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THE STRUCTURE, STRATIGRAPHY, TECTONOSTRATIGRAPHY,
AND EVOLUTION OF THE SOUTHERNMOST PART

OF THE APPALACHIAN OROGEN

By Michael W. Higgins, 1 Robert L. Atkins, 2 Thomas J. Crawford,
3

Ralph F. Crawford, III,
4 Rebekah Brooks, 5 and Robert B. Cook6

abstract

The southernmost part of the Appalachian orogen in Georgia and

Alabama is composed of three stacks of folded thrust sheets. The

crystalline part of the orogen (including rocks now covered by the

Coastal Plain) is composed of two thrust stacks, the (lower) Georgia-

bama thrust stack and the (upper) Little River thrust stack. Together

with the Rome-Kingston thrust stack in the Valley and Ridge province,

these thrust stacks preserve sequences of rocks formed in a wide

variety of environments that virtually spanned the ancient Iapetus

Ocean. The lowest thrust sheet in the Georgiabama stack preserves

sequences of rocks considered autochthogenetic (allochthonous but

derived from or otherwise genetically related to a given craton) to the

North American craton, whereas higher thrust sheets in the stack

preserve sequences considered allochthogenetic (allochthonous and

unrelated to a given craton) to the North American craton. Sequences

preserved in the Little River thrust stack are allochthogenetic to the

North American craton and autochthogenetic to the African craton; in

the Georgiabama thrust stack all but the Bill Arp sheet are allochtho-

genetic to the North American craton; and all of the rocks in the

Rome-Kingston thrust stack are autochthogenetic to the North Amer-

ican craton.

Assembly (stacking) of the Georgiabama thrust stack took place from

the Iapetus Ocean toward the North American craton, and from top to

bottom, with the first-moving, uppermost thrust sheets travelling the

farthest and the later moving, lowermost sheets travelling the least. In

contrast, the Little River stack appears to have been assembled from

bottom to top as its sheets were being thrust upon the already

assembled and moving Georgiabama stack. Thrusting took place con-

tinuously from about Middle Ordovician through Carboniferous time,

and virtually all of the folding and deformation in the southernmost

Appalachians were caused by the thrust sheets and thrust stacks moving

toward the North American craton. Most of the metamorphism and

plutonism in the southernmost Appalachians was the result of the

insulating blanketing effects, the overpressures, and depths of burial

caused by the moving thrust sheets and thrust stacks. Thrust sheets

with different deformational and metamorphic histories are juxtaposed

within the thrust stacks.

!U.S. Geological Survey.
2Georgia Geologic Survey, 19 M.L. King, Jr., Drive, Atlanta, GA 30334.

3U.S. Geological Survey and West Georgia College, Carrollton, GA 30117.

4Georgia Testing Laboratories, Lithonia, GA 30058.

5U.S. Geological Survey and University of Montana, Missoula, MT 59801.

6Auburn University, Auburn, AL 36849.

The Georgiabama thrust stack is composed of 11 major thrust

sheets. The uppermost thrust sheets (Soapstone Ridge and Ropes

Creek) are obducted sheets of Iapetus Ocean mantle and crust. These

sheets overlie remnants of an ophiolitic, eclogite-bearing subduction

melange (West Point), which in turn overlies remnants of its associ-

ated oceanic (Paulding) island arc in the Paulding thrust sheet. The
Paulding sheet overlies remnants of another (Promised Land) island

arc and its fore-arc-basin deposits (Sandy Springs, Promised Land,

Atlanta, and Wahoo Creek), with its associated subduction melange

(Clairmont). Quartzites in some of the Sandy Springs sheet rocks

have detrital zircons with ages of a billion years or older, indicating

that the Promised Land arc formed at the edge of a (Sandy Springs)

microcontinent. Structurally beneath the Clairmont sheet is the

Zebulon thrust sheet, composed of ocean-floor deposits with large

contributions from the Ocoee basins and from the Promised Land arc.

The lowest sheet in the Georgiabama stack is the autochthogenetic

Bill Arp sheet, composed of nonvolcanic, mostly clastic, and poorly

sorted metasedimentary rocks deposited in a series of stepped, exten-

sional basins (called Ocoee basins because most of the rocks that fill

them belong to the Ocoee Supergroup) formed when the Iapetus

Ocean opened; the Ducktown assemblage of volcanic rocks and mafic

hypabyssal intrusive rocks in the lowermost part of the clastic se-

quence was intruded into, and erupted from, rifts around the basin

edges; massive sulfide deposits are locally found associated with the

assemblage.

The Little River thrust stack is composed of the (structurally low-

est to highest) Macon melange, Little River allochthon, and Northern

Florida platform sequence. The Little River allochthon is composed

of thick sequences of mildly metamorphosed and mildly deformed

volcanic, volcaniclastic, volcanic-epiclastic, and lesser amounts of

plutonic rocks of latest Precambrian (Late Proterozoic) through Mid-

dle Cambrian age that formed in a continental-margin island arc; the

igneous rocks are bimodal and calc-alkaline. Atlantic faunal

province trilobites in some of the epiclastic rocks indicate that the

continental mass where the Little River arc formed was not near

North America; it may have been a microcontinent off the African

continent. The arc's subduction melange, the Mat-on melange, is well

preserved structurally beneath the Little River allochthon. The
Macon melange contains pelagic cherts, manganiferous schists, and

clasts of various sizes of Iapetus Ocean crust and upper mantle.

Above the Little River allochthon in the subsurface of southernmost

Georgia and northern Florida is the Northern Florida platform se-

quence, composed of fossiliferous unmetamorphosed clastic rocks of
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Ordovician through Devonian age that are interpreted as having

been deposited at the edge of the African craton.

The (lowest to highest) Kingston, Clinchport, and Rome thrust

sheets, in the Valley and Ridge province, make up the Rome-

Kingston thrust stack. These sheets include the Appalachian

Cambrian-Ordovician carbonate-shelf sequence and, in the Rome,

dark pelites (Athens Shale and Rockmart Slate) that were thrust

upon the carbonate-shelf sequence and the Tellico-Talladega clastic

wedge bearing clasts of Grenville basement rocks and carbonate-

shelf-sequence rocks that spread towards the craton beyond the

limits of the dark pelites. All three sheets have upper Ordovician-

Silurian clastic wedges that spread cratonward from the advancing

thrust sheets in the Georgiabama stack, and Devonian cherts de-

posited unconformably upon the older rocks.

The earliest record in the southern Appalachians of the opening of

the Iapetus Ocean is the thick pile of volcanic and immature clastic

rocks that make up the Mount Rogers and Grandfather Mountain

Formations in North Carolina, Virginia, and Tennessee and thinner

sequences associated locally with massive sulfide deposits in the

basal part of the Ocoee clastic metasedimentary sequence (Ducktown

assemblage). The metavolcanic rocks were probably erupted around

700 m.y. ago. Above the Ducktown assemblage, volcanogenic compo-

nents are absent in thick sequences of upper Precambrian (Upper

Proterozoic) clastic rocks and in the Cambrian-Ordovician carbonate-

shelf sequence. From the time of eruption of volcanic rocks in the

Mount Rogers and Grandfather Mountain Formations, and in the

lower part of the Great Smoky Group, probably about 700 m.y. ago,

through the Lower Ordovician, the eastern margin of the North

American continent was too far from any volcanic source to receive

volcanogenic material. Reasonable spreading rates suggest that the

Iapetus Ocean was wider than 10,000 km when subduction zones and

volcanic island arcs were established.

Closing of the Iapetus Ocean must have begun with establishment

of one or more subduction zones. The rocks in the Little River al-

lochthon are products of the volcanism associated with one of these

subduction zones. These rocks probably span from very latest Pre-

cambrian (latest Proterozoic-Ediacaran) through Middle Cambrian
time, indicating that at least by 600 m.y. ago the arc and subduction

zone were active. Lack of volcanogenic rocks younger than Middle

Cambrian in the Little River allochthon suggests that subduction

under the Little River arc had ceased by Late Cambrian time. We
speculate that the Little River arc overrode the mid-Iapetus ridge

during the Late Cambrian, thereby stopping subduction under the

arc and effectively speeding up movement of the arc toward the

North American continent until oceanic crust and upper mantle

could no longer be consumed fast enough, so they buckled, broke

(forming the Soapstone Ridge thrust sheet), and were obducted upon

Ropes Creek Metabasalt (oceanic crust). Collision began with obduc-

tion of Soapstone Ridge oceanic crust and mantle onto Ropes Creek

oceanic crust and was followed by obduction of Ropes Creek Meta-

basalt onto the West Point melange and Paulding island-arc rocks;

this stopped subduction under the Paulding arc and terminated vol-

canism and plutonism in the arc. Continued assembly of thrust

sheets involved rocks of the Promised Land arc where subduction,

volcanism, and plutonism had ceased, probably when the Clairmont

sheet and the arc overrode the spreading center between the arc and

North America. Continued movement thrust the Clairmont sheet

and the overlying stack upon ocean-floor deposits (Zebulon), and

these in turn were thrust upon the lowest, autochthogenetic Bill Arp
thrust sheet.

Movement of the Zebulon thrust sheet and overlying stack onto the

Bill Arp sheet caused buckling up of the Cambrian-Ordovician car-

bonate shelf at the oceanward edge of the North American craton,

resulting in unconformities at the top of the Upper Cambrian-Lower

Ordovician Knox Group and later above the Middle Ordovician

Lenoir Limestone. With continued movement, the cratonward edge

of the Bill Arp sheet was thrust up along with part of the carbonate

shelf above it to cause a landmass that separated the Rockmart-

Athens basin from what was left of the Iapetus Ocean. Continued

movement pushed parts of the pelitic sequences deposited in that

basin (Rockmart Slate, Athens Shale) up the paleoslope onto the

unconformity at the top of the carbonate shelf, folding and mildly

metamorphosing some of the pelites in the process. Erosion of thrust-

up carbonate-shelf-sequence and Bill Arp thrust-sheet rocks supplied

clastic material to that basin, and continued movement and erosion

of the thrust-up Bill Arp sheet rocks caused deposition and craton-

ward transgression (the source was also moving toward the craton) of

a molasse-like, feldspathic, diamictite-bearing clastic wedge (Tellico-

Talladega clastic wedge) that spread cratonward beyond the limit of

the dark pelites, and farther cratonward another clastic wedge
(Greensport, Colvin Mountain, Sequatchee). Oceanward parts of

wedges were mildly metamorphosed as they were overridden by part

of the Georgiabama thrust stack. Further cratonward movement of

the Clairmont melange and higher thrust sheets in the Georgiabama

thrust stack probably loaded the underlying Zebulon and Bill Arp

sheets and thereby the oceanward edge ofwhat was left of the carbon-

ate shelf, allowing deposition of the thin Lower-Middle Devonian

Armuchee Chert-Frog Mountain Sandstone sequence (including

Jemison Chert, which is equivalent to the Armuchee and Frog Moun-
tain). By the Late Devonian the Paulding, West Point, and Ropes

Creek thrust sheets had locally transgressed far enough towards the

craton to be emplaced upon the Jemison Chert.

The Sandy Springs and higher sheets in the Georgiabama stack

overrode the leading edges of lower sheets in the stack along the

southeastern edge ofthe Brevard Zone, where rocks were mylonitized

and remylonitized and retrograded and where isoclinal folds formed

and were continuously sheared out and transposed, as the zone was

transported with the moving thrust sheets, rolling under the leading

edge of the overridden part ofthe thrust stack like the forward trough

of a standing wave.

While cratonward movement of the Georgiabama thrust stack con-

tinued, collision shoved the remnants of the Macon subduction

melange wedge, the Little River island arc, and African sedimentary

deposits, preserved as the Northern Florida platform sequence (now

beneath the Coastal Plain in southern Georgia and northern Flor-

ida), onto the top of the Georgiabama thrust stack, probably in Late

Devonian-Carboniferous time. Final cratonward movement of the

whole assembled set of thrust stacks took place along the Emerson,

Carters Dam, Rome-Helena, Clinchport, and Kingston faults during

the late Carboniferous and Permian.

The Iapetus Ocean was probably wider in the southern Appalachi-

ans than in the northern Appalachians, and it probably took longer

to close. In contrast with the drastically telescoped northern Ap-

palachians, the southern Appalachians contain remnants of se-

quences of rocks that spanned the Iapetus Ocean.

The southernmost Appalachians fit readily into the Indonesian

plate tectonics model; despite transport, deformation, and metamor-

phism, remnants of subduction melange complexes are preserved

beneath remnants of each island arc sequence (Clairmont melange/

Promised Land arc, West Point melange/Paulding arc, Macon
melange/Little River arc), and both obducted ophiolite and ophiolite

in melanges are present.

INTRODUCTION

The concept of plate tectonics has revolutionized the

science of geology in the same way that Einstein's the-
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ory of relativity revolutionized physics. This concept

caused rapid advancement in understanding the north-

ern Appalachians, where geologists applied it to a wide

inventory of careful field observations to produce a fas-

cinating account of allochthons, ophiolites, melanges,

and the opening and closing of the ancient Iapetus

Ocean (Dewey, 1969; Bird and Dewey, 1970; Stevens,

1970; Dewey and Bird, 1971; Williams and others,

1972; Williams and Smyth, 1973; Williams and Talk-

ington, 1977; Laurent, 1977; Rowley and Kidd, 1981).

A similar story based on careful field observations soon

began to emerge in the central Appalachians (Crowley,

1976; Morgan, 1977; Drake and Lyttle, 1981; Drake
and Morgan, 1981; Pavlides, 1981; Lash and Drake,

1984). Observations and interpretations in the south-

ern Appalachians lagged far behind.

We present data in this paper that show that the

crystalline terrane of the southern Appalachian orogen

in Georgia and Alabama (including rocks now covered

by the Coastal Plain) is composed of two enormous
stacks of folded thrust sheets (pis. 1, 2; fig. 1). We (Hig-

gins and others, 1984) refer to the lower thrust stack as

the Georgiabama thrust stack and the upper stack as

the Little River thrust stack. Together with the Rome-
Kingston thrust stack in the Valley and Ridge
province, these thrust stacks preserve sequences of

rocks formed in a wide variety of environments that

virtually spanned the ancient Iapetus Ocean. The low-

est thrust sheet in the Georgiabama stack preserves

sequences of rocks considered autochthogenetic7
to the

North American craton, whereas higher thrust sheets

in the stack preserve sequences considered allochtho-

genetic7
to the North American craton (fig. 1). Se-

quences preserved in the Little River thrust stack are

considered allochthogenetic to the North American
craton and autochthogenetic to the African craton. All

of the rocks in the Rome-Kingston thrust stack are

autochthogenetic to the North American craton (fig. 1).

Assembly (stacking) of the Georgiabama thrust

stack took place from the Iapetus Ocean toward the

North American craton, and from top to bottom, with

the first-moving, uppermost thrust sheets travelling

the farthest and the later moving, lowermost sheets

travelling the least. In contrast, the Little River stack

appears to have been assembled from bottom to top as

its sheets were being thrust upon the already assem-

bled and moving Georgiabama stack. Thrusting took

place continuously from about Middle Ordovician

through Carboniferous time, and we suggest that vir-

tually all of the folding and deformation in the south-

7We use the term "autochthogenetic" for allochthonous rocks derived from or

otherwise genetically associated with a given craton, and the term

"allochthogenetic" for allochthonous rocks that were apparently not geneti-

cally related to a given craton.
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Figure 1.—Stacking order of tectonostratigraphic units and thrust

sheets.

ernmost Appalachians were caused by the thrust

sheets and thrust stacks moving toward the North
American craton. By the same token, we suggest that

most of the metamorphism in the southernmost Ap-

palachians was the result of the overpressures, depths

of burial, and consequent blanketing effects produced

by the moving thrust sheets and thrust stacks. Thrust

sheets with different deformational and metamorphic
histories are juxtaposed within the thrust stacks.
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Deformation and metamorphism in the northern

part of the Appalachian mountain system have tradi-

tionally been ascribed to distinct orogenies, each

marked in part of the system by fairly well dated fea-

tures (see Rodgers, 1982, for a recent review). Attempts

to tie events in the southern part of the mountain sys-

tem (south of Roanoke, Va.) to the same orogenies have

mostly been unsuccessful, and the importance of

"Taconic," "Acadian," and "Alleghanian" events has

been the subject of much debate. Part of the difficulty

arises from the fact that fossils have been found in very

few localities in the crystalline part of the southern

Appalachians, and part from the inherent complexities

in interpretation of radiometric age dates from multi-

ply deformed, multiply metamorphosed rocks whose

origins are not always well understood. However, most

of the problems in dating the metamorphism and defor-

mation in the southern Appalachians have arisen from

dependence on the "belt concept," which is so firmly

entrenched here, and from lack of recognition that the

rocks here are in many different thrust sheets. Thus,

well-dated rocks in one thrust sheet and well-dated

rocks of a different age and with a different history in

another thrust sheet have commonly been lumped to-

gether in the same "belt," producing a confusing pic-

ture and the "geological noise" alluded to by Rodgers

(1982, p. 235, 237).

We suggest that the metamorphism and deformation

in the southernmost Appalachians was virtually a con-

tinuous process beginning with obduction of oceanic

crust and mantle in the Soapstone Ridge thrust sheet

onto Ropes Creek seafloor basalts, probably in the Or-

dovician, and lasting until plate collision and closing of

the Iapetus Ocean was completed, probably during the

Late Carboniferous or Permian. We consider the meta-

morphism and deformation, and also the plutonism, to

be direct results of the thrusting and collisional proc-

esses and the depths of burial they caused. Thus, un-

conformities, periods of igneous intrusion, clastic

wedges, metamorphism, and other features generally

considered to mark distinct "orogenic events" are prob-

ably like rarely preserved frames of a long motion pic-

ture rather than vestiges of a spectacular series of still-

shots. We suggest that the phase of closing of the

Iapetus Ocean should be called the Iapetan orogeny.

The stacking order of the thrust sheets in the Geor-

giabama and Little River thrust stacks is based on con-

siderable geologic field evidence, and the thrust fault at

the base of each thrust sheet locally truncates map-
pable units in both the upper and lower plates of all but

the smallest slices of thrust sheets. Without even con-

sidering the possible existence of a master decollement

(Cook and others, 1979; Harris and Bayer, 1979; Cook
and others, 1981), we consider all of the pre-Permian

rocks southeast of the Kingston thrust fault in Georgia

and the Helena thrust fault in Alabama (Chowns and
McKinney, 1980; Chowns and Carter, 1983) to be al-

lochthonous. Most of the thrust sheets in the Georgia-

bama thrust stack are found throughout the terrane

between the Valley and Ridge province and the Little

River thrust stack, so there is no real basis or reason for

dividing a Blue Ridge geologic province (or belt) from a

Piedmont geologic province in the southernmost Ap-
palachians (pi. 1). Proposed times of thrusting and
derivation of the thrust sheets are interpretive and are

based on available geologic and geochronologic data.

The facies reconstructions and the proposed develop-

mental model presented in this paper are based largely

on present understanding of plate tectonics. Many of

the units described here are tectonostratigraphic units

and do not conform to classic principles of superposition

and stratigraphic succession (see Drake and Morgan,
1981).

We develop the following main themes in this paper.

(1) There was a continuity of geologic "events" in the

development of the southernmost Appalachians that

began with the inception of rifting of the ancient mar-
gin of North America to form the Iapetus Ocean and
lasted until that ocean closed and a new cycle of rifting

began, which resulted in the opening of the Atlantic

Ocean. (2) Opening of the Iapetus Ocean was a slow

process that probably took more than a hundred mil-

lion years; as it opened it left a series of stepped fault-

bounded basins along the oceanward edge of North

America, whose long axes approximately paralleled

the spreading axis. The basins nearest the spreading

axis probably formed first and were filled with sedi-

ment first. The basins were filled first with poorly

sorted turbidite flysch deposits, probably in enormous
coalescing fans. Deposits in the basins had in general a

common source and similar depositional environments,

but environments were probably diachronous. These

deposits record the same type of depositional environ-

ment throughout, even though the preserved units may
not be directly correlative in age or continuity. When
the basins had nearly filled (cratonward ones probably

being the latest formed and latest filled), beach de-

posits and then carbonate shelf sequences with reefs

formed on top of the clastic sediments. Part of the most

continentward of these sequences is preserved as the

carbonate shelf sequence in the Valley and Ridge

province. Small parts of others are scattered around the

crystalline terrane in such units as the Murphy,
"Brevard," and Chewacla Marbles. These carbonate

units probably mark the same depositional environ-

ment but were probably deposited in separate basins

and at slightly different times. (3) At the same time as

the last sediments in the basins closest to the craton
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were deposited and the lower parts of the carbonate

shelf sequence in the Valley and Ridge formed (latest

Precambrian or earliest Cambrian), the ocean began to

close, and subduction zones (with melange wedges) and
volcanic arcs were established at the edge of the

"African" microcontinent off the African continent, at

the edge of a "Sandy Springs" microcontinent, and
within the crust of the ocean. (4) The African plate

("African" microcontinent) overrode the mid-Iapetus

ridge, probably in the Late Cambrian, stopping volcan-

ism in the Little River island arc at the oceanward edge

of the "African" microcontinent and effectively speed-

ing up movement of the plate toward the North Amer-
ican Continent. Oceanic crust and mantle buckled,

broke, probably in the Late Cambrian or earliest Early

Ordovician, and were obducted onto oceanic crust, thus

beginning a thrust-stacking process that lasted until it

involved the lowermost Bill Arp thrust sheet, which

comprised rocks of the opening-phase basins and their

basement. As upper sheets moved onto lower sheets,

and these moved in turn onto still lower sheets, they

changed the environments they moved into and also

those perhaps as much as hundreds of kilometers in

front of the advancing sheets, including by Middle Or-

dovician time the Valley and Ridge basin closest to the

craton. Upthrust leading edges of the lower thrust

sheet included sedimentary deposits belonging with

those still forming in the basin; these deposits were

cannibalized along with crystalline rocks in the sheet

to form molasse wedges that spread onto the carbonate

shelf. Folding took place continuously in front of the

advancing thrust sheets with growing antiforms

shedding debris into more cratonward basins. Thus,

faulting, folding, and sedimentation were intimately

interrelated. With continued cratonward advance, up-

permost sheets in the stack overrode middle sheets in

the stack and transgressed far enough to be emplaced

upon shallow-water Lower and Middle Devonian chert

of the basin closest to the craton (Valley and Ridge

basin). (5) Metamorphism was continuous and was
caused by the depths of burial below the thick stacks of

moving thrust sheets, and by the blanketing insulation

of the sheets, which caused anatectic melting of lower

parts of the stack to produce plutonism. (6) The contin-

uous orogenic process migrated along the edge of the

North American continent from present northeast to

present southwest because the Iapetus Ocean closed

like a door hinged at the northeast. Thus, rocks formed

in a given environment tend to be regionally

diachronous along strike in the orogen. (7) Collision of

the African plate caused emplacement of the Little

River thrust stack, composed of the Macon subduction

melange and Little River island arc of the African plate

and northern Florida platform sequence of the African

continent, upon the Georgiabama thrust stack. Final

collisional stages caused emplacement of the entire as-

semblage of thrust sheets and stacks farther upon the

rocks of the Valley and Ridge basin along the Emerson
and Carters Dam faults as the African plate "docked,"

not with North America but with the accreted terranes

from the Iapetus Ocean.

The descriptions, interpretations, and conclusions

presented in this paper are based on our detailed geo-

logic mapping of the Atlanta, Ga., Griffin, Ga., Athens,

Ga., and Thomaston, Ga. 1° x 30' (l:100,000-scale)

quadrangles (the Atlanta and Griffin quadrangles are

summarized in fig. 2) and most of the Milledgeville, Ga.
1° x 30' quadrangle, and extensive reconnaissance

work throughout the crystalline terrane of Georgia and
Alabama, with detailed work in problem areas; our

work in the Carolinas has been mostly reconnaissance

mapping. We have benefited greatly from earlier work
by Hurst (1955, 1973), Grant (1958), Hurst and Craw-
ford (1964), Crawford and others (1966), Bentley and
Neathery (1970), Medlin and Crawford (1973), Craw-
ford and Medlin (1973, 1974), Cressler (1970, 1974),

Neathery (1975), Dallmeyer and others (1978),

Cressler and Crawford (in Cressler and others, 1979),

Chowns and McKinney (1980), Horton (1981a), Tull

(1982), Chowns and Carter (1983), and the unpublished

mapping of Willard H. Grant. Stratigraphic nomencla-

ture used in this paper is documented in Appendix A.

Melange terminology used in this paper is from Drake
and Morgan (1981), Hamilton (1979), Drake (oral com-

mun., 1983, 1984), Moore and others (1985), and Cowan
(1985). Precambrian is used preferentially over

Proterozoic as a general time term in this paper (see

Appendix A). We use ophiolite for any form of oceanic

crust or mantle or any combination of the two. For time

scales we use those of Harland and others (1982),

Palmer (1983), and Salvador (1985), realizing the dis-

crepancies between them and suggesting that they

mark real margins of error in our knowledge of radio-

metric versus paleontologic-stratigraphic (geochrono-

metric versus chronostratigraphic) time (see Salvador,

1985, p. 181, 187). In Newfoundland, slice has been

used in much the same manner as we use thrust sheet

(for example, Williams, 1975). We use slice for separate

pieces of a thrust sheet ("this slice of the Ropes Creek

thrust sheet") and also for pieces so large that they

might be called separate sheets but so i elated that we
interpret them as sliced-off parts of the same sheet.

PREVIOUS CONCEPTS

For many years the crystalline rocks of the southern-

most part of the Appalachian orogen in Georgia and
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33-30' 33*30'

Figure 2.

—

A, Generalized geologic map of the Atlanta, Ga., and Griffin, Ga. 1° x 30' quadrangles. B, Inset showing attitudes and facing of

graded beds in the Bill Arp Formation in the Austell-Frolona anticlinorium. Each symbol represents a locality where four or more graded

beds give facing direction. Dips are averaged and rounded. See text for further explanation.
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Alabama were divided into poorly defined, locally

named belts (Adams, 1933; Crickmay, 1952), generally

assigned to two main geologic provinces (or belts), the

Blue Ridge and Piedmont (King, 1955). More recently,

belts defined mostly on the basis of reconnaissance in

North Carolina (King, 1955) have been subdivided into

still more belts (named mostly from the Carolinas) and

projected and extrapolated through Georgia and Ala-

bama by Griffin (1971) and Hatcher (1972, 1978a), with

little new geologic mapping.

Despite the findings of those who had mapped large

areas in the southernmost Appalachians (for example

Bentley and Neathery, 1970; Crawford and Medlin,

1973; Medlin and Crawford, 1973; Hurst, 1973), the

belt concept has become a "ruling concept" and has

been used and accepted as the basis (and limitations)

for developmental models for the southern Appalachi-

ans (Hatcher, 1972, 1978a; Hatcher and Odom, 1980;

Price and Hatcher, 1983), for comparing the southern

Appalachians with the better known northern and
Canadian Appalachians (Hatcher, 1981; Williams and

Hatcher, 1982, 1983) and with part of the Canadian
Cordillera (Price and Hatcher, 1983), for compilation of

the southern part of a major tectonic lithofacies map of

the Appalachian orogen (Williams, 1978), for interpre-

tations of geophysical maps of the southern Appalachi-

ans (Hatcher and Zietz, 1978, 1980), for interpretations

of deep seismic reflection profiles in the southern Ap-

palachians (Cook and others, 1979, 1981; Cook and
Oliver, 1981; Iverson and Smithson, 1982, 1983; Cook,

1983; M.D. Thomas, 1983; Ando and others, 1983), and
for a proposal that "southern Appalachian thrusting" is

a "model for orogeny" (Hatcher and Odom, 1980;

Hatcher, 1981).

Williams and Hatcher (1982, 1983) have recently

modified the belt concept in the southern Appalachians

to one of accreted "suspect terranes," largely on the

basis of an earlier paper by Zen (1981). In the Williams

and Hatcher papers the belts are reduced in number
(lumped) and referred to as "terranes," but they are

still depicted as northeast-trending, discrete linear

belts that are merely modifications of the southern Ap-

palachian belts of Hatcher (1972, 1978a, 1981),

Hatcher and Butler (1979), and Hatcher and Odom
(1980).

In part due to the influence of the belt concept, the

influence of Alpine structural concepts, and the linger-

ing influence of the geosynclinal theory and the tecto-

gene hypothesis, most of the crystalline terrane of the

southern Appalachians has generally been depicted as

composed of large fold-nappes that more or less match
the belts (for example Hatcher, 1972, fig. 3; 1981; Price

and Hatcher, 1983, p. 155). The concept that the ter-

rane between the Brevard Zone and the Towaliga fault

zone in Georgia and Alabama is a single "Inner Pied-

mont allochthon" or "meganappe" (Clarke, 1952; Bent-

ley and Neathery, 1970) has been accepted and ex-

panded (Rankin, 1975, 1976; Hatcher, 1978a, 1981;

Hatcher and Zietz, 1978, 1980; Sears, Cook, and Brown,
1981; Sears, Cook, and others, 1981; Williams and
Hatcher, 1982, 1983; Sears and Cook, 1984; Sears,

1985). The concept of belt-bound nappes has led to vig-

orous searches for root zones, generally thought to be

subvertical and located at belt boundaries or within

narrow belts such as the Brevard Zone ("Chauga belt"

of Hatcher, 1972, 1978a), and particularly the "Kings

Mountain belt"; more recently there has been a similar

search in the same places for subvertical sutures (see

Cook, 1983, and-Rodgers, 1982, for discussions). The
belts and the suspect terranes are considered to have

"docked" with the North American craton and with

each other as vertical entities, much as large ships dock

against piers. With the exception of the "Goat Rock

fault," which has been considered to bound one side of

a window through to Grenville basement, thrust faults

in the southern Appalachians have generally been de-

picted as long, continuous, unfolded, unrepeated south-

east-dipping features with the upper plate always on

the southeast side (Hatcher, 1972, 1978a, 1981; Tull,

1978, 1984; Hatcher and Odom, 1980; McConnell and

Costello, 1980, 1984; Odom and Hatcher, 1980; Price

and Hatcher, 1983; Glover and others, 1983, especially

p. 226). Some of these faults are alternately depicted as

pre-metamorphic and post-metamorphic (Hatcher,

1978, 1981; McConnell and Costello, 1980, 1984;

Hatcher and Odom, 1980; McConnell and Abrams,

1984; Absher and McSween, 1985, p. 592).

Despite the fact that actualistic models show the in-

validity of the miogeosyncline-eugeosyncline (geosyn-

clinal) concept and the tectogene hypothesis (Hamil-

ton, 1979), the Valley and Ridge province, and part of

the crystalline terrane of the southern Appalachians as

well, are still referred to by some authors as the

"Miogeocline" (Williams and Hatcher, 1983, for exam-

ple). The prevailing concept of metamorphism and de-

formation in the southern Appalachians is still one of a

tectogene where "downpulled," deeply buried rocks

were metamorphosed and folded after they had
"docked," thus producing broad "belts" affected by one

distinct event or another.

In our opinion, the belt concept and the geosynclinal

theory have greatly hindered understanding of the ge-

ology and geologic history of the southern part of the

Appalachian orogen. Neither the "belts" nor the

"suspect terranes" are (Williams and Hatcher, 1983, p.

34) "internally homogeneous geologic provinces, with

features that contrast sharply with those of nearby
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provinces." There is no "miogeocline" because there

was neither a "eugeosyncline" nor a "geosyncline," and

virtually all attempts to correlate units in the Valley

and Ridge province with those in the crystalline ter-

rane have not proved valid. The basic structure of the

crystalline terrane in the southernmost Appalachians

is not one of steeply bounded belts "docked" against one

another and the craton like dominoes, but of now-

folded, but once nearly horizontal, thrust sheets.
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GEORGIABAMA THRUST STACK

The Georgiabama thrust stack is composed of 11

major thrust sheets in Georgia and Alabama (fig. 1,

table 1); additional sheets are probably present to the

northeast. Lower sheets in the stack are widely pre-

served and underlie vast areas of the crystalline ter-

rane. Higher sheets are less widely preserved, and the

uppermost sheets occur as scattered remnants (for ex-

ample, the Soapstone Ridge sheet; pis. 1, 2), because of

erosion, or because they broke up during transport and
emplacement, or, more likely, both. The lowest, Bill

Arp, sheet is considered autochthogenetic, and all

higher sheets allochthogenetic (see fig. 3).

BILL ARP THRUST SHEET

The composite Bill Arp thrust sheet is the basal thrust

sheet in the Georgiabama thrust stack (fig. 1). It crops out

in areas that are essentially windows through the over-

lying thrust sheets (pi. 1, fig. 4). At the boundary between

the crystalline terrane (Piedmont and [or] Blue Ridge of

former usage) and the Valley and Ridge province, the Bill

Arp thrust sheet is bounded below by the Emerson
(formerly the Cartersville; Crawford and Cressler, 1982)

and Carters Dam (formerly the Great Smoky) faults, but

through most of the crystalline terrane of Georgia and

Alabama the Bill Arp sheet may be bounded below by a

master decollement (Cook and others, 1979; Harris and

Bayer, 1979; Cook and others, 1981) or by splays off a

master decollement. The Bill Arp sheet is composed of

rocks belonging to the Grenville basement (fig. 5),

overlain by rocks belonging to the upper Precambrian

Ocoee Supergroup (tables 1, 2). The most characteristic

feature of the Bill Arp thrust sheet is its virtual lack

(except the Ducktown assemblage, discussed below, and

some of the rocks traditionally assigned to the "Murphy
Group" of Hatcher [1972] or "Murphy Belt Group" of

Hurst [1955]) of volcanic components of any kind (amphi-

bolites, volcaniclastic rocks, volcanogenic sediments, and

so forth). This lack of volcanic components is characteris-

tic of all the Ocoee basins, as emphasized more than 25

years ago by King and others (1958) and more recently by

Hurst (1973). As far as we know, except for granites,

granite gneisses, and the Talladega Group (sensu

stricto—discussed in a later section), rocks of the Bill Arp
thrust sheet form the only large outcrop areas in the

Georgia and Alabama crystalline terrane that are with-

out volcanic components. Metavolcanic rocks in the Bill

Arp sheet around and southwest of Copperhill, Tenn., are

discussed in the section below on the Ducktown assem-

blage.

Another characteristic of the Bill Arp thrust sheet is

the presence of small, regionally discontinuous, meta-

morphosed carbonate rocks generally within the upper

parts of its thick metasedimentary sequences. As Hurst

(1973) recognized, metacarbonate rocks are relatively

rare in the crystalline terrane of Georgia and Alabama,
being apparently limited to the small metacarbonate

rocks in the Ocoee metasedimentary sequences (includ-

ing Brevard Zone metacarbonates; see below) and the

Murphy and Chewacla Marbles.

Still another characteristic of the Bill Arp sheet is

that many of its rocks are rich in titanium, barium

(Appendix B), and carbon; the carbon is typically in the

form of graphite and the titanium in the form of rutile

or ilmenite. This enrichment is true of most of the

Grenville basement rocks as well as the Ocoee meta-

sedimentary rocks above the basement.
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In Georgia, named stratigraphic units thus far recog-

nized as part of the Bill Arp thrust sheet are the

Grenville-age Corbin Gneiss and Red Top Mountain
Schist of the Allatoona Complex (Appendix A); Wiley

Gneiss of Hatcher (1974); Woodland Gneiss, Cunning-

ham Granite, Apalachee Formation, and Sparks Schist

of the Wacoochee Complex (Appendix A); the Copper-

hill, Ola, Wehutty, Frolona, Kalves Creek, Hughes
Gap, Bill Arp, Hothouse, and Dean Formations and

Richard Russell Gneiss of the Great Smoky Group; and
the Hollis Quartzite, Manchester Schist, Mountain
Creek Formation, and Chewacla Marble of the Pine

Mountain Group (Hewett and Crickmay, 1937; Crick-

may, 1952; Hurst, 1955; Hernon, 1964, 1968; Crawford

and Medlin, 1974; Dallmeyer and others, 1978). Most of

these units are discussed in Appendix A; also see table

2 for correlations. The Nantahala Formation, Tus-

quitee Quartzite, Brasstown Formation, Murphy Mar-
ble, Andrews Formation, Nottely Quartzite, and Min-

eral Bluff Formation, which have traditionally been

assigned to the "Murphy Group" of Hatcher (1972) or

"Murphy Belt Group" of Hurst (1955), are not assigned

to any group in this paper because our current mapping
indicates that many of these units will have to be re-

vised or abandoned (Higgins, R.F. Crawford, III, and
Cressler, unpub. data). In Alabama, rocks of the Bill

Arp thrust sheet (many are the same units found in

Georgia) have been given various names, including

parts of the Wedowee, Hatchet Creek, Mad Indian,

Heard, Jacksons Gap, and Opelika Groups, and the

Moffits Mill Complex (Bentley and Neathery, 1970;

Neathery, 1975). We have not yet separated the Bill

Arp thrust sheet from the overlying Zebulon thrust

sheet in much of the Alabama crystalline terrane,

where in most areas rocks belonging to the two sheets

have been mapped together as formations or groups

(Bentley and Neathery, 1970; Neathery, 1975; Ala-

bama Geological Survey, 1973). The bulk of the rocks

above the Grenville-age basement in the Bill Arp
thrust sheet are probably late Precambrian and part of

the Ocoee Supergroup (King and others, 1958).

In the area of figure 2, the Great Smoky Group (undi-

vided) and Bill Arp Formation constitute parts of a

turbidite flysch assemblage that was probably part of a

submarine fan. The Great Smoky consists of fine-

grained metasiltstones in sedimentation units as much
as 3 m thick interbedded with fine-grained schist and

phyllite sedimentation units about 3 to 30 m thick.

Interspersed with the finer grained rocks are fine- to

medium-grained metagraywacke conglomerates con-

taining blue quartz granules, as well as very graphitic

schists and phyllites that locally can be mapped. This

sequence is interpreted to be a proximal turbidite as-

semblage.

About 25 km southeast of the Great Smoky Group
(undivided), in the Austell-Frolona anticlinorium

(fig. 2), the Bill Arp Formation in the Bill Arp thrust

sheet can be roughly divided into two gradational se-

quences. The lower and older sequence consists of

medium-grained, graded metagraywacke about 0.3 to

3 m thick, rhythmically alternating with fine- to

medium-grained schist units of about the same thick-

ness. Well-preserved graded bedding is virtually ubiq-

uitous in this sequence and clearly documents the anti-

clinal character of the major Austell-Frolona fold

(figs. 2, 6) and the stratigraphic (and tectonostrati-

graphic) position of the Bill Arp Formation. The
metagraywacke beds have straight and even bases and
appear to lack high-energy features such as flute casts,

sole marks, or flame structures. Within the Austell-

Frolona anticlinorium, the lower sequence grades

gradually upwards into a younger sequence of more
massive, less well graded, thicker (1-4 m) metagray-

wacke beds that have thinner (generally less than 1 m)
schist intervals. The metagraywacke beds in this se-

quence are commonly more calcareous than those in

the lower sequence, and in several outcrops (on both

limbs of the fold) they contain deformed calcareous con-

cretions (Sanders and others, 1979) as much as a meter

long (fig. 7). The entire sequence above the Frolona

Formation in the Austell-Frolona anticlinorium proba-

bly represents slope turbidites grading upward into

slightly less distal turbidites within a fan. If our inter-

pretations are valid, then the combination of proximal

facies on the northwest (Great Smoky Group undi-

vided) with more distal turbidites to the southeast sug-

gests that the Ocoee basins in this part of Georgia were

filled from the northwest, by the construction of enor-

mous coalescing submarine fans. This conclusion is

supported by geochemical data (Appendix B) indicating

that the source for some of the metasedimentary rocks

in the Great Smoky sequence was the Grenville-age

Corbin Gneiss in the Allatoona Complex basement
(Odom and others, 1973; T.W. Stern, oral commun.,

1984), east of Cartersville, Ga.

In the Austell-Frolona anticlinorium, the Bill Arp
Formation is underlain by the Frolona Formation
(Crawford and Medlin, 1974; pi. 1; fig. 2; table 2). The
Frolona consists mostly of muscovite schists that are

generally graphitic and garnetiferous and also gener-

ally contain staurolite or kyanite. Discontinuous mica-

ceous quartzites, clean quartzites, and quartz-pebble

metaconglomerates are also common in the Frolona.

An important characteristic of the Frolona is the wide-

spread occurrence in some of its schists and quartzites

of small, well-formed crystals of rutile.

About 50 km southeast of the Austell-Frolona anti-

clinorium, the Bill Arp thrust sheet is again exposed in
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Figure 7.—Deformed calcareous concretions in younger (upper) fa-

des of the Bill Arp Formation in the Austell-Frolona anticlino-

rium. Roadcut along westbound lanes of Interstate 20 just west

of Georgia Highway 5, in the Winston, Ga. 7.5-min quadrangle.

Concretion near center of photo is approximately 1 m long.

the Ola anticlinorium (fig. 2), where the sheet is com-

posed ofthe Ola and Kalves Creek Formations. The Ola

is a thick sequence of medium- to coarse-grained

schists with lensoidal units ofbiotite-plagioclase gneiss

(metagraywacke or metasiltstone). The overlying

Kalves Creek Formation is composed of medium- to

coarse-grained schists, minor amounts of biotite-

plagioclase gneiss, and distinctive yellow- to white-

weathering, graphite-sillimanite schist that commonly
breaks into spindles upon weathering. The Kalves

Creek is lithologically similar to the Frolona Forma-

tion, its probable depositional equivalent. The Ola is

lithologically similar to the Copperhill Formation in

northern Georgia, and the Kalves Creek Formation is

lithologically identical to the Wehutty Formation,

which overlies the Copperhill (see Dallmeyer and
others, 1978). Schists in the Wehutty contain small,

well-formed rutile crystals.

Still farther to the southeast, the Pine Mountain

Group in the Pine Mountain anticlinorium (Hewett

and Crickmay, 1937; Clarke, 1952; Bentley and Neath-

ery, 1970; Sears, Cook, and others, 1981; Appendix A)

is a sequence of schists, biotite gneisses (metagray-

wackes), quartzites, and lesser amounts of marble,

without volcanic components. The schists and gneisses

are lithically identical to parts of the Great Smoky
Group to the north. Nearly white graphite-sillimanite

schists of the Manchester Schist are lithic matches of

the Wehutty and Kalves Creek Formations and part of

the Frolona Formation, and these schists contain small

amounts of rutile (also see Hewett and Crickmay, 1937,

p. 29, and Bentley and Neathery, 1970, p. 36). These

schists are overlain by the Mountain Creek Formation

(Appendix A), a schist and metagraywacke unit that is

identical with the Bill Arp and Hughes Gap Forma-
tions to the north (table 2). We suggest that all of these

units represent the same depositional environments

within the Ocoee basins.

Hewett and Crickmay (1937) and Bentley and
Neathery (1970) considered the Pine Mountain Group
to consist of only the Hollis Quartzite, Manchester
Schist, and Chewacla Marble, and they placed the

Sparks Schist in the basement (Wacoochee Complex of

Bentley and Neathery, 1970). We agree that the rocks

that have been assigned to the Sparks Schist or Forma-
tion (Sears, Cook, and others, 1981) belong to the

Grenville basement, for the following reasons.

(1) Structural relations between the rocks beneath the

Hollis Quartzite (including Sparks Schist) suggest an

unconformity. Near their contact with the Hollis these

rocks have been deformed into parallelism with the

Hollis, but away from that contact the structure in the

basement rocks is discordant to that in the Hollis and

overlying rocks, as noted by Hewett and Crickmay
(1937) and Clarke (1952). (2) The rocks beneath the

Hollis are extensively granitized and cut by thin, com-

monly rootless, granitic bodies, whereas these features

are not found in the overlying rocks as recognized by
Crickmay (1952, p. 23) and Bentley and Neathery

(1970, p. 34). What has previously been mapped as

Sparks Schist or Sparks Formation (Hewett and Crick-

may, 1937; Clarke, 1952; Bentley and Neathery, 1970;

Sears, Cook, and others, 1981) consists of two different

Figure 6.—Graded bedding in metagraywacke and schist of the Bill

Arp Formation in the Austell-Frolona anticlinorium. A , Small

cut on south side of Mason Creek Road just east of Baggett Road,

in the Winston, Ga. 7.5-min quadrangle. Sharp bases and diffuse

tops of metagraywacke beds indicate tops to the north (right in

photo); beds are near vertical. Knife is 8 cm long. B , Closer view

of some of the beds shown in A . Arrows point to sharp bases

of coarser parts of beds (tops to right). Number 2 is 2 cm high.

C, Cut along Johnston Road, approximately 30 m southeast of

powerlines, in the Winston, Ga. 7.5-min quadrangle. Sharp

bases and diffuse tops indicate that tops are to the north (right

in photo). Coin is 2 cm in diameter. D, Exposure in ditch along

unnamed dirt road just north of Hinesley Cemetery about 20 m
east oftributary to Little Snake Creek in the Hulett, Ga. 7.5-min

quadrangle. Tops toward top of photo (to southeast). Coin is 2 cm
in diameter. E, Roadcut along Mason Creek Road between pow-

erlines and Berea Road in the Winston, Ga. 7.5-min quadrangle.

Tops of beds toward top of photo. Knife is 8 cm long.
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rock types: (1) sheared gneisses (including granulitic

gneisses) that are now "schists," and (2) true metasedi-

mentary pelitic schists. It can locally be shown that the

sheared gneisses grade into massive granulite. The

pelitic schists are greatly deformed, red, silvery, and

gray, extensively granitized, coarse-grained rocks that

occur as the country rock between the granulitic plu-

tons and also as xenoliths and roof pendants in the

plutons; the name Sparks Schist should only be used for

these pelitic schists (see Appendix A). Locally the

Sparks Schist contains thin metagraywacke beds.

We consider the Pine Mountain Group to consist of

(from lowest to highest) the Hollis Quartzite,

Manchester Schist (as modified in this paper), Moun-
tain Creek Formation (named in Appendix A), and

Chewacla Marble. The name Manchester Schist is re-

tained for the unit of graphitic sillimanite schist that

overlies the Hollis. This schist is overlain (apparently

gradationally) by the Mountain Creek Formation,

which consists of pelitic schists interbedded with

metagraywackes. The Manchester is the depositional

equivalent of the Wehutty and Kalves Creek Forma-

tions and part of the Frolona Formation, all belonging

to the Great Smoky Group of the Ocoee Supergroup

(table 2). The Mountain Creek Formation is the deposi-

tional equivalent of the Hughes Gap and Bill Arp For-

mations of the Great Smoky Group. We assign the Pine

Mountain Group to the Ocoee Supergroup, but we re-

tain the separate group status of the Pine Mountain
because of its traditional use in the Pine Mountain
block.

In Georgia the Pine Mountain area (fig. 8) contains

granulitic rocks that have been considered "Grenville

basement" (Odom and others, 1973; Rankin, 1975,

1976; Schamel and Bauer, 1980; Schamel and others,

1980; Sears, Cook, and others, 1981; Sears, Cook, and

Brown, 1981; Hatcher, 1983; Williams and Hatcher,

1982, 1983; Hatcher and others, 1983, 1984; Sears and

Cook, 1984). Assignment of these rocks to "Grenville

basement" was made because of the similarity of the

structurally overlying Pine Mountain Group to late

Precambrian Ocoee Supergroup sequences, or the Mur-
phy Group sequence, or Chilhowee Group sequences in

northern Georgia, or lower Paleozoic sequences in the

Valley and Ridge province, and because of Odom and

others' (1973) report of a U-Pb zircon age in excess of a

billion years from Pine Mountain "basement" rocks.

The reported zircon age must be considered with cau-

tion because it was reported only in an abstract (Odom
and others, 1973), giving no analytical data other than

the age, and there has been no subsequent publication

of the data. Nevertheless, massive and poorly foliated

charnockitic and other granulitic rocks are present

structurally beneath the Pine Mountain Group (Great

Smoky Group equivalents) in the Pine Mountain area

in Georgia (also see Stieve, 1984; Sears and Cook, 1984)

and are reasonably assigned to Grenville basement.

