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(ABSTRACT) 

The Pine Mountain window of Georgia and Alabama hosts the southern most exposed Grenville aged 

basement terrane in the Appalachians. The window Is bounded on the east by the Box Ankle thrust fault which 

juxtaposes basement lithologies from hangingwall paragnelss, schist, and metavolcanic rocks of the Piedmont 

terrane. The Ocmulgee strike-silp fault separates Piedmont Terrane rocks from Avalon Terrane lithologies to the 

south and east of the Pine Mountain window. U-Pb ages of zircons constrain the timing of deformation along the 

Box Ankle and Ocmulgee faults at 304 + 144 and 335 + 7 Ma respectively. A contrast In zircon response to high 

grade deformation from both fault zones is observed. The response of zircon U-Pb systematics In these fault 

zones provides data on the effects of Pb loss versus U gain models, dissolution processes, and overgrowth binary 

mixing models from within selected mylonitized bulk rock chemistries. 

in the Ocmulgee fault, zircon overgrowth assoclated with deformation dominates U/Pb age discordancy. 

Isotopic re-equilibration of Sr Isotopes did not occur on a cm whole rock scale during deformation. Porphyrociasts 

In the Ocmulgee shear zone retained partial Sr Isotopic signatures of the shear zone protolith. In contrast, Rb-Sr 

Isotope systems In the Box Ankle fault were re-equllibrated during ductile deformation. Zircons from the Box Ankle 

fault show evidence of dissolution with no apparent overgrowth. A regional tectonic model proposed from ages 

obtalned In this study Include transpresslon and doming of the basement and Piedmont cover as seen In the Box 

Ankle fault trace. Dextral strike-slip with right stepover displacement between the Ocmulgee-Goat Rock fault 

system and the Towaliga system provide a transpressional environment at the eastern end of the Pine Mountain 

window.
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Introduction 

Recognition of discrete terranes is based on geologic evidence including the fossil 

record, geophysical data, sedimentology and stratigraphy, isotope geochemistry, and 

absolute age determinations. Juxtaposed terranes call for models which show the 

geographic distribution of lithologies before and after accretion. Present evolutionary 

models for the southern Appalachians, require discrete boundaries which separate terranes 

along both ductile and brittle fault systems. In order to model terrane accretion, radiometric 

age dating of deformation fabrics from terrane boundaries is necessary. The timing of 

deformation in shear zones can be constrained using radiometric techniques and textural 

evidence including stable metamorphic mineral assemblages, deformation fabrics, and 

associated kinematic indicators (e.g., Abott 1972; Sinha and Glover 1978; Etheridge and 

Cooper 1981; Lancelot et al. 1983; O’Hara and Gromet 1983; Hickman and Glassley 1984; 

Sinha et al. 1988; Barovich and Patchett 1992; Wayne et al. 1992; and others ) 

Complete re-equilibration of daughter element isotopic ratios (e.g. Sr, Nd, Pb) in 

whole rock and mineral systems during metamorphism and deformation isi necessary to 

reset radiometric systems for precise isochron ages associated with geologic processes 

(Claesson 1986). Under ideal circumstances, isotopic systems will be reset (e.g. Getty and 

Gromet 1992), but more commonly, with a limited grain size reduction of porphyrociasts, 

coupled with a low fluid flux, isotopic systems may not be homogenized even in high grade 

deformational events (e.g. Dietrich et al. 1969, Russel 1976, Etheridge and Cooper 1981, 

Hickman and Glassley 1984; this study). Variable cooling ages for minerals within the 

system can cause scatter in whole rock isochron data, and complicate the interpretation of 

the geologic processes. Even with such data, it may be possible to estimate the timing of 

isotopic closure in select mineral/whole rock systems (e.g. Hart 1964; Jager et al. 1967; 

O’Hara and Gromet 1983; Mezger et al. 1991).



