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FOREWORD

In 1973, Glover and Sinha described the southern Appalachian Piedmont as “the last large-scale modern frontier
of extremely complex regional geology in the United States.” These words, I think, reflect the excitement that many
of us feel toward the region. We are all aware of the poor exposure, the complex structure, and the local intensity of
metamorphism; but as Appalachian geologist along the length of the orogen are concluding— it is the metamorphic
core terranes that will be the “proving grounds” for the multitude of regional tectonic models now available. There-
fore, we, who are presently working in the internal zones of the southern Appalachians, are in a unique position to put
major constraints on working hypotheses concerning the tectonic evolution of the region. It is truly an exciting time to
be studying Piedmont geology, and as a field geologist, principally trained in the western United States, I feel fortu-
nate to be able to participate in this “renaissance period” of southern Appalachian geology.

This is the philosophy from which this volume was spawned. It is basically a collection of progress reports on
various aspects of the geology of the eastern Piedmont. It seems especially appropriate that such a volume be pub-
lished in conjunction with the annual meeting of the Carolina Geological Society. For this event, outside of the annual
meeting of the Southeastern section of the Geological Society, brings together more southern Appalachian geologists
than any other activity in a normal year.

The articles in this volume are diverse in their subject matter as well as geographic distribution. Reports are
included which essentially span the length of the eastern Piedmont throughout the Carolinas and in part overlap into
adjacent Virginia and Georgia. The articles have been arranged in a basically north to south order, and Plate 1 is a
location map which illustrates the geographic distribution of the various studies with regard to the regional geology of
the southern Appalachian Piedmont.

Many people helped me in numerous ways to complete this project. Norman K. Olson, the state geologist of
South Carolina, was enthusiastic from its inception and strongly supported the work until completion. My colleague,
Donald T. Secor, Jr., gave me valuable advice on many aspects as well as continuous encouragement. Many individu-
als in the Department of Geology, University of South Carolina helped in the preparation of this publication: Diane
Moses and Joyce Goodwin (manuscript typing), Burk Scheper (photography), Nanette Muzzy (Drafting). Finally, 1
wish to especially thank the many contributors to this volume; they were cooperative in every way, and the incorpora-
tion of their articles with the field guide tremendously enhances the usefulness of this publication.

Arthur W. Snoke
Columbia, South Carolina
August, 1978

KEY TO PLATE 1

1. John M. Parker, III, Structure of west flank of the Raleigh belt, North Carolina

2. E. E. Stoddard, V. V. Cavaroc, and R. D. McDaniel, Status of geologic research in the Raleigh belt and adjacent
areas, eastern Piedmont of North Carolina

3. Van Price and R. Bruce Ferguson, The use of NURE regional geochemical data in geologic mapping

4. Henry Bell, David L. Daniels, Peter Popenoe, and William E. Huff, Comparison of anomalies detected by airborne
and truck-mounted magnetometers in the Haile-Brewer area, South Carolina

5. Martha Carr, Structural chronology of the Lake Murray spillway, central South Carolina

6. Donald T. Secor, Jr., and Arthur W. Snoke, Stratigraphy, structure, and plutonism in the central South Carolina
Piedmont

7. Alexander W. Ritchie and Wallace C. Fallaw, Detailed structure and post-kinematic dikes in the Carolina slate belt,
Greenwood and Saluda Counties, South Carolina

8. Richard G. Chalcraft, David P. Lawrence, and Carl A. Taylor, Jr., The petrology of the Greenwood pluton, Green-
wood County, South Carolina: A preliminary report

9. Harmon D. Maher, Stratigraphy and structure of the Belair and Kiokee belts, near Augusta, Georgia

10. David C. Prowell, Distribution of crystalline rocks around Augusta, Georgia, and their relationship to the Belair
fault zone

Not plotted:
Stephen A. Kish and Paul D. Fullagar, Summary of geochronological data for Late Paleozoic plutons from high grade
metamorphic belts of the eastern Piedmont of North Carolina, South Carolina, and Virginia
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STRUCTURE OF WEST FLANK OF THE RALEIGH BELT, NORTH CAROLINA

John M. Parker, 111
Department of Geosciences
North Carolina State University
Raleigh, North Carolina 27607

INTRODUCTION

The Raleigh belt in the northeastern Piedmont of North
Carolina consists of metamorphic rocks of medium-to high-
rank and is cored by an adamellite batholith and several
stocks. It extends 80 miles southward from the Virginia state
line and is some 30 miles wide. Bordering it on the west is
the Carolina slate belt made up of low-rank metamorphosed
volcanic and sedimentary rocks penetrated by many intru-
sions. Similar rocks on the south and east have been desig-
nated in the eastern slate belt. The area is a great uplift that
has been named the Wake-Warren anticlinorium (Parker,
1968). The west flank of the uplift, west of the central adam-
ellite intrusions, is a closely folded sequence of mica
gneisses and schists with subsidiary amphibolite, totaling
some 20,000 feet in thickness, intruded by many small igne-
ous bodies varying in composition from felsic to ultramafic.

This paper summarizes the relations of the Raleigh belt
to the Carolina slate belt, between the Virginia-North Caro-
lina boundary and southern Wake County, and considers the
major structures within its west flank. The discussion is
based on the cited published and manuscript sources and on
my recent (1977-1978) reconnaissance mapping.

CAROLINA SLATE-RALEIGH BELT BOUND-
ARY

The nature of the boundary between the Carolina slate
and Raleigh belt varies from place to place. The variations
are described below in segments extending from the North
Carolina-Virginia line southward for a distance of nearly 80
miles (Fig. 1).

State line to upper Nutbush Creek

The easternmost rocks of the slate belt in this segment
(about 10 miles) are sericite-chlorite phyllites which form a
narrow strip along the east edge of a large albite granodiorite
pluton (Parker, 1963). This strip ranges in width from about
450 to 700 feet but widens in Virginia to at least 3500 feet.
To the east are various gneisses and schists which, near the
boundary, interfinger with phyllite. Foliation and bedding in
both groups of rocks strike north-northeast and dip steeply
northwest. The structure here was interpreted (Parker, 1963)
as homoclinal and the boundary as a gradation in metamor-
phic character across a conformable stratigraphic sequence.
Recently, other workers (Hadley, 1973; Casadevall, 1977)
have suggested that the phyllite stripe defines a major fault

zones; this possibility will be discussed later/

Upper Nutbush Creek to Kittrell area

The phyllite strip appears to narrow and eventually dis-
appear as a mappable entity along upper Nutbush Creek val-
ley, about 6 miles north of Henderson; however, detailed
geologic mapping is not available south of here (Parker,
1963). From this area to a point west of Kittrell (about 11
miles), albite granodiorite that intrudes slate belt rocks lies
adjacent to mica gneiss and schist (Cook, 1968; Hadley,
1973,1974). Near the contact phyllitic rocks are interlayered
with gneiss similar to the situation north, and suggesting that
these parts of the boundary are much alike.

