8.66 0.99 0.52 9.66

Tb 0.38 0.52 0.57 0.47 1.13 0.30 0.85 0.94 0.19 0.08 0.99

Dy 1.91 2.45 2.53 1.99 6.49 4.93 4.92 5.17 3.07 0.71 5.25

Ho 0.35 0.40 0.40 0.31 1.20 0.93 0.90 1.00 0.64 0.12 1.00

Er 1.02 1.01 1.03 0.78 3.43 2.65 2.62 2.88 2.09 0.31 2.85

Yb 0.90 0.81 0.79 0.65 3.24 1.43 2.56 2.56 1.51 0.25 

Lu 0.13 0.11 0.11 0.09 0.53 0.26 0.40 0.37 0.29 0.04 0.34

Hf 1.51 1.51 8.11 1.34 2.39 15.74 3.20 1.18 16.82 0.88 1.34

Ta 0.76 1.23 0.94 1.00 1.65 0.66 2.03 1.23 2.14 0.13 0.97

Pb 12.39 20.24 37.60 28.23 12.77 10.00 12.67 13.09 10.88 5.26 13.34

Th 4.89 4.39 25.91 5.94 11.54 4.79 12.39 8.79 7.90 3.53 11.38

U 2.06 2.14 2.41 1.49 3.16 0.60 3.81 2.66 0.80 0.44 2.59

            

FeOT – Reported as total iron 
LOI**- Weight % Sample Lost on ignition 

P2O5 , MnO, and TiO2 are < 1% and thus not reported as major oxides, but are calculated into Total oxides 
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                TABLE 4.3 (continued) 

Sample ID CH9 CH13 CH16 CH20 CH24 CH27 CH28 CH25 CH26

Lith. Unit Austell Austell Austell Austell Austell Austell Austell Sand Hill Sand Hill

SiO2 74.00 78.44 75.46 72.83 71.69 65.70 76.44 73.54 77.19

Al2O3 13.22 12.23 13.18 14.30 14.17 16.17 12.80 14.29 12.75

FeOT 2.15 0.75 1.48 2.20 2.54 4.69 1.08 1.81 0.51

MgO 0.68 0.10 0.40 0.60 0.77 2.26 0.25 0.52 0.10

CaO 1.81 0.43 1.08 1.27 2.12 4.67 0.86 1.02 0.59

Na2O 3.15 3.17 2.99 3.10 3.45 3.56 3.18 2.97 2.68

K2O 4.37 4.71 4.96 5.02 4.55 2.23 5.16 5.26 6.14

LOI** 0.6 1.0 0.8 0.7 1.0 0.8 0.3 1.3 1.3

Total 100.06 100.10 100.09 100.07 100.07 99.98 100.10 100.07 100.15

    

Rb 72.06 305.33 200.51 203.77 115.94 86.75 185.31 231.74 189.02

Sr 130.68 13.53 76.58 102.25 170.14 338.06 38.56 73.36 48.77

Y 14.93 54.64 24.45 26.25 28.56 14.91 40.79 22.50 18.21

Zr 253.56 55.80 53.66 65.43 32.21 23.94 59.62 62.90 32.64

Nb 8.66 36.90 16.87 19.55 12.18 9.47 15.35 18.42 13.53

Cs 1.40 9.40 4.01 7.08 1.47 1.57 2.42 7.46 1.76

Ba 772.57 49.89 239.46 368.75 707.63 429.72 143.11 315.26 91.14

La 25.10 14.41 3.55 28.60 33.19 22.87 38.23 26.54 22.84

Ce 58.85 41.66 56.87 60.07 65.46 41.24 81.52 57.13 39.36

Pr 5.50 5.07 1.40 7.20 7.53 4.84 9.67 6.80 4.74

Nd 19.97 18.56 5.47 27.39 27.84 17.20 34.75 24.95 15.38

Sm 3.62 5.28 1.78 5.93 5.75 3.26 7.60 5.38 3.03

Eu 0.68 0.20 0.41 0.98 1.50 0.92 0.63 0.84 0.38

Gd 1.56 5.59 4.95 7.32 7.77 4.65 9.70 6.78 4.25

Tb 0.27 1.09 0.44 0.90 0.89 0.47 1.19 0.79 0.49

Dy 2.97 8.47 3.49 4.94 4.94 2.49 6.91 4.14 2.95

Ho 0.59 1.85 0.77 0.87 0.94 0.48 1.30 0.71 0.58

Er 1.82 6.16 2.57 2.39 2.67 1.40 3.83 1.92 1.90

Yb 1.32 6.08 2.64 2.02 2.17 1.28 3.39 1.67 1.95

Lu 0.24 0.92 0.40 0.28 0.30 0.19 0.48 0.23 0.29

Hf 7.97 2.62 1.73 1.82 0.95 0.74 2.14 1.77 1.28

Ta 0.61 5.13 1.75 2.52 1.17 1.13 1.90 2.62 2.01

Pb 12.62 25.54 20.79 26.82 16.95 10.02 22.03  22.44

Th 7.33 35.42 27.81 13.23 9.40 7.85 28.56 10.59 16.07

U 0.99 16.81 3.55 7.84 2.11 2.57 6.50 8.43 4.21
FeOT – Reported as total iron 

LOI**- Weight % Sample Lost on ignition 

P2O5 , MnO, and TiO2 are < 1% and thus not reported as major oxides, but are calculated into Total oxides 

65 



 

                TABLE 4.3 (continued) 

Sample ID MR 1
#

MR 2a
#

MR 2b
#

MR 3a
#

MR 3b
#

MR 4a
#

MR 4b
#

MR 4c
#

CH10 CH14 CH23 CH29

Lith. Unit MRG MRG MRG MRG MRG MRG MRG MRG VRG VRG VRG VRG

SiO2 75.49 78.5 77.03 76.55 78.4 77.64 76.93 77.57 70.52 71.83 65.68 72.13

Al2O3 12.73 11.71 12.58 12.54 11.87 12.28 12.63 12.34 16.98 16.53 16.19 16.48

FeOT 1.36 0.71 0.78 0.81 0.88 0.76 0.94 0.79 1.45 1.30 4.29 1.253

MgO 0.4 0.15 0.16 0.14 0.16 0.09 0.12 0.09 0.64 0.60 2.12 0.381

CaO 1.02 0.76 0.62 0.62 0.57 0.54 0.54 0.35 3.65 3.33 4.79 3.12

Na2O 3.12 2.93 3.35 3.44 3.32 3.56 3.37 3.56 5.29 4.96 3.71 5.62

K2O 4.99 4.58 4.72 4.83 4.34 4.61 4.63 4.51 0.96 0.95 2.52 0.63

LOI** 0.7 0.5 0.6 0.7 0.3 0.4 0.7 0.7 1.1 1.8 0.9 0.2

Total 100.16 100.04 100.02 99.8 100.01 100.03 100.02 100.02 99.94 99.95 100 99.92

     

Rb 200.9 218.6 261.5 315.4 312.1 308.5 277.1 315.3 12.65 12.85 81.60 12.70

Sr 105.9 53.2 19.5 24.2 28.6 18.5 25.5 17 647.68 801.56 315.82 366.25

Y 32.6 27.7 32.9 54 59.1 61.1 59.1 57.5 1.83 3.48 14.63 7.33

Zr 132.3 74.3 74.8 72.1 107.1 82.9 89.8 60.9 6.01 11.83 23.50 48.39

Nb 17.8 18.6 21.1 29.9 29.3 22.4 24.6 28.8 1.46 1.54 7.85 5.74

Cs 2.1 2.0 2.8 3.4 4.1 4.9 5.9 4.7 0.13 0.13 1.35 0.14

Ba 293 135.1 24.6 100 101.8 60 62.4 50.7 260.45 289.04 520.65 370.06

La 39.8 20.4 32.9 21.6 26 24.3 26 21.6 6.44 12.16 33.16 19.12

Ce 73 39.3 59.4 48.1 56.5 52.8 53.6 48.7 14.79 24.37 61.51 60.53

Pr 8.23 4.25 5.88 5.85 6.43 6.03 6.07 5.72 1.36 2.59 6.40 4.62

Nd 27.1 16.2 18.7 20.8 25.5 23 23.1 22.6 5.07 9.02 21.16 15.03

Sm 5.5 3.1 3.7 5.7 6.5 6.5 5.8 6.2 0.90 1.50 3.58 2.58

Eu 0.62 0.39 0.26 0.29 0.29 0.25 0.28 0.19 0.37 0.62 1.02 0.83

Gd 4.71 2.67 3.29 6.45 6.41 6.41 5.75 5.99 1.40 2.24 6.07 5.03

Tb 0.84 0.48 0.63 1.2 1.29 1.36 1.14 1.28 0.10 0.17 0.51 0.31

Dy 4.97 3.52 3.97 7.91 8.8 9.02 8.02 8.58 0.39 0.68 2.46 1.34

Ho 1 0.77 0.86 1.63 1.79 1.8 1.68 1.76 0.06 0.11 0.46 0.25

Er 3.04 2.53 2.92 5.02 5.54 5.8 5.14 5.6 0.16 0.29 1.36 0.79

Yb 3.19 3.67 3.95 6.35 6.32 6.57 5.54 6.73 0.14 0.22 1.23 0.89

Lu 0.54 0.65 0.7 0.86 1.05 1.03 0.96 1.08 0.02 0.03 0.18 0.14

Hf 4.9 3.3 3.8 3.2 4.6 4.1 3.8 3.4 0.18 0.37 0.70 1.33

Ta 2.5 2.4 2.6 4.3 4.1 3.4 3.6 3.5 0.23 0.44 0.99 0.80

Pb - - - - - - - - 5.01 6.24 9.49 9.74

Th 20.5 30.7 30.7 22.2 27.2 29.8 27.7 33.7 1.70 3.40 13.45 14.57

U 7.6 6.2 11.2 5.9 19.8 10.1 6.9 5.7 0.45 1.07 2.72 1.66
FeOT – Reported as total iron 