This assignment means that the Sparks Schist, which

has been intruded, granitized, and metamorphosed by

the Grenville plutons, is probably one of the oldest

rocks in the crystalline terrane of the southernmost

Appalachians. To the northeast (from south of

Barnesville, Ga.; pi. 1), the place of the Sparks Schist is

taken by the Apalachee Formation, a coarse-grained,

granitized, greatly deformed, schistose, reddish

garnet-sillimanite-K-feldspar-plagioclase-biotite

(and biotite-plagioclase) gneiss with scarce amphibo-

lite, which weathers to a chocolate-colored soil. The
garnets in the Apalachee are commonly in aggregate

clots as much as 5 cm in diameter. Both the Sparks and

the Apalachee are found south of Barnesville, but age

relations between them have not been determined.

This basement complex, composed of the Sparks Schist,

Apalachee Formation, and various Grenville-age plu-

tonic rocks, was called the Wacoochee Complex by

Bentley and Neathery (1970), and this Alabama name
has precedence even though the rocks are better ex-

posed in Georgia; we here assign all of the Grenville

and older basement rocks in the Pine Mountain anti-

clinorium to the Wacoochee Complex (Appendix A).

There are problems with interpretations of the struc-

ture of the Pine Mountain area. Clarke (1952) first

suggested that the Goat Rock, Towaliga, and Brevard

"faults" are the same fault, thus interpreting the rocks

south of the Goat Rock and between the Towaliga and

the Brevard as part of the same enormous allochthon.

This idea was expanded by Bentley and Neathery

(1970), Rankin (1975), Schamel and Bauer (1980),

Schamel and others (1980), Sears, Cook, and Brown
(1981), Sears, Cook, and others (1981), Sears and Cook

(1984), Hatcher (1984), and Sears (1985). The northern

boundary of the Pine Mountain sequence, the Towaliga

fault (or fault zone; see Grant, 1967, 1968), has most

recently been considered to be a normal fault (Schamel

and Bauer, 1980; Schamel and others, 1980; Sears,

Cook, and Brown, 1981; Sears, Cook, and others, 1981;

Sears and Cook, 1984), which along with the Goat Rock

fault (or fault zone) is interpreted to bound a structural

and erosional "Pine Mountain window" through the

"crystalline Piedmont allochthon" (Sears and Cook,

1984, p. 281) or the "Piedmont-Blue Ridge allochthon"

(Sears, 1985) to Grenville basement. The rocks within

the "window" (Pine Mountain Group and Grenville

basement) are interpreted to reside in large refolded

nappes (Schamel and Bauer, 1980; Sears, Cook, and
Brown, 1981; Sears, Cook, and others, 1981; Sears and
Cook, 1984; Sears, 1985).
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The nappe interpretation of the Pine Mountain block

depends on (Sears and others, 1981, p. 45-46) (1) corre-

lation of the "upper schist member" of the Manchester

Formation of Clarke (1952) with the Sparks Schist of

Hewett and Crickmay (1937); (2) correlation of the

Sparks Schist in Georgia with the Halawaka Schist (of

Bentley and others, 1982) in Alabama; (3) assignment

of the Halawaka Schist, which Bentley and others

(1982) included with Wacoochee belt ("basement")

units in Alabama, to the Pine Mountain Group; and

(4) correlation of the "quartzite member" of the

Manchester Formation of Clarke (1952) with the Hollis

Quartzite. We agree with Sears, Cook, and others

(1981) that the "quartzite member" of the Manchester

Formation is the Hollis Quartzite; it maps directly into

Hollis Quartzite to the north (fig. 8) and is in the cor-

rect place in the stratigraphic section. However, points

1 and 3 above are not correct; the "upper schist mem-
ber" of the Manchester Formation of Clarke (1952) is

not equivalent to the Sparks Schist of Hewett and
Crickmay (1937); the "upper schist member" is

Manchester Schist of the Pine Mountain Group,
whereas the Sparks is part of the Grenville basement.

The Halawaka Schist of Bentley and others (1982) be-

longs with the Sparks Schist in the Wacoochee Com-
plex of Grenville basement. The structure of the Pine

Mountain anticlinorium is compatible with some of the

Georgia cross sections in Sears and others (1981, p. 43,

fig. 2 a, and less so b), but not with the Georgia section

in Sears and Cook (1984, p. 283, fig. 2b), nor with any

of the sections presented by Sears (1985).

We do not consider the Pine Mountain block to be a

window for the following reasons. (1) What has been

mapped as the Goat Rock fault (a) locally coincides

with the Auchumpkee thrust fault at the base of the

Little River thrust stack (figs. 1, 39), (b) does not repre-

sent a normal fault along which uplift of the Pine

Mountain block took place, and (c) certainly is not the

same fault as the Towaliga or the Brevard. (2) Our
work shows that there is no evidence for equivalency of

the Brevard Zone and the Towaliga fault zone, and

certainly no evidence that the rocks between the Bre-

vard and the Towaliga reside in a single "Inner Pied-

mont meganappe," "Piedmont allochthon," or "Pied-

mont-Blue Ridge allochthon." In fact, there is an

abundance of data to the contrary. (3) We have found

no rocks south of the Pine Mountain block (fig. 8) that

are also present north of the block; the southern border

of the block is the Macon melange. Small slices of the

Zebulon thrust sheet are found along the northern edge

of the southern border of the block.

The northwestern boundary of the Pine Mountain

block is a complex zone of mylonites, polymylonitic

rocks, and brittle cataclastic rocks that has long been

called the Towaliga fault or fault zone (Crickmay,

1933, 1939, 1952; Clarke, 1952; Grant, 1967, 1968;

Bentley, 1969; Higgins, 1971; Schamel and Bauer,

1980; Schamel and others, 1980; Sears, Cook, and
others, 1981; Sears, Cook, and Brown, 1981). Our work
indicates that there is a Towaliga normal fault with the

northwest side downthrown relative to the southeast

side, and also a complex Towaliga fault zone with a

more complicated movement history.

The Towaliga fault zone is a discontinuous zone of

mylonite, blastomylonite, button schist, and mylonite

gneiss as much as 2 km wide (shown as b & g in pi. 1).

The ductile mylonitic nature of these rocks suggests

that they formed at high pressures and relatively high

temperatures, and they are thus considered older than

the normal fault that has caused uplift of the Pine

Mountain block relative to the rocks to the northwest.

These rocks are poorly understood, but we suggest that

they formed in deep-seated parts of an imbricate thrust

zone that occurred in the lower thrust sheets and base-

ment in the Georgiabama thrust stack. This thrust

zone probably resulted from northwestward adjust-

ment of the Grenville basement and Bill Arp thrust

sheets as they were overridden by the Georgiabama
thrust stack. Complex movement along the fault zone

probably also involved a strike-slip component (Grant,

1967, 1968) in response to the stack arriving at an
angle to the trends in the Bill Arp thrust sheet pro-

toliths and the Grenville basement.

The normal fault along which the Pine Mountain
block has been uplifted relative to the rocks to the

northwest is generally marked by a relatively thin zone

of brittle microbreccias with a fabric that generally

dips to the northwest 40-60° (also see Grant, 1967,

1968); some of these are microbreccias formed from the

earlier mylonitic rocks. It cuts across the earlier ductile

zone and the fabric of mylonitic rocks in that zone. The
northwest dip of fabric in the microbreccias has gener-

ally been taken to indicate that the normal fault dips

northwest (as shown in fig. 8 and pi. 2), but this dip

direction has not been proven. The Towaliga fault has

also generally been considered to have great vertical

displacement; this may not be true, either. In the

stretch between Barnesville, Ga., and Woodbury, Ga.

(pi. 1, fig. 8), rocks of the Pine Mountain Group (Great

Smoky Group depositional correlatives; see Appendix
A) (Hollis Quartzite, Manchester Schist, and Mountain
Creek Formation) in the Bill Arp thrust sheet on the

southeast side of the fault zone are juxtaposed against

rocks of the Zebulon Formation in the Zebulon thrust

sheet on the northwest side of the zone (mylonitic rocks

intervene in many places), suggesting relatively large

vertical displacement. However, northeast of

Barnesville and southeast of Pine Mountain, Pine
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Mountain Group rocks (not including the Hollis

Quartzite) are found on both sides of the fault zone

(locally the fault is intraformational), indicating that

the displacement may not be as great as generally

thought (nor as shown in pi. 2).

Southeast of the Towaliga fault, and trending paral-

lel to it, is the Shiloh fault (Schamel and Bauer, 1980;

Sears, Cook, and others, 1981), which is also a normal

fault with its southeast side upthrown relative to its

northwest side (fig. 8). The age of the normal faulting

is unknown, but the one-sided-horst nature of the ge-

ometry it has created is compatible with a suggestion

that it occurred as the Little River thrust stack moved
onto the Georgiabama thrust stack. Could the loading

from the southeast (present direction) have seesawed

the crust to initiate the present fault configuration?

Most of the Blue Ridge physiographic province in

northern Georgia is underlain by rocks of the Ocoee

Supergroup, rocks that have previously been consid-

ered part of a "Murphy Group" of Hatcher (1972) or

"Murphy Belt Group" of Hurst (1955), and relatively

rare Grenville-age basement rocks in the Bill Arp
thrust sheet.

Rocks of the Ocoee Supergroup (mostly Great Smoky
Group) underlie large areas in northern Georgia. Rocks

that have traditionally been assigned to the "Murphy
Group" or "Murphy Belt Group" occupy the Murphy
syncline, which has long been considered to be a major

synclinorial feature extending from south of Canton,

Ga., to near the Tennessee River south of Bryson, N.C.

(Hadley, 1970, fig. 1; Hadley and Nelson, 1971;

Dallmeyer and others, 1978, fig. 2; pi. 1, this paper); the

flanks of the syncline are occupied by rocks of the Great

Smoky Group. Grenville-age basement rocks are

known only in structurally complex anticlinoria to the

west of the Murphy syncline (Bayley, 1928; Fairley,

1965; Crawford and Cressler, in Cressler and others,

1979; McConnell and Costello, 1984); rocks that possi-

bly belong to the Grenville basement (Wiley Gneiss of

Hatcher, 1974) occur some distance to the east of the

Murphy syncline around the flanks of another complex
structure that has been called the "Tallulah Falls dome"
(Hatcher, 1973, 1976, 1983). Small infolded remnants of

the Zebulon, Ropes Creek, and Soapstone Ridge thrust

sheets are scattered widely over the area (pi. 1).

Between the Carters Dam fault and the western
flank of the Murphy syncline, known Grenville base-

ment crops out in three main areas: (1) east and north-

east of Cartersville; (2) in the Salem Church area near
Jasper; and (3) around Fort Mountain near Chatsworth
(pi. 1). We assign all of these basement rocks to the

Allatoona Complex (Appendix A).

The Great Smoky Group in the Murphy synclino-

rium consists (in ascending order) of the Copperhill,

Wehutty, Hughes Gap, Hothouse, and Dean Forma-

tions (table 2). The Richard Russell Gneiss (Appendix

A), in a separate thrust slice on the eastern flank of the

physiographic Blue Ridge, is composed of sheared but

massive biotite gneiss and lesser amounts of schist and

lacks metavolcanic rocks; we assign it to the Ocoee

Supergroup. It is probably coeval with the lower units

of the Great Smoky Group.

The "Murphy Group" has generally been considered

to be composed (in ascending order) of the Nantahala

Formation, Tusquitee Quartzite, Brasstown Forma-

tion, Murphy Marble, Andrews Formation, Nottely

Quartzite, and Mineral Bluff Formation. Hurst (1955,

p. 8) suggested the possibility of an unconformity be-

neath the Nantahala Formation and assigned the

Great Smoky Group in Georgia to the Precambrian and

the "Murphy Group" to the Cambrian. Tull and
Guthrie (1983) suggested that an unconformity equiv-

lent to the "pre-Lay Dam Formation unconformity" of

Tull (1982) beneath the Talladega Group in Alabama is

present within the "Murphy Group," either above or

within the Andrews Formation. They suggested that

the Murphy Marble is stratigraphically equivalent to

the lowermost part of the "Sylacauga Marble group,"

beneath the unconformity, and that the Nottely

Quartzite and the Mineral Bluff Formation are equiv-

lent to the lower part of the Talladega Group. They
suggested that the upper part of the "Sylacauga Marble

group" is absent above the Murphy Marble because of

a deeper level of erosion below the unconformity, and

they interpreted the Kahatchee Mountain Group of

Tull (1982) to be the stratigraphic equivalent of the

"Murphy Group" below the Murphy Marble as well as

"perhaps of the upper part of the Precambrian Great

Smoky Group." More recently, Guthrie (1984) sug-

gested, on the basis of lithostratigraphic relationships,

that the Kahatchee Mountain Group in Alabama is

equivalent to parts of the Walden Creek and Chilhowee

Groups, that the lower part of the "Murphy Group" in

northern Georgia may be a facies of the Chilhowee

Group and be Early Cambrian in age, and that "an

upper age constraint for the KMG [Kahatchee Moun-
tain Group] is provided by Early Ordovician conodont

elements in the overlying Sylacauga Marble Group"

(p. 143).

The "Sylacauga Marble group" is now known to be

part of the Valley and Ridge (in the Rome thrust sheet)

and is probably mostly part of the Knox Group (Harris

and others, 1984), just as Shaw (1970, 1973) mapped it

more than a decade ago. Most interpretations of the

stratigraphy and regional correlations of the "Murphy
Group" have centered on correlation of the Murphy
Marble with lower Paleozoic carbonate units in the
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Valley and Ridge province; the most common correla-

tion has been with the Lower Cambrian Shady
Dolomite in the Rome thrust sheet, and thus the lower

units of the "Murphy Group" have been correlated with

the Chilhowee Group. However, in Georgia, the Mur-
phy Marble is a relatively "clean" marble (Hurst, 1955;

Fairley, 1965; Power and Forrest, 1973), not the type of

carbonate deposit that would be expected oceanward

from the shelf environment of the lower Paleozoic car-

bonate units in the Valley and Ridge province. More-

over, because the marble crops out in a syncline, palin-

spastic restoration would require that it have been

deposited 20-30 km oceanward from the Valley and
Ridge carbonates; the fact that it has been transported

along with all the underlying rocks along the Carters

Dam fault requires an even greater separation. Thus, it

seems unlikely that the Murphy Marble is directly cor-

relative with any of the Valley and Ridge carbonate

units, including the "Sylacauga Marble group."

Power and Forrest (1973) interpreted the upper part

of the Great Smoky Group (Dean Formation) to be in

stratigraphic contact with the "Murphy Group." In a

description of the deposits filling the Murphy basin,

they interpreted the Dean Formation to be an alluvial

flood-plain deposit, the overlying Nantahala Forma-
tion to be a tidal-flat or lagoonal deposit, the Tusquitee

Quartzite to be a beach-sand deposit, the Brasstown

Formation to be an open-marine shelf deposit, and the

Murphy Marble to be a reef or carbonate bank deposit.

They stated of the Andrews Formation (Power and For-

rest, 1973, p. 707): "The calc-schists of the Andrews
Formation represent a mixture of carbonate rock with

clastic sediments. The carbonate reef of the Murphy
marble no longer stood above the level of the surround-

ing sea floor, and terrestrial material was carried to

and across the carbonate bank. There must, therefore,

have been general shoaling of the marine shelf on

which the Brasstown Formation was deposited." They
went on to interpret the Nottely Quartzite as a beach or

off-shore bar deposit that (1973, p. 707) "represents the

climax of shoaling and regression of the shoreline that

prevailed during deposition of the Andrews Formation"

and the Mineral Bluff Formation as marking "a return

to open-marine shelf conditions."

The problem with an interpretation of a coastal-

plain-like origin for rocks that have been considered

the "Murphy Group" is that (1) many of these units

contain coarse lithic conglomerates and feldspar-clast

and quartz-pebble conglomerates, which must have

been derived from a nearby source; (2) blue quartz

granules and pebbles in some of the conglomerates are

characteristic of the Grenville basement and some of

the lithic pebbles are from the basement; and (3) the

angularity of some of the lithic clasts, quartz clasts,

and detrital feldspars requires extremely rapid, very-

near-source deposition. In our opinion, these coarse

clastic rocks were deposited from active fault scarps at

the edge of stepped basins during early stages of the

opening of the Iapetus Ocean.

Our mapping in the Cartersville, Ga. 1° x 30' quad-

rangle and our field checking of the "Murphy syncline"

to the north and northeast in Georgia and North Caro-

lina indicate that the sequences in the Mineral Bluff

area (Hurst, 1955) and to the northeast are not the

same as the sequence in the Cartersville quadrangle.

Rather than occurring in a stratigraphic sequence de-

posited on a coastal plain, the marbles in the Murphy
syncline in the Cartersville quadrangle are clasts

(mostly slabs) in the West Point melange (see section

on West Point melange). The marbles are probably un-

related to the Murphy Marble in North Carolina. What
has been mapped as the Brasstown and Valleytown

Formations, Andrews Schist, and part of the Great

Smoky Group constitutes the West Point melange. In

addition to the lack of upper "Murphy Group" rocks in

the area, the lower part of the "Murphy Group" and the

upper units of the Great Smoky Group are not what
they have been previously reported and interpreted to

be (including the interpretations in Higgins and
others, 1986). What has been called the Nantahala

Schist or Nantahala Formation by earlier workers is

the same unit that has been mapped as Hiwassee
Schist and as the Wilhite Formation. The "Nantahala-

Hiwassee-Wilhite" unit consists of very carbonaceous

graphitic button schist with coarse metaconglomerates

and microconglomeratic metasandstones. Both the

metaconglomerates and the metasandstones contain

blue quartz granules, detrital feldspars, and, locally,

detrital micas, and the metaconglomerates contain

pebbles derived from the Grenville basement rocks

(chiefly Corbin Gneiss), and black slate and graphitic

schist chips, probably from cannibalization. The
graphitic and conglomeratic unit is stratigraphically

and structurally near Grenville basement in the

Allatoona Complex; it is not above a thick sequence of

Great Smoky Group rocks. Great Smoky Group rocks

structurally above the graphitic schist and metacon-

glomerate unit are represented by the Copperhill For-

mation, which in the Cartersville quadrangle contains

dikes and sills of amphibolite (Ducktown assemblage)

associated with the opening of the Iapetus Ocean. The
"Nantahala-Wilhite-Hiwassee" unit is separated

from the basement only by a nearer shore, very coarse

conglomeratic unit, which we consider to be a deposi-

tional facies of the Pinelog Formation.

With regard to the marbles that don't appear to be in

a melange: we don't think a direct correlation can or

should be made between any of the metamorphosed
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carbonate units (Murphy, "Brevard," Chewacla) in the

crystalline terrane in the southernmost Appalachians

and units in the Cambrian-Ordovician carbonate shelf

sequence in the Valley and Ridge province. They may
all be roughly the same age as or slightly older than the

carbonate shelf sequence, but they are all transported

and probably formed in separate basins (pi. 2). This

interpretation is probably also true of the Pine Moun-
tain Group; these Great Smoky lithic and depositional

equivalents were probably deposited in a different

basin from the Great Smoky in the Austell-Frolona

anticlinorium, Ola anticlinorium, and Murphy syn-

cline. In fact, the Bill Arp thrust sheet is probably com-

posed of sliced-off remnants of three or more different

Ocoee basins. The carbonate units in the Brevard Zone

are also considered to be in the Bill Arp thrust sheet

and to represent the same general depositional condi-

tions as the other carbonate units near the top of the

Ocoee basins.

DUCKTOWN ASSEMBLAGE

Although the lack of volcanogenic components (in-

cluding mafic intrusive rocks) is a salient characteris-

tic of the Bill Arp thrust sheet, an exception occurs in

the Copperhill Formation, the lowest unit of the Great

Smoky Group, in northern Georgia (pi. 1). There, both

coarse- and relatively fine-grained amphibolites crop

out in apparent concordancy with the Copperhill

metasedimentary rocks (Hurst, 1955; Slater, 1982,

1985; Abrams, 1985; Slater and others, 1985). Hurst

(1955, p. 62-63) considered these rocks to be either "a

diabasic or gabbroic sill" that had intruded the Great

Smoky metasedimentary rocks or "thin basalt flows"

within the sequence; he (1955, p. 63) preferred the sill

origin because of metasedimentary inclusions occur-

ring as "large, tabular masses near the center of the sill

in the Epworth quadrangle." Abrams (1985) considered

the amphibolites to be metadiabase, presumably in

dikes. The amphibolite sill(s) or dike(s) are also present

northwest and north of McCaysville in the Copperhill

and Ducktown areas, Tennessee (Hurst, 1955; Slater,

1982, 1985; Slater and others, 1985), and east of the

Murphy syncline. The amphibolites are locally closely

associated with thin pyritiferous iron formations and
massive sulfide deposits as recognized by Abrams
(1985).

In addition to the amphibolite sill(s) and (or) dike(s),

fine- to medium-grained metamorphosed felsic tuffs

(fig. 9A ), coarse tuff breccias (fig. 9B ), and coarse,

poorly sorted volcanic-epiclastic conglomerates (fig.

9C) occur with the massive sulfide deposits at Duck-
town; we call these rocks the Ducktown assemblage.

These rocks seem to confirm the volcanogenic nature of

the Ducktown deposits (Slater, 1985; Slater and others,

1985). However, rather than being associated directly

with thick sequences of volcanic rocks with virtually no
nonvolcanogenic clastic metasedimentary rocks

(though the Cherokee alteration zone of the Ropes
Creek Metabasalt has fine-grained schists that are

probably metamorphosed pelagic sediments), as are the

Ropes Creek and Little River sulfide deposits (dis-

cussed in later sections), the massive sulfide deposits in

the Ducktown area occur within nonvolcanogenic clas-

tic metasedimentary rocks (mostly graywacke and
schist of the Copperhill Formation), as well as within

volcaniclastic and volcanic-epiclastic rocks.

Because they occur in the lowermost part of the

Great Smoky Group, in the lowermost metasedimen-

tary rocks in one of the Ocoee basins and partly within

nonvolcanic clastic sequences, and because they appear

to be found only around the rift zones, we follow Slater

and others (1985, p. 180-181) and suggest that the

metavolcanic and metavolcanic-epiclastic rocks of the

Ducktown assemblage represent rift volcanism associ-

ated with the formation of the basin. As such, they

represent the same early stage of basin-formation ig-

neous activity as the Mount Rogers and Grandfather

Mountain Formations farther northeast—they mark
the beginning stages of extension that resulted in the

opening of the Iapetus Ocean.

ZEBULON THRUST SHEET

The next highest thrust sheet in the Georgiabama
thrust stack, the Zebulon thrust sheet, is bounded be-

low by the Zebulon thrust fault. Like the Bill Arp
sheet, the Zebulon sheet underlies large areas in the

crystalline terrane of the southernmost Appalachians

(fig. 10). The Zebulon sheet is composed of the Zebulon

Formation, a thick unit of intercalated, generally pink-

to purple-weathering schists (commonly containing

abundant aluminosilicate minerals and garnet), ocher-

weathering hornblende-plagioclase amphibolites, and

lesser amounts of a wide variety of biotite-plagioclase

gneisses (metagraywackes) and minor granitic

gneisses (Appendix A). In addition to the intercalated

amphibolites, amphibolites also occur as clasts (blocks)

in the schists (fig. 11). In its uppermost parts the Zebu-

lon Formation has thin (generally less than a meter

thick) beds of gondite (spessartine quartzite) and
magnetite-bearing gondite interpreted as metamor-
phosed volcanogenic chemical sediments. Higgins and

Atkins (1981) named this gondite-bearing interval the

Senoia Formation, but it has not been mapped sepa-

rately from the Zebulon Formation in most areas and
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B
Figure 9.—Rock samples and drill-core of the Ducktown assemblage

from the Cherokee mines of the Tennessee Chemical Company,
Ducktown, Tenn. A , Metamorphosed felsic tuff from the open-

pit mine. Dark minerals are amphiboles. Knife is 6 cm long.

B, Metamorphosed tuff breccia from the open-pit mine. Knife is

6 cm long. C, Metavolcanic-epiclastic conglomerate in core from

364 m (1,193 ft) below surface in the underground mine (courtesy

of W. Randy Slater, Tennessee Chemical Company).

is presently considered a member of the Zebulon
(Appendix A).

In contrast with the underlying, all-metasedimen-

tary Bill Arp thrust sheet, the Zebulon sheet is an inti-

mate mixture of metavolcanic (including metavol-

canogenic sediments) and metasedimentary
components. Except in small areas around local shear

zones and where the sheet is involved in the retrogres-

sion of the Brevard Zone, the rocks of the Zebulon

thrust sheet are at kyanite or sillimanite grade and are

not retrograded; the amphibolites are neither chlori-

tized nor otherwise altered.

In Alabama, rocks of the Zebulon thrust sheet have

been given various names (table 1), including parts

of the Wedowee, Hatchet Creek, Mad Indian, Heard,

Jacksons Gap, and Opelika Groups and parts of the

Dadeville Complex (Bentley and Neathery, 1970;

Neathery, 1975; Sears, Cook, and others, 1981). Most
of the rocks in the Zebulon sheet have not been
previously named in Georgia (except for McConnell
and Abrams' [1984] assignment of some of the Zebulon

to their Univeter Formation—abandoned, see

Appendix A). Rocks of the Zebulon thrust sheet crop

out over large areas in the Georgia crystalline terrane,

from just north of the Towaliga fault zone and just

north of the Macon melange nearly to the Valley

and Ridge province (pi. 1). Slices of the Zebulon sheet

are found as synformal infolds in the Bill Arp sheet in

the Ola and Pine Mountain anticlinoria and in

northern Georgia.

The assemblage of metamorphosed shales, discontin-

uous mafic tuffs, clasts of basalt, volcanogenic
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Figure 11.—Exotic block of amphibolite (A) in schist of the Zebulon

Formation in cut along U.S. Highway 29, 0.75 km southwest of

the Grantville city limits in the Grantville, Ga. 7.5-min quad-

rangle.

manganese-rich and to a lesser extent iron-rich chemi-

cal sediments, and graywackes suggests that the Zebu-

lon may have been an ocean-floor deposit that received

clastic material eroded from the Ocoee basins at the

edge of the North American continent and volcanic ma-

terial from the Promised Land island arc. Locally the

Zebulon is melange with blocks of amphibolite and

(less common) ultramafic rocks in schist.

WOLF CREEK FORMATION

Southeast of the Brevard Zone and northeast of the

Newnan-Tucker synform (fig. 2) is a unit of low-grade-

in-appearance button schists, phyllonites, and fine-

grained, thinly laminated, commonly sheared amphi-

bolites that Higgins and Atkins (1981) named the Wolf

Creek Formation. The rocks of the Wolf Creek have

been considered part of the Brevard Zone (Crickmay,

1939; Grant, 1949); our interpretation of the Brevard

Zone (see below) agrees well with this assignment for

the Wolf Creek. The Wolf Creek Formation is struc-

turally overlain by the Clairmont thrust sheet and has

been thrust upon Bill Arp thrust sheet rocks in the

Brevard Zone, so it belongs tectonostratigraphically

with the Zebulon thrust sheet. The button schists, phyl-

lonites, and fine-grained amphibolites of the Wolf

Creek probably represent sheared schists, biotite

gneisses (metagraywackes), and amphibolites of the

Zebulon Formation.

CLAIRMONT THRUST SHEET

Locally present above the Zebulon thrust sheet is the

Clairmont thrust sheet, composed of the Clairmont

Formation (figs. 1, 2). The present known distribution

of the Clairmont thrust sheet in the southernmost Ap-

palachians is shown in figure 12. The Clairmont is a

spectacular melange in which fragments, chips, blocks,

and slabs of amphibolite (fig. 13A ), amphibolite and

light-gray granofels (fig. 13B), light- to medium-gray,

equigranular biotite granitic gneiss (figs. 13C, A ), epi-

dosite, light-gray granofels, metagranite, and "clean"

quartzite (fig. 13Z)) "float" in a polydeformed, locally

porphyroclastic but also generally porphyroblastic,

streaky to finely layered, locally scaly, light- to dark-

gray biotite-plagioclase (± K-feldspar) gneiss matrix.

It would be a "type III" melange in Cowan's (1985)

recent classification. The matrix also contains auto-

clastic chips, blocks, and slabs ("native blocks" of Hsu,

1968). Foliation and folds within all types of clasts (in-

cluding the autoclastic clasts; see fig. 14A ) terminate

abruptly against the surrounding matrix (figs. 13, 14).

The matrix itselfhas a tectonic fabric that has ductilely

"flowed" around and between some of the more brittle

clasts (fig. 15), but the matrix is also pervasively pene-

trated by innumerable anastomosing, recrystallized

shear planes that do not pass into or through the clasts.

The tectonized nature of the matrix and the relation

of the matrix to the clasts in the Clairmont melange

indicate clearly that it is a tectonic melange, and, be-

cause of the matrix textures and the autoclasts, a

polykinematic melange. The wide range of clast sizes

(from tiny fragments in the matrix to slabs several

kilometers long and wide), and the fact that folded,

multiply folded, and unfolded clasts are present, indi-

cate that these are foreign clasts or "exotic blocks"

(Hsu, 1968). The fact that the clast lithologies are

nowhere matched by continuous mappable units (even

the largest slabs appear to be "floating" in the melange

matrix) indicates that the Clairmont is not a simple

broken formation or autoclastic tectonic melange
formed during emplacement of the overlying thrust

sheets. This conclusion is supported by the fact that

seven or more different rock types representing sedi-

mentary (including rocks probably deposited in very

different environments), volcanic, and plutonic pro-

toliths are common as clasts. We have not been able to

lithically match most of the clasts in the Clairmont

melange with other units in the Georgiabama thrust

stack. However, the interlayered amphibolite and fel-

sic granofels clasts lithically match rocks of the

Promised Land thrust sheet. In addition, we mapped
several large outcrop areas of rocks thaf lithically

match Wahoo Creek Formation rocks within the Clair-

mont on the northwest flank of the Newnan-Tucker
synform, which we interpret as megaclasts in the

melange. Structural features within these masses are

discordant to the surrounding melange matrix (folia-

tion in the megaclasts generally has shallow dips

whereas foliation of the matrix adjacent to and under
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Figure 13.—Blocks in the Clairmont melange. A, Exotic block of

amphibolite. Folds and foliation in the amphibolite block do not

pass into the matrix. A block of light-gray granofels (G) is just

beneath the amphibolite block. Roadcut at corner of Clairmont

Road and exit ramp from northbound lanes of Interstate 85 in

the Northeast Atlanta, Ga. 7.5-min quadrangle. Knife below

amphibolite block is 8 cm long. B , Exotic clast of folded amphibo-

lite and light-gray granofels. Same outcrop as figureA . The clast

is a lithic match of rocks in the Promised Land Formation (see

fig. 22). Knife is 8 cm long. C, Exotic block of light-gray,

equigranular biotite-granite gneiss. Roadcut along southbound

lanes of Interstate 85 just south of Monroe Drive in the North-

east Atlanta, Ga. 7.5-min quadrangle. Large block is approxi-

mately 2 m long. D, Quartzite block in scaly schistose matrix.

Same outcrop as C

.

them is more steeply dipping). We (Higgins and others,

1984) refer to these megaclasts as the Beaver Ruin
slabs (br in fig. 2).

Beneath the main mass of Clairmont melange on the

northwestern flank of the Newnan-Tucker synform,

but separated from the Clairmont by the Norcross

Gneiss granitic sill (fig. 2), is another part of the

melange that Higgins and Atkins (1981) named the

Inman Yard Formation. This part of the melange, prob-

ably more tectonized even than the main mass, belongs

with the Clairmont, even though it lacks some of the

exotic clasts found in the Clairmont. The basal parts of

the melange in the Inman Yard area are mylonitic,

contain button schists, and are difficult to separate

from adjacent mylonitic rocks of the Brevard Zone. The
name Inman Yard Formation is here abandoned.

The variety of clast lithologies in the Clairmont

melange and the melange's extremely complex defor-

mational history suggest that it may be the remnant of

part of a subduction melange wedge. The amphibolites

are interpreted as clasts of Iapetus ophiolite. In the

section on evolution of the southernmost Appalachians,

we interpret the Clairmont melange as the remnant of

a subduction melange associated with the volcanic arc

in which the rocks in the Wahoo Creek. Atlanta,

Promised Land, and Sandy Springs thrust sheets formed.

WAHOO CREEK THRUST SHEET

Structurally overlying the Clairmont thrust sheet is

the Wahoo Creek thrust sheet, composed of the Wahoo
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A , Clairmont melange in same outcrop as figure 13A showing autoclasts (native blocks; AU, for example). Folds and S-planes

in the autoclasts terminate against the matrix. A small clast of light-gray granofels (G) is seen in the left-center of the photo; this clast

is approximately 1 m long. B , Large exotic block of amphibolite (A) showing folds terminating against Clairmont melange matrix.

Roadcut at Buford Highway (U.S. Highway 23) and North Druid Hills Road, in the Northeast Atlanta, Ga. 7.5-min quadrangle.

Creek Formation. The present known distribution of

the Wahoo Creek sheet is shown in figure 16. The
Wahoo Creek is a unit of varied lithology (Higgins and

Atkins, 1981; Wallace, 1981), but it consists mainly of

thin- and planar-layered, locally laminated, light-gray

to nearly white, slabby-weathering, fine- to medium-
grained muscovite-plagioclase-quartz gneiss, massive

but slabby-weathering light-gray to nearly white

gneiss with K-feldspar porphyroblasts (fig. 17), and
generally lesser amounts of reddish-weathering coarse-

grained muscovite schist and of silvery sillimanite-

muscovite schist. In many exposures the gneisses have

porphyroblasts of K-feldspar and the layered gneiss

has layers and lenses of calc-silicate. Thin layers of

epidote-hornblende-plagioclase amphibolites are lo-

cally common within the layered gneiss (fig. 18). The
finely layered nature of some of the gneisses in the

Wahoo Creek, and their mineralogic and petrographic

characteristics (also see Wallace, 1981), the calc-

silicate layers and lenses, and the interlayered amphi-
bolites (metamorphosed mafic tuffs) suggest that part

of the Wahoo Creek is a metamorphosed, altered vol-

caniclastic sediment that has locally been highly tec-

tonized. The more massive gneisses with K-feldspar

porphyroblasts may have been granitic plutonic rocks

or thick volcaniclastic deposits, and the schists were
probably volcanic-epiclastic deposits.

The work of Wallace (1981) and of Grant (1958) sug-

gests that what we have mapped and described as the

Wahoo Creek Formation is probably several different

mappable units (formations). Grant (1958) separated
what we call the Wahoo Creek into several different

units.

The Wahoo Creek thrust fault is locally exposed;

though generally imbricate, it appears to lack much
mylonitization.

ATLANTA THRUST SHEET

The composite Atlanta thrust sheet, which struc-

turally overlies the Wahoo Creek thrust sheet, is com-

posed of the (lower) Stonewall slice and the (upper)

Clarkston slice (fig. 1). The present known distribution

of the Atlanta sheet in the southernmost Appalachians

is shown in figure 19. The Stonewall slice is composed
of the Stonewall Formation (Higgins and Atkins, 1981)

on the northwest limb of the Newnan-Tucker synform
(Atkins and Higgins, 1980; fig. 2) and in a smaller

outcrop area near the southern end of the synform. The
Stonewall Formation consists of medium-grained bi-

otite gneiss and fine-grained hornblende-plagioclase

amphibolite, intercalated in various proportions, and
lesser amounts of sillimanite-biotite schist. Struc-

turally overlying the Stonewall slice, or the Wahoo
Creek thrust sheet where the Stonewall is missing, is

the Clarkston slice, composed of (in ascending struc-

tural order) the Ison Branch, Barrow Hill, Clarkston,

and Big Cotton Indian Formations (Higgins and
Atkins, 1981; Appendix A).

The Ison Branch Formation is a very thinly lami-

nated metamorphosed calcareous tuff (fig. 20) that gen-

erally contains 10-20 percent pyrite, as well as trace

amounts of other sulfide minerals, and conspicuous

graphite. Chaotic folds, interpreted to be soft-sediment

slump features (fig. 20) are locally preserved in the

metatuff. Small relict flattened pumice lapilli are seen

in some layers of the metatuff in thin section.
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Figure 15.—Structural styles in the Clairmont melange. A , In outcrop near intersection of East Atlanta Road and Gas Plant Road,

Stockbridge, Ga. 7.5-min quadrangle, showing amphibolite clast in streaky biotite-plagioclase gneiss matrix. Note brittle deformation

of the amphibolite clast and ductile deformation of the matrix. Dark part of clast is approximately 0.3 m thick. B, Ripped-apart block

of nearly white granofels in scaly matrix. Same outcrop as figure 13C. C, Nearly white granofels pulled apart in scaly matrix. Same
outcrop as B . D, Block of light-gray granofels boudinaged in Clairmont melange. Same outcrop as B . Dark spot in left of photo is tar.

The Barrow Hill Formation overlies the Ison Branch

Formation with probable gradational contact. The Bar-

row Hill is composed of thin layers (less than a meter

thick) of gondite (spessartine quartzite) and magnetite-

bearing gondite interbedded with pink- to purple-

weathering garnet-sillimanite-muscovite-biotite

schists and ocher-weathering hornblende-plagioclase

amphibolites. Except for the gondites, the Barrow Hill

is identical to the overlying Clarkston Formation. The

gondites almost certainly represent distal volcanogenic

chemical sediments (manganese-rich, and to a much
lesser extent iron-rich, cherts) deposited in a deep-

water environment (Stanton, 1976a; Grapes, 1978; and

references in both).

In the Newnan-Tucker synform the Ison Branch and

Barrow Hill Formations are present as discontinuous

slivers along the base of the Promised Land thrust

sheet above the Clarkston slice, indicating either that

the Clarkston slice in the Newnan-Tucker synform is

inverted in relation to the Clarkston slice in the Griffin

synform (fig. 2) or that thin slivers of Ison Branch and
Barrow Hill Formations were sliced off their original

positions by the Hannah thrust fault at the base of the

Promised Land sheet and emplaced with the Promised

Land as it was thrust upon the Atlanta sheet in the

Newnan-Tucker synform.

The Clarkston Formation is composed of pink- to

purple-weathering sillimanite-garnet-quartz-
plagioclase-biotite-muscovite schist (locally slightly
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FIGURE 17.—Slabby-weathering, finely laminated gneiss of the Wa-
hoo Creek Formation along Briarcliff Road, about 0.3 km north of

North Druid Hills Road in the Northeast Atlanta, Ga. 7.5-min

quadrangle.

Figure 18.—Finely laminated, metamorphosed calcareous tuff of the

Wahoo Creek Formation containing thin calc-silicate laminae

(light-colored laminae) and thin epidote-amphibolite (dark) layers.

Large block blasted for construction of parking lot of Brownings

Restaurant, approximately 1 km south of U.S. Highway 29, on east

side of Mountain Industrial Boulevard, in the Norcross, Ga. 7.5-

min quadrangle. Knife is 8 cm long.

graphitic) and ocher-weathering hornblende-
plagioclase amphibolite. The schist and amphibolite

are generally interlayered on a scale of 1-20 m. In

contrast to the Zebulon Formation, which it resembles,

the Clarkston does not contain clasts of amphibolite.

The Big Cotton Indian Formation in the northeast

center of the Newnan-Tucker synform is composed of

biotite-plagioclase gneisses, hornblende-plagioclase

amphibolites, and biotite-muscovite schists. Without
the gneisses, the Big Cotton Indian would be similar to

the Clarkston, and, in fact, it is probably a facies of the

Clarkston.

As far as we know, the Clairmont, Wahoo Creek, and
Atlanta thrust sheets are not found northwest of the

Brevard Zone. Many of the rocks in the Wahoo Creek
and Atlanta thrust sheets are metamorphosed sub-

aqueous volcaniclastic rocks, but most of the rocks in

these sheets are metamorphosed shales with metamor-
phosed manganiferous volcanogenic chemical sedi-

ments characteristic of deep-water deposition. Their

association with the volcaniclastic rocks suggests depo-

sition in a back-arc, or more likely an outer-arc, basin.

PROMISED LAND THRUST SHEET

Structurally above the Atlanta thrust sheet is the

Promised Land thrust sheet, bounded below by the Han-
nah thrust fault (pis. 1, 2). The present known distribu-

tion of the Promised Land sheet is shown in figure 21.

The Promised Land sheet is composed entirely of the

Promised Land Formation (Higgins and Atkins, 1981). It

occupies the axial area of the Newnan-Tucker synform,

where it has been thrust upon the Clarkston and Big

Cotton Indian Formations of the Atlanta thrust sheet.

The Promised Land sheet also underlies a large area

northeast of the Newnan-Tucker synform. A thin (less

than 3 m) unit of scaly muscovite-quartz and quartz-

muscovite mylonite (mylonite schist), previously called

the Hannah Member (abandoned; see Appendix A) of the

Promised Land Formation (Higgins and Atkins, 1981), is

locally mappable along the Hannah thrust fault at the

base of the Promised Land sheet.

The Promised Land Formation is composed of vari-

ous proportions of finely interlayered metamorphosed
felsic tuffs and amphibolites (fig. 22) and larger bodies

of granitic gneisses. Locally, some ofthe thicker amphi-

bolite layers are pillowed, but the far more common
thin layers were probably mafic tuffs.

The Promised Land thrust sheet is composed entirely of

igneous rocks; it consists of about 65-75 percent meta-

morphosed felsic tuffs, about 5-10 percent granitic meta-

plutonic and metasubvolcanic gneisses, and about 15-25

percent metamorphosed mafic tuffs and thin flows. The
local presence of pillows in some of the metamorphosed
flows and the thin layering in the metamorphosed mafic

and felsic tuffs indicate that these rocks were mostly de-

posited subaqueously. The assemblage in the Promised

Land is interpreted as representing remnants of a se-

quence associated with a volcanic arc. As far as we know,

the Promised Land sheet is not found northwest of the

Newnan-Tucker synform.
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SANDY SPRINGS THRUST SHEET

The next highest thrust sheet in the Georgiabama
thrust stack, the Sandy Springs thrust sheet, is

bounded below by the Sandy Springs thrust fault. The
present known distribution of the Sandy Springs sheet

is shown in figure 23. The Sandy Springs thrust fault is

exposed at several places (fig. 24). Though folded and
metamorphosed, it appears to be a "clean" thrust lack-

ing much mylonitization or brecciation. Hurst (1973)

first recognized that the Sandy Springs Group is in

thrust contact with the underlying Zebulon Formation

(he considered rocks we assign to the Zebulon to be part

of the "Ashland Group"). He also implied that part of

the Sandy Springs Group (he labeled it "Sandy
Springs?") is present southeast of the Brevard Zone;

this was later confirmed by the work of Kline (1980,

1981). The Sandy Springs sheet is composed of the

Sandy Springs Group (Higgins and McConnell, 1978),

made up of (in ascending order) the Powers Ferry For-

mation, Chattahoochee Palisades Quartzite, and Fac-

tory Shoals Formation (Appendix A). Higgins and

Figure 20.—Metamorphosed calcareous tuff of the Ison Branch For-

mation. A , Laminated tuff in roadcut along Futral Road, approxi-

mately 2 km southeast of the Central of Georgia Railroad in the

Orchard Hill, Ga. 7.5-min quadrangle. B , Layered tuff in roadcut

along Georgia Highway 16, at corner of first road past Griffin, Ga.,

city limits, in the Luella, Ga. 7.5-min quadrangle. C, Chaotic fold

patterns in laminated tuff in cut along Hill Street just north of

U.S. Highway 19/41 Business, in the Griffin South, Ga. 7.5-min

quadrangle. Knife is 8 cm long.

McConnell (1978) included the Rottenwood Creek
Quartzite in the Sandy Springs Group; however, our

remapping has shown that this quartzite is actually the

Chattahoochee Palisades Quartzite, so the name Rot-

tenwood Creek Quartzite was abandoned by Higgins

and others (1984). Higgins and Atkins (1981) named
the Chattahoochee Palisades Quartzite southeast of

the Brevard Zone the Lanier Mountain Quartzite

Member of the Snellville Formation, and named the

Powers Ferry Formation the Norris Lake Schist Mem-
ber of the Snellville Formation. We here abandon the

names Snellville Formation, Lanier Mountain Quartz-

ite Member, and Norris Lake Schist Member (Ap-

pendix A).

The Powers Ferry Formation is composed of biotite-

plagioclase gneisses (metagraywackes), aluminous
schists that commonly contain garnet, and lesser

amounts of intercalated amphibolites. The Chatta-

hoochee Palisades Quartzite is a kyanite- or staurolite-

or sillimanite-bearing, and generally garnet-bearing,

quartzite or muscovite-quartz schist. The Factory

Shoals Formation is composed mainly of aluminous
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Figure 22.—Interlayered mafic and felsic tuffs of the Promised Land
Formation in outcrop behind shopping center at Stewart Avenue
and Cleveland Avenue, in the Southwest Atlanta, Ga. 7.5-min

quadrangle. These rocks are lithic matches of some blocks in the

Clairmont melange (see fig. 13B). Three generations of folds are

seen in this outcrop; the two axial traces marked B and K are the

Buck Branch and Klondike generations of Atkins and Higgins

(1980), or Fj (B)andF2 (K).

(kyanite- or staurolite- or sillimanite-bearing) garnet-

biotite-muscovite schist with intercalated thin

metagraywackes and less common graphitic micaceous

quartzites and quartz schists.

Detrital zircons from the Chattahoochee Palisades

Quartzite at two localities have yielded Grenville-age

U-Pb dates (T.W. Stern, oral commun., 1984), indicat-

ing that the source for some of the sediments in the

Sandy Springs Group was Grenville-age basement.

This source constrains assignment of the Sandy
Springs rocks in developmental models for the south-

ernmost Appalachians.

Northwest of the Brevard Zone and the Newnan-
Tucker synform, rocks of the Sandy Springs Group are

tightly folded with higher and lower thrust sheets, but

southeast of the Brevard and east and northeast of

the Newnan-Tucker synform, the Chattahoochee Pal-

isades Quartzite caps low ridges; where streams have

cut through these ridges they have cut through the

Sandy Springs thrust sheet and into underlying thrust

sheets. Although isoclinally folded before or during

thrust emplacement, the rocks of the Sandy Springs

sheet and higher sheets southeast of the Brevard Zone

appear less deformed than those northwest of the Bre-

vard; the difference in deformation is discussed in a

later section.

PAULDING THRUST SHEET

Structurally above the Sandy Springs thrust sheet is

the Paulding thrust sheet, bounded below by the Pauld-

ing thrust fault. The present known distribution of the

Paulding sheet in the southernmost Appalachians is

shown in figure 25. The Paulding sheet is composed of

the Paulding Volcanic-Plutonic Complex (Appendix A),

made up of light-green-weathering, epidote-rich, gen-

erally chloritic, green or blue-green hornblende- or

(and) actinolite-plagioclase amphibolites (about 50-60

percent) intimately interlayered with light-gray to

nearly white, amphibole-bearing granofels and biotite-

bearing gneisses (metamorphosed felsic and intermedi-

ate tuffs—about 20-30 percent). Ubiquitous dikes,

sills, and small plutons of K-feldspar-poor granitic

rocks and K-feldspar-bearing granitic rocks (fig. 26)

form about 15-20 percent of the unit, and pods of epi-

dosite are common. Thin layers and lenses of vermi-

culitic mica (not included in the percentages) are lo-

cally present, but their protolith is unknown. A
distinctive siliceous "hardpan" is generally found

above the rocks in the Paulding sheet. The Paulding

sheet is essentially all-igneous and is devoid of clastic

metasedimentary rocks. This lack of clastic metasedi-

mentary rocks, coupled with its distinctive appearance

in outcrop and the fact that its mafic rocks are gener-

ally epidotic and chloritic, distinguishes it from under-

lying thrust sheets.

Rocks of the Paulding thrust sheet have been given

various names in Alabama (Bentley and Neathery,

1970; Neathery, 1975; Tull and others, 1978; Stow,

1982; Stow and others, 1984), including Waresville am-
phibolite (abandoned) and the lower part of the Hill-

abee greenstone (informal, see discussion of Hillabee

greenstone in the section on the Ropes Creek thrust

sheet); we include these rocks in the Paulding Vol-

canic-Plutonic Complex (Appendix A). In Georgia, the

Waresville Amphibolite (abandoned) of Bentley and
Neathery (1970) is included in the Paulding Complex,

as are parts of the Pumpkinvine Creek Formation of

McConnell (1980; abandoned) and the New Georgia

Group (abandoned) of Abrams and McConnell (1981)

and McConnell and Abrams (1984).
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Figure 22.—Interlayered mafic and felsic tuffs of the Promised Land
Formation in outcrop behind shopping center at Stewart Avenue
and Cleveland Avenue, in the Southwest Atlanta, Ga. 7.5-min

quadrangle. These rocks are lithic matches of some blocks in the

Clairmont melange (see fig. 13B). Three generations of folds are

seen in this outcrop; the two axial traces marked B and K are the

Buck Branch and Klondike generations of Atkins and Higgins

(1980), or Fj (B)andF2 (K).

