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FOREWORD

The Carolina Geological Society (CGS) and related societies meet a unique need in the field
of geology. “The Field” is our laboratory and the most meaningful peer review of our work occurs
during society field excursions.
The southeastern Piedmont is one of the most intriguing areas in North America. Very early
workers recognized its belted or zoned nature. Workers in the 1920's (see references later in this
volume) demonstrated that many of these belts were bounded by thrust faults. Finally, we have
good seismic profiling published in so popular a journal as Scientific American (Sept. 1980) that
will give us a model framework onto which may be hung many details of geologic mapping to
produce a final (?) picture of Appalachian structures.
The editors are grateful for all contributions submitted for this volume. We apologize for any
errors that may have crept in during retyping. The locations dealt with by each contribution are
shown in the following sketch. This sketch is modified from the CGS 1978 Guidebook edited by
A. W. Snoke and was originally taken from Harold Williams' 1978 Appalachian Tectonics Map. It
is included for locations only, and its use does not imply that the editors agree with the structural
relations shown.
Mapping which made this field trip possible was done primarily in the summers of 1971
through 1975. The work was supported by the Virginia Division of Mineral Resources under
Commissioner J. L. Calver. Field work was directed by James F. Conley.
Release time and funds for preparation of this volume were provided through the Savannah
River Operations Office of the United States Department of Energy.
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SANDY LEVEL QUADRANGLE, VIRGINIA: ITS GEOLOGY AND REGIONAL INTERPRETATION
C. R. Berquist
Va. Division of Mineral Resources
Charlottesville, VA

Henika, 1973), which occupies an area that previous workers
had thought formed the southeastern limb of the synclinorium (Conley, 1978), suggests an alternate interpretation is
necessary. This study further indicates that the Evington
Group is made up of rocks of vastly different ages that have
been brought into structural contact with each other and are
not a stratigraphic sequence as previously proposed.

INTRODUCTION
“It was six men of Indostan
To learning much inclined,
Who went to see the Elephant
(Though all of them were blind),
That each by observation
Might satisfy his mind...

STRATIGRAPHY

So oft in theologic wars
The disputants, I ween,
Rail on in utter ignorance
Of what each other mean,
And prate about an Elephant
Not one of them has seen!”

Lynchburg Formation
The late Precambrian Lynchburg Formation on the
southeast limb of the Blue Ridge anticlinorium in the study
area and mapped quadrangles to the southwest consists of
two parts. The lower unit is mainly composed of interlayered
metabasalts, metaturbidites (metagraywacke and metagraywacke conglomerate), impure marbles and mica schists.
The upper unit is mostly made up of interlayered metagraywacke, graphite schist, muscovite chlorite schist, calcareous zones and thin quartzites. Vertical and horizontal
lithologic variation is characteristic of the unit, and graphite
is pervasive throughout. These metasediments indicate a
depositional environment of a deep marine basin (Brown
1973, Conley 1978).
In the Sandy Level quadrangle (Fig. 2), the upper parts
of the Lynchburg have been cut out by being overthrust by
the Candler Formation. This fault was previously recognized
by Brown (1958) and Redden (1963) and by Espenshade
(1954) who mapped a fault along the entire western contact
of the Candler from southern Albemarle county southward to
Leesville, just north of the study area. The Lynchburg Formation has been metamorphosed at upper greenschist facies.

John G. Saxe
From the Hindu
The Sandy Level quadrangle, located in the southwestern Virginia Piedmont (Fig. 1) was mapped during the interval 1975-1978. The purpose of this paper is to describe the
geology of the Sandy Level quadrangle and to show its relationship to regional geology.

Figure 1. Approximate location of the Sandy Level Quadrangle.

Candler Formation

During geologic mapping a number of formations were
mapped. They are the Lynchburg Formation and overlying
Candler Formation on the southeast limb of the Blue Ridge
anticlinorium, and the Fork Mountain and Bassett formations
of the Smith River Allochthon. Rocks of the Candler and
overlying rocks named Archer Creek and Mt. Athos formation by Espenshade (1954) and Brown (1951, 1953) have
been considered to make up a stratigraphic sequence called
the Evington Group. The Evington Group was supposed to
be contained within a major structure in the Virginia Piedmont named the James River Synclinorium (Brown, 1951).
Discovery of the Smith River Allochthon (Conley and

The Candler Formation is a medium to dark gray to
greenish-gray chlorite phyllite to schist with rare chloritoid
porphyroblasts and layers of approximately one centimeter
thick quartzites alternating with 1-3 mm. phyllite layers. It
weathers to a pink and purple saprolite. Thin marble beds
occur in the unit to the north of the study area (Espenshade,
1954). Although graphite has been reported in the Candler
and dark gray layers are observed, no graphite was found
during the present study. Some 30 samples were dissolved in
hydrofluoric acid and none contained a residue of graphite.
Thin sections indicate that the dark gray color is produced by
chlorite.
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Figure 2. Generalized geologic map of Sandy Level Quadrangle, Virginia.

Rocks structurally overlying the Candler Formation

Philpott Reservoir to the southwest and at Charlottesville to
the northeast. From Charlottesville to the east, a stratigraphic
sequence is recognized which consists of Lynchburg, Candler, and Chopawamsic (Conley and Johnson, 1975, and
Conley 1978). Mapping in the study area indicates that these
rocks previously considered Archer Creek and Mt. Athos are
in fault contact with the Candler Formation and have been
thrust northwest over the Candler.
In the adjoining quadrangle to the west the Candler is
completely cut out by faulting and the Lynchburg is thrust
over Lynchburg. Were it not for a recognizable fault zone
separating these two units to the south west where they are
not separated by the Candler, it would not be possible to separate the Lynchburg to the west from the Lynchburg previously considered to be Mt. Athos and Archer Creek which
lies to the east. The shear zone separating these two bands of
Lynchburg has been traced further to the southwest where it
merges with the Bowens Creek Fault (Fig. 3).
Further evidence of Lynchburg being overthrust by the
Candler; which in turn was overthrust by the Lynchburg is
evidenced by minor structures within the Candler along
strike. The Candler contains at least three recognizable generations of folds within the map area. F1 folds are intrafolial
isoclines, F2 folds are overturned to the northwest and coplanar with Fl; F3 are broad open northeastward trending warps.
South of Smith Mountain Dam hinges of very attenuated
intrafolial Fl isoclines were found to consistently plunge to
the northeast. However, north of Smith Mountain Dam the
Candler more than quadruples in width and the F1 hinge

Brown (1951, 1953) and Espenshade (1954) named the
Evington Group which consists of the Candler and overlying
Archer Creek and Mount Athos Formations. Brown (1951,
1953, 1958) further subdivides the Archer Creek into the
Arch Marble and Joshua Schist formations. The Archer
Creek is composed of graphitic schist and a marble member
in its upper part. The Mt. Athos is composed of micaceous
quartzite, conglomerate, marble and quartz mica schists. The
Mt. Athos Formation is overlain by younger greenstone
(Espenshade, 1954) that Brown (1951, 1953, 1958) calls the
Slippery Creek Greenstone.
Prior to the work of Espenshade (1954) and Brown
(1958), Furcron (1935) proposed a stratigraphic sequence
opposite to that proposed by Espenshade and Brown for the
Evington Group. Redden (1963) later also proposed a reversal of the stratigraphic order of the Evington Group.
To the northeast, Brown (1969) mapped a sequence of
graywacke and metavolcanic rocks which he called “Evington Group?” Further to the northeast Conley and Johnson
(1975) found that the Candler graded upward into the volcanic rocks of the Chopawamsic Formation and did not find
rocks equivalent to the Archer Creek and Mt. Athos in this
continuous stratigraphic sequence (Fig. 3).
These rocks of the Archer Creek and Mt. Athos formations have been observed by the writer as forming parts of a
stratigraphic sequence in the Lynchburg Formation at
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Figure 3. Generalized geologic map of the Piedmont of Virginia and adjacent areas showing major structural features (after Conley,
1978).

(Fig. 4). This explains how the younger Candler could be
thrust over older Lynchburg to the northwest, and how this
same Candler is stratigraphically overlain by the Lynchburg.
(Archer Creek and Mt. Athos formations of Espenshade,
1954.)
The fault on the western Candler contact is marked by a
major shear zone and is thought to represent a major amount
of displacement. A less well developed shear zone is the
fault which marks the eastern contact of the Candler Formation but is believed to represent displacement as the Catoctin
is absent on the eastern Candler contact.

lines are found to alternately plunge to the northeast and
southwest across strike. This would suggest that only one
limb of an F2 fold developed in the Candler is exposed south
of the lake, while north of the lake more than one large isoclinal F2 fold is present causing the apparent thickening of
the Candler by repetition of the unit. These F2 folds have
folded the Fl folds causing their hinges to plunge alternately
to the northeast and to the southwest.
The symmetry of this F2 isoclinal fold limb south of
Smith Mountain Dam suggests that it is the overturned limb
of a recumbent synform adjacent to a major antiformal nappe
that lies to the southeast and is overturned to the northwest

Figure 4. Cartoon of cross section NW-SE across Sandy Level Quadrangle.
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morphic grade. He also drew a fault which separates these
high rank rocks from low rank rocks along the strike of the
Bowen's Creek fault but felt that it represented only a minor
displacement. Conley (1978) has pointed out that even if this
correlation were correct, the great amount of displacement
along the Bowen's Creek fault, which was tens of miles,
would preclude the possibility that these rocks, rocks to the
southeast, are part of the southeastern limb of the James
River synclinorium.

The Smith River Allochthon
The Smith River allochthon is bounded on the southeast
by the westward dipping Ridgeway fault and on the northwest by the more steeply dipping Bowen's Creek fault, which
both converge to the southwest into the Brevard zone (Espenshade and others, 1975). These faults are both curvilinear
and show several re-entrants (Fig. 3). Conley (personal communication) feels that the more steeply dipping Bowen's
Creek fault represents a ramping of the rocks of the Smith
River allochthon over the rocks of the Blue Ridge, similar to
structures shown by the COCORP seismic line across the
Brevard zone to the southwest (Cook and others, 1979)
where the Brevard is shown to be a ramping of the Inner
Piedmont rocks of the major sole thrust. Therefore, the
Ridgeway represents the zone of decollement and the
Bowen's Creek is a ramp off of this decollement.
The Smith River allochthon contains two metasedimentary units. These are the Bassett and the overlying Fork
Mountain Formation. The Bassett consists of a homogeneous
sequence of biotite gneiss that at its top contains interlayered
amphibolite. Mafic and ultramafic intrusives are also common in the Bassett.
The Fork Mountain Formation is composed of a garnet
mica schist and a garnet mica gneiss. The schist occurs predominantly along the northwestern boundary of the allochthon and for the most part is replaced stratigraphically to the
southeast by the garnet-mica gneiss unit (Conley, personal
communication).
Rocks of the Martinsville Igneous Complex have
intruded rocks of the allochthon and have locally produced a
contact metamorphic aureole that can be traced for about 200
feet away from the contact with rocks of the complex (Conley and Henika, 1973). The complex is composed of gabbro,
norite, and porphyritic granite.
The metasedimentary rocks of the allochthon are polymetamorphosed. They were regionally metamorphosed to
staurolite grade along the western boundary of the allochthon and reached sillimanite grade to the southeast. They
were retrograded to greenschist facies which converted staurolite and sillimanite to sericite. Following this was a prograde event during the intrusion of the Martinsville Igneous
Complex producing migmatites near the contact, sillimanite
a short distance away from the contact, and kyanite and staurolite in the outer zone up to 200 feet away from the contact.
Post tectonic chloritoid porphyroblasts grow across foliation
and have nucleated and grown in sillimanite and staurolite
pseudomorphs regionally.
Brown (1958) showed the rocks now recognized as
belonging to the Smith River allochthon to make up the
southeast limb of the James River synclinorium. That is, he
thought the Bassett gneiss to be the Lynchburg Formation,
the amphibolites on top of the Bassett, the Catoctin, and the
Fork Mountain Formation, the Candler, all at higher meta-

CONCLUSIONS
Work in Sandy Level quadrangle and adjacent areas
indicates that the Mt. Athos and Archer Creek are really the
upper Lynchburg Formation and stratigraphically lie below
the Candler, and that the Candler has been thrust over the
Lynchburg, which in turn was overthrust by the Lynchburg.
Secondly, the southeast limb of the proposed James
River synclinorium is made up of rocks of the Smith River
allochthon, casting considerable doubt on the existence of
the synclinorium as a viable structure in the Piedmont of Virginia. The previously dominating concept of simple open
folds and thrust faults having minor displacements should be
re-evaluated in the light of recognition of polyphase deformation, detailed regional mapping, and seismic and structural evidence of major decollement zones, which only break
the surface on ramped thrusts.