Kittrell area

West of Kittrell, the boundary, for about 6 miles, is a
nearly straight line that parallels local structure. Numerous
granodiorite sills occur along this belt, and phyllitic strips
are interlayered with gneissic rock. The boundary here
seems to be a gradational metamorphic change as in the seg-
ments farther north.

Tar River to Wake County

Near the Tar River, for about 5 miles an adamellite stock
in the gneissic belt lies just east of the slate belt (Carpenter,
1970). Between then is a siliceous zone about 400 feet wide
which may be a shear zone. Southwestward from the stock
for 3 miles to a point 2.5 miles south of Wilton, the boundary
extends in a nearly straight line parallel to local foliation but
is terminated at a sharp bend in the Jonesboro fault, the east-
ern border of Triassic sedimentary rocks. This segment of
the boundary may be a fault and an extension of the siliceous
zone. Alternatively, however, the contact may be a change in
metamorphic grade or an unconformity (Carpenter, 1970).
For the next 4.5 miles almost to Wake County, slate belt
rocks are absent as Triassic sediments are faulted against
lower amphibolite grade schists and gneisses and an ultrama-
fic lens.

Wake County segment

For 10 miles from the northern Wake County line a dior-
ite-gabbro complex lies along the boundary between slate
belt rocks and various gneisses of the Raleigh belt (Parker,
1978). Southward from this point across Wake County
(about 28 miles) typical metavolcanic and metasedimentary
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Figure 1. Geologic map of west flank of Raleigh belt, North Carolina. Symbols: gs-mica and hornblende gneisses and schists; vs-
metavolcanic and metasedimentary rocks with intrusions (part of Carolina slate belt); ph-phyllite (phyllonite?); dg-diorite-gabbro
complex; gd-granodiorite; ad-adamellite; Trs-Triassic sedimentary rocks. Places: F-Franklinton; H-Henderson; K-Kittrell; NbC-
Nutbush Creek; )-Oxford; R-Raleigh; W-Wilton; WF-Wake Forest. Base from Army Map Service Greensboro and Raleigh sheets.

Geology mapped and compiled by J.M. Parker, I11; 1963-1978.

rocks of greenschist facies occupy an irregular belt 1 to 3
miles wide. They grade eastward into various older gneisses
and schists of amphibolite facies. The whole sequence dips
generally westward and seems to be conformable. The
boundary, therefore, appears to be a metamorphic gradation.

Summary of boundary relations

The boundary between the Carolina slate belt and the
west flank of the Raleigh belt is interpreted, for most locali-
ties, as a change in metamorphic rank in a conformable,
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westward-dipping series of rocks. The younger rocks to the
west were largely volcanic, volcaniclastic, and sedimentary
while those to the east were mostly sedimentary deposits of
graywacke and associated types. Faulting and intrusion have
locally complicated the boundary.

STRUCTURE

The west flank of the Raleigh belt consists chiefly of
foliated and bedded metamorphic rocks striking north-north-
east. In Wake County, these rocks dip generally westward in
the west half of the belt but are essentially vertical in the
eastern half (Parker, 1977, 1978). An anticlinal axis evi-
denced by structural and stratigraphic data passes through
west Raleigh. An isoclinal synclinal axis is inferred to exist
about 2 miles to the east; it is believed to coincide with a per-
sistent belt of quartzitic gneiss characterized by a strong, per-
vasive horizontal lineation of mica streaks. This lineation is
interpreted as having formed in a complex of tightly com-
pressed and rotated folds (fold mullions). The lineated gneiss
and the inferred synclinal structure coincide with a strong
magnetic linear high.

In the area just south of the Virginia-North Carolina
boundary, gneisses of the Raleigh belt are vertical or dip
steeply to the west. Here the structure in the western part of
the Raleigh belt also appears to be a west-dipping homocline
(Parker, 1963). The areas farther to the east and the interval
southward to Wake County have been examined only in
reconnaissance, so locations of fold axes are not known.

REGIONAL FAULTING

Faults of regional significance have been postulated
recently as extending through the west flank of the Raleigh
belt. Hadley (1973, Fig. 1) plotted a fault through the phyllite
strip along the east side of the granodiorite pluton, and Casa-
devall (1977) extended the fault far into Virginia and south-
ward past Raleigh and beyond Wake County. Hatcher and
others (1977a, 1977b) suggested an associated system of
faults extends from Alabama to central Virginia. They extend
the Modoc fault of South Carolina through Raleigh. The
chief basis for these speculations is linear aeromagnetic
anomalies.

Many linear magnetic anomalies occur along the west
flank of the Raleigh belt where steeply dipping metamorphic
rocks crop out in narrow strips. None of the anomalies
extends unbroken through the area considered here, though
commonly where one anomaly dies out another begins en
echelon nearby. Most of these anomalies are readily corre-
lated with surface geologic features, though the reasons for
the anomalies are not always clear. The major linear mag-
netic highs along and near the postulated fault have been
plotted on the accompanying map (Fig. 1).

The postulated fault near the Virginia line coincides

with the strip of phyllitic rocks described above and also
with an abrupt escarpment-like magnetic anomaly (lower to
the east). Casadevall (1977) interpreted this strip as phyllo-
nite but has not yet presented supporting data. His interpreta-
tion may prove to be correct though my mapping indicates
otherwise/ It is not known whether phyllonite continues
along this line south of upper Nutbush Creek. This magnetic
anomaly dies out in western Henderson and another more
ridge-like high begins half a mile to the east. This extends
parallel to various gneisses and, west of Kittrell for 5 miles,
it coincides with hornblende gneiss. Near the Tar River it fol-
lows lineated quartzitic gneiss until the anomaly dies out a
little southwest of Franklinton. Here it is succeeded en eche-
lon to the west by a linear high that continues southward
along hornblende gneiss and lineated quartzitic gneiss to a
point about 2 miles west of Wake Forest. From here it con-
tinues in strongly lineated quartzitic gneiss to a point 10
miles south of Raleigh; this segment is believed to be an iso-
clinal axis (Parker, 1978). Hatcher and others (1977b, Fig. 3)
plot the Modoc fault along the west side of this high.
Another high begins 2 miles to the west and extends south-
ward beyond the area considered here; it probably marks an
anticlinal axis. The Modoc fault is shown curving over to
pass along its west side.

The suggested location of the Modoc fault in the
Raleigh belt is thus seen to link up a series of unlike geologic
features. No one can doubt that the belt is one of important
tectonic movements but whether it includes a regional fault
is dubious. Closely compressed folding with some disloca-
tion seems to me a better concept in the present state of
knowledge. Pending publication of information from careful
field, petrographic, and perhaps other geophysical studies ,
the suggested extension of the Modoc fault through the
Raleigh belt should remain a speculation.
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STATUS OF GEOLOGIC RESEARCH IN THE RALEIGH BELT AND ADJACENT AREAS, EASTERN
PIEDMONT OF NORTH CAROLINA

E.F. Stoddard, V.V. Cavaroc
Department of Geosciences, North Carolina State University, Raleigh, North Carolina 27650
R.D. McDaniel

North Carolina State Geological Survey Section, Department of Natural Resources and Community Development, Raleigh, North Carolina
27611

INTRODUCTION

In recent years, plate tectonists have commonly ignored
the Raleigh belt in their promulgation of large-scale models
for the Paleozoic tectonic development of the southern
Appalachians. In fact, the role and position of the Raleigh
belt in the geologic history of eastern North Carolina is not
well understood. Research currently underway at North
Carolina State University and at the State Geological Survey
is directed at a variety of petrologic, structural, and deposi-
tional problems in eastern North Carolina. Our ultimate aim
is to integrate results of our studies with existing information
in order to provide a unified, coherent picture of the deposi-
tional, tectonic, magmatic, and metamorphic history of the
Raleigh belt. We feel that such understanding will place sig-
nificant constraints on plate tectonic models for the southern
Appalachians.