(kyanite- or staurolite- or sillimanite-bearing) garnet-

biotite-muscovite schist with intercalated thin

metagraywackes and less common graphitic micaceous

quartzites and quartz schists.

Detrital zircons from the Chattahoochee Palisades

Quartzite at two localities have yielded Grenville-age

U-Pb dates (T.W. Stern, oral commun., 1984), indicat-

ing that the source for some of the sediments in the

Sandy Springs Group was Grenville-age basement.

This source constrains assignment of the Sandy
Springs rocks in developmental models for the south-

ernmost Appalachians.

Northwest of the Brevard Zone and the Newnan-
Tucker synform, rocks of the Sandy Springs Group are

tightly folded with higher and lower thrust sheets, but

southeast of the Brevard and east and northeast of

the Newnan-Tucker synform, the Chattahoochee Pal-

isades Quartzite caps low ridges; where streams have

cut through these ridges they have cut through the

Sandy Springs thrust sheet and into underlying thrust

sheets. Although isoclinally folded before or during

thrust emplacement, the rocks of the Sandy Springs

sheet and higher sheets southeast of the Brevard Zone

appear less deformed than those northwest of the Bre-

vard; the difference in deformation is discussed in a

later section.

PAULDING THRUST SHEET

Structurally above the Sandy Springs thrust sheet is

the Paulding thrust sheet, bounded below by the Pauld-

ing thrust fault. The present known distribution of the

Paulding sheet in the southernmost Appalachians is

shown in figure 25. The Paulding sheet is composed of

the Paulding Volcanic-Plutonic Complex (Appendix A),

made up of light-green-weathering, epidote-rich, gen-

erally chloritic, green or blue-green hornblende- or

(and) actinolite-plagioclase amphibolites (about 50-60

percent) intimately interlayered with light-gray to

nearly white, amphibole-bearing granofels and biotite-

bearing gneisses (metamorphosed felsic and intermedi-

ate tuffs—about 20-30 percent). Ubiquitous dikes,

sills, and small plutons of K-feldspar-poor granitic

rocks and K-feldspar-bearing granitic rocks (fig. 26)

form about 15-20 percent of the unit, and pods of epi-

dosite are common. Thin layers and lenses of vermi-

culitic mica (not included in the percentages) are lo-

cally present, but their protolith is unknown. A
distinctive siliceous "hardpan" is generally found

above the rocks in the Paulding sheet. The Paulding

sheet is essentially all-igneous and is devoid of clastic

metasedimentary rocks. This lack of clastic metasedi-

mentary rocks, coupled with its distinctive appearance

in outcrop and the fact that its mafic rocks are gener-

ally epidotic and chloritic, distinguishes it from under-

lying thrust sheets.

Rocks of the Paulding thrust sheet have been given

various names in Alabama (Bentley and Neathery,

1970; Neathery, 1975; Tull and others, 1978; Stow,

1982; Stow and others, 1984), including Waresville am-
phibolite (abandoned) and the lower part of the Hill-

abee greenstone (informal, see discussion of Hillabee

greenstone in the section on the Ropes Creek thrust

sheet); we include these rocks in the Paulding Vol-

canic-Plutonic Complex (Appendix A). In Georgia, the

Waresville Amphibolite (abandoned) of Bentley and
Neathery (1970) is included in the Paulding Complex,

as are parts of the Pumpkinvine Creek Formation of

McConnell (1980; abandoned) and the New Georgia

Group (abandoned) of Abrams and McConnell (1981)

and McConnell and Abrams (1984).
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Figure 24.—Sandy Springs thrust fault separating moderately dipping gneiss and amphibolite ofthe Clairmont melange from Chattahoochee

Palisades Quartzite in the Sandy Springs thrust sheet. A , Borrow pit on south side of Georgia Highway 138 just east of Stockbridge city

limits in the Stockbridge, Ga. 7.5-min quadrangle. View is approximately 12 m long. B , Closer view of the fault; same outcrop as A . C

,

Closer view of the fault showing minor drag folding (D) in the rocks immediately beneath the fault and finely laminated weathering of

very thin zone of sheared quartzite (S). Same outcrop as A .
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Figure 26.—Typical exposure of the Paulding Volcanic-Plutonic

Complex. Cut along Vaughn Road 0.3 km south of Georgia High-

way 92, in the Brooks, Ga. 7.5-min quadrangle. K-feldspar-poor

granitic dike (F) has the same foliation as the chloritic, epidotic

amphibolite and granofels it has intruded, whereas more "normal"

granitic dikes (C) crosscut the foliation. Typical thin layer of

"hardpan" (not visible in photograph) caps the cut. Knife is 8 cm
long.

The fact that the Paulding sheet is made up of

metavolcanic and metaplutonic rocks, including inter-

mediate and felsic tuffs, and the lack of nonvolcanic

sedimentary rocks indicate that this assemblage
formed in an island arc. This assignment is supported

by the geochemical characteristics of some of the rocks

in the Paulding thrust sheet (Stow, 1982, "Millerville

samples" for example; Stow and others, 1984; Ap-

pendix B).

WEST POINT THRUST SHEET

The next highest thrust sheet is composed of the rem-

nants of an ophiolitic melange, which we here name the

West Point melange from the locality where it was
discovered by Sears, Cook, and others (1981) along the

shores of West Point Reservoir behind West Point Dam
on the Chattahoochee River about 4 km northeast of

Lanett, Ala. It is mostly a "type III" melange in

Cowan's (1985) classification. Outcrops of the melange

are relatively rare, probably because of tectonic elimi-

nation; where it is found (pi. 1) it is commonly located

structurally beneath, and folded with, the Ropes Creek

Metabasalt in the Ropes Creek thrust sheet. The
present known distribution of the West Point thrust

sheet is shown in figure 27, but the West Point may be

present in many other areas of Ropes Creek outcrop.

Sears, Cook, and Brown (1981, p. 5) described the

West Point Reservoir occurrence as follows:

East of West Point Dam, along the shore of West Point Lake, at low

water, there are magnificently exposed several hundred bodies of

hornblende gneiss, metagabbro, dunite, chlorite schist, pyroxenite,

talc, olivine pyroxenite, layered olivine-pyroxene rock, garnet chlor-

ite gneiss, anthophyllite schist and minor felsic gneiss floating in a

matrix of chloritic schist laced with pegmatites. The bodies occur in

a unit at least 100 m thick and continuously exposed along strike for

2 km. The bodies are generally well-rounded, some being perfectly

spherical, and are up to 4 m in diameter. Grossly different lithologies

are commonly adjacent to one another, along the same foliation

trend. Layering in some bodies is truncated at the edges at an angle

to the matrix schistosity. Very coarse chlorite masses sheath some of

the bodies. Ultramafic bodies have rinds of talc and anthophyllite

separating them from the matrix.

Our work indicates that the melange is also present

around and below (downstream from) West Point Dam
and along the western shore of the reservoir. Thus, we
suggest that as much as a kilometer-thick section of

melange is preserved in the West Point Dam area.

West Point melange is also exposed in the Murphy
syncline, where it is as much as 3 km thick. From
Whitestone (we have not yet mapped in detail north of

Whitestone) to Canton (pi. 1), the marble that has been

called "Murphy Marble," and correlated with the mar-

ble at Murphy, N.C., consists of discontinuous masses

of several different varieties of marble at different

structural-stratigraphic horizons in a scaly, buttony

schist matrix; in most exposures the schist matrix has

lensoidal clots of muscovite 2-3 cm in size. The marbles

range from "very clean," white calcite marble, through

dolomitic marble, to "dirty" sandy and micaceous mar-
ble, and the size of the marble bodies ranges from sev-

eral kilometers long and a kilometer or so wide down to

oblong bodies only a hundred meters or so long (Bayley,

1928; Fairley, 1965). They occur in schists that have

been called Andrews Schist, in schists that have been

called Brasstown Formation, and in schists that have

been considered part of the Great Smoky Group. In

addition to the marble bodies, the matrix contains nu-

merous blocks and slabs of amphibolite, metabasalt,

metagabbro, and altered ultramafic rocks (fig. 28). One
of the largest of the mafic clasts is the body that Fairley

(1965) mapped as metagabbro and Higgins and others

(1986) interpreted as being a slice of Ropes Creek Meta-

basalt above an unknown thickness of West Point

melange. The mass of amygdaloidal metabasalt
(fig. 29) and metagabbro is a slab in the melange ma-
trix. As Fairley's (1966, pi. 1) map shows, foliation in

the schistose matrix that almost surrounds the

"metagabbro" body dips consistently and concentri-

cally inward toward the body as if the body were a large

"dropstone." As Bayley's (1928, pi. 1) and Fairley's
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Figure 28.—Clast of ultramafic rock in scaly schist of the West Point

melange. Borrow pit just east of stream along the north side of the

first dirt road running east just south of the school in Marblehill,

in the Nelson, Ga. 7.5-min quadrangle.

(1965, pi. 1) maps show, the "metagabbro" is in contact

on its southwestern side with marble. However, the

marble shows no effects of being intruded by the

gabbro.

Perhaps the most striking outcrops of the West Point

melange are in the unit in northeast Georgia that

Hartley (1973) and Hartley and Penley (1974) mapped
as the "Lake Chatuge Sill" west and southwest of Hi-

awassee, Ga., and in a similar occurrence along the

northeastern shore of Lake Chatuge north of Hiawas-

see (pi. 1) that has been called the "Shooting Creek

Complex" (Hatcher and others, 1984). The melange in

this area is probably at least several hundred meters

thick and may be more than a kilometer thick. What
were mapped as sills are Ropes Creek Metabasalt and
West Point melange (thrust sheets) that are intimately

folded together. A large slice of the Zebulon thrust

sheet is present beneath the melange, or beneath the

Ropes Creek where the melange is absent. The sill-like

map pattern results from erosion through the arched

Figure 29.—Sample of amygdular metabasalt from large slab of metabasalt and metagabbro in the West Point melange at Marblehill, Ga.

Light spots on rocks are lichen stains; holes are filled amygdules that have weathered out to resemble vesicles. Sample from outcrop

between the southwestward-flowing tributary to the East Branch of Long Swamp Creek and the third unpaved road to the northeast from

Georgia Highway 53, southeast of the town of Marblehill, in the Nelson, Ga. 7.5-min quadrangle. Knife is 6 cm long.
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thrust sheets into very erosion-resistant rocks of the

Great Smoky Group (Bill Arp thrust sheet) that under-

lie Brasstown Bald, the highest mountain in Georgia.

In the window, contacts between the Great Smoky
units (Copperhill and Wehutty Formations) trend

northeast in contrast with the nearly north-south elon-

gation of the map pattern of the West Point and Ropes

Creek thrust sheets. Most of the Blue Ridge physio-

graphic province is underlain by rocks that are ex-

tremely resistant to erosion; some of these same rocks

make the Pine Mountain block physiographically more
like the physiographic Blue Ridge than the physio-

graphic Piedmont (Hack, 1982).

The matrix of the West Point melange in the Lake

Chatuge area is highly sheared and deformed talc-

actinolite-chlorite schist (with clumps of relict olivine)

and highly deformed amphibolite (fig. 30); small anas-

tomosing fault planes are ubiquitous and oriented in

many directions (fig. 30). A wide variety of mafic and
ultramafic rocks (including dunite, coronite troctolite,

olivine gabbro, and wehrlite) occur as clasts (blocks) in

the matrix. However, the most significant clasts are of

eclogite (Kellberg, 1943; Hartley, 1973; Dallmeyer,

1974). In most localities knockers of eclogite and of

well-foliated (locally mylonitic) amphibolite contain-

ing clasts of eclogite form low knobs above the sur-

rounding, more easily eroded matrix, and locally it can

be demonstrated that the eclogites are clasts sur-

rounded by the matrix (fig. 31).

Dallmeyer's (1974) study of the eclogites in the West
Point melange showed that (1) their chemical composi-

tions fall in the range of eclogites from "alpine-type

Figure 30.—The West Point melange. A , Block of eclogite-bearing

amphibolite (under hammer handle) in highly sheared talcose and

chloritic matrix, in outcrop along the northern shore of Lake
Chatuge, just southeast of Lower Bell Creek Church, in the Hi-

awassee, Ga.-N.C. 7.5-min quadrangle. Hammer is 40 cm long. B

,

Highly deformed amphibolite containing small clasts of eclogite

(arrows point to two of the eclogite clasts) along the northern shore

of Lake Chatuge just south of Lower Bell Creek Church, in the

Hiawassee, Ga.-N.C. 7.5-min quadrangle. Coin is 1.9 cm in diame-

ter. C , Highly sheared talc-chlorite-actinolite schist matrix with

small olivine grains. Note several shear-plane orientations. Same
outcrop as B . Coin is 2.3 cm in diameter. D, Knockers of eclogite

and ultramafic rocks in sheared amphibolite matrix in hillside just

west ofLake Chatuge southwest ofLower Bell Creek Church in the

Hiawassee, Ga.-N.C. 7.5-min quadrangle. Hammer is 40 cm long.

E, Block of coarse-grained mafic rock in a chlorite-actinolite

matrix along the eastern shore of West Point Lake, approximately

2 km northeast of West Point Dam ("type locality" of the West
Point melange), in the Opelika, Ala.-Ga. 1° x 30' quadrangle (the

location is on the Lannett North, Ga.-Ala. 7.5-min quadrangle, but

the dam was built after the 1964 Lannett North quadrangle map
was published).

terranes (glaucophane schists)" on an F-M-A diagram;

(2) the chemical compositions of cores of their garnets

fall into the field of "glaucophane schists" on an
(Al + Sp)-(Gr+And)-Py diagram; and (3) the primary

cores of their pyroxenes fall well in the "eclogite field"

as opposed to the "granulite field" on a plot of jadeite

against CaTs and on a (Di+Hed+En)-(Jd)-(CaTs) dia-

gram. Other aspects of Dallmeyer's study suggest that

the eclogites have been slightly retrograded; however,

he stated (1974, p. 372):

The skeletal clinopyroxene inclusions in garnet led Hartley (1973) to

infer that the garnet is secondary and developed during Middle Pale-

ozoic metamorphism of the Lake Chatuge peridotite. The chemical

data presented here are inconsistent with this interpretation, for

both the inclusions and the cores ofprimary clinopyroxene grains are

jadeitic. This implies a high pressure origin. Also, the configuration

ofcore tie-lines suggests that garnet and clinopyroxene are cogenetic.

Dallmeyer (p. 373) concluded, on the basis of available

experimental data, that the eclogites formed at pres-

sures between 15 and 20 kbar and temperatures be-

tween 1,000 and 2,000 °C.

Jones and others' (1973) determinations of present-

day 87Sr/86Sr ratios from rocks of the West Point

melange and Ropes Creek Metabasalt in the Lake
Chatuge area range from 0.7023 to 0.7047 indicating

"upper-mantle" derivation (more likely oceanic crust

derivation). More recently, analyses of Nd and Sr and
Sm-Nd isotopes from Ropes Creek Metabasalt in the

Lake Chatuge area and from the Chunky Gal Moun-
tain "mafic-ultramafic complex" (of McElhaney and
McSween, 1983) along strike in North Carolina (proba-

bly Ropes Creek and Soapstone Ridge thrust sheets;

West Point melange does not appear to be present in

the complex) led Shaw and Wasserburg (1984, p. 341)

to conclude that "the Chunky Gal and Lake Chatuge
amphibolites clearly have the isotopic signature of an-

cient oceanic crust."

The West Point melange is also preserved beneath

Ropes Creek Metabasalt that has been considered Hill-

abee greenstone around Needmore, Ala. (pi. 1). In that

area, knockers ofpyroxene-gamet-chlorite rock (proba-

bly retrograded eclogite) form low knobs above the low-

land underlain by the chloritic and talcose matrix.

Metachert and a variety of mafic and ultramafic rocks

are found as scattered float in the melange (also see

Prouty, 1923).

With the exception of glaucophane schists (which

probably would not have survived the amphibolite-

grade metamorphism imposed on the West Point

melange during its transport and emplacement; see

Ernst, 1972), eclogites are generally regarded as the

best indicators of subduction melange (for example
Ernst, 1972; Hamilton, 1979). Their presence, along
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Figure 31.—Eclogite clasts in West Point melange. A, Large

knocker of eclogite-bearing amphibolite in a highly sheared talc-

actinolite-chlorite matrix. Arrow points to one of the abundant

eclogite clasts or clots. Hammer is 40 cm long. Outcrop on small

peninsula just southeast of Lower Bell Creek Church, in the Hi-

awassee, Ga.-N.C. 7.5-min quadrangle. B, Same outcrop as A
showing sheared nature of the melange matrix. The eclogite-bear-

ing knocker is labeled E. Hammer is 40 cm long. C, Block (from

matrix of highly sheared talc-actinolite-chlorite schist) of highly

deformed amphibolite containing clasts of eclogite; arrows point to

three eclogite clasts. The amphibolite has the macrotexture of my-

lonite but is recrystallized in thin section. Knife is 6 cm long. D,

Very close view of one of the larger eclogite clasts in the amphibo-

lite block shown in C, showing "flow" of the amphibolite "layers"

around the clast, light-colored pyroxenes (P), and darker garnets

(G). See text and Dallmeyer (1974) for more details on the eclog-

ites. (Photograph by Dean B. Radtke, U.S. Geological Survey.)
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with a wide variety of oceanic-crust and mantle ig-

neous rocks, in a scaly schist or sheared and altered

mafic matrix in the West Point melange indicates quite

strongly that the West Point is the remnant of an an-

cient subduction melange complex.

ROPES CREEK THRUST SHEET

Structurally above the West Point melange, or (more

commonly) above the Paulding thrust sheet or lower

units where the melange has been tectonically elimi-

nated, is the Ropes Creek thrust sheet, composed of the

Ropes Creek Metabasalt (Ropes Creek Amphibolite of

Bentley and Neathery, 1970; see Appendix A) and its

Cedar Lake Member; mostly unnamed, but mappable

(fig. 2), volcanogenic alteration zones and iron forma-

tions, and the Cherokee alteration zone (an informally

named zone of alteration and of pelagic manganiferous

schists and metavolcanogenic chemical sediments).

The present known distribution of the Ropes Creek

sheet in the southernmost Appalachians is shown in

figure 32. The Ropes Creek thrust sheet is essentially

devoid of nonvolcanic clastic metasedimentary rocks,

as also recognized by Fleming and others (1980),

though pelagic manganiferous schists are locally

present. Named units assigned to the Ropes Creek

Metabasalt in Alabama include the Mitchell Dam,
Ropes Creek, Beaverdam, and Ketchepedrakee amphi-

bolites, part of the Doss Mountain amphibolite, the

Slaughters metagabbro, and the upper part (nearly all)

of the Hillabee greenstone (Bentley and Neathery,

1970; Neathery, 1975; Tull and others, 1982; Stow,

1982; Neilson, 1983; Stow and others, 1984; these

names are considered informal; see Appendix A), and

in Georgia, most of the Pumpkinvine Creek Formation

(McConnell, 1980—name abandoned; see Appendix A),

and the Lost Mountain Amphibolite Member of the

Univeter Formation (McConnell and Abrams, 1984

—

names abandoned; see Appendix A).

The Ropes Creek Metabasalt is composed of ocher-

weathering, massive to finely layered, locally lami-

nated, locally pillowed (fig. 33), locally chloritic, com-

monly garnetiferous, locally magnetite-bearing,
generally pyrite-bearing, green to greenish-black

hornblende-plagioclase and plagioclase-hornblende

amphibolites with insignificant amounts (generally

less than a very small fraction of a percent) of fine- to

medium-grained, generally amphibole-bearing
granofels. The final weathering product of the amphi-

bolites is a very characteristic dark-red clayey soil. The
mafic rocks of this sheet are at least partially chlori-

tized and epidotized; few areas larger than a few square

kilometers have escaped some chloritization, epidotiza-

tion, or uralitization. Many of the rocks in the Ropes

Creek sheet contain disseminated pyrite, and locally,

highly pyritiferous zones as much as 20 m wide can be

followed for as much as 100 m along strike. The Ropes

Creek thrust sheet also contains various K-feldspar-

poor granitic rocks, including trondhjemites (Pate,

1980; Sanders, 1983), that are locally associated with

gold-bearing quartz veins and alteration zones.

One of the more distinctive features of the Ropes

Creek thrust sheet is its diverse suite of iron-rich,

siliceous, and manganiferous metavolcanogenic,
largely exhalative, chemical metasediments, divided

(terminology modified from Stanton, 1976b) into

banded iron formations (Abrams and McConnell, 1982;

McConnell and Abrams, 1983, 1984; Abrams, 1985),

ironstones, magnetite quartzites (Pate, 1980),mangan-

FlGURE 33.—Pillow basalts in the Ropes Creek Metabasalt along the east side of the Flint River just upstream from Hampton Road, in the

Fayetteville, Ga. 7.5-min quadrangle. Most of these blocks were moved a few meters during construction of water-treatment facilities

nearby. Before they were disturbed, Y-shaped pillow junctions indicated they were right side up. The metabasalts are extensively
epidotized and chloritized. A , Close-packed, essentially undeformed pillows. B , Deformed pillows.
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iferous quartzites, and manganiferous schists (fig. 34).

Some of the manganiferous rocks are similar to those

found in the Zebulon and Atlanta thrust sheets, but the

iron-rich rocks are so characteristic of the Ropes Creek

thrust sheet that they can be used almost like index

fossils to identify it. Locally associated with the iron-

rich rocks are thin layers of fibrous tourmaline (gener-

ally dravite). In addition, as far as we know (except for

sulfide deposits in the Little River allochthon [see Bell,

1982] and Ducktown-type deposits [see Slater and oth-

ers, 1985]), all of the massive volcanogenic sulfide de-

posits in Georgia and Alabama are associated with al-

teration zones within the Ropes Creek thrust sheet.

The alteration zones are mappable linear, siliceous and
(or) aluminous, graphitic, magnetite-, garnet-, and
pyrite-rich (fig. 35) zones (fig. 2, for example), locally as

wide as several kilometers, that were probably closely

associated with submarine exhalative vents (also see

Carpenter and Allard, 1982, and Allard and others,

1985). The sulfide deposits are also closely associated

with the iron formations (Pate, 1980; McConnell and

Abrams, 1982, 1984; Abrams and McConnell, 1984)

and tourmaline layers (or tourmalinite, also see Slack,

1982), generally within the alteration zones.

Figure 34.—Iron formations in the Ropes Creek Metabasalt. A , Mas-

sive layered magnetite quartzite (banded iron formation, Q) in-

terbedded with manganiferous banded iron formation (I) and

manganiferous schists (M) and amphibolite (A) of the Cedar

Lake Member of the Ropes Creek Metabasalt, in roadcut about

100 m north of where the powerlines cross the road running

north-northwest from Ithaca, Ga., in the Villa Rica, Ga. 7.5-min

quadrangle. B , Closer view ofmanganiferous banded iron forma-

tion in manganiferous schists. Same outcrop asA . Hammer is 40

cm long. C, Closer view of the layered magnetite quartzite. Dark
layers are magnetite. Same outcrop as A . Coin is 2.3 cm in

diameter.

Geochemical studies (Stow and others, 1984; Ap-

pendix B) indicate that the amphibolites in the Ropes

Creek thrust sheet probably originated as seafloor

basalts in an ocean-ridge type of environment. Isotopic

studies (Jones and others, 1973; Shaw and Wasserburg,

1984; see section above on West Point thrust sheet for

further discussion) also indicate that the Ropes Creek

amphibolites are ancient oceanic crust. These interpre-

tations are supported by the fact that the rocks in the

Ropes Creek thrust sheet are almost entirely mafic

(though ultramafic rocks and insignificant amounts of

intermediate to felsic rocks also occur), contain vol-

canogenic sulfide-rich alteration zones and deposits

(probably "black-smoker" deposits), and are associated

with metavolcanogenic chemical sediments (iron-rich

and, to a slightly lesser extent, manganese-rich cherts)

and minor amounts of manganiferous pelagic sedi-

ments. We suggest that most of the rocks in the Ropes

Creek thrust sheet originated at the mid-Iapetus ridge.

HILLABEE GREENSTONE (INFORMAL)

"Hillabee greenstone" has been used for a sequence

of metavolcanic and lesser metaplutonic rocks whose
lower part belongs to the Paulding Volcanic-Plutonic

Complex in the Paulding thrust sheet and whose upper
part, which makes up almost all of its outcrop belt,

belongs to the Ropes Creek Metabasalt in the Ropes
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Figure 35.—Highly deformed magnetite-garnet-chlorite schist from

the West Point melange in outcrop at Mill Creek and north-

south-running road about 1.3 km southeast of where the

Seaboard Railway crosses over the Southern Railway, in the

Dallas, Ga. 7.5-min quadrangle (also see fig. 2). Knife is 9 cm
long.

Creek thrust sheet; West Point melange is locally

present beneath the Ropes Creek Metabasalt. The Hill-

abee has most recently been considered to rest strati-

graphically and conformably upon the fossiliferous

Lower and Middle Devonian Jemison Chert at the top

of the Talladega Group (Tull and others, 1978; Tull and

Stow, 1980a,b; Tull, 1982; Stow, 1982). (The Talladega

Group is discussed in a later section.) We disagree with

this interpretation for several reasons. (1) Everywhere

we have examined the contact between the Hillabee

and the Jemison, or between the Hillabee and Jemison

equivalents, it appears to be a thrust fault (locally im-

bricate) that has placed the low-grade Hillabee upon
the low-grade Talladega Group. In some places the

Paulding Volcanic-Plutonic Complex rests upon the

metasedimentary rocks, in others the West Point

melange rests upon these rocks, and in most places the

Ropes Creek Metabasalt rests upon them. (2) The upper

part of (most of) the Hillabee has all of the distinctive

characteristics that are unique to the Ropes Creek
thrust sheet in Georgia and Alabama. It is an almost

entirely metaigneous unit (but includes pelagic man-
ganiferous sediments, volcanogenic chemical sedi-

ments, and volcanogenic alteration zones) that is litho

logically identical to the Ropes Creek Metabasalt
(including the Mitchell Dam amphibolite and Ketchep-

edrakee amphibolite, which are relatively near by to

the south). The distinctive banded iron formations,

ironstones, and magnetite quartzites that are unique to

the Ropes Creek thrust sheet are widespread within

the upper (Ropes Creek) part of the Hillabee. The Ropes
Creek part of the Hillabee has the same type of massive
volcanogenic sulfide deposits (Stow and Tull, 1982)

that are confined to the Ropes Creek sheet. The mafic

rocks of the Hillabee show the same chloritization, epi-

dotization, and uralitization as mafic rocks in other

parts of the Ropes Creek sheet, and many have the

same disseminated pyrite (Tull and others, 1978, p. 19)

and pyritiferous zones as mafic rocks in other parts of

the Ropes Creek sheet. (3) The distinctive eclogite-

bearing West Point melange is present beneath the

Ropes Creek part of the Hillabee around Needmore,

Ala. (pi. 1), and probably elsewhere (Prouty, 1923).

(4) Comparison of the geochemical data in Stow and

others (1984) from the Ropes Creek Metabasalt (includ-

ing the Mitchell Dam and Beaverdam amphibolites,

and most of the Ketchepedrakee amphibolite) and from

the Paulding Volcanic-Plutonic Complex (including

the Waresville Amphibolite) with the geochemical data

in Tull and others (1978), Tull and Stow (1980a,b), and

Stow (1982) from the Hillabee greenstone (mostly

Ropes Creek Metabasalt, but locally including rocks of

the Paulding Volcanic-Plutonic Complex in its lower

parts, especially around Millerville, Ala.) clearly shows

the identical chemical composition of the upper and

lower parts of the Hillabee and the Ropes Creek Meta-

basalt and Paulding Complex (Appendix B). (5) The
unpublished map of the crystalline rocks of Alabama
(Alabama Geological Survey, 1973) and Tull and oth-

ers' (1978) maps of the internal stratigraphy of the

Hillabee suggest that part of the Hillabee section is

locally cut out against Talladega Group units by the

basal Paulding thrust fault. (6) Zircons from felsic

units within the Paulding part of the Hillabee have

yielded Ordovician ages of about 460 Ma (Russell,

1978; Russell and others, 1984); the zircon data are

slightly discordant and the crystallization age could be

older (but probably not younger—see Russell and oth-

ers, 1984). (7) Variations in degree of deformation and

metamorphism of the Jemison Chert in the vicinity of

Jemison, Ala., were probably caused by overthrusting

of the Hillabee upon the Jemison. West of the town of

Jemison, where the Hillabee probably is not in contact

with the Jemison Chert (Coastal Plain sediments ob-

scure the relationship) but is located several kilome-

ters south of the chert (also see Sutley, 1977), the

Jemison is unsheared and unmetamorphosed and con-

tains a diverse suite of undeformed fossils. In contrast,

only a few kilometers to the east, the Jemison has been

transformed into a sheared, strongly foliated, clearly

metamorphosed micaceous quartzite and quartz-rich

phyllonite (also see Tull, 1982, p. 11-12). A slight sed-

imentary facies change occurs in the Jemison through

the same interval—microconglomerates with small

chips of chert appear a short distance east of the town

of Jemison, and the unit becomes more micaceous. The
change in the Jemison Chert from an unsheared, unfo-

liated, unmetamorphosed chert with an interlocking
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mosaic texture of microquartz and chalcedony (also see

Tull, 1982) to a well-developed tectonite with sheared

and strongly foliated textures takes place a little far-

ther to the east, almost exactly where the Hillabee first

rests directly upon the Jemison, and becomes still more

marked farther to the east. We suggest that the defor-

mation and metamorphism of the Jemison Chert are

directly related to and probably caused by thrust em-

placement of the Hillabee greenstone upon the thin

chert unit. (8) Original facies differences between the

Hillabee metavolcanic rocks and the structurally un-

derlying Jemison Chert strongly favor fault emplace-

ment of the Hillabee. Geochemical and petrologic stud-

ies (Tull and others, 1978; Tull and Stow, 1980a,b;

Stow, 1982) indicate that the dominantly mafic Hill-

abee has affinities with both low-K tholeiitic island-arc

basalts (the lower part [around Millerville, Ala.], be-

longing to the Paulding Volcanic-Plutonic Complex)

and ocean-floor basalts or "abyssal tholeiites" (the up-

per part, belonging to the Ropes Creek Metabasalt).

According to Tull and Stow (1978), the data eliminate

within-plate basalts as parental material for any part

of the Hillabee. Stow (1982, p. 90) stated "the low K2

content of Hillabee tholeiites compared with that of

typical island arc tholeiites (0.25% versus 0.44%; Jakes

and White, 1973) can be interpreted to indicate mini-

mal, continental crustal influence during volcanism."

In sharp contrast, the lithologies and the faunal

assemblage of the Jemison Chert indicate that it is a

shallow-water deposit more akin to the continental

Valley and Ridge rocks (in fact it is the Armuchee
Chert-Frog Mountain Sandstone sequence) than to the

rocks of the crystalline terrane; the Jemison must have

been deposited on continental crust, and it has a faunal

assemblage quite similar to that of nearby Valley and
Ridge province rocks. Therefore, it seems highly im-

probable that island-arc and ocean-floor material with

little or no evidence of continental crustal contribution,

represented by the Hillabee greenstone, could have de-

veloped near to and been conformably deposited upon
the thick pile of clastic metasedimentary rocks of the

Talladega Group, which appear to be essentially devoid

of volcanogenic material. (9) Finally, the general ab-

sence of volcanic material in the Upper Devonian Chat-

tanooga Shale8 and Lower Mississippian Maury Shale

in the Valley and Ridge province less than 10 km north

and northwest of the Hillabee and the Jemison Chert

(Butts, 1926; Conant and Swanson, 1961; Thomas,
1979; Smith, 1979) is strong evidence against an island

arc built stratigraphically above the Lower and Middle

8Conant and Swanson ( 1961, p. 30-34) reported a thin (1.5-4.3 cm) bentonite

bed in the Chattanooga Shale in Tennessee but indicated that it is not present

in Alabama.

Devonian Jemison Chert.

Our work indicates that the Hillabee greenstone in

the Alabama crystalline terrane is simply the north-

westernmost infold of the Ropes Creek and Paulding

thrust sheets (and locally the West Point sheet), that it

originated a long way from its present position struc-

turally atop the Talladega Group, and that its lower

Paulding part is probably no younger than Middle Or-

dovician. Because evidence presented in later sections

indicates that it was already emplaced upon lower

sheets in the stack by the time of the unconformity that

truncates part of the Upper Cambrian and Lower Or-

dovician Knox Group, we suggest that the Hillabee

(and all of the Ropes Creek and Paulding thrust sheet

rocks) is mostly Cambrian in age.

SOAPSTONE RIDGE THRUST SHEET

Structurally above the Ropes Creek thrust sheet is

the Soapstone Ridge thrust sheet, the highest sheet in

the Georgiabama thrust stack. It occurs as widely scat-

tered remnants throughout the crystalline terrane

northwest of the Macon melange (fig. 36), because of

erosion or because the sheet may have broken up dur-

ing transport and emplacement, or, more likely, both.

Named units in the Soapstone Ridge thrust sheet in

Alabama include the informal Goodwater and Boyds

Creek ultramafic-mafic complexes, and part of the Doss

Mountain amphibolite and Slaughters metagabbro
(Bentley and Neathery, 1970; Reynolds, 1973; Neath-

ery, 1975; Neilson, 1983), and in Georgia, the Soap-

stone Ridge and Laurel Creek Complexes (Higgins and
others, 1980; Higgins and Atkins, 1981; Hatcher and
others, 1984).

Like the Ropes Creek, Paulding, and Promised Land
thrust sheets, the Soapstone Ridge is essentially an
entirely igneous thrust sheet, but most of the rocks in

this sheet are "metaplutonic" rather than metavol-

canic. The Soapstone Ridge sheet is composed of

ultramafic-mafic complexes and of small ultramafic

and (less common) mafic slices. The ultramafic-mafic

complexes commonly have a relatively thin basal unit

of dunite or peridotite that has been sheared and al-

tered to serpentinite and talc-chlorite schist. The basal

unit is commonly overlain either by mixed units of

altered ultramafic rocks and uralitized and chloritized

metagabbroic rocks (including metagabbros, metatroc-

tolites, meta-anorthosites, and so forth), or by urali-

tized and chloritized metapyroxenites, or by both as-

semblages.

One of the largest of the ultramafic-mafic complexes,

the Soapstone Ridge Complex, has small sheeted-dike

swarms (Higgins and others, 1980; H.E. Cofer, oral
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commun., 1984) and locally rests upon thin slices of the

Ropes Creek and Paulding thrust sheets (fig. 2). Its

basal thrust fault is well exposed at several places

(fig. 37), and where it rests upon rocks of the Promised

Land thrust sheet it truncates folds, pegmatites, and

quartz veins in the underlying rocks.

The work of Bluhm and Zimmerman (1977) and
Dribus and others (1977) on small ultramafic-mafic

complexes that are probably part of the Soapstone

Ridge thrust sheet northwest of the Brevard Zone in

North Carolina indicates that they have mantle-

derived fabrics. Hatcher (1978a) and Hatcher and oth-

ers (1981, 1984) recognized that some of the small

ultramafic-mafic complexes in North Carolina and
northern Georgia rest in thrust contact on the underly-

ing rocks and are probably ophiolite-related.

We suggest that many of the small ultramafic and less

common ultramafic-mafic bodies scattered through the

crystalline terrane of the southernmost Appalachians are

ophiolitic and part of the Soapstone Ridge thrust sheet.

Some of these small bodies are clearly thrust-emplaced,

but for most there is little evidence to indicate their mode
of emplacement. However, the work of Prowell (1972)

indicates that many of the small ultramafic bodies south-

east of the Brevard Zone in Georgia were cold when em-

placed in their present positions.

Numerous small altered ultramafic bodies that have

been mined for talc in the vicinity of Fort Mountain in

Figure 37.—Soapstone Ridge thrust fault at the base of the Soap-

stone Ridge thrust sheet in large cut behind Old Dominion Truck

Lines Depot at Moreland Avenue and the South River in the South-

east Atlanta, Ga. 7.5-min quadrangle. Rocks above the thrust are

altered metapyroxenites of the Soapstone Ridge Complex; there is

a thin layer of highly sheared and altered dunite or peridotite (now

talc-chlorite-actinolite schist) about 2 m thick at the base of the

Soapstone Ridge sheet in this cut (not visible in this photograph).

Rocks below the thrust fault are metamorphosed felsic tuffs with

thin layers of amphibolite belonging to the Promised Land Forma-

tion. Folds and pegmatite dikes in the Promised Land rocks are cut

off abruptly at the fault. View is approximately 20 m wide.

northwest Georgia (Hopkins, 1914; Furcron and others,

1947; Needham, 1972) are especially important be-

cause of their location (pi. 1) near the cratonward edge

of the crystalline terrane (see section below on the

Hayesville thrust fault). These bodies are now com-

posed mainly of talc and serpentinite, but they contain

chromite and pyrite, and some are intimately associ-

ated with greenstone. They occur imbricated with

slices of sheared Corbin Gneiss and massive microcon-

glomerates of the Pinelog Formation (fig. 38). These

altered ultramafic rocks are possibly remnants of the

Soapstone Ridge thrust sheet and, if they are, they are

the most cratonward remnants of that sheet.

LITTLE RIVER THRUST STACK

Structurally above the Georgiabama thrust stack is

the Little River thrust stack, composed (in ascending

order) of the Macon melange, the Little River al-

lochthon, and the Northern Florida platform sequence

(figs. 1, 39; pi. 1; table 3). These sheets (which are all

allochthogenetic to the North American craton) were
apparently assembled from bottom to top as the

"African" continent collided with the North American
continent and were thrust upon the Georgiabama
thrust stack. Because of its importance in interpreta-

tion of the other two units, the Little River allochthon

is described first.

LITTLE RIVER ALLOCHTHON

Much of the southeasternmost part of the southern

Appalachian orogen is underlain by thick sequences of

mildly metamorphosed volcanic, volcaniclastic, vol-

canic-epiclastic, and intrusive rocks traditionally as-

signed to various "belts," including parts of the

"Carolina slate," "Raleigh," "Belair," "Little River,"

"Kiokee," "Charlotte," and "Uchee" "belts" (Kish and
Black, 1982, and references therein). These rocks are

all part of the same volcanic arc assemblage, as implied

by Cook (1983) and Secor and others (1983), and we
assign them all to the (probably composite) Little River

allochthon (pi. 1; figs. 1, 39).

Many of the rocks in the Little River allochthon have
well-preserved igneous and sedimentary textures, and
most have only been metamorphosed to the greenschist

facies. Sedimentary features commonly indicate

shallow-water or subaerial environments fBramlett,

1980; Snoke and others, 1980; Green and others, 1982,

and references therein). Metavolcanic and metavol-

caniclastic rocks are generally more common in the
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Figure 38.—Slices interpreted to belong to the Soapstone Ridge

thrust sheet structurally emplaced with Corbin Gneiss in the Alla-

toona Complex of Grenville basement and the Pinelog Formation

of the Ocoee Supergroup in the Fort Mountain area, Georgia. A
,

New talc prospect on the west face of Fort Mountain, in the Cran-

dall, Ga. 7.5-min quadrangle. Corbin Gneiss (C) rests overturned

in sharp fault contact upon talc and serpentinite (T). Arrow points

to man for scale. Conglomerates of the Pinelog Formation crop out

a few meters above the view in the photo. B , Massive greenstones

in the same talc prospect; this view is adjacent on the right (south)

to the view in A . It is not known whether these greenstones are

metabasalts within the Soapstone Ridge thrust sheet or Ropes
Creek Metabasalt in the Ropes Creek thrust sheet. C, Highly
sheared Corbin Gneiss in entrance road to same prospect as A and
B , about 50 m south of view in B . Arrows point to euhedral K-
feldspars that have survived the shearing. Most K-feldspar crys-

tals have been deformed into white streaks (compare with fig. 55).

Coin is 2.3 cm in diameter.

lower parts of the sequences, and epiclastic rocks are

more common in the upper parts (Sundelius, 1970;

Whitney and others, 1978; Bell and others, 1980; Snoke
and others, 1980; Green and others, 1982; Rogers,

1982), indicating that by Middle Cambrian time the arc

was dying ("constructive" and "destructive" phases of

Rogers, 1982). The metavolcanic and metavolcaniclas-

tic rocks are bimodal and calc-alkaline, with character-

istics indicative of a continental-margin arc environ-

ment (Rogers, 1982, and references therein).

Radiometric ages from metavolcanic rocks in the al-

lochthon (see Kish and Black, 1982, for a summary)
indicate latest Precambrian through Cambrian ages,

and latest Precambrian (Ediacaran) and Cambrian fos-

sils have been found at several localities (Gibson and

others, 1984; Secor and others, 1983, and references

therein). One of the latest finds of numerous trilobites

near the top of the thick section in western South Car-

olina shows that these fossils are restricted to the upper

two-thirds of the Middle Cambrian and are characteris-

tic of the Atlantic faunal province (Secor and others,

1983). Thus, the sequences in the Little River al-

lochthon probably span from latest Precambrian (Edi-

acaran) through Middle Cambrian time and were de-

posited in a volcanic arc (Little River arc) at the

oceanward edge of the "African" continent. The se-

quences are probably slightly older in the northeastern

parts of the allochthon and slightly younger in the

southwestern parts (Green and others, 1982; Secor and

others, 1983; D.T. Secor, Jr., oral commun, 1982). The
lack of radiometric ages younger than Cambrian
throughout the allochthon, the fact that Middle Cam-
brian trilobites occur near the top of what is probably

one of the youngest of the sequences, and the sugges-

tion that some of the younger radiometric ages are

probably minimum ages (Kish and Black, 1982) imply

that volcanism in the Little River arc ceased before or

during the Late Cambrian.

MACON MELANGE9

Structurally beneath the Little River allochthon is

the Macon melange (Higgins and others, 1984), more

9In this paper we use "melange" and "subduction melange" for the entire

accretionary complex, following Hamilton's (1979) usage of "melange." Since

this paper was written, we have changed the name of the accretionary complex

from "Macon melange" to "Macon Complex" (Higgins and others. 1987). The

overall concept is the same, but in the later paper, which will probably be

published before this paper, we follow the usage of Berkland and others (1972)

and Cowan (1985) for the Franciscan (accretionary) Complex, which we believe

has many similarities to our "Macon melange," and rename the accretionary

complex the Macon Complex. We agree with Berkland and others (1972) and

Cowan (1974, 1985) that "melange" should be reserved for rock types (Greenly.

1919) and "accretionary complex" used for the accumulation of material, gen-

erally including broken formations and large packages of undisturbed sedi-

ments, as well as tectonic melanges and olistostromes, that forms between the

trench and the magmatic part of an arc.
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than 100 km wide at its greatest preserved width and

more than 500 km long (fig. 39). The Macon melange is

comparable in size and complexity with the Franciscan

melange of coastal California and Oregon (Cloos, 1982,

and references therein) but is smaller than most active

and fossil melanges in the Indonesian region (Hamil-

ton, 1979, and references therein). Nevertheless, it is

the largest melange known in the Appalachians and

one of the largest Paleozoic melanges known in the

world. Rocks of the Macon melange have previously

been assigned to various "belts," including parts of the

"Charlotte," "Kiokee," "Uchee," "Raleigh," "Kings

Mountain," "Pine Mountain," "Inner Piedmont,"

"Lowndesville," and "Carolina slate" "belts."

The Macon melange is a tectonic, sedimentary, and

metamorphic chaos, in which well-rounded to angular

clasts of contrasting metamorphic grades, vastly differ-

ent sizes, different igneous parentages, drastically dif-

ferent sedimentary facies, and different degrees of de-

formation "float" in highly imbricated and tectonized

matrices (for example note the complex picture given

by Glover and others, 1983, p. 231-233). The Macon
melange locally has characteristics of Cowan's (1985)

"type I" and "type II" melanges but most commonly
would fit into Cowan's "type III" melange. The melange

is divisible into three tectonostratigraphic slices that

probably reflect different structural regimes (see

Hamilton, 1979; Moore and others, 1985) within the

accretionary melange wedge: (1) the Potato Creek slice,

characterized by an abundance of clastic matrix rocks

and the local presence of thin tuffaceous metacherts; (2)

the Juliette slice, characterized by an abundance of

mafic and ultramafic clasts; and (3) the Po Biddy slice,

characterized by metamorphosed manganiferous sedi-

ments, metavolcaniclastic rocks, graphitic schists, and,

locally, metamorphosed thinly bedded pyritiferous

limestones, and with a wide variety of mineral de-

posits. Contacts between the slices are generally thrust

faults, but locally they are so imbricated that they give

the appearance of being broadly gradational.

POTATO CREEK AND JULIETTE SLICES

The Potato Creek and Juliette slices of the Macon
melange have previously been assigned to parts of the

"Charlotte," "Uchee," "Pine Mountain," "Kiokee,"

"Inner Piedmont," and "Carolina slate" "belts." The
matrix of the Potato Creek and Juliette slices is an
imbricate complex of (most to least common) intershin-

gled massive (but broken), coarse-grained, quartzose,

feldspathic, semischistose and schistose, generally

amphibole-bearing, biotite metagraywackes; semi-
schistose pebbly mudstones; semischists with thin,

broken metagraywacke beds; and thin tuffaceous

metacherts interbedded with scaly schist composed of

manganiferous mica, plagioclase, and amphiboles
(fig. 40). Structural discontinuities and pervasive anas-

tomosing shear planes abound in the matrix at all

scales (fig. 41).

All types ofmatrices in the Potato Creek and Juliette

slices contain exotic clasts of metagabbroic rocks, am-
phibolites, metavolcanic and metavolcanic-epiclastic

rocks identical with rocks of the overlying Little River

allochthon, folded and unfolded tuffaceous metachert,

fine-grained unmetamorphosed-appearing diabase,

medium-grained garnet diabases, altered and unal-

tered or barely altered ultramafic rocks, contorted bi-

otite gneisses, and high-grade schists (figs. 40, 42).

Structures within the clasts do not pass into the ma-
trix, which appears to have "shear-flowed" (Cowan,

1974) around the clasts. The clasts range in size from

small fragments seen in thin sections to slabs tens of

kilometers long and several kilometers wide, and in

shape from well rounded to angular.

Some of the larger exotic mafic slabs and aggregates

of mafic blocks and slabs in the Macon melange have

been considered intrusions. These large clasts are con-

centrated in, but not confined to, the Juliette slice. Lo-

cally, mafic clasts are so abundant in the Juliette slice

that the matrix is nearly obscured, and aggregates of

clasts have been considered to be larger intrusive bod-

ies. The Gladesville, Juliette, Berry Creek, and Holly

Grove bodies (Matthews, 1967; Prather, 1971; Carpen-

ter, 1971; Hatcher and others, 1984) in the Juliette

slice in central Georgia (fig. 43) and the string of mafic

and ultramafic bodies in the Pollards Corner area in

eastern Georgia (McLemore, 1965; Crawford, 1968a,c;

pi. 1) are examples of large slabs and aggregates of

slabs and blocks that have been considered intrusions;

Hatcher and others (1984, p. 491, 498) suggested some
unspecified type of tectonic emplacement for the bodies

in central Georgia.

The mafic bodies in central Georgia have been called

norites (Matthews, 1967; Prather and Radcliffe, 1970;

Prather, 1971; Carpenter and Prather, 1971). However,

our mapping indicates that fine-grained metadiabase

makes up 80-90 percent of the Gladesville body, or

aggregate, and that the remaining 10-20 percent is

mostly medium-grained metagabbro and amphibolite,

with lesser amounts of coarse-grained metapyroxenite.