REFERENCES
Berquist, C. R., 1979, Stratigraphy and structure of the Sandy Level
quadrangle, Virginia: Implications in the interpretation of the
James River synclinorium (abs.): G.S.A. abstracts with programs, v. 11, no. 4, p. 171.
Brown, W. R., 1951, Major structural features in the Lynchburg
quadrangle, Virginia (abs.): Virginia Jour. Sci., vol. 2, (new
series), no. 4, p. 346-347.
Brown, W. R., 1953, Structural framework and mineral resources of
the Virginia Piedmont, in McGrain, Preston, ed., Proceedings of
the Southeastern Mineral Symposium, 1950: Kentucky Geol.
Survey Reprint ser. 9, Spec. Pub. 1, p. 88-111.
Brown, W. R., 1958, Geology and mineral resources of the Lynchburg quadrangle, Virginia: Virginia Division of Mineral
Resources Bull. 74, P. 99.
Brown, W. R., 1969, Geology of the Dillwyn quadrangle, Virginia:
Virginia Division of Mineral Resources Rept. Inv. 10, p. 77.
Brown, W. R., 1973, Evidence in Virginia for Precambrian separation of North America from Africa (abs.): Geol. Soc. America
Abstracts with Programs, vol. 5, no. 5, p. 381-382.
Conley, J. F., 1978, Geology of the Piedmont of Virginia - Interpretations and problems, in Contributions to Virginia geology - III:
Virginia Division of Mineral Resources Publication 7, p. 115149.
Conley, J. F., and Henika, W. S., 1973, Geology of the Snow Creek,
Martinsville East, Price, and Spray quadrangles, Virginia: Virginia Division of Mineral Resources Rept. Inv. 33, P. 71.

4

SANDY LEVEL QUADRANGLE — GEOLOGY AND REGIONAL INTERPRETATION

Conley, J. F., and Johnson, S. S., 1975, Geologic mapping in the
central Virginia Piedmont using geophysical data (abs.): Geol.
Soc. America Abstracts with Programs, Vol. 7, no. 4, P. 479.
Cook, F. A., and others, 1980, The Brevard Fault: A Subsidiary
Thrust Fault to the Southern Appalachian Sole Thrust, in Proceedings, “The Caledonides in the USA”, I.G.C.P. project 27:
Caledonide Orogen, 1979 meeting, Blacksburg, Virginia, David
R. Wones, editor, Department of Geological Sciences VPI and
SU Memoir no. 2.
Espenshade, G. H., 1954, Geology and mineral deposits of the
James River-Roanoke River manganese district, Virginia: U.S.
Geol. Survey Bull. 1008, p. 155.
Espenshade, G. H., and others,1975, Geologic map of the east half
of the Winston-Salem quadrangle, North Carolina-Virginia:
U.S. Geol. Survey Misc. Inv. Series Map I-709-B.
Furcron, A. S., 1935, James River iron and marble belt, Virginia:
Virginia Geol. Survey Bull. 39, p. 124.
Redden, J. A., 1963, Stratigraphy and metamorphism of the
Altavista area, in Weinberg, E. L., and others, Geological
excursions in southwestern Virginia: Virginia Polytech. Inst.
Eng. Ext. Ser., Geol. Guidebook 2, p. 77-86.
Saxe, J. G., 1952, “The Blind Men and the Elephant”, in Untermeyer, L., ed., The Magic Circle: New York, Harcourt, Brace and
World Inc., p. 288.

5

CAROLINA GEOLOGICAL SOCIETY
Guidebook for 1980 Annual Meeting
Pages 7-11

RADIOMETRIC DATING IN THE SAURATOWN MOUNTAINS AREA, NORTH CAROLINA
Paul D. Fullagar and J. Robert Butler
Department of Geology
University of North Carolina
Chapel Hill, NC 27514

cides with the Dan River fault on the northwestern border of
the Dan River Triassic basin.

INTRODUCTION
The Sauratown Mountains are quartzite ridges located in
the Piedmont physiographic province north of WinstonSalem, North Carolina. The geology of the area is summarized by Butler and Dunn (1968) with more recent structural
interpretations given by Stirewalt and Dunn (1973), Espenshade and others (1975) and Lewis (1980).
The quartzites that support the ridges of the Sauratown
Mountains are gradational along strike into schist and gneiss
(Fig. 1). The rocks around the Sauratown Mountains are
mica schists and gneisses, augen gneiss and several granitic
intrusions. In the immediate vicinity of the Sauratown
Mountains, the rocks have undergone upper greenschist
facies regional metamorphism; a few miles to the northwest
the metamorphic grade increases to lower amphibolite
facies.
The major structure in the area is an anticlinorium with
its axial trace located just south of the highest elevations of
the Sauratown Mountains, about one mile north of and parallel to the Stony Ridge fault zone (Fig. 1). This fault zone,
which has been traced for a total of 43 miles, consists of
three en echelon segments. The easternmost segment coin-

RADIOMETRIC AGES
Butler and Dunn (1968, p. 64) reviewed published ages
for the general area. These ages were for the Mt. Airy granite
located about 20 miles northwest of the Sauratown Mountains and for pegmatites from northeastern Stokes and
northwestern Rockingham counties. These post-metamorphic intrusions generally have mineral (minimum) ages of
360 to 230 m.y.
Stonebraker (1973) obtained K-Ar dates on minerals
from rocks along a traverse from the Smith River allochthon
southward across the Sauratown Mountains anticlinorium in
the vicinity of the Rock House and Capella plutons. The
dates on biotite (8 samples) and muscovite (7 samples) range
from 356 to 227 m.y., in agreement with earlier mineral ages.
The single hornblende age is 467 ± 15 m.y., which may represent a minimum age of regional metamorphism.
Table 1 summarizes new and recent radiometric age
determinations for samples from the Sauratown Mountains

Figure 1. Generalized geologic map of the Sauratown Mountains area, North Carolina. Modified from Butler and Dunn (1968) and
Espenshade and others (1975),
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Table 1. Radiometric ages, Sauratown Mountains Area
Unit and Sample
Location (figure
1)

Age
Method

Samples
Analyzed

Assumed Initial 87Sr/86Sr

Model Ages
m.y.

Average
Model Age
m.y.

Rock Description

Stony Ridge
Fault Zone microbreccia (1, 2, 3)

Rb-Sr
WR*

13

------

Isochron Age
180 ± 3 (see
text)

-----

Loc. 1-3. Silicified microbreccia.
Clasts of feldspathic rocks are variably
replaced by quartz and cut by multiple
episodes of quartz veinlets (Butler and
Dunn, 1968, p. 30-33). Samples 1B, 2, 3,
11R, 20, 30 and 1829 are relatively
fresh, as indicated by absence of staining
and discoloration, and presence of scattered fresh pyrite crystals; others are
slightly to intensely weathered.

Capella granite gneiss (4, 7)

Rb-Sr
WR*

6

0.710

806, 753, 688,
674, 645, 591,
563

674

Loc. 4-8. Crossnore-type granitic
gneiss. Foliated medium-to-fine grained
granitic gneiss composed mainly of perthite, albite, quartz, muscovite, and
biotite, with fluorite as a common accessory.

Rock House
granite gneiss (5,
6)

Rb-Sr
WR*

6

0.720

600, 594, 587,
572, 559, 554,
536

572

Danbury granite gneiss (8)

Rb-Sr
WR*

7

0.720

707, 698, 672,
627, 631, 573,
555, 553

627

Quartzite

Rb-Sr
WR*

6

0.720

316, 300, 288,
281, 267, 264,
251

281

Loc. 9-10. Muscovite quartzite.
Mainly quartz, phengitic muscovite, and
opaque minerals, with minor tourmaline.

Rb-Sr
WR*

2

0.710

371, 338

354

Loc. 10. Muscovite schist. Gradational into quartzite, with the same
major minerals.

Pb-Pb zircon

1

------

1192**

1192

Loc. 11. Granitic gneiss. Coarsegrained biotite granite with variably
developed foliation; it ranges from massive granite to augen gneiss to schistose
varieties. Composed mainly of plagioclase, quartz, microcline and biotite.
Loc. 11. Granitic gneiss. Coarse-grained
biotite granite with variably developed
foliation; it ranges from massive granite
to augen gneiss to schistose varieties.
Composed mainly of plagioclase, quartz,
microcline and biotite.

10)
Schist (10)

Granitic
gneiss (11)

(9,

(Rankin and others, 1973). These zircons were obtained
from a granitic intrusion exposed near the town of Pilot
Mountain, North Carolina (Fig. 1, location 11). Because of
this one published age, the rocks in the Sauratown Mountains anticlinorium have been equated with those exposed in
the gneiss domes near Baltimore, Maryland, and in the Pine
Mountain Belt, Georgia (Rankin, 1975).
The quartzites and associated schists (Fig. 1, locations 9
and 10) give much younger ages than their Late Precambrian

area. The Rb-Sr data were obtained using standard techniques and instrumentation (Fullagar and Butler, 1979). The
Rb-Sr ages were calculated using a 87Rb decay constant of
1.42 x 10-11 yr. 1. The analytical data for the Stony Ridge
samples are given in Table 2. Interested readers may obtain
data for other samples, as well as specific sample locations,
from the authors.
The oldest dated rocks in the Sauratown Mountains anticlinorium have a 207Pb-206Pb zircon age of 1192 m.y.
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Table 2. Rb-Sr data for Stony Ridge Fault Zone Microbreccias

Sample

87Sr/86Sr

(87Sr/86Sr)N

Rb ppm

Sr ppm

Rb/Sr

87Rb/86Rb

Location 1(Figure 1)
1A

0.12017

0.75499

69.49

18.06

3.847

11.19

1B

0.11926

0.73544

66.53

28.53

2.332

6.77

11BS

0.11945

0.74278

23.16

8.394

2.759

8.02

11R

0.11955

0.72794

8.481

7.229

1.173

3.40

1828

0.11960

0.73678

76.09

31.46

2.419

7.022

1829

0.11860

0.74050

38.45

15.31

2.511

7.294

2’

0.11956

0.75527

116.5

24.07

4.840

14.08

2H

0.11976

0.73442

14.31

14.22

1.006

2.92

20

0.11949

0.75803

78.67

14.93

5.270

15.33

1832

0.11961

0.74550

126.5

67.60

1.871

5.438

1834

0.11924

0.74458

55.14

20.90

2.638

7.664

3

0.11953

0.74314

57.95

17.23

3.363

9.77

30

0.11960

0.74311

87.23

26.98

3.233

9.39

Location 2 (Figure 1)

Location 3 (Figure 1)

collected from three locations 40 to 50 miles southwest of
the Sauratown Mountains. Harper's samples yielded Rb-Sr
whole-rock ages of 670 to 300 m.y. Normally, Rb-Sr data for
granitic rocks plot in a linear array (isochron) of data points,
with each sample from a pluton having the same age. Perhaps the proximity of Harper's samples and our samples to
major fault zones has resulted in disturbance of the Rb-Sr
systems of these rocks.
When selecting samples for Rb-Sr age studies, one normally avoids samples that have been affected by faulting as
this event could cause modification of the age of the original
rock. Since the rocks exposed in the Stony Ridge fault zone
clearly have undergone multiple episodes of brecciation and
silicification, it may seem peculiar that these rocks were
studied (Table 2, Fig. 2). For a number of years, one of us
(PDF) has been interested in the effects of fault-related processes on radiometric ages and the possibility of dating times
of movement (Dietrich and others, 1969; Odom and Fullagar, 1973). With these interests, we analyzed the Stony
Ridge samples to see if we would obtain consistent results
that might be amenable to interpretation.
The data for the Stony Ridge samples are plotted in Figure 2. The open circles represent samples that in reflected
light show strong yellow staining resulting from the oxidation of iron-bearing minerals; in hand specimen these samples usually are buff colored. The solid circles represent
samples that often contain fresh pyrite and show little or no
oxidation of iron-bearing minerals. In hand specimen, these
samples usually are gray. Six of seven of the relatively fresh
samples (solid circles) define a linear array of -points. This