# 
Major and trace elements analyzed at ACME Laboratories Ltd. 

LOI**- Weight % Sample Lost on ignition 

P2O5 , MnO, and TiO2 are < 1% and thus not reported as major oxides, but are calculated into Total oxides 
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Figure 4.4 Shand’s index (Manniar and Picolli, 1989) of EBR granitoids. (A) Austell 
(open triangle), Sand Hill (closed triangle), and MRG (open square); (B) EQD; (C) Zana 
(open circle) and Kowaliga (asterisk); (D) Villa Rica Gneiss. 
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The REE behavior displays a moderate degree of fractionation, and a slight negative Eu 

anomaly (4.6b). The Zana ASI value of ≤ 1.15, and high Na2O (>3.2 weight %) make it a 

candidate for an I-type granitic rock. The negative Eu anomaly is likely due to the 

presence of feldspar in the melt source material. The K2O weight % value (< 3%) is low 

and probably indicative of a plagioclase-rich source (relative to K-felspar). The Kowaliga 

Gneiss has a unique REE pattern relative to the other granitoids in this study. The 

middle REE (Eu-Tb) show a pronounced depletion that isn’t controlled solely by 

feldspar. It is likely that an accessory phase like sphene or apatite (or both) account for 

the depletion, as both phases are present (sphene >> apatite). The Kowaliga Gneiss 

has low SiO2 % (< 70 weight%), an ASI value of ≈1, and high (3.6-3.8) Na2O weight%, 

typical of I-type granite. The Austell Gneiss, MRG, and Sand Hill Gneiss are granitic in 

composition and exhibit strong evidence of S-type affinity. All are high SiO2 (>70%), 

exhibit high K2O values (~5 weight %), low Na2O% (<3.2% by weight) and ASI <1.1. 

The REE pattern is typical of S-type granites, bearing large negative Eu anomalies 

(feldspar controlled). Overall there is a slight fractionation of the heavy REE, but in 

some cases, the pattern is relatively flat. This may be controlled by the presence of 

modal amphibole. Trace element discrimination (Pearce et al., 1984) effectively 

differentiates the setting of granite magmagenesis relative to its orogenic or anorogenic 

setting. The granitoids in this investigation overwhelmingly plot within the volcanic arc 

granite field (fig. 4.7). The Austell Gneiss and MRG do fall within the WPG – within plate 

granite field, which includes granites in attenuated continental crust (Pearce et al., 

1984). This setting may be attributed to their S-type characteristics. Whereas major and 

trace element composition of granitoids is extremely useful in determining the source 

and behavior of the parent material, it is difficult to use these data to ascertain the age 

or terrane affinity, especially when multiple source terranes are adjacent (e.g. collisional 

orogenic belt).    

  

 
Figure 4.5 (previous page). Albite (Ab), Anorthite (An), and Orthoclase (Or) feldspar 
triangle classification (Barker, 1979) of EBR granitoids. Austell Gneiss (open triangle) 
and Sand Hill Gneiss (closed triangle), (A); EQD (B); Zana (circle) and Kowaliga 
(asterisk), (C); Villa Rica Gneiss (D); Mulberry Rock Gneiss (E). Shaded regions are 
maximum concentration fields from Drummond et al., (1997). 
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Figure 4.6 Chondrite normalized (Sun and McDonough, 1989) rare earth element 
diagrams of EBR granitoids. EQD (A); Zana (B); Kowaliga (C); Austell (open triangles) 
and Sand Hill Gneiss (closed triangles), (D); MRG (E); Villa Rica Gneiss (F). 
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4.6 Isotope geochemistry 

 

4.6.1 Sr and Nd isotopes as crustal tracers 

 Rb and Sr are readily mobile in metamorphic terranes by such processes as 

metasomatic fluid disturbances or homogenization during thermal anomalies including 

regional metamorphism. However, initial Sr isotope values of whole rocks are useful 

because diffusion is typically limited to the grain scale. Another advantage of Rb-Sr 

systematics is that Rb is much more incompatible than Sr and each petrogenetic event, 

whether it is melt removal or later tectonothermal events, generates enriched radiogenic 

crustal materials yielding variable 87Sr/86Sr values. Nd isotopes are robust tracers of 

source materials. Nd and Sm undergo significant fractionation during extraction from the 

mantle, but typically do not fractionate further by processes such as moderate 

metamorphism or erosion. Most granitoids, except perhaps for those that have 

experienced near-granulite facies metamorphism, retain their Nd isotopic signature 

derived from initial mantle extraction.  

The application of Nd and Sr isotopes as tracers of the source material coupled 

with chronology of events that produced granitic melts is useful in understanding the 

evolution of the lithotectonic source terrane. The isotope analyses in this study are 

intended to determine the amount of juvenile crust versus recycled ancient crust, in 

order to determine the relationship of the terranes that contain the granitoids to the 

evolving rifted Laurentian margin. 

 

  

 

Figure 4.7 (previous page) Tectonic discrimination diagrams (Pearce et al., 1984) of 
EBR granitoids. (A) EQD, shaded area is the field of Drummond et al. (1994); (B) Zana 
and Kowaliga Gneiss; (C) Austell, Sand Hill, and MRG; (D) Villa Rica Gneiss; (E and F), 
all data. EQD (x and open crosses), Zana (open circle), Kowaliga (asterisk), Austell 
(open triangle), Sand Hill (closed triangle), MRG (open square), Villa Rica Gneiss 
(closed cross). WPG – within plate granite, ORG – ocean ridge granite, VAG – volcanic 
arc granite, syn-COLG – syn-collisional granite. 
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4.6.2 Nd and Sr isotope values 

The granitoids in this study include a wide range of Nd and Sr isotopic values as 

summarized in table 4.5. The oldest granitoid, (EQD) is characterized by low initial 

87Sr/86Sr values (Tables 4.4 and 4.5) of 0.701-0.705 indicative of a non-radiogenic 

source. Major and trace elements compositions of the EQD characterize it as derived 

from a relatively depleted mafic source. Sr isotopes also support this, and further 

support the classification of the EQD as an I-type granitic rock. Nd isotope systematics, 

as shown as initial εNd values, exhibit relatively restricted values of +0.6 to –2.8. This 

suggests a degree of contamination by older (Grenville) crust. Model age (TCHUR) 

variation (640-880 Ma) is also restricted and likely represents the mixing of juvenile and 

ancient crust. A single sample with a model age of 450 Ma (younger than the zircon and 

Rb-Sr isotope whole rock age) and positive εNd value (+0.6) may represent a vestige of 

pristine juvenile component. The Zana Granite has moderate to high initial 87Sr/86Sr 

values (0.707-0.712), slightly positive to slightly negative εNd values (+0.8 to –1.39) and 

restricted model ages (460-590 Ma). The similarity of model age and crystallization age 

as determined by independent isotopic systems strongly suggests the derivation of the 

Zana from a mantle source around the time of emplacement as a granitoid. However, 

relatively high initial 87Sr/86Sr values preclude derivation of this melt from a depleted 

mantle source. Rather, the Sr isotopes may suggest that the source of melt was derived 

from young immature sediments. The Kowaliga Gneiss exhibits negative initial εNd 

values and high initial 87Sr/86Sr values, indicative of mixing with evolved crustal material. 

However, relatively young model ages (560-570 Ma) are indicative of mixing with a 

relatively juvenile component. The VRG is variable of isotopic composition. Two 

samples (CH-10 and CH-14) yield low initial 87Sr/86Sr (0.703) and positive εNd (+3.7, + 

4.8) signifying derivation from a juvenile source, whereas samples CH-23 and CH-29 

exhibit moderately high initial 87Sr/86Sr values (0.708-0.709), very negative εNd values (-

5.1 to -3.4) and model ages of 740-890 Ma. The overall chemistry of the two groups
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TABLE 4.4 Rb-Sr AND Sm-Nd ISOTOPIC DATA AND CALCULATIONS 

Sample ID Lith. Unit 
Age(t) 

Ma 

87
Rb 

(ppm) 

86
Sr 

(ppm)
87

Rb/
86

Sr
87

Sr/
86

Sr(m)
87

Sr/
86

Sr(t)
147

Sm 
(ppm)

144
Nd 

(ppm) 
147

Sm/
144

Nd
143

Nd/
144

Nd(m)
143

Nd/
144

Nd(t) εNd (t)
T(CHUR) 

Ga 

CH1 EQD 490 29.51 46.38 0.636 0.708523(10) 0.70408 0.0030 0.026 0.119 0.512308(07) 0.511927 -1.56 0.647 

CH2 EQD 490 42.77 42.57 1.005 0.708436(11) 0.70142 0.004 0.028 0.130 0.512282(11) 0.511863 -2.80 0.819 

CH11 EQD 490 62.36 60.57 1.023 0.710777(09) 0.70359 0.008 0.100 0.079 0.512293(09) 0.512038 0.61 0.449 

CH17 EQD 490 46.38 48.42 0.958 0.711840(09) 0.70515 0.004 0.029 0.121 0.512324(33) 0.511934 -1.42 0.637 

CH4 Zana 460 35.24 20.76 1.699 0.723638(10) 0.71251 0.007 0.053 0.129 0.512448(09) 0.512059 0.26 0.430 

CH7 Zana 460 29.56 36.74 0.805 - - 0.005 0.040 0.120 0.512448(12) 0.512087 0.81 0.378 

CH18 Zana 460 39.39 15.39 2.559 0.724854(26) 0.70808 0.005 0.038 0.134 0.512445(07) 0.512043 -0.05 0.467 

CH21 Zana 460 30.94 21.78 1.420 0.716985(10) 0.70768 0.006 0.052 0.115 0.512320(07) 0.511974 -1.39 0.592 

CH8 Kowaliga 460 27.44 9.40 2.921 0.715512(26) 0.69637 0.003 0.022 0.127 0.512293(11) 0.511909 -2.66 0.760 

CH12 Kowaliga 460 2.89 96.92 0.030 0.715345(09) 0.71515 0.001 0.013 0.111 0.512327(11) 0.511991 -1.05 0.556 

CH22 Kowaliga 460 32.88 25.03 1.314 0.715798(10) 0.70719 0.007 0.060 0.111 0.512314(08) 0.511979 -1.30 0.579 

CH10 VRG 460 4.12 72.89 0.057 - - 0.001 0.008 0.107 0.512558(49) 0.512235 3.69 - 

CH14 VRG 460 4.19 90.20 0.046 0.703981(19) 0.70368 0.001 0.015 0.101 0.512594(36) 0.512291 4.79 - 

CH23 VRG 460 26.58 35.54 0.748 0.713375(09) 0.70847 0.004 0.035 0.102 0.512179(09) 0.511871 -3.41 0.741 

CH29 VRG 460 4.14 41.22 0.100 0.709718(13) 0.70906 0.003 0.025 0.104 0.512095(06) 0.511782 -5.14 0.891 
     (t) – Refers to crystallization ages based on approximated values from table 4.1. 