The body that has been called the "Gladesville nor-

ite" (Matthews, 1967; Radcliffe and Prather, 1970;

Prather, 1971; Carpenter, 1971) is neither a single

large body, nor a norite, but an aggregation of smaller

bodies (fig. 44), of various sizes, of metadiabase and

metamorphosed olivine gabbro, with lesser amounts of

metapyroxenite in the melange matrix. The aggrega-
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tion is neither as large as nor the same shape as the

body shown in Matthews (1967), Prather (1971), Car-

penter (1971), Georgia Geological Survey (1976), and

Higgins and others (1984, 1986). Other relatively large

bodies that have been called norites are mostly gabbros

and are matched at all scales by smaller bodies that can

be seen to be blocks or clasts in the melange matrix

(fig. 45), providing evidence that the larger bodies are

not intrusions but slabs in the melange.

Our work indicates that the attitude of igneous lay-

ering in the "Gladesville body" is not as regular as

previous workers have depicted it and does not support

the interpretation (based on structural measurements

at three outcrops; Matthews, 1967; Carpenter and
Hughes, 1970, p. 2) that the Gladesville body is an
apoph3'sis on a large stratiform body more than 15 km
thick (Carpenter and Prather, 1971) that was intruded

after metamorphism and then tilted 60 degrees

(Matthews, 1967; Prather, 1971; Carpenter, 1971).

Most previous workers (Matthews, 1967; Prather,

1971; Carpenter, 1971) mapped continuous borders of

"hornblende hornfels" and "pyroxene hornfels" around

the mafic bodies in the Juliette slice (fig. 43), which

they considered thermal aureoles resulting from con-

tact metamorphism of the "country rocks" by intrusion

of the mafic bodies. These borders, not nearly as contin-

uous as depicted, are rather rare, and are composed

entirely of altered mafic rocks; they are local alter-

ations of the margins of the mafic slabs and blocks,

rather than thermally metamorphosed "country rocks"

(quartzofeldspathic clastic rocks of the melange
matrix); the mafic bodies have no thermal aureoles.

Ultramafic blocks and slabs in the melange also lack

thermal aureoles (for example, see McLemore, 1965,

p. 27) and must have been emplaced cold. Locally, some
of the smaller mafic and ultramafic clasts in the

melange have incomplete altered borders around
unmetamorphosed-appearing interiors, thus mimick-

ing the discontinuous borders of some of the larger

slabs and blocks.

Low initial
87Sr/86Sr ratios (average 0.7035, but as

low as 0.7025) from tholeiitic blocks in the melange in

central Georgia (Jones and others, 1974) suggest

oceanic derivation, as do ultramafic slabs (now mostly

serpentinites and talc-chlorite schists, but originally

peridotites and pyroxenites; McLemore, 1965; Whitney
and Stormer, 1980, p. 122-123) in the melange. The
ultramafic slabs contain chromite, magnetite, and
sulfide minerals and have trace amounts of platinum

and nickel (Worthington, 1964; McLemore, 1965).

Centimeter-scale disrupted igneous layering is locally

present in some of the mafic slabs and blocks (fig. 46),

and cumulate textures have been described by
Matthews (1967) and Prather (1971).

Wilson's (1981) magnetic and radioactivity surveys

of the "Mecklenburg-Weddington" gabbro complex in

the Juliette slice south of Charlotte, N.C., indicate that

the gabbroic bodies have sharp contacts. His gravity

models (1981, p. 35-36) indicate "lopolith-like" bodies

only 3.5 to 4.5 km thick and a "sill-like" body about

2 km thick. Lawrence's (1985, and oral commun., 1985)

detailed gravity survey of a large area in the melange
in west-central South Carolina indicates that the mafic

"plutons" there can be no more than a few kilometers

thick, and some are as little as 1.6 km thick. The shapes

and thicknesses are more compatible with large slabs

in a melange than with large intrusive plutons, and
certainly more compatible with slabs than with a mafic

batholith as much as 7 km thick.

McSween and others (1984, p. 452-455) recently

summarized data indicating that many of the gabbroic

rocks in the Juliette slice were "emplaced" between 520

and 580 Ma and were probably metamorphosed about

400 Ma but that some were intruded about 400 Ma. The
"emplacement" ages match well with our interpreta-

tion of the age of activity of the melange wedge and the

Little River arc, and we suggest that the metamorphic
ages represent the time of collision and of thrusting of

the arc upon the melange and of the melange upon the

Georgiabama thrust stack.

In addition to the clasts of mafic and mafic-

ultramafic rocks in the melange, there are intrusive

gabbroic bodies in the melange in the Carolinas

(McSween and others, 1984, and references therein).

These younger mafic bodies are locally associated with

syenite; where the syenites have been dated they give

radiometric ages of about 400 Ma (Fullagar, 1971,

1981, 1983; Butler and Fullagar, 1978; Eric Hund and
A.K. Sinha, oral commun., 1985), matching the in-

ferred age of the metamorphism. We have not sepa-

rated the ~400-Ma intrusive bodies from the older

clasts in the Carolinas.

In our opinion, the evidence indicates that many of

the mafic and mafic-ultramafic bodies, and all of the

ultramafic bodies, in the Macon melange are clasts of

Iapetus Ocean crust and mantle (disrupted ophiolite)

offscraped and incorporated into the melange; the

tuffaceous ribbon metacherts and manganiferous scaly

schists were probably pelagic sediments deposited on

the Iapetus Ocean floor and offscraped (see Moore and
others, 1981, 1985; Moore and Biju-Duval, 1984;

Cowan, 1985) and incorporated into the melange along

with semischist and semischistose metagraywacke
trench sediments. The metamorphosed pebbly mud-
stones and associated quartzose metagraywackes prob-

ably represent continental clastic sediments deposited

on top of the melange wedge and imbricated into it in

the manner described by Hamilton (1979, p. 28-31).
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Figure 40.—Matrices of the Potato Creek and Juliette slices of the

Macon melange. A , Reddish-pink and white ribbon tuffaceous

metacherts of the Potato Creek slice interbedded with scaly

schist composed of manganiferous mica and amphiboles in a

roadcut along Wesleyan Circle, 0.5 km from Wesleyan Drive in

the Macon Northwest, Ga. 7.5-min quadrangle. Note numerous

structural disruptions to bedding. Hand lens is 2.5 cm in diame-

ter. B , Erratic structural features of the Juliette slice in meta-

morphosed pebbly mudstone and graywacke conglomerate in cut

along unnamed road approximately 1 km south of Mt. Pleasant

Church (S.C.), in the Chennault, Ga.-S.C. 7.5-min quadrangle.

C, Scaly schist composed of manganiferous mica and amphi-

boles, with interbedded tuffaceous metacherts. Angular block

and rounded clast below it are metagabbro. Same roadcut as A

.

The Juliette slice is probably a tectonostratigraphic

horizon (see Moore and others, 1985; Cowan, 1985,

p. 461, fig. 10) where concentrations of disrupted

Iapetus ophiolite were imbricated into the melange
wedge.

PO BIDDY SLICE

Rocks of the Po Biddy slice have previously been

assigned to parts of the "Pine Mountain," "Uchee,"

"Lowndesville," "Kings Mountain," and "Raleigh"

"belts" and to the "Avalon terrane." We interpret the

Falls Lake melange in the Raleigh, N.C., area (Horton

and others, 1985) as belonging to the Macon melange.

We have interpreted these rocks as belonging to the Po
Biddy slice of the Macon melange because they contain

significant units of graphitic schist and metavolcanic

rocks (also see Parker, 1979).

The matrix of the Po Biddy slice is an imbricate com-

plex of mafic, intermediate, and (locally graphitic)

siliceous and felsic metavolcaniclastic rocks, graphitic

schists, and manganiferous schists. Large clasts in this

slice are mostly elongate (some are continuous for tens

of kilometers, but most are not), as shown by the map-
ping ofHorton (1981a), Murphy and Butler (1981), But-

ler (1981), and Posey (1981) and our own work, and

D , Folded clast of tuffaceous metachert in matrix of scaly schist

interbedded with tuffaceous metacherts. Same outcrop as A

.

Knife is 8 cm long. E , Metamorphosed pebbly mudstone in road-

cut along Po Biddy Road just south of Potato Creek in the Lincoln

Park, Ga. 7.5-min quadrangle. The isoclinal (elasticas) fold is

discordant to the surrounding matrix. Knife is 8 cm long. F,

Closeup of same fold as in E . Round, undeformed pebbles are

quartz, quartzite, micaceous quartzite, and quartz-feldspar rock.

Faint cleavage is not parallel to the axial plane of the fold. The
highest grade minerals found in the matrix are biotite and gar-

net. Fold is interpreted to result from soft-sediment deformation

during imbrication of the melange wedge. Knife is 8 cm long. G

,

Closeup of typical metamorphosed pebbly mudstone matrix in

same outcrop as E . Hand lens is 1.9 cm in diameter.

consist of rocks identical to the matrix, as well as man-
ganiferous quartzites, aluminous quartzites, metamor-
phosed thinly bedded and laminated chloritic and pyri-

tiferous limestones (fig. 47), calc-silicate rocks,

metaconglomerates, and various metagabbroic and ser-

pentinized ultramafic rocks. In many places the Po

Biddy slice has deposits of barite, iron, sulfides, gold,

lead, silver, and manganese (Parker, 1979; Sharp and
Hornig, 1981; Posey, 1981, and references therein).

Tin-spodumene pegmatites occur locally along the

northwest edge of the slice (White, 1981, and references

therein). The limestones, graphitic schists, and man-
ganiferous schists were probably pelagic sediments,

the metalliferous deposits were probably mostly

oceanic volcanogenic exhalative deposits (also see

Sharp and Hornig, 1981, and Posey, 1981), the man-
ganiferous quartzites were probably volcanogenic

chemical sediments (cherts), and the aluminous
quartzites were probably volcanogenic alteration-zone

deposits.

NORTHERN FLORIDA PLATFORM SEQUENCE

Much of the southeastern part of the Little River

thrust stack is covered by Mesozoic and Cenozoic de-

posits of the Atlantic Coastal Plain. The terrane be-
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Figure 41.—Structural features of Potato Creek and Juliette slices of

the Macon melange. A , Potato Creek slice. Same outcrop as

figure 40E , showing numerous structural discontinuities com-

mon in the melange. Lighter rocks are metamorphosed pebbly

mudstones; darker rocks are amphibolite blocks (clasts). B,

Potato Creek slice. Same outcrop as figure 40B , showing erratic

structural discontinuities. Clast of chloritic amphibolite is above

coin. Coin is 1.9 cm in diameter. C, Potato Creek slice. Same

neath the Coastal Plain deposits is known mainly from

geophysical data and oil-well test holes; its geology has

been recently synthesized by Chowns and Williams

(1983). Their study showed that much of the subcrop of

northern Florida and southeast Georgia consists of

very mildly metamorphosed, mostly felsic, volcanic,

volcaniclastic, volcanic-epiclastic, and intrusive rocks

of probable latest Precambrian-Cambrian age, which

we interpret as belonging to the Little River al-

lochthon. Overlying this part of the Little River al-

lochthon in northern Florida is a sequence of fossilifer-

ous Ordovician through Devonian clastic sedimentary

rocks, which Chowns and Williams (1983) referred to

as the Northern Florida platform sequence. Fossils in

these rocks belong to the Atlantic faunal province (Ap-

plin, 1951; Bridge and Berdan, 1952; Pojeta and others,

outcrop as figure 40A , showing numerous structural discontinu-

ities. Clasts are metatuffaceous chert (C) and metagabbro (G). D ,

Juliette slice. Structural discontinuities in metamorphosed peb-

bly mudstones and metagraywackes. Roadcut along first un-

paved road to the west from U.S. Highway 23 north of St. Peters

Rock Church on east side of the east fork of Rum Creek in the

East Juliette, Ga. 7.5-min quadrangle.

1976; Chowns and Williams, 1983, and references

therein). Present data are insufficient to tell whether

the Northern Florida platform sequence is thrust upon

the Little River allochthon or not; the work of Arden

(1974a,b) suggests that it is thrust upon the allochthon.

In an earlier paper (Higgins and others, 1984), we sug-

gested that the Northern Florida sequence might be a

back-arc basin sequence deposited on the side of the

Little River arc nearest the "African" continent. That

interpretation is incorrect, because volcanic material is

unknown in the sequence and the lithologies in the

sequence (shales, siltstones, crossbedded sandstones,

and quartz arenites) suggest a shelf environment
(Chowns and Williams, 1983, p. L9-L10). Perhaps

these rocks were deposited on the African continent (as

suggested by Chowns and Williams, 1983) and thrust
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into their present position at the top of the Little River

allochthon when that continent collided with the ac-

creted allochthon.

STRUCTURE

The Macon melange structurally underlies the Little

River allochthon. Southeast of its main outcrop belt,

the melange crops out in antiforms that are essentially

windows through the overlying allochthon; these an-

tiforms and accompanying synforms verge northwest.

Many of the folds in the melange are chaotic. Isoclinal

folds in pebbly mudstones show no axial planar schis-

tosity; both round and angular quartz pebbles and rock

fragments are unflattened (figs. 40, 42), and deforma-

tional features consist of a cleavage that generally

crosses the folds at an angle, anastomosing semischis-

tosity planes that "flow" around the clasts, and numer-

ous small thrust faults that are common even at out-

crop scale. These minor folds are almost certainly the

result of soft-sediment deformation caused by gravita-

tional movement at the top and shear at the base of the

wedge (see Hamilton, 1979). Other minor folds appear

to be "metamorphic-tectonic," and the majority of these

verge northwest, suggesting that they formed during

transport of the Macon melange thrust sheet toward

the North American craton.

In the Carolinas, the thrust fault at the base of the

Macon melange (fig. 39) is marked by a narrow imbri-

cate shear zone that has been called the Kings Moun-
tain shear zone to the north (Horton, 1981b; Horton

and Butler, 1981) and the Lowndesville shear zone to

the south (Griffin, 1970, 1981; Nelson, 1981). Near the

Georgia-South Carolina State line, the shear zone di-

verges from the fault at the base of the melange and
continues to the southwest just southeast of the Elber-

ton batholith, where it has been called the Middleton-

Lowndesville shear zone (Rozen, 1978, 1981; Davis,

1980; Nelson, 1981). The fault at the base of the

melange continues on a more westerly course to inter-

sect the northeastern end of the Elberton batholith,

which has intruded it. Previous workers have indicated

(on the basis of aeromagnetic data) that the shear zone

trends southwest to join the Towaliga fault in central

Georgia. Our mapping shows that this is not the case,

however; the Middleton-Lowndesville shear zone ei-

ther dies out within, or becomes lost in, the tectonic

chaos of the Juliette slice of the Macon melange south-

west of Greensboro, Ga. (pi. 1, fig. 39). The Towaliga

fault dies out within rocks of the Great Smoky Group in

the Bill Arp thrust sheet north of Monticello, Ga.

(pi. 1). The fault at the base of the Macon melange
emerges from the southwest end of the Elberton
batholith and trends southwest to locally coincide with

what has previously been mapped as the Bartletts

Ferry fault. In this course, it is locally coincident with

what has been mapped as the Goat Rock fault. Thin

mylonite zones are present along the "Bartletts Ferry"

and "Goat Rock" "faults," and in rocks in between the

faults, but most of the rocks that Bentley and Neathery

(1970) and Higgins (1971) called blastomylonites in

these areas are metamorphosed pebbly mudstones like

some of the rocks in figure 40; they belong to the Macon
melange. The Macon melange does form the southern

boundary of the Pine Mountain anticlinorium, a major

anticlinorium cored with Grenville basement rocks and

overlain by metamorphosed clastic sedimentary rocks

of the Pine Mountain Group of the Ocoee Supergroup

that were deposited in rift basins associated with the

opening of the Iapetus Ocean. Erosion of similar rocks

from basins on the other side of the ocean probably

contributed to much of the matrices of the Macon
melange.

Because the fault at the base of the Macon melange

does not everywhere coincide with the named shear

zones (Kings Mountain, Middleton-Lowndesville,

Lowndesville), nor with the "belt" boundaries, we (Hig-

gins and others, 1984) called this fault the Macon
melange thrust fault. Hooper and Hatcher (1986) have

recently proposed the name "Ocmulgee fault" for this

fault, based on their mapping of the area around

Forsyth, Ga., and suggested that it is a fundamental

tectonic boundary. We agree that it is a fundamental

tectonic boundary (boundary between two thrust

stacks). We proposed that in 1984 (Higgins and others,

1984), when we called the fault the Macon melange
thrust fault. To avoid further confusion, we will call the

fault at the base of the Little River thrust stack (figs. 1,

39) the Auchumpkee thrust fault for Auchumpkee
Creek, which flows along the trace of the fault for a

short distance in eastern Upson County, Ga. We sug-

gest that the names Ocmulgee fault and Macon
melange thrust fault should be abandoned.

The age of the Elberton Granite places constraints

upon the time of final emplacement of the Macon
melange and Little River allochthon (pi. 1, fig. 39),

because the Elberton has intruded both units and the

Auchumpkee thrust fault. However, in our opinion, the

age of the Elberton is not well established. Zircons from

the Elberton Granite yield discordant ages on a Concor-

dia plot that have an upper intercept of 320 ±20 Ma
(Ross and Bickford, 1980), whereas rubidium-
strontium analyses form two isochrons, one at 376±45
Ma and one at 350±11 Ma (Whitney and Hess, 1980).

Whitney and Hess (1980) suggested that 320±20 Ma
was the age ofmagmatic crystallization of the Elberton

Granite. But what do the rubidium-strontium ages

mean and why are they older than the zircon ages?
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Figure 42.—Exotic clasts in the Potato Creek and Juliette slices of

the Macon melange. A , Block of metapyroxenite in pebbly mud-

stone matrix of the Juliette slice. Same outcrop as figure 41D. B,

Pebbly mudstone of the Juliette slice in same outcrop as figure

405. C, Closer view of B, showing undeformed, finely laminated,

barely metamorphosed pebble of Little River allochthon argillite

in scaly semischist matrix of pebbly mudstone. Clasts of various

other rock types are also visible in this photograph. Same outcrop

as B. Coin is 1.9 cm in diameter. D, Block of metachert in scaly

semischist and metamorphosed pebbly mudstone. Same outcrop as

B. E, Calc-silicate clasts in metamorphosed pebbly mudstone of

the Juliette slice. Same outcrop as B . Lens cap is 5.5 cm in diame-

ter. F, Large slab of high-grade metavolcanic gneisses in the Juli-

ette slice in the Kiokee antiform. Roadcut along Georgia Highway

104, approximately 2.4 km southeast of Pollards Corner, in the

Appling, Ga. 7.5-min quadrangle. G, Rounded clast of quartzite in

the Juliette slice in the Kiokee antiform in cut along Interstate 20,

approximately 6.5 km east of Georgia Highway 150, in the Win-

field, Ga. 7.5-min quadrangle.
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Figure 43.—Generalized geologic map of the Gladesville-Juliette

area in central Georgia, showing the major mafic "bodies" as de-

picted by Matthews (1967), Prather (1971), Carpenter (1971), and

Georgia Geological Survey (1976). B, Berry Creek norite body; G,

Gladesville norite body; H, Holly Grove norite body; J, Juliette

norite body; U, unnamed mafic body. Compare with figure 44.

Figure 45.—Rounded clast of metagabbro in the Macon melange in

same outcrop as figure 40A . Melange matrix schistosity passes

concordantly around the clast, whereas faint mineral alignment in

the clast is oriented almost normal to the schistosity of the matrix,

thus mimicking the structural relations between the melange ma-
trix and large mafic and mafic-ultramafic clasts in the melange.

Clast is approximately 20 cm long.
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Figure 44.—Generalized geologic map of the Gladesville-Juliette

area in central Georgia showing large mafic clasts and aggregates

of mafic clasts as depicted by our mapping. Compare with fig-

ure 43.

Figure 46.—Centimeter-scale, disrupted igneous layering in a mafic

slab in the Juliette slice of the Macon melange. Roadcut along the

east side of Georgia Highway 83, 1.4 km northeast of Gladesville,

Ga., in the Berner, Ga. 7.5-min quadrangle. Hand lens is 2.5 cm in

diameter.
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MODOC ZONE

Howell and Pirkle (1976, p. 16) gave the name
"Modock fault zone" to a 4- to 5-km-wide zone of button

schists and mylonites that they considered to mark the

boundary between the "Carolina slate belt" and the

"Kiokee belt"; Hatcher and others (1977) shortened the

name to "Modoc fault" and suggested (on the basis of

aeromagnetic data) that it extends through North Car-

olina as part of their "Eastern Piedmont fault system."

Subsequent workers have considered the fault to be the

boundary between the "Carolina slate" and "Kiokee"

"belts" (Secor and Snoke, 1978; Williams, 1978; Snoke

and others, 1980; Maher and others, 1981; Secor and

others, 1983; Price and Hatcher, 1983). Hatcher and

Odom (1980, p. 324) showed the Modoc as a thrust with

teeth on the northwestern side, which they stated indi-

cates "direction of dip" of "probable or known thrust or

reverse faults"; more recently, McConnell and Abrams
(1984, p. 9) and Abrams and McConnell (1984, p. 1522)

following Hatcher and Odom (1980), showed the Modoc
as a fault with teeth on the northwest side but did not

provide an explanation. Hatcher and Odom (1980),

McConnell and Abrams (1984), and Abrams and
McConnell (1984) show the Modoc fault cutting Coastal

Plain sediments in east-central Georgia.

Our mapping (pi. 1) shows that the Modoc zone is a

zone of extreme flattening and mylonitization (also see

Hatcher and others, 1977) less than about 300 m wide

and that it is located well within metavolcanic rocks of

the Little River allochthon and does not form any major

tectonic or lithologic boundary— it is not the fault (Lit-

tle River thrust fault) that separates the Little River

allochthon from the underlying Macon melange. It does

not extend far enough to the southwest to intersect

Coastal Plain sediments, and it does not cut those sed-

iments.

METAMORPHISM

A major problem in the study of melanges is that the

metamorphic grade of clasts in a melange is commonly
different from that of the matrix (Hamilton, 1979;

Drake and Morgan, 1981; Cloos, 1982, and references

therein). Grade of metamorphism is generally deter-

mined from the highest grade mineral assemblages in

a given area, and metamorphic isograds are deter-

mined by the first occurrence of index minerals. The
metamorphic grade of clasts in a melange may be mis-

taken as indicating the ambient metamorphic grade of

the melange.

The Potato Creek and Juliette slices of the Macon
melange, which coincide in part with the "Charlotte,"

"Kiokee," and "Uchee" "belts," have generally been

considered to be at high metamorphic grade. These

slices do contain clasts of sillimanite-grade rocks, but

the highest grade minerals thus far observed in the

matrices are biotite, garnet, and amphiboles. Hence,

these matrices may not be any higher in grade than the

supposedly low-grade "Kings Mountain belt," which is

the Po Biddy slice of the Macon melange (see Horton,

1981a; Horton and Butler, 1981; Gregory, 1981), and

locally they appear to be at garnet grade.

PALEOGEOGRAPHIC RECONSTRUCTION

The structural position of the Macon melange be-

neath and also northwest of the Little River allochthon

Figure 47.

—

A, Finely laminated, chloritic, graphitic, and pyritic marble in the Po Biddy slice of the Macon melange. Hammer rests on

chlorite schist lens; amphibolite lenses are also present in the marble. Vulcan Materials Grover quarry off frontage road for Interstate

85 in the Grover, N.C.-S.C. 7.5-min quadrangle. B, Closer view of slab of marble from the same quarry showing fine laminations. Knife

is 8 cm long.
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(pis. 1, 2), the presence of clasts of allochthon rocks in

the melange, the northwest vergence ofmajor and some

minor folds in the melange, and the presence of At-

lantic faunal province trilobites in the allochthon rocks

indicate that the melange and the allochthon were

thrust from the southeast (present direction) and that

the subduction zone dipped toward the "African" conti-

nent (pi. 2). The cessation of volcanism in the Little

River arc, apparently in the Late Cambrian, was prob-

ably caused by the Macon melange and the arc

("African" plate) overriding the mid-Iapetus ridge, just

as part of western North America overrode the East

Pacific Rise in the Miocene. Part of the Iapetus Ocean

crust and mantle (welded [or underplated] to the bot-

tom of the stack and metamorphosed and depleted)

must have been thrust upon the North American conti-

nent along with the overlying Little River thrust stack,

because the southern Appalachian gravity gradient co-

incides closely with the northern border of the melange
(American Geophysical Union, 1964; Long, 1979), be-

cause ~400-Ma mafic plutons are probably derived

from melting such depleted and metamorphosed mate-

rial, and because Hercynian granitic plutons associ-

ated with the Little River stack have low initial
87Sr/

86Sr ratios and low 5 18 ratios, which decrease to the

southeast (Fullagar and Butler, 1979; Sinha and Zietz,

1982, and references therein), probably reflecting in-

creasing thickness of the underplated sheet.

UNRESOLVED PROBLEMS

The northeastern end of the Macon melange is poorly

known; our work in North Carolina was of a reconnais-

sance nature, and future work there will certainly mod-
ify the end of the melange as shown in figure 39. The
boundaries of the melange and Little River allochthon

in the Carolinas were field checked and taken from the

maps and compilations of Overstreet and Bell (1965),

Williams (1978), Secor and Snoke (1978), and Horton
(1981). We have not done detailed petrologic work on
either the matrix or the exotic clasts in the melange. To
date, no glaucophane or other blueschist fades index

minerals have been found in the rocks we have as-

signed to the Macon melange. However, we have only

looked at a modest number of thin sections. Ernst
(1972) has shown that blueschist minerals are rarely

preserved in rocks of Paleozoic age or older.

ROME-KINGSTON THRUST STACK

Much of the Valley and Ridge province in northwest
Georgia and northeast Alabama (pi. 1) is underlain by

Paleozoic sedimentary rocks in three major thrust

sheets (Butts, 1926; Allen and Lester, 1957; Cressler,

1963, 1964a,b, 1970, 1974; Chowns and McKinney,
1980; Thomas and Neathery, 1980; Chowns and
Carter, 1983), which we, following Chowns and
McKinney (1980) and Chowns and Carter (1983), call

the Kingston, Clinchport, and Rome thrust sheets

(tables 4, 5). These sheets make up the Rome-Kingston
thrust stack. Each thrust sheet is composite because

each is cut into slices by other thrust faults, and each

contains some of the rock units found in the others.

However, each sheet contains sedimentary facies not

found in the other sheets, each appears to represent a

slightly different paleotectonic environment, and each

has had a slightly different deformational history.

Underlying the Rome-Kingston thrust stack is a

parautochthonous-autochthonous terrane, which we
call the Chickamauga terrane (table 6).

CHICKAMAUGA TERRANE

The Chickamauga terrane, structurally under-
lying the Rome-Kingston thrust stack, is a

parautochthonous-autochthonous terrane that is tran-

sitional (structurally and in paleodepositional environ-

ments) between the Valley and Ridge province and the

"more stable" craton of the Cumberland (or Allegheny)

Plateau province. Rocks in the Chickamauga terrane

in Georgia and Alabama range in age from Early Cam-
brian through Early Pennsylvanian (Butts, 1926;

Allen and Lester, 1957; Cressler, 1963, 1964a,b, 1970;

Thomas and Cramer, 1979; Thomas, 1979; Smith,

1979; Chowns and McKinney, 1980; Thomas and
Neathery, 1980; Chowns and Carter, 1983; Rich, 1983;

Crawford, 1983; tables 4, 6). The lower part of the sec-

tion is part of the Appalachian Cambrian-Ordovician

carbonate shelf sequence (Rodgers, 1953, 1968, 1982;

Cressler, 1970, 1974; Palmer, 1971; Thomas and
Neathery, 1980; Chowns and McKinney, 1980). The
carbonate shelf sequence in the Chickamauga terrane

consists of the Lower Cambrian Rome Formation (the

Shady Dolomite and rocks of the Chilhowee Group are

apparently missing—Kidd and Neathery, 1976;

Thomas and Neathery, 1980, p. 469), the Middle and
Upper Cambrian Conasauga Formation, the Upper
Cambrian and Lower Ordovician Knox Group (consist-

ing of the Upper Cambrian Copper Ridge and Chep-

ultepec Dolomites and Longview Limestone and the

Lower Ordovician Newala Limestone), and the Middle

Ordovician Lenoir Limestone (Butts, 1926; Cressler,

1970, 1974; Cressler and others, 1979; Thomas and
Neathery, 1980; Chowns and McKinney, 1980; Chowns
and Carter, 1983). Abundant evidence indicates that



ROME-KINGSTON THRUST STACK 73

these rocks were deposited in shallow, warm water on

the Cambrian-Ordovician carbonate shelf and that the

clastic material within the sequence came from the

North American craton (Rodgers, 1953, 1968, 1982;

Palmer, 1971; Thomas and Neathery, 1980; Chowns
and McKinney, 1980; Read, 1985a,b).

In the Chickamauga terrane, Lower Ordovician

Knox Group rocks of the carbonate shelf sequence are

overlain with marked disconformity by Middle Ordovi-

cian rocks of the Chickamauga Supergroup in Georgia

(Milici and Smith, 1969; Chowns and McKinney, 1980;

Chowns and Carter, 1983) and the Chickamauga
Group in Alabama (Drahovzal and Neathery, 1971;

Chowns and McKinney, 1980; Chowns and Carter,

1983). The disconformity locally has relief of as much
as 13 m (Drahovzal and Neathery, 1971, p. 187;

Chowns and McKinney, 1980), and depressions in the

karstic surface are filled with basal Chickamauga con-

glomeratic beds of the Pond Spring Formation in Geor-

gia (Jackson, 1951; Munyon, 1951; Milici and Smith,

1969; Chowns and McKinney, 1980) and the Attalla

Chert Conglomerate Member of the Stones River For-

mation in Alabama (Butts, 1910; Drahovzal and
Neathery, 1971; Neathery and Drahovzal, 1971). These

basal beds are overlain by tidal-flat and lagoonal de-

posits composed of mottled grayish-red mudstone and

silty limestone interbedded with micritic limestones

(Pond Spring Formation in Georgia, Stones River For-

mation in Alabama), which are in turn overlain by

Chickamauga Supergroup (Group in Alabama)
shallow-water carbonate units (Murfreesboro, Ridley,

Lebanon, Carters, Hermitage, Cannon, and Catheys

formations in Georgia; Nashville, Inman, and Leipers

formations in Alabama) as much as 440 m thick in

Georgia but thinning to about 80 m thick in Alabama
(Drahovzal and Neathery, 1971; Chowns and McKin-
ney, 1980; Chowns and Carter, 1983). The carbonate

sequence is overlain by the Sequatchie Formation, an
alluvial red-bed sequence derived from the southeast

(Thompson, 1971; Chowns, 1972; Milici and Wedow,
1977; Chowns and McKinney, 1980; Chowns and
Carter, 1983). The alluvial red-bed sequence grades up
into coarse-grained hematitic sandstones, conglomer-

atic sandstones, ironstones, red shales, and siltstones of

the Lower Silurian (Llandoverian) Red Mountain For-

mation, also derived from the southeast (Chowns and
McKinney, 1980, and references therein). Rindsberg

(1982) and Chowns and Carter (1983) recently sug-

gested that the coarse-grained sandstones traditionally

placed in the Red Mountain Formation in northwest

Georgia belong to the underlying Upper Ordovician

Sequatchee Formation and that finer grained marine

shales and turbidites of the Red Mountain uncon-

formably overlie these coarser grained rocks.

In the Chickamauga terrane the Red Mountain For-

mation is unconformably overlain by thin, but persis-

tent, Upper Devonian and Lower Mississippian shale

units (Chattanooga and Maury Shales), which are in

turn unconformably overlain by Mississippian shelf

carbonates and marine shales, capped by Pennsylva-

nian clastic rocks (Butts, 1926; Allen and Lester, 1957;

Conant and Swanson, 1961; Thomas and Cramer, 1979;

Thomas, 1979; Smith, 1979; Chowns and McKinney,

1980; Thomas and Neathery, 1980; Chowns and
Carter, 1983; Rich, 1983; Crawford, 1983).

KINGSTON THRUST SHEET

The Kingston thrust sheet, the lowest sheet in the

Rome-Kingston thrust stack, is bounded at its base to

the northwest by the Kingston thrust fault, and at its

top by the Clinchport thrust fault (Chowns and Carter,

1983, and references therein) at the base of the Clinch-

port thrust sheet (pi. 1). Rocks in the Kingston thrust

sheet range in age from the Early Cambrian Rome
Formation through the Early Pennsylvanian Gizzard

Formation in Georgia and Pottsville Formation in Ala-

bama (Butts, 1926; Cressler, 1963, 1964a,b, 1970, 1974;

Thomas and Cramer, 1979; Chowns and McKinney,
1980; Rich, 1983; Crawford, 1983; Chowns and Carter,

1983; table 4). The lowest sequence of rocks (up

through the Upper Cambrian and Lower Ordovician

Knox Group) in the Kingston sheet is the carbonate

shelf sequence (see references above). In the Kingston

sheet, the Middle Ordovician-Lower Silurian sequence

records a northwest-to-southeast facies change
(Chowns and Carter, 1983, and references therein). In

northwestern outcrops in the sheet this sequence is

nearly identical to that in the Chickamauga terrane,

whereas, to the southeast, tongues of red beds increase

within the Chickamauga Supergroup carbonate se-

quence and gradually thicken at the expense of the

carbonate rocks from northwest to southeast. These

tongues of clastic rocks have been assigned to the

Greensport Formation in Georgia by Chowns and
McKinney (1980) and Chowns and Carter (1983). In

Alabama, the Greensport Formation occurs in the

Kingston sheet and in what we interpret as the Clinch-

port sheet in a window through the Rome thrust sheet.

The mixed Middle and Upper Ordovician carbonate

red-bed facies is overlain (probably unconformably) by
the Lower Silurian Red Mountain Formation, which is

unconformably overlain by the Lower and Middle De-

vonian Armuchee Chert and its Middle Devonian clas-

tic facies, the Frog Mountain Sandstone (Butts, 1926;

Allen and Lester, 1957; Cressler, 1963, 1964a,b, 1970,

1974; Thomas and Neathery, 1980; Chowns and
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Carter, 1983), thus filling part of the hiatus in the

Chickamauga terrane between the Red Mountain For-

mation and Chattanooga and Maury Shales. The se-

quence overlying the Armuchee Chert is similar to that

in the Chickamauga terrane, except that more of the

Mississippian sequence is composed of shale at the ex-

pense of carbonate rocks.

CLINCHPORT THRUST SHEET

The Clinchport thrust sheet is bounded at its base by

the Clinchport thrust fault and at its top by the Rome
thrust fault. In this sheet the Cambrian-Ordovician

carbonate shelf sequence is disconformably overlain by

a Middle and Upper Ordovician sequence composed

predominantly of clastic sedimentary rocks; the

tongues of red beds have increased at the expense of

Chickamauga Supergroup carbonate rocks to the ex-

tent that carbonate rocks are found as tongues in the

red beds only in the northwestern edge of the sheet

(Chowns and Carter, 1983, and references therein;

table 4). The red-bed sequence reaches its maximum
thickness (about 700 m) in the southeastern part of the

Clinchport sheet. In this area the sequence is composed

of the Greensport Formation, Colvin Mountain Sand-

stone, and Sequatchie Formation (Drahovzal and
Neathery, 1971; Chowns and McKinney, 1980; Chowns
and Carter, 1983). The overlying Lower Silurian Red
Mountain Formation also reaches its greatest thick-

ness (about 400 m) in the southeastern part of the

Clinchport sheet (Cressler, 1970; Drahovzal and
Neathery, 1971; Chowns and McKinney, 1980). The
sequence above the Red Mountain Formation is essen-

tially the same in the Clinchport sheet as in the under-

lying Kingston sheet.

ROME THRUST SHEET

The Rome thrust sheet is bounded below by the

Rome-Helena thrust fault system (Hayes, 1891; Butts,

1926; Butts and Gildersleeve, 1948; Cressler, 1970,

1974; Thomas and Neathery, 1980; Chowns and
McKinney, 1980; Chowns and Carter, 1983). 10 Most of

the Rome thrust sheet is made up of the Cambrian-
Ordovician carbonate shelf sequence, which here in-

cludes at its base the Lower Cambrian Shady Dolomite,

underlain by rocks of the Chilhowee Group (table 4).

10The Rome fault and Helena fault are probably the same fault, as implied

by Chowns and McKinney (1980) and Chowns and Carter (1983); they are

separated by only a few kilometers by the flood plain of the Coosa River near

Gadsden, Ala.

The thick Middle-Upper Ordovician red-bed sequence

is absent in the Rome Sheet, its lower parts taken by

the lower Middle Ordovician Lenoir Limestone and the

Middle Ordovician Rockmart Slate and Athens Shale

(see below). The Lower Silurian Red Mountain Forma-
tion is also absent in the eastern part of this sheet, and
the Middle Ordovician slates and shales are overlain

with angular unconformity by the Lower and Middle

Devonian Armuchee Chert-Frog Mountain Sandstone

sequence. The Armuchee-Frog Mountain sequence is

unconformably overlain by the Lower Mississippian

Fort Payne Chert and Upper Mississippian Floyd

Shale. The Mississippian carbonate sequence is absent

in the Rome sheet and was probably never deposited

there, its place being partially taken by the Fort Payne
and Floyd.

ROCKMART SLATE, ATHENS SHALE, TELLICO
FORMATION, AND TALLADEGA GROUP

Middle Ordovician shales, slaty shales, and slates

crop out discontinuously along the eastern and south-

eastern edge of the Rome thrust sheet (pi. 1). These

rocks are of special interest, because their age and
structural and stratigraphic position relative to the

craton is approximately the same as those of similar

shales and slates in the complex Taconic allochthon of

the northern (western New England) Appalachians

(Zen, 1961, 1967, 1968; Ratcliffe, 1975, 1979; Fisher,

1969, 1979; Ratcliffe and Hatch, 1979; Stanley and Rat-

cliffe, 1980; Rowley and Kidd, 1981; Bosworth and
Rowley, 1984).

ROCKMART SLATE, ATHENS SHALE, AND TELLICO
FORMATION

The Rockmart Slate (Hayes, 1891) is a relatively thin

(about 180 m thick) sequence of slate and siltstone of

Middle Ordovician age (and younger?) that crops out

immediately north and northwest of the Emerson
thrust fault in the Valley and Ridge province in north-

western Georgia and northeastern Alabama (pi. 1). It

rests either in thrust contact or unconformably (or

both) upon Valley and Ridge carbonate-shelf-facies

rocks as young as the Deaton Member of the lower

Middle Ordovician Lenoir Limestone (Cressler, 1970).

The lower part (roughly half) ofthe Rockmart is a dark-

gray to nearly black, calcareous slate containing well-

developed folds and cleavages and a rich Middle Or-

dovician graptolite fauna (Cressler, 1970). The upper
part of the Rockmart is composed of siltstone and slate

with some feldspathic sandstone and with lenses of

spectacular polymictic conglomerate made up of angu-
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lar to subrounded fragments, chips, pebbles, and cob-

bles of (in order of abundance) limestone, dolomite,

slate, sandstone, chert, and quartzite in a matrix of

feldspathic sandstone, sandy slate, graywacke, clay

slate, or rarely dolomite or limestone (fig. 48). As
Cressler (1970), Chowns and McKinney (1980), and

Sibley (1983) recognized, some of the quartzite clasts

were metamorphosed before deposition. Some of the

slate clasts in the conglomerates lithically match rocks

of the lower part of the Rockmart, some of the sand-

stone clasts lithically match sandstone beds in the

lower part of the upper part of the Rockmart, and some

of the carbonate clasts lithically match rocks of the

carbonate shelf sequence below the Rockmart
(Cressler, 1970, p. 25). Cressler suggested that the slate

and sandstone clasts are reworked Rockmart. Con-
glomerates like those in the upper sequence of the

Rockmart have been described in units (Chota and Tel-

lico Formations) in similar stratigraphic and struc-

tural positions as far northeast along strike as Fin-

castle, Va. (Kellberg and Grant, 1956). No fossils have
been found above the lower, dark-slate sequence in the

Rockmart Slate.

Like the lower part of the Rockmart Slate, the

Athens Shale, which occupies a similar stratigraphic

and structural position in Alabama (Butts, 1926; not

shown in pi. 1), is a dark-gray to nearly black, cal-

careous, strongly cleaved and folded slaty shale con-

taining a rich graptolite fauna of Middle Ordovician

age (Butts, 1926; Bergstrom and Drahovzal, 1972;

FIGURE 48.— Polymictic conglomerate from the Tellico Formation above the Rockmart Slate, from cut of the Seaboard Coast Line Railroad

east of the overpass on U.S. Highway 278, in the Rockmart South, Ga. 7.5-min quadrangle. Photograph by C.W. Cressler, U.S. Geological

Survey.
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Bergstrom, 1973; Finney, 1978, 1980) that rests either

in thrust contact or unconformably (or both) upon car-

bonate-shelf-facies rocks as young as the Middle Or-

dovician Lenoir Limestone. Conglomerates like those

in the upper part of the Rockmart Slate have not been

reported in the Athens Shale in Alabama.

Another outcrop area of Athens Shale is north of

Chatsworth in north Georgia (pi. 1). The basal parts of

the Athens here, which rest in sharp contact upon the

Newala or Lenoir Limestones, are dark-gray to olive-

gray, calcareous clayey and silty shale containing in-

terbedded tan, brown, or olive-gray siltstones and
sandstones (Butts and Gildersleeve, 1948; Munyon,
1951; Jackson, 1951; Cressler, 1974), unlike the dark

slates and shales in the basal parts of the Rockmart
Slate and Athens Shale to the southwest in Georgia

and Alabama. These northern Georgia rocks also ap-

pear to be less deformed and less metamorphosed than

their counterparts (or near counterparts) to the south-

west. However, they also contain a Middle Ordovician

graptolite fauna (Cressler, 1974). In this northern

Georgia outcrop belt, the Athens Shale is overlain by

the Tellico Formation as mapped by Butts and Gilder-

sleeve (1948) or the Chota Formation (Neuman, 1955)

as mapped by Salisbury (1961). The Chota (or Tellico?)

is composed of crossbedded sandy limestone, calcareous

sandstone, and minor amounts of quartz-free lime-

stone, as well as beds and lenses of polymictic conglom-

erate identical to that in the upper part of the Rock-

mart Slate (Munyon, 1951; Jackson, 1951; Kellberg

and Grant, 1956; Cressler, 1974). According to Mack
(1985) the provenance of sandstones in the Athens
Shale and Chota Formation in northern Georgia was
K-feldspar-rich granitic rocks or high-grade metamor-
phic rocks (Grenville basement) and low-grade
metapelitic slates and phyllites.

The upper, unfossiliferous part of the Rockmart Slate

is probably an entirely different unit (Cressler, 1970,

and oral commun., 1984) from the lower, graptolitic

part. This is suggested by the lithologic differences be-

tween the two, by the absence of the upper part in some
areas where thick sections of the lower part are

present, by the presence of what appear to be clasts of

the lower slates in the conglomerates in the upper part,

and by the lithologic similarities (especially the

polymictic conglomerates) of the upper part with the

Chota or (and) Tellico Formations. We suggest (as did

Cressler, 1970, p. 30) that the upper part of the Rock-

mart Slate may represent depositional equivalents of

both the Tellico Formation and overlying Chota For-

mation (as defined by Neuman, 1955) in Tennessee.

Because it most resembles the Tellico, we here assign

this unit to the Tellico Formation.

The Tellico Formation overlying the Rockmart Slate

appears to have been derived from the east (or south-

east) rather than from the craton or the carbonate

shelf. This source is indicated (Cressler, 1970) by the

size and angularity of some of the noncarbonate clasts

in the conglomerates, by the presence of clasts that

were metamorphosed before sedimentation, by the fact

that grain size in sandstone beds increases from west to

east and bedding thickens toward the east, and by the

fact that "the conglomerate lenses in the southeastern-

most outcrops are thickest and have the widest lateral

extent. They also contain the coarsest and the least

rounded pebbles and cobbles, apparently having been

deposited nearest the source area" (Cressler, 1970,

p. 27). Cressler (1970, p. 30) described the distribution

of the sequence above the dark slates as follows: "The

lower, predominately slaty part of the Rockmart, be-

ginning near Cedartown in Polk County, is overlain by

an eastward thickening wedge of elastics, composed

largely of sandstone, conglomerate, and conglomeratic

slate."

Both the Athens Shale in Alabama and the Rock-

mart Slate in Alabama and Georgia are unconformably

overlain by the Lower and Middle Devonian Frog

Mountain Sandstone, or by its equivalent chert facies

the Armuchee Chert (Butts, 1926; Cressler, 1970;

Thomas and Drahovzal, 1973). Neither the Frog Moun-
tain nor its equivalents are present in the north Geor-

gia Athens Shale outcrop belt. It may have been over-

ridden by Bill Arp thrust sheet rocks on the Carters

Dam fault (pi. 1), but it is far more likely that it was
never deposited in northern Georgia (also Cressler,

oral commun., 1985), its principal development being

to the southwest in western Georgia and Alabama. The
Frog Mountain Sandstone-Armuchee Chert is uncon-

formably overlain by the Lower Mississippian (Os-

agean) Fort Payne Chert (Butts, 1926; Cressler, 1970).

Both Cressler (1970) and Sibley (1983) have shown
that the Rockmart Slate was deformed before deposi-

tion of the Frog Mountain Sandstone. For example,

Cressler stated (1970, p. 30):

At Etna, where the Rockmart re-enters Polk County from Alabama,

it is between 200 and 300 feet thick, but it thins toward the east,

diminishing to about 20 feet at Oremont, and it is absent a quarter

of a mile southeast of there, apparently having been eroded off an

anticline that formed prior to deposition of the Frog Mountain Sand-

stone of Early and Middle Devonian age.

Sibley (1983, p. 34-37) reported that some of the larger

pebbles and cobbles in the conglomerates in the Tellico

overlying the Rockmart "have a well-developed cleav-

age that is sharply divergent from the matrix cleavage

and appears to have been present prior to deposition."

The contact between the Rockmart Slate and Athens
Shale and the underlying rocks of the carbonate shelf
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sequence (Lenoir and Newala Limestones) is either an

unconformity or a thrust fault, or perhaps locally both.

According to Bergstrom and Drahovzal (1972),

Bergstrom (1973), and Finney (1980), the base of the

Athens Shale in Alabama is diachronous. Graptolite

data given by Cressler (1970, p. 26-30) and Bergstrom

(1973) suggest that the lower part of the Rockmart

Slate may also be diachronous. All available paleonto-

logical evidence indicates a striking similarity in age

between the dark, graptolitic slaty shales and slates

and the youngest underlying shallow-water shelf car-

bonates. Where the contact between the two fades is

exposed, it is always seen to be knife-sharp (fig. 49).

The drastic difference in sedimentary fades between

the underlying warm, shallow-water shelf carbonates

with their shelly faunas (Cressler, 1970), and warm,
shallow-water conodonts (A.G. Harris and J.E. Repet-

ski, written commun., 1984), and the overlying deeper

water dark shales with their graptolite faunas

(Cressler, 1970; Bergstrom and Drahovzal, 1973;

Finney, 1980) is also striking. Moreover, the pelitic

rocks appear to be more deformed than the underlying

carbonate rocks, and they are clearly more metamor-

phosed than are shales in the Rome and Conasauga

Formations in the same structural position only a short

distance away. The relations between the Rockmart

Slate and Athens Shale and the underlying carbonate-

shelf-sequence rocks suggest to us that the contact be-

tween them is at least locally (particularly around

Rockmart, Ga.) a thrust fault.

Bergstrom and Drahovzal (1972) and Bergstrom
(1973) have shown that the base of the Athens Shale in

the Cahaba Valley region (Rome thrust sheet) in Ala-

bama becomes progressively older to the southeast, and
is the same age, within the same narrow conodont zone,

as equivalent units in the clastic wedges in eastern

Tennessee, but that the carbonate units underlying the

shale at Calera are older than those in the Tellico-

Sevier belt in eastern Tennessee. Bergstrom (1973,

p. 289) stated,

Recently collected samples from rocks mapped as the Lenoir Lime-

stone immediately beneath the Rockmart Slate at Rockmart have

yielded exactly the same Whiterockian-type of conodont fauna as

that present in the calcarenites in the lower portion of the Lenoir

Limestone at Calera. The fact that in the sections studied this fauna

evidently ranges up to the very base of the Rockmart Slate without

any intervening unit with North Atlantic province conodonts of the

Eoplacognathus foliaceous Subzone suggests that the base of the

Rockmart Slate at Rockmart is older than the base of the Athens in

the Calera area. This conclusion is supported by graptolites collected

from the Rockmart; at least at some localities they represent the

Didymograptus murchisoni Zone (Jaanusson and Bergstrom, in

preparation) and are therefore older than those collected from any

other Middle Ordovician section in the southern Appalachians. The
incomplete data so far available from the Rockmart region suggest

the presence there of a shale wedge which is partly older than those

in other areas in the southern Appalachians. This may be taken as

an indication that this shale originally was deposited further away
from the Midcontinent platform than, for instance, the Athens Shale

at Calera and the Blockhouse Formation of the Tellico-Sevier belt.