or Early Paleozoic age (Rankin, 1975). Presumably this is
because the micas in these rocks, especially the quartzites,
readily responded to a thermal event or some other external
stimulus. The quartzites contain essentially quartz and muscovite. Should heat (for example) cause radiogenic 87Sr to
be lost from the muscovite, there are no adjacent mineral
phases to incorporate the Sr and thus it would be easily
removed from the rock. In a typical granite, the radiogenic
87
Sr that might be lost from a mineral is incorporated in plagioclase and other adjacent Ca-rich mineral phases.
The samples in Table I from the Danbury, Rock House
and Capells plutons (Figure 1, locations 8, 5 and 6, 4 and 7,
respectively) are from bodies mapped as Crossnore-type
granites (Espenshade and others, 1975). These granites, as
noted by Rankin (1975), are characterized by the common
presence of accessory fluorite, a peralkaline chemical composition and high abundances of most large ion lithophile
elements. Rankin considers that these granites were
emplaced during a nonorogenic event.
In western North Carolina, several Crossnore-type granites have U/Pb zircon ages of approximately 800 m.y. (Davis
and others, 1962; Rankin and others, 1969). The same intrusions plus several others, have younger Rb-Sr ages; these
ages are consistent within single intrusions, but different
intrusions have ages of 700 to 550 m.y. (Odom and Fullagar,
unpublished data).
In the Sauratown Mountains anticlinorium, all of the
Crossnore-type granites give discordant ages, generally 700
to 600 m.y. This pattern of discordant ages for Crossnoretype granites also was reported by Harper (1977) for samples
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Ridge microbreccia samples (Fig. 2, Table 2)
suggest these rocks attained isotopic equilibration
180 m.y. ago. If this interpretation is correct, we
are seeing the effects of fluid movement during
late Triassic or early Jurassic faulting in these
rocks. Microscopic evidence is that silicification
accompanied brecciation.
S. The discordance of Rb-Sr whole-rock data for
all the granitic rocks in the Sauratown Mountains
area is unusual. Perhaps movements along the
Stony Ridge fault zone permitted the introduction
of fluids into these rocks causing disturbance of
their Rb-Sr chemical systems.
Figure 2. 87RB/86Sr vs (87RB/86Sr)N1 for microbreccia samples from the Stony Ridge fault zone (Figure 1, locations 1, 2
and 3), North Carolina. The age and initial 87RB/86Sr SR
(I.R.) were determined by constructing the best line through
data points for samples 11R, 1B, 30, 3, 2 and 20.
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isochron represents an age of 180 ± 3 m.y. and an initial r/ Sr
of 0.7188 ± 0.0004.
This consistency for the relatively fresh samples is surprising. Assuming this consistency is not fortuitous, the
results suggest that 180 m.y. ago these samples underwent Sr
isotopic re-equilibration so that all samples attained a 87Sr/
86Sr ratio of about 0.7188. Perhaps this happened during a
period of extreme brecciation during which considerable
fluid was added to the fault zone where it interacted with the
breccias. Additional work should be done to test this suggestion.
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exposed on either side of the basin, it does not appear that
they belong to a single body.
On the northwest side of the Danville basin are rocks
associated with the Smith River Allochthon (Henika, 1977;
Conley and Henika, 1973). In general, these rocks are composed of a variety of schists interspersed with granite, pegmatite, and layers of biotite and hornblende gneiss. More
specifically, these rocks are members of the Precambrian
Fork Mountain and Rich Acres Formations. Also to the west
of the basin is the Leatherwood Granite, a Precambrian igneous intrusion.
In its type area, the Fork Mountain formation overlies
the Bassett Formation, a granitic gneiss (Conley and Henika,
1973). This unit outcrops only in small areas of the Mountain Valley Quadrangle and plays no significant role in the
study area. The Fork Mountain Formation is characteristically known as containing high alumina schists and gneisses
interlayered with quartzite. The unit is somewhat different
near the Danville basin in comparison to its type locality.
Only in two locations is it similar to the kyanite-staurolite
and kyanite-muscovite schists that define the unit further to
the west. In Pittsylvania County, it takes on more of a muscovite biotite aspect and in some areas it contains porphyroclasts of garnet. The unit has, however, been traced into the
Mount Hermon Quadrangle from its type area (Price, 1975).
Intruding the Fork Mountain Formation is the large
mafic body of the Leatherwood Granite, and the associated
Rich Acres Formation. This mass is a large, highly differentiated sill-like body, characterized by an injection sequence
of granite and gabbro in the Leatherwood Granite and an
ultramafic gabbro composition in the Rich Acres Formation.
This intrusion occurred along schistose planes in some areas,
creating alternating bands of granite and mica schist. Outcrops of this nature occur in the western-most part of Pittsylvania County. Further away from the igneous body, contact
metamorphism affects the schistose host rock, forming a
reaction zone around the intrusion, developing kyanite and
chloritoid further away (Conley and Henika, 1973).
The rocks of the Smith River Allochthon also include
metasedimentary rocks. However, it was very difficult to distinguish these in saprolite outcrop from the weathered schistose rocks of the Fork Mountain Formation in the
Pittsylvania County study area.
To the southeast of the Danville basin a somewhat different stratigraphy is found. The Shelton Formation is the
basal unit, and is overlain successively by metamorphosed

ABSTRACT
Pittsylvania County is located on the North CarolinaVirginia boundary in south-central Virginia., High grade
metamorphic rocks in the county are cut by the Danville Triassic basin. Rocks on both sides of the basin consist of Precambrian gneisses overlain by Precambrian metavolcanic
sequences.
Heavy mineral analyses of sediments from first order
streams indicate an increase in metamorphic grade from
southeast to northwest on the western side of the Danville
basin and from northwest to southeast to the east of the
basin. In both cases, an increase from kyanite to sillimanite
grade occurs. In most areas sillimanite occurs with kyanite,
but in the north-central portion of the county sillimanite
occurs without kyanite.

INTRODUCTION
Pittsylvania County is located in south-central Virginia
and is situated in the inner Piedmont. It is bounded by Bedford, Campbell, Halifax, Henry and Franklin Counties, and
is the largest county in the state. Population centers in the
county include Danville, the largest city, Chatham, the
county seat, and the towns of Gretna and Hurt.
The area sampled in this reconnaissance project was the
portion of Pittsylvania County south of State Route 40. Generally speaking, this included 75-80% of the county. The
quadrangles from which samples were taken were the Axton,
Blairs, Callands, Chatham, Draper, Gretna, Ingram, Java,
Mount Hermon, Mountain Valley, Mount Airy, Pittsville,
Ringold, Sandy Level, Spring Garden, and Whitmell 7 1/2
quadrangles.
Numerous streams dissect the eastward-sloping land
surface. These flow into the Staunton River in the northern
portion of the county, the Bannister River in the central part
of the county, and the Dan River to the south. Each of these
rivers eventually empty into Kerr Reservoir (Buggs Island
Lake). Sediments were taken from those streams which had
no tributaries.

STRATIGRAPHY
The Precambrian metamorphic rocks in Pittsylvania
County are separated by the Danville Triassic basin into two
areas with significantly different stratigraphies. Although
there is a similarity in the types of metamorphic rocks
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the Danville basin and in the metamorphosed volcanic sediments to the southeast. They are similar in composition to
the metatuffs and may represent feeder dikes from which
overlying extrusives were derived (Henika, 1977).
The complete stratigraphy of the Precambrian, Paleozoic, Triassic and quaternary rocks in Pittsylvania County
can be shown in Table 1.

volcanic-sedimentary rocks and ultramafic rocks. These
rocks are quite similar to the rocks of the Smith River
Allochthon, but are not equivalent to them as such.
The Shelton Formation, originally named the Shelton
granite gneiss (Jonas, 1928), is a coarse-grained, quartzmonzonitic gneiss of Precambrian age. This unit outcrops in
several locations to the southeast of the Danville basin, and is
well exposed in the Shelton quarry (its type locality) south of
Danville and in the Barnes quarry to the northeast of Danville. Samples taken from this unit were generally greenishgray in color and were well lineated by streaks of muscovite
and biotite.
Overlying the Shelton Formation are Precambrian metamorphosed volcanic sedimentary rocks which have been
divided into two units of varying composition. The lower
unit, directly above the Shelton Formation, consists of alternating mafic and felsic metavolcanic layers and layers of
metasedimentary rocks. The succession of metavolcanic and
metasediments reflect the nature of the regional metamorphic gradient, being schistose to slaty northeast of Danville
and more gneissic to the southeast near Danville. The upper
unit, generally in sharp contact with the lower unit, is composed of a more homogeneous sequence of predominantly
felsic metavolcanics. The types of metavolcanics are recognized on the basis of relict primary textures. A schistose
welded metatuff is at the base, massive crystal metatuff in
the middle, and schistose volcanic breccia near the top of the
section (Henika, 1977).
Within the metamorphosed volcanic-sedimentary rocks
are ultramafic rocks similar in origin to those in the Rich
Acres Formation to the northeast of the Danville basin.
These rocks are poorly exposed, but where found, they tend
to be enveloped by the metavolcanics parallel to the schistosity of the metavolcanics (Henika, 1977).
Dikes and sills of Precambrian and Paleozoic age are
found both in the Fork Mountain Formation to the north of

DISCUSSION
Each of the metamorphic units has been saprolitized
quite thoroughly in most parts of Pittsylvania County. Outcrops of fresh rocks are not common away from the three rivers, and the abundance of first-order streams made sediment
analysis an effective method of defining the metamorphic
gradient in the area.
The streams to be sampled were chosen on the basis of
two factors. First, each stream sampled was a first order
stream. This ensured that the sediments taken represented a
limited area, and that they were relatively close to the source
rock. Secondly, following consultation of the State Highway
Department map of the county, streams were chosen on the
basis of their accessibility. Where streams crossed primary
and secondary roads, or were in short walking distance, they
were readily available for sampling. Samples were always
taken upstream from the roads to ensure that there was no
contamination of the sediment by roadfill materials. Two
samples of sediment were taken at each location, and a total
of fifty-five streams were sampled.
A typical stream in Pittsylvania County ranges in width
from 4 to 15 feet, and in depth from six inches to as much as
two feet. The streams are generally controlled by the eastward direction of slope of the land surface, but may follow
joint patterns for short distances. Typically, the streams had
several flood bars of sand covered by lag deposits ranging
from pebbles to cobbles in size. Sediment sizes of the gen-

Table 1

Age

Northwest of the Danville
basin

Southeast of the Danville basin

Quaternary

Alluvium

Quaternary

Terrace Deposits

Triassic

Diabase dikes

Triassic

Dry Fork Formation

Precambrian or
Paleozoic

Granite Dikes and Sills
Rich Acres Formation

Ultramafic rocks

Fork Mountain Formation

Metamorphosed volcanic sedimentary
rocks

no surface exposures

Shelton formation

14

METAMORPHIC GRADIENTS IN PITTSYLVANIA COUNTRY

Figure 1. Metamorphic zonation of Pittsylvania County.

blende, epidote, rutile, zircon, and magnetite. Each sample is
listed by number, quadrangle of location, and relative
amounts of each mineral. See Table 2.
The map, “Metamorphic Zonation of Pittsylvania
County” (Figure 1) shows the plot of samples bearing the
first occurrence of sillimanite and kyanite, and also shows
the placement of the isograd defined by the first appearance
of sillimanite. It is evident that the metamorphic rocks in the
county are all high-grade metamorphics, since all samples
indicate either kyanite or sillimanite.
The sillimanite isograd falls to the west of the Danville
Triassic basin, and is roughly parallel to it. A single sillimanite-bearing sample to the east of the basin (#509) suggests
the presence of a similar isograd to the east of the study area.

eral stream bed sediments were coarse sands and some muds
in very slowly flowing streams. In some places, cut bank
exposures of relatively fresh, hard rock could be found.
A total of fifty-five streams were sampled, with fortythree of the samples analyzed for this report. The sediment
samples were washed and sieved, with the fine sand (.250.125mm, 60-120 mesh) being retained for separation. A bromoform solution was used to separate minerals of specific
gravity higher than 2.8 from lighter minerals. These heavy
minerals were analyzed using binocular microscope, petrographic microscope, and index oils for identification. Particular interest was given to the Barrovian index minerals of
kyanite and sillimanite., since they would eventually be used
in the positioning of metamorphic isograds.
The first occurrence of either sillimanite or kyanite was
used to determine the placement of the isograd. If a sample
contained both minerals it was placed in the highest zone,
even if only rare amounts of sillimanite were present. Grains
were identified by cleavage, extinction, index of refraction,
and crystal shape where possible. Heavy minerals identified
included chlorite, biotite, garnet, kyanite, sillimanite, horn-

CONCLUSION
The crystalline rocks of Pittsylvania County are Precambrian high grade polymetamorphic rocks belonging to the
rocks of the Smith River Allochthon to the west of the Danville Triassic Basin or to a body of metasediments and gneiss
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Table 2. Stream data summary of selected heavy minerals