The physical and chemical response of zircon under high grade metamorphism and 

deformation will determine the precision of U/Pb ages as related to the timing of deforma- 

tion. Zircons can react in numerous ways to high grade deformation, including: (1) no 

response, (2) partial dissolution without Pb loss, (3) partial dissolution with partial or 

complete Pb loss, (4) partial or complete Pb loss, (5) 1, 2, 3, or 4 followed by precipitation 

of new zircon overgrowth, 6) complete dissolution followed by crystallization of new zircon. 

Lead loss mechanisms have been discussed by Wetherill (1956, 1963), Tilton (1960), 

Wasserburg (1963), and Allegre et al. (1974). Variables which control the physical and 

chemical response of zircon to deformation include, strain rate and grain size, temperature, 

fluid composition and flux, and zircon characteristics including, age, size, radiogenic parent 

concentrations, and the degree of metamictization (Wayne and Sinha, 1988). The closure 

temperature of zircon to Pb loss can be above kyanite grade regional metamorphic 

conditions (Tilton et al. 1958). The re-equilibration of Pb isotopic ratios is not necessary for 

precise U/Pb ages of metamorphic events. U-Pb analyses can be used to accurately record 

the age of a zircon response to deformation. In this project, two proposed high strain zones 

marking terrane boundaries were examined using both Rb/Sr whole rock and U-Pb zircon 

isotopic systematics. Radiometric dates from this study will be used to constrain terrane 

accretion models for Southern Appalachian orogenic events.



REGIONAL GEOLOGIC SETTING 

The Southern and Central Appalachian Mountain belt is located within four major 

North American physiographic provinces including, the Appalachian Plateau, the Valley and 

Ridge, the Blue Ridge, and the Piedmont (Stearn et al. 1979). Distinct tectonostratigraphic 

terranes east of the Blue Ridge Province and within the Piedmont province include the 

Jefferson terrane, the Inner Piedmont Composite terrane , the Pine Mountain terrane, and 

the Uchee terrane, with the Juliette terrane, the Carolina Arc, the Savana River terrane, 

Charlestone terrane, and the Spring Hope terranes as part of Hooper and Hatcher’s (1990) 

Avalon terrane (Horton et al. 1991). Boundaries between terranes east of the Blue Ridge 

Province occur in zones including from west to east, the Allatoona fault, the Brevard zone, 

the Towaliga fault zone-Lowedesville shear zone-Kings Mountain shear zone, the Box Ankle 

fault, the Goat Rock fault, the Bartletts Ferry fault, the Ocmulgee fault , and the Modoc zone 

(Horton et al. 1991). Three distinct periods of Paleozoic deformation and metamorphism 

have been ascribed to the tectonic configuration of the Appalachian Mountain belt including, 

the Taconic (480-435Ma), the Acadian (380-340Ma), and the Alleghanian orogeny (330- 

230Ma),(Stearn et al. 1979; Glover et al. 1983; Williams and Hatcher 1983; Glover 1989). 

The concept of suspect terrane accretion as origanally proposed by Coney et al, 

(1980), was recognized as a viable model for Appalachian tectonic reconstruction by 

Williams and Hatcher, (1983). Numerous accretionary models have since been ascribed to 

the evolution of the southern and central Appalachians including: (1) Hatcher (1987), 

Avalon-Piedmont suturing during Acadian Orogeny; (2) Glover et al. (1987), Piedmont- 

Carolina Slate belt collision during Taconic Orogeny; (3) Higgins et al. (1988), a dynamic 

model of folding and thrusting of lapetus sediments over North America between Middle 

Ordovician and the Permian; (4) Nelson et al. (1987), Alleghanian age Appalachian 

detachment over the Pine Mountain belt. Published ages for direct dating of deformation



in the southern Appalachians are compiled in Table |. Precise age dates for the timing of 

terrane juxtaposition is necessary for an accurate evaluation of the various accretionary 

models. 