TALLADEGA GROUP

In the northernmost part of the Alabama crystalline

terrane (pi. 1), the Talladega Group (Tull, 1982) is

sandwiched between rocks of the Cambrian-Ordovician

carbonate shelf sequence in the Rome thrust sheet, on

the north, and the Hillabee greenstone in the Paulding,

Figure 49.—Dark graptolitic Middle Ordovician Rockmart Slate resting in sharp contact upon Middle Ordovician Lenoir Limestone. A, In

abandoned quarry 0.6 km north-northeast of Portland, Ga., in the Rockmart North, Ga. 7.5-min quadrangle. Quarry face is approxi-

mately 30 m high. B, In cuts leading to abandoned quarry about 400 m northeast of where Marquette Road crosses the Seaboard Coast

Line Railroad east of Georgia Highway 101, in the Rockmart North, Ga. 7.5-min quadrangle.
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West Point, and Ropes Creek thrust sheets (or rocks of

the Zebulon thrust sheet where the Hillabee is absent),

on the south. The Talladega Group consists of the Lay
Dam Formation with its Cheaha Quartzite Member,
the Butting Ram Sandstone, the Jemison Chert, and in

eastern outcrops the Frog Mountain Sandstone. The
Talladega Group is bounded below by a structurally

discordant contact where different clastic metasedi-

mentary rocks of the group rest upon different units of

the "Sylacauga marbles" (including the lowermost

unit, the Jumbo Dolomite), which are now known to be

mildly metamorphosed lower Paleozoic (mostly Knox
Group) rocks of the carbonate shelf sequence in the

Rome thrust sheet (Harris and others, 1984), including

Chilhowee Group rocks that Tull (1982, 1985) and
Guthrie (1985) have placed in the Kahatchee Mountain
Group. Since the early 1960's this discordant contact

has generally been interpreted as an unconformity

(Shaw and Rodgers, 1963; Shaw, 1970, 1973; Gilbert,

1970, 1973; Carrington, 1973; Tull, 1978, 1979, 1982,

1984; Cook, 1982; Pendexter, 1982; Harris and others,

1984), the "pre-Lay Dam Formation unconformity"

(Tull, 1982); early workers interpreted it as a thrust

fault (McCalley, 1897; Prouty, 1916; Butts, 1926). We
suggest that the evidence is equivocal but that the rela-

tions of the Talladega Group to underlying rocks are

remarkably similar to those of the Rockmart Slate. We
interpret the Talladega Group to belong with the Val-

ley and Ridge province rocks in a thrust slice in the

Rome thrust sheet and to have been overthrust by the

Bill Arp and higher thrust sheets. The nearly north-

south thrust contact (extension of the Emerson fault)

between the Talladega Group of the Valley and Ridge

province in the Talladega thrust slice and Great Smoky
Group (Ocoee Supergroup) rocks in the Bill Arp sheet

in eastern Alabama just west of the Georgia-Alabama

State line is shown dashed and queried in plate 1. We
have not yet done enough detailed mapping in that part

of Alabama to revise the map relations between the

Ocoee rocks and the Talladega Group; however, some-

where in the vicinity of the dashed and queried exten-

sion of the Emerson fault, the Talladega Group rocks of

the Valley and Ridge province must become covered by

the Bill Arp and higher sheets, just as their counter-

parts the Rockmart Slate and Tellico and Chota Forma-
tions are to the northeast.

The Talladega Group, like the Great Smoky Group in

the Bill Arp thrust sheet that locally overlies it, is

composed entirely of metasedimentary rocks, so that in

many places the two are difficult to distinguish (this

has been part of the "Talladega problem"). The basal

unit of the Talladega Group in Alabama is the Lay
Dam Formation (Carrington, 1973; Tull, 1982), a thick

sequence of slates, phyllites, metagraywackes, and

metasiltstones (graded bedding is locally well pre-

served). In the type area around Lay Dam on the Coosa
River, the basal part of the Lay Dam Formation is a

diamictite (Carrington, 1973; Telle and others, 1979;

Telle, 1981; Tull, 1982) with fragments, chips, cobbles,

and boulders of phyllite, quartzite, chert, granitic

gneiss, and various metacarbonate rocks floating in a

somewhat scaly, slightly arkosic phyllitic matrix.

Many of the clasts have foliations or S-surfaces that

terminate abruptly against the surrounding matrix.

According to Tull (1982, p. 10) and Cook (1982, p. 50),

the diamictites occupy higher positions in the Lay Dam
Formation to the northeast.

Granitic gneiss clasts are fairly common in the Lay
Dam diamictite near Lay Dam, and zircons from some
of these clasts have yielded radiometric ages of about

1.1 Ga (Telle and others, 1979). The zircon age and the

size and angularity of some of the clasts led Telle and
others (1979) and Tull (1982) to suggest that the

granitic gneiss clasts were derived from nearby
Grenville-age basement. Telle and others (1979) sug-

gested that this source lay to the northwest of the

present outcrop belt of the Lay Dam Formation and
that the basement rocks were exposed in fault blocks.

There are problems with this interpretation. So far as

we know, there is nothing in the preserved sedimen-

tary record in the Valley and Ridge sequences to the

northwest to suggest that Grenville-age basement was
exposed in fault blocks during the time of sedimenta-

tion (see below) of the Lay Dam Formation (Thomas
and Neathery, 1980; Chowns and McKinney, 1980).

Aeromagnetic data (Higgins and Zietz, 1975) indicate

that the basement is relatively deep under the Valley

and Ridge at the present time. However, Grenville

basement (Allatoona Complex) is present beneath the

Ocoee Supergroup rocks in the Bill Arp sheet to the

southeast, and granitic gneisses are also present. We
suggest that the granitic gneiss clasts in the Lay Dam
diamictite were derived from the southeast as debris

shed from granitic rocks in the thrust-up leading edge

of the Bill Arp thrust sheet during sedimentation of the

Lay Dam. We also suggest that the carbonate clasts in

the Lay Dam were shed either from a shoved-up part of

the shelf in front of the thrust-up edge of the Bill Arp
sheet or, more likely, from parts of the carbonate shelf

sequence on top of the Bill Arp thrust sheet (pi. 2).

Mack (1985) has shown that most of the clastic sedi-

mentary rocks in the southeasterly derived Middle Or-

dovician clastic wedge ("Blount clastic wedge" in Ten-

nessee; Tellico-Talladega clastic wedge of this paper)

are rich in K-feldspar, probably from Grenville base-

ment rocks, and that their source was mostly sedimen-

tary rocks and low-grade metapelitic slates and phyl-

lites, thus supporting their derivation from thrust-up

Bill Arp sheet rocks.
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Harris and others (1984) recently reported the dis-

covery of conodont elements of Silurian to Pennsylva-

nian morphotypes from laminated lower greenschist

facies metasiltstone in the upper one-third of the Lay

Dam Formation 5 km west of Jemison, Ala. Fossils of

probable Silurian or Early Devonian age have been

reported from the Butting Ram Sandstone, which over-

lies the Lay Dam Formation (Carrington, 1973). An
Early and Middle Devonian age has long been estab-

lished for the Jemison Chert and has since been con-

firmed by fossils that we collected from the Jemison

both west and east of the town of Jemison. On the basis

of these fossils and the earlier collections, J.T. Dutro,

Jr., and E.L. Yochelson (written report, 7/13/83) as-

signed an Oriskany age to the Jemison. Butts (1926)

and Thomas and Neathery (1980) correlated the

Jemison Chert with the Lower and Middle Devonian

Frog Mountain Sandstone and Armuchee Chert. We
agree and suggest that the sedimentary facies change

east of Jemison, Ala., is the same as the facies change

from chert to a clastic facies between the Armuchee
and Frog Mountain in Georgia (Cressler, 1970). Every-

where but in the Talladega section, the Lower and Mid-

dle Devonian chert-sandstone sequence (Armuchee—
Frog Mountain) is above a post-Silurian or

post-Ordovician unconformity (Cressler, 1970; Dra-

hovzal and Thomas, 1977; Thomas and Neathery,

1980). The Silurian-Pennsylvanian conodont elements

(Harris and others, 1984) from the upper third of the

Lay Dam Formation pose a problem, because they indi-

cate that the upper part of the Lay Dam must be Sil-

urian. Silurian rocks were previously unproven this far

south or southeast in the Valley and Ridge province in

Georgia and Alabama (Butts, 1926; Cressler, 1970;

Drahovzal and Thomas, 1977; Chowns and McKinney,
1980; Thomas and Neathery, 1980). Part of the answer
may lie in the undated Tellico and (or) Chota Forma-
tion equivalents at the top of the Rockmart Slate. The
diamictite horizon containing carbonate clasts in the

Lay Dam Formation may represent the same deposi-

tional environment as the Middle Ordovician Tellico

and Chota Formations in Tennessee (Neuman, 1955),

as the Chota and (or) Tellico Formations on top of the

Athens Shale north of Chatsworth in northern Geor-

gia, and as the Tellico Formation at the top of the Rock-

mart Slate (fig. 50). The Silurian-Pennsylvanian
conodont elements (Harris and others, 1984) are from
the upper third of the Lay Dam Formation, whereas the

diamictite horizon is at or near the base of the
~4.5-km-thick section at the Coosa River and is not

present in the 1- to 1.5-km-thick section west of

Jemison that contained the conodonts (Tull, 1982,

p. 10). Regardless of whether the basal contact of the

Lay Dam Formation with the Lower Ordovician (lower

to middle Arenigian) Knox Group near Sylacauga
("Sylacauga Marble Group" of Tull, 1982) is an uncon-

formity or a thrust (or both), the basal part of the Lay
Dam there must be post-Early Ordovician. According

to Cook (1982, p. 50, fig. 3), the diamictite horizon is

more than 3 km above the base of the Lay Dam Forma-
tion near Sylacauga, in a total Lay Dam section that is

approximately 4.6 km thick. It is thus probable that the

basal part of the Lay Dam Formation near Sylacauga

may be as old as Middle Ordovician and perhaps
roughly equivalent in age to (or only slightly younger

than) the Rockmart Slate and Athens Shale (fig. 50). If

the interpretation that the base of the Lay Dam Forma-
tion everywhere overlies an unconformity is valid

(whether the Lay Dam has been thrust upon that un-

conformity or not), and if the diamictites mark a dis-

tinct horizon of deposition (depositional "event"), then

the base of that horizon is probably diachronous, be-

coming progressively younger to the southwest. The
hiatus between the base of the Lay Dam and the under-

lying carbonate rocks must also become greater to the

southwest, because the unconformity apparently trun-

cates progressively older carbonate units to the south-

west: Middle Ordovician Lenoir Limestone near Rock-

mart, Ga. (Cressler, 1970), Lower Ordovician Knox
Group rocks near Sylacauga, Ala. (Cook, 1982; Tull,

1982; Harris and others, 1984), and Jumbo Dolomite

(probably Lower Cambrian Shady Dolomite) beneath

the Knox Group west of Sylacauga (Pendexter, 1982;

Tull, 1982; fig. 50). A similar case can be made for the

unconformity beneath the Armuchee Chert-Frog
Mountain Sandstone horizon. The age of the upper part

of the Rockmart Slate is unknown, but the Armuchee
Chert-Frog Mountain Sandstone clearly rests in angu-

lar unconformity upon it, whereas near Jemison,

roughly 150 km along strike, there appears to be a

thick section of Silurian rocks that probably represent

a depositional environment similar to that of the

Tellico below the Jemison Chert; though an unconfor-

mity beneath the Jemison is likely, probably neither

the hiatus nor any angularity is as great as it is to the

northeast (fig. 50). The apparent absence of the Frog

Mountain Sandstone in northern Georgia also indi-

cates diachronous depositional differences from north-

east to southwest.

As early as 1956, Lochman had shown that the Mid-

dle Ordovician pelitic rocks in the western part of the

northern Appalachians are contemporaneous with the

Middle Ordovician carbonate shelf rocks there.

Rodgers (1968) pointed out that similar relationships

between Middle Ordovician deep-water dark shales

and slates and Middle Ordovician shallow-water car-

bonate rocks of the carbonate shelf (or bank) exist

along the eastern margin of the Valley and Ridge
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province throughout the Appalachians. He suggested

that the carbonate shelf had subsided rapidly during

the Middle Ordovician and that deposition of the deep-

water pelites had transgressed over the edge of the

shelf. Rodgers (1968, p. 146) stated,

The outlying masses [of slates and shales] may be allochthonous,

having slid into their present location during the Middle Ordovician,

when this part of the carbonate bank sank—we know it did, rela-

tively at least, because the carbonate rocks there are overlain by

Middle Ordovician black shale and then by eastward-derived

graywacke turbidites. Uplifted source areas from which the masses

could have slid are indicated both by these sediments and by ero-

sional unconformities beneath Middle Ordovician rocks to the east

(Zen, 1967, and this volume).

Rodgers (1968, p. 145) considered that the polymictic

conglomerates (his "lime-breccias" and "lime conglom-

erates"), limey beds, and argillaceous limestone lenses

were derived through "slumps from the edge of the

carbonate bank, still not far away" and that the areas

where the dark pelites are juxtaposed against the car-

bonate shelf sequence marked the oceanward edge of

the carbonate bank and approximately "what was then

the eastern edge of sialic crust." However, in the south-

ern Appalachians the polymictic conglomerates con-

tain clasts that were clearly metamorphosed before

sedimentation, as recognized by Cressler (1970),

Chowns and McKinney (1980), and Sibley (1983), and
sandstone layers and lenses in the sequences that con-

tain the conglomerates are feldspathic, suggesting that

they were derived from crystalline rocks. Moreover,

there is abundant evidence that the clastic sequences

(clastic wedges) were derived from a source to the

southeast (see above). We interpret the clastic rocks in

the sequences to be derived from the shoved-up edge of

the Bill Arp thrust sheet during early stages of its

cratonward movement (pi. 2). The initiation of thrust-

ing probably uplifted the leading edge of the sheet

enough to form a land mass that isolated the starved

(probably partly stagnant) basin where the dark, cal-

careous pelites were deposited. The polymictic con-

glomerates containing clasts representing most units

of the carbonate shelf sequence and probably parts of

the Chilhowee Group (Cressler, 1970), as well as meta-

morphic clasts from the Bill Arp sheet, and the con-

glomeratic sandstones were most likely derived from
erosion of part of the carbonate shelf on top of the Bill

Arp sheet that was thrust up with the Bill Arp thrust

sheet (pi. 2). The clasts of reworked slate suggest that

mildly metamorphosed basinward parts of the dark
pelites were also buckled up, or more likely thrust up,

and were eroded to supply material to the coarser se-

quences now above the dark pelites. As the thrust sheet

encroached upon the carbonate shelf, the clastic

wedges transgressed farther toward the craton, but, at

least locally (as appears to us to be the case with the

Rockmart Slate), the incompetent shales (with the clas-

tic wedges on top—in fact sedimentation was probably

taking place on top of the wedges even as they were
being thrust) detached and were shoved up the gentle

slope of the shelf to become thrusts over the unconfor-

mity at the top of the Middle Ordovician shelf carbon-

ate rocks. Continued movement folded the shelf car-

bonate sequence along with the parautochthonous and
autochthonous sequences, and at the same time clastic

wedges of molasse (Greensport, Colvin Mountain, Se-

quatchee) spread cratonward far beyond the limit ofthe

dark pelites. The former edge of the carbonate shelf

(Rodgers' carbonate bank edge) in the southern Ap-

palachians must have been located far oceanward from

the present location of the dark pelites. Late Paleozoic

movement on the Emerson and Carters Dam faults has

probably covered much of the sequences in the south-

ernmost Appalachians.

The southwestward younging of the depositional en-

vironment of the polymictic conglomerate and diamic-

tite horizons in the clastic sequences, from probably

Upper Ordovician or Lower Silurian in the Rockmart,

Ga., area to Silurian in western outcrops of the Tal-

ladega Group, and the apparent decrease in age of

rocks immediately below the unconformity underneath

the clastic sequences, from the Middle Ordovician

Lenoir Limestone near Rockmart, Ga., to the Upper
Cambrian-Lower Ordovician Knox Group near Syla-

cauga, Ala., to the pre-Upper Cambrian (probably

Lower Cambrian Shady Dolomite or its equivalent)

Jumbo Dolomite farther west in Alabama, suggest that

the initiation and advancement of thrusting of the Bill

Arp sheet was diachronous and progressed like a triple

junction from northeast to southwest (fig. 50).

PREVIOUS THRUST CONCEPTS

The classic thrust faults in the Valley and Ridge

province have been known for many years (Hayes,

1891; Willis, 1893), and for nearly as many years de-

bate raged over the mechanics of their formation and
whether the Grenville-age basement was a passive or

active participant in the process (Bucher, 1933; Rich,

1934; Cooper, 1964; Rodgers, 1964; Gwinn, 1970). The
"no-basement" hypothesis for Valley and Ridge struc-

ture (Rodgers, 1964; Gwinn, 1970) now seems fairly

well established, especially in light of recent geophysi-

cal evidence (for example Cook and others, 1979; Har-

ris and Bayer, 1979). Yet most of the geophysical meth-

ods, including deep seismic reflection profiling, are not

designed to distinguish shallow structures very well,
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and though flat reflectors that have been interpreted as

deep decollements (whatever their significance and
whatever the underlying strata may be) can be de-

tected, such features as folded thrust sheets may go

undetected. Thus, the tendency among many geologists

has been to depict thrusts in the crystalline terrane of

the southern Appalachians as long, continuous, south-

eastward-dipping features that must root somewhere
in the substrate or along the "master decollement."

Some of these features have been elevated to such im-

portance that they have begun to dominate interpreta-

tions of the structure and evolution of the southern part

of the orogen. On the other hand, when flatter features

are discovered, there has been a tendency to assume

that they represent distinct allochthons rather than

representing the "normal" situation in the crystalline

terrane. An example of one of these is Hatcher's

(1978b) "Alto allochthon" (also Hopson and others,

1985, and Dallmeyer and Hatcher, 1985), which proba-

bly doesn't exist as a separate allochthon but is simply

part of the Zebulon thrust sheet and smaller slices of

the Bill Arp and Sandy Springs sheets outlined by a

slice of the Ropes Creek thrust sheet on the southeast

and by juxtaposition against retrograded Brevard Zone

rocks (mostly Bill Arp sheet rocks; pi. 1).

THE "HAYESVILLE THRUST FAULT"

Hadley (in Hadley and Nelson, 1971) mapped (but

did not name) a fault that passes through Hayesville,

N.C., and separates "biotite gneiss and schist" from the

"Great Smoky Group undivided." Hatcher, who consid-

ered the "Blue Ridge" to be divided into "belts" (or

"docked" entities), stated (1978a, p. 284-285),

An important distinction between the western and eastern belts of

the Blue Ridge is that the western is largely volcanic free, except for

the Mount Rogers Formation volcanics and those in the lower Chil-

howee (Unicoi Formation) in northeastern Tennessee and southwest-

ern Virginia. The eastern belt contains abundant metavolcanic

rocks.

The eastern subdivision is bounded by the Fries fault from the

Grandfather Mountain window northeastward. Rankin (1975) has

suggested that the Fries fault extends southwestward into Georgia

from the Grandfather Mountain window. The new "Geologic Map of

Georgia" (Pickering, 1976) [sic; cited herein as Georgia Geological

Survey, 1976] does not show a fault in this area, except the Allatoona

fault near Cartersville. But one particular contact in the Georgia

Blue Ridge is probably a major fault, which can be traced into the

boundary between the Ashland-Wedowee belt and the Talladega

belt, and is probably also a major fault across Alabama (Neathery

and Tull, 1975) [sic; refers to "Geologic profiles of the Northern

Alabama Piedmont," Neathery, T.L., and Tull, J.F., eds.: Guidebook

for thirteenth annual field trip of the Alabama Geological Society,

1975]. I propose that this segment be called the Hayesville fault and

the entire system the Hayesville-Fries thrust sheet. If the

Hayesville-Fries thrust sheet extends to the Coastal Plain overlap, it

is as extensive as the Blue Ridge thrust farther west and probably

tectonically just as important.

Several other lines of evidence point toward a major thrust sheet

in the eastern Blue Ridge. Most of the ultramafic rocks occur in this

belt (as first pointed out by Rankin, 1975, p. 323), along with all the

Paleozoic granitic plutons. Throughout most of this belt, there is also

a paucity of "Grenville" basement orthogneisses.

On the basis of the geologic map of Georgia (Georgia

Geological Survey, 1976), one might generalize broadly

and say that most of the metavolcanic and ultramafic

rocks and nearly all of the Paleozoic granitic plutons

(transported in thrust sheets above the Bill Arp thrust

sheet) occur in this eastern terrane, and a likely

boundary from which to extrapolate would be the

minor fault that Hadley (Hadley and Nelson, 1971)

mapped in Hayesville, N.C.

Hatcher's (1978a) Hayesville fault has been widely

accepted without much additional mapping. It is

shown, just as he depicted it, on Williams' (1978)

"Tectonic lithofacies map of the Appalachian orogen"

and in numerous subsequent publications dealing with

the southern Appalachians. In Georgia, McConnell and

Costello (1980), following Hatcher's depiction of the

"Hayesville fault," renamed Hurst's (1973) Allatoona

fault "the Allatoona-Hayesville fault," though they did

not show how it connected with the fault at Hayesville,

N.C. More recently, McConnell and Abrams (1984, p. 9)

depicted the "Allatoona fault" and the "Hayesville

fault" as different faults, whereas Abrams and
McConnell (1984, p. 1522) depicted the "Allatoona-

Hayesville fault" as the same fault, much as Hatcher

(1978a, 1981) and Williams and Hatcher (1982, 1983)

had depicted it.

In 1978, Dallmeyer and others showed that distinc-

tive formations ofthe Great Smoky Group map directly

across the trace of the "Hayesville fault" as depicted by

Hatcher (1978a). Despite Dallmeyer and others' work,

Hatcher and Odom (1980, p. 322) suggested that the

fault is a "cryptic suture," and in 1981, Hatcher (p. 493)

stated, "The Hayesville fault is a fundamental
boundary which separates a terrane of mafic volcanic

and ultramafic rocks, metasedimentary rocks, granite

plutons and rare continental basement rocks to the east

from a metasedimentary nonvolcanic terrane which is

easily tied to continental basement (Hatcher, 1978)."

Williams and Hatcher (1982, 1983) shifted the depicted

position of the Hayesville fault to the east in western

Georgia and eastern Alabama and depicted all of the

terrane to the west of it (including part of the Ocoee
Supergroup) as the "Appalachian Miogeocline."

Our work confirms the conclusion of Dallmeyer and
others (1978, p. 31) that the Hayesville fault as defined

and depicted by Hatcher (1978a, 1981), Williams
(1978), Hatcher and Odom (1980), and Williams and
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Hatcher (1982, 1983) does not exist in Georgia and

Alabama (and, as they define it, probably not to the

northeast in North Carolina). Mafic metavolcanic

rocks of the Zebulon Formation in the Zebulon thrust

sheet, mafic metavolcanic rocks of the Ropes Creek

Metabasalt (locally with the distinctive iron forma-

tions) in the Ropes Creek thrust sheet, and mafic and

ultramafic plutonic rocks of the Soapstone Ridge thrust

sheet are present as infolded slices both east and west

of the proposed trace of Hatcher's Hayesville fault—to

the west, they are present almost to the border of the

crystalline terrane (pi. 1). Mafic metavolcanic rocks

and ultramafic rocks in the West Point melange are

present in the Murphy syncline. In the complex area

east of Blairsville, Ga., mafic metavolcanic rocks in the

Zebulon thrust sheet underlie the West Point melange

and Ropes Creek Metabasalt (see section above on West
Point thrust sheet); the areas to the east and west are

mostly underlain by rocks of the Bill Arp thrust sheet,

which (including the Richard Russell thrust slice) lack

volcanic components, but scattered infolded slices of

higher thrust sheets containing mafic volcanic compo-

nents occur throughout. The faults that have been

called the "Hayesville" or "Allatoona-Hayesville fault"

to the southwest in Georgia and Alabama are simply

the northwesternmost infolds of the Ropes Creek or

(and) Paulding thrust sheets (±West Point thrust

sheet). We therefore suggest that the names Hayesville

fault, Allatoona-Hayesville fault, and Hayesville or

Hayesville-Fries thrust sheet should not be used in

Georgia and Alabama.

THRUSTING

Major thrusting in the southernmost Appalachians

in Georgia and Alabama appears to have taken place

almost continuously from about Middle Ordovician to

Permian time. The youngest major thrust faults are

those in the Valley and Ridge province (Rome, Clinch-

port, Kingston); the Rome thrust fault serves as an
example. The Rome fault (pi. 1, fig. 1) has thrust the

Cambrian-Ordovician carbonate shelf sequence upcn
rocks as young as Late Mississippian but has been
folded along with Lower Pennsylvanian rocks. There is

evidence (Cressler, 1970) that thrusting on the Rome
fault took place during formation of the major folds in

the underlying rocks. Cressler (1974, p. 31) estimated a

minimum of 5-10 miles (8.5-17 km) ofdisplacement on
the Rome fault, on the basis of remnants of the Rome
thrust sheet found west and northwest of the present

trace of the fault. Actual displacement on the fault is

probably on the order of many tens of kilometers.

Where shale has been thrust upon shale the Rome fault

is marked by a zone of claylike gouge generally less

than 6 cm thick, but where harder rocks such as silt-

stone or limestone are in contact there is generally a

zone (tectonic melange) about 2-4 m thick that is a

mixture of rocks from above and below (Cressler, 1970,

p. 52; 1974, p. 31). Cressler (1974, p. 31) described the

fault as follows:

The Rome Fault is a flat-lying bedding-plane thrust that originated

in shale of the Conasauga or Rome Formations. The fault developed

a frontal prow that angled steeply upward, cutting through the over-

lying formations until it reached the Floyd Shale. There it flattened

out and continued its westward slide. The Conasauga, having been

uplifted 7,000 feet along the frontal prow of the fault, continued to

push westward as a flat thrust sheet. Even with all this movement,

the fault zone in most places consists of only 1 or 2 inches of claylike

gouge.

Probably.about the same age as or only slightly older

than the Rome fault, the Emerson thrust fault (pi. 1)

has emplaced the metamorphic rocks in the Georgia-

bama thrust stack upon the Rome thrust sheet. The
Emerson fault has emplaced rocks as old as the late

Precambrian Great Smoky Group upon rocks as young
as the Lower Mississippian (Chesterian) Floyd Shale.

The amount of displacement on the Emerson fault is

unknown but is probably on the order of many tens of

kilometers rather than hundreds of kilometers (also

see Tull, 1984). The Emerson fault is locally marked by
a thin silicified breccia; mylonitic rocks have not been

found along the fault.

The major fault that forms the boundary between the

crystalline terrane and the Valley and Ridge province

north of Emerson, Ga. (pi. 1), has generally been called

the Great Smoky fault (McConnell and Costello, 1982;

Crawford and Cressler, 1982; and references in both)

and has been assumed to be the same as the Great

Smoky fault in eastern Tennessee. Moreover, with the

exception of Kesler (1950) and Hurst (1973), most
workers have considered the Great Smoky and Emer-
son (formerly Cartersville) faults the same fault

(McConnell and Costello, 1982, and references

therein). Recent detailed work by Crawford and
Cressler (1982; Cressler and others, 1979) has shown
that the east-northeast-trending Emerson fault has

overridden the nearly north-south Great Smoky fault

and other structures and rock units with the same gen-

eral trend near Emerson, Ga., thereby precluding the

equality of the two faults. More recently, Costello and

McConnell (1983) suggested that the nearly north-

south fault that has generally been called the Great

Smoky fault in Georgia is correlative with the Miller

Cove thrust fault in Tennessee, rather than with the

Great Smoky fault. McConnell and Costello (1984,

p. 264) depicted the fault as the "Blue Ridge thrust" but
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stated in a footnote that "the major fault separating

Ocoee Supergroup rocks from Chilhowee Group rocks is

now interpreted to be only the Cartersville fault." Still

more recently, McConnell and Abrams (1984, p. 9,

fig. 2) and Abrams and McConnell (1984, p. 1522) de-

picted the "Cartersville fault" as the boundary between

the Valley and Ridge and Blue Ridge from eastern

Alabama through most ofTennessee, and they used the

name "Great Smoky fault" for the Johnson Mountain
fault of Cressler and others (1979), which is located

entirely in the Valley and Ridge province and has

thrust the Cambrian Rome Formation over the

Cambrian Conasauga Formation. King (1964, p. 100)

pointed out the difficulties in identifying the Great

Smoky fault outside of its type area in eastern Tennes-

see. In light of all of this confusion, we feel that the

fault in northwest Georgia can be correlated directly

with neither the Great Smoky fault nor the Miller Cove

fault with any confidence at the present time, and we
suggest that the fault in Georgia, where we have some
control, be called the Carters Dam fault for Carters

Dam (pi. 1) where it is well exposed in the spillway cuts

(fig. 51).

The exposures at Carters Dam show that the Carters

Dam fault is marked by a zone of tectonic melange as

much as 30 m wide. The lower 2 m of this melange is a

scaly "gouge" containing clasts of sheared Great
Smoky Group rocks from above and of Conasauga For-

mation rocks from below (fig. 51); the matrix also ap-

pears to be derived from a mixture of rocks from above

and below (Cressler, 1974, p. 33). The bulk of the

melange above this zone consists of intensely sheared

and disrupted (fig. 51) quartz-granule metaconglomer-

ate of the Great Smoky Group exposed around the top

of the dam.
The amount of displacement on the Carters Dam

fault is unknown. However, it has transported late Pre-

cambrian Ocoee Supergroup rocks onto the Cambrian-
Ordovician carbonate shelf sequence and younger
rocks in the Rome thrust sheet, suggesting at least

many tens of kilometers of displacement. Regardless of

the amount of displacement, the Emerson and Carters

Dam faults have accounted for final emplacement of

the Georgiabama thrust stack upon the Rome thrust

sheet in the Rome-Kingston thrust stack through Geor-

gia and Alabama.

THRUSTING WITHIN THE GEORGIABAMA THRUST STACK

The Georgiabama thrust stack appears to be divisi-

ble into three main sequences of sheets by differences

in metamorphic and deformational histories and also

by differences in deformation of the sheets northwest

and southeast of the Brevard Zone. The autochtho-

genetic Bill Arp thrust sheet has apparently had a dif-

ferent history from that of the overlying Zebulon,

Clairmont, Wahoo Creek, Atlanta, and Promised Land
thrust sheets, and these five sheets differ from the over-

lying Sandy Springs, Paulding, West Point, Ropes
Creek, and Soapstone Ridge thrust sheets. The most
striking differences occur at or just southeast of the

Brevard Zone and the line of large synforms that are

perhaps best represented by the Newnan-Tucker syn-

form (fig. 2). Northwest of the synforms and the Bre-

vard Zone, the Sandy Springs and higher sheets, as

well as the underlying Zebulon and Bill Arp sheets, are

tightly folded in generally northeast-trending, north-

west-verging isoclines with axial traces that are, in

general, nearly parallel to the axial trace of the New-
nan-Tucker synform. However, to the southeast (fig. 2),

the Sandy Springs and higher sheets rest discordantly

athwart contacts of units involved in the northeast-

trending synforms and appear to have been involved in

fewer folding events than the underlying rocks. These

relations strongly suggest that the Newnan-Tucker
and other cogenetic synforms along strike formed (or

partly formed) before arrival of the Sandy Springs and
higher sheets and before final development of the major

northeast-trending folds to the northwest. Thus, there

appears to be a fundamental tectonic change at, or

more likely just southeast of, the Brevard Zone.

Despite their position at the bottom of the Georgia-

bama thrust stack, rocks of the Bill Arp thrust sheet

northwest of the Brevard Zone are apparently less de-

formed than the rocks of the overlying Zebulon, Sandy
Springs, Paulding, Ropes Creek, and Soapstone Ridge

sheets; rocks of the Bill Arp sheet northwest of the

Brevard apparently have at least one fewer fold gener-

ation than the five next overlying thrust sheets. There-

fore, we suggest that the rocks of the Bill Arp sheet

were neither intensely folded nor much metamor-
phosed when the overlying sheets were emplaced upon
them, whereas the rocks of the Zebulon through
Promised Land sheets were already metamorphosed
and intensely folded before emplacement upon the Bill

Arp sheet.

We have found no firm criteria to indicate whether
the Zebulon, Clairmont, Wahoo Creek, Atlanta, and
Promised Land thrust sheets were emplaced upon the

Bill Arp sheet as an assembled five-sheet stack or sep-

arately in sequence. The fact that the Zebulon thrust

sheet extends almost as far to the north and northwest

as the Bill Arp thrust sheet (pi. 1), and locally almost

to the Valley and Ridge province, seems to suggest that

it may have arrived slightly ahead of, and separately

from, the Clairmont and higher sheets. Moreover, the

fact that the Clairmont, Wahoo Creek, Atlanta, and
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Figure 51.—Fault zone of the Carters Dam fault in construction cuts

for the spillway below Carters Dam, in the Oakman, Ga. 7.5-min

quadrangle. A , Arrow points to main tectonic melange gouge zone.

Entire cut east (right) of main gouge zone is tectonic melange

formed from massive blue-quartz-bearing Ocoee metagraywackes

with lesser amounts of graphitic schists. B , Closer view of faults. C
points to faults within melange. C, Closer view of highly sheared

nature of the tectonic melange at C in B . D , Scaly melange about

5 m east (right) of main gouge zone. Knife is 9 cm long. E , The main
tectonic melange gouge zone (dark zone to right of man). Light

rocks to left of man belong to the Cambrian Conasauga Formation

(trilobites have been collected from the Conasauga a few meters

from this view); rocks to right of dark zone are an autoclastic

melange composed of clasts of widely varying size of Ocoee Super-

group metaconglomerates. Arrows point to native blocks in tec-

tonic melange zones on both sides of the main tectonic melange

gouge. F, Closer view of imbricated dark and light rocks in tectonic

melange. View is at right side ofE. G, Closer view of block of light

rock (Conasauga?) in scaly tectonic melange in eastern edge of

main gouge zone. Knife handle is 6 cm long.

Promised Land sheets are only present southeast of the

Brevard Zone, as much as 50 km south and southeast of

the present northernmost and northwesternmost ex-

tent of the Zebulon thrust sheet, suggests their arrival

upon the Zebulon as a separate four-sheet thrust stack.

The presence of the upper Precambrian Great Smoky
Group in the Bill Arp thrust sheet places a lower con-

straint on the time of emplacement of the overlying

Zebulon, Clairmont, Wahoo Creek, Atlanta, and
Promised Land sheets. Lack of debris from the overly-

ing thrust sheets in the Great Smoky metasedimentary

sequences and the widespread preservation of graded

bedding and other more delicate sedimentary struc-

tures in the rocks (Hurst, 1955; Mellen, 1956; Webb,
1958; Hurst and Schlee, 1962; fig. 6, this paper) suggest

that these Ocoee rocks were well consolidated before

final emplacement of the Zebulon, Clairmont, Wahoo
Creek, Atlanta, and Promised Land thrust sheets.

Therefore, these five sheets were probably emplaced

upon the Bill Arp sheet after the Precambrian, and
probably after the Early Cambrian (see below).

Because it rests in discordant thrust contact upon the

rocks of the Bill Arp, Zebulon, Clairmont, Wahoo
Creek, Atlanta, and Promised Land thrust sheets but

has been folded along with the Bill Arp and Zebulon

sheets northwest of the Brevard Zone, the Sandy
Springs thrust sheet must have been emplaced after

the folding that produced the Newnan-Tucker synform

but before the completion of the northeast-trending

folds northwest of the synform. Thus, the Sandy

Springs and higher thrust sheets must have overridden

the leading edge of the Clairmont through Promised

Land sheets.

The upper limit for time of emplacement of the Zebu-

lon, Clairmont, Wahoo Creek, Atlanta, and Promised

Land sheets upon the Bill Arp sheet, and emplacement
of the overlying Sandy Springs sheet, is best set by the

time of emplacement of the overlying Paulding, West
Point, Ropes Creek, and Soapstone Ridge thrust sheets.

In Alabama (pi. 1), rocks in the leading edge of the

Paulding, West Point, and Ropes Creek sheets (Hill-

abee greenstone) rest in thrust contact upon the Lower
and Middle Devonian (Ozarkian-Onandagan) Jemison

Chert and some of its equivalents (Armuchee Chert-

Frog Mountain Sandstone equivalents), clearly estab-

lishing that these sheets were emplaced in their

present tectonostratigraphic positions after the Middle

Devonian and that the underlying (Zebulon through

Sandy Springs) sheets were emplaced earlier.

Thus, there is evidence that the lower sheets in the

Georgiabama stack were emplaced upon the lowest

(Bill Arp) sheet between Middle Ordovician and Middle

Devonian time. The Athens Shale, Rockmart Slate,

Chota and Tellico Formations, the Talladega Group,

and the rocks in the Rome-Kingston thrust stack pro-

vide further clues for interpreting the time of emplace-

ment of the Zebulon through Sandy Springs sheets.

The Cambrian-Ordovician carbonate shelf sequence

in the Rome-Kingston thrust stack provides evidence of

the time of thrusting in the Georgiabama thrust stack.
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There is abundant evidence that this sequence repre-

sents the building of an enormous carbonate bank that

grew essentially uninterrupted, except for periodic in-

fluxes of mostly fine-grained clastic material from the

craton (such as that in the Rome and Conasauga For-

mations), from the time of deposition of the Lower
Cambrian Shady Dolomite (itself deposited on top of

tidal flat and beach-barrier island deposits of the Chil-

howee Group; Mack, 1980) through the time of deposi-

tion of the Upper Cambrian and Lower Ordovician

Knox Group (Butts, 1926; Rodgers, 1953, 1968, 1982;

Cressler, 1970, 1974; Palmer, 1971; Thomas and
Neathery, 1980; Read, 1985a,b). A regional unconfor-

mity truncates the top of the Knox Group (Colton,

1970; Thomas and Neathery, 1980) and records a major

regression that marked the beginning of instability of

the shelf and signaled the first movement of the Bill

Arp thrust sheet, probably in response to arrival of

higher sheets in the Georgiabama stack upon the

oceanward parts of that sheet. From Middle Ordovician

to Early Devonian time, the shelfwas unstable and was
alternately receiving clastic material from the south-

east and being buckled up and eroded. The end of depo-

sition on the southeastern part of the shelf was estab-

lished with the arrival of the Paulding and Ropes

Creek thrust sheets upon the Lower and Middle Devo-

nian Jemison Chert (Armuchee Chert-Frog Mountain

Sandstone equivalent).

METAMORPHISM AND DEFORMATION

As Rodgers (1982, p. 237-238) recognized, the move-

ment of the great stacks of mostly crystalline thrust

sheets 11 "was what compressed and deformed the rocks

of the folded belt [Valley and Ridge of this paper], pro-

ducing all of the folds and thrust sheets observed

there." We suggest that the slow but relentless colli-

sional impact and the continuously cratonward-
advancing thrust sheets also produced all of the defor-

mation and metamorphism in the crystalline terrane

and that the metamorphism was the result of the over-

pressures and depths of burial caused by the thick

stack of moving thrust sheets, enhanced by the blan-

keting effect of the stack (see Waldbaum, 1971, espe-

cially p. 546). In general, then, metamorphic effects

should decrease toward the leading edges of thrust

sheets or thrust stacks and towards the top of the

1 ' Rodgers (1982, p. 237), following the COCORP interpretations of what was
previously known of the geology of the crystalline part of the southern Ap-

palachians, considered the crystalline rocks to have moved as a single block on

the "major fault at the northwest front of the Blue Ridge" for as much as

200 km.

thrust stack sequence, whereas tight folds with axes

approximately normal to the direction of movement of

the thrust sheets and thrust stacks should increase to-

wards the leading edges, especially if these leading

edges were relatively thin. This picture is oversimpli-

fied, given the complexities of the southern Appalachi-

ans, but fits well in a general way with the metamor-
phic and structural relations in Georgia and Alabama.
One of the most intriguing metamorphic features of

the Georgia and Alabama crystalline terrane is the

difference in metamorphic grade between many of the

rocks in the Paulding, Ropes Creek, and Soapstone

Ridge thrust sheets and the rocks in the thrust sheets

that underlie them. Metamorphosed mafic rocks in the

Paulding, Ropes Creek, and Soapstone Ridge sheets are

commonly chloritic to some extent, are epidote-rich in

many outcrops, and locally have tremolite or actinolite

as their principal ferromagnesian mineral (Hurst and
Crawford, 1*970; Bentley and Neathery, 1970; Neath-

ery, 1975; Stow and others, 1984). Metamorphosed
mafic rocks in the underlying Zebulon, Clairmont,

Wahoo Creek, Atlanta, Promised Land, and Sandy
Springs thrust sheets are unchloritic, generally less

rich in epidote, and almost invariably have hornblende

as their principal ferromagnesian mineral. Most work-

ers have attributed the lower grade of rocks in the

Paulding, Ropes Creek, and Soapstone Ridge sheets to

retrogressive chloritization because these sheets also

have rocks that appear to be at amphibolite grade (al-

though many of these have small amounts of chlorite in

the mode) and some contain pyroxenes. It is often diffi-

cult to distinguish between mafic rocks that have been

prograded to amphibolite grade and later retrograded

to chlorite grade and mafic rocks that have been pro-

graded or partly prograded only to chlorite grade. The
mafic rocks of the Paulding, Ropes Creek, and Soap-

stone Ridge sheets have some of the characteristics

of both. In many parts of the sheets, rocks with

greenschist-facies mineral assemblages, rocks with

amphibolite-facies assemblages, and rocks with assem-

blages belonging to both fades appear to be randomly

intermixed, suggesting retrogression of rocks origi-

nally metamorphosed to the amphibolite facies. Even
the lowest grade mafic rocks near the leading edge of

the Paulding and Ropes Creek thrust sheets (including

the Hillabee greenstone, according to Griffin, 1951,

and Carrington and Wigley, 1967) locally contain horn-

blende and metamorphosed felsic and silicic volcani-

clastic rocks within the predominantly mafic sequences

and have large, locally euhedral hornblende crystals

which Tull and others (1978, p. 20-22) interpreted as

porphyroclasts of "relict phenocrysts from the original

igneous rock." However, most of these hornblende crys-

tals, and particularly the subhedral and euhedral ones,
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are not porphyroclasts. They may originally have been

igneous phenocrysts, but the fact that some of them
appear to have grown and pushed apart the enclosing

foliation planes, forming pressure shadows (Tull and
others, 1978, p. 23, fig. 8), strongly suggests that they

are porphyroblasts formed during amphibolite-facies

metamorphism.

The bulk of evidence indicates that most of the rocks

in the Paulding, Ropes Creek, and Soapstone Ridge

thrust sheets were metamorphosed to amphibolite

grade and later partly retrograded to chlorite grade.

We suggest that rapid and incomplete prograde meta-

morphism of these rocks took place during early stages

of plate collision near their original tectonic settings

and was followed fairly rapidly by generally incom-

plete retrogressive metamorphism during transport.

Also generally at chlorite grade and not intensely

deformed are the metavolcanic and metasedimentary

rocks in the Little River allochthon. The overlying

Northern Florida platform sequence is unmetamor-
phosed. These sheets were probably the last stack of

rocks to arrive in their present position on top of the

Georgiabama thrust stack before collision ceased.

Their high structural position and the waning pressure

of collision probably account for their generally low

grade and lack of strong deformational features.

The thrust sheets in the lower part of the Georgia-

bama thrust stack (Bill Arp through Sandy Springs)

southeast of the Brevard Zone are everywhere at silli-

manite grade. Northwest of the Brevard, in the

Austell-Frolona anticlinorium (pis. 1, 2), the Frolona

Formation, which underlies the Bill Arp Formation in

the Bill Arp thrust sheet, is at kyanite grade, and the

Bill Arp Formation is presumed to be at kyanite grade,

although aluminosilicate index minerals are unknown.
About 25 km to the northwest, where Bill Arp thrust

sheet rocks (Great Smoky Group undivided) reappear

from beneath the Zebulon, Paulding, Ropes Creek, and

Soapstone Ridge thrust sheets (fig. 2), they are mostly

at biotite grade, and the grade appears to decrease to

the northwest until chlorite-grade rocks are present

just southeast of the Emerson fault (also see Webb,
1958). Southwest of the area of figure 2, where wider

outcrop belts of Bill Arp thrust sheet rocks occur (pi. 1)

between the Emerson fault and the leading edges of the

Zebulon, Paulding, Ropes Creek, and Soapstone Ridge

thrust sheets, the zone of chlorite-grade rocks is also

wider; still farther to the southwest, where the Tal-

ladega Group intervenes between the Talladega thrust

fault and the leading edges of the higher thrust sheets,

the zone of chlorite-grade rocks is wider still. A wider

zone of chlorite- and biotite-grade rocks of the Bill Arp
thrust sheet also occurs west of the last erosional rem-

nants of the Zebulon thrust sheet in northern Georgia

(pi. 1; also J.W. Smith and others, 1969, and Hurst,

1973), west of the Murphy syncline.

Rocks of the Zebulon thrust sheet maintain kyanite-

grade, and locally staurolite-grade, assemblages from

where they emerge from beneath the leading edge of

the Clairmont melange and higher sheets to the

present leading edge of the Zebulon sheet (pi. 1).

Throughout this extent the Zebulon sheet was struc-

turally overlain by the Paulding, Ropes Creek, and
Soapstone Ridge thrust sheets. Thus, again there ap-

pears to be a relation between the presence and thick-

ness of overlying thrust sheets and degree of metamor-
phism; where the Zebulon sheet was overlain by the

thick Clairmont, Wahoo Creek, Atlanta, and Promised
Land thrust sheets it is at sillimanite grade, but where
it was overlain only by the Sandy Springs, Paulding,

Ropes Creek, and Soapstone Ridge thrust sheets or by
just the Paulding, Ropes Creek, and Soapstone Ridge

sheets it is at kyanite or staurolite grade.

Perhaps the most dramatic evidence suggesting a

relation between overlying thrust sheets and degree of

metamorphism lies in the Jemison Chert and
"Sylacauga marbles" near the northwestern edge of the

crystalline terrane in Alabama (pi. 1). We have already

described how the Jemison Chert can be traced from an
unmetamorphosed rock to a metamorphic tectonite,

with the change taking place almost exactly where the

Hillabee greenstone first rests in thrust contact upon
it. A similar situation exists in the "Sylacauga mar-

bles." These "Sylacauga Marble group" rocks are now
known to belong to the Valley and Ridge province

Cambrian-Ordovician carbonate shelf sequence, yet

they appear to have been mildly metamorphosed be-

cause they were once structurally overlain by the

Talladega Group.