         87
Rb, 

86
Sr, 

147
Sm, and 

144
Nd concentration values calculated using whole rock analysis by ICP-MS. Analytical error is < 1%. 

     T(CHUR) Calculations based upon present CHUR 
143

Nd/
144

Nd  = 0.512638 (Goldstein et al., 1984) and 
147

Sm/
144

Nd = 0.1967 (Jacobsen and Wasserburg, 1980) 
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                                                TABLE 4.4 (continued) 

Sample 
ID 

Lith. 
Unit 

Age(t) 
Ma 

87
Rb 

(ppm) 

86
Sr 

(ppm)
87

Rb/
86

Sr 
87

Sr/
86

Sr(m)  

(± 2σ) 
87

Sr/
86

Sr(t) 
147

Sm 
(ppm)

144
Nd 

(ppm)
147

Sm/
144

Nd 
143

Nd/
144

Nd(m) 

(± 2σ) 
143

Nd/
144

Nd(t) ε Nd(t)
T(CHUR) , 

Ga 

CH9 Austell 430 23.47 0.147 1.59617 0.727847(14) 0.71807 0.004 0.033 0.10962 0.512285(13) 0.511976 -2.10 0.619 

CH13 Austell 430 99.46 0.015 65.29866 1.116841(17) 0.71691 0.005 0.031 0.17206 0.512478(07) 0.511993 -1.77 0.990 

CH16 Austell 430 65.31 0.086 7.57868 0.759282(11) 0.71286 0.002 0.009 0.19705 0.512365(24) 0.511810 -5.35 - 

CH20 Austell 460 66.38 0.115 5.76890 0.750787(09) 0.71298 0.006 0.045 0.13089 - - - - 

CH24 Austell 430 37.76 0.191 1.97240 0.721232(13) 0.70915 0.006 0.046 0.12488 0.512331(08) 0.511979 -2.05 0.652 

CH27 Austell 430 28.26 0.380 0.74278 0.712833(12) 0.70828 0.003 0.028 0.11465 0.512167(09) 0.511844 -4.69 0.875 

CH28 Austell 430 60.36 0.043 13.91201 0.807144(12) 0.72194 0.008 0.057 0.13229 0.512357(08) 0.511984 -1.95 0.666 

CH25 
Sand 
Hill 430 75.49 0.083 9.14418 0.773077(16) 0.71707 0.005 0.041 0.13026 0.512263(08) 0.511896 -3.67 0.861 

CH26 
Sand 
Hill 430 61.57 0.055 11.21893 0.784489(15) 0.71578 0.003 0.025 0.11893 0.512339(06) 0.512004 -1.56 0.587 

MR 1 MRG 430 65.44 0.119 5.49132 0.7421 0.70847 0.005 0.045 0.12270 0.512292 0.511946 -2.69 0.713 

MR 3A MRG 430 102.74 0.027 37.72588 0.7832 0.55214 0.006 0.034 0.16568 0.512449 0.511982 -1.99 0.929 

MR 2a MRG 430 71.21 0.060 11.89410 0.9605 0.88765 0.003 0.027 0.11569 0.512321 0.511995 -1.74 0.597 

MR 2b MRG 430 85.18 0.022 38.81773 0.9516 0.71385 0.004 0.031 0.11963 0.512285 0.511948 -2.65 0.699 

MR 3b MRG 430 101.66 0.032 31.58790 0.9183 0.72483 0.006 0.042 0.15411 0.512432 0.511998 -1.68 0.738 

MR 4a MRG 430 100.49 0.021 48.26991 1.0124 0.71676 0.006 0.038 0.17087 0.512462 0.511981 -2.02 1.038 

MR 4b MRG 430 90.26 0.029 31.45498 0.9163 0.72365 0.006 0.038 0.15180 0.512435 0.512007 -1.50 0.690 

MR 4c MRG 430 102.71 0.019 53.68687 1.0406 0.71179 0.006 0.037 0.16586 0.512461 0.511994 -1.76 0.875 

 

(t) – Refers to crystallization ages based on approximated values from table 4.1. 

87
Rb, 

86
Sr, 

147
Sm, and 

144
Nd concentration values calculated using whole rock analysis by ICP-MS. Analytical error is < 1%. 

T(CHUR) Calculations based upon present CHUR 
143

Nd/
144

Nd  = 0.512638 (Goldstein et al., 1984) and 
147

Sm/
144

Nd = 0.1967 (Jacobsen and Wasserburg, 1980) 
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in the VRG is variable as well. The more isotopically evolved (high initial Sr isotope and 

low initial Nd isotope values) samples also have lower Sr concentrations and higher Zr, 

Ba concentrations and K2O % (table 4.3) requiring a more large ion lithophile element-

rich source than the depleted trondjhemites. The discrepant values between the VRG 

samples may reflect an extremely heterogeneous source or poorly mixed melt (possible 

assimilation without homogenization of intruded crust?). The Austell Gneiss, Sand Hill 

Gneiss, and MRG all exhibit moderately high to very high 87Sr/86Sr values (0.708-0.723) 

and negative initial εNd values (-1.5 to –5.35). Also, the model ages range from 590-

1000 Ma, similar to Grenville basement ages of (900-1200 Ma). These S-type granitic 

rocks likely formed due to recycling of ancient Grenville crust. 

 

 

 

TABLE 4.5 Nd AND Sr ISOTOPIC VALUES OF EBR GRANITOIDS 

Lithologic Unit (age) 
87

Sr/
86

Sr(t) εNd (t) 
T(CHUR)  in Ma 

(model age) 

EQD (490 Ma) 0.701-0.705 +0.61 to –2.8 640-820 

(younger age at 450) 

Kowaliga (460 Ma) 
0.707-0.715 

(0.696 is considered 
disturbed value) 

-1.05 to –2.66 560-760 

Zana (460 Ma) 0.707-.0712 +0.81 to –1.39 ~460-590 

(younger ages to 378) 

Villa Rica (460 Ma) 0.703-0.709 +4.79 to –5.14 Two samples at 740-890 

Austell (430 Ma) 0.708-0.718 -1.77 to –5.35 620-990 

Sand Hill (430?) 0.715-0.717 -1.56 to –3.67 590-860 

MRG (430-460 Ma) 0.708-0.723 -1.5 to –2.69 597-1,038 

87
Sr/

86
Sr(t) = initial value at time t 

εNd (t) = initial value at time t 

All values from Table 4.4 
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4.7 Discussion 

 

 The granitoids in the southernmost eastern Blue Ridge display characteristics of 

both I-type and S-type granitic rocks. Two distinctive classes of granitoids occur in this 

region; tronjhemite, tonalite, granodiorite (TTG) versus granites. Temporally, the TTG 

suite is emplaced earlier (490-460 Ma) than the granite suite (~430 Ma) and may 

represent an evolving tectonic regime within the EBR terrane. Drummond et al. (1994) 

suggest that the emplacement of the EQD at 490 Ma was related to subduction of 

oceanic crust along the southeastern Laurentian margin. This may represent the first 

evidence for transition of a passive margin to a convergent margin. A second phase of 

magmatism at ~460 Ma included a suite that exhibits a continuum of compositions 

within TTG. DePaolo (1981) suggested that crustal contamination of a hot, depleted 

mantle source explains compositional variability. Miller et al. (1997) suggested that it is 

possible for melts from varying sources to coalesce with fluctuations in tectonic 

conditions, resulting in mixing or stratification of granitoid melts. Tectonic conditions 

were rapidly evolving as evidenced by widespread magmatism ~460 Ma (Miller et al., 

2006) likely due to the transition of the eastern Laurentian realm from passive to active 

margin. The younger granitoids (~430 Ma) all possess characteristics of S-type granites 

and exhibit compositions similar to those of within plate affinity (Pearce et al., 1984). A 

model of crustal thickening for the emplacement of S-type granitoids is often called 

upon for suitable tectonodynamic conditions, but evidence for such an event at that time 

is limited to a clastic wedge proximal to the most outboard portion of the southeastern 

Laurentian margin (Alabama promontory) (Tull, 1998). Collins (2001), in examining the 

S-type granitoids at the type locality within the Lachlan fold belt (Chappell and White, 

1974), suggests the likelihood of an extensional accretion regime where an active 

margin is rifted due to the fast rate of the downgoing subducted slab. In this setting, the 

crust is highly extended and is subject to high heat flow conditions by asthenosphere 

upwelling capable of melting crust and generating S-type granitic rocks.  

 Elsewhere in the southern Appalachians (north of Georgia), ~460 Ma granitoids 

of similar composition are abundant, including the Whiteside and Persimmon Creek 

plutons (C.F. Miller et al., 1997, B.V. Miller et al., 2006). However, the current model of 
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emplacement of these granitoids involves an exotic Piedmont terrane and its 

accretionary prism termed the Ashe metamorphic suite (Miller et al., 2006). The timing 

of magmagenesis in the Ashe and Piedmont terrane in this region is nearly synchronous 

with zircon crystallization in the Lick Ridge eclogite (Miller et al., 2000) and 

migmatization within granulite facies rocks at Winding Stair Gap (Moecher et al., 2004). 