GEOLOGIC SETTING

Pre-Mesozoic rocks in the region between the Inner
Piedmont and Coastal Plain provinces of northeastern North
Carolina may be divided into two types: 1) low grade (green-
schist to epidote amphibolite facies) metavolcanic and inter-
layered volcanogenic metasedimentary rocks of the Carolina
and eastern slate belts; and 2) higher grade (amphibolite
facies) metasedimentary and probably metaplutonic rocks as
well as younger unmetamorphosed plutonic rocks of the
Raleigh belt. The metavolcanic rocks occur in tow belts sep-
arated by the Raleigh belt rocks, apparently the manifesta-
tion of a large scale anticlinorial structure (Fig. 1 and Parker,
1968).

RALEIGH BELT LITHOLOGIES

The Raleigh belt contains a great variety of rock types
(Parker, in press). It is cored by felsic gneisses, some of
which are granitic, but most of which indicate a probable
sedimentary origin because they have bulk compositions of
arkosic arenites and contain likely sedimentary structures
and relic textures. Pelitic schists, some probably highly gra-
phitic, and amphibolites and hornblende gneisses of prob-
lematic origin are less abundant but occur on the limbs of the
large anticlinal structure. In addition, podiform ultramafic
bodies occur in the Raleigh belt, northwest of the city of

Raleigh. All these Raleigh belt lithologies have undergone
relatively high pressure amphibolite facies metamorphism
with the pelites locally containing garnet, kyanite, and stau-
rolite.

Felsic plutonic rocks, most ranging from granite to
quartz monzonite in composition, occur in the Raleigh belt.
The two largest bodies (Fig. 1), the Rolesville batholith
(Parker, in press) and the Castalia pluton (Julian, 1972),
occur in eastern Wake and adjacent Franklin Counties, and
are currently under investigation by Glover and co-workers
at VPI. & S.U. (S. Farrar, personal communication). The
Castalia pluton has been dated at 316 + 6 m.y. (P.D. Fullagar,
reported in Julian, 1972; Rb/Sr whole rock isochron (Sr87/
Sr86)0 =0.7147 + 0.0022). To our knowledge, no geochrono-
logic study has been completed on the Rolesville body, but
several lines of evidence suggest that it is older than the
Castalia. First, it is almost uniformly concordant to the sur-
rounding country rock, whereas the Castalia appears to be
distinctly discordant, at least on its south side. Second,
although the Rolesville is distinctly foliated in places, the
Castalia is unfoliated. Third, the Rolesville appears to
occupy the metamorphic culmination of the high pressure
amphibolite facies metamorphism of the Raleigh belt
(parker, 1978, and in press), its western boundary being
highly veined with pegmatite and aplite and taking on a mig-
matitic character in places. The Castalia, on the other hand,
probably possesses a low pressure thermal aureole (W.F.
Wilson, reconnaissance mapping) and appears to cut
regional metamorphic isograds (Julian,1972).

RALEIGH BELT-SLATE BELT RELATION-
SHIPS

It appears quite probable that the sedimentary precur-
sors of the Raleigh belt metamorphic rocks constituted at
least in part a continental shelf assemblage of arkoses, local
quartzites, shales, carbonaceous matter, and possibly muddy
limestones. Subsequently metamorphosed to relatively high
grade, Raleigh belt rocks thus present a striking contrast to
the greenschist facies metavolcanics and volcanogenic
metasediments of the adjacent slate belts, and indicate a dis-
tinctly different history.

The Raleigh belt may thus represent an exhumed portion
of the continental basement (some possibly of Grenville age,
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cf. Glover and others, 1978) and shelf sediments upon which
the slate belt volcanic arc was built up. If this is the case,
then the contacts between the Raleigh belt and slate belt
units might very well be gradational and conformable, and
they must have shared a common tectonic and thermal his-
tory since the early Paleozoic. In fact, Parker has suggested
such a stratigraphic relationship, and argues (this volume)
that the Raleigh - slate belt boundary west of Raleigh is a
continuous metamorphic gradient. However, others (Casade-
vall, 1977; Hatcher and others, 1977; S. Farrar, in Costain
and others, 1978) have inferred the existence of a major fault
zone in this area.

East of Raleigh, the Raleigh belt - eastern slate belt con-
tact has also been interpreted by Parker (1968 and in press)
as conformable, and a study by Cavaroc and Stanley (in
press) supports Parker’s conclusions (Fig. 1). However, far-
ther east in the eastern slate belt, stratigraphic relationships
are increasingly difficult to discern, as Coastal Plain cover
predominates. The occurrence of possible oceanic lithos-
phere (Fig. 1; Stoddard and Teseneer, 1978) on strike with a
linear aeromagnetic anomaly and a probable fault of regional
extent (Hatcher and others, 1977) suggests the possibility of

a major crustal discontinuity in that area.

Although it is probable that the Raleigh belt - slate belt
boundary is a continuous metamorphic gradient in places, it
has not been conclusively demonstrated to be so on all sides.
Definitive answers must await the results of more detailed
and comprehensive work/

REFERENCES CITED

Casadevall, T., 1977, The Nutbush Creek dislocation, Vance
County, North Carolina, and Mecklenburg County, Virginia - A
probable fault of regional significance: Geol. Soc. Amer. Abs.
With Programs, v. 9, p. 127-128.

Cavaroc, V.V, and Stanley, L.G., in press, Orthoquartzite sandstone
in a eugeosynclinal facies: Soc. Econ. Paleo, Mineral. Bull.
Costain, J.K., Glover, L., III, and Sinha, A.K., 1978, Evaluation and
targeting of geothermal energy resources in the southeastern
United States - Progress Report VPI & SU-5648-1, October,

1977- December 31, 1977. (Available from NTIS).

Glover, L., III, Mose, D.G., Poland, F.B., Bobyarchick, A.R., and
Bourland, W.C., 1978, Grenville basement in the eastern Pied-
mont of Virginia: Implications for orogenic models: Geol. Soc.
Amer. Abs. with Programs, v. 10, p. 169.

Hatcher, R.D., Jr., Howell, D.E. and Talwani, P., 1977, Eastern



GEOLOGIC RESEARCH IN THE RALEIGH BELT AND ADJACENT AREAS

Piedmont fault system: Speculations on its extent: Geology, v.
5, p. 630-640.