The thrust sheets and their emplacement also af-

fected the style and intensity of deformation. Southeast

of the leading edges of the Clairmont melange and Wa-
hoo Creek thrust sheets (pis. 1,2), rocks of the Zebulon,

Clairmont melange, Wahoo Creek, Atlanta, and
Promised Land thrust sheets have at least five genera-

tions of folds (Atkins and Higgins, 1980) and have been

folded into large, northwest-verging, tight to isoclinal,

moderately to steeply inclined (Fleuty, 1964) synforms,

such as the Newnan-Tucker synform, that must have
formed slightly before or during the later stages of em-
placement of the overlying Sandy Springs, Paulding,

Ropes Creek, and Soapstone Ridge thrust sheets, which
discordantly overlie the synforms and the earlier folds

(pis. 1, 2). Southeast of the Newnan-Tucker synform
and similar synforms roughly along strike, other large

synforms, such as the Griffin synform containing the

Zebulon and Atlanta thrust sheets, and large an-

tiforms, such as the Ola anticlinorium containing the
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There is abundant evidence that this sequence repre-

sents the building of an enormous carbonate bank that

grew essentially uninterrupted, except for periodic in-

fluxes of mostly fine-grained clastic material from the

eraton (such as that in the Rome and Conasauga For-

mations), from the time of deposition of the Lower
Cambrian Shady Dolomite (itself deposited on top of

tidal flat and beach-barrier island deposits of the Chil-

howee Group; Mack, 1980) through the time of deposi-

tion of the Upper Cambrian and Lower Ordovician

Knox Group (Butts, 1926; Rodgers, 1953, 1968, 1982;

Cressler, 1970, 1974; Palmer, 1971; Thomas and
Neathery, 1980; Read, 1985a,b). A regional unconfor-

mity truncates the top of the Knox Group (Colton,

1970; Thomas and Neathery, 1980) and records a major

regression that marked the beginning of instability of

the shelf and signaled the first movement of the Bill

Arp thrust sheet, probably in response to arrival of

higher sheets in the Georgiabama stack upon the

oceanward parts of that sheet. From Middle Ordovician

to Early Devonian time, the shelfwas unstable and was
alternately receiving clastic material from the south-

east and being buckled up and eroded. The end of depo-

sition on the southeastern part of the shelf was estab-

lished with the arrival of the Paulding and Ropes

Creek thrust sheets upon the Lower and Middle Devo-

nian Jemison Chert (Armuchee Chert-Frog Mountain

Sandstone equivalent).

METAMORPHISM AND DEFORMATION

As Rodgers (1982, p. 237-238) recognized, the move-

ment of the great stacks of mostly crystalline thrust

sheets 11 "was what compressed and deformed the rocks

of the folded belt [Valley and Ridge of this paper], pro-

ducing all of the folds and thrust sheets observed

there." We suggest that the slow but relentless colli-

sional impact and the continuously cratonward-
advancing thrust sheets also produced all of the defor-

mation and metamorphism in the crystalline terrane

and that the metamorphism was the result of the over-

pressures and depths of burial caused by the thick

stack of moving thrust sheets, enhanced by the blan-

keting effect of the stack (see Waldbaum, 1971, espe-

cially p. 546). In general, then, metamorphic effects

should decrease toward the leading edges of thrust

sheets or thrust stacks and towards the top of the

"Rodgers ( 1982, p. 237), following the COCORP interpretations of what was
previously known of the geology of the crystalline part of the southern Ap-

palachians, considered the crystalline rocks to have moved as a single block on

the "major fault at the northwest front of the Blue Ridge" for as much as

200 km.

thrust stack sequence, whereas tight folds with axes

approximately normal to the direction of movement of

the thrust sheets and thrust stacks should increase to-

wards the leading edges, especially if these leading

edges were relatively thin. This picture is oversimpli-

fied, given the complexities of the southern Appalachi-

ans, but fits well in a general way with the metamor-
phic and structural relations in Georgia and Alabama.
One of the most intriguing metamorphic features of

the Georgia and Alabama crystalline terrane is the

difference in metamorphic grade between many of the

rocks in the Paulding, Ropes Creek, and Soapstone

Ridge thrust sheets and the rocks in the thrust sheets

that underlie them. Metamorphosed mafic rocks in the

Paulding, Ropes Creek, and Soapstone Ridge sheets are

commonly chloritic to some extent, are epidote-rich in

many outcrops, and locally have tremolite or actinolite

as their principal ferromagnesian mineral (Hurst and
Crawford, T970; Bentley and Neathery, 1970; Neath-

ery, 1975; Stow and others, 1984). Metamorphosed
mafic rocks in the underlying Zebulon, Clairmont,

Wahoo Creek, Atlanta, Promised Land, and Sandy
Springs thrust sheets are unchloritic, generally less

rich in epidote, and almost invariably have hornblende

as their principal ferromagnesian mineral. Most work-

ers have attributed the lower grade of rocks in the

Paulding, Ropes Creek, and Soapstone Ridge sheets to

retrogressive chloritization because these sheets also

have rocks that appear to be at amphibolite grade (al-

though many of these have small amounts of chlorite in

the mode) and some contain pyroxenes. It is often diffi-

cult to distinguish between mafic rocks that have been

prograded to amphibolite grade and later retrograded

to chlorite grade and mafic rocks that have been pro-

graded or partly prograded only to chlorite grade. The
mafic rocks of the Paulding, Ropes Creek, and Soap-

stone Ridge sheets have some of the characteristics

of both. In many parts of the sheets, rocks with
greenschist-facies mineral assemblages, rocks with

amphibolite-facies assemblages, and rocks with assem-

blages belonging to both fades appear to be randomly
intermixed, suggesting retrogression of rocks origi-

nally metamorphosed to the amphibolite facies. Even
the lowest grade mafic rocks near the leading edge of

the Paulding and Ropes Creek thrust sheets (including

the Hillabee greenstone, according to Griffin, 1951,

and Carrington and Wigley, 1967) locally contain horn-

blende and metamorphosed felsic and silicic volcani-

clastic rocks within the predominantly mafic sequences

and have large, locally euhedral hornblende crystals

which Tull and others (1978, p. 20-22) interpreted as

porphyroclasts of "relict phenocrysts from the original

igneous rock." However, most of these hornblende crys-

tals, and particularly the subhedral and euhedral ones,
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are not porphyroclasts. They may originally have been

igneous phenocrysts, but the fact that some of them
appear to have grown and pushed apart the enclosing

foliation planes, forming pressure shadows (Tull and

others, 1978, p. 23, fig. 8), strongly suggests that they

are porphyroblasts formed during amphibolite-facies

metamorphism.
The bulk of evidence indicates that most of the rocks

in the Paulding, Ropes Creek, and Soapstone Ridge

thrust sheets were metamorphosed to amphibolite

grade and later partly retrograded to chlorite grade.

We suggest that rapid and incomplete prograde meta-

morphism of these rocks took place during early stages

of plate collision near their original tectonic settings

and was followed fairly rapidly by generally incom-

plete retrogressive metamorphism during transport.

Also generally at chlorite grade and not intensely

deformed are the metavolcanic and metasedimentary

rocks in the Little River allochthon. The overlying

Northern Florida platform sequence is unmetamor-
phosed. These sheets were probably the last stack of

rocks to arrive in their present position on top of the

Georgiabama thrust stack before collision ceased.

Their high structural position and the waning pressure

of collision probably account for their generally low

grade and lack of strong deformational features.

The thrust sheets in the lower part of the Georgia-

bama thrust stack (Bill Arp through Sandy Springs)

southeast of the Brevard Zone are everywhere at silli-

manite grade. Northwest of the Brevard, in the

Austell-Frolona anticlinorium (pis. 1, 2), the Frolona

Formation, which underlies the Bill Arp Formation in

the Bill Arp thrust sheet, is at kyanite grade, and the

Bill Arp Formation is presumed to be at kyanite grade,

although aluminosilicate index minerals are unknown.
About 25 km to the northwest, where Bill Arp thrust

sheet rocks (Great Smoky Group undivided) reappear

from beneath the Zebulon, Paulding, Ropes Creek, and

Soapstone Ridge thrust sheets (fig. 2), they are mostly

at biotite grade, and the grade appears to decrease to

the northwest until chlorite-grade rocks are present

just southeast of the Emerson fault (also see Webb,

1958). Southwest of the area of figure 2, where wider

outcrop belts of Bill Arp thrust sheet rocks occur (pi. 1)

between the Emerson fault and the leading edges of the

Zebulon, Paulding, Ropes Creek, and Soapstone Ridge

thrust sheets, the zone of chlorite-grade rocks is also

wider; still farther to the southwest, where the Tal-

ladega Group intervenes between the Talladega thrust

fault and the leading edges of the higher thrust sheets,

the zone of chlorite-grade rocks is wider still. A wider

zone of chlorite- and biotite-grade rocks of the Bill Arp
thrust sheet also occurs west of the last erosional rem-

nants of the Zebulon thrust sheet in northern Georgia

(pi. 1; also J.W. Smith and others, 1969, and Hurst,

1973), west of the Murphy syncline.

Rocks of the Zebulon thrust sheet maintain kyanite-

grade, and locally staurolite-grade, assemblages from

where they emerge from beneath the leading edge of

the Clairmont melange and higher sheets to the

present leading edge of the Zebulon sheet (pi. 1).

Throughout this extent the Zebulon sheet was struc-

turally overlain by the Paulding, Ropes Creek, and
Soapstone Ridge thrust sheets. Thus, again there ap-

pears to be a relation between the presence and thick-

ness of overlying thrust sheets and degree of metamor-
phism; where the Zebulon sheet was overlain by the

thick Clairmont, Wahoo Creek, Atlanta, and Promised
Land thrust sheets it is at sillimanite grade, but where
it was overlain only by the Sandy Springs, Paulding,

Ropes Creek, and Soapstone Ridge thrust sheets or by
just the Paulding, Ropes Creek, and Soapstone Ridge

sheets it is at kyanite or staurolite grade.

Perhaps the most dramatic evidence suggesting a

relation between overlying thrust sheets and degree of

metamorphism lies in the Jemison Chert and
"Sylacauga marbles" near the northwestern edge of the

crystalline terrane in Alabama (pi. 1). We have already

described how the Jemison Chert can be traced from an
unmetamorphosed rock to a metamorphic tectonite,

with the change taking place almost exactly where the

Hillabee greenstone first rests in thrust contact upon
it. A similar situation exists in the "Sylacauga mar-

bles." These "Sylacauga Marble group" rocks are now
known to belong to the Valley and Ridge province

Cambrian-Ordovician carbonate shelf sequence, yet

they appear to have been mildly metamorphosed be-

cause they were once structurally overlain by the

Talladega Group.

The thrust sheets and their emplacement also af-

fected the style and intensity of deformation. Southeast

of the leading edges of the Clairmont melange and Wa-
hoo Creek thrust sheets (pis. 1, 2), rocks of the Zebulon,

Clairmont melange, Wahoo Creek, Atlanta, and
Promised Land thrust sheets have at least five genera-

tions of folds (Atkins and Higgins, 1980) and have been

folded into large, northwest-verging, tight to isoclinal,

moderately to steeply inclined (Fleuty, 1964) synforms,

such as the Newnan-Tucker synform, that must have
formed slightly before or during the later stages of em-
placement of the overlying Sandy Springs, Paulding,

Ropes Creek, and Soapstone Ridge thrust sheets, which
discordantly overlie the synforms and the earlier folds

(pis. 1, 2). Southeast of the Newnan-Tucker synform

and similar synforms roughly along strike, other large

synforms, such as the Griffin synform containing the

Zebulon and Atlanta thrust sheets, and large an-

tiforms, such as the Ola anticlinorium containing the
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Zebulon and Bill Arp thrust sheets, become more open

and more upright (pi. 20). We attribute the differences

to a rumpling effect in the leading edge of the moving

stack of thrust sheets (much as a pushed carpet be-

comes more tightly folded at its leading edge), an effect

that naturally decreases away from the front. The

cause and effects are thus quite similar to the thrust-

caused folds in the Valley and Ridge province (Cressler,

1970; Rodgers, 1982).

Northwest of the leading edge of the Clairmont or

Wahoo Creek thrust sheet (pis. 1, 2), the Sandy
Springs, Paulding, Ropes Creek, and Soapstone Ridge

thrust sheets, which hardly participated in the

northeast-southwest folding that produced the

Newnan-Tucker line of synforms to the southeast, and

to a slightly lesser extent the Bill Arp and Zebulon

sheets as well, are folded into northwest-verging, tight

to isoclinal, gently to steeply inclined folds that become

closer spaced to the northwest toward the leading edges

of the sheets. Here again the pushed-carpet analogy

seems to apply, with the thick, already folded

(Newnan-Tucker and similar synforms) Promised Land
and underlying sheets forming the more solid pushing

block. As with the metamorphic scenario, this picture

is oversimplified, chiefly because the folding probably

took place continuously, with formation of folds in one

sector of the stack overlapping and overtaking the for-

mation of folds in another sector, as appears to have

happened in the Valley and Ridge province (Cressler,

1970, 1974).

Variations in metamorphic effects upon K-Ar and
40Ar-39Ar ages of micas also appear to be related to the

thickness of overlying thrust sheets and stacks. As
Hurst (1970, p. 394, fig. 5) recognized, K-Ar dates of

biotite and muscovite are, in general, older to the

northwest and younger to the southeast across the crys-

talline terrane in Georgia, Alabama, South Carolina,

and parts of Tennessee and North Carolina, until older

ages reappear in the Little River allochthon. Hurst

(1973, p. 664) stated, "An areal plot of available radio-

metric ages for the southeastern United States shows a

well defined pattern. For micas the older ages are along

the west side of the Blue Ridge belt. Eastward the ages

are progressively though erratically younger toward

the zone characterized by 250 Ma ages, which extends

northeast-southwest through Raleigh, North Carolina,

and Elberton, Georgia." Thus, in a general way, it ap-

pears that where the rocks were covered by numerous
thick thrust sheets, the metamorphic effect has been a

lowering of K-Ar ages of micas, and where the rocks

were covered only by a few sheets or by the thinner

leading edges of sheets older K-Ar ages of micas have
been retained.

40Ar-39Ar plateau ages of hornblende and muscovite

(Dallmeyer and Hatcher, 1985) from rocks of the Zebu-

lon thrust sheet and the Ropes Creek thrust sheet in

northeast Georgia (in the area of the so-called "Alto

allochthon," see above) also support a relation between

the thickness of overlying thrust sheets and the ages.

The oldest ages are from the Ropes Creek Metabasalt

in the Ropes Creek thrust sheet ("Chauga belt" of

Dallmeyer and Hatcher, 1985) near the top of the Geor-

giabama thrust stack, and younger ages are from the

Zebulon Formation in the Zebulon thrust sheet (rocks

of the "Alto allochthon" of Dallmeyer and Hatcher,

1985) near the bottom of the Georgiabama thrust stack.

In addition, a comparison of the ages from the Zebulon

rocks in northeast Georgia with those obtained by
Dallmeyer (1978) from the Atlanta, Ga., area also sup-

ports a relation between thickness of thrust sheets and
40Ar-39Ar plateau ages. The Zebulon rocks in northeast

Georgia have older plateau ages than the rocks in the

Atlanta area (Dallmeyer, 1978; Dallmeyer and
Hatcher, 1985). The Zebulon rocks dated in northeast

Georgia were probably never covered by the thick Clair-

mont, Wahoo Creek, Atlanta, and Promised Land thrust

sheets (pi. 1), whereas the rocks dated in the Atlanta area

were covered by one or more of these sheets.

THE BREVARD ZONE

The Brevard Zone is a narrow zone of sheared and
low-grade-appearing rocks that extends from beneath

the Coastal Plain in Alabama to southern Virginia.

There have been more than twenty different interpre-

tations and combinations of interpretations of the na-

ture of this controversial zone (see reviews and discus-

sions in Medlin and Crawford, 1973; Roper and Justus,

1973; Rankin, 1975; and references in all three). Many
of these interpretations have invoked thrust faulting or

strike-slip faulting, or some combination of the two, to

explain the zone, but nearly as many have emphasized

the stratigraphic nature of the zone. Still other inter-

pretations involve some form of root zone, or a

"Caledonide-like Abscherung-zone," or a paleosubduc-

tion zone, or a complicated polytectonic zone in which

isoclinal folds are formed and then sheared out during

plate collision(s), or the suture zone between a Pied-

mont island arc and the North American continent,

which was also the root zone for Blue Ridge thrust

sheets, or the transported suture along which the proto-

Atlantic Ocean finally closed.

Perhaps not surprisingly, our work indicates that the

Brevard Zone is probably a combination of many of the

previous interpretations in one sense or another, ex-

cept for the root zone, Abscherungzone, transported su-
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ture, and paleosubduction zone interpretations. Our
work shows that throughout Georgia and Alabama at

least, identical stratigraphic sequences in the Bill Arp,

Zebulon, Sandy Springs, Paulding, Ropes Creek, and

Soapstone Ridge thrust sheets are found on both sides

of the Brevard Zone (pis. 1, 2), and that the only major

sequences found on one side of the zone but not on the

other are those in the Clairmont, Wahoo Creek, At-

lanta, and Promised Land thrust sheets and in the Lit-

tle River thrust stack (excluding of course rocks in the

Valley and Ridge province, including the Talladega

Group, Rockmart Slate, and Athens Shale). This pre-

cludes the Brevard Zone being a fault of great magni-

tude, as predicted by Hurst (1970, 1973). It also nulli-

fies the concept that the Blue Ridge and Piedmont are

separate geologic belts, as pointed out earlier by
Medlin and Crawford (1973) and Crawford and Medlin

(1973). Our work shows that no major thrust sheets in

Georgia and Alabama are rooted in the Brevard Zone

or anywhere near it.

The works of Hurst and Crawford (1964), Hatcher

(1969), Hurst (1973), Medlin and Crawford (1973),

Crawford and Medlin (1973, 1974), and Kline (1980),

and our own work, clearly show that mappable strati-

graphic sequences are present in the traditional Bre-

vard Zone. We further suggest that different sequences

within the zone are different thrust sheets in the Geor-

giabama thrust stack that have been sheared and gen-

erally incompletely retrograded. The rocks of the Bre-

vard Zone were considered low-grade (and prograde)

phyllites and schists by Keith (1905, 1907b), and
Hatcher (1969, 1970). Our work confirms the conclu-

sions of Jonas (1932) and Reed and Bryant (1964) that

the low-grade appearance of the Brevard Zone rocks is

due to retrogressive metamorphism. Relict staurolite,

kyanite, and sillimanite have been found in the low-

grade-appearing rocks virtually throughout the length

of the Brevard Zone, from Alabama to northern North

Carolina (Keith, 1905, p. 8; Reed and Bryant, 1964,

p. 1181, 1183; Butler and Dunn, 1968, p. 43; Bentley

and Neathery, 1970, p. 23-24; Hurst, 1970, p. 389;

Roper and Dunn, 1971, 1973; Crawford and Medlin,

1973, p. 714, 719; 1974, p. 1-4; Medlin and Crawford,

1973, p. 99; Roper and Justus, 1973, p. 115).

In Georgia and Alabama rocks in the Brevard Zone

are identifiable as belonging to several different thrust

sheets in the Georgiabama thrust stack. Near Atlanta,

Ga. (pis. 1, 2), the rocks in the Brevard are retrograded

(locally graphitic) schists and phyllonites that are de-

void of volcanogenic components and that belong to the

Bill Arp thrust sheet. Just southwest of Atlanta, these

rocks are structurally overlain by the Zebulon thrust

sheet, and the shearing and retrogression typical of the

zone have affected schists, amphibolites, and gneisses

of the Zebulon Formation in the Zebulon thrust sheet.

A short distance farther to the southwest, the Zebulon

sheet in the Brevard Zone is structurally overlain by
the Sandy Springs thrust sheet and locally by slices of

the Paulding thrust sheet, so that the shearing and
retrogression have affected rocks of the Sandy Springs

Group and locally the Paulding Volcanic-Plutonic

Complex. The shearing and retrogressive effects ap-

pear to stay within the Sandy Springs Group and the

part of the Jacksons Gap Group (Bentley and Neathery,

1970) that belongs to the Sandy Springs thrust sheet

all the way to the Coastal Plain overlap in Alabama
(pi. 1). Northeast of Atlanta, the Brevard is mostly

composed of rocks of the Bill Arp and Zebulon thrust

sheets so closely folded together that we have not yet

been able to divide them. Locally, rocks of the Sandy
Springs sheet occur in the zone northeast of Atlanta.

The marbles in the Brevard Zone have most recently

been considered to be Valley and Ridge carbonate-

shelf-sequence rocks (Shady Dolomite or Knox Group
rocks) brought to the level of the present surface by

thrust faulting (Hatcher, 1971a; Hatcher and others,

1973; Hatcher, 1978a). Where we have seen these mar-
bles they are always infolded with sequences of sheared

pelitic rocks and sheared metagraywacke that lack am-
phibolites and appear to belong to the Bill Arp thrust

sheet. We interpret the Brevard Zone metacarbonate

rocks as representing the same depositional environ-

ments as the Murphy and Chewacla Marbles, though

probably in a different Ocoee basin. Thus, the Brevard

marbles may be roughly the same age as Valley and

Ridge carbonate-shelf-sequence rocks, but they are

probably not directly correlative with any of the

carbonate-shelf-sequence units.

Our work has also demonstrated approximately

35 km of late right-lateral displacement along the

Brevard Zone between Gainesville, Ga., and Suwanee,

Ga. (pi. 1). Tightly folded stratigraphic sequences of

Sandy Springs Group rocks in the Sandy Springs thrust

sheet are present on both sides of the Brevard Zone in

this stretch between Gainesville and Suwanee, as first

suggested by Hurst (1973) and later shown by the de-

tailed work of Kline (1980, 1981). Narrow, parallel,

tight to isoclinal, northeast-trending anticlines and
synclines, involving the distinctive Sandy Springs

stratigraphic sequence, can be followed for many kilo-

meters to the southwest; in the vicinity of Gainesville,

they bend abruptly southeastward and terminate
within (probably structurally above) a narrow outcrop

belt of Bill Arp thrust sheet rocks that marks the cen-

ter of the sheared and retrograded Brevard Zone there.

Identical tight folds of the Sandy Springs Group on the

southeast side of the Brevard trend southwest to the

vicinity ofSuwanee and then bend abruptly northwest-
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ward to terminate within the Brevard. The bending of

the folds and the stratigraphic sequence on both sides

of the Brevard Zone are interpreted to be the result of

drag folding caused by right-lateral strike-slip faulting

along an unseen fault or faults within the narrow zone.

The measured displacement is approximately 35 km.

Because the offset and drag affect the folds in the

Sandy Springs thrust sheet, and because these folds

probably formed after the Early Silurian (see above),

strike-slip faulting is considered post-Early Silurian.

The Carboniferous Ben Hill and Palmetto Granites

near Atlanta, Ga., place further constraints on the age

of the strike-slip faulting along the Brevard Zone in

Georgia. Right-lateral faulting along the Brevard is

suggested by the northeast-trending "tails" of the gran-

ites (pis. 1, 2), but no offset of stratigraphic sequences

or other features has been found anywhere but in the

stretch between Gainesville and Suwanee. The strike-

slip faulting along the Brevard is probably post-

Carboniferous and local.

There is also evidence of late normal faulting along

part of the northwestern border of the Brevard Zone

(W.A. White, 1950; Butler and Dunn, 1968; Roper and

Dunn, 1971; Stonebraker and Harper, 1973; Roper and

Justus, 1973), in which the southeastern side is down-

thrown relative to the northwestern side. Like the

strike-slip faulting, this normal faulting is probably

post-Carboniferous.

Our interpretation of the pre-Carboniferous Brevard

in Georgia and Alabama is akin to the interpretation of

Roper and Justus (1973), but with some modifications.

We suggest that the Brevard is a complex polytectonic

zone of extreme flattening, isoclinal to elasticas

(Fleuty, 1964) folding, and shearing that formed con-

tinuously in parts of the thrust sheets beneath and in

front of the advancing Clairmont and higher sheets in

the Georgiabama thrust stack, and that the Brevard
was transported cratonward along with the stack. It

probably started forming far from its present position

as the Clairmont thrust sheet moved onto the underly-

ing Zebulon thrust sheet causing isoclinal folding and
shearing of the Zebulon sheet and underlying Bill Arp
sheet immediately in front of and beneath the leading

edge of the Clairmont and the thick stack of sheets

above the Clairmont. As the stack of moving thrust

sheets continued to advance, rocks in the zone were
continuously refolded, flattened, mylonitized, and re-

mylonitized. Isoclinal folds were almost continuously

being formed and then sheared out in different parts of

the zone (Roper and Justus, 1973), but vestiges of the

original stratigraphic sequences survived in many
places, especially in upfolded parts of the Bill Arp sheet

and in the Sandy Springs, Paulding, Ropes Creek, and
Soapstone Ridge thrust sheets, which only became in-

volved and infolded in the Brevard Zone after their

leading edges had overridden the leading edge of the

Atlanta and Promised Land sheets but while the

greater parts of these sheets were still on top of and
moving with the Promised Land and lower sheets

(pi. 2).

Thus, the Brevard Zone is a kind of suture zone only

in the sense that it is the frontal "suture" of the far-

travelled, allochthogenetic Clairmont, Wahoo Creek,

Atlanta, and Promised Land thrust sheets. It could also

be considered a kind of very complicated tectonic

melange formed in front of and beneath a thick stack of

thrust sheets.

PLUTONISM

Granitic plutonic rocks underlie large areas in the

crystalline terrane of Georgia and Alabama (pi. 1; not

all are shown in pi. 1). At present, the number of radio-

metrically dated plutons is small, but available radio-

metric data coupled with geologic data indicate three

major groups of granitic plutons (fig. 52): (1) Cambrian
(and Early Ordovician?) plutons that have intruded

consanguineous ocean-ridge, ocean-floor, and island-

arc rocks and have been transported with these rocks in

the Zebulon and higher thrust sheets; (2) Silurian-

Devonian plutons that have intruded Bill Arp or Bill

Arp and Zebulon thrust sheet rocks but have been over-

thrust by higher thrust sheets; and (3) Carboniferous

plutons that have intruded all of the thrust sheets in

the Georgiabama and Little River thrust stacks. The
Cambrian plutons appear to have been the result of

island-arc or ocean-ridge volcanism, whereas the

younger plutons appear to have been derived through

anatexis of lower thrust sheets (perhaps including

Grenville basement in the Bill Arp thrust sheet), in the

Georgiabama thrust stack, and of depleted oceanic

lithosphere at the base of the Little River thrust stack.

The heat necessary to achieve the melting was caused

by the insulating effect of the overlying stack of thrust

sheets (see Buck and Toksoz, 1983). Thus, granitic plu-

tonism appears to have taken place when the pile of

thrust sheets and stacks was thickest, from Silurian

through Carboniferous time (pi. 2). Waldbaum (1971)

and Wood and Spera (1984) have shown that adiabatic

decompression can cause temperature rises in the

crust, and Sinha and others (1985) suggested that such

decompression may result from isostatic adjustment

following loading by the thrust stacks. They (Sinha and

others, 1985) suggested that granitic magmas are pro-

duced through anatectic melting caused by this decom-

pression and that the melting takes place about 30 to

50 m.y. after the extreme stackup of thrust sheets. We
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believe that magma production is more continuous

than periodic but that the stackup of thrust sheets and

thrust stacks causes the plutonism, probably by a com-

bination of their blanketing effects (Buck and Toksoz,

1983) and the effects of decompression (Waldbaum,

1971; Wood and Spera, 1984; Sinha and others, 1985);

this mechanism also applies to the ~400-Ma mafic plu-

tons in the Macon melange.

CAMBRIAN (AND ORDOVICIAN?) PLUTONS

The oldest group of deformed and metamorphosed

pre-Carboniferous Paleozoic granitic plutons in the

southern Appalachians are K-feldspar-poor granitic

plutons that have intruded the Ropes Creek Meta-

basalt in the Ropes Creek thrust sheet and similar plu-

tons that are part of the Paulding Volcanic-Plutonic

Complex in the Paulding thrust sheet (pi. 1, fig. 52).

Field relations indicate that these plutons have been

transported with the thrust sheets and are locally trun-

cated against the basal thrust faults. Therefore, their

minimum age, on the basis of geologic relations and

sparse geochronologic data, is Middle Ordovician, but

their actual age is probably Cambrian. Some of the

plutons, such as the Villa Rica Gneiss in western Geor-

gia (Appendix A), are trondhjemitic (Pate, 1980;

Sanders, 1983). Abrams and McConnell (1981) and
McConnell and Abrams (1984) considered the Villa

Rica Gneiss to be of volcanic origin and called it a

"metadacite." However, the Villa Rica is mostly mas-

sive, and xenoliths of Ropes Creek Metabasalt are com-

mon in the gneiss indicating a plutonic origin, as recog-

nized by Pate (1980). The mineralogic and chemical

composition of the Villa Rica (Pate, 1980; Sanders,

1983) is similar to the composition of some of the thin

felsic laminae in the Ropes Creek Metabasalt. The
K-feldspar-poor plutons are considered essentially con-

sanguineous with the metavolcanic rocks they have
intruded, and most (including the Villa Rica Gneiss)

are probably hypabyssal plutons.

SILURIAN-DEVONIAN PLUTONS

The Austell Gneiss (Appendix A) serves as an exam-
ple of a second group of metamorphosed and deformed
plutons. The northeastern "nose" of the Austell-

Frolona anticlinorium (fig. 2B) is occupied by a

coarsely porphyritic or blastoporphyritic biotite-

oligoclase-quartz-microcline quartz monzonite gneiss

(Coleman and others, 1973; Crawford and Medlin,

1974; Abrams and McConnell, 1981) that Hayes (1901)

named the Austell Granite and Medlin and Crawford

(1973) renamed the Austell Gneiss (the name Austell

Gneiss is here adopted). The gneiss is at best only a

semiconcordant intrusion whose original shape has

been considerably modified, especially along its south-

east side by thrusting on the Chattahoochee fault

(Hurst, 1973) 12 and along parts of its northwest side by
the Sandy Springs and Ropes Creek thrust faults. The
Austell has intruded the Bill Arp Formation, of which

it contains xenoliths (fig. 53), and is interpreted to have
intruded the Zebulon Formation because coarse micas

have grown across the foliation in Zebulon schists near

their contact with the gneiss. The Austell Gneiss has

been overthrust by the Sandy Springs and higher

thrust sheets, which are also folded with the gneiss.

Our mapping shows abundant graded beds in the Bill

Arp Formation in the northeastern part of the Austell-

Frolona anticlinorium, which indicate clearly that it is

an anticlinorium and that the axial trace of the anti-

clinorium is truncated at an angle by the Austell

Gneiss (fig. 2). Nevertheless, despite the discordancy

between the gneiss and the Bill Arp Formation, there

are indications that the gneiss has been folded.

Medlin and Crawford (1973; Crawford and Medlin,

1974) mapped a narrow outcrop belt of schist (which

they called the Union Grove schist) that forms a fold-

like curved pattern within the Austell Gneiss. Abrams
and McConnell (1981) recognized that this unit, which

also contains metagraywacke, belongs to the Bill Arp
Formation, but they mapped it as truncated by the

Chattahoochee fault along the southeast side of the

Austell-Frolona fold. Our mapping shows that this thin

band of Bill Arp rocks is not truncated by the Chatta-

hoochee fault but continues southwestward, dividing

the Austell Gneiss, and connects with the main body of

the Bill Arp in the anticlinorium, making it even more
perplexing. This narrow belt of Bill Arp rocks is a puz-

zle in any structural interpretation of the Austell

Gneiss; it must either be an infolded roof-pendant or a

thin septum separating two intrusive masses of the

Austell.

Structural features within the Austell Gneiss also

indicate that it has been folded. As previous workers

have noted, the gneiss has a weak to moderately well

developed foliation formed by alignment of microcline

phenocrysts and biotite that appears to conform with

its crescent shape. Is this foliation the result of folding

12McConnell and Abrams ( 1984) and Abrams and McConnell 1 1984) gave the

name "Blairs Bridge fault" to that part of Hurst's (1973) Chattahoochee fault

lying southeast of the Austell Gneiss and the Austell-Frolona anticlinorium.

Our mapping indicates that there is no fault at Blairs Bridge—Chattahoochee

Palisades Quartzite on the northwest limb of a major isoclinal fold crosses

Sweetwater Creek uninterrupted within a few tens of meters of Blairs Bridge.

The Chattahoochee fault is a valid fault. We recommend abandonment of the

name "Blairs Bridge fault."
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A , Xenoliths of Bill Arp Formation metagraywackes in

Austell Gneiss. Arrow points to xenolith that has partially become

a "ghost." Knife on largest xenolith is 8 cm long. Outcrop on north

side of eastbound lanes of Interstate 20, 2 km west of Georgia

Highway 5, in the Winston, Ga. 7.5-min quadrangle. B , Texture of

Austell Gneiss a few meters away from xenoliths. Same outcrop as

A. Coin is 1.9 cm in diameter. C, Protoclastic texture of Austell

Gneiss developed at contact with large xenolith in same outcrop as

A . Texture is interpreted to result from "freezing" of the moving

Austell magma as it came into contact with the cooler xenolith.

Coin is 1.9 cm in diameter.

under metamorphic conditions, or is it an igneous flow-

foliation formed during intrusion of the gneiss? Our
study indicates that it is a combination of the two; the

Austell Gneiss was probably intruded after the

Austell-Frolona fold had begun to grow, but before its

formation was complete, thereby explaining the discor-

dance between the gneiss and the Bill Arp Formation.

The Sandy Springs and higher thrust sheets in the

Georgiabama stack were then thrust upon the Austell

Gneiss and the Bill Arp and Zebulon thrust sheets and
subsequently folded with the gneiss and these thrust

sheets as the anticlinorium continued to grow. We sug-

gest that the Austell obtained its foliation partly as a

result of igneous flowage as it was emplaced semicon-

cordantly into the Austell-Frolona anticlinorium,

molding itself around the growing fold, and partly as a

result of being folded under metamorphic conditions as

the anticlinorium continued forming. Its lunate shape

is the result not of refolding but ofbeing overthrust and

folded with the sheets below and above it and further

modified by faulting along its southeast side.

CARBONIFEROUS PLUTONS

The youngest group of granitic plutons in the south-

ernmost Appalachians are Carboniferous-Permian (on

the basis of radiometric age dates), with age dates

ranging from about 350 Ma to about 260 Ma (Fullagar

and Butler, 1979; Sinha and Zietz, 1982, and references

therein) but clustering around 300 to 320 Ma (more

likely the crystallization age of most of the plutons).

Those that have intruded the Little River thrust stack

generally have initial
87Sr/86Sr ratios less than 0.705

and 8 18 ratios less than 7.5, whereas those that have
intruded the Georgiabama thrust stack have 87Sr/86Sr

ratios greater than 0.706 and 8 18 ratios greater than

7.5 (Sinha and Zietz, 1982, and references therein).

Some of the Carboniferous plutons that have intruded

the Georgiabama thrust stack appear from field evi-

dence to be relatively thin, shallow-bottomed bodies

that were emplaced during folding (for example, Grant
and others, 1980). In contrast, many of the Carbonifer-

ous granite plutons that have intruded the Little River
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allochthon appear to be stock-like bodies (for example,

Vincent, 1984) that may extend to relatively great

depths. We interpret the Carboniferous plutons that

have intruded the Georgiabama thrust stack to have

been derived through anatexis of supracrustal rocks in

the stack, and the Carboniferous plutons that have in-

truded the Little River thrust stack to have been

derived through partial melting of depleted, metamor-

phosed Iapetus Ocean crust and mantle trapped be-

neath the Little River stack and welded to its base.

Some plutons near the thrust boundary between the

Georgiabama and Little River thrust stacks, such as

the Elberton Granite in eastern Georgia (Whitney and

Hess, 1980; Wenner, 1980; Whitney and Stormer,

1980), appear to be gradational between the two

groups.

EVOLUTION OF THE SOUTHERNMOST
APPALACHIANS

The stacking order of the thrust sheets in the south-

ernmost Appalachians (fig. 1), combined with paleogeo-

graphic (paleotectonic) interpretations and facies inter-

pretations (tables 1, 3-5; pi. 2), indicates that the

farthest travelled thrust sheets and slices are on top

and the least travelled sheets and slices are on the

bottom and that the stacking took place from ocean-

ward toward the North American craton. In the inter-

pretive reconstructions it is assumed that (1) thick ac-

cumulations of island-arc-related volcanic rocks

require the existence of a subduction zone, regardless of

the polarity of that zone, and (2) the reverse is also true,

the existence of a subduction zone causes plutonism

and volcanism in the overriding plate.

PHASE I: OPENING OF THE IAPETUS OCEAN

The earliest record in the southern Appalachians of

the opening of the Iapetus Ocean is the thick pile

(about 3,000 m) of metamorphosed interbedded and in-

terfingering basaltic and rhyolitic, peralkaline vol-

canic and immature clastic sedimentary rocks of the

Mount Rogers Formation, which nonconformably over-

lie Grenville basement around the common corner of

Virginia, North Carolina, and Tennessee (Rankin,

1975), the correlative but thicker (3,000-9,000 m)
Grandfather Mountain Formation, exposed only in the

Grandfather Mountain window about 50 km to the

south in North Carolina (Bryant and Reed, 1970;

Rankin, 1970, 1975, 1976), and the igneous rocks asso-

ciated with massive sulfide deposits in the lowermost
part of the Great Smoky Group in northern Georgia

and in the Copperhill and Ducktown areas, Tennessee

(Hurst, 1955; Slater, 1982; Slater and others, 1985;

Abrams, 1985). There is evidence that the Mount
Rogers and Grandfather Mountain sequences were
erupted and deposited mostly subaerially (Bryant and
Reed, 1970; Rankin, 1970), and probably resulted from

rifting associated with the beginning phases of the

opening of the Iapetus Ocean (Rankin, 1975, 1976;

Rodgers, 1982). We suggest that the metavolcanic,

metavolcaniclastic, metavolcanic-epiclastic, and hy-

pabyssal intrusive rocks of the Ducktown assemblage

(this paper) also resulted from rifting associated with

opening of the Iapetus Ocean (also see Slater and
others, 1985). Correlative rocks elsewhere in the south-

ern Appalachians may be covered by the crystalline

thrust sheets.

The age of the metavolcanic rocks of the Mount
Rogers and Grandfather Mountain Formations has

been the subject of some dispute (Rankin and others,

1969; Odom and Fullagar, 1971, 1973). Odom and Ful-

lagar's (1984) recent more detailed study of the Cross-

nore plutons, which are interpreted to be consan-

guineous with the Mount Rodgers and Grandfather

Mountain metavolcanic rocks, indicates that the plu-

tons crystallized about 690±10 Ma and that zircon

samples from the plutons, which had given discordant

ages that suggested an age as old as 820 Ma based on

a concordia plot (Rankin and others, 1969), contain an
inherited xenocrystic component that resulted in the

older age. Thus it seems safe to say that the Iapetus

Ocean was opening by about 700 Ma and that by that

time the oceanward edge of the North American conti-

nent was a trailing edge; spreading was probably

taking place along a mid-Iapetus ridge, and the ab-

sence of preserved island-arc-related volcanic rocks of

this age in the southernmost Appalachians suggests a

lack of arcs or subduction zones in the Iapetus Ocean
near North America (pi. 2A).

After eruption and deposition of the Mount Rogers

and Grandfather Mountain Formations and the Duck-

town assemblage, continued rifting at the continental

edge produced a series of stepped fault-bounded deposi-

tional basins (called Ocoee basins) along the North

American side of the Iapetus Ocean that were filled

first by turbiditic flysch deposits in enormous coalesc-

ing fans. The sedimentary sequences in these basins

record the same general depositional environments

throughout, even though the preserved "units" may not

be directly "correlative" in age or in continuity. Pre-

sumably the basins nearest the opening ocean formed

and filled first, but we don't know how many Ocoee

basins lie buried beneath the thrust stacks.

Generally considered one of the largest and deepest

of the basins was the "Ocoee basin" (King and others,
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1958), filled with as much as 12 km of poorly sorted,

mostly turbiditic, clastic metasedimentary rocks of the

upper Precambrian Ocoee Supergroup (Hurst, 1955;

King and others, 1958; Hadley, 1970; Rodgers, 1972;

Rankin, 1975). However, even this sequence of rocks

appears to have been deposited in more than one basin

(also see Bolton, 1985). In North Carolina and Tennes-

see, King and others (1958, 1968) divided the Ocoee

Supergroup rocks into two separate sequences, one

north of and below the Greenbriar fault and another

south of and above the fault. These two sequences were

probably deposited in separate but approximately co-

eval basins. The lack of volcanogenic material in all

but the lowermost parts of this thick pile of metasedi-

mentary rocks (and probably only around the basin-

edge rift systems) suggests that at least the North

American side of the growing Iapetus Ocean lacked

volcanic island arcs and accompanying subduction

zones during the time of Ocoee sedimentation (pi. 2A).

The oldest sedimentary rocks in the Valley and
Ridge basin, belonging to the Chilhowee Group, are

beach-barrier-island deposits derived from the craton

(Brown, 1970; Whisonant, 1970, 1974; Mack, 1980). In

Georgia and Alabama, the Chilhowee Group is without

volcanogenic components, but in northeastern Tennes-

see and southwestern Virginia amygdaloidal basalt

flows are present in the lower part (Unicoi Formation)

of the group (Rodgers, 1953; Stose and Stose, 1957;

Dietrich, 1959; King and Ferguson, 1960; Rankin,

1975, 1976). The fact that these basalts are amyg-
daloidal flows (Rankin, 1976, p. 5612) and are interbed-

ded with coarse clastic sedimentary rocks (King and

Ferguson, 1960) suggests that they are genetically re-

lated to extension associated with continued opening of

the Iapetus Ocean.

By Early Cambrian time, the waters of the Iapetus

Ocean had begun to encroach upon the North American
craton, and by Late Cambrian time much of the craton

was covered by a warm shallow sea (see Rodgers, 1968,

1982). Clastic sedimentation had largely ceased by the

Middle Cambrian because the cratonic source area had

been eroded down or (and) covered by the sea, and the

Cambrian-Ordovician carbonate shelf sequence, con-

sisting of about 1,500 to 2,900 m of shallow-water car-

bonate rocks (Rodgers, 1968, and references therein;

Cressler, 1970; Thomas and Neathery, 1980; Read,

1985a,b), was deposited upon the slowly subsiding

North American continental margin (pi. 2B).

With the exception of a few thin "bentonite" beds in

the Middle Ordovician part of the sequence (Butts,

1926; Butts and Gildersleeve, 1948; Allen and Lester,

1957; Cressler, 1970; Smith and others, 1971; Chowns
and Carter, 1983), which are generally regarded as

derived from volcanic ash, the Cambrian-Ordovician

carbonate shelf sequence is without volcanogenic com-

ponents.

Thus it appears that from the time of eruption of the

Mount Rogers and Grandfather Mountain Formations,

at least 700 Ma (and more likely earlier), through the

Early Ordovician, the eastern margin of the North
American continent was too far from any volcanic

source to receive volcanogenic material.

PHASE II: CLOSING OF THE IAPETUS OCEAN—THE
IAPETAN OROGENY

Closing of the Iapetus Ocean must have begun with

the establishment of one or more subduction zones

(pi. 2C). One of these paleosubduction zones must have
been located beneath the thick sequences of island-arc

metavolcanic rocks preserved in the Little River al-

lochthon; its subduction melange is preserved as the

Macon melange. All available evidence suggests that

the Little River volcanic arc formed at the edge of a

continental mass, and the presence of Atlantic-realm

trilobites in some of its rocks (Secor and others, 1983)

indicates that the continent was not North America; for

the purposes of this paper we refer to it as "Africa,"

even though it may not have been the continental mass
of present Africa. The age of the rocks preserved in the

Little River allochthon probably spans from very latest

Precambrian (latest Proterozoic, Ediacaran) through

Middle Cambrian, indicating that at least by about

600 Ma (depending on whether the lower parts of the

arc volcanics are preserved) the arc and subduction

zone were active.

Island-arc volcanism and subduction in the Iapetus

Ocean are also recorded by the metavolcanic rocks pre-

served in the Wahoo Creek, Atlanta, and Promised

Land thrust sheets, and to a lesser extent by the rocks

in the Sandy Springs thrust sheet. We call this island

arc the Promised Land arc. The Clairmont melange is

interpreted to be the preserved remnants of the subduc-

tion melange associated with Promised Land arc vol-

canism. Zircons with radiometric ages older than a bil-

lion years (1 Ga) in Chattahoochee Palisades Quartzite

ofthe Sandy Springs Group (T.W. Stern, oral commun.,
1984) indicate that the Promised Land arc was built on

old Grenville-age continental crust in a Sandy Springs

microcontinent.

A third island arc, the Paulding arc, is represented

by the Paulding Volcanic-Plutonic Complex in the

Paulding thrust sheet. The abundance of felsic volcanic

and volcaniclastic rocks and the presence of K-feldspar-

poor plutonic rocks in the Paulding sequences suggest

island-arc volcanism, as does the geochemical charac-

ter of the rocks in the Paulding thrust sheet (Tull and
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others, 1978; Tull and Stow, 1980a,b; Stow, 1982; Stow

and others, 1984; Appendix B). Lack of nonvolcano-

genic metasedimentary rocks in this complex suggests

that the Paulding was an oceanic arc. The subduction

zone probably dipped away from the North American

continent (pi. 2). The eclogite-bearing West Point

melange is interpreted to be the preserved remnants of

the subduction melange associated with Paulding arc

volcanism. Sparse chronologic data suggest that most

of the metavolcanic rocks in the Paulding thrust sheet

are probably older than about Middle Ordovician

(Russell and others, 1984) and hence are about the

same age as much of the metavolcanic sequence in the

Little River allochthon.

Establishment of subduction zones beneath the Lit-

tle River, Promised Land, and Paulding island arcs

marked the beginning of the end of the Iapetus Ocean,

even though the effects of plate collision would not be

recorded in rocks associated with the continental mar-

gin of North America for many millions of years. Open-

ing of the Iapetus Ocean probably began about 700 Ma
(the Rb-Sr age of plutons considered consanguineous

with the metavolcanic rocks in the Mount Rogers and

Grandfather Mountain Formations) and lasted until

subduction zones were established beneath the Pauld-

ing and Little River arcs during the latest Precam-

brian, perhaps roughly 600 Ma. The suggestion is that

opening of the ocean took at least 100 m.y. Assuming a

reasonable average spreading rate along the mid-

Iapetus ridge (both sides) of 5 cm/year (Windley, 1976,

p. 233; the Ti02 contents of Ropes Creek Metabasalt

suggest at least this rate of spreading) gives a mini-

mum width of 5,000 km for the ocean at the time of its

greatest width, just before the subduction zones were

established. If the basalts within the Unicoi Formation

originated through rifting associated with continued

opening of the Iapetus Ocean (as they probably did), or

if the average spreading rate along the mid-Iapetus

ridge was greater than 5 cm/year, then the width of the

Iapetus Ocean may have been far greater than 10,000

km.
Location of the Little River arc seems relatively well

fixed. All available data indicate that this arc was lo-

cated at the oceanward edge of the "African" continent

and that the subduction zone beneath its Macon sub-

duction melange dipped toward that continent (pi. 2B
,

C). However, there is little firm evidence to indicate

either the paleolocation of the Paulding arc or the po-

larity of its subduction zone. Nevertheless, the stack-

ing order within the Georgiabama thrust stack places

some limitations on reconstructions ofthe paleogeogra-

phy. If the ultramafic and mafic assemblages of the

Soapstone Ridge thrust sheet are altered fragments of

Iapetus Ocean crust and mantle (disrupted ophiolite),

as all of the evidence indicates, and if their structural

position, always at the top of the Georgiabama thrust

stack, indicates that they are the most oceanward rocks

preserved in the stack, as all of the evidence suggests,

then they must have originally resided oceanward from

the underlying Ropes Creek, West Point, Paulding,

Sandy Springs, Promised Land, Atlanta, Wahoo Creek,

and Clairmont thrust sheet rocks. Abundant evidence

indicates that the rocks in the Ropes Creek thrust sheet

are Iapetus Ocean crust, and its place structurally be-

neath the Soapstone Ridge sheet indicates that it also

resided oceanward from the underlying thrust sheets.

The Paulding island arc must therefore have been lo-

cated toward the North American continent from the

Ropes Creek Metabasalt. The position of the ophiolitic,

eclogite-bearing West Point subduction melange struc-

turally beneath the Ropes Creek thrust sheet and
above the Paulding thrust sheet indicates that the sub-

duction zone associated with the Paulding arc dipped

toward the North American continent (pi. 2B , D). The
lack of nonvolcanogenic metasedimentary rocks in the

Paulding thrust sheet suggests that the Paulding arc

was an oceanic arc rather than being associated with

the edge of the North American continent or some mi-

crocontinent.