Traditional models of the Taconic orogeny in the southern Appalachians call for 

accretion of an arc accompanied by relatively high-grade metamorphism (eg. Hatcher 

and Odom, 1980; Hatcher, 1989). In the southernmost Appalachians (along the 

Alabama recess) there is paucity for evidence for direct terrane accretion and 

orogenesis (Tull, 1998). Rather, it is more likely that the southeastern margin of 

Laurentia experienced the transition to an active margin and subduction initiation by 

~500 Ma, followed by distal and/or highly oblique contact with an approaching terrane. It 

is likely that this portion of the margin experienced subduction in an extensional setting 

by about 460-430 Ma allowing for emplacement of granitoids and the 460 Ma back-arc 

affinities Hillabee Greenstone and Pumpkinvine Creek Formation. 
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CHAPTER 5 

 

TECTONIC MODEL FOR THE EVOLUTION OF THE EARLY PALEOZOIC 

LAURENTIAN MARGIN 

 

5.1 Introduction 

 

 J. T. Wilson’s (1966) model of opening and closing of ocean basins has 

revolutionized geologists’ philosophy about the creation and destruction of 

continental margins through the application of plate tectonics theory. Tectonic 

models of classically studied mountain belts including the Alps, Himalayas, and 

Appalachians were constructed relying heavily on features formed during closure 

of an intervening ocean(s). The processes outlined in pioneering investigations of 

mountain belts (e.g. Dewey, 1969 and Bird and Dewey, 1970) where plate 

tectonic theory is applied, relied upon first order, collisional orogenic models. 

However, ancient (e.g. Kohistan island arc of the Himalayas) and modern 

orogens (e.g. Japan) formed in regions where no collision of continental or 

transitional crust exists. The modern Andes are a remarkably high orogen (> 6-7 

km), yet are not the locus of continental collision tectonics, but rather a class of 

orogen termed accretionary tectonics (Coney, 1973). Other circum-pacific 

orogens also lack a collisional component, yet are dynamic orogenic systems, 

responsible for adding, or accreting, new crustal materials to continental margin 

lithosphere. It is clear that prior to terminal collision, or completion of a Wilson 

Cycle, accretionary processes are responsible for the contribution and evolution 

of crustal materials included in orogenic belts. It is the terminal collision event(s) 

that tectonically overprint and mask preexisting accretionary features, including 

backarc basins and subduction zones. This chapter aims to unravel the pre-

collisional, accretionary history of the Early Paleozoic southeastern margin of 

Laurentia by identifying and quantifying remnants of accretionary systems. 

Tectonic models of the Appalachians (e.g. Hatcher, 1978) need not be uniform 
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as there is clear evidence of along-orogen variability in timing and magnitude of 

orogenic events. 

 

5.2 Late Proterozoic-Early Cambrian passive margin of southeastern 

Laurentia 

 

  Following the assembly (Grenville orogeny, 1.3 - 0.9 Ga) and 

dispersal of the Rodinian supercontinent (Late Precambrian – Early Cambrian), a 

rifted and then passive margin developed along the eastern margin of Laurentia 

(fig. 5.1) and included a series of promontories and embayments reflecting the 

alternating rift margin polarity across major transform boundaries (Thomas, 1977, 

1991, 1993, 2006). The Alabama promontory, an upper plate margin, occupied a 

unique position along southeastern Laurentian margin as it was framed to the 

southwest by the large (>500 km) Alabama-Oklahoma transform, south of which 

is the presumed palispastic location of the Laurentian Argentine Precordillera 

terrane, which was transferred to Gondwana (Thomas and Astini, 1996). Prior to 

removal of the Argentine Precordillera, the main rift margin (fig. 5.2a) and 

developing mid-Iapetan ridge extended to at least the southern boundary of the 

Argentine Precordillera terrane (Thomas, 1991; Thomas and Astini, 1996). 

Following progressive rifting, rift-parallel intra-cratonal graben systems developed 

and eventually stepped across the Argentine Precordillera terrane as the 

Ouachita rift propagated eastward leading to extinction of the outboard rift portion 

(fig 5.2b). Timing of initiation of the Ouachita rift is constrained by the 

emplacement of ~577 Ma mafic magmas in the cratonward extension of the 

Alabama-Oklahoma transform (Thomas, 1991). Continued propagation of the 

Ouachita rift was transformed at the Alabama-Oklahoma transform to the mid-

Iapetus ridge, which at that time was west of an open ocean and passive margin 

Laurentia (fig. 5.2c). Removal of the Argentine Precordillera terrane established 

the Alabama-Oklahoma transform zone as the southern margin of the Laurentian
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Figure 5.1 Passive margin of eastern Laurentia after rifting of Rodinia. Dashed lines represent 
major transform faults and thin black lines are representative of rift margin. Modified from 
Thomas (1993, 2006). 
 



 
A. B. 

Figure 5.2 Evolution of the Late Precambrian to Late Cambrian Laurentian margin. (A) Initiation of the Blue Ridge rift. (B) 
the southern portion of the Blue Ridge rift goes extinct and transfers to the Ouachita rift. (C) The Ouachita and Blue Ridge 
rifts migrate eastward. Intracratonal grabens develop (horizontal stipple) synchronously with the passing rift. The 
Argentine Precordillera is transferred away from Laurentia. (D) The Ouachita rift migrates along the Alabama-Oklahoma 
transform past the Alabama promontory. Modified after Thomas (1991, 2006). 
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C. D. 

 

Figure 5.2 (Continued)
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craton and development of a large dextral offset promontory and embayment (Alabama 

and Ouachita respectively). The eastward migration of the Ouachita ridge propagated 

along the southwest margin of the Alabama promontory (Alabama-Oklahoma transform) 

and eventually past the Laurentian continental margin. 

 

 

5.3 Initiation of subduction along the Alabama promontory 

 

 While the topic of subduction initiation and the mechanisms involved is 

well beyond the scope of this chapter, I present a first order model of spontaneously 

induced subduction along the Alabama promontory in order to initiate an active margin 

capable of accreting crust to the continental margin. 

The migration of the Ouachita rift past the Alabama promontory and along the 

ocean crust likely provided a large thermal and density contrast across the Alabama-

Oklahoma transform. Subduction initiation is likely caused by spontaneous transform 

collapse (Stern, 2004b), and in this case, collapse of the northern (old ocean) crust 

segment (fig. 5.3a). The progression of subduction likely caused orthogonally directed 

stress, relative to the Alabama-Oklahoma transform, along the ocean-continent crust 

boundary. Earlier eastward migration of the Ouchita rift likely caused thermal softening 

along the Alabama promontory as continental margins are typically zones of weak crust 

due to sediment loading (passive margin collapse; Stern, 2004b) and density contrasts. 

Instability of the weak zone along the continental margin could provide a geodynamic 

regime capable of accommodating the propagation of subduction from the ridge-

transform boundary. The propagation of subduction would have to be highly oblique to 

the initial subduction along the transform collapse zone and continue to the northeast 

(fig 5.3b). While this model is speculative, active margin convergence is required to 

create a geodynamic regime capable of producing
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A. B. 

Figure 5.3 Southeastern Laurentian margin during subduction initiation along the Alabama-Oklahoma transform. (A) 
Subduction initiation due to transform collapse along the Alabama-Oklahoma transform. (B) Subduction initiation along the 
Alabama promontory weak zone. Teeth along subduction zones are located on the overriding plate. Modified from 
Thomas (1991, 2006).
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melt source for the 490 Ma Elkahatchee Quartz Diorite (Russell, 1978 and Russell et 

al., 1987). 

 

5.4 The Ordovician Taconic orogeny 

 

Traditional Taconic orogeny models, especially in the northern Appalachians, 

involve emplacement of an exotic arc terrane (e.g. Ratcliffe et al., 1998; Karabinos et 

al., 1998) accompanied by high-grade metamorphism. Models of the Taconic orogeny in 

the southern Appalachians (e.g. Hatcher, 1978; Miller et al., 2006) include east-directed 

subduction, followed by accretion of the Piedmont terrane (Taconic arc) and its 

accretionary prism, resulting in high-grade metamorphism (e.g. Moecher et al., 2004, 

Miller et al. 2000) During accretion, the subduction zone locks and reverses polarity 

behind the accreted terrane. The model proposed in this chapter varies markedly from 

these models in that emplacement of the Early Ordovician through Early Silurian 

granitoids and volcanic rocks of the southernmost Appalachian eastern Blue Ridge is 

not due to subduction along an exotic terrane, but rather west-directed subduction along 

an attenuated Laurentian margin. Tull (2002) and Thomas (2004) presented evidence 

that typical Taconic orogenic models are not capable of explaining many of the features 

in the Talladega belt. Thomas (2004) demonstrates that Taconic deformation does not 

impinge further cratonward than the most outboard Laurentian margin (palinspastically 

restored to the edge of the continental margin), the Talladega belt, and thus also lacks a 

foreland clastic wedge. Tull (2002) cites the Lay Dam Formation in the Talladega belt 

(formed along the Alabama promontory) as the only evidence of an Acadian clastic 

wedge in the southernmost Blue Ridge, and that units below the pre-Lay Dam 

unconformity are only mildly warped (Tull, 1998). The pre-Lay Dam unconformity was 

also recognized as the possible missing stratigraphic position of Taconic-aged detritus 

(Tull, 1998). Importantly, it is noted that the tectonic setting of the Lay Dam clastic 

wedge is speculative, but has been suggested as a pull-apart or fault bounded 

extensional basin (Ferrill and Thomas, 1988; Tull and Telle, 1989; Tull, 1998) rather 

than that of orogenic highlands. 
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5.5 Terrane affinity of the southernmost eastern Blue Ridge 

 

 The eastern Blue Ridge of western Georgia and eastern Alabama is the host of a 

series of granitoids (discussed below) emplaced generally coeval with the Taconic 

orogeny in the northern Appalachians. The eastern Blue Ridge, locally termed the 

Ashland-Wedowee belt, is a polymetamorphosed composite terrane structurally above 

the Laurentian-affinity Talladega belt and western Blue Ridge, structurally bound by the 

Hollins Line and Allatoona Fault systems. The southern margin is structurally bound by 

the Brevard zone and Chattahoochee fault (where it emerges westward from the 

Brevard zone). The thrust sheet above the Chattahoochee thrust (herein termed the 