Julian, R.L., 1972, The Castalia adamellite in Franklin and Nash
Counties, North Carolina, and the petrogenesis of some associ-
ated pegmatites and aplites: M.S. thesis, North Carolina State
Univ., 61 p.

Parker, J.M., III, 1968, Structure of easternmost North Carolina
Piedmont: Southeastern Geology, v. 9, p. 117-131.

Parker, J.M., 111, 1977, Structure of the Raleigh belt of eastern Pied-
mont in Wake County, North Carolina: Geol. Soc. Amer. Abs.
with Programs, v. 9, p. 173.

Parker, J.M., II1, in press, Geology and mineral resources of Wake
County, North Carolina: North Carolina Geol. Survey Section
Bull. 86.

Stoddard, E.F., and Teseneer, R.L., 1978, Associated mafic and
ultramafic rocks, southwestern Halifax County, North Carolina:
Geol. Soc. Amer. Abs. with Programs, v. 10, p. 199.



CAROLINA GEOLOGICAL SOCIETY
Guidebook for 1978 Annual Meeting
Pages 9-13

THE USE OF NURE REGIONAL GEOCHEMICAL DATA IN GEOLOGIC MAPPINGI

Van Price, Jr. and R. Bruce Ferguson
E.L du Pont de Nemours & Co., Savannah River Laboratory, Aiken, South Carolina 29801

1.Work supported by USDOE Contract No. AT (07-2)-1. The Savannah River Laboratory is operated for DOE by E.I. du Pont de
Nemours and Co. and has responsibility for a geochemical reconnaissance of the Eastern United States (Ferguson and Price, 1976).

INTRODUCTION

The objective of this paper is to point out the copious
regional geochemical data available through the U.S. Depart-
ment of Energy (DOE) National Uranium Resource Evalua-
tion (NURE) Program and to demonstrate the potential of
such data as a tool for geologic mapping in the southeastern
Piedmont. For some years geologists have been limited to
high altitude imagery and regional geophysical maps to aid
in the extrapolation and regional interpretation of limited
geologic field data. Geochemistry has been restricted to
characterizing mapped rock units (such as a specific pluton)
or to pinpointing ore deposits in areas which were prese-

lected because of geologic criteria. The NURE program pro-
vides a massive data bank to assist geologists to prepare
more meaningful and accurate geologic maps.

DISCUSSION

Sample Collection and Processing

In the southeastern Piedmont, -40 mesh stream sediment
composite samples were taken from small streams every 5
square miles. Ground water was sampled at a 10 square mile
spacing. At each stream and ground water site, measure-
ments were made of alkalinity, pH, and conductivity of the
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Figure 2. Geologic map of the Charlotte NTMS Quadrangle.

water. Sediments were sieved to -100 mesh in the laboratory
and analyzed for a number of elements which can be clues to
petrogenetic processes.

Data Interpretation

Throughout the following discussion, the reader is cau-
tioned to recall that any interpretation of the data should
include possible grain size variations because the analysis is
of -100 mesh material. For example, if crystallization condi-
tions caused ilmenite in one gabbro to be coarser than -100
mesh, our titanium distribution map might not show that
gabbro.

WATER QUALITY

Figure 1 is a map pf the areal distribution of titratable
alkalinity in small streams of the Spartanburg, Charlotte, and
Winston-Salem quadrangles. Several regional features such
as Valley and Ridge carbonate rocks, upper Coastal Plain
sands, and Charlotte belt mafic rocks are obvious. For exam-
ple, the Churchland pluton (80°20'W, 34°55'N) stands out as

10

a low-alkalinity area within the Charlotte belt. Water quality
data for small streams show strong geologic control and,
through multivariate techniques such as cluster and discrimi-
nant analysis, can be used as a mapping aid even in detailed
geologic studies (Ferguson and Price, 1976).

Uranium and Thorium in Sediments

Figure 2 is an outline geologic map of the Charlotte 1°
by 2° quadrangle as compiled for the Savannah River Labo-
ratory by J.R. Butler (Heffner and Ferguson, 1978). Figure 3
shows the distribution of uranium in 1249 stream sediment
samples from the Charlotte quadrangle. Figure 4 shows the
thorium distribution for the same area. Stream sediments
from the monazite belt are high in uranium and thorium. Use
of perspective views quickly reveals some regional patterns.
For example, the high-rank metamorphic zones of the Inner
Piedmont yield high values for uranium and thorium in
stream sediments, except in areas intruded by plutons such as
the Churchland pluton. Finer structure is evident in the data,
but extended discussion is beyond the scope of this paper.
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Distribution of Hafnium

Hafnium distribution is shown in Figure 5. The Gold
Hill-Silver Hill fault is sharply defined as the boundary
between the hafnium-rich Charlotte belt and the low hafnium
Carolina slate belt. The Carolina slate belt and Kings Moun-
tain belt are distinctly low in hafnium values- even lower
than values reported in the Wadesboro Triassic basin.

Value of Elemental Ratio Maps

In addition to simple elemental maps, certain elemental
ratio maps are extremely useful for geologic interpretation.
For example, Figure 6 shows the ration U/(Th + Hf). This
ratio tends to accentuate the presence of uranium in minerals
other than monazite and zircon or to accentuate areas where
zircon or monazite might be particularly high in uranium,
The outcrop area of the Cherryville Quartz Monazite is seen
to yield high values for this ratio.
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COMPARISON OF ANOMALIES DETECTED BY AIRBORNE AND TRUCK-MOUNTED MAGNETOMETERS IN
THE HAILE-BREWER AREA, SOUTH CAROLINA

Henry Bell, David Daniels, Peter Popenoe, and William E. Huff, Jr.
U.S. Geological Survey, Reston, Virginia 22092

Total-intensity aeromagnetic maps of large parts of
South Carolina have been published or made available to the
public by the U.S. Geological Survey. The data for these
maps have been acquired by airborne magnetometer along
flight traverses at various altitudes above ground and at spac-
ings of either %2 or 1 mile (0.8 or 1.6 km). An aeromagnetic
map of the Haile-Brewer area, South Carolina, is based on
traverses about 122 m above ground and approximately 0.8
km apart (U.. S. Geological Survey, 1970). A small part of
this map is shown in Figure 1.

The aeromagnetic map of the Haile-Brewer area shows
numerous closely spaced linear positive anomalies of moder-
ately high amplitude. Many of these anomalies are conspicu-
ously alined in a northwest trend and have steep gradients
that reflect sources having magnetic tops near the surface of
the ground. The east-west flight lines are well oriented for
revealing these narrow anomalies in the Haile-Brewer area.
If the flight lines had been oriented in some other direction,
recognition of the linear anomalies would have been more
difficult.