Number

Black
Opaques

Kyanite

Sillimanite

Zircon

Hornblende

Garnet

Rutile

Quadrangle

506

A

C

R

---

C

C

---

Draper

507

A

C

R

C

C

C

---

Draper

508

A

R

---

R

M

---

---

Ringold

509

A

M

M

R

---

---

---

Ingram

510

A

R

---

R

C

---

---

Blairs

511

M

C

---

---

R

M

VR

Mt. Hermon

512

A

R

---

R

C

---

---

Blairs

513

A

R

---

R

C

---

---

Blairs

514

A

R

---

R

C

---

---

Ringold

515

M

C

---

---

R

MR

---

Mt. Hermon

516

C

C

---

---

M

R

---

Mt. Hermon

517

M

R

M

M

---

---

---

Chatham

518

A

C

R

M

---

---

---

Whitmell

519

C

C

C

---

R

M

---

Callands

520

C

M

---

---

R

M

---

Callands

521

M

M

---

---

R

M

---

Mt. Hermon

522

C

M

---

M

C

---

---

Spring Garden

523

M

C

---

M

M

M

---

Java

524

M

C

---

M

M

M

---

Java

525

M

C

---

M

M

M

---

Java

526

C

C

---

M

M

---

---

Java

527

C

A

M

R

---

M

---

Axton

528

A

C

M

---

---

M

---

Axton

529

A

C

M

---

R

C

---

Axton

531

M

C

M

M

C

M

M

Callands

532

C

M

R

---

R

---

---

Sandy Level

533

C

C

M

R

C

---

R

Sandy Level

535

A

R

M

---

M

---

R

Callands

538

M

C

---

---

---

M

---

Whitmell

539

C

C

M

---

R

M

---

Whitmell

540

C

M

M

R

---

M

R

Whitmell

541

A

R

M

R

---

M

---

Mountain Valley

544

M

C

---

---

---

M

---

Spring Garden

545

C

C

---

---

R

M

---

Gretna

546

M

M

C

---

---

R

R

Gretna

547

M

M

M

---

---

C

---

Gretna

548

M

C

M

---

---

A

---

Gretna

549

M

---

M

---

---

M

---

Gretna

550

A

---

M

M

---

M

C

Mt. Airy

551

A

---

M

M

---

M

C

Mt. Airy

552

M

R-VR

C

---

---

---

---

Pittsville

553

A

C

C

C

M

M

M

Pittsville

554

A

C

C

C

M

M

C

Pittsville
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to the east of the basin. In the Smith River Allochthon, the
metamorphic grade increases from kyanite to sillimanite
grade going northwest away from the fault contact with the
Triassic sediments. The sillimanite isograd, trending northeast southwest, may be truncated both in the northern and
southern parts of the county by the Chatham border fault of
the Danville basin.
To the east of the Triassic basin, a single sample suggests that a similar gradient may exist, with a transition from
kyanite to sillimanite grade to the east. Three samples from
the north-central portion of the study area (#549, #550,
#551) have sillimanite but contain no kyanite. This suggests
that the source rocks may have at one time been subjected to
P-T conditions in which only sillimanite was stable. This is
consistent with the high grade nature of the rocks and the
westward increase of the metamorphic gradient.
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Charlotte belt may be allochthonous. But the timing of
emplacement of the elements ranges from early to late Paleozoic. Some features, such as the Brevard zone, may have participated in the movement and emplacement history more
than once.

ABSTRACT
Major tectonic elements in the area north and west of
Winston-Salem, North Carolina, include the several thrust
sheets of the Blue Ridge, the Grandfather Mountain window,
Sauratown Mountains anticlinorium (and window?), Smith
River allochthon, Brevard zone, Inner Piedmont and its
northeast terminus, and the boundary between the Inner
Piedmont and northern continuation of the Charlotte belt. All
these elements, except the Sauratown Mountains, back to the

Geophysical data indicate the North American craton
extends as far east in the subsurface as the Inner Piedmont Charlotte belt boundary. The amount of transport on the
allochthonous sheet may be minimally estimated from the

Figure 1. Map showing major tectonic features to the west and north of Winston-Salem, North Carolina. The lined pattern is the
Hayesville-Fries thrust sheet. LCW - Limestone Cove window. T - Triassic sed
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distance from the westernmost occurrence of basement rocks
at the surface to the steep gravity gradient which occurs at
the Inner Piedmont - Charlotte belt boundary. It is uncertain
whether the Sauratown Mountains anticlinorium is an internal massif protuding through the thrust sheet or is also
allochthonous.

KINEMATICS OF EMPLACEMENT OF
THRUST SHEETS AND DISCUSSION
The problem of kinematics and timing of emplacement
of southern Appalachian thrusts has been discussed previously by Hatcher and Zietz (1980). The idea that the Blue
Ridge and Inner Piedmont are coupled in a single allochthonous sheet was first proposed by Hatcher and Zietz (1978).
Such a proposal carries with it the requirement to address the
problem of the relative ages of thrusts carried within the
sheet.
The evidence for the timing of emplacement of various
thrust sheets is discussed by Hatcher (1978a), Hatcher and
Zietz (1980) and Hatcher and Odom (1980). Figure 2 is a
schematic cross-section through the Winston-Salem area
showing the relative timing of thrusts. Several things should
be noted. The Fries thrust is post-metamorphic (Rankin,
1971, 1975; Rankin and others, 1973). Yet the ultramaficmafic terrane east of the Fries exists in a similar relationship
the Hayesville thrust as farther south (Hatcher, 1978a) with
an important exception: Ashe Formation amphibolites rest
upon Grenville basement rocks in northwestern North Carolina (Bartholomew, in press). The Hayesville-Fries fault system was defined as a fault separating a terrane with abundant
Grenville orthogneiss basement (and no mafic or ultramafic
rocks) to the west from a terrane to the east containing abundant ultramafic and mafic rocks and little Grenville basement. And this fault system is a probable suture of an Inner
Piedmont-eastern Blue Ridge microcontinent to the North
America craton (Hatcher, 1978a; Hatcher and Zietz, 1980).
Yet the Fries thrust cuts westward and downward into basement rocks into Virginia and finally joins the frontal Blue
Ridge thrust southwest of Roanoke (Espenshade and others,
1975). It is also possible that the Fries fault, as originally

INTRODUCTION
The Winston-Salem area is an interesting one in which
to consider the implications of large-scale thrusting in the
crystalline southern Appalachians (Fig. 1). This area contains several, of the major tectonic elements of the crystalline
southern Appalachians, several of which provide abundant
evidence of large-scale horizontal transport. These tectonic
elements include the various thrust sheets of the Valley and
Ridge and Blue Ridge, the Smith River allochthon, Brevard
zone, Sauratown Mountains anticlinorium, Inner Piedmont
and the northern extension of the Charlotte belt. Moreover,
several large windows occur in this area, including the
Mountain City, Grandfather Mountain and the Sauratown
Mountains windows.
This is an important area for consideration of the kinematics of emplacement of southern Appalachians thrusts in
light of the hypothesis recently advanced by Cook and others
(1979) and Harris and Bayer (1979) that the entire Appalachian orogen may be allochthonous. Important questions
may be resolved by considering the kinematics of emplacement and reviewing the available geophysical data for this
area.

Figure 2. Schematic cross-sections showing the relative timing of emplacement of thrust sheets in the area west and north of Winston-Salem, North Carolina. 1 - pre- to synmetamorphic (Taconic). 2 - late metamorphic (Taconic). 3 - post-metamorphic (Acdian). 4
- Alleghanian. Section A goes through the Sauratown Mountains anticlinorium (SMA). Section B goes through the Grandfather
Mountan window. SRA - Smith River allochthon. CPS - Central Piedmont suture.
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which the Kings Mountain belt is terminated farther southwest (Fig. 1). This line must be a very important boundary
for it is along it that the well-known gravity gradient (from
very low to the west to moderately high to the east) may be
traced. This is also the line to the east of which many aspects
of surface geology appear in the regional magnetic signature
(Hatcher and Zietz, 1980). This boundary, which forms the
eastern edge of the Sauratown Mountains anticlinorium to
the northeast, may be a suture below and to the west of
which is the easternmost extent of the North American craton. Or, is the Sauratown Mountain area an exposure of the
autochthonous craton as an internal massif?

defined by Stose and Stose (1957), may not turn southeast to
form part of the frame for the Grandfather Mountain window, as indicated by Rankin and others (1972). It may continue southwestward and westward into Tennessee and join
the Stone Mountain fault or one of the other major fault systems of the western Blue Ridge, a suggestion made by M. J.
Bartholomew (oral comm., 1978). The Hayesville fault
southwest of the Grandfather Mountain window has been
shown to be a premetamorphic thrust (Hatcher and others,
1979). Either the Fries fault northeast of the window is a
reactivated segment of the Hayesville, or another older fault
must be present. However, the contact between the Ashe Formation rocks and the Cranberry Gneiss basement appears to
be a nonconformity. So, if there is another fault of the same
age as the Hayesville, it must be farther southeast. Another
possibility is that the eastern Blue Ridge-Inner Piedmont
microcontinent was more of a large peninsula than a separated microcontinent, a suggestion made earlier (Hatcher,
1978a, p. 297).
The Smith River allochthon (Conley and Henika, 1973)
is a post-metamorphic structure that was emplaced northwest
of the Sauratown Mountains anticlinorium shortly after the
Taconic thermal peak. It is probably nothing more than a fartraveled Inner Piedmont nappe (Lewis, 1979). A smaller
analogous structure resides just southeast of the Brevard
zone in northeast Georgia and northwestern South Carolina
(Hatcher, 1978b).
The Sauratown Mountains anticlinorium was first suggested to be a window by Bryant and Reed (1961). That it
contains Grenville basement rocks with relatively clean late
Precambrian (?) or Paleozoic (?) sandstone resting upon it
and is flanked by markedly different terranes to the northwest and southeast indicates more than a simple relationship
exists between the anticlinorium and its limbs. The rocks of
the Mount Arrarat synclinorium and Smith River allochthon
to the northwest represent quite different environments of
deposition (and igneous activity) than those found on the
anticlinorium. It is difficult to make direct comparisons far to
the southeast because of Triassic faulting, but Ashe Formation rocks appear on the southeast and southwest flanks of
the anticlinorium (Espenshade and others, 1975). It may be
fair to predict that another premetamorphic thrust of the
Hayesville type (perhaps the Hayesville) probably separates
basement rocks of the Sauratown Mountains from Ashe Formation rocks, that immediately overlie basement there. This
would make the Sauratown Mountains anticlinorium an
inner window beneath the Inner Piedmont-Smith River
allochthon thrust sheet (s) (Fig. 1). It is also likely that the
basement rocks of the anticlinorium are allochthonous as
well (Fig. 2).
The Inner Piedmont as a separate province terminates
southwest of the Sauratown Mountains anticlinorium. A line
is traceable southwestward from the southwesternmost point
on the Inner Piedmont-Ashe Formation boundary along
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METAMORPHIC AND STRUCTURAL EVIDENCE OF AN INTRUSIVE ORIGIN FOR THE SHELTON
FORMATION
William S. Henika
Virginia Division of Mineral Resources
Charlottesville, VA
Table 1. Modal analyses of the Shelton Formation

ABSTRACT
The Shelton Formation, a major metamorphosed plutonic unit in the south central Piedmont, is apparently of Silurian (425 m.y.) age rather than Precambrian, as earlier
believed. If it is Silurian then it must be intrusive into surrounding county rocks rather than the crystalline basement
upon which those rocks were deposited. The Shelton is now
considered to be a late synkinemetic granitic intrusion
emplaced in preexistent fold cores.
Several lines of reasoning support an intrusive relationship between the Shelton and surrounding metamorphosed
volcanic and sedimentary rock units. Metamorphic isogradal
surfaces dip consistently away from domes of Shelton
gneiss, and greenschist recrystallized abruptly to amphibolite in metavolcanics close to the Shelton. Mesoscopic fabric
studies show evidence of four phases of folding in the rocks
surrounding the Shelton whereas the Shelton has a protoclastic foliation and a prominent lineation which record only the
later two phases of folding.

Sample

Microcline

Quartz

Plagioclase

Biotite

1

35

45

15

4

2

40

38

13

7

3

34

27

34

4

Sample 1. Stained chip from Vulcan Materials quarry, Danville quadrangle,
Shelton, North Carolina. 300 pts.
Sample 2. Stained chip from abandoned Superior Stone quarry, Blairs quadrangle. 300 pts.
Sample 3. Stained chip from abandoned quarry at Beaver Park, Blairs quadrangle. 300 pts.
Accessory minerals present were muscovite, epidote-allanite, zircon, magnetite, apatite, sphene, and fluorite.

gneiss by Jonas. I mapped other lithologic units originally
included with the Shelton Granite Gneiss by Jonas separately
as metamorphosed volcanic and sedimentary rocks. These
units overlie the coarse, plutonic gneiss at the type locality
(Fig. 2).
Prior to the publication of a Silurian (425 m.y.) radiometric age for the Shelton gneiss (Kish, and others, 1979), its
concordant contact with surrounding rocks was supposed to
be a basement-cover relationship, similar to that described
by Tobisch and Glover (1971, p. 2226-2227) as a possible
relationship between the Charlotte Belt-Carolina Slate Belt
rocks east of Danville. This new datum stimulated a review
of my working hypotheses concerning not only stratigraphic
but structural and metamorphic relationships in the Danville
area. Reexamination of structural and metamorphic data
acquired during detailed mapping of the Blairs, Mount Hermon, Danville and Ringgold 7.5 minute quadrangles
revealed certain relationships between the domes of shelton
Formation and surrounding metavolcanic succession that
favor a syntectonic intrusive origin for the Shelton.