Chattahoochee thrust sheet) is also considered part of the eastern Blue Ridge, but is of 

much higher metamorphic grade (upper amphibolite and migmatitic) and of suspect 

relationship to the Ashland-Wedowee belt. The Ashland Wedowee belt is comprised of 

a series of lithotectonic units including the Ashland Supergroup, Wedowee Group, and 

Emuckfaw Formation in Alabama and the New Georgia Group and Sandy Springs 

Group in Georgia (fig 5.4). The correlation of the sequences in Alabama into Georgia is 

not well constrained, but structural and stratigraphic contacts trend from Alabama into 

Georgia and appear concordant (Hurst, 1973; McConnell and Abrams, 1984; Tull, 

1987). The general thickness of the Ashland-Wedowee belt decreases substantially 

when overridden by the Chattahoochee fault. However, this sequence appears to 

continue into at least northern Georgia where it is locally termed the Dahlonega gold 

belt (e.g. McConnell and Abrams, 1984) after the occurrences of economic deposits 

throughout. The lithologies within the Ashland-Wedowee belt include metasediments, 

amphibolites, and granitoids. Pelitic schist is the dominant lithology throughout the 

Ashland-Wedowee belt, with locally abundant occurrences of amphibolite. Within the 

Ashland Supergroup in Alabama, a series of mappable amphibolite bodies were 
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Figure 5.4 (previous page). (A) Generalized tectonic map of the southern Appalachians. 
Modified from Hatcher et al. (1990) and Bream (2003). SMW- Sauratown Mountains 
Window; CBR- central Blue Ridge; DGB- Dahlonega gold belt; G-E Fault- Goodwater-
Enitachopco fault. (b) Generalized geologic map of eastern Alabama and western 
Georgia Blue Ridge terranes showing the tectonic relationship between the PCF and 
Hillabee Greenstone. Modified from Allison and Tull (pers. comm.). EQD – Elkahatchee 
Quartz Diorite, SHG – Sand Hill Gneiss, AG – Austell Gneiss, VRG – Villa Rica Gneiss, 
MRG – Mulberry Rock Gneiss, PCF – Pumpkinvine Creek Formation, WBR – western 
Blue Ridge. (c) Generalized stratigraphy of the Hillabee Greenstone and the 
Pumpkinvine Creek Formation. The Hillabee Greenstone is in the footwall with the 
Talladega belt while the PCF is in the hanging wall above the Talladega belt. No relative 
thickness is implied. 
 

 

 

 

chemically analysed and determined to exhibit chemical signatures related to rifting and 

development of an ocean basin (Stow et al., 1984). The structural thickness of the 

Ashland-Wedowee belt exceeds 20 km, thus requiring an extensive sedimentary 

source. The best source for providing a large sediment yield is the eastern Laurentian 

margin. If this is the case, the Ashland-Wedowee belt may have formed along the 

continental slope rise during the late Proterozoic-Early Cambrian rifting of the Rodinian 

supercontinent, and may be similar to other outboard rift basins such as the Ocoee and 

Grandfather Mountain rift basins to the north. Unlike Ocoee and Grandfather Mountain 

rift basins, the Ashland Supergroup is devoid of any recognizable Laurentian basement. 

The structural architecture of the Alabama promontory may be responsible for the fact 

that this upper plate margin is not as likely as the Tennessee embayment to contain a 

series of detached basement slices. Because there are no distinguishing characteristics 

like fossil assemblages or basement clasts found in the Ashland-Wedowee belt, Nd 

isotopes analyses were collected and model ages computed to determine the source 

characteristics of the Ashland-Wedowee belt metasediments. The majority of the 

samples exhibited ages between 950 and 1150 Ma, with one outlier of 1440 Ma (R. 

Das, written communication). These ages are typical of Laurentian Grenville basement 

(the older age is similar to the Granite-Rhyolite province) and suggest that Ashland-

Wedowee belt metasediments were supplied from the Laurentian margin.       
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5.6 Emplacement of granitoids and back-arc volcanism 

 

  The occurrence of igneous rocks is widespread within the Ashland-Wedowee 

belt, and includes both mafic and felsic magmagenesis. Suites of granitoids were 

emplaced into the Ashland-Wedowee belt ~490-430 Ma (Chapter 4; Russell, 1978; 

Russell et al., 1987; Higgins et al., 1997; R. Das, written comm.; P.E. Mueller, pers. 

comm.). While many of the amphibolites within the Alabama portion of the Ashland-

Wedowee belt are likely related to post-Rodinia rifting along the continental slope rise 

(Stow et al., 1984), U-Pb isotope zircon geochronology on two bimodal volcanic 

sequences, the Hillabee Greenstone (HG) and Pumpkinvine Creek Formation (PCF) 

revealed that they erupted at ~460-470 Ma (Russell, 1978; McClellan and Miller, 2000; 

R. Das, written communication; P.E.  Mueller, pers. comm.). Detailed geochemical and 

isotopic investigations of these volcanic sequences suggest that they formed in a back-

arc setting (Chapter 3; R. Das, pers. comm.). The emplacement of granitoids and back-

arc development of the HG and PCF suggest very different tectonic regimes; 

contractional thickening versus extension respectively. The concomitant occurrence of 

both granitoid production and back-arc extension requires a unique tectonic regime. 

Linking both the granitoids and back-arc sequences to the Laurentian margin is 

essential to develop a tectonic history for the Alabama promontory during its change 

from passive to active margin status and subsequent early accretion history. The 

granitoids clearly intrude the Ashland-Wedowee belt and were subsequently subjected 

to the same dynamothermal events. The HG and PCF occupy structural positions that 

are not easily resolved and correlated with Laurentia. The structural position of the two 

metavolcanic sequences differ in that the HG occupies a position in the footwall of the 

Hollins-Line Allatoona fault system and shares a similar metamorphic history with the 

Talladega belt rather than the Ashland-Wedowee belt. The PCF resides in the footwall 

and shares the same metamorphic grade as the Ashland-Wedowee belt. Whereas the 

HG and PCF are in different structural positions and separated by a fault boundary, they 

are approximately coeval and have similar petrological and geochemical characteristics, 
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and therefore are considered to have developed in the same tectonic regime. HG and 

PCF have minor amounts of sedimentary materials within the sequences. The PCF 

contains mappable sequences of aluminous schist and rare metasandstone. A 

metasandstone associated with the PCF and four samples of aluminous schist were 

collected for isotopic analysis. Detrital zircons (~100) were separated from a single 

metasandstone sample and analysed by U-Pb isotope geochronology. Analyses yielded 

a majority of ages between 900 and 1200 Ma (R.Das, written communication) Whole 

rock Nd isotopes were analyzed on four samples of metaluminous schist found within 

the PCF. Model ages were calculated and yielded ages between 940 Ma and 1140 Ma 

(R. Das, written comm.). Both detrital zircon ages and Nd isotope model ages are 

consistent with a Grenville-aged source derived from the Laurentian margin and require 

a proximal geographical relationship.  

 

   

5.7 An extensional accretionary orogenic regime along the Alabama promontory 

 

 

5.7.1 Extensional accretionary orogens 

 Accretionary orogens can be divided into two end members; contractional versus 

extensional accretion (Uyeda and Kanamori, 1979; Royden, 1993; Collins, 2001; Stern, 

2004a). The controlling mechanism of accretion stress and strain regimes is the 

degrees of dip of the Wadati-Benioff zone and in turn the convergence rate of the 

overriding plate relative to subduction, or slab rollback. Old oceanic crust is likely to 

have a dip of >30 degrees and resulting rollback faster than the convergence rate of the 

overriding plate, and upper plate extension. Younger oceanic crust subducted at angles 

of <30 degrees, typically rolls back slower than convergence and exhibits shortening in 

the upper plate (Molnar and Atwater, 1984). Royden (1993) and Collins (2001) both 

recognized features of retreating and advancing subduction boundaries in the 

continental lithosphere to be highly disparate. Retreating or extensional subduction 

boundaries generally have low elevations, minimal denudation, relatively low-grade 

metamorphism (no paired metamorphic belts), and little to no deformation of the 
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crystalline basement. Collins (2001) focused on tectonic models of the Early Paleozoic 

Lachlan orogen of eastern Australia, which formed as a vast back-arc system 

characterized by the presence of basaltic rocks, syn-rift basins, and the emplacement of 

granitic rocks in a thinned continental lithosphere. It is also noted here that the S-type 

granitoids of Chappell and White (1984) occur within the Lachlan orogen. Hamilton 

(1988) emphasizes the fact that most modern convergent margins (especially in the 

circum-Pacific) involve subduction of old oceanic crust and slab retreat, and are 

therefore extensional arc and back-arc tectonic systems.   

 

5.7.2 Extensional accretionary orogenesis in the southernmost Appalachians 

 Collins (2001) points out that the presence of juvenile mafic rocks in an orogenic 

setting is unique to extensional accretionary orogenesis (EAO) or a retreating 

subduction boundary. The Appalachian orogen differs from the Lachlan orogen in that it 

experienced a terminal continental collision and extensive shortening and translation of 

its lithotectonic terranes. Subduction zones have extremely high length to width aspect 

ratios relative to collisional orogens, and thus will likely constitute a minor crustal 

component at any given point along the orogen. The HG and PCF constitute the 

vestiges of basalts and rhyodacites erupted in a back-arc setting. While the back-arc 

structures are thus far unrecognized and probably highly overprinted by terminal 

collision events, the metabasalts possess back-arc geochemical signatures (fig. 5.5). 

The trends of the HG and PCF on an incompatibility (spider) diagram relative to normal 

mid ocean ridge basalts (NMORB) show an elevation in large ion lithophile 

(incompatible) elements and a negative Ta/Nb anomaly, which is distinctive of 

enrichment in a supra-subduction zone (SSZ) setting. However, relative to volcanic arc 

(SSZ) basalts, the HG and and PCF are enriched in high field strength elements. This is 

indicative of a more enriched MORB-like source. A back-arc setting is capable of 

erupting basalts of similar composition in that the 

incompatible elements are derived from the dehydration fluids of the subducted slab 

and the HFSE component is indicative of a MORB-like asthenosphere source in the 
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back-arc region. Mixing of these two components forms back arc basin basalt (BABB). 