The presence of the Sandy Springs thrust sheet be-

neath the Paulding thrust sheet indicates that its rocks

resided continentward from the Paulding island arc

(pi. 2B,D). Grenville-age detrital zircons in the Chat-

tahoochee Palisades Quartzite of the Sandy Springs

Group indicate that Grenville-age basement con-

tributed to the sedimentary protoliths of the Sandy
Springs rocks. This suggests that they formed in a dif-

ferent arc from the oceanic Paulding arc. However, thin

amphibolites in the Sandy Springs units are probably

metabasaltic tuffs, indicating volcanic input into the

sedimentary protoliths. Moreover, the Sandy Springs

thrust sheet is underlain by the totally igneous (mostly

volcanic) Promised Land thrust sheet, which has char-

acteristics of an island-arc assemblage. The Promised

Land is structurally underlain by sequences inter-

preted to be outer-arc basin deposits in the Atlanta

thrust sheet, which are in turn underlain by what ap-

pear to be altered volcaniclastic deposits and granitic

rocks in the Wahoo Creek thrust sheet. The Wahoo
Creek is structurally underlain by the Clairmont
melange. The most reasonable paleogeographic recon-

struction is that the Paulding arc was located separate

from the sequences in the underlying thrust sheets and

that rocks in these underlying sheets formed in a differ-

ent arc, the Promised Land island arc, built upon
Grenville-age continental crust (Sandy Springs micro-

continent) that was rifted away from the North
American continent when the Iapetus Ocean
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opened (pl.2A, D). We interpret the Clairmont
melange as the remnant of the subduction melange

associated with the subduction zone that caused the arc

volcanism in the Promised Land arc, and because of its

structural position beneath the outer arc basin and is-

land arc rocks of the Wahoo Creek, Atlanta, and
Promised Land sheets, we suggest that this subduction

zone dipped away from the North American continent.

The lack of volcanogenic rocks younger than Middle

Cambrian in the Little River allochthon suggests that

subduction under the Little River arc had ceased by

Late Cambrian time. We offer the speculation that the

Little River arc and Macon melange, at the oceanward

edge of the "African" continent, overrode the mid-

Iapetus ridge during the Late Cambrian (pi. 2D),

thereby stopping subduction under the arc, just as the

collision of the North American plate with the East

Pacific Rise has stopped subduction along part of the

west coast of North America. This would have had the

net effect of speeding up movement of the Little River

arc toward the North American continent and would
also have speeded up subduction under the Paulding

arc until oceanic crust could no longer be consumed fast

enough, so it buckled and broke.

We suggest that collision began with obduction of

Soapstone Ridge oceanic crust and mantle onto Ropes

Creek oceanic crust (pi. 2D ), and obduction of the Ropes

Creek Metabasalt onto the West Point melange and

Paulding island arc rocks (pi. 2E). This would have

stopped subduction under the Paulding arc and also

would have terminated volcanism and plutonism in the

arc. Unfortunately, the upper age of the metavolcanic

rocks in the Paulding thrust sheet is unknown, but

discordant dates of zircons from felsic rocks within the

Paulding part of the Hillabee greenstone (discussed

above) indicate that these rocks could be as young as

Ordovician. Continued assembly of thrust sheets in-

volved rocks of the Promised Land arc, where subduc-

tion probably ceased when the Clairmont melange and
the arc overrode the spreading center (pi. 2C). These

Promised Land arc rocks were then thrust upon Zebu-

Ion ocean floor deposits (pi. 2F). At any rate, we sug-

gest that the ocean-to-continentward (top to bottom)

assembly of the Georgiabama thrust stack was nearly

complete by the Middle Ordovician. As the Clairmont

thrust sheet and the overlying stack moved onto the

Zebulon sheet, and it in turn onto the Bill Arp thrust

sheet, the earliest response was buckling up of the car-

bonate shelf at the oceanward edge of the North Amer-
ican craton, causing erosion that resulted in the uncon-

formities at the top of the Upper Cambrian-Lower
Ordovician Knox Group, and later above the Middle

Ordovician Lenoir Limestone—the shelf was literally

bobbing up and down in response to the arriving thrust

sheets (pi. 2F). With continued movement, the craton-

ward edge of the Bill Arp sheet was thrust up along

with part ofthe carbonate shelf above it and oceanward

equivalents of part of the lower part of the Rockmart
Slate below it, to cause a landmass that separated the

Rockmart-Athens-Talladega basin from what was left

of the Iapetus Ocean (pi. 2G ). Dark, calcareous, grap-

tolitic pelites were first deposited in this basin. Erosion

of carbonate shelf sequence and Bill Arp thrust sheet

rocks supplied clastic material to the basin in the form

of a clastic wedge (Tellico-Talladega clastic wedge),

and continued movement locally at least pushed parts

of the dark pelite sequences (Rockmart, Athens, Tal-

ladega) up the paleoslope onto the unconformity at the

top of the carbonate shelf, folding and mildly metamor-
phosing the pelites in the process. Continued move-

ment and erosion of the thrust-up Bill Arp sheet rocks

caused deposition and cratonward transgression (the

source was also moving toward the craton) of a

molasse-like clastic wedge composed of the Greensport,

Colvin Mountain, and Sequatchee Formations (pi. 2H,
I), and atop these the Silurian Red Mountain Forma-
tion (pi. 2J). Further cratonward movement of the

Clairmont melange and higher thrust sheets in the

Georgiabama thrust stack probably loaded the under-

lying Zebulon and Bill Arp sheets and thereby the

oceanward edge of what was left of the carbonate shelf,

allowing deposition of the thin Lower and Middle Devo-

nian Armuchee Chert-Frog Mountain Sandstone (in-

cluding the equivalent Jemison Chert) sequence
(pi. 2K). By the late Middle Devonian or Late Devo-

nian, the Paulding, West Point, and Ropes Creek
thrust sheets had locally transgressed far enough
towards the craton to be emplaced upon the Lower and
Middle Devonian craton-related Jemison Chert
(pi. 2L). Cratonward movement of the Georgiabama
thrust stack continued, and collision finally shoved the

remnants of the Macon subduction melange wedge, the

Little River island arc (preserved in the Little River

allochthon), and African craton deposits (preserved as

the Northern Florida platform sequence now beneath

the Coastal Plain in southern Georgia and northern

Florida) onto the top of the Georgiabama thrust stack

(pi. 2M). Oceanic crust and mantle entrapped beneath

the Macon melange and Little River allochthon is prob-

ably the cause of the major gravity gradient that

crosses Georgia and Alabama (American Geophysical

Union, 1964; Long and others, 1972). Partial melting of

the entrapped oceanic material (by now welded onto

the bottom of the thrust stack and metamorphosed and
depleted) probably accounts for low initial

87Sr/86Sr

ratios and low 8 18 ratios (Sinha and Zietz, 1982, and
references therein) of Carboniferous granitic rocks that

have intruded the Macon melange and Little River
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allochthon. Such granites appear to be confined to the

outcrop area of the Macon melange and Little River

allochthon. Final cratonward movement of the whole

assembled set of thrust stacks took place along the

Emerson, Carters Dam, Rome and Helena, Clinchport,

and Kingston faults during the late Carboniferous

(pi. 2N) and Permian(?).

COMPARISON WITH THE NORTHERN
APPALACHIANS

There are obvious similarities between the stacking

order and sequence of events depicted above for the

southernmost part of the Appalachian orogen and the

stacking order and sequence of events in the northern

Appalachians, but there are also significant differ-

ences, especially in the size and travel distances of the

thrust sheets and in the timing of events. In the north-

ern Appalachians (Bird and Dewey, 1970; Williams

and others, 1972; St-Julien and Hubert, 1975;

Williams, 1975, 1979; Rowley and Kidd, 1981), the ma-
jor transported terranes are on the order of 50 km wide,

some of the ophiolites are complete ophiolite suites

(Upadhyay and others, 1971; Williams and Smyth,

1973) with basal metamorphic aureoles interpreted to

be the result of obduction and initial transport of hot

oceanic crust and mantle (Williams and Smyth, 1973),

the ophiolites are at the top of the structural stack and

have "transgressed locally farthest west to lie

upon autochthonous rocks" (Williams, 1975, p. 1876),

and they are the farthest travelled slices with mini-

mum transport distances of 80 to 105 km (Williams and
Smyth, 1973). Many of the thrust slices (sheets) in the

stack are separated by melanges that have sedimented

detritus from higher slices, including detritus from the

ophiolite slices (Stevens, 1970; Stevens and Williams,

1973; Williams and Smyth, 1973). In addition, the time

of original displacement of the ophiolite slices in the

Canadian Appalachians is dated as Early Ordovician

by the age of their metamorphic aureoles and by the

presence of ophiolite detritus in underlying slices of

Lower Ordovician clastic sedimentary rocks, and their

time of final emplacement is well dated as Middle Or-

dovician by overlying neoautochthonous, fossiliferous

Middle Ordovician sedimentary rocks (Bergstrom and
others, 1974). Accretion of the thrust stack apparently

occurred slightly later in New England than in Canada
(Bird and Dewey, 1970). Throughout much of the

northern Appalachians there is a relatively wide
"foreland" at the western edge of the orogen where
autochthonous and parautochthonous Middle Ordovi-

cian metasedimentary rocks are overlain by stacked
sequences of allochthonous metasedimentary rocks of

about the same age (Zen, 1967; Stevens, 1970;
St-Julien and Hubert, 1975; Rowley and Kidd, 1981).

In the southernmost Appalachians, most individual

thrust sheets appear to have been at least 160 km wide,

the ophiolites are altered, dismembered, and generally

incomplete, and as far as we know they lack basal

metamorphic aureoles. In the southernmost Appalachi-

ans, ophiolite occurs in three ways: (1) as sheets (Soap-

stone Ridge and Ropes Creek thrust sheets) that were

obducted and thrust cratonward at the top of an enor-

mous (Georgiabama) thrust stack; (2) as debris shed

from the ophiolitic thrust sheets and deposited in pro-

toliths of underlying thrust sheets in the stack during

assembly of the stack; and (3) as clasts of all sizes incor-

porated into subduction melanges (Clairmont, West
Point, and Macon melanges). As in the northern Ap-

palachians, the obducted ophiolite sheets are the far-

thest travelled (excluding rocks in the Little River

thrust stack) and have transgressed farthest toward

the craton; minimum transport distances must exceed

160 km and are probably more on the order of thou-

sands of kilometers. In contrast to the northern Ap-

palachians, many of the thrust sheets in the Georgia-

bama thrust stack are separated not by melange but by
what appear to have been "hard" thrusts; major
melanges appear to separate sequences of thrust sheets

whose rocks formed in different tectonic settings such

as different island arcs, and most of these melanges

have characteristics indicating that they are the pre-

served remnants of subduction melange complexes.

The time of original displacement of the obducted ophi-

olite sheets in the southernmost Appalachians is not as

well known as it is in the northern Appalachians but

was probably Late Cambrian-Early Ordovician,

whereas the time of final emplacement of these sheets

(excluding transport of the whole stack along late Pale-

ozoic thrust faults) and underlying subduction melange
(West Point) and island-arc rocks (Paulding) was
clearly post-early Middle Devonian because they rest

in thrust contact upon fossiliferous Lower and Middle

Devonian Valley and Ridge province cherts. Also in

contrast to the northern Appalachians, much of the

"foreland" in the southernmost Appalachians has been

covered by the thrust stack being transported along

late Paleozoic thrust faults, so that only the thin cra-

tonward edges of Middle Ordovician dark graptolitic

pelites are found resting upon carbonate-shelf rocks.

In the southernmost Appalachians, the Macon
melange, a large subduction melange similar in size to

the Franciscan melange complex in California, is pre-

served beneath the bimodal, calc-alkaline "African"

continental-margin Little River arc in the Little River

allochthon. The metasedimentary and metavolcanic

rocks of the "Avalon terrane" in the northern
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Appalachians may be older equivalents of the Little

River allochthon rocks, but less of them is preserved

compared with Little River allochthon rocks in the

southernmost Appalachians (Williams, 1975; Zen,

1983). Subduction melange, probably older than the

Macon melange, is also present in the northern Ap-

palachians, but again, a much thinner outcrop belt is

preserved than in the southernmost Appalachians, pos-

sibly because much of it in the northern Appalachians

was overridden (Zen, 1983, and references therein).

We suggest that many of the geologic differences be-

tween the northern and southernmost Appalachians,

and the apparently diachronous sequence of thrusting,

deformation, and metamorphism (orogeny), may result

from the original configuration of the Iapetus Ocean.

Bird and Dewey (1970, p. 1049) suggested that the di-

achronous sequence of deformation between New-
foundland and New England might be explained if "the

rate of development of igneous, metamorphic, and
structural events ... was in some way proportionally

related to the rate ofunderthrusting. The rate ofunder-

thrusting of a spherical shell will increase away from

its rotation pole. If New England were nearer the rota-

tion pole for the contracting Appalachian-Atlantic

plate than Newfoundland, the Humberian sequence

might be expected to have propagated continentward

more rapidly than the Taconian sequence in New Eng-

land." We suggest a simplistic model in which the Ia-

petus Ocean, at the time of beginning of closure, was
much narrower at the paleolatitude of Newfoundland
than at the paleolatitude of the southernmost Ap-

palachians, so that it closed like a door hinged at the

north (present direction), with the effects migrating

continuously along the continental margin like a triple

junction, causing diachronous orogenic deformation

that was progressively older and more telescoped to the

northeast and progressively younger, longer lasting,

and broader in the southwestern parts of the orogen.

Thus the oceanic material was farther from its place of

origin (mid-Iapetus ridge) and hence was cold when it

was obducted in the southernmost Appalachians,

thereby accounting for the lack of metamorphic aure-

oles beneath it. The oceanic material was probably

older in the southernmost Appalachians than in the

northern Appalachians, but there is, as yet, no evi-

dence of this. The wider part of the ocean would have

taken longer to close (slower continentward propaga-

tion), and sheets of greater width would have been

pushed farther up the paleoslope. Moreover, volcanism

associated with subduction would have lasted longer in

the southwest than in the northeast, perhaps account-

ing for southwestward-younging sequences in the

"Carolina slate belt" (Samson and others, 1982; Kish

and Black, 1982; D.T. Secor, Jr., oral commun, 1982).

In contrast with the drastically telescoped northern

Appalachians (Williams, 1979), the southernmost Ap-

palachians (including rocks now beneath the Coastal

Plain) contain preserved accreted remnants of se-

quences of rocks that spanned the Iapetus Ocean from

North American craton to African craton, including

remnants of clastic sequences formed during the open-

ing rifting phases of the ocean, remnants of island-arc

assemblages from both sides of the ocean, remnants of

subduction-melange complexes from both sides of the

ocean, and ophiolites from both sides of the mid-Iapetus

ridge.

COMPARISON WITH THE INDONESIAN
REGION

The Indonesian region, which includes most of the

southwestern part of the Pacific Ocean and the south-

ernmost part of the Asian continent, is a complicated

collage of small plates, each having a different motion

and each interacting in a different way with other

small plates and (or) with major plates; transcurrent

movement between plates is relatively common
(Hamilton, 1979, and references therein). One can

readily deduce, as Hamilton (1979, p. 307-308) did,

that continued movement ofthe major plates will prob-

ably result in the smaller plates (such as island arcs

and microcontinents) being "squashed between Aus-

tralia and Asia." If transcurrent movement is rela-

tively common, why then do we not find evidence of

major transcurrent movements in the southernmost

Appalachians? The answer is probably a matter of

scale. Figure 54 shows the southern Appalachians at

the same scale as the Indonesian region; the southern

part of the Appalachian orogen (in fact the whole Ap-

palachian orogen) is tiny when viewed with the per-

spective of the Indonesian region. The whole of the

southern Appalachian crystalline terrane could be fit-

ted into the island of Sumatra or Java, and the largest

melange known in the Appalachians, the Macon
melange, is dwarfed by both active and fossil melanges
in the Indonesian region. The along-strike continuity

of the Macon melange may seem incredible to many
Appalachian geologists, but a melange of this size is

small by Indonesian standards. The absence of evi-

dence ofmajor transcurrent movement in the southern-

most Appalachians (also see Irving and Strong, 1984)

can be explained ifthis part ofthe orogen was more like

Sumatra and Java than, for example, like New Guinea
or Sulawesi (Hamilton, 1979, pi. 1). Nevertheless, the

southernmost Appalachians do contain remnants of

melange complexes and island arcs (such as the West
Point melange and Paulding Volcanic-Plutonic Com-
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Figure 54.—Map showing the Indonesian region and the Appalachian orogen
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(Alabama, Georgia, South Carolina, North Carolina, Tennessee) at the same scale.
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plex) that are probably not present in the central and

northern Appalachians, and the central and northern

Appalachians probably contain remnants of melange

complexes and island arcs (Sykesville melange and

Chopawamsic and James Run Formations of the cen-

tral Appalachians, for example—see Drake and Mor-

gan, 1981; Pavlides, 1981) that aren't present in the

southernmost Appalachians. Our reconnaissance sug-

gests that some of the metavolcanic and metavolcanic-

epiclastic rocks in southern Virginia (Virgilina area)

that have been assigned to the "Carolina slate belt"

(Glover and Sinha, 1973; Williams, 1978) probably

originated in a different island arc from the Little

River arc. There is also the possibility (A.A. Drake, Jr.,

and Richard Goldsmith, written communs., 1984) that

some of the thrust sheets in the Georgiabama thrust

stack accreted to lower sheets in a lateral or oblique

fashion; this appears to have been the case with higher

sheets arriving upon the Zebulon and Bill Arp sheets.

The characteristics of preserved remnants of subduc-

tion melange complexes in the southernmost Ap-

palachians match well with those of both active and

fossil melanges in the Indonesian region and with

Hamilton's (1979, p. 28-30) model of a subduction

melange wedge. The Potato Creek, Juliette, Kings

Mountain, and Po Biddy slices of the Macon melange

probably represent slightly different tectonostrati-

graphic (or lithotectonic) fades within the wedge. Se-

quences with characteristics of outer-arc basin deposits

(Atlanta thrust sheet for example) or back-arc basin

deposits (Zebulon Formation) fit readily into the In-

donesian model, as do island-arc deposits (Promised

Land Formation, Paulding Volcanic-Plutonic Com-
plex). Despite transport, deformation, and metamor-

phism, remnants of subduction melange complexes are

preserved beneath remnants of each island-arc se-

quence in the southernmost Appalachians (West Point

melange/Paulding arc, Clairmont melange/Promised

Land arc, Macon melange/Little River arc), and both

obducted ophiolite (Soapstone Ridge, Ropes Creek) and
ophiolite in melanges (clasts in West Point and Macon
melanges) are present.
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APPENDIX A.—STRATIGRAPHIC
NOMENCLATURE

The purpose of this appendix is to revise and adopt some of

the stratigraphic nomenclature of the Appalachian orogen in

Georgia and Alabama. Our purpose is to simplify strati-

graphic nomenclature as much as possible by abandoning

names where more than one name has been used for the same

unit, or where one name has been used for two or more very

different units, by using established names where possible

rather than proposing new names (unless the established

names are improper), and by naming as few new units as

possible. For rules on stratigraphic nomenclature we adhere

to the North American Stratigraphic Code (North American

Commission on Stratigraphic Nomenclature, 1983). Follow-

ing Salvador (1985, p. 187), we use the term Precambrian

preferentially over the term Proterozoic as "a general term

for that part of the time scale that preceded the Cambrian."

CHICKAMAUGA TERRANE AND KINGSTON,
CLINCHPORT, AND ROME THRUST SHEETS

The Chickamauga terrane and overlying Kingston, Clinch-

port, and Rome thrust sheets of the Rome-Kingston thrust

stack are composed of sedimentary and metasedimentary

rocks of the Valley and Ridge province and the Cumberland

Plateau province.

CHILHOWEE GROUP

Mack ( 1980) proposed that the Chilhowee Group in Georgia

and Alabama is made up of (lowest to highest) the Cochran

Formation, a fluvial deposit composed of arkosic conglomer-

ate, arkose, and discontinuous mudstone; the Nichols Forma-

tion, an offshore marine deposit composed of greenish-gray

mudstone with minor siltstone and very fine sandstone; the

Wilson Ridge Formation, a tidal-flat deposit composed of in-

terbedded crossbedded orthoquartzite and ripple-laminated

silty mudstone; and the Weisner Formation, a beach-barrier

deposit composed of crossbedded and horizontally laminated

orthoquartzite, conglomerate, and minor mudstone. The for-

mational names are well documented and are here adopted as

defined by Mack (1980).

CONASAUGA GROUP

Hayes (1891, p. 143) used the name Conasauga Shale for

"alternating beds of limestone and calcareous shale" exposed

along the Conasauga River in northwest Georgia. Milici

(1973, p. 11) elevated the name Conasauga to group status

and included in it (lowest to highest) the Pumpkin Valley

Shale, Rutledge Limestone, Rogersville Shale, Maryville

Limestone, Nolichucky Shale, and Maynardville Limestone.

We here adopt the name Conasauga Group, for use in Georgia

and Alabama, as defined by Milici (1973), but restrict the

formations in it to those used by Chowns and McKinney
(1980) and Chowns (1983). Chowns and McKinney (1980) and

Chowns (1983) divided the Conasauga Group into (lowest to

highest) the Honaker Dolomite (Rodgers, 1953), Rogersville

Shale, Maryville Limestone, Nolichucky Shale, and May-
nardville Limestone (see Milici, 1973). We here adopt these

names, for use in Georgia and Alabama, as defined by Milici

(1973) and Rodgers (1953) and as used by Chowns and
McKinney (1980) and Chowns (1983).

CHICKAMAUGA GROUP AND SUPERGROUP

The name Chickamauga Limestone was used by Hayes

(1891, p. 143), from the valley of West Chickamauga Creek in

northwestern Georgia, for all strata between the top of the

Knox Group and the base of the Rockwood Formation of

Hayes (1894), which probably included the Sequatchie For-

mation of present usage. The Sequatchie was named a sepa-

rate formation by Ulrich (1911).

The Stones River and Nashville Groups were named by

Safford (1851) for exposures in central Tennessee. Following

Milici (1969), Milici and Smith (1969) applied the nomencla-

ture of Wilson (1949) to the Chickamauga type area in Geor-

gia, retaining the Stones River and Nashville as group names

and elevating the name Chickamauga to supergroup status

(table 4). As defined by Milici and Smith (1969), the Chicka-

mauga Supergroup in Georgia is composed of the lower

Stones River Group, which consists of (lowest to highest) the

Pond Spring Formation, Murfreesboro Limestone, Ridley

Limestone, Lebanon Limestone, and Carters Limestone; and

the upper Nashville Group, which consists of (lowest to

highest) the Hermitage Formation, Cannon Limestone, and

Catheys Formation. All of the names are well documented,

and we here adopt them, for use in Georgia, as defined by

Milici and Smith (1969).

In Alabama, where the section is much thinner, Drahovzal

and Neathery (1971) proposed using the Stones River and

Nashville as formations (1971, p. 7) "pending more detailed

work." They used the name Chickamauga Group and as-

signed to it (lowest to highest) the Stones River Formation,

with its basal Attalla Chert Conglomerate Member, the

Nashville Formation, the Inman Formation, and the Leipers

Limestone. The names are well documented, and we here

adopt them for use in Alabama, as defined by Drahovzal and

Neathery (1971).

Neathery (1986), Drahovzal and Neathery (1971), Chowns
and McKinney (1980), and Chowns and Carter (1983) have

shown that equivalent carbonate-clastic and clastic rocks be-

longing to the Greensport Formation and Colvin Mountain

Sandstone named by Neathery (1986), as used by Drahovzal

and Neathery (1971), should be assigned to the Chickamauga

Group in Alabama and the Chickamauga Supergroup in

Georgia (table 4). The names Greensport Formation and

Colvin Mountain Sandstone are here adopted and assigned to

the Chickamauga Group and Supergroup.
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BILL ARP THRUST SHEET

The Bill Arp thrust sheet is composed of thick sections of

clastic metasedimentary rocks that lack volcanogenic compo-

nents in all but the lowest unit, of generally thin and discon-

tinuous carbonate units that cap the pile of clastic metasedi-

ments, of generally calcareous and pelitic units deposited

unconformably upon the carbonate units, and of relatively

rare Grenville basement upon which the clastic sediments

were deposited.

GRENVILLE BASEMENT ROCKS

Known Grenville basement in the Bill Arp thrust sheet

crops out in three areas in the crystalline terrane of Georgia:

(1) in structurally complex anticlinoria along the western

edge of the crystalline terrane, west of the Murphy syncline,

in northern Georgia; (2) in the Pine Mountain anticlinorium

in central and west-central Georgia and east-central Ala-

bama (pi. 1); and (3) around a complex structural feature in

northeast Georgia that has been called the "Tallulah Falls

dome" (Hatcher, 1974), where the probable Grenville rocks

have been called the Wiley Gneiss by Hatcher (1974).

Grenville basement has not yet been identified outside the

Pine Mountain anticlinorium in Alabama, but it may be

present in anticlinoria cored by the Bill Arp thrust sheet. We
here assign all ofthe Grenville basement rocks in north Geor-

gia to the Allatoona Complex and all of the basement rocks in

the Pine Mountain anticlinorium to the Wacoochee Complex.

ALLATOONA COMPLEX (NAMED), CORBIN GNEISS
(REVISED AND ADOPTED),

RED TOP MOUNTAIN SCHIST (NAMED), FORT MOUNTAIN
AND SALEM CHURCH GNEISSES (ABANDONED),

COHUTTA SCHIST (ABANDONED)

Rocks of the Grenville basement in northern Georgia are

here assigned to the Allatoona Complex, named for exposures

along the shores of Lake Allatoona, east of Cartersville, Bar-

tow County (pi. 1; Crawford and Cressler, in Cressler and

others, 1979; McConnell and Costello, 1984). McConnell and

Costello (1984) suggested calling these rocks the Corbin

Gneiss Complex to accentuate the lithologic variability of

what had previously been called the Corbin Granite (Hayes,

1901) or Corbin Gneiss (see Martin, 1974). Their suggestion

was a good one, but they apparently included in their complex

the basement schists that have been intruded by the plutonic

rocks that had previously been called Corbin Gneiss. This

inclusion is proper for the basement complex, which must
include the Grenville-age or older country rocks that have

been intruded by the plutonic gneisses, but it allows confu-

sion between the names Corbin Gneiss and Corbin Gneiss

Complex. We therefore propose that the name Corbin Gneiss

be retained for the metaplutonic rocks in the basement com-

plex east and northeast of Cartersville, whereas we propose

that the entire assemblage of rocks in the basement complex

in northern Georgia be called the Allatoona Complex. We
propose that the names Fort Mountain Gneiss (Furcron and
others, 1947) and Salem Church Gneiss (Bayley, 1928;

Dallmeyer, 1975) be abandoned and the name Corbin Gneiss

be used for the Grenville gneisses near Fort Mountain and
near Salem Church. These rocks are lithically identical to, in

the same stratigraphic position as, and the same age as the

Corbin Gneiss. The entire basement complex in these areas is

assigned to the Allatoona Complex.

The highly deformed and generally granitized red, silver,

and gray schists that occur as xenoliths and roof-pendants in

the Corbin Gneiss and also form its country rocks are here

named the Red Top Mountain Schist for exposures in Red Top
Mountain State Park in the Allatoona Dam, Ga. 7.5-min

quadrangle. The type section is designated as the exposures

along the shore of Allatoona Reservoir within the park

boundaries. The Red Top Mountain is assigned to the Alla-

toona Complex.

The Allatoona Complex crops out over a relatively large

area east and northeast of Cartersville, Ga., where it occupies

the core of one of the complex anticlinoria that occur west of

the Murphy syncline (pi. 1), and in a smaller outcrop area

southwest of Jasper, Ga. In these areas the complex consists

primarily of the Corbin Gneiss, which is a coarsely megacrys-

tic (megacrysts are K-feldspar and are probably mostly

metaphenocrysts) granitic gneiss (—90 percent) with a

pyroxene-bearing phase of the gneiss (— 10 percent) that

Kesler (1950) called andesine-augite gneiss and Crawford

and Cressler {in Cressler and others, 1979) mapped as

"metagabbro"; older (country rock) metasedimentary schists

of the Red Top Mountain Schist that occur chiefly as xeno-

liths and roof pendants (see Costello, 1978; Crawford and

Cressler, in Cressler and others, 1979) in the Corbin Gneiss

form about 5 to 15 percent of the complex.

The Allatoona Complex is directly and unconformably

overlain by clastic metasedimentary rocks of the Pinelog For-

mation (Hayes, 1895; Hull and others, 1919; McConnell and
Costello, 1984), which structurally underlies the clastic

metasedimentary sequences in the Great Smoky Group.

Hayes (1901, p. 406) recognized that the rocks of the Pinelog

Formation (his Pinelog conglomerate) were derived from the

Corbin Gneiss, stating, "This area of Corbin granite at one

time probably formed an island, since it is surrounded, in part

at least, by rocks derived from its own waste." Kesler (1950),

however, discounted Hayes' observations and interpreta-

tions, stating (1950, p. 20), "Contact relations show that the

gneisses are younger than the enclosing metasediments, and
were therefore developed in post-Cambrian time. All evi-

dence obtained in the present work indicates that the

gneisses were formed by the alteration through igneous influ-

ence of large parts of the older rocks." Kesler (1950) sug-

gested that the Corbin and Salem Church Gneisses are Car-

boniferous. Crickmay (1936), Croft (1963), Hadley (1970),

King (1970), and Hurst (1973) all considered the Corbin and
Salem Church Gneisses to be Paleozoic intrusive plutons,

whereas Fairley (1966, 1973) followed Hayes and considered

these gneisses part of the basement upon which the overlying

metasedimentary rocks were deposited.
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The unconformity between the Corbin Gneiss and the

Pinelog Formation has been documented by Costello (1978)

and McConnell and Costello (1984). Basal conglomerates of

the Pinelog Formation of McConnell and Costello (1980) lo-

cally contain pebbles and cobbles of Corbin Gneiss. Thus, at

least the lower part of the clastic pile was derived from ero-

sion of the Allatoona Complex. The Pinelog Formation is

adopted and assigned to the Ocoee Supergroup.

The Allatoona Complex appears to be retrograded to the

amphibolite facies from the granulite facies (Martin, 1974;

Dallmeyer, 1975; McConnell and Costello, 1984). Field rela-

tions and radiometric ages (Odom and others, 1973;

Dallmeyer, 1975; T.W. Stern, oral commun., 1985) indicate

that the Corbin Gneiss is a Grenville-age plutonic rock,

thereby indicating that the country rocks in the Allatoona

Complex are even older (perhaps roughly the same age as the

Sparks Schist of the Grenville basement Wacoochee Complex

in the Pine Mountain anticlinorium, which they strongly

resemble).

Another outcrop area ofAllatoona Complex Grenville base-

ment rocks is in the Fort Mountain area (Furcron and others,

1947; Needham, 1972; Russell, 1976; McConnell and Cos-

tello, 1984) in the Bill Arp thrust sheet just east of

Chatsworth, Ga. (pi. 1). There the Fort Mountain Gneiss,

Corbin Granite, and Cohutta Schist of Furcron and others

(1947) represent the Allatoona Complex as recognized by

McConnell and Costello (1984; their Corbin Gneiss Complex);

the "Corbin Granite" and parts ofthe "Fort Mountain Gneiss"

(abandoned) being Corbin Gneiss equivalents, and parts of

the "Fort Mountain Gneiss" being equivalent to the country

rocks in the Allatoona Complex east and northeast of

Cartersville. Furcron and others (1947) gave the name Co-

hutta Schist to the small altered ultramafic bodies associated

with the Allatoona Complex around Fort Mountain; this

name is here abandoned following McConnell and Costello

(1984).

WACOOCHEE COMPLEX (ADOPTED)

Bentley and Neathery (1970, p. 34) gave the name
Wacoochee Complex to all of the rocks structurally beneath

the Hollis Quartzite of the Pine Mountain Group in the Pine

Mountain block. These rocks are now considered part of the

Grenville basement. We here adopt the name Wacoochee
Complex for the Grenville basement rocks in the Pine Moun-
tain anticlinorium in Georgia and Alabama. It includes the

Woodland Gneiss, the Cunningham Granite, the Sparks
Schist, and the Apalachee Formation (named below). The
reasons for the assignment of the Sparks Schist to the

Wacoochee Complex are given below in the section on the

Pine Mountain Group. The Halawaka Schist of Bentley and
others (1982) is considered equivalent to the Sparks Schist.

Apalachee Formation (Named)

The Apalachee Formation is here named for exposures
along roads on both sides of the Apalachee River in the north-

ern third of the Apalachee, Ga. 7.5-min quadrangle. The type

section is designated as the exposures along Wagnon Mill

Road in the Apalachee quadrangle, and particularly the

exposures at the falls on Jacks Creek. The Apalachee Forma-

tion is a coarse-grained, granitized, greatly deformed, schis-

tose, generally reddish garnet-sillimanite-K-feldspar-

plagioclase-biotite (and biotite-plagioclase) gneiss with

scarce amphibolite that weathers to a chocolate-colored soil.

The Apalachee is assigned to the Wacoochee Complex and is

considered to be about the same age as the Sparks Schist.

GREAT SMOKY GROUP

The Great Smoky Group in the Bill Arp thrust sheet con-

sists of the Frolona and Bill Arp Formations in the Austell-

Frolona anticlinorium, the Ola and Kalves Creek Formations

in the Ola anticlinorium, and the Richard Russell Gneiss and

Copperhill, Wehutty, Hughes Gap, Hothouse, and Dean For-

mations in northern Georgia. The names Copperhill, Hughes

Gap, Hothouse, and Dean Formations of Hurst (1955) are

here adopted. The Wehutty Formation is assigned to the

Great Smoky Group, and the other units are discussed below.

FROLONA AND BILL ARP FORMATIONS (ADOPTED)

By the early 1970's, the work of Crawford and Medlin

(1973, 1974; Medlin and Crawford, 1973) had shown that one

of the dominant structures of the Piedmont in western Geor-

gia and eastern Alabama is a large, tight to isoclinal, steeply

inclined, northwest-verging antiform, which they considered

anticlinal and named the Austell-Frolona anticlinorium

(pi. 1, fig. 2). They established a stratigraphy for the area, in

which they considered the section to be (from oldest to

youngest) the Frolona Formation, Bill Arp Formation, Sandy

Springs sequence (now Sandy Springs Group), and an un-

named sequence of metavolcanic and metaplutonic rocks

(now assigned to Paulding Volcanic-Plutonic Complex and

Ropes Creek Metabasalt).

Crawford and Medlin's (1973, 1974; Medlin and Crawford,

1973) stratigraphic sequence and the anticlinal nature of the

Austell-Frolona fold were challenged by Abrams and
McConnell (1981; McConnell and Abrams, 1984). They pro-

posed that the Austell-Frolona fold is an antiformal syncline

and that the previously established stratigraphic sequence is

mostly upside down, with the metavolcanic sequence (their

New Georgia Group) the oldest unit, followed by the Sandy

Springs Group, and with the Bill Arp Formation at the top of

the section. Abrams and McConnell (1981, p. 63) stated,

Based on our interpretation of stratigraphic relationships and multiple folding

within the Austell-Frolona, we believe it represents a second generation, over-

turned syncline. The Andy Mountain Formation (our Frolona formation equiv-

alent) is still interpreted to be older than the Bill Arp Formation. While all

facing criteria have been destroyed by metamorphism and multiple deforma-

tion, the gradual transition from a predominantly metavolcanic sequence (New

Georgia Group) upward into a predominantly metasedimentary sequence

(Roosterville group) supports this structural interpretation.
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We don't see why a "gradual transition" from a predomi-

nantly metavolcanic sequence to a predominantly metasedi-

mentary sequence would support an inversion of the se-

quences. Nevertheless, our detailed mapping of the Atlanta

1° x 30' quadrangle (Higgins, Atkins, and T.J. Crawford, un-

published), which includes the area described by Abrams and

McConnell (1981; McConnell and Abrams, 1984), has shown

that the stratigraphy of the area is partly a tectonostratigra-

phy, that graded bedding is widespread and well preserved in

the Bill Arp Formation, and that these facing criteria clearly

show that the Austell-Frolona fold (though complex) is an

anticlinorium.

The Austell-Frolona anticlinorium (pi. 1) extends from

west of Roanoke, Ala., to near Austell, Ga. (Crawford and

Medlin, 1973, 1974; Medlin and Crawford, 1973). From near

Roanoke, Ala., to a few kilometers northwest of Whitesburg,

Ga. (pi. 1), the anticlinorium is cored by a thick assemblage

(>1,500 m) of clastic metasedimentary rocks, without vol-

canogenic components, that Crawford and Medlin (1974)

named the Frolona Formation for characteristic exposures

along secondary roads south and southwest of the community

of Frolona, Heard County, Ga., and along Hillabahatchee

Creek northeast of Frolona, in the Frolona, Ga. 7.5-min quad-

rangle; all of these sections are here designated a composite

type section, and we propose formal acceptance of the Frolona

Formation as defined by Crawford and Medlin (1974). Craw-

ford and Medlin (1974, p. 9) defined the Frolona as follows:

The thickness of the Frolona is estimated to be approximately 5,000 feet (1,525

m). It consists of the following rock types, interlayered: graphitic staurolite-

kyanite-garnet-feldspar-quartz-muscovite schist, nongraphitic mica schist,

feldspathic micaceous quartzite, clean quartzite, and quartz-pebble metacon-

glomerate. The quartzites are fine to coarse grained, commonly feldspathic and

micaceous. Layers of quartz-pebble metaconglomerate contain elongate peb-

bles as large as 8 x 20 mm in a quartz-feldspar-mica matrix.

We here assign the Frolona Formation to the Great Smoky
Group of the Ocoee Supergroup (table 1).

Overlying the Frolona Formation is a thick sequence

(>2,700 m) of rhythmically interbedded schist and
metagraywacke that Crawford and Medlin (1974, p. 9) named
the Bill Arp Formation for characteristic exposures along

secondary roads west and south of the community of Bill Arp

and along the Dog River southwest of Bill Arp, in the Win-

ston, Ga. 7.5-min quadrangle; these sections are here desig-

nated a composite type section, and we here propose formal

acceptance of the Bill Arp Formation as defined by Crawford

and Medlin (1974).

Crawford and Medlin (1974, p. 9) defined the Bill Arp For-

mation as follows:

The unit is approximately 9,000 feet (2,745 m) thick. It consists of several rock

types: quartz-muscovite-biotite schist, with some layers composed almost en-

tirely of mica, alternating with muscovite-biotite-quartz-feldspar gneiss and

schist, sericite schist, and micaceous quartzite; quartzose-feldspathic layers

are dominant. Mafic layers are rare, thin and discontinuous where present.

Porphyroblastic mica cuts across schistosity and layering, and fractures are

filled with coarse mica. Garnets are scarce, small where present. Thin layers

of sericite schist contain abundant finely disseminated magnetite and ilmenite;

coarse ilmenite is associated with vein quartz.

McConnell and Abrams (1984) assigned the Bill Arp Forma-

tion to the top of the Sandy Springs Group. Because the

graded bedding in the Bill Arp Formation shows that

McConnell and Abrams' (1984) stratigraphic section is in-

verted and that the Bill Arp is at the bottom of the strati-

graphic section (tectonostratigraphic section), we here assign

the Bill Arp Formation to the Great Smoky Group of the

Ocoee Supergroup. It is structurally several thrust sheets

below the Sandy Springs Group.

OLA AND KALVES CREEK FORMATIONS (NAMED)

About 50 km southeast of the Austell-Frolona anticlino-

rium, the Bill Arp thrust sheet is again exposed in the Ola

anticlinorium (pi. 1, fig. 2), where it is composed of a thick

sequence (>2,000 m) of clastic metasedimentary rocks that

lack volcanogenic components. The lower unit in the Ola

antiform is a sequence of medium- to coarse-grained schists

with lensoidal units of biotite-plagioclase gneiss (metagray-

wacke or metasiltstone), here named the Ola Formation for

characteristic outcrops in the Ola, Ga. 7.5-min quadrangle.

The type section of the Ola is here designated as the section

exposed along Turner Church Road between Georgia High-

way 20 and Ola Road in the Ola, Ga. 7.5-min quadrangle (this

section also contains the type section of the Kalves Creek

Formation).

Infolded with the Ola Formation in the Ola antiform is a

unit composed of Ola lithologies, but with significant

amounts of white- to yellow-white-weathering, graphite-

sillimanite schist (graphite in tiny blebs and flakes on the

surfaces of fibrous sillimanite) that commonly breaks into

spindles upon weathering, here named the Kalves Creek For-

mation for characteristic exposures along Turner Church

Road between Kalves Creek and Airline Road in the Ola, Ga.

7.5-min quadrangle; these outcrops are here designated the

type section. The Kalves Creek is never seen fresh except in

drill core. In drill core the Kalves Creek has blebs of pyrite

that make up as much as 10 percent of the rock.

We here assign the Ola and Kalves Creek Formations to

the Great Smoky Group of the Ocoee Supergroup. The Kalves

Creek Formation is a lithic match of the Wehutty Formation

in northern Georgia, of part of the Frolona Formation in the

Austell-Frolona anticlinorium, and of the Manchester Schist

in the Pine Mountain anticlinorium (table 1); all these units

probably represent the same depositional environment, even

though they may have been deposited in separate Ocoee

basins.

RICHARD RUSSELL GNEISS (REVISED)

The Richard Russell Formation (Gillon, 1982; Nelson and
Gillon, 1985) was named for exposures along the Richard

Russell Scenic Highway (Georgia Highway 348) in the

Cowrock, Ga. 7.5-min quadrangle. However, our mapping
indicates that the Richard Russell should be restricted to the

massive, but highly fractured, biotite gneiss with minor
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amounts of biotite schist (as in the type section) and should

not include the schist-amphibolite-gneiss unit west of the

gneiss unit, which is the Zebulon Formation (pi. 1), or the few

small mafic and ultramafic slices (also see Nelson, 1982) of

the Ropes Creek and Soapstone Ridge thrust sheets. Because

gneiss makes up more than 90 percent of the unit, we here

modify the formation's name to the Richard Russell Gneiss.

We assign it to the Great Smoky Group. However, because

the Richard Russell resides in a separate thrust slice from the

other Great Smoky units in north Georgia, exactly where it

fits in the stratigraphic sequence is unknown. Our mapping

has also shown that the amphibolite units that both Gillon

(1982) and Nelson (1982) assigned to the Richard Russell

belong to the Ropes Creek and Soapstone Ridge thrust sheets;

they rest in thrust contact upon the Richard Russell. As far

as we know, the Richard Russell Gneiss is present in Georgia

only in the area shown as Richard Russell thrust slice in

plate 1.

In most outcrops the Richard Russell Gneiss lacks bedding

or compositional layering because of transposition along

closely spaced S-surfaces. The Richard Russell underlies

much of the highest mountainous terrain in Georgia. We
interpret this as due to the highly fractured nature of the

gneiss rather than to resistance to weathering and erosion:

meteoric water tends to penetrate through the gneiss to

emerge as springs at the base of the formation rather than

weathering and eroding it.

PINE MOUNTAIN GROUP (REVISED)

The Pine Mountain Group was traditionally considered to

be composed of (lower to upper) the Sparks Schist, Hollis

Quartzite, Manchester Schist, and Chewacla Marble (Adams,

1926; Hewett and Crickmay, 1937; Crickmay, 1952; Clarke,

1952). Bentley and Neathery (1970, p. 35) proposed changing

the name ofthe Hollis Quartzite to Hollis Metaorthoquartzite

to "avoid confusion with nonmetamorphic sandstones." They
also did not consider the Sparks Schist to be part of the Pine

Mountain Group. More recently, Sears, Cook, and others

(1981) considered the Pine Mountain Group to consist of the

Sparks Schist, the Hollis Quartzite, and the Manchester For-

mation, which they divided into a (lower) Chewacla Schist

Member and an upper Chewacla Marble Member. Our study

indicates that the Sparks Schist does not belong with the Pine

Mountain Group but instead belongs to the Grenville base-

ment. What has been mapped as Sparks Schist in the past is

two different schists, one derived from shearing of granulitic

basement gneisses (fig. 55), and the other a pelitic schist that

has been intruded by the gneisses. We here reinstate the

name Sparks Schist and remove it from the Pine Mountain
Group. We restrict the Sparks Schist to the pelitic schists in

the Wacoochee Complex of Grenville basement. We see no
useful purpose in calling the Hollis a "metaorthoquartzite"

and retain the name Hollis Quartzite. Our mapping shows
that the Manchester is composed of two mappable formations,

both depositional equivalents of formations in the Great
Smoky Group, but the use of the name Chewacla for two
different members of the Manchester (Sears, Cook, and
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Figure 55.—Sheared Grenville basement gneiss (Woodland Gneiss)

in the Pine Mountain anticlinorium. Arrow points to euhedral

K-feldspar that has survived the shearing; most K-feldspar crys-

tals have been sheared and deformed. Roadcut at corner of first

road to the left (east) south ofPine Mountain and Georgia Highway
354, in the Pine Mountain, Ga. 7.5-min quadrangle. Hammer is 40

cm long. '
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others, 1981) is improper (North American Commission on

Stratigraphic Nomenclature, 1983). We propose that the

name Manchester Schist be used for the lowermost unit of

graphitic and sillimanitic schists, with lesser amounts of thin

metagraywacke beds near its top, and propose the name
Mountain Creek Formation for interbedded pelitic schist and

graywacke that is well exposed around the valley of Moun-
tain Creek in the Pine Mountain Southwest, Ga. 7.5-min

quadrangle. The type section is designated as the roadcuts

along the paved road running southeast from Smiths Cross-

roads, from Mountain Creek to approximately 1.5 km south-

east of Mountain Creek. The Mountain Creek Formation is

lithologically identical to the Bill Arp Formation described

above. The Chewacla Marble is discontinuous and poorly ex-

posed (except in one quarry near Chewacla State Park near

Auburn, Ala.), but it appears to occur at the same strati-

graphic horizon, and for short distances at least it is a map-
pable unit. Moreover, because of the scarcity of carbonate

rocks in the crystalline terrane of Georgia and Alabama and

because of the Chewacla's importance to paleogeographic and

paleotectonic interpretations, we believe it should be a forma-

tion, as did Prouty (1916), Adams (1926, 1930, 1933), and

Bentley and Neathery (1970), and here restore the name
Chewacla Marble to formational rank. We consider the Pine

Mountain Group to consist (in ascending order) of the Hollis

Quartzite, Manchester Schist, Mountain Creek Formation,

and Chewacla Marble and assign it to the Ocoee Supergroup.

ZEBULON THRUST SHEET

The Zebulon thrust sheet is composed of intimate mixtures

of metasedimentary rocks, metavolcanic rocks, and metavol-

canogenic sediments. The only unit formally named here is

the Zebulon Formation, which forms most of the sheet. The
Senoia Formation (Higgins and Atkins, 1981) is revised from

a formation to a member of the Zebulon Formation.
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ZEBULON FORMATION (NAMED)

Through much of Georgia and Alabama, the Zebulon

thrust sheet is composed mostly of a thick (probably

>3,000 m) assemblage of intercalated generally pink- to

purple-weathering schists (commonly with abundant alumi-

nosilicate minerals and garnet) and ocher-weathering

hornblende-plagioclase amphibolites, with lesser amounts of

a wide variety of biotite-plagioclase gneisses and granitic

gneisses, which we here name the Zebulon Formation for

characteristic outcrops in the Zebulon, Ga. 7.5-min quadran-

gle. The type section is designated as the roadcuts along U.S.

Highway 19 from Zebulon, Ga., in the Zebulon 7.5-min quad-

rangle to Wasp Creek in the Griffin South, Ga. 7.5-min quad-

rangle. The name Zebulon Formation has already been used

in Alabama by Sears, Cook, and others (1981; based on our

oral communication with them) and Stow and others (1984;

following Sears, Cook, and others, 1981). Some of the rocks of

the Zebulon Formation were assigned by McConnell and

Abrams (1984) to their Univeter Formation, which is aban-

doned in this paper.

SENOIA MEMBER OF THE ZEBULON FORMATION
(REVISED)

In its uppermost parts the Zebulon Formation has thin

(everywhere less than a meter thick, and generally less than

30 cm thick) beds of gondite (spessartine quartzite) and

magnetite-bearing gondite, interpreted as metamorphosed
volcanogenic chemical sediments. Higgins and Atkins (1981)

named this gondite-bearing interval the Senoia Formation,

but it has not been mapped separately from the Zebulon For-

mation in many areas. We here revise the Senoia from a

formation to a member of the Zebulon Formation.