INTRODUCTION
The Shelton Formation was originally named the Shelton Granite Gneiss by A. I. Jonas (Virginia Geological Survey, 1928) for exposures at its type locality in a quarry now
operated by the Vulcan Materials Company, 0.2 mile (0.3
km) west of Shelton North Carolina. (1977, p. 2) restricted
the Shelton Formation to the coarse-grained quartz monzonitic to granitic gneiss exposed in several domes mapped on
the Blairs, Mount Hermon and Danville quadrangles (Fig. 1,
Table 1), but retained the Precambrian age assigned to the

STRATIGRAPHIC AND METAMORPHIC SUCCESSION-METAMORPHOSED VOLCANICSEDIMENTARY ROCKS
The rocks that structurally overlie the Shelton Formation at its type locality may be divided into two map units
(Henika 1977, p. 3). In the dome at Shelton the unit overlying the Shelton is composed of conspicuous layers of mafic
and felsic gneiss alternating with lenticular psammitic and
pelitic metasedimentary beds. Overlying this conspicuously
layered unit is a massive unit composed predominantly of

Figure 1. Index map showing regional setting and location of
the Blairs, Mount Hermon, Danville, and Ringgold quadrangles, Virginia.
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Figure 2. Type locality of the Shelton Formation; southward view of the quarry 0.2 mile (0.3) west of Shelton, North Carolina. M assive, jointed, Shelton granite gneiss is exposed in the quarry on the left. Interlayered felsic and mafic meta-volcanic rocks are
exposed on the northwestern rim the quarry, directly in front of the truck. Primary layering of the metavolcanic rocks has dip gently
toward the northwest, away from the core of the dome.

Figure 3. Metamorphic map of the Blairs, Mount Hermon, Danville, and Ringgold quadrangles. Shelton Gneiss shown in shaded
pattern. Ab = albite, Ol = oligoclase.
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Figure 4. Slaty metamorphosed volcanic beds east of Blairs on the Mount Hermon quadrangle. Interlayered mafic and felsic beds
outline an “eye” fold characteristic of interference between late northeast-trending open folds (F 3, axis parallel to pick handle) and
later northwest-trending open folds (F4, axis parallel to pick head).

Figure 5. Gneissic metamorphosed volcanic
rocks near the Poplar Street bridge in Danville
(Danville quadrangle). Early northeastwardtrending, recumbent, isoclinal fold-noses (F2)
delineated by mafic-felsic layering. Thin felsic
layers in arch of the synform below show F1
isoclinal hinges cut by axial plane cleavage parallel to the largest F2 structures.
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felsic metatuff. The two units underlie most of the area
southeast of the Danville Triassic Basin (Plate 1), forming
arcuate bands that wrap around elongate domes of Shelton
Formation.
Superimposed upon this stratigraphic succession of volcanic-sedimentary rocks is a steep metamorphic gradient
which ranges from a chlorite zone adjacent to the Triassic
rocks to an oligoclase (kyanite) zone that surrounds the
major domes of Shelton Formation in the Danville area (Fig.
3). To the southeast of the oligoclase isograd there is a comparatively gentle gradient in the amphibolite facies culminating in a broad sillimanite zone in the southeastern corner of
the area mapped. The oligoclase, garnet and biotite isograds
outline a basin-shaped geothermal low confined to the area
between domes of Shelton gneiss. Within the isogradic basin
metamorphosed volcanic-sedimentary rocks are slaty to
schistose, bearing a close resemblance to rocks of the Carolina slate belt (Fig. 4) whereas away from this small area the
rocks are medium- to coarse-grained gneisses with numerous
granitic dikes and sills that resemble those in the Charlotte
Belt (Fig. 5).
Although the lithologic change from greenschist to
amphibolite facies is a progressive one, major recrystallization occurs abruptly near the oligoclase isograd, where albite
in metavolcanic beds makes the transition to oligoclase
andesine. This transition is nearly coincident with the
appearance of kyanite in rare pelitic layers and the introduction of many small granitic dikes and sills in the proximity of
the domes of Shelton gneiss. Thus, it appears that a rather
gentle regional geothermal gradient may have been modified
by the introduction of the large mass of molten rock within
the cores of the gneiss domes.

Figure 6. Hand specimen of Shelton gneiss showing strong
linear fabric. Viewed from top, only phacoidal feldspar porphyroclasts wrapped by biotite are visible giving the impression of an inequigranular igneous rock.

mon quadrangle (Henika, 1977, p. 8) within the Upper Unit.
A similar pink granite dike cutting the lower unit can be seen
in Danville in an abandoned quarry below the City Nursing
Home on Riverside Drive.
The Shelton Formation is a remarkably homogeneous
and massive unit which does not contain the white granite
dikes and sills characteristic of amphibolite grade rocks
which surround it; the Shelton is cut only by mafic dikes and
quartz veins. Although well-jointed, foliation is generally
secondary to a well-developed lineation produced by pencilshaped bodies of granulated pink feldspar, streaks and bands
of shiny black biotite or silvery-gray muscovite (Fig. 6)
across a pink (5R 7/4 - 1OR 7/4) to gray cataclastic ground
mass. The gneiss contains ribbon-bands and elongated grains
of quartz (1 to 5 mm); light-gray to pink porphyroclasts of
feldspar (2 to 5 mm) and thin seams of purple fluorite. Mylonitic texture is most strongly developed along the southeastern margin of the largest dome on the Blairs quadrangle and
in the thin sills and dikes. Samples from all the major outcrop areas show a general lack of metamorphic effects, other
than minor amounts of chlorite, muscovite, pyrite and fluorite which seem to be concentrated along the cataclastic
zones.

SHELTON FORMATION
Seven domal areas of Shelton gneiss were mapped
southeast of the Danville Basin (Henika, 1977, Plates 1 and
2): four northeast and one northwest of Danville, one in the
northern part of the city and the one south of the city which
includes the type locality at the Shelton quarry. There is an
outcrop of Shelton northwest of the Triassic basin along the
complex Chatham Fault system (Thayer, 1973 personal communication). This northwestern most outcrop area is thought
to be a portion of the same structural block which lies below
the pre-Triassic unconformity along the southeastern margin
of the Triassic rocks. The block has been elevated as a northwestward trending horst from beneath the Triassic Basin.
In addition to the larger domal bodies there are several
smaller dikes and sills of coarse, moderate pink (5R 7/4) to
moderate orange pink (10R 7/4) granite which I now consider to be apophyses of the Shelton cutting the metamorphosed volcanic-sedimentary rocks in the Danville area. One
of the sills is exposed along the Southern Railway about 0.2
mile (.3 km) south of the Triassic border on the Mount Her-

STRUCTURAL PATTERNS AND FOLD SUCCESSION METAMORPHOSED VOLCANIC-SEDIMENTARY ROCKS
Based on map patterns and analysis of unpublished sterograms I (Henika, 1977, p. 16-18) described four megascopic phases of folding within the metamorphosed volcanic-
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Figure 7. First generation (F1)
recumbent isoclinal folds with
northwest-trending axial planes.
Saprolite exposure of metamorphosed mafic and felsic metavolcanic rocks in the northeastern
part of the Ringgold quadrangle.

a)
northwest-southeast
plunging, reclined-andrecumbent, isoclinal-fold
hinges (F1 axes).
b) linear structures, xcleavage intersections; oslickensides;.-metamorphic mineral lineations
c)
northeast-southwest
plunging,
reclined-and
recumbent, isoclinal-fold
hinges (F2 axes).
d)
northeast-southwest
plunging, erect, open-fold
hinges (F3 axes).
e)
northeast-southwest
plunging, erect, open-fold
hinges (F4 axes).
f) contoured sterogram of
poles to layering (S1) in
metamorphosed volcanicsedimentary rocks along
major cross-fold axis (F4)
near Blairs and Mount
Hermon quadrangles.

Figure 8. Lower hemisphere equal-area sterograms of mesoscopic structural elements measured in metamorphosed volcanic-sedimentary rocks on the Blairs, Mount Hermon, Danville, and Ringgold quadrangles.
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Table 2. Characteristics of mesoscopic folds.
Fold

Trend

Description

F1

NW

Elongate, recumbent isoclinal hinges with bluntrounded arches; gently dipping axial surfaces.

F2

NE

Asymmetric, overturned-to-recumbent, isoclinal
hinges with sharp-pointed arches; moderate to
gently dipping axial surfaces.

F3

NE

Open rounded-to-chevron hinges with broad-topointed arches; upright, steeply dipping, axial
surfaces.

F4

NW

Open rounded-to-chevron hinges with broad-topointed arches; upright, steeply dipping, axial
surfaces.

Figure 10. Fold pattern characteristic of interference between
northeast-trending, recumbent, isoclinal folds (F2) and later
northeast-trending, erect, open folds. Sketched from streambottom outcrops in the southern portion of the Mount Hermon
quadrangle.

sedimentary rocks unit in the Danville area (Plate 1). The
outlines of the domes of Shelton gneiss serve as structural
markers in delineating the macroscopic interference patterns
of the surrounding rocks. I proposed that two early and
mutually perpendicular phases of isoclinal folding and two
later phases of erect open folds could explain the large mushroom, crescentic and hook-shaped patterns in the area.
Abundant small folds and interference patterns in the highly
stratified metamorphic rocks that surround the Shelton were
the real key to unravelling the fold succession-. Small folds
were resolved into four temporal-geometric components
(Table 2) by comparison of sketches and photographs of
small fold patterns with sterograms of outcrop data.

across the earlier fold trends suggesting, together with the
lack of mineral lineation parallel with observed Fl hinges
(Fig. 8b) that these folds developed prior to metamorphism.
Second phase folds (F2) range from recumbent isoclines
to tightly overturned antiforms and synforms. They are recognized by sharper, more pointed hinges than F1 (Fig. 5),
northeast-southwest plunges (Fig. 8c), and a commonly preserved axial plane schistosity. The F2 folds are coaxial but
not coplanar with later (F3) antiforms and synforms. This
relationship results in hook-shaped interference patterns
observed in outcrops (Fig. 10) that are similar to those
described by Ramsey as “type 3” (p. 530-534). Mineral lineations (Fig. 8b) in the metamorphosed volcanic-sedimentary rocks unit are parallel to the F2 fold hinges and the
statistically derived fold axis (Fig. 8c). The predominant
schistosity developed in mafic units and pelitic beds is axial
planar to the recumbent F2 isoclines. Such schistosity is visible in the arch of the recumbent synform shown in Figure 5.
The colinearity of the mineral lineations combined with the
generally parallel development of metamorphic mineral
zones and isograds with the fold symmetry is taken as evidence that the F2 system developed during the time of
regional metamorphism.
Third-phase folds (F3) are northeastward trending open
antiforms and synforms (Fig. 11). The hinges of fold axes
have been gently warped and plunge both towards the northeast and to the southwest (Fig. 8d). Because of the colinear
relationship of F2 and F3 axes it is difficult to discriminate
between linear structures that might have been developed
during F2 and F3, however, field evidence indicates that later
folding produced only cataclastic fabric elements. No new
mineral growth lineation developed during this deformation
and it probably postdates prograde regional metamorphism.
Closed regional metamorphic isograds such as the isogradal
syncline delineated by the chlorite and biotite zones on Figure 3 are probably warped by the later F3 and F4 fold sys-

Figure 9. Fold pattern characteristic of interference between
northwest- and northeast-trending (F1 and F2) isoclinal folds.
Sketched from a stream-bank outcrop located in the southern
part of the Mount Hermon quadrangle.

First phase mesoscopic folds (F1) in the Danville area
are stretched-out, reclined or recumbent isoclines within the
primary layering (S0). They are delineated by rounded elongate hinges (Fig. 7) that plunge gently towards the northwest
or to the southeast (Fig. 8a) and show characteristic type 2
interference patterns (Fig. 9), the closed crescent or mushroom shapes described by Ramsay (1967, p. 525-530).
Regional metamorphic isograds are generally developed
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Figure 11. Northeast-southwest
trending open antiform (F3) in
metamorphosed volcanic rocks
along the Norfolk and Western
Railway south of Danville. Early
recumbent isoclinal hinge occurs
on the southeastern limb of the
larger fold near head of the rock
hammer.

a) pencil, quartz rod, and streaking lineations from the Shelton gneiss.
b) contoured lower hemisphere sterogram
of poles to foliation around the northeastern culmination of the major dome of
Shelton gneiss on the Blairs quadrangle.
“B” is the stratistically derived fold-axis.
c) contoured lower hemisphere sterogram
of poles to foliation around the southwestern culmination of the major dome of
Shelton gneiss on the Blairs quadrangle.
“B” is the stratistically derived fold-axis.