The aeromagnetic anomalies are clearly related to dia-
base dikes of Triassic and Jurassic (?) age, but the aeromag-
netic map pattern indicates that the total number of these
dikes is very much larger than that previously known from
outcrops. The widths of the northwest-trending linear mag-
netic anomalies seem to indicate tabular magnetic sources
that are wider or less steeply dipping than are the diabase
dikes known from field experience and reconnaissance map-
ping. In order to locate the magnetic anomalies as precisely
as possible on the ground and to confirm that the anomalies
overlie diabase dikes, as inferred, a ground-magnetometer
survey was made using truck-mounted equipment. Traverses
were made along roads that crossed the anomalies shown by
the airborne survey. The equipment, described by Zablocki
(1967), consists of an encapsulated flux-gate magnetometer
suspended on a boom behind the vehicle from 3 to 4.6 m
above the ground. Kane, Harwood, and Hatch (1971) used
similar equipment in New England to test and map magnetic
anomalies previously located by airborne surveys. The
results of the ground traverses in South Carolina were simi-
lar to the results in New England, and indicated a correlation
of the anomalies with diabase dikes known previously from
geologic mapping. Several anomalies apparently are from
diabase dikes not previously discovered. In addition, the
ground traverses showed that a few broad anomalies are
really many small anomalies not evident in the data from the
airborne survey (Fig. 2). These small anomalies in the
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ground data are assumed to result from closely spaced thin
dikes that are not seem as individual anomalies in the air-
borne-magnetometer survey. Because of the distance of the
recording instruments above the magnetic sources, the data
from the airborne survey are too attenuated to show small
ground anomalies.

In order to test the assumption that the anomalies
obtained by airborne and truck-mounted instruments could
be related to known diabase dikes in the area, magnetic pro-
files were calculated using a small part of profile A-A’ in
Figure 2 as a model. The model, shown in Figure 3, consists
of tabular bodies simulating diabase dikes ranging from 7.6
to 30.5 m in thickness, extending an infinite length perpen-
dicular to the profile, dipping at 80° W. or 80° E., extending
to an infinite depth, and having parallel contacts. The calcu-
lation of the profiles is based upon measurement of the mag-
netic susceptibility and remanent magnetization of many
dikes in the Haile-Brewer area. Two profiles were calculated,
at an assumed 4.6 m above ground and at 122 m, and were
compared with the actual profiles obtained from the airborne
and truck-mounted magnetometers.

The results illustrated in Figure 3 show calculated pro-
files that resemble closely the observed profiles and tend to
confirm that closely spaced thin diabase dikes produce the
observed anomalies. The results suggest that many other lin-
ear magnetic anomalies on aeromagnetic maps of the south-
eastern Piedmont that have been attributed to single diabase
dikes (Fig. 1) may represent an unknown number of dikes of
various thicknesses and spacings, all trending in nearly the
same direction at any particular location.

The diabase is black to dark gray. In hand specimens,
the dikes differ mainly in grain size and abundance of phe-
nocrysts of olivine and feldspar. In general, the diabase dikes
in the Haile-Brewer area have the strongly oriented trend of
about N. 45° W., which is characteristic of diabase dikes in
the southeastern Piedmont. Locally, individual dikes have
strikes that differ from place to place, and a few dikes have a
trend that differs from most others. The dip of the dikes com-
monly is vertical or nearly so. Diabase dikes seen in outcrop
or interpreted from the aeromagnetic map are not uniformly
distributed either in eastern North America or in the Haile-
Brewer area. The dikes tend to be particularly abundant near
Kershaw in Lancaster County and along the Wateree River
near the boundary between Kershaw and Fairfield Counties.
Commonly, they crop out in stream beds where dense
unweathered diabase obstructs and diverts the stream. These
obstructions and diversions produce topographic features
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that locally reveal the trends of dikes, but dikes may be diffi-
cult to find on flat forested interfluves away from streams.
The dikes weather spheroidally and commonly have a char-
acteristic weathering rind of soft orange-brown residuum.
Cores of such spheroids commonly are scattered as float on
the ground surface below the dike outcrop. As a result,
weathered dikes are often difficult to locate and measure.
Systematic thickness measurements of diabase dikes in
South Carolina have not been published; thus, neither aver-
age thicknesses nor the most common thickness is known.
However, the thicknesses of dikes in the Haile-Brewer area
were measured or estimated wherever the dike contacts
could be at least approximately located; these thicknesses
range from a few centimeters to more than 300 m. The most
common thicknesses appear to be about 3 m and 15 m. The
largest dike, carefully measured by Steele (1971) where it is
exposed in a deep roadcut in Lancaster County, is 1,123 feet
(342.3 m) thick. Such thick dikes appear to be very rare. In
several roadcuts and other artificial exposures, perhaps as
long as 100 m, as many as nine dikes crop out, ranging in
width from less than 25 cm to as much as 22 m. Where sev-
eral thin dikes are close together, correlation of specific dikes
from outcrop to outcrop is complicated by the similarity in
appearance of the dikes, their nearly parallel strike, and their
apparently anastomosing character. In Meriwether County,
Ga., a single linear magnetic anomaly detected by airborne
methods proved to be as many as four distinct dikes when
studied at ground level (Rothe and Long, 1975).

The presence of multiple dikes in Georgia and the expe-
rience in South Carolina of testing aeromagnetic anomalies
with the truck-mounted magnetometers suggests that such
groups of dikes are more common than previously thought.
Tilford and Canady (1977, p. 41-45) found that using
ground-magnetometer traverses to study diabase dikes and
faulting associated with sedimentary rocks in the Triassic (?)
Durham basin of North Carolina led to a better understand-
ing of the geologic history of the area. We hope that further
study of linear magnetic anomalies associated with diabase
dikes may yield information pertinent to the structure and
history of gold-bearing rocks and massive sulfide deposits in
the Haile-Brewer area.
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STRUCTURAL CHRONOLOGY OF THE LAKE MURRAY SPILLWAY, CENTRAL SOUTH CAROLINA

Martha Carr
Department of Geology, University of North Carolina, Chapel Hill, North Carolina 27514 (present address: Chevron Resources, 8026 Van-
tage, Suite 100A, San Antonio, Texas 78230)

INTRODUCTION

The Lake Murray spillway is a spectacular exposure of
polyphase-deformed rocks near the northeast terminus of the
Kiokee belt, central South Carolina. Although the geology of
the spillway has been studied by many geologists (Heron and
Johnson, 1958; Kiff, 1963; Tewhey, 1968, 1977), detailed
structural analysis has not been attempted. The purpose of
this article is to summarize the structural chronology of the
spillway as deduced from the analysis of mesoscopic defor-
mation features. Over 2000 structural measurements were
collected with a Brunton compass throughout the length of
the spillway.

LITHOLOGIES

The main rock units exposed in the spillway can be
broadly divided into two gneiss units and two schist units
(See STOP 9--Secor and Snoke, this volume). The contacts
between these units are sharp and straight and have all
appearances of being conformable. The gneiss varies in
composition from granodiorite to quartz monzonite. It is an
even-grained, relatively homogeneous, light gray rock with a
well-developed gneissosity. Large porphyroblasts (up to 5 or
6 mm in length) of white to pink microcline are conspicuous.
A decrease in grain size and a corresponding increase in the
development of mylonitic texture is apparent from west to
east across the exposures. The schist unit is considerably less
monotonous than the gneiss/ Silver-gray, garnetiferous
quartz-muscovite schist is interlayered with quartzo-felds-
pathic gneiss and green to black amphibolite. Garnet porphy-
roblasts in the schist reach 2 cm in diameter and impart a
knobby appearance on weathered surfaces.