Tectonic discrimination diagrams (fig. 5.5 b,c), also able to 

distinguish basalt characteristics, support the BABB affinity of the PCF metabasalts. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5.5 (opposite page) Trace element diagrams of PCF and HG metabasalts. (A) 
Spider (incompatibility) diagram of PCF metabasalts. The shaded area represents the 
HG field (Durham, 1993; Thomas, 2001). IAB – island arc basalt (Pearce et al., 1994), 
and OIB – ocean island basalt (Sun and McDonough, 1989) fields. (B) Ti vs. V diagram 
(Shervais, 1982), (C) La/10-Y/15-Nb/8 diagram (Cabanis and Lecolle, 1989). IAT – 
island arc tholeiite; MORB – mid ocean ridge basalt; BABB- back-arc basin basalt; VAT 
– volcanic arc tholeiite; N-MORB – normal-MORB; E-MORB – enriched MORB.  
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Furthurmore, Nd isotope analyses of PCF metabasalts are very positive (εNd@460 Ma= 

+3.3 to +6.6) indicating derivation from a juvenile depleted source (fig. 5.6). The bimodal 

nature of the PCF and HG requires a source composition for production of low-K 

rhyolites and dacites. Nd and Sr isotopic analyses of these felsic lithologies indicate 

derivation from a mixed juvenile and ancient crust. The initial εNd values of the PCF 

felsic facies varies from ~ -3 to +4.5 (fig. 5.6). HG felsic samples exhibit initial εNd 

values between –3.9 to –5.5 and model ages of ~800-1200 Ma (R. Das, written comm.). 

It is most likely that the felsic magmas of the HG and PCF were derived from 

decompression melting of a thinned Laurentian crust and mixing with juvenile melt of 

the rising asthenosphere. Another consideration is that generation of BABB, specifically 

the PCF and HG basalts, requires lithospheric extension by factors of 5-6 (McKenzie 

and Bickle, 1988). The ubiquitous presence of granitoids in orogenic belts alone cannot 

be used to discriminate orogenic environments. The ~490 Ma Elkahatchee Quartz 

Diorite (EQD) and ~460 Ma Kowaliga, Zana, and Villa Rica Gneisses (Russell, 1978; 

Russell et al., 1987; Thomas, 2001) comprise a suite of granitoids of trodjhemite, 

tonalite, and granodiorite (TTG) compositions. The emplacement of the EQD, the oldest 

granitoid within the Ashland-Wedowee belt, is speculated to represent the earliest 

evidence of subduction along the Alabama promontory (Drummond et al., 1994, 1997), 

followed by generation of other TTG coeval with the eruption of BABB (~460 Ma), and 

emplacement of younger (~430 Ma) granitoids (relatively high-K, S-type granites) 

including the Mulberry Rock Gneiss, Austell Gneiss and Sand Hill Gneiss (fig. 5.7). 

Furthermore, Nd and Sr isotope analyses of the granitoids, excluding some 

trondjhemitic samples, suggest an inherited component of ancient continental crust. 

Initial εNd values range from ~0 to –5.3 (discussed in chapter 4), with the most negative 

values and highest initial 87Sr/86Sr values occurring in the S-type granites. Collins (2001) 

notes the presence of both I- and S-type granites coeval with the generation of basalt 

within the Lachlan orogenic belt. Here, I suggest that the granitoids found within the 

Ashland-Wedowee belt formed in a hot, highly extended Laurentian margin. 
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Figure 5.6 Initial (at 460 Ma) Epsilon Nd versus 87Sr/86Sr of the Pumpkinvine Creek 
Formation mafic and felsic lithologies and a single HG* mafic sample (Thomas, 2001). 
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Figure 5.7 Geochemical discrimination diagrams of AWB granitoids(A) Ab (albite) – An 
(anorthite) – Or (orthoclase) feldspar classification (Barker, 1979). (B) Tectonic 
discrimination diagram (Pearce et al., 1984). Note, TTG and granite fields are identified. 
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5.8 A model for extensional accretion orogenesis in the southernmost 

Appalachians 

 

Retreating subduction likely occurred immediately after spontaneous subduction 

along the Alabama promontory (fig. 5.8a). Granitoid emplacement of  

the EQD likely represents the first evidence of subduction within 10 My of its initiation 

(fig 5.8b). Subduction of the old (~50-70 My) oceanic crust would roll-back faster than 

convergence of the overriding plate creating an extensional regime along the 

continental margin. Heating and thinning of the thinned Laurentian margin yielded a 

geodynamic environment capable of melting continental lithosphere and resulting in 

granitoid magmagenesis by ~460 Ma (5.10c). Also, extension must have stretched the 

lithosphere on the scale ~5-6 times to allow for the generation of a back-arc basin and 

the eruption of PCF and HG volcanics (fig. 5.8d). Final magmagenesis and 

emplacement S-type granitoids into the extended continental margin occurred ~430 Ma. 

 The lack of evidence for protracted back-arc volcanism may indicate that the 

back-arc regime was not long-lived. However, evidence of accretion of the HG (and 

equivalent PCF) post-dates deposition of the (Devonian-Mississippian [?]) Erin 

Slate/Jemison Chert of the Talladega belt. The HG was emplaced on top of these units 

pre or synmetamorphically as the HG and Talladega belt share the same metamorphic 

history that is currently constrained to a ~330 Ma dynamothermal event (Barineau and 

Tull 2001; Tull, 2002; McClellan et al. 2005). This would suggest that the back-arc 

remained outboard of or proximal to the Laurentian margin on the order of 100 My.   

 

 

 

 

Figure 5.8 (opposite page) Simplified model of evolving Alabama promontory from ca. 
500 to 430 Ma. Vo – velocity of overriding plate (convergence); Vr – velocity of slab 
rollback (subduction). See text discussion for stepwise explanation. 
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6. CONCLUSIONS 

 

The majority of modern convergent margins, especially along the western Pacific 

plate margin, includes retreating subduction zones and typically involve the 

emplacement of juvenile mafic materials in a backarc setting. Recognition of backarcs in 

ancient orogenic belts is often obscured by tectonothermal overprinting during periods 

of contraction and subsequent basin inversion and/or terminal continental collision. In 

the southernmost Appalachians, preexisting structural features are typically overprinted 

and deformed by contractional tectonic events. Most notably, the Mississippian(?)-

Permian Alleghanian orogeny, the terminal Appalachian event, is responsible for 

emplacing far-travelled (10’s-100’s of horizontal km’s), highly dissected terranes of the 

central and southern Appalachians. The ~460 Ma Hillabee Greenstone and 

Pumpkinvinve Creek Formation, bimodal volcanic sequences that include primitive 

juvenile basalts and rhyodacites, of the southernmost Appalachian Blue Ridge are 

vestiges of an ancient backarc system formed along the Alabama promontory, an upper 

plate rifted margin at the southeasternmost fringe of Laurentia. At ~490 Ma, 

emplacement of the Elkahatchee Quartz Diorite is the first recognized evidence of 

subduction-related magmatism, followed by TTG suite granitoid emplacement 

concomitant with backarc volcanism. There is paucity of evidence of orogenic uplift and 

significant deformation during 490-460 Ma granitoid emplacement along the Alabama 

promontory, a period associated with the Taconic orogeny. Whereas most Taconic 

models are associated with accretion and collision of a volcanic arc(s), the margin of the 

Alabama promontory apparently remained as a retreating subduction zone or 

extensional accretionary orogen following subduction initiation at ~500 Ma until at least 

~430 Ma, the youngest recognized period of granitoid emplacement.  

Detailed geologic mapping along the eastern Blue Ridge- western Blue Ridge 

boundary and petrologic, geochemical, and isotopic investigations of the 

aforementioned adjacent terranes and their various components, including 
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metasedimentary and metaigneous assemblages within these terranes, allowed for the 

recognition of various remnants of the evolving Precambrian through middle Paleozoic 

southeastern Laurentian margin. The emplacement of Early Paleozoic granitoids and 

arc-related volcanic materials along a highly attenuated Laurentian margin provides 

evidence for the progression from a passive margin to an accretionary margin within in 

a zone of backarc extension during the period typically associated with Taconic 

orogeny, a contractional tectonic event associated with the collision of island arcs with 

the eastern margin of Laurentia. The paucity of robust evidence for a Taconic 

contractional event along the southeastern margin of Laurentia requires that tectonic 

models of the Appalachian orogen, and orogens in general, have fundamental along-

strike discontinuities.   
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APPENDIX 

 

A. TRACE ELEMENT, REE, AND ISOTOPE GEOCHEMISTRY 

 

A.1 Analytical methods introduction 

 All analyses of trace and rare earth elements and Nd and Sr isotopes were 

conducted at the National High Magnetic Field Laboratory (NHMFL) unless otherwise 

specifed. Major oxide analyses were conducted at Acme Laboratories Ltd. using 

inductively coupled plasma emission spectrometry. Reshmi Das conducted some of the 

Sr and Nd isotopes in this study, as noted where appropriate. Also, there are occasions 

where both the author and Reshmi Das collaborated in the analytical procedures 

described below. Reshmi Das and lab technicians completed U-Pb zircon isotope 

analyses of zircons reported in this manuscript at the University of Arizona multi-

collector facility. It is also noted that various dissolution techniques of granitoid samples 

in this study were used to test for reproducibility. Two sets of four repeat samples were 

dissolved using different initial techniques. Both sets were dissolved using a 3:1 (by 

volume) mixture of HF/HNO3, except one set was placed into Teflon containers fitted 

with steel jackets and “bombed” at ~200° C for 3 days to promote high P-T condiditons 

to dissolve refractory elements. The other set was dissolved in screw cap Teflon 

beakers for 3 days at 100-125° C. Each set of samples was prepared and analyzed as 

described below. The analyses of all duplicate samples were within error of both Sr and 

Nd measured isotopes. It is likely that the refractory residue of minerals not fully 

dissolved did not contain enough Nd or Sr to effect measured values within analytical 

detection limits, which is also suggested by Caro et al. (2006).     
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A.2 Inductively coupled plasma mass spectrometry 
 

 

 Inductively coupled plasma mass spectrometry (ICP-MS) was used in this study 

to measure trace and rare earth elements (REE). For routine measurements, ~30 mg of 

powdered sample was dissolved in a teflon screw-cap beaker in a 3:1 (by volume) 

mixture of HF/HNO3. The sample was left on a hot plate at 100-125° C for ~48 years. 