Figure 12. Lower hemisphere, equal-area sterograms of mesoscopic structural elements associated with the Shelton Formation on
the Blairs, Mt. Hermon, Danville, and Ringgold quadrangles.
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Figure 13. Isometric diagram showing structure of Shelton gneiss domes in the Blairs, Mount Hermon, and Danville quadrangles.

is remarkably simple. No mesoscopic folds have been recognized within the unit. Study of the Shelton gneiss foliation
plotted on detailed geologic maps (Henika, 1977, plates 1
and 2) indicates that it has been only gently arched outlining
broad F3 and F4 structures. The strong pencil lineation delineated by elongate feldspar porphyroclasts and streaked-out
biotite crystals plots very closely with observed F3 hinges
(compare Figs. 8d and 12a) and corresponds with statistically derived F3 axes (Figs. 12b and 12c). Thus, there
appears to be no record of the Fl folding in the fabric of the
Shelton gneiss and little deformation other than a protoclastic foliation exists for the second major period of isoclinal
folding and the accompanying regional metamorphism. It is
proposed that the Shelton Formation was raised as a diapir
through a thick volcanic pile during the waning stages of
regional metamorphism and F2 folding. When it reached the
level of thermally resistant mafic metavolcanic layers most
of the magma could not stope through the amphibolites and
it spread laterally along them into the cores of preexistent Fl
and F2 isoclines. In this way the outline of Shelton plutons
could follow the external form and interference patterns of

tems. The large third generation folds are the most important
structures in the area with regards to erosional unroofing of
the major rock units, especially the Shelton gneiss domes.
Fourth phase northwest or southeast trending cross folds
are recognized along major zones of culmination or plunge
reversal of earlier folds. The F 4 hinges measured in outcrops
(Fig. 83) are open to chevron-shaped arches with steep dipping axial surfaces and gentle northwest or southeast
plunges. Interference between F3 and F4 axes is evident in
stereoplots of foliation poles along major F4 axes because of
a distinctive cleft girdle pattern shown in Figure 8f. Figure 3
shows the typical “eye” fold pattern of a mesocopic F3 x F4
structure which crops out in the domain of Figure 8F, near
Blairs, along the Blairs-Mount Hermon quadrangle boundary. Such open structures appear to have no new mineral lineation or schistosity along their symmetry axes and are
considered to represent post-metamorphic deformation.

SHELTON GNEISS FABRIC
When compared with the complex mesoscopic fabric of
the highly stratified rocks around it the Shelton gneiss fabric
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the early isoclinal folds, including the major nappe structure
described by Tobisch and Glover, (1971, Fig. 13) but the
internal fabric would reflect only late stage protoclasis and
the predominantly cataclastic lineation of the later open folding events.
At the present level of erosion within the quadrangles in
the Danville area only the larger F3 antiforms have been
breached. Regional uplift was greatest to the southeast
within the Milton 151 Quadrangle (Tobisch, 1972) where the
Shelton Formation is exposed as a more continuous sheet in
the core of the major nappe (F2) described by Tobisch and
Glover (1971).
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AERORADIOMETRIC CONTOUR PATTERN AND ROCK DISTRIBUTION IN THE DANVILLE 15-MINUTE
QUADRANGLE
William S. Henika
Stanley S. Johnson
Virginia Division of Mineral Resources
Charlottesville, VA

sic Formation in this part of the basin. The Dry Fork Formation, the major Triassic rock unit in this part of the basin, is
composed predominantly (90%) of arkosic sandstone, and
the associated conglomerates contain large blocks of felsic
gneiss similar to units in crystalline rocks southeast of the
basin.
The major units southeast of the basin are metamorphosed volcanic and sedimentary rocks that have been subdivided into an upper, predominantly felsic metavolcanic unit
and a lower unit composed of interlayered mafic and felsic
metavolcanic rocks and micaceous metasedimentary rocks
(Plate 1; Table 1), similar to the Fork Mountain Formation
northwest of the basin. Mineral assemblages and textures in
the metamorphosed volcanic-sedimentary rocks reflect a
regional metamorphic gradient that increases from greenschist at the basin margin to upper amphibolite in the southeastern corner of the area. Accompanying the metamorphic
crystallization are white granitic sills and dikes that form

The Danville 15-minute quadrangle straddles a major
late Paleozoic-Triassic rift zone. The locus of most intense
strain along the zone is marked by the narrow, elongate Danville Basin, where a section of at least 9000 feet of Triassic
sediment accumulated in a deep half-graben. Major faults
which developed during rifting are several hundred meters to
the northwest of the Triassic basin. The Chatham Fault
which borders the basin along the northwest and a smaller
fault along the southeastern border (near Laniers Mill) are
post depositional and cut across Triassic sediments.
There are separate blocks of late Precambrian to Paleozoic-age crystal-line rocks northwest and southeast of the
basin. The major rock unit in the northwestern block is the
Fork Mountain Formation (Plate 1: Table 1), composed of
kyanite-grade biotite gneiss and mica schist, which are generally deeply weathered to red clay-rich soils. Point count
studies of Triassic conglomerate outcrops indicate that the
Fork Mountain contributed little or no sediment to the Trias-

Table 1. Geologic Formations in the Blairs, Mount Hermon, Danville, and Ringgold Quadrangles.

Age
Quaternary

Triassic (Jurassic?)

Paleozoic?

Precambrian

Name

Character

Alluvium, terrace deposits

Clayey sand and silt with boulders, cobbles and gravel.

Diabase dikes

Fine to medium grained, dense igneous rock.

Cataclastic Rocks

Fine to coarse grained vitreous to fragmental cataclastic
Fine grained and compact microbreccia.

Dry Fork Formation

Thick-bedded to massive, arkosic sandstone; thin-bedded sandstone and mudstone,
massive-bedded conglomerate.

Shelton Formation

Massive, lineated gneiss that ranges in composition from granite to quartz-monzonite.

Rich Acres Formation,
Ultramafic rocks

Granular to schistose olivine-amphibole chlorite rock with minor metagabbro.

Granitic Sills and Dikes

Medium to coarse-grained white to light gray alaskite and pegmatite.

Fork Mountain Formation

Garnetiferous muscovite-biotite gneiss with interlayered garnetiferous muscovitebiotite schist, minor amphibolite.

Metamorphosed volcanicsedimentary rocksupper unit:

Schistose, felsic metatuff, massive granophryc, crystal metatuff, schistose volcanic
breccia with interlayered mica gneiss and schist. All lithologies gradational into
massive to layered quartz-feldspar gneiss with increasing metamorphism to the
southeast.

lower unit:

Interlayered mafic and felsic metatuff, mafic lavaflows, metamorphosed volcanic
sandstone and phyllite. All lithologies gradational into quartz-feldspar gneiss
amphibolite and biotite gneiss with increasing metamorphism to the southeast.
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dome at Danville (Plate 1, D) and the area (Plate 1, E) partially covered by Triassic sedimentary rocks and terrace
deposits west of Danville. These rocks are noted by broad
radiometric highs with relatively poor correlation between
the radiometric contour pattern and bedrock distribution. In
the case of the dome at Danville (Plate 1, D), the terrain is
lower and the unit has been deeply weathered, thus, contributing to the lower radiometric contour pattern.

part of the migmatite complex southeast of the area.
Concordant bodies of pink granite to quartz monzonite
gneiss (Shelton Formation, Table 1) have intruded early folds
in the layered metavolcanic sequence. The folded intrusions
of Shelton gneiss are now exposed in several large domal
areas that are noted for their broad uplands and light, sandy
soils which are valued for the cultivation of tobacco.
Bedrock units northwest and southeast of the Danville
Basin are cut both by mafic and ultramafic dikes and sills
ranging from early Paleozoic to late Triassic to early Jurassic
age (Plate 1; Table 1).

Metamorphosed Volcanic-Sedimentary Rocks
Some of the highest recorded radiometric values occur
over areas underlain by the upper felsic metavolcanic unit
(such as F, Plate 1). These high values can also be related to
potassic feldspar content, topography and quality of outcrop.
In area F (Plate 1), the granophyric crystal metatuff noted in
the middle of the upper felsic unit is particularly well
exposed. Comparison between Figures 2 and 1 indicate rocks
in this part of the unit have an average feldspar content equal
to that of the Shelton Formation, and show a wide range of
composition, up to 53% microperthite. Like the Shelton
gneiss, the granophyric metatuff is resistant to erosion, commonly forming a thin, sandy soil and abundant rock ledges.
In contrast to the high radiometric values recorded over
areas of potassium feldspar rich-rocks, lower values are generally recorded over the lower unit of metamorphosed volcanic and sedimentary rocks. This unit is distinguished by
amphibole and biotite rich mafic metavolcanic and metasedimentary interbeds. These interbeds indicate low concentrations (Figure 3, 4, 5, 6, 7, and 8) of potassic feldspar. Closed,
elongate radiometric low areas (Plate 1; G, H, and I) generally follow the trend of these bodies. Deep weathering and
clay rich soils (Henika, 1977, p. 24) are common on the
lower unit, most outcrops of which are in streams. This factor further contributes to the occurrence of the characteristic
low patterns shown over the unit.
There are several isolated radiometric highs on the lower
unit (such as J, Plate 1). These are generally over ridges and
hilltops underlain by more resistant felsic metatuff interbeds
(Fig. 9), which indicate higher concentrations of potassic
feldspar.

RADIOMETRIC CORRELATIONS OF GEOLOGIC UNITS
Shelton Formation
The highest radiometric values occur over areas underlain by the major felsic units southeast of the Danville Basin.
The correlation between the radiometric contour pattern and
the lithologic rock type is best demonstrated by three domal
bodies (Plate 1; A, B, and C) of the Shelton Formation which
are enclosed by interlayed mafic and felsic metamorphosed
volcanic-sedimentary rocks. The correlation of map and contour patterns reflect the high content of potassium feldspar
that is characteristic of the Shelton (Figure 1). A more
important factor appears to be the structure and outcrop characteristics of these areas. They are all positive upland areas
with thin soils and many prominent “pavement type” outcrops. Several large quarries have operated in two of the
areas (A and B) because of the abundance of fresh granitic
bedrock exposed at the surface.
In contrast, there are areas underlain by the Shelton Formation which have poor exposures of bedrock such as the

Fork Mountain Formation
Radiometric patterns developed over areas underlain by
the Fork Mountain Formation are similar in pattern to those
developed over the heterogeneous lower unit of metamorphosed volcanic and sedimentary rocks, but are generally
lower in intensity. Poor exposures and deep soil formation
mask the more feldspathic gneissic layers in the formation.
Large areas of schistose residum are probably responsible
for the scattered lows in this unit. Isolated highs (Plate 1; K
and L) over the Fork Mountain Formation may indicate local
concentrations of heavy minerals, including monazite, a thorium rare earth-rich phosphate mineral thought to represent

Figure 1. Mineral composition ranges (lines) and averaged estimated composition (bars) of Shelton Formation. Minor minerals indicated by X.
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Figure 2. Mineral composition ranges (lines) and averaged estimated composition (bars) of crystalline metatuff from the
upper unit of the metamorphosed volcanic-sedimentary rocks.
Minor minerals indicated by X. (After Henika, 1977, Fig. 14.)

Figure 4. Mineral composition ranges (lines) and averaged estimated composition (bars) of metamorphosed graywacke and
pebbly gneiss from the lower unit of the metamorphosed volcanic-sedimentary rocks. Minor minerals indicated by X. (After
Henika, 1977, Fig. 7.)

Figure 3. Mineral composition ranges (lines) and averaged estimated composition (bars) of amphibole-chlorite schist from the
lower unit of the metamorphosed volcanic-sedimentary rocks.
(After Henika, 1977, Fig. 4.)

Figure 5. Mineral composition ranges (lines) and averaged estimated composition (bars) of the mica schist from the lower unit
of the metamorphosed volcanic-sedimentary rocks. Minor minerals indicated by X. (After Henika, 1977, Fig. 8.)
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Figure 8. Mineral composition ranges (lines) and averaged estimated composition (bars) of quartzite from the lower unit of the
metamorphosed volcanic-sedimentary rocks. Minor minerals
indicated by X. (After Henika, 1977, Fig. 11.)

Figure 6. Mineral composition ranges (lines) and averaged estimated composition (bars) of biotite-hornblende gneiss from the
lower unit of the metamorphosed volcanic-sedimentary rocks.
Minor minerals indicated by X. (After Henika, 1977, Fig. 9.)