ATLANTA THRUST SHEET

The Atlanta thrust sheet is a composite sheet made up of

two thrust slices, the (lower) Stonewall slice and the (upper)

Clarkston slice. The Stonewall slice is composed of the

Stonewall Formation, and the Clarkston slice is composed of

(in ascending structural order) the Ison Branch and Barrow

Hill Formations, the Clarkston Formation with its Fairburn

Member, and the Big Cotton Indian Formation.

Higgins and Atkins (1981) named 12 formations in the

Atlanta area, which they included in the Atlanta Group, be-

fore the tectonostratigraphic nature of many of the units was

recognized. Further work has shown that the Senoia Forma-

tion should be a member of the Zebulon Formation in the

Zebulon thrust sheet. The Inman Yard Formation is now
known to be Clairmont melange belonging to the Clairmont

Formation in the Clairmont thrust sheet, so the name Inman
Yard Formation is here abandoned. The Camp Creek and

Promised Land Formations are now known to be the same

formation. The type locality at Promised Land (Higgins and

Atkins, 1981) is better than the type locality at Camp Creek,

so the name Camp Creek Formation is here abandoned. The

Hannah Member of the Promised Land Formation is now
known to be a mylonite schist along the Promised Land
thrust fault at the base of the Promised Land thrust sheet, so

the name Hannah Member is here abandoned. The Tar Creek

Member of the Clarkston Formation is identical with Clark-

ston Formation undivided, so the name Tar Creek Member is

here abandoned. The Intrenchment Creek Quartzite is part of

what we name below the Barrow Hill Formation, so we here

abandon the name Intrenchment Creek Quartzite. The name
Atlanta Group is here abandoned. Of the 12 formations of the

former Atlanta Group, the Wolf Creek, Promised Land, Clair-

mont, Wahoo Creek, Stonewall, Clarkston and its Fairburn

Member, and Big Cotton Indian Formations and Norcross

Gneiss remain in good usage. The new units proposed here

are the Ison Branch and Barrow Hill Formations.

McConnell and Abrams (1984, p. 42-43) have recently pro-

posed that the "stratigraphic" sequence in the Atlanta Group
(abandoned) is inverted from that proposed by Higgins and

Atkins (1981). They proposed correlation of the Big Cotton

Indian Formation, Intrenchment Creek Quartzite (aban-

doned), and Camp Creek Formation (abandoned) with their

New Georgia Group (abandoned); correlation of the Clark-

ston Formation, Stonewall Formation, Wahoo Creek Forma-

tion, Clairmont Formation (Clairmont melange including

former Inman Yard Formation), Senoia Formation (now a

member of the Zebulon Formation), Wolf Creek Formation,

Norcross Gneiss, Inman Yard Formation (abandoned), and

Promised Land Formation with their "Powers Ferry Forma-

tion undifferentiated," and correlation of the Lanier Moun-
tain Quartzite Member (abandoned) of the Snellville Forma-

tion (abandoned) with the Chattahoochee Palisades

Quartzite of the Sandy Springs Group and of the Norris Lake

Schist Member (abandoned) of the Snellville Formation

(abandoned) with the Factory Shoals Formation of the Sandy
Springs Group. Their correlations and inversion of the se-

quence in the Newnan-Tucker synform are based entirely on

similarities between the gondite in the Barrow Hill Forma-

tion (formerly Intrenchment Creek Quartzite) and some parts

of iron formations in their New Georgia Group (abandoned;

consists of three different thrust sheets—see below), similar-

ities between the Big Cotton Indian Formation and the part

of the Sandy Springs Group that they placed in their New
Georgia Group, and what they considered similarities be-

tween the Camp Creek Formation (abandoned) and parts of

their New Georgia Group. Rocks of the former Camp Creek

Formation (now Promised Land Formation) and Intrench-

ment Creek Quartzite (now Barrow Hill Formation) do not

bear a lithologic resemblance to the Ropes Creek Metabasalt,

Sandy Springs Group, and Paulding Volcanic-Plutonic Com-
plex, which Abrams and McConnell (1981; McConnell and

Abrams, 1984) lumped into their New Georgia Group (aban-

doned). We (Higgins and others, 1984; this paper) have given

evidence that the rocks that Higgins and Atkins (1981) as-

signed to the Atlanta Group (abandoned) are not found north-

west of the Brevard Zone. In addition, because graded

bedding in the Bill Arp Formation shows that Abrams and
McConnell's (1981) and McConnell and Abrams' (1984) inter-

pretation of the stratigraphic sequence northwest of the

Brevard Zone is inverted, their proposed inversion of the se-
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quence (chiefly a tectonostratigraphic sequence) in the

Newnan-Tucker synform is invalid.

ISON BRANCH AND BARROW HILL FORMATIONS (NAMED)

The Ison Branch Formation, at the base of the Clarkston

slice in the Atlanta thrust sheet (figs. 1, 19) is here named for

the large roadcut in saprolite along Hill Street just north of

Hill Street's juncture with U.S. Highway 41/19 Business, on

the north side of Ison Branch, in the Griffin South 7.5-min

quadrangle; this roadcut is also designated the type section.

The Ison Branch is a relatively thin unit (at most a few

hundred meters are preserved) of metamorphosed, finely

laminated, graphitic, calcareous, and pyritic felsic tuff that is

seen fresh only in drill core or where very deep excavations

have been blasted. It weathers to a very distinctive, finely

laminated, nearly white, spongy saprolite (fig. 20) that is

easily mapped. Locally it shows chaotic folding (fig. 20) that

is interpreted to be soft-sediment deformation.

Structurally, and probably also stratigraphically, above

the Ison Branch Formation is a unit of intercalated blocky,

sooty-weathering gondite (spessartine quartzite), pink- to

purple-weathering garnet-sillimanite-biotite-muscovite

schist, and ocher-weathering hornblende-plagioclase amphi-

bolite that we here name the Barrow Hill Formation for expo-

sures along the three roads that cut across Barrow Hill in the

Orchard Hill, Ga. 7.5-min quadrangle; these exposures are

also designated a composite type section. The Barrow Hill

apparently grades upward into the Clarkston Formation.

SANDY SPRINGS THRUST SHEET

The Sandy Springs thrust sheet is composed of the Sandy

Springs Group, which consists of (ascending order) the

Powers Ferry Formation, Chattahoochee Palisades Quartz-

ite, and Factory Shoals Formation (Higgins and McConnell,

1978). Rottenwood Creek Quartzite, included by Higgins and

McConnell (1978) in the Sandy Springs Group, was aban-

doned by Higgins and others (1984). In this paper we abandon

the names (of Higgins and Atkins, 1981) Snellville Forma-

tion and its Lanier Mountain Quartzite Member, now shown
to be the Chattahoochee Palisades Quartzite, and its Norris

Lake Schist Member, now shown to be the Powers Ferry

Formation; the Andy Mountain Formation of Abrams and
McConnell (1981; McConnell and Abrams, 1984); and the

Dog River Formation of McConnell and Abrams (1984).

DOG RIVER FORMATION (ABANDONED)

McConnell and Abrams (1984, p. 38) proposed the name
Dog River Formation for a sequence of metagraywacke,
schist, and amphibolite with "thin (1-3 in) layers of banded
iron formation." They stated, "The presence of this banded
iron formation and the lithologic similarity of this unit to

upper parts of the underlying New Georgia Group suggest

that the contact with the New Georgia Group is gradational

and represents a gradual waning of volcanism in this area."

The graded bedding in the Bill Arp Formation indicates that

the stratigraphic sequence proposed by McConnell and
Abrams (1984) is inverted, and our work shows that the rocks

they named the New Georgia Group belong to three different

thrust sheets (Sandy Springs, Paulding, Ropes Creek). Thin
quartzites containing minor amounts of magnetite are

present in many outcrops of the Powers Ferry Formation

(Higgins, 1965), and this caused McConnell and Abrams
(1984) to set aside part of the Powers Ferry around the Dog
River southeast of Villa Rica as the "Dog River Formation."

Because these rocks clearly belong to the Powers Ferry For-

mation, the Dog River Formation is here abandoned.

ANDY MOUNTAIN FORMATION (ABANDONED)

Abrams and McConnell (1981 p. 63-64; McConnell and
Abrams, 1984) proposed the name Andy Mountain Formation

for a unit of graphitic schists, garnetiferous schists, and
quartzite in western Georgia northwest of the Brevard Zone.

Part of this unit is lithically identical with the Canton Schist

of Bayley (1928—abandoned) and Canton Formation of

McConnell and Abrams (1984—abandoned) and is assigned

to the Cherokee alteration zone of the Ropes Creek Meta-

basalt (see section on Ropes Creek thrust sheet). Our work
shows that part of the Andy Mountain Formation of Abrams
and McConnell (1981; McConnell and Abrams, 1984) is the

Chattahoochee Palisades Quartzite of the Sandy Springs

Group. Because Abrams and McConnell's Andy Mountain
Formation belongs to two separate units, we here abandon
the Andy Mountain Formation of Abrams and McConnell

(1981; McConnell and Abrams, 1984).

TALLULAH FALLS FORMATION (RESTRICTED)

Hatcher (1971b, p. 9-10) proposed the name Tallulah Falls

Formation for rocks of the Sandy Springs Group in northeast

Georgia. Galpin (1915) had used the name Tallulah Falls

Quartzite for the major quartzite unit in the area; he appar-

ently had in mind a section along the old Tallulah Falls

Railway (1915, p. 119) for the type locality and type section.

Hatcher defined four members of his Tallulah Falls Forma-

tion (1971b, p. 11-12), but he failed to give type localities for

the members or to formally designate Tallulah Falls, the old

Tallulah Falls Railway, or the city of Tallulah Falls as the

type locality for the formation. Hatcher (1969) had earlier

included the units in his "Whetstone Group." Hatcher (1974,

p. 9) stated of his Tallulah Falls Formation, "This formation

name was proposed to raise the name Tallulah Falls to group

status." Naming a unit a formation cannot raise its name to

group status. In light of the lack of designated type localities

or sections, confusion over groups versus formations, the fact

that the units were never properly named, and the fact that

the rocks belong to the Sandy Springs Group (Higgins, 1966;

Higgins and McConnell, 1978), the Tallulah Falls is re-

stricted from this area, and we recommend that the name
Tallulah Falls Formation be abandoned. The rocks that
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Hatcher (1971b) named Tallulah Falls Formation belong to

the Powers Ferry Formation, Chattahoochee Palisades

Quartzite, and Factory Shoals Formation of the Sandy
Springs Group in the Sandy Springs thrust sheet.

PAULDING THRUST SHEET

The Paulding thrust sheet is composed entirely of the

Paulding Volcanic-Plutonic Complex (named below). Rocks of

the Paulding Complex have been given various names in

Alabama (Bentley and Neathery, 1970; Neathery, 1975; Tull

and others, 1978; Stow, 1982; Stow and others, 1984), includ-

ing the Waresville Amphibolite, a small part of the Ketchep-

edrakee Amphibolite, and the lower part of the Hillabee

greenstone. We include these rocks in the Paulding Volcanic-

Plutonic Complex and suggest that the name Ketchepedra-

kee Amphibolite should be abandoned, but it may be reserved

for local usage. In Georgia, part of the Waresville Amphibo-

lite of Bentley and Neathery (1970), part of the Pumpkinvine

Creek Formation of McConnell (1980), and part of the New
Georgia Group of Abrams and McConnell (1981) and
McConnell and Abrams (1984) are included in the Paulding

Volcanic-Plutonic Complex in the Paulding thrust sheet. In

this paper, we abandon the names Waresville Amphibolite,

Pumpkinvine Creek Formation, and New Georgia Group.

PAULDING VOLCANIC-PLUTONIC COMPLEX (NAMED)

The Paulding Volcanic-Plutonic Complex is here named for

exposures in Paulding County, Ga., where thick sections of

these rocks are exposed. The type section is designated as the

section along the unnamed dirt road that runs south and

southwest from Georgia Highway 120 in the northeast corner

of the New Georgia, Ga. 7.5-min quadrangle to the first dirt

road to the west and along that east-west road to its intersec-

tion with a road running north and southwest to the thrust

fault at the base of the Ropes Creek Metabasalt about 320 m
west of the cemetery on the south side of the road (fig. 56).

The Paulding Volcanic-Plutonic Complex is made up of light-

green-weathering, epidote-rich, generally chloritic, green or

blue-green hornblende- or (and) actinolite-plagioclase amphi-

bolites (about 50-60 percent) intimately interlayered with

light-gray to nearly white, amphibole-bearing granofels and

biotite-bearing gneisses (metamorphosed felsic and interme-

diate tuffs—about 20-30 percent). Dikes, sills, and small plu-

tons of K-feldspar-poor granitic and K-feldspar-bearing

granitic rocks are ubiquitous (forming about 15-20 percent of

the unit), and pods of epidosite are common. Thin layers and

lenses of vermiculitic mica (not included in the percentages)

are locally present, but their protolith is unknown. A distinc-

tive siliceous "hardpan" is generally found above the rocks in

the Paulding sheet. The Paulding is essentially an all-ig-

neous unit, devoid of clastic metasedimentary rocks, al-

though metamorphosed epiclastic sedimentary rocks are

present. This lack of clastic metasedimentary rocks, coupled

with its distinctive appearance in outcrop and the fact that its

mafic rocks are generally epidotic and chloritic, distinguishes

it from rocks of underlying thrust sheets.

WARESVILLE AMPHIBOLITE OR FORMATION
(ABANDONED)

Bentley and Neathery (1970, p. 26) used the name
"Waresville Formation" for rocks here assigned to the Pauld-

ing Volcanic-Plutonic Complex, stating that the unit had
been named by Bentley in a report "in preparation" on Heard
County, Ga. The report has never been published, no type

locality designation has been given (Waresville is a town in

Heard County, Ga.), and no type section designated. The
name Waresville Amphibolite has been used as a local name
in Alabama by Neathery (1975) and Stow and others (1984).

Waresville Amphibolite or Formation is here abandoned as a

formal name.

PUMPKINVINE CREEK FORMATION (ABANDONED)

McConnell (1980) proposed the name Pumpkinvine Creek

Formation for rocks assigned here to the Paulding Volcanic-

Plutonic Complex in the Paulding thrust sheet, the Ropes

Creek Metabasalt in the Ropes Creek thrust sheet, and the

Powers Ferry Formation of the Sandy Springs Group in the

Sandy Springs thrust sheet (his fig. 3, 1980, p. 4). Because the

rocks reside in three different thrust sheets (compare
McConnell's fig. 3 with pi. 1 and fig. 2 of this paper), we here

abandon the name Pumpkinvine Creek Formation.
McConnell's type locality for his Pumpkinvine Creek Forma-
tion is in Ropes Creek Metabasalt, and most of the rocks he

called "Pumpkinvine Creek" are Ropes Creek Metabasalt.

ROPES CREEK THRUST SHEET

The Ropes Creek thrust sheet is composed of the Ropes

Creek Metabasalt, which includes various unnamed, but

mappable, volcanogenic alteration zones, iron formations,

pelagic manganiferous metasedimentary rocks, the Cherokee

alteration zone (an informally named alteration zone), and

the Cedar Lake Member. Named units assigned to the Ropes

Creek Metabasalt in Alabama include the Mitchell Dam,
Beaverdam, and Ropes Creek amphibolites, most of the

Ketchepedrakee amphibolite, part of the Doss Mountain am-
phibolite, the Slaughters metagabbro, and the upper part of

the Hillabee greenstone (Bentley and Neathery, 1970, Neath-

ery, 1975; Tull and others, 1982; Stow, 1982; Neilson, 1983;

Stow and others, 1984); these names are retained for informal

local usage but should be abandoned as formal names. In

Georgia, we here abandon the New Georgia Group and Mud
Creek Formation of Abrams and McConnell (1981) and the

Univeter Formation of McConnell and Abrams v 1984) includ-

ing its Rose Creek Schist Member and Lost Mountain Amphi-
bolite Member. We propose acceptance of the Cedar Lake
Member and Villa Rica Gneiss of Abrams and McConnell

(1981; McConnell and Abrams, 1984), as modified here.
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Figure 56.—Map showing the location of the type section of the Paulding Volcanic-Plutonic Complex in the New Georgia, Ga. 7.5-min

quadrangle.

ROPES CREEK METABASALT (REVISED)

Bentley and Neathery (1970, p. 29-30) used the name
Ropes Creek Amphibolite for exposures of amphibolite along
Ropes Creek in northeastern Lee County, Ala. This name has
since been in common use in Alabama (Neathery, 1975;

Sears, Cook, and others, 1981; Stow and others, 1984). We
here accept the type locality along Ropes Creek as proposed

by Bentley and Neathery (1970), but we propose that the

name be changed to Ropes Creek Metabasalt.

The Ropes Creek Metabasalt is composed of ocher-

weathering, massive to finely layered, locally laminated, lo-
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cally pillowed (fig. 33), locally chloritic, commonly garnetifer-

ous, locally magnetite-bearing, generally pyrite-bearing,

green to greenish-black hornblende-plagioclase and plagio-

clase-hornblende amphibolites with persistent but minute

amounts (generally less than a very small fraction of a per-

cent) of fine- to medium-grained, generally amphibole-

bearing granofels. The final weathering product of the am-

phibolites is a very characteristic dark-red clayey soil. The
mafic rocks of this unit are at least partially chloritized and

(or) epidotized; few areas larger than a few square kilometers

have escaped some chloritization, epidotization, or uralitiza-

tion. Many of the rocks in the Ropes Creek Metabasalt con-

tain disseminated pyrite, and, locally, highly pyritiferous

zones as much as 20 m wide can be followed for as much as

100 m along strike.

One of the more distinctive features of the Ropes Creek

Metabasalt is that it contains a diverse suite of iron-rich,

siliceous, and manganiferous metavolcanogenic, largely ex-

halative, chemical metasediments, divided (terminology

modified from Stanton, 1976b) into banded iron formations

(Abrams and McConnell, 1982; McConnell and Abrams,

1983, 1984), ironstones, magnetite quartzites (Pate, 1980),

manganiferous quartzites, and manganiferous schists. Some
of the manganiferous rocks are similar to those found in the

Zebulon and Atlanta thrust sheets, but in the Georgiabama

thrust stack the iron-rich rocks are unique to the Ropes Creek

thrust sheet and can be used almost like index fossils to

identify it. Locally associated with the iron-rich rocks are

thin layers of fibrous tourmaline (generally dravite). In addi-

tion, as far as we know (except for sulfide deposits in the

Little River allochthon and Ducktown-type deposits), all of

the massive volcanogenic sulfide deposits in Georgia and Ala-

bama are within the Ropes Creek Metabasalt in the Ropes

Creek thrust sheet. They are closely associated with the iron

formations (Pate, 1980; McConnell and Abrams, 1982) and

tourmaline layers (also see Slack, 1982) in mappable linear,

siliceous and (or) aluminous, magnetite-, garnet-, and pyrite-

rich alteration zones that were probably at or near submarine

exhalative vents.

Geochemical studies (Stow and others, 1984; Appendix B)

indicate that the amphibolites in the Ropes Creek Metabasalt

probably originated as seafloor basalts in an ocean-ridge en-

vironment. Isotopic studies (Jones and others, 1973; Shaw
and Wasserburg, 1984; see section on West Point melange)

also indicate that the Ropes Creek amphibolites are ancient

oceanic crust. These interpretations are supported by the fact

that the rocks in the Ropes Creek are almost entirely mafic

(though ultramafic rocks and insignificant amounts of inter-

mediate to felsic rocks also occur), contain volcanogenic

sulfide-rich alteration zones and deposits (probably "black-

smoker" deposits), and are associated with metavolcanogenic

chemical sediments (iron-rich and, to a slightly lesser extent,

manganese-rich cherts) and minor amounts of manganifer-

ous pelagic sediments.

MUD CREEK FORMATION (ABANDONED)

Abrams and McConnell (1981, p. 61) proposed the name
Mud Creek Formation for "amphibolite, hornblende gneiss,

biotite gneiss, mica schist and quartzite" exposed along Mud
Creek north of Villa Rica, Ga. The section along Mud Creek

that they designated the type section lies along the contact

between the Zebulon Formation in the Zebulon thrust sheet

and the Villa Rica Gneiss and Ropes Creek Metabasalt in the

Ropes Creek thrust sheet. The Mud Creek Formation as de-

fined by Abrams and McConnell is not a mappable unit.

Therefore, we here abandon the name Mud Creek Formation.

CEDAR LAKE MEMBER (REVISED)

Abrams and McConnell (1981, p. 62-63) proposed the name
Cedar Lake Quartzite Member of the Mud Creek Formation

for a quartzite with layers and disseminated grains of mag-
netite and specular hematite that is exposed at Cedar Lake,

in the Winston, Ga. 7.5-min quadrangle. They also noted that

the iron phase of the quartzite grades locally into a man-
ganiferous or garnetiferous quartzite. Abrams and McConnell

(1981; McConnell and Abrams, 1984) mapped only the

quartzites as the Cedar Lake Quartzite Member, and hence

they showed the unit as discontinuous in most places. Our
mapping has also shown that the magnetite-hematite, mag-
netite, and manganiferous (spessartine) magnetite quartzites

are discontinuous. However, these quartzose rocks are within

a continuous, mappable unit of manganiferous schist (fig.

2A ). We here accept the name Cedar Lake and the type local-

ity designated by Abrams and McConnell (1981), but we mod-

ify Abrams and McConnell's (1981; McConnell and Abrams,

1984) Cedar Lake Quartzite Member of the Mud Creek For-

mation to the Cedar Lake Member of the Ropes Creek Meta-

basalt, and we include the manganiferous rocks within it.

VILLA RICA GNEISS (REVISED) AND MULBERRY ROCK
GNEISS (ABANDONED)

The Ropes Creek thrust sheet also contains various

K-feldspar-poor granitic rocks, including trondhjemites

(Pate, 1980; Sanders, 1983), that are locally associated with

gold-bearing quartz veins and alteration zones. Abrams and
McConnell (1981) proposed the name Villa Rica Gneiss Mem-
ber of the Mud Creek Formation for one such trondhjemite

body in western Georgia, and McConnell and Abrams (1984)

proposed the name Mulberry Rock Gneiss Member ofthe Mud
Creek Formation for another gneiss body to the northwest

(fig. 2). Pate (1980, p. 11-13) had already used the name Villa

Rica Gneiss, stating, "While this unit has previously been

termed a granite, petrographic examination reveals only mi-

nor amounts of potassium feldspar accompanied by relatively

low percentages of ferromagnesian minerals." We here accept

the name Villa Rica Gneiss as proposed by Pate (1980) and
Abrams and McConnell (1981; McConnell and Abrams,
1984). However, Abrams and McConnell (1981) and Mc-
Connell and Abrams (1984) assigned the gneiss to their Mud
Creek Formation (abandoned) of their New Georgia Group
(abandoned) and considered the Villa Rica Gneiss to be a

metadacite; McConnell and Abrams (1984, p. 25) changed the

name Villa Rica Gneiss Member of the Mud Creek Formation
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to "Villa Rica Gneiss (Metadacite) Member" ofthe Mud Creek

Formation. The Villa Rica Gneiss is a plutonic rock, however,

as recognized by Pate (1980) and Sanders (1983). It contains

numerous xenoliths of Ropes Creek Metabasalt, including

ultramafic rocks, it is of uniform plutonic texture, and it does

not interfinger with its metavolcanic country rocks as indi-

cated by Abrams and McConnell (1981) and McConnell and

Abrams (1984). The Ropes Creek Metabasalt locally has very

small amounts of intercalated felsic rocks with mineralogic

compositions similar to the composition of the Villa Rica

Gneiss, and there are dikes and sills of the gneiss in the

country rocks near their contact with the gneiss; "metada-

cite" should be dropped from the name. The Mulberry Rock

Gneiss is Corbin Gneiss, so the name Mulberry Rock Gneiss

is abandoned.

McConnell and Abrams (1984, p. 26) also applied the name
Villa Rica Gneiss to another body of gneiss located roughly

along strike from the Villa Rica Gneiss, stating:

East-northeast of where the Villa Rica antiform plunges out, another gneiss

very similar to the Villa Rica Gneiss is exposed in the crest of another elongate

antiform. Sanders (personal commun., 1981) found that this gneiss is chemi-

cally dissimilar to the Villa Rica Gneiss and contains slightly higher concen-

trations ofK20, MgO, total Fe, and CaO and slightly lower values for Si02 and

Na20. Abrams and McConnell (1981a) and Abrams (1983) suggested that the

two gneisses were equivalent based on their similar structural and strati-

graphic position. In this report, we consider the chemical variations to be minor

facies variations within a single lithostratigraphic unit and interpret this body

to be equivalent to the Villa Rica Gneiss.

The body of gneiss in question, which we informally refer to

as the Gothards Creek gneiss, bears little resemblance in

outcrop or thin section to the Villa Rica Gneiss. It has a much
better developed foliation that is defined by biotite, whereas

biotite is only a minor constituent of the Villa Rica Gneiss.

The Gothards Creek gneiss has a different mineralogic com-

position and a distinctly different chemical composition from

the Villa Rica Gneiss. Most important, the Gothards Creek

gneiss and the Villa Rica Gneiss are in different thrust

sheets; the Villa Rica is in the Ropes Creek thrust sheet,

whereas the Gothards Creek is in the Zebulon thrust sheet.

There is no scientific reason to correlate these two gneisses.

UNIVETER FORMATION (ABANDONED)

McConnell and Abrams (1984, p. 34-36) proposed the name
Univeter Formation, defining it as follows:

This report serves to formally define the Univeter Formation for exposures at

Univeter, southern Cherokee County. The Univeter Formation is composed of

hornblende-andesine gneiss (amphibole/hornblende gneiss) with an interven-

ing thin, garnet-biotite-muscovite schist±amphibole. Also present locally is a

thin (less than 5 ft) banded iron formation and coarsely garnetiferous chlorite

schist... The hornblende-andesine gneiss in the Univeter Formation is inter-

preted to form two limbs of a fold. This unit is here termed the Lost Mountain
Amphibolite Member of the Univeter Formation for exposures on Lost Moun-
tain in western Cobb County. The intervening schist member is here termed

the Rose Creek Schist Member for exposures near Rose Creek Church in south-

western Cherokee County.

The town of Univeter, Ga. (including the "type locality"

marked by a small circle on McConnell and Abrams' fig. 21),

is underlain by the Zebulon Formation; thin amphibolites

present there along with schist are within the Zebulon. In

fact, the section exposed in cuts behind buildings in Univeter

is so characteristic of the Zebulon that it could be a reference

section. The amphibolite at Lost Mountain is Ropes Creek
Metabasalt in the Ropes Creek thrust sheet, and the garne-

tiferous schist unit that McConnell and Abrams (1984) called

the "Rose Creek Schist Member" is part of the Cherokee vol-

canogenic alteration zone within the Ropes Creek Meta-

basalt; Bayley (1928) named garnetiferous schists in this

zone the Canton Schist (see below). Because the "type local-

ity" of McConnell and Abrams' (1984) Univeter Formation is

in the Zebulon Formation in the Zebulon thrust sheet,

whereas members of the formation are in the Ropes Creek

thrust sheet, and for the reasons listed above, we here aban-

don Univeter Formation, Rose Creek Schist Member of the

Univeter Formation, and Lost Mountain Amphibolite Mem-
ber of the Univeter Formation.

CANTON SCHIST OR FORMATION (ABANDONED),
CHEROKEE ALTERATION ZONE OF THE ROPES
CREEK METABASALT (INFORMALLY NAMED)

Bailey (1928, p. 43) gave the name Canton schist for "best

exposures ... in the neighborhood of Canton" to "a narrow belt

of carbonaceous, or graphitic, garnetiferous mica schist."

McConnell and Abrams (1984, p. 28-29) proposed changing

the Canton Schist to the Canton Formation, stating, "These

garnetiferous, graphitic schists occur only locally and ... in-

terfinger with quartzite and metagraywacke." Our mapping
in the Cartersville, Ga. 1° x 30' quadrangle (Higgins, R.F.

Crawford, III, and Cressler, unpub. data) shows that the rocks

that Bailey (1928) mapped as Canton Schist and the rocks

that Abrams and McConnell (1984, pi. 1) mapped as Canton
Formation are within a sequence of metamorphosed hy-

drothermal volcanogenic alteration zone rocks and chemical

and pelagic sediments in the Ropes Creek Metabasalt in the

Ropes Creek thrust sheet. Because these rocks are not a nor-

mal metasedimentary sequence and do not occur at a single

stratigraphic horizon, but at different horizons within the

Ropes Creek Metabasalt, and because the names Canton

Schist and Canton Formation have been used for what was
thought to be a stratigraphically limited normal metasedi-

mentary unit, we here abandon both names. Nevertheless,

the rocks do form a mappable unit and warrant an informal

name. To avoid further confusion, we propose the name
Cherokee alteration zone of the Ropes Creek Metabasalt for

these rocks, for Cherokee County, Ga., where they are well

exposed. A typical section through the Cherokee zone can be

seen along the road running southeast from Georgia High-

way 205 from Hopewell Church to Georgia Highway 5 at

Lebanon (Toonigh Sta.), Ga., from the first road entering that

road from the northeast to the flood plain of Blankets Creek,

in the South Canton, Ga. 7.5-min quadrangle. This section

includes the coarsely garnetiferous schists that Bayley (1928)

assigned to his Canton Schist, very graphitic schists, meta-

cherts, sericitic schists, and manganiferous schists.



APPENDIX A.—STRATIGRAPHIC NOMENCLATURE 135

HILLABEE GREENSTONE (INFORMAL)

The name Hillabee, whether modifying schist, chlorite

schist, green schist, greenschist, or greenstone, has been in

common use in Alabama since the late 19th century (Brewer,

1896; Prouty, 1923; Adams, 1926, 1933; Griffin, 1951;

Carrington and Wigley, 1967; Clarke and Carrington, 1964;

Neathery, 1972; Reynolds, 1972; Neathery and Reynolds,

1973; Tull and others, 1978; Tull, 1979, 1982; Tull and Stow,

1980a,b, 1982; Stow and Tull, 1982; Stow, 1982) for the north-

ern and northwesternmost infolded slices of the Ropes Creek,

West Point melange, and Paulding thrust sheets (see Hill-

abee greenstone under Ropes Creek thrust sheet in the main
part of this paper). Because its rocks reside in three separate

thrust sheets, with very different origins, and probably

slightly different ages, the name Hillabee should be retained

only for local informal usage.
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APPENDIX B.—GEOCHEMISTRY

The analyses presented in tables 7-11 were all done in the

laboratories of the U.S. Geological Survey, except for the

major-oxide analyses of rocks from the Corbin Gneiss, which

were done in the laboratory of the Georgia Geologic Survey.

Major-oxide analyses were done by the method described by

Shapiro (1975), except for samples with "R" and "AR" pre-

fixes in table 11A, which were done by X-ray spectroscopy.

Rare-earth-element analyses were done by instrumental neu-

tron activation. Trace-element analyses for Ba, Cs, Th, U, Zr,

Hf, Ta, Co, Cr, Sc, Zn, and Sb were done by instrumental

neutron activation, except where abundances of Ba, Zr, or Zn
were low, in which case they were done by quantitative spec-

trographic analysis. Trace-element analyses for Sr, Li, Ni,

Cu, and Y were done by quantitative spectrographs analysis.

Nb content was determined spectrophotometrically using the

method of Greenland and Campbell (1974). The analytical

methods have been further described by Gottfried and others

(1977, 1983).

For many years there has been a tendency, especially

among Appalachian geologists, to assume that the geochemi-

cal characteristics of rocks have been altered to one degree or

another by the metamorphism, so that their present composi-

tions may reflect neither their original compositions nor their

original tectonomagmatic environments. The comprehensive

study of amphibolites from the Alabama crystalline terrane

by Stow and others (1984) has shown that at least the Ropes

Creek thrust sheet rocks have experienced little alteration or

migration of elements. Stow and others (1984, p. 422) stated,

There is general agreement that many constituents (that is, Y, Zr, Nh, Ti, Cr,

REE) are relatively immobile during alteration and metamorphism, while

others, especially alkali metals, may be highly mobile (Hanson, 1980; Pearce,

1975; Pearce and Cann, 1973; Smith and Smith, 1976). The degree to which

element migration has occurred in amphibolites of the Alabama Piedmont

cannot be quantitatively judged presently. Based on adherence to igneous

trends, our data suggest that significant movement has not occurred, and, for

the DMTA (Doss Mountain Amphibolite), they indicate that migration, even

for the alkali metals, is insignificant.

BILL ARP THRUST SHEET

Two sets of samples were analyzed from rocks of the Bill

Arp thrust sheet in Georgia: (1) a set of 34 samples of Corbin

Gneiss in the Allatoona Complex of Grenville basement rocks

and (2) a set of 28 samples of graphitic schists and phyllites

from units of the Ocoee Supergroup.

Analyses of major oxides, trace elements, and rare-earth

elements (REE) in rocks from the Corbin Gneiss are given in

table 7. These analyses show that the Corbin is relatively rich

in Ti, Ba, Zr, and light-rare-earth elements (LREE) and rela-

tively poor in Ca. All samples analyzed contain ilmenite and

zircon in the norm. Three new analyses of Fort Mountain

Gneiss (Corbin Gneiss; Appendix A) given by McConnell and

Costello (1984, p. 273) indicate that the gneiss is also rich in

Ti and has both ilmenite and rutile in the norm. Analyses

given by Stieve (1984) from rocks of the Wacoochee Complex

of Grenville basement in the Pine Mountain anticlinorium

suggest that mafic and intermediate rocks there are also rel-

atively rich in Ba and Ti, and according to A.K. Sinha (writ-

ten commun., 1984) rocks of the Grenville basement in North

Carolina are also relatively rich in Ti, Ba, Zr, and LREE.
These geochemical features may be characteristic of

Grenville-basement metaigneous rocks in the southern Ap-

palachians.

Major-oxide analyses of graphitic schists and phyllites

from various units in the Ocoee Supergroup are given in table

8. Like the Corbin Gneiss, these metasedimentary rocks are

relatively rich in Ba, Ti, Zr, and LREE and anomalously poor

in Ca. All samples analyzed contain ilmenite and zircon in

the norm, and many contain rutile as well. Comparison of the

data from the Corbin Gneiss and various Ocoee Supergroup

rocks indicates a striking similarity that we interpret as indi-

cating that these transported sequences were all derived from

Grenville basement that was, or was very much like, the

Allatoona Complex. The anomalously low CaO content of the

pelitic rocks strongly suggests rapid deposition from base-

ment that was relatively poor in CaO.

PAULDING THRUST SHEET

A set of 13 samples of representative rock types from the

Paulding Volcanic-Plutonic Complex was analyzed; the data

are presented in table 9. In the analyzed samples Si02 ranges

from 52.8 percent to 63.5 percent (table 9A ) corresponding to

a range of basalt to dacite, with most samples falling into the

andesite range. The assemblage of mafic to intermediate ig-

neous rocks in the Paulding Complex appears to be calc-

alkalic to calcic (Peacock, 1931), with a (Na20+K20)/CaO
index between 57 and 63; the scatter may be due to alter-

ation, but the limited number of analyses is insufficient to

define such alteration. The assemblage plots toward the alka-

line side on an F'-M-A (F'=total iron calculated as FeO,

M=MgO, A=Na2 +K20) diagram (fig. 57A ), and within the

calc-alkaline field of Irvine and Baragar (1971). Thus, major-

element analyses support field and petrographic data indicat-

ing that the Paulding Volcanic-Plutonic Complex is a calc-

alkaline assemblage.

Trace-element abundances in rocks from the Paulding

Complex are given in table 9B . The Paulding rocks appear to

be enriched in Ba and Sr and somewhat depleted in Cu, Co,

Cr, and Ti (low in Ti02—table 9A ). Y-Nb ratios average 2.77

and range from 1.22 to 3.39; these low ratios are compatible

with an island-arc derivation for the rocks.

Chondrite-normalized REE patterns for rocks from the

Paulding Complex (fig. 57B ) show consistent LREE enrich-

ment and trends compatible with arc environments. Discrim-

ination diagrams (fig. 57C-E), widely used to determine

original tectonomagmatic environment, also support the in-

terpretation of an arc environment for derivation of the

Paulding Complex rocks. On the Ti-Zr diagram (fig. 57C),

most Paulding rocks fall in the field of calc-alkalic basalt of

island arc series, with one sample falling in the field of low-

potassium tholeiitic basalt of island arc series. On a Ti02-Zr
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diagram (fig. blD ), the Paulding rocks plot mostly within the

arc field, and on an Hf/3-Ta-Th diagram (fig. 57E), most of

them plot within the calc-alkaline part of the arc field (field

of basalts from destructive plate margins), with one sample

falling in the field of enriched-type mid-ocean-ridge basalts

and tholeiitic within-plate basalts. On an Al2 3/Ti02-Ti02

diagram (fig. 57F), some Paulding samples plot in the arc

field whereas others plot between the arc field and the field

that includes mid-ocean-ridge basalts; Hillabee dacites are

also plotted. On a CaO/Ti02-Ti02 diagram (fig. 57G), two of

the Paulding samples plot in the primitive "source relatively

undepleted" arc field and the others plot between that arc

field and the field that includes mid-ocean-ridge basalts;

Hillabee dacites are also plotted. It must be again emphasized

that most of these Paulding rocks are not basalts, so data

plotted on these discrimination diagrams are not entirely

comparable with data from basalts. The samples analyzed

from the Paulding Complex are too low in chromium for use

of such diagrams as Cr-Y plots.

All of the available geochemical data from rocks of the

Paulding Volcanic-Plutonic Complex are compatible with the

field evidence suggesting that the rocks of the complex

formed in an island arc environment in the Iapetus Ocean.

ROPES CREEK THRUST SHEET

Geochemical data from 27 samples of Ropes Creek Meta-

basalt of the Ropes Creek thrust sheet in Georgia are given

in table 10. These data are considered an addition to the

larger data base from Ropes Creek Metabasalt (including the

Ketchepedrakee, Beaverdam, Mitchell Dam, and Ropes

Creek amphibolites) in Alabama presented by Stow and

others (1984). We agree completely with Stow and others'

geochemical assessment of these rocks and with their assign-

ment of the rocks to an original ocean-rift environment.

The Ropes Creek Metabasalt samples (table 10A ) are low

in K20, and most are high in Ti02 . Figure 58A is an F'-M-A

plot of the Ropes Creek Metabasalt samples; the Ropes Creek

samples fall mostly within the tholeiitic field and compare

well with various Ropes Creek rocks from Alabama
(figs. 58B, C).

Trace-element abundances in the Ropes Creek Metabasalt

(table 106) are similar to those given by Stow and others

(1984) for various amphibolites in the unit in Alabama. The
Ropes Creek samples are generally low in Ba but appear to be

enriched in Sr, Zr, and Ni, somewhat enriched in Co and Cu,

and greatly enriched in Cr.

Chondrite-normalized REE patterns are essentially flat

(fig. 58D ), but most samples show slight LREE enrichment;

the REE distribution patterns are quite similar to those pre-

sented by Stow and others (1984, p. 428, fig. 6) for various

amphibolites in the Ropes Creek Metabasalt in Alabama and
support the interpretation of Stow and others that the rocks

are ocean-ridge basalts.

Tectonomagmatic discrimination diagrams also indicate

that the Ropes Creek Metabasalt is ancient oceanic crust. We
do not have enough Zr data from samples for which we have

Y or Ti data to use discrimination diagrams based on these

elements for the Ropes Creek Metabasalt in Georgia. On a

Ti02-Zr diagram (fig. 58E), the three Ropes Creek samples

for which there are Zr data plot mostly within the ocean-floor

basalt field along with the Alabama samples from Stow and

others (1984); figure 58F shows samples of the Hillabee

greenstone from Tull and others (1978) and Stow (1982) plot-

ted on the same diagram, and figure 58G shows the various

amphibolites in the Ropes Creek Metabasalt in Alabama and
the Hillabee greenstone plotted with the three Georgia Ropes

Creek samples on a Zr/Y-Zr diagram; most samples plot

within the field of ocean-floor basalts. On a Cr-Y plot

(fig. 58//), the Ropes Creek samples from Georgia plot en-

tirely within the ocean-floor basalt field, though one sample

(CA.6) has anomalously low Cr (43 ppm) and five other sam-

ples for which Y was not determined also have low Cr abun-

dances. Figure 58/ shows the Alabama samples of various

amphibolites in the Ropes Creek Metabasalt and the Hillabee

greenstone (Tull and others, 1978; Stow, 1982) added to the

Cr-Y diagram for the Georgia Ropes Creek samples. On an

Al2 3/Ti02-Ti02 diagram (fig. 58J), most of the Ropes Creek

samples from Georgia plot in the field that includes mid-

ocean-ridge basalts with two samples plotting between that

field and the arc field; on the same diagram most of the

samples from various amphibolites in the Ropes Creek Meta-

basalt in Alabama plot in the field of mid-ocean-ridge basalts

(fig. 58/0, as do most of the samples from the Hillabee green-

stone (fig. 58L). On a CaO/Ti02-Ti02 diagram (fig. 58M),

most of the Ropes Creek samples from Georgia plot within the

field that includes mid-ocean-ridge basalts, with three sam-

ples falling between that field and a primitive or "source

relatively undepleted" arc field; on the same diagram almost

all the samples of various amphibolites in the Ropes Creek

Metabasalt in Alabama plot in the field that includes mid-

ocean-ridge basalts (fig. 58AO, as do most of the samples from

the Hillabee greenstone (fig. 580).

Overall, the geochemical data from the Ropes Creek Meta-

basalt in Georgia and Alabama support the field data indicat-

ing that the Ropes Creek is made up of oceanic crust, mostly

ocean-floor basalts that originated in a mid-ocean rift (Stow

and others, 1984), the mid-Iapetus ridge. Stow and others

(1984, p. 432), following a scheme by Nisbet and Pearce

(1973), suggested that different spreading rates may be de-

duced from different Ti02 contents of different parts of the

Ropes Creek Metabasalt in Alabama; on the basis of that

scheme, most of the Georgia Ropes Creek samples indicate

average spreading rates (Ti02 percentages average 1.29 but

range as high as 2.5).

The Paulding Volcanic-Plutonic Complex was lumped with

the Ropes Creek Metabasalt in the Ropes Creek thrust sheet

(and probably some of the West Point thrust sheet as well)

into various units of their New Georgia Group (abandoned;

see Appendix A) by Abrams and McConnell (1981, 1984) and

McConnell and Abrams (1984). The two assemblages are

quite distinctive in the field, however, and comparison of

geochemical data presented here also shows great differences

in their chemical compositions as well as their trace-element

and REE abundances (fig. 58P). Furthermore, their original

tectonic settings appear to be different, as deduced both from
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overall lithologic makeup and from settings suggested by

plots of least mobile elements on discrimination diagrams.

All of the geochemical data support the field data indicating

that the Paulding Volcanic-Plutonic Complex and the Ropes

Creek Metabasalt are distinctly different assemblages

formed in different tectonomagmatic environments.

SOAPSTONE RIDGE THRUST SHEET

Geochemical data from 41 samples of rocks from the Soap-

stone Ridge thrust sheet in Georgia are given in table 11;

most of the samples are from the Soapstone Ridge Complex.

Nearly all of the samples are high in MgO and low in alkalies

(table 1LA), and whereas olivine is present in the norm in

over half the samples, normative hypersthene is present in

every sample. All of the Soapstone Ridge thrust sheet sam-

ples are high in Ni and Co and very high in Cr (table llfi).

On an F'-M-A diagram (fig. 59A ), the altered ultramafic

and mafic rocks from the Soapstone Ridge thrust sheet plot

along the F'-M side of the triangle and fairly far towards M;
the points are tightly clustered. Figure 59B shows the Soap-

stone Ridge samples, the Georgia Ropes Creek samples, and
two samples of ultramafic rocks associated with the Ropes

Creek Metabasalt in Georgia (table 10) plotted on an F'-M-A
diagram; the trend of the points may well define a differenti-

ation trend implying a genetic relationship between the

Soapstone Ridge samples and Ropes Creek samples.

Plots of REE normalized to chondrites mostly show pat-

terns of LREE enrichment and extreme HREE (heavy-rare-

earth-element) depletion indicative of the chloritization that

has affected most of the samples. Hence, REE can be used

neither to confirm nor to deny the interpreted ocean crust and

mantle origin for the rocks of the Soapstone Ridge thrust

sheet.
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FIGURE 57.—Data from rocks of the Paulding Volcanic-Plutonic Complex in Georgia and the Hillabee

dacites in Alabama. ARC, volcanic-arc basalt; MORB, mid-ocean-ridge basalt; WPB, within-plate

basalt; OFB, ocean-floor basalt. A , Paulding Volcanic-Plutonic Complex rocks plotted on an F'-M-A

diagram (F'=total iron as FeO; M=MgO; A=Na2 +K20). Data from the Hillabee dacites in

Alabama (Tull and others, 1978; Stow, 1982) are also plotted. The line marked by TH/CA represents

the boundary between tholeiitic and calc-alkaline rocks (from Irvine and Baragar, 1971; Stow and

others, 1984). B , Chondrite-normalized rare-earth-element distribution patterns for the Paulding

Volcanic-Plutonic Complex. C, Paulding Volcanic-Plutonic Complex rocks plotted on a Ti-Zr dia-

gram for tectonomagmatic discrimination (after Pearce and Cann, 1973). D, Paulding Volcanic-

Plutonic Complex rocks plotted on a Ti02-Zr diagram for tectonomagmatic discrimination (after

Pearce, 1979). E, Paulding Volcanic-Plutonic Complex rocks plotted on a Hf/3-Ta-Th diagram for

tectonomagmatic discrimination (after Wood, 1980). F, Paulding Volcanic-Plutonic Complex rocks

and Hillabee dacites plotted on an Al2 3/Ti02-Ti02 diagram for tectonomagmatic discrimination

(as modified by Stow and others, 1984, from Sun and Nesbitt, 1978). G , Paulding Plutonic-Volcanic

Complex rocks and Hillabee dacites plotted on a CaO/Ti02-Ti02 diagram for tectonomagmatic

discrimination (as modified by Stow and others, 1984, from Sun and Nesbitt, 1978).
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Figure 57.—Continued.
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Figure 57.—Continued.

F*

A, From rocks in Georgia, plotted on an F'-M-A diagram (F' = total iron as FeO;
M =MgO; A=Na 2 + K20). The line marked by TH/CA represents the boundary
between tholeiitic and calc-alkaline rocks (Irvine and Baragar, 1971; Stow and
others, 1984).

FIGURE 58.—Data from the Ropes Creek Metabasalt. ARC, volcanic-arc basalt; MORB, mid-ocean-ridge basalt; WPB, within-plate basalt;

OFB, ocean-floor basalt. Captions for parts A through P are under each diagram.
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B, From rocks in Georgia and Alabama, including Ropes Creek, Ketchepedrakee,

Mitchell Dam, and Beaverdam amphibolites (Stow and others, 1984). See A for

explanation of TH/CA line.

C , From the Hillabee greenstone in Alabama (Tull and others, 1978; Stow, 1982).
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D, Chondrite-normalized rare-earth-element distribution patterns from rocks in

Georgia (compare with Stow and others, 1984, p. 428).
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F, From the Hillabee greenstone in Alabama (Tull and others, 1978; Stow, 1982),

plotted on a Ti02-Zr diagram for tectonomagmatic discrimination (after Pearce,

1979).
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G , From rocks in Georgia and Alabama, including the Ropes Creek, Ketchepedrakee, Mitchell

Dam, and Beaverdam amphibolites, and the Hillabee greenstone (Tull and others, 1978;

Stow, 1982; Stow and others, 1984), plotted on a Zr/Y-Zr diagram for tectonomagmatic
discrimination (after Pearce, 1979, and Pearce and Norry, 1979).
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P, Average chondrite-normalized rare-earth-element distribution

patterns from the Ropes Creek Metabasalt in Georgia (RC) and the

Paulding Volcanic-Plutonic Complex (P).
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F'

Figure 59.—Data plotted on F'-M-A diagrams (F'=total iron as FeO; M = MgO; A = Na2 + K20). The line marked by TH/CA represents

the boundary between tholeiitic and calc-alkaline rocks (after Irvine and Baragar, 1971; Stow and others, 1984). A, From rocks of the

Soapstone Ridge thrust sheet. B , From rocks of the Soapstone Ridge thrust sheet, the Ropes Creek Metabasalt in Georgia, and ultramafic

rocks associated with the Ropes Creek Metabasalt.
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