Samples were checked for complete dissolution and were put in an ultrasonic bath to 

promote maximum digestion. After dissolution, samples dried down in a clean-air flow 

hot plate at 100-125° C. After the samples were dried, 1% HNO3 was added to create a 

stock solution of 1000ppm total dissolved solids. Further dilution of the stock included 

addition of 2% HNO3 and QD H2O to yield a solution containing 100ppm of total 

dissolved solids. Also, the samples were spiked with a 100ppb solution of In to internally 

monitor signal instability and drift over the analyses of multiple samples. After 

preparation, samples were analyzed for trace elements and REE on a Finnegan 

ELEMENT ICP-MS. During each session, USGS standards (including AGV, BCR, 

BHVO, and G2) were measured every fifth analysis to monitor internal drift within the 

ICP-MS. The USGS standard reference materials were used to determine the actual 

concentrations of the unknowns. Concentrations for standards were taken from Willbold 

and Jochum, (2005). Linear calculations were used to correct for drift that was typically 

minimal at most. The internal In solution was used to further monitor drift on a sample 

by sample basis. Also, blanks were measured to monitor internal background 

intensities. All elemental measurements were made on isotopes without or with the 

lowest potential, lower atomic mass element, oxide interferences. The Finnegan 

ELEMENT setup is described in Bizimis (2001). Errors were consistently below 1%. 
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A.3 Sr and Nd chemical separation 

 

 For the analysis of Sr and Nd, ~50 mg of powdered sample was dissolved in a 

3:1 (by volume) mixture of HF/HNO3 for 48-72 hours in a closed screw cap Teflon 

beaker, while on a hot plate at 100-125° C. Samples were then opened and allowed to 

dry in a clean air fume hood at temperature. After dry down, 6N HCl was added and let 

to dry for three repetitions. This ensures removal of any remaining fluorides. After three 

dissolutions, 0.25 ml of 2.5 N HCl is added to beaker and allowed to dissolve for 1+ 

hour(s). Samples are transferred into centrifuge tubes and are centrifuged for 2+ 

minutes. The bulk solution (including 2.5 N HCl) is loaded into pre-conditioned quartz 

glass cation columns filled with cation resin. The sample is eluted with ~18 ml of 2.5 N 

HCl and discarded, followed by 5 ml of 2.5 N HCl for the collection of Sr. After Sr 

collection, 3 ml of 6 N HCl is added and discarded, followed by the addition of 6 ml of 6 

N HCl, which is collected as the REE fraction.  

 The Sr fractions were dried down in a clean airflow box and 3 drops of HClO3 

was added and dried to ensure decomposition of resin material. This step was repeated 

twice. Three drops of concentrated HNO3 was added to the dried sample to ensure 

conversion to nitrate for loading onto filament.  

 The Nd fraction was separated from the REE fraction collected in the final step of 

the cation column separation. The REE fraction dissolved in 0.25 N HCl is loaded onto 

quartz glass columns loaded with resin. Nd is eluted from the columns ~15 minutes after 

sample loading.  

 

A.4 Sr and Nd mass spectrometry 
 

 About 1 μl of the Sr fractions was loaded on single W filaments in a mixture with 

equal amounts of 0.25 N HNO3 and TAPH solution. 1 μl of the Nd fraction in a mixture 

with equal amounts of 0.25 N HCl and H3PO4 was loaded onto zone refined Re 

filaments using the double Re filament method.  
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Measurements were performed on a Finnigan MAT 262 multi-collector thermal 

ionization mass spectrometer. Measurements were performed in the dynamic mode 

involving one peak switch and internal fractionation correction. Reproducibility of the 

measurements was constrained by regular analyses of E & A standard (87Sr/88Sr= 

0.708000, accepted value) for Sr isotopes. The average measured was 87Sr/88Sr= 

0.708008 (± 9, two standard deviations, n= 10). The “in house” LaJolla standard was 

analyzed for external reproducibility of Nd isotopes at 143Nd/144Nd= 0.511847 (± 11, two 

standard deviations, n=6).  

 

A.5 Initial values and model age calculations 
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B. GEOLOGIC MAPS AND DATABASE SUPPLEMENT INFORMATION 

 

Included in this dissertation are four US Geological Survey (USGS) 7.5’ bedrock 

geologic maps completed by the author during four field seasons and in conjunction 

with the USGS-Educational Mapping Program. These maps are based upon mapping in 

the Yorkville, GA, New Georgia, GA, Draketown, GA, and South Canton, GA, 7.5’ 

USGS quadrangles. Each of these maps is a portion of the deliverables in required for 

completion of each fiscal year’s project granted to the Florida State University under the 

direction of James F. Tull, Ph.D. Each map was compiled and created in AutoDesk’s 

AutoCAD Map 2000i and converted into a pdf file at the scale of USGS 7.5’ topographic 

quadrangles. Also included as supplemental materials are database files (.mdb) created 

in a virtual field notebook using Microsoft ACCESS database program. Each file 

contains both structural, stratigraphic, and location data (in UTM coordinates; NAD ’83) 

collected for each of the named mapping projects for all stations plotted on the geologic 

maps. 
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Tg(?)-GSg(?) - Talladega Group(?)- Great Smokey Group(?)

No stratigraphic ties to the northeast or southwest have been established to determine the 

stratigraphic setting of these rocks. The lithology consists dominantly of fine grained sericite 

phyllites containing occasional, distinct, graphitic layers, and grade into sandier 

metagraywacke, and less often metasandstone. These layers are typically on the scale of a 

meter, but some metagraywacke layers are up to 20 meters thick, and are prominent cliff 

formers.

The sericite phyllite lithology is very homogeneous, fine grained, thinly bedded, and 

occasionally contains minor amounts of fine grained opaque minerals (ilmenite), chlorite, and 

rare grains of blue quartz. Bedding is most distinctive in areas abundant in metagraywacke. 

The bedding is often rhythmic and typically gradational into areas of predominantly 

greywacke and metasandstone. 

The overall mineralogy suggests a lower greenschist facies, typical of the crystalline rocks of 

the western Blue Ridge. The Allatoona Fault is the southeastern boundary.

Thickness is estimated at 1200 meters to the north of the mapping area, but may be 

significantly lower or higher because of structural complexities.     

Western Blue Ridge

This terrane bounding fault between the eastern and western Blue Ridge, is a major 

metamorphic break between amphibolite facies rocks of the eastern Blue Ridge, and lower 

greenschist facies rocks of the western Blue Ridge. This fault extends to northeast as the Great 

Smokey Fault, and to the southwest as the Talladega Fault.  

Allatoona Fault

Mapping conducted under Educational 

Mapping Program agreement between USGS, 

Georgia Geologic Survey, and Florida State 

University

EBRu - Eastern Blue Ridge undifferentiated

A distinctive, sometimes mapable, felsic (Alaskite?) granitic gneiss (EBRfgn) intrudes the 

metagabbro and metapelitic lithologies. This intrusive lithology expresses similar foliation to 

the host rocks, giving a premetamorphic intrusion date. Medium to coarse grained lithology is 

abundant and feldspar, quartz, and muscovite. Locally biotite and garnet bearing.

EBRbif - Eastern Blue Ridge banded iron formation

Also present are mappable Magnetite, hematite (specular) bearing quartzites (EBRbif) or 

banded iron quartzites, as well as more schistose varieties.

EBRmg - Eastern Blue Ridge metagabbro

Mapable metagabbroic bodies are designated EBRmg and are destinctive in outcrop and 

topographic expression. This lithology is characterized by abundant amphibole and 

plagioclase, while varying amounts of epidote are present in certain lithologies.

EBRamp - Eastern Blue Ridge amphibolite

This lithology is dominated by fine to medium grained, amphibole and plagioclase, while 

locally garnetiferous, and containing varying (minor) amounts of epidote. Some pelitic schists 

do exist and probably represent background sedimentation.

EBRgms - Eastern Blue Ridge garnet mica schist

A predominantly pelitic lithology mainly composed of muscovite/ sericite and lesser biotite, 

garnet (occasionally two phases are present), feldspar and quartz. Garnets occur at mm to cm 

scale. This unit is typically crenulated and the western belt is typically more sericite -rich.

EBRms - Eastern Blue Ridge mafic schist

A chlorite, actinolite, biotite and lesser muscovite -rich, medium to fine grained schist that 

shows evidence of being an alteration product of amphibolite.

EBRmus - Eastern Blue Ridge muscovite schist

A muscovite -rich  pelitic lithology that has varying amounts of quartz (and soemtimes 

interbedded with quartzite). Locally fine-grained and sericite rich. Often crenulated and 

lineated. 

EBRgs - Eastern Blue Ridge graphitic schist

A distinct graphitic -rich muscovite and locally garnetiferous schist that is typically strongly 

deformed.  

Eastern Blue Ridge
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MR-   Mulberry Rock Gneiss

A medium grained two-mica orthogneiss that cores a large culmination. This granitic gneiss 

plots modally as a quartz monzonite, with approximately equal amounts of orthoclase and 

plagioclase. Foliation is not always obvious. Outcrops as pasvement or large monolithic 

boulders. Age and stratigraphic relationships are unkown. Bound to the west by probable fault 

contact with Tg(?)-GSg(?), and to the east by the Allatoona fault.

Tg(?)-GSg(?) - Talladega Group(?)- Great Smokey Group(?)

No stratigraphic ties to the northeast or southwest have been established to determine the 

stratigraphic setting of these rocks. The lithology consists dominantly of fine grained sericite 

phyllites containing occasional, distinct, graphitic layers, and grade into sandier 

metagraywacke, and less often metasandstone. These layers are typically on the scale of a 

meter, but some metagraywacke layers are up to 20 meters thick, and are prominent cliff 

formers.