Figure 9. Mineral composition ranges (lines) and averaged estimated composition (bars) of felsic metatuff from the lower unit
of the metamorphosed volcanic-sedimentary rocks. Minor minerals indicated by X. (After Henika, 1977, Fig. 5.)
Table 1.-Geologic Formations in the Blairs, Mount Hermon,
Danville, and Ringgold Quadrangles.
Figure 7. Mineral composition ranges (lines) and averaged estimated (bars) of epidote-hornblende gneiss and hornblende
gneiss from the lower unit of the metamorphosed volcanic-sedimentary rocks. Minor minerals indicated by X. (After Henika,
1977, Fig. 10.)
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limited to the present boundaries of the Triassic rocks. Depositional sites might also occur in the weathered crystalline
rocks beneath (southeast of the unconformity) at the saprolite-fresh rock interface up gradient from diabase and microbreccia dikes. Hydrogen sulfide from diabase intrusives as
suggested by Dribus (1978) or sulfide rich zones associated
with the microbreccia dikes (Henika, 1977, p. 15) would act
as a strong reductant for the uranium.
The north-south linear pattern of low level radiometric
anomalies over the Triassic basin and crystalline rocks near
the basin margins (Plate 1) may reflect a ground water-uranium depositional system such as outlined above. Several
such anomalies (Plate 1; M, N. O, P. Q) show a consistent
symmetric relationship to diabase or microbreccia bodies.
These bodies have sharp gradients along their southwestern
sides adjacent to the cross structures and more gentle gradients occur on their northeastern sides, away from the cross
structures.

fossil detrital deposits (Conley and Henika, 1973, Plate 3). It
may be of interest to note that within the area of this paper,
the Fork Mountain Formation was the only “preferred” uranium anomaly (LKB Resources, 1978, Vol. I and II). The
NURE flight line number 7 appears to fall between flight
lines P-39 and P-40 on the Division of Mineral Resources’
Survey (open file, 1979). The general area of this NURE
radioactivity anomaly has been marked with the number 1
(Plate 1).

Triassic Age Rocks
The Danville Triassic Basin has been targeted for proposed uranium exploration (Dribus, 1978) both because of
the location of the basin near possible granitic sources of
uranium, the probable existence of stratigraphic traps in
areas of the basin, and because of the presence of several
indications of uranium from airborne surveys. Within the
area discussed by this paper, the location of the Shelton Formation and a granophyric metatuff unit adjacent to the southeastern Triassic margins could provide a dual source of
uranium. This may be possible by leaching of the granitic
rocks and by physical concentration of detritus derived from
these rocks during Triassic sedimentation.
The probability of stratigraphic traps in the Triassic
rocks within the study area appears to be low because the
intertonguing relationships between black shales and red
sandstones do not exist in this part of the basin.
The presence of extensive ancient stream terrace deposits concentrated along the basin margins suggests that the
basin has served as a major control of surface water drainage
for a long period of time. If during that time, a deep ground
water circulation system was in existence, which mimicked
the surface drainage, then there is a possibility that fractured
coarse sandstone and conglomerate units along the basin
margins would have been subjected to extensive infiltration
below the ancient stream channels. It is probable that such
ground water circulation would have been concentrated in
coarse, more permeable conglomerate and saprolite along
the unconformity. The unweathered crystalline rocks below
the unconformity would act as an impermeable layer further
channeling groundwater flow along the strike of the basin. It
is possible that deep circulation followed the axis of the
trough created by the northwestward dipping unconformity.
The deep circulation additionally could have followed the
relatively impermeable vertical microbreccia zones along the
Chatham fault system towards the deeper portion of the basin
to the southwest (towards the Dan River Valley, the major
trunkline drainage in this region). If such a southwestward
circulation pattern existed, then the northerly trending diabase and microbreccia dikes that segment the basin could
“pond” the ground water up gradient from the dikes providing time and a locus for deposition of uranium leached from
the granitic rocks. Such a depositional model might not be

CONCLUSION
Strike elongated radiometric anomalies within the study
area can be related to mineral (potassic feldspar) compositional differences and weathering-outcrop characteristics of
the crystalline rock units. North-south cross strike elongate
anomalies in Triassic rocks and crystalline rocks along the
basin margins may be related to surficially leached uranium
concentrations. These concentrations may increase in uranium content with depth. Major concentrations may be
encountered along the Triassic unconformity below the basin
along the north-eastern sides of shear zones filled by diabase
or microbreccia dikes that cut across the unconformity.
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Robert E. Lemmon
Department of Geography and Earth Science
University of North Carolina at Charlotte, North Carolina 28223

renamed the lithology the Henderson Gneiss and restricted
its occurrence to outcrops southeast of the Brevard Zone.
Cazeau (1967) and Hatcher (1970) mapped portions of the
Henderson Gneiss in South Carolina. They both interpreted
the unit to be of metasedimentary origin. Hatcher (1969)
included the unit as part of a lower grade metasedimentary
sequence which he named he Chauga Belt.
This report will address the following questions: 1) The
origin of the Henderson Gneiss; 2) The petrology and structure of the Henderson Gneiss; and The tectonic implications
based on mapping within the study area.
I would like to express my appreciation for the encouragement and/or financial aid provided by Dr. David E. Dunn;
Mr. Stephen G. Conrad, State Geologist, N.C. Geological
Survey; Mr. R. William Johnson, Jr., Geologic Division, Ten-

INTRODUCTION
The study area (Fig. 1) is located along the western edge
of the Inner Piedmont geologic province. The Brevard Zone
forms the western contact of the Henderson Gneiss and contains mylonites, some of which are derived from the gneiss.
The eastern contact appears to be gradational into other high
grade metamorphic rocks of the Inner Piedmont. A sequence
of metasedimentary/metaigneous rocks tectonically overlies
the Henderson Gneiss and the contact between the Gneiss
and other Inner Piedmont lithologies (Lemmon, 1973, 1979;
Lemmon and Dunn, 1973a, 1973b).
Keith (1905, 1907) first mapped and named the unit the
Henderson Granite or exposures in Henderson County, N.C.
He interpreted the unit to be igneous n origin. Reed (1964)

Figure 1. General geologic map of the study area.
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Table 1. Modal data
Sample No.

Sugarloaf Mountain biotite-muscovite granitic gneiss (ggn)
N6-4
N7-1
N7-4
N7-6 N7-13 N7-14 M8-11

L8-6

Sample No.

Garnet-muscovite schist (gms)
K9-12 K8-2
L7-4 M5-11 N6-14

Plagioclase

28.5

17.7

37.1

37.2

17.2

28.0

15.8

27.4

Muscovite

30.2

27.5

29.1

24.3

27.7

X=An

28

28

26

28

33

36

32

26

Biotite

30.4

39.4

32.8

30.0

33.2

Quartz

29.8

53.0

28.7

34.6

38.4

31.9

35.9

28.3

Quartz

25.7

22.0

29.5

30.9

32.5

K-feldspar

37.4

17.9

29.0

20.8

34.9

24.8

20.4

36.9

Plagioclase

10.0

5.5

6.9

8.1

4.9

Biotite

2.8

11.4

2.0

4.1

0.9

1.1

24.0

3.7

X=An

17

--

17

24

18

Muscovite

1.6

tr

3.1

3.3

8.4

14.1

3.4

1.5

K-feldspar

1.5

2.2

0.7

0.7

Tr

Garnet

--

tr

0.2

--

0.1

tr

0.4

0.3

Chlorite

0.9

--

--

--

--

Epidote

tr

tr

tr

tr

tr

tr

tr

tr

Garnet

tr

0.7

0.7

5.0

1.2

Sphene

tr

--

--

--

--

--

tr

--

Opaques

1.3

2.5

0.3

0.6

0.4

zir, ap

zir, ap,
sph

sph, ap

zir, ap

Opaques

tr

tr

tr

tr

tr

Acc.

zir

zir, chl,
ap, tour

zir

zir

chl

tr

tr

2.0

zir, ap,
tour

zir, chl,
allan

Acc.

zir, ap

Amphibolite and Hornblende Gneiss (amp)
M5L8-1
M8-4
N7-26
N6-6
14

Henderson Gneiss (Cag)
Sample No.

L415

K8-11

E3-2

D4-1

D5-3

J1-4

J3-2

C8-6

F7-3

Sample
No.

Plagioclase

32.5

32.8

29.2

27.6

30.1

34.5

41.4

35.3

33.3

Hornblende

48.2

56.4

68.4

22.1

31.8

X=An

16

18

16

18

18

12

17

12

19

Plagioclase

28.2

40.4

30.5

60.6

24.9
37

Quartz

28.5

22.4

19.7

21.8

28.1

21.0

12.2

17.8

28.3

X=An

34

32

26

25

K-feldspar

14.4

32.3

23.5

21.3

38.7

23.5

15.6

32.2

22.8

Quartz

1.2

0.3

tr

9.3

tr

Biotite

19.5

10.2

19.0

23.6

0.9

14.4

23.2

10.0

14.7

Diopside

14.2

--

--

--

11.9

Muscovite

2.8

0.6

5.6

0.9

1.3

4.7

--

2.8

0.1

Epidote

5.2

tr

tr

tr

31.4

Garnet

--

tr

tr

--

--

--

--

--

--

Tremolite

--

--

--

2.3

--

Epidote

tr

tr

2.1

3.0

0.3

1.1

5.4

1.2

0.3

Sphene

tr

0.4

--

--

tr

Sphene

2.0

1.1

0.8

1.4

tr

0.8

0.8

tr

Tr

Opaques

3.1

2.4

1.1

5.7

tr

Opaques

tr

0.6

tr

tr

0.6

tr

0.2

0.4

0.4

Acc.

zir, ap,
bio

zir

zir

sph

zir, gar,
ser

Acc.

zir, ap,
allan

zir, ap,
chl

zir, ap,
allan

zir, ap

zir, ap

zir, ap

zir, ap,
allan

zir, ap,
allan

zir, ap,
allan

Sample No.

Biotite Granitic Gneiss (Osgg)
K2-1
L4-8
K4-3
C7-4

J5-12

Biotite granodiorite gneiss and biotite schist
Sample No.
N8-19 N9-21 O9-1
O9-2

Plagioclase

37.2

38.5

39.9

19.4

29.1

Quartz

43.0

56.5

30.5

32.7

X=An

17

17

13

--

17

Plagioclase

42.5

12.2

47.7

45.9

Quartz

30.4

31.7

30.9

35.2

27.5

K-feldspar

0.9

--

8.0

6.1

K-feldspar

21.9

14.7

7.4

38.7

28.1

Biotite

11.3

10.1

11.2

12.4
2.5

Biotite

8.4

9.9

15.8

2.9

7.6

Muscovite

--

20.0

2.4

Muscovite

1.2

4.7

3.8

3.2

5.8

Garnet

1.t

tr

--

--

Garnet

tr

tr

--

tr

--

Epidote

1.1

--

tr

0.3

Epidote

tr

tr

1.3

0.4

1.3

Opaques

tr

1.1

0.2

tr

zir
chl

zir
chl
ap

Sphene

0.8

Opaques

tr

Acc.

0.4

tr

tr

Tr

tr

tr

tr

0.5

zir
ap

zir
ap

allan

Zir

zir
sph

Acc.
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augen gneiss are infrequently found in the biotite granitic
gneiss near the contact. Foliation within the xenoliths is parallel to regional foliation in the biotite granitic gneiss
(OSgg). Field evidence indicates that the biotite granitic
gneiss is intrusive into the augen gneiss (possibly as a semiconcordant body).
The biotite granitic gneiss varies from a granodiorite to
a quartz monzonite in composition and is medium grained,
light-to-medium gray and slightly foliated. The gneiss consists of a granoblastic to lepidoblastic mosaic of quartz,
microcline, oligoclase and biotite (Table 1).
Henderson augen gneiss (-Cag) crops out in two wide
belts that merge to the southwest (Figure 1). The augen
gneiss ranges in composition from quartz monzonite to granodiorite and is characterized by abundant light gray-to-white
perthitic microcline augen ranging up to 2.5 cm in diameter.
The augen are ovoid in outline and often elongate in the
plane of foliation forming a subhorizontal NE-SW rodding.
Some augen may result from an original rapakivi texture,
while others may have formed during one or more periods of
porphyroblastic development. Present textural relationships
indicate that the augen are rimmed by a thin white, finely
granulated zone of quartz, plagioclase and potassic feldspar.
The granulated zone, along with myrmekitic embayments
into the microcline suggests that there has been crushing and
subsequent minor recrystallization around the edge, resulting
in a porphyroclastic texture.
The augen gneiss is generally lepidoblastic to cataclastic
in texture. The matrix consists of an inequigranular mosaic
of anhedral grains of oligoclase (AN 12-19), quartz and
microcline, all showing undulatory extinction (Table 1).
Biotite, as anhedral to subhedral grains, defines the foliation
within the gneiss. Accessory minerals include epidote, allanite, sphene, opaque minerals, zircon, apatite + garnet, and
chlorite.
Biotite granodiorite gneiss and biotite schist (bgn) crops
out southeast of the Henderson augen gneiss (-Cag) and tectonically below the Sugarloaf Mountain lithologies. Contacts
with the Henderson augen gneiss C-Cag) are gradational
The gneiss and schist contain pods and stringers of
amphibolite and pegmatite, quartzitic layers, and occasional
marble. The gneiss is massive-to-well foliated, medium-tocoarse grained, and light-to-medium gray in color. It consists
predominantly of quartz, calcic oligoclase and biotite with
subordinate amounts of potassic feldspar, muscovite and epidote (Table 1).

nessee alley Authority; The Citadel Development Foundation; The Smith Fund of the University of North Carolina;
and Mr. William T. McDaniel of the Minerals Research laboratory of N.C. State University.