The Box Ankle and Ocmulgee fault systems occur within and bound the southern- 

most exposed Grenville basement block of the Appalachians, the Pine Mountain Terrane 

(Figure 1). Basements rocks exposed in the area are described as part of a structural 

window overthrust by the Inner Piedmont allochthon (Clarke 1952). Overthrusting of the 

Inner Piedmont over the Pine Mountain block (Figure 2a) occurred upon both the Towaliga 

and Bartletts Ferry-Goat Rock fault systems (Schamel and Bauer 1980). Recent interpreta- 

tion of the structure based on detailed field mapping at the eastern end of the Pine Mountain 

window suggests that the Pine Mountain block is a complex window, because the Towaliga 

and Goat Rock fault systems (Figure 2b) have different apparent ages (Hooper and Hatcher 

1988). In contrast to Clark’s earlier model, Inner Piedmont and Pine Mountain basement 

juxtaposition is interpreted along the older Box Ankle fault (Hooper and Hatcher 1988). 

Nelson et al. (1987), interpret COCORP seismic profiles across the Pine Mountain window 

in close agreement with Schamel and Bauer’s cross section reconstruction and Clarks’s 

earlier model. 

High grade ductile deformation zones other than the Box Ankle fault and the 

Ocmulgee fault, which bound the Pine Mountain Window include the Towaliga, the Bartletts 

Ferry, and the Goat Rock fault systems. The Bartletts Ferry fault was described by Russel 

(1976), Hanley and Redwine (1986), and Steltonpohl (1988). Russel (1976) reported a Rb/Sr 

isochron age of 376 + 11 Ma from a phyllonite in the Bartletts Ferry fault zone. Russel’s 

isochron age can be interpreted as a mixing age (Steltonpohl, 1988), and the age should be 

used with caution for the interpretation of southern Appalachian deformation events. The 

Bartletts Ferry fault is a broad zone of mylonite, dipping to the southeast, separating the



  

TABLE 1 

PUBLISHED AGES FOR 
SOUTHERN APPALACHIAN FAULT SYSTEMS 

  

  

  

  

  

  

  

  

  

  

  
    

FAULT AGE METHOD REFERENCE 

ALLOTOONA 296 Rb-Sr Garci, 1985 

BREVARD 270;460 U-Pb/Rb-Sr Sinha, 1988 

TOWALIGA 

BOX ANKLE 304 U-Pb/Rb-Sr this report 

GOAT ROCK 287 Rb-Sr Steltonpohl, 1990 

BARTLETTS FERRY’ 375 Rb-Sr Russel, 1978 

OCMULGEE 335 U-Pb this report 

MODOC 313 Rb-Sr Snoke et al, 1980         
1 Interpreted as a possible mixing age. 

 



a) 

Towaligo fault 

  

             

  

b) Pine Mtn. 
Window 

RF B TF 8% Ankle G B 

nthe ee SOF — SL To SENAY ot in TE titi eye st Inmer fee TS ETT EEE pS tpn 
hott an etd] belreeh (gp te 

t , Thee yg! , rot Piedmont ~.-. Basement. -.-.-.--) 
+ 8 8 we ee    pe He eH ee 

+ 6 me ee ee ee 
te eee 

i 2 ae ee mee me 
eee ee ee eH eH eh 

oe ee ee 
Pe 

Bm mee mee - + © © + & & +e 2 
ee ek + © © 6 He He He He eH He He 

+ + © ee He He me we: 
a ee eH Hm hh lh HH 
ee ee eee em gg 
bk eel ll se COKE GCA IMIT MRD +) eee 

ee ee me mee eee 
i     
  

19 0 10. 20 30 

Kilometers 

Figure 2. a) Original cross section (section A-A’ Figure 1) interpretation of Clarke (1952) 
modified by Schamel and Bauer (1980); M = Manschester Schist and S = Sparks Schist of 
the Pine Mountain Group; W = Wacoohee Complex. b) Hatcher et al. (1988) cross-section 
interpretation at eastern end of the Pine Mountain Window (section B-B’ Figure 1) with 
interpretation of the Towaliga fault from siesmic reflection profiles of Nelson et al. (1985); 
TF = Towaliga fault; GRF = Goat Rock fault: OF = Ocmulgee fault.
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