Aplite, pegmatite, and mafic dikes intrude the above
units. The mafic dikes are metamorphosed to biotite- and
amphibole-rich schists. Lamprophyre and diabase dikes are
late aspects of the igneous history of the area and do not dis-
play evidence of penetrative deformation and metamor-
phism.

Textural, compositional, isotopic, and mineralogical
data indicate that the gneiss units were originally igneous
rocks. A sedimentary origin is assumed for the composition-
ally-layered schist units. Therefore, prior to the main phase
deformation, it is inferred that a granitic pluton (i.e., the pro-
tolith of the gneiss) intruded a heterogeneous sequence of
sedimentary rocks. The mechanism of emplacement of the
pluton is uncertain, but perhaps a diapiric intrusion of semi-
crystalline magma is a viable hypothesis (see Tewhey, 1977).
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STRUCTURAL FEATURES

Initial analysis, employing several domains based on
lithology and geography, revealed that the structural chronol-
ogy for both the gneiss and schist units was the same. There-
fore, the spillway is considered a single, homogeneous
domain with respect to the described deformational events.

All planar and linear features measurable within the
spillway are on the mesoscopic scale. Structures range in
size from minute crenulations, only a few millimeters in
length, to folds having amplitudes and wavelengths of 5 to 6
meters. Four, possibly five, deformational phases are evident
from comparison of the geometric relationships between
individual structures. The mesoscopic structural elements as
deciphered from the spillway are summarized in Tables 1
and 2.

D, phase1

The effect of the D; deformational event is manifested
as the development of foliation in the gneiss and schist unites
and in the early mafic dike (metamorphosed to biotite schist)
in the gneiss. The gneissosity (S;) is defined by the segrega-
tion of light and dark minerals in thin layers, only a few mil-
limeters wide. Quartz, microcline, muscovite, and minor
sodium plagioclase compose the light bands; whereas biotite
flakes compose the dark bands. The schistosity (S;) in the
muscovite schist is parallel to compositional layering in the
schist and is defined by the parallel alignment of muscovite
flakes. The schistosity in the biotite schist is the result of the
alignment of biotite plates.

F, folds were not observed in the gneiss or biotite schist
(metadike), but scarce “refolded” folds were found in the
schist unit. However, the S; foliation in all units is inter-
preted to have developed during an intense isoclinal folding
event (Fy).

Subsequent to D;, a mafic dike (altered to amphibole
schist) intruded the gneiss. This dike along with many peg-
matite intrusions appear to be pre-D, , for they are locally
deformed by second generation structures.

1.Editor’s note: Secor and Snoke (this volume) believe
that the dominant synmetamorphic penetrative foliation in
the Lake Murray gneiss is regional S,; therefore, the numeri-
cal sequence used by Carr should be considered in a local
sense rather than a regional.
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TABLE 1. SUMMARY OF MESOSCOPIC STRUCTURES, LAKE MURRAY SPILLWAY

DEFORMATIONAL

intrafolial, rootless folds,
chevrons locally

and crinkle folds

PHASE D1 D2 Ds D4 Ds
F», open to isoclinal,
FOLDS F., isoclinal some attenuated limbs, | F3, open folds _ _

SURFACES FOLDED

Sy, bedding; and origi-
nal igneous structures

Sp and Sy, foliation

So, S»], and 82

So, S»], 82 and 83
(?)

in the gneiss
PLANAR S4, dominant metamor-
STRUCTURES phic foliation

S,, secondary foliation
subparallel to S4, locally

dominant axial surface to
F, folds

Sj, axial planar to
F3 open folds,
crinkle folds

S4 , local slip or
fracture cleavage

Ss, axial surfaces of
elongate wraps

LINEAR STRUC-

L,, intersection lineation

L3, crenulation

L4, crenulation lin-

Ls, elongate linear

face, E-W trend

TURES between Sy and S, lineation eation ridges
overturned folds to SE, | overturned folds to SE, subhorizontal subvertical axial sur- | subvertical axial sur-
ATTITUDE with present NE axial | moderate to steeply axial surface dip-

face, NE trend

trend

plunging, NE axial trends

ping slightly SE

TABLE 2. ORIENTATION OF STRUCTURAL ELEMENTS, LAKE MURRAY SPILLWAY!

DEFORMATIONAL
EVENTS AND WESTERN SCHIST EASTERN BIOTITE AMPHIBOLE APLITE DIKES PEGMATITE
RELATED GNEISS (both units) GNEISS SCHIST SCHIST DIKES

STRUCTURES
Fy 2 ~65°, N43E _ _ _ _ _

Dy presently
Sy N12W, 52NE N48E, 68SE N53E, 71SE N48E, 58SE - - --
Fa 52°, N78E 65°, N46E 60°, N54E -- -- - --

D, S, N28E, 70SE N42E, 62SE N55E, 73SE N20E, 54SE | N42E, 70SE N32E, 47SE N39E, 50SE
Ly 49°, NS1E 26°, N58E 31°, N46E -- -- - --

Dj S3 N55E, 21SE N65E, 24SE - N42E, 26SE
L3 05°, N65E 26°, S7T2W -- 21°, N66E -- - --

b Sy N73E, 72SE N88W, 74SE | N88W, 70SW

4

Ly - 65°, S50E - - - - -
S - - - - - - -

Ds °
Ls - 68°, N50E - -- - -- -

! -~ Values reflect statistical maxima or most representative orientation.
2 The symbol “--” indicates that either no structure was present or it was not measurable.

D, phase

The second phase of deformation was by far the stron-
gest and most pervasive. All lithologies show evidence of
this deformation with the exception of the late lamprophyre
and diabase dikes. Structural features associated with D,
include F, folds, S, foliation (parallel to axial surfaces of F,
folds) and L, lineations,

Folding associated with D, is quite consistent with
respect to orientation, but quite variable with respect to style
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and scale. When plotted on a stereonet, F, fold axes cluster
closely; the minor scatter is easily accounted for by effects of
subsequent milder deformation episodes. The folds are con-
sistently overturned to the southeast with moderately to
steeply plunging axes. F, folds are widespread in the gneiss
and schist units as well as the biotite schist metadike. Aplite
and pegmatite dikes have locally also been deformed by F3
structures.

Folding is commonly similar in style, some open, but
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mostly approaching isoclinal. Isoclinal, similar folding is the
rule in the pelitic schist units. Numerous examples of isocli-
nal folds with highly attenuated limbs as well as rootless
folds were observed. Almost perfectly concentric folds occur
in the more competent gneiss units. F, chevron folds are
locally present in both the muscovite schist and gneiss units
as well as in the biotite schist metadike. F, folds also vary
considerably in dimension. Folding generally is on a larger
scale in the more competent gneiss units. Amplitudes and
wavelengths range from several centimeters up to 6 meters
or more. However, folds in the pelitic schist reach maximum
amplitudes of only 1 to 1.5 meters and wavelengths usually
do not exceed a meter.