The sericite phyllite lithology is very homogeneous, fine grained, thinly bedded, and 

occasionally contains minor amounts of fine grained opaque minerals (ilmenite), chlorite, and 

rare grains of blue quartz. Bedding is most distinctive in areas abundant in metagraywacke. 

The bedding is often rhythmic and typically gradational into areas of predominantly 

greywacke and metasandstone. 

The overall mineralogy suggests a lower greenschist facies, typical of the crystalline rocks of 

the western Blue Ridge. The Allatoona Fault is the southeastern boundary, except where in 

contact with the Mulberry Rock formation. This is a probable fault boundary because of the 

structural orientations at  and near the contact.

Thickness is estimated at 1200 meters to the north of the mapping area, but may be 

significantly lower or higher because of structural complexities.     

Western Blue Ridge

(O)pca - Pumpkinvine Creek formation amphibolite

The Ordovician aged Pumpkinvine Creek formation is a bimodal metavolcanic sequence, 

consisting of two major litologies including a fine grained, schistose amphibolite (O)pca, and a 

plagioclase rich gneiss (O)pcg. Although, locally, one lithology may be dominant, these two 

distinct rock types are intimately related, as they often alternate between one another. 

The amphibolite lithology is often strongly foliated, fine grained, composed of amphibole,and 

sometimes retrograded to epidote and chlorite, and lesser amounts of plagioclase.

The felsic lithology is extremely homogeneous. It is medium grained, contains porphyroblastic 

feldspar (~5mm), and occasionally contains garnet (up to 3 mm). 

The Allatoona Fault, placing it adjacent to the western Blue Ridge binds this formation to the 

west. The eastern contact is bound by a probable fault adjacent to EBRu.

Eastern Blue Ridge

This terrane bounding fault between the eastern and western Blue Ridge, is a major 

metamorphic break between amphibolite facies rocks of the eastern Blue Ridge, and lower 

greenschist facies rocks of the western Blue Ridge. This fault extends to northeast as the Great 

Smokey Fault, and to the southwest as the Talladega Fault.  

Ca - Canton formation

This metapelitic formation is medium grained and primarily consists of garnet mica schists, 

garnet muscovite phyllites and garnetiferous micaceous quartzite. It is locally graphitic. This 

formation is structurally related to the Pumpkinvine Creek formation, though the nature of the 

contact remains unclear. Formation thickness is unknown due to structural complexities.

EBRu - Eastern Blue Ridge undifferentiated

These undifferentiated metaigneous and metapelitic rocks show evidence of multiple(?) 

intrusive events and varied lithologies. The pelitic rocks include garnet mica schists, garnet 

muscovite phyllites and undifferentiated biotite schists and micaceous quartzites. The pelitic 

lithologies may have been intruded or are in fault contact with abundant amphibolite and 

metagabbroic rocks. These course grained mafic rocks are abundant in amphibole and 

plagioclase, while varying amounts of epidote are present in certain lithologies. A distinctive, 

sometimes mapable, felsic (Alaskite?) granitic gneiss (EBRfgn) intrudes the metagabbro and 

metapelitic lithologies. This intrusive lithology expresses similar foliation to the host rocks, 

giving a premetamorphic intrusion date.

These undifferentiated rocks are bound to the west by a probable fault adjacent to the 

Pumpkinvine Creek formation.

Also present are mappable Magnetite, hematite (specular) bearing quartzites (EBRbif) or 

banded iron quartzites.

Mapable metagabbroic bodies are designated EBRmg and are destinctive in outcrop and 

topographic expression. This lithology is characterized by abundant amphibole and 

plagioclase.

A distinct ridge forming unit of epidote amphibolite (EBRea) consists entirely of subequal 

amounts of epidote and amphibole and (lesser) quartz.

Fault?

Allatoona Fault

EBRamp - Eastern Blue Ridge amphibolite

This lithology is dominated by fine to medium grained, amphibole and plagioclase, while 

locally garnetiferous, and containing varaying (minor) amounts of epidote. Some pelitic schists 

do exist and probably represent background sedimentation.

EBRgms - Eastern Blue Ridge garnet mica schist

A predominantly pelitic lithology mainly composed of muscovite and lesser biotite, garnet 

(occasionally two phases are present), feldspar and quartz.

EBRgbg - Eastern Blue Ridge garnet biotite gneiss

A garnet, biotite, feldspar gneiss showing strong foliation. This lithology is associated with the 

amphibolites, but becomes the predominant facies in the southeastern portion of this mapping 

area.  
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Georgia Geologic Survey, and Florida State 

University

MR-   Mulberry Rock Gneiss

A medium grained two-mica orthogneiss that cores a large culmination. This granitic gneiss 

plots modally as a quartz monzonite, with approximately equal amounts of orthoclase and 

plagioclase. Foliation is not always obvious. Outcrops as pasvement or large monolithic 

boulders. Age and stratigraphic relationships are unkown. Bound to the west by probable fault 

contact with Tg(?)-GSg(?), and to the east by the Allatoona fault.

(M)fs - Floyd Shale

Mississippian in age, locally gray to black, thinly bedded shale. Bound to the east by the 

Cartersville Fault, adjacent to rocks of the Blue Ridge.

(M)fp - Fort Payne Chert

Gray to pale white, locally dolomitic chert interbedded with dark thinly bedded shale. 

Mississippian in age.

Tg(?)-GSg(?) - Talladega Group(?)- Great Smokey Group(?)

No stratigraphic ties to the northeast or southwest have been established to determine the 

stratigraphic setting of these rocks. The lithology consists dominantly of fine grained sericite 

phyllites containing occasional, distinct, graphitic layers (gp), and grade into sandier 

metagraywacke, and less often metasandstone. These layers are typically on the scale of a 

meter, but some metagraywacke layers are up to 20 meters thick, and are prominent cliff 

formers.

The sericite phyllite lithology is very homogeneous, fine grained, thinly bedded, and 

occasionally contains minor amounts of fine grained opaque minerals (ilmenite), chlorite, and 

rare grains of blue quartz. Bedding is most distinctive in areas abundant in metagraywacke. 

The bedding is often rhythmic and typically gradational into areas of predominantly 

greywacke and metasandstone. The sandier lithology is most abundant near the eastern 

bounding fault. The graphitic phyllite is extremely homogeneous, and very thinly bedded. This 

lithology is papery to the touch and very susceptible to weathering. Graphitic rich layers are 

often gradational with sericite phyllite and typically remain less than 10 meters thick.

The overall mineralogy suggests a lower greenschist facies, typical of the crystalline rocks of 

the western Blue Ridge. The Cartersville Fault is the western boundary, placing these rocks 

above the unmetamorphosed rocks of the foreland sequences. The Allatoona Fault is the 

southeastern boundary, except where in contact with the Mulberry Rock formation. This is a 

probable fault boundary because of the structural orientations at  and near the contact.

Thickness is estimated at 1200 meters, but may be significantly lower or higher because of 

structural complexities.    

(O)pc - Pumpkinvine Creek formation

The Ordovician aged Pumpkinvine Creek formation is a bimodal metavolcanic sequence, 

consisting of two major litologies including a fine grained, schistose amphibolite (O)pca, and a 

plagioclase rich gneiss (O)pcg. Although, locally, one lithology may be dominant, these two 

distinct rock types are intimately related, as they often alternate between one another. 

The amphibolite lithology is often strongly foliated, fine grained, composed of amphibole,and 

sometimes retrograded to epidote and chlorite, and lesser amounts of plagioclase.

The felsic lithology is extremely homogeneous. It is medium grained, contains porphyroblastic 

feldspar (~5mm), and occasionally contains garnet (up to 3 mm). 

The Allatoona Fault, placing it adjacent to the western Blue Ridge binds this formation to the 

west. The eastern contact is bound by a probable fault adjacent to EBRu.

Ca - Canton formation

This metapelitic formation is medium grained and primarily consists of garnet mica schists, 

garnet muscovite phyllites and garnetiferous micaceous quartzite. This formation is 

structurally related to the Pumpkinvine Creek formation, though the nature of the contact 

remains unclear. Formation thickness is unknown due to structural complexities.

EBRu - Eastern Blue Ridge undifferentiated

These metaplutonic and metapelitic rocks that show evidence of multiple(?) intrusive events 

and varied lithologies. The pelitic rocks include garnet mica schists, garnet muscovite phyllites 

and undifferentiated biotite schists and micaceous quartzites. The pelitic lithologies may have 

been intruded or are in fault contact with abundant metagabbroic rocks. These course grained 

mafic rocks are abundant in amphibole and plagioclase. A distinctive, though unmapable, 

felsic (Alaskite?) granitic gneiss intrudes the metagabbro and metapelitic lithologies. This 

intrusive lithology expresses similar foliation to the host rocks, giving a premetamorphic 

intrusion date.

These undifferentiated rocks are bound to the west by a probable fault adjacent to the 

Pumpkinvine Creek formation.

Valley and Ridge

Western Blue Ridge

Eastern Blue Ridge

EBRmg - Eastern Blue Ridge metagabbro

A medium to coarse grained metagabbro, intruding into pelitic schists. This lithology is 

characterized by abundant amphibole and plagioclase, and locally intruded by felsic (Alaskite) 

gneiss.

EBRgms - Eastern Blue Ridge garnet mica schist

A garnetiferous two mica schist with varying amounts of quartz. This lithology is often highly 

folded, and has a distinctive rusty oxide weathering pattern. It is oftened zoned between garnet 

rich and garnet poor layers as well as gradation in quartz content.  

Cartersville Fault -

This fault is the frontal thrust fault placing  the crystalline core of the Blue Ridge over 

unmetamorphosed sediments of the continental foreland. This marks a sharp metamorphic 

break.

Allatoona Fault - 

This terrane bounding fault between the eastern and western Blue Ridge, is a major 

metamorphic break between amphibolite facies rocks of the eastern Blue Ridge, and lower 

greenschist facies rocks of the western Blue Ridge. This fault extends to northeast as the Great 

Smokey Fault, and to the southwest as the Talladega Fault.  
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