S, is a closely spaced cleavage which parallels the axial
surfaces of F, folds. Measurements of S, orientation were
taken from the gneiss and schist units, the biotite and
amphibole schist metadikes, and aplite and pegmatite intru-
sions. S, is subparallel to S; The two surfaces reach perfect
parallelism in the easternmost gneiss unit, where shearing
forces appear to have had their greatest effect. Pegmatites in
the eastern gneiss also locally record an intense D, deforma-
tion. For example, at one locality K-feldspar augen were flat-
tened in S, and elongated parallel to F, fold axes.

The axial surfaces of F, folds show minor differences in
orientation form one unit to another. These variations are
probably a function of the rheologic properties of the litholo-
gies and their response to stresses as well as slight changes in
the actual direction of shear during deformation.

L, lineations are chiefly the product of the intersection
of Sy and S, These lineations appear as streaks of stretched
minerals, commonly micas, or as very faint ridges on S; sur-
faces. Lineations measured on or parallel to F, fold axes are
also part of this group. The variations in orientation of L,
structures and F, fold axes (see Table 2) could indicate a
slight fanning of axial surfaces during deformation or simply
a lack of sufficient structural measurements.

D; phase

Eftects of the D5 deformation phase are chiefly recorded
in the pelitic schist units. Subhorizontal S; axial surfaces
intersect S; foliations to produce L lineations and F5 folds.
L; lineations are tiny subhorizontal crenulations (only sev-
eral millimeters wide) which are pervasive throughout the
muscovite schist. L3 lineations are also present in the biotite
schist metadike and in the gneiss. F5 folds are represented as
broad warps in F; fold axes by the S5 axial surface. The axial
surfaces of several F5 folds were measured on the north wall
of the spillway; however, inadequate exposure did not permit
the measurement of actual fold axes.

D, phase

Structures associated with this episode appear to be the
result of mainly brittle deformational processes. S4 crenula-
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tion cleavage and fractures vary considerably in their spac-
ing and degree of development, but are most penetrative in
the muscovite schist unit. Cleavage refraction in individual
members of the muscovite schist unit complicated the collec-
tion of accurate measurements; therefore, measurements
were taken only from the schistose member to allow a
greater degree of compatibility of results. Where closely
spaced, the cleavage tends to enhance the “button” texture
on the weathered surface of the schist. These “buttons” are,
in many places, more apparent than real and are mainly the
result of the schistosity wrapping around large garnet por-
phyroblasts in the schist. Some brittle fractures in the gneiss
share the same orientation as S, and are, therefore, presumed
to be developed in response to D, deformation. S, appears to
offset lineations of the D5 generations. L, crinkle lineations
result from the intersection of S, with S; foliation. Their
slightly variable orientation may result from the effects of
cleavage refraction or possible later deformation.

D5 phase

Warping of S, foliation by S5 axial surfaces forms elon-
gate linear ridges (Ls) in the muscovite schist unit. Designa-
tion of D5 as a separate event, however is only tentative. The
orientation of L5 structures corresponds fairly closely to that
of F, axes and may therefore be related to this event as sub-
sidiary or drag folds on the limbs of F, folds.

CONCLUSIONS

The rocks exposed in the spillway have been
polyphased deformed, and four, possibly five, distinct events
are recognized. Rb-Sr geochronological data (S.A. Kish, per-
sonal communication, 1978) indicate that these deformation
phases are post-Middle Carboniferous and therefore, are
synchronous with the classic Alleghanian foreland fold-
thrust belt. Post-dating these deformation phases, lampro-
phyre and diabase dikes intruded the area. These dikes are
unmetamorphosed and perhaps are a manifestation of Meso-
zoic rifting.
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DETAILED STRUCTURE AND POST-KINEMATIC DIKES IN THE CAROLINA SLATE BELT, GREENWOOD
AND SALUDA COUNTIES, SOUTH CAROLINA

Alexander W. Ritchie and Wallace C. Fallaw
Department of Geology , Furman University, Greenville, South Carolina 29613

Mapping at a scale of 1:1200 in active and recently-
abandoned clay pits in Greenwood and Saluda Counties,
South Carolina had allowed detailed study of Carolina slate
belt rocks which are otherwise very poorly exposed (Ritchie
and Fallaw, 1976). The clay pits, operated by the Southern
Brick Co. of Dyson, South Carolina, are scattered over an
area of some 30 km? (Fig. 1). Each of the seven largest pits
studied provides between 1/4 and ' km? of 50% to 75%
exposure. These clay pits are recommended to any student of
the Piedmont who wishes to see good outcrops of these typi-
cally poorly-exposed rocks. In addition, the pits provide
excellent opportunities for field trips for classes in structural
geology and igneous and metamorphic petrology.

The Carolina slate belt is a northeast-trending zone of
gently deformed, low-rank metamorphosed sedimentary,
volcaniclastic, and volcanic rocks within which metamor-
phic grade generally increases to the northwest. The study
area lies on the northwest margin of the slate belt, only a few
kilometers from its contact with the schists and gneisses
intruded by a more complex sequence of igneous rocks
(Overstreet and Bell, 1965). The nature of the contact

Greenwood

GREENWOOD
COUNTY

between these two belts is unclear.

Metamorphic rocks in the study area include gently
folded, very fine-grained argillite, tuffaceous argillite, and a
few thin rhyolite flows. These lithologies have undergone
greenschist facies regional metamorphism (chlorite zone)
but locally contain posigrade garnet near intrusive plutonic
masses. Compositional layering in the argillites parallels
slaty cleavage and lies in a girdle maximum oriented
N72°W, 85°NE containing a major point maximum oriented
N16°E, 34°NW and a minor point maximum oriented N29°
21°SE (Fig. 2). A few intrafolial folds within the composi-
tional layering indicate some transposition of original sedi-
mentary layering. A spaced fracture cleavage trends N13°E,
60°NW and appears to be an axial plane cleavage to mesos-
copic folds. If so, then axial surfaces are overturned slightly
to the southeast. Open mesoscopic folds have axes which
trend approximately N26°E and are subhorizontal with a
slight tendency to plunge gently to the northeast (Fig. 2).
These folds have amplitudes of a few centimeters to about 10
m and wavelengths of about 1 to 10 m. Wavelength-to-
amplitude ratios range from about 5 to 1 to about 10 to 1.

Saluda

Figure 1. Location of Greenwood and Saluda counties in South Carolina and location of study area (shaded). Scale is for lower map.
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contours at 3, 8, 13, 18%

contours at 2, 10, 18, 26%

Figure 2. Lower-hemisphere equal-area plots of 188 poles to compositional layering and slaty cleavage (left) and 159 poles to fracture

cleavage (right).

These metamorphic rocks are cut by three sets of post-
kinematic dikes. The oldest dikes are relatively mafic and
even in otherwise fresh exposures are completely weathered
to dark tan or buff and brown saprolites. These mafic dikes
are 10 cm to 18 m thick, dip steeply, and approximately par-
allel the regional northeast trend, although they do locally
crosscut both foliations in the metamorphic rocks. Near
these dikes, metamorphic foliations are in places disturbed
and rotated. Some dike margins are slickensided and may be
minor faults. One mafic dike retrained what appears to be a
flow foliation near its margin.

The mafic dikes are cut by much fresher, more felsic
dikes. These felsic dikes are rhyolites to quartz latites and
are glomeroporphyritic with individual phenocrysts up to 2
mm. Phenocrysts of alkali feldspar (sanidine and albite) and
B-quartz paramorphs are subhedral to euhedral, some with
resorbed margins. The groundmass consists of a fine-grained
aggregate of unoriented quartz and feldspar. These felsic
dikes are 10 cm to 37 m thick and, like the mafic dikes, have
steep dips, crudely parallel the regional northeast trend, and
locally crosscut and disturb the foliations in the metamorphic
rocks. Some felsic dikes have thin chill margins and thin
baked or silicified zones in the metamorphic rocks they cut.
One felsic dike pinches our vertically. These are shallow
intrusions. The felsic dikes clearly crosscut the mafic dikes
and are, in turn, cut by numerous small, steeply-dipping
faults with normal separation.

The third set of dikes is poorly exposed and poorly rep-
resented in the study area. These dikes, although altered and
weathered in most outcrops, are diabases which are probably
representatives of the most numerous Triassic-Jurassic dia-
base dikes found elsewhere in the Piedmont. These dikes
possess the spheroidal weathering with an orange rind char-
acteristic of such dikes. In addition, these dikes are steeply-
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dipping, have sharp contacts, and clearly cross-cut the felsic
dikes.

There are no radiometric ages on these dikes or on their
host rocks, but perhaps the timing of the events responsible
for the geology in this area can be approximated by compari-
son with other dated areas. The volcanic rocks of the slate
belt were erupted over a considerable period of time up to
about 520 m.y.b.p. (Black and Fullagar, 1976; Fullagar and
Butler, 1976, Sinha, 1976). The principle Paleozoic Bar-
rovian metamorphic event has been assigned a variety of
ages, but appears to have had its peak between about 450 and
400 m.y.b.p. (Black and Fullagar, 1976; Fullagar and Butler,
1976, Sinha, 1976). The previously enumerated field rela-
tions indicate that the dikes in the study area must postdate
this event. Gabbroic and syenitic plutons in the Charlotte
belt, such as the Mt. Carmel complex were intruded about
400 to 380 m.y.b.p. (Fullagar and Butler, 1976). This mafic
plutonic event may be responsible for the earliest, mafic
dikes. Slate belt plutons, for the most part biotite adamellites
such as the Lilesville and Pageland plutons, have been dated
at 332 and 302 m.y.b.p., respectively (Butler and Fullagar,
1975). This Carboniferous igneous episode may have been
responsible for the magmas which fed the felsic dikes in the
study area. Finally, there are well-established 210 to 160
m.y.b.p. ages for diabase dikes associated with Triassic gra-
bens in the Piedmont (Deininger and others, 1975; Sutter,
1976).

This area holds promise for continuing work in several
areas. The dikes, which are well-exposed in the slate belt,
may be traced along, and possibly across, the contact with
the Charlotte belt, and may help to better define the nature of
this boundary. Also, radiometric ages are needed on the
dikes and the host rocks so that the timing of events respon-
sible for the local geology and the relationship to the rapidly-
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emerging regional history can be worked out.
This paper was reviewed by Dr. Van Price, Jr.
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THE PETROLOGY OF THE GREENWOOD PLUTON, GREENWOOD COUNTY, SOUTH CAROLINA: A
PRELIMINARY REPORT

Richard G. Chalcraft, David P. Lawrence, and Carl A. Taylor, Jr.
Department of Geology, College of Charleston, Charleston, South Carolina 29401

INTRODUCTION

The Greenwood pluton intrudes rocks of the Charlotte
and Carolina slate belts just southeast of Greenwood, South
Carolina. Diorite, gabbro, and olivine gabbro are the major
rock types comprising this sixty square mile intrusive body.
The Greenwood pluton is believed to be a younger post-
metamorphic gabbro intrusion of Late Paleozoic age (Over-
street and Bell, 1965). About thirty separate post-metamor-
phic gabbro plutons form an arcuate belt extending from
Farmington, North Carolina to Calhoun Falls, South Caro-
lina (Butler and Ragland, 1969). Younger post-metamorphic
gabbro plutons have been investigated by McCauley (1960),
Hermes (1968), Medlin (1969), Chalcraft (1970, 1977), and
McSween (1972).

This report represents the preliminary findings of a
large-scale study of the Greenwood pluton and the adjacent
country rocks. This investigation will include detailed geo-
logic mapping of south-central Greenwood County, the pro-
duction of a Bouger gravity anomaly map, and detailed
mineralogical and geochemical data.

We would like to express our appreciation for the
encouragement and financial aid provided by Norman K.
Olson and Paul Nystrom of the Division of Geology, South
Carolina State Board of Development and to members of the
faculty research committee at the College of Charleston.

GEOLOGIC SETTING

The Greenwood pluton is a horseshoe-shaped intrusive
body open to the west (Fig. 1). Exposures of the Greenwood
pluton are found within the Kirksey, Ninety Six, Dyson, and
Good Hope 7' minute quadrangles of south-central Green-
wood County. The pluton has been emplaced at the boundary
between the Charlotte belt to the northwest and the Carolina
slate belt to the southeast. The transition from greenschist
facies rocks (chlorite zone) of the Carolina slate belt and the
amphibolite facies rocks (garnet zone) of the Charlotte belt
occurs within a one mile wide band in the study area.

LITHOLOGIES OF THE CAROLINA SLATE
BELT

Light to dark green, fine-grained laminated argillite
forms a wide north- to northeast-trending unit in the south-
eastern portion of the map area. Cleavage is well developed
near the Charlotte belt boundary and often obscures bedding.
Metarhyolite and poorly sorted volcaniclastic sandstone are
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interlayered with the argillites.

Near the boundary between the belts, metamorphosed
mafic tuffs comprise a large portion of the section. Minor
graphitic and iron-rich phyllites are also present. Phenoc-
rysts may reach 0.5 inches in tuffs that are not intensely
metamorphosed. Most exposures of the mafic tuff are dull
green to black chloritic greenstone or actinolite amphibolite.

LITHOLOGIES OF THE CHARLOTTE BELT

Biotite gneiss is the most widely distributed unit in the
Charlotte belt terrane of the map area. Metasandstone and
amphibolite are coarsely interlayered with the biotite gneiss
at a few outcrops. A crinkled muscovite schist commonly
veined by granitic material is another recognizable unit.
Diorite gneiss associated with small diorite intrusions may
represent a marginal foliated facies of the plutonic diorite.

Peripheral to the Greenwood pluton are small coarse-
grained diorite stocks which may be comagmatic differenti-
ates. There appears to be little difference in compositio<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>