LITHOLOGIES
The Sugarloaf Mountain metasedimentary, metaigneous lithologies tectonically overlie the Henderson Gneiss in
the eastern portion of the map area. The lithologies include
biotite-muscovite granitic gneiss (ggn), amphibolite and
hornblende gneiss (am), and garnet-muscovite schist (gms).
The amphibolite/hornblende gneiss and the garnet-muscovite schist are grouped together in Figure 1.
Biotite-muscovite granitic gneiss (ggn) is quartz monzonitic in composition (Table 1) and has a lepidoblastic to granoblastic texture. Contact relationships with the underlying
amphibolite and hornblende gneiss are concordant. Apophyses of ggn, cross-cutting foliations in adjacent rocks have not
been found. Isolated blocks of amphibolite with foliation
conformable to the regional foliation in the granitic gneiss
(ggn) have been observed.
Amphibolite and hornblende gneiss (am) is fine-tomedium grained and medium-to dark gray in color. Contact
relationships with the underlying garnet-muscovite schist are
highly infolded, as can be observed along the upper trail of
Chimney Rock Park. The unit thickens and undergoes a
facies change southwestward. It varies from an amphibolite
to a feldspathic hornblende gneiss and finally to a feldsparrich rock containing hornblende interlayered with feldspathic quartzite and muscovite schist to the southwest.
Modal compositions listed in Table 1 show some of the variations encountered within the unit.
Garnet-muscovite schist (gms) rests directly on the
Henderson Gneiss forming one of the sharpest contacts in
the map area. The schist is strongly foliated, medium-tocoarse grained and light gray-to-greenish gray in color. The
schist consists of folia of strongly aligned grains of biotite
and muscovite alternating with irregular grains of quartz and
oligoclase (Table 1). Garnets have helicitic cores jacketed by
clear syn- to postkinematic overgrowths, suggesting there
may be more than one metamorphic event.
The Henderson Gneiss, renamed by Reed (1964),is further restricted to the augen gneiss (CAg) unit within the map
area. A second unit, a biotite granitic gneiss (OSgg) is
mapped separately as it is considerably younger and intrusive into the Henderson augen gneiss (-Cag).
Biotite granitic gneiss (OSgg) crops out between two
belts of Henderson augen gneiss (-Cag) (Figure 1). Contact
relationships have been obscured by what is interpreted as a
pronounced northwestward tectonic transport. Contacts vary
from sharp to alternating zones of augen gneiss (.Cag) and
biotite granitic gneiss (OSgg) and are now parallel to the
dominant southeastward dipping foliation. Xenoliths of the

METAMORPHISM
The original chemical composition of the Henderson
augen gneiss (-Cag) and the biotite granitic gneiss (OSgg)
precludes using them as a metamorphic indicator. Therefore,
the exact metamorphic subfacies is not well established.
Hatcher (1969) suggests that these rocks were metamor-
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The biotite granodiorite gneiss and biotite schist, tectonically underlying the Sugarloaf Mountain lithologies and
gradational with the Henderson augen gneiss (.Cag) are also
in the sillimanite-almandine-muscovite subfacies of the
almandine-amphibolite facies.
Griffin (1974) identified two nappes in what he termed
the migmatitic belt cropping out southeast of the Henderson
gneiss in South Carolina. He identifies the Walhalla Nappe,
cropping out immediately southeast of the Henderson gneiss
and coincident with the kyanite-almandine subfacies. The
Six Mile Nappe is located further to the southeast and is
defined by the sillimanite-almandine-muscovite subfacies.
Work by this author equates the lithologies of the Sugarloaf
Mountain area with the sillimanite zone Six Mile Nappe
lithologies. To date, no evidence has been found for lithologies of comparable metamorphic grade to the Walhalla
Nappe.

phosed to the lower-to-middle amphibolite facies and subsequently retrogressed to the greenschist-amphibolite
transitional facies. Justus (1971) classified these rocks in the
greenschist-amphibolite transitional facies, based mainly on
plagioclase composition. Griffin (1974) indicated that the
metamorphic grade (of his non-migmatitic belt) drops from
low almandine-amphibolite facies near the Walhalla Nappe
to the greenschist facies northwestward near the Brevard
Zone. Hadley and Nelson (1971) interpret the augen gneiss (Cag) to be in the kyanite-staurolite subfacies of the almandine-amphibolite facies. Epidote is present as an accessory
mineral; however, modal data (n = 16) show no systematic
decrease in An content with an increase in modal percent
epidote. For this reason, I suggest that the amount of epidote
in the rocks has had little effect on lowering the An content
of the plagioclase. The oligoclase composition of plagioclase
seems to reflect the original chemical composition and/or
range of chemical composition. I agree with Hadley and Nelson's (1971) interpretation that the augen gneiss is in the
almandine-amphibolite facies. The subfacies classification
could not be determined in the map area.

ZIRCON MORPHOLOGY
Zircon morphology studies were conducted on six samples from both belts of the Henderson augen gneiss (Cag)
(Lemmon, in press). Two samples each were analyzed from
the biotite granitic gneiss (OSgg) and the biotite-muscovite
granitic gneiss (ggn) of the Sugarloaf Mountain lithologies
(Figure 1).
Figure 2 is the reduced major axis plot of the length and
breadth data for zircon suites from the three units. The statis-

The petrography of the units of the Sugarloaf Mountain
lithologies indicates that the metamorphic grade is in the sillimanite-almandine-muscovite subfacies of the almandineamphibolite facies. The first sillimanite isograd is nearly horizontal and follows the contact between the Henderson
augen gneiss (-Cag) and the Sugarloaf Mountain lithologies.

Figure 2. Reduced major axes plots of length-breadth data for zircon.
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Table 2. Radiometric age dates
Unit

(Sr87/Sr86)O

Age m.y. (Method)

Reference

Henderson augen gneiss (Cag)

535 ± 27 m.y. (Rb/Sr-whole rock)
530 – 540 m.y. (U-Pb-zircons)
593 m. (Pb207/Pb206)

0.7039 ± 0.0004

Odom and Fullagar (1973)
Odom and Fullagar (1973)
Sinha and Glover (1978)

Biotite granitic gneiss (Osgg)

438 ± 22 m.y. (Rb/Sr-whole rock)

0.7045

Odom and Russell (1975)

0.707

Odom and Russell (1975)

Biotite-Muscovite granitic gneiss (ggn) 440 ± 22 m.y. (R/Sr-whole rock)

the lower temperature required to close the Rb-Sr system.
The significance of the 593 m.y. date is difficult to assess due
to the severity of the leaching process and because only one
sample from the augen gneiss was analyzed.
The biotic granitic gneiss (OSgg) intrusive into the
Henderson augen gneiss (Cag) has a Rb/Sr whole rock age of
438 ± 22 m.y. (Odom and Russell, 1975). The (SrB7/Sr86)
initial ratio of 0.7045 suggests that the material was derived
from the lower crust or upper mantle and that the 438 m.y.
age is the age of crystallization.
The biotite-muscovite granitic gneiss (ggn) forming part
of the Sugarloaf Mountain lithologies has a Rb/Sr whole
rock age of 440 ± 22 m.y. (Odom and Russell, 1975). The SR
87/Sr86) 0 initial ratio (0.707) is somewhat higher and may
represent recycled material or magma contamination. The
440 m.y. age may be a minimal age.

tical method was discussed by Imbrie (1956) and used earlier
by Larson and Poldervaart (1957). The plot shows the mean
breadth vs. mean length (represented by closed circles) and
the slope of the line is the ratio of the respective standard
deviations (Sb/Sl). The length of the lines is established by
eliminating the extreme 21 percent of the largest and smallest crystals. Slope values for the Henderson augen gneiss
(Cag) range from 2.36 to 3.00 with an average of 2.74.
Slopes for the biotite granitic gneiss (OSgg) are 2.20 and
3.56; for the biotite-muscovite granitic gneiss (ggn) 1.81 and
2.09.
Work by Larson and Poldervaart (1957) using the
reduced major axis technique for zircon suites from known
igneous rocks determined slopes ranging 1.87 to 2.99 with
the mean= 2.33 and the median= 2.39 (n=17). Work by this
author on eight zircon suites from four known igneous plutons indicates a reduced major axis range of 2.14 to 4.26
with a mean of 3.26 (Lemmon, in review). Based on this
information, zircon suites from the Henderson augen gneiss
(.Cag) and the biotite granitic gneiss (OSgg) are igneous in
origin. The reduced major axis values for zircon suites from
the biotite-muscovite granitic gneiss (ggn) of the Sugarloaf
Mountain lithologies are approaching the lower limit and
may represent a metasedimentary origin. Additional statistical techniques are presently being developed to address this
question.

STRUCTURAL FEATURES
The Sugarloaf Mountain lithologies mesoscopically
appear to conformably overlie the Henderson augen gneiss (Cag). On the macroscopic scale, however, the contact cuts
across regional foliation. Greater rotation of structural elements in the Sugarloaf Mountain lithologies, metamorphic
discontinuities, lack of apophyses between the two lithologies, lack of xenoliths in the gneiss (-Cag), and the absence
of isoclinal folding of the contact leads the author to conclude that the contact is a tectonic contact. The Sugarloaf
Mountain lithologies appear to be a thrust plate (possibly a
nappe), thrust over the Henderson augen gneiss (Cag) and
adjacent Inner Piedmont lithologies.
The Henderson augen gneiss (.Cag) in the vicinity of
Chimney Rock Park best exemplifies the overall texture and
variations within the unit. The degree of isoclinal folding,
flowage, thrusting and shearing within the unit illustrates the
pervasive northwest sense of tectonic transport these rocks
have undergone. Isoclinal passive flow folds often have one
limb sheared out. Many of these shear zones contain stringers of medium-to-coarse-grained biotite granite. Some boudinage of the stringers is present showing northwestward
rotation. All isoclinal folds are overturned to recumbent to
the northwest and have subhorizontal NNE-SSW trending
axes. The axial planes of these isoclines are parallel to and
define the regional southeastern dipping foliation. Polyphase
folding of the augen gneiss (.Cag) is not obvious because

RADIOMETRIC DATA
Radiometric ages for rock units discussed in this paper
are given in Table 2. Rb/Sr whole rock analysis established a
535 ± 27 m.y. old age for the Henderson augen gneiss
(Odom and Fullagar, 1973). They interpret the Cambrian age
to be the age of crystallization for magma derived from the
lower crust or upper mantle, based on the (Sr 87/ Sr8 6 initial
ratio of 0.7039. Pb-U analysis of zircons from the Henderson
augen gneiss defines a chord that intersects the Concordia
plot giving an age of 530-540 m.y. (Odom and Fullagar,
1973). The correlative ages by differing techniques indicates
an igneous origin for the Henderson augen gneiss (Cag).
Sinha and Glover (1978) have determined a Pb2 17 /Pb2
06 age of 593 m.y. from zircon residuals after leaching with
hydrofluoric acid for 120 minutes. They suggest that the 593
m.y. age more closely defines the age of crystallization of the
Henderson augen gneiss and that the 535 m.y. age reflects
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Figure 3. Lower hemisphere Schmidt diagrams of structure in the Henderson augen gneiss (Cag) and the biotite granitic gneiss
(OSgg). Tick indicates north

folding was nearly co-axial and co-planar for two events.
Due to the competency of the gneiss (Cag) superimposed
folding simply reactivated earlier isoclinal passive flow folding. A summary of mesoscopic structures is given in Table 3.

folds indicates that S1 is an axial plane schistosity or foliation. The axes of the isoclinal, overturned to recumbent, passive flow folds (F1) are subhorizontal and trend NNE-SSW.
S2 is manifested within the augen gneiss (Cag) as a slip
cleavage subparallel to S1. S2 accounts for the shearing out
of the limbs of the F1 isoclinal folds and locally crosscuts the
Sl foliation. Stringers of medium-to-coarse grained biotite
granite often follow the S2 slip cleavage.

Henderson augen gneiss (Cag) and Biotite granitic
gneiss (OSgg) structural data are shown in Figure 3. Plots A
and C are poles to foliation for the Henderson augen gneiss
(Cag) eastern and western belts respectively, and show the
consistent northeast strike and gentle southeastward dip of
the metamorphic foliation (S1). Plot B indicates the degree
of parallelism of the foliation within the (OSgg) unit when
compared with the (.Cag). The metamorphic foliation has
tentatively been designated as (S2) in the biotite granitic
gneiss (OSgg). Plot D of poles to axial planes of isoclinal

A mineral lineation (L2) (plot F) of feldspar and quartz
forms a subhorizontal NE-SW rodding of augen in the plane
of foliation of the Henderson augen gneiss (.Cag). This lineation has been considered by other workers (Hatcher 1969)
to be a “b” lineation (forming normal-to-tectonic transport).
The “b” lineation should parallel the axes of the isoclinal
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Table 3. Summary of mesoscopic structures
Deformational History

D1

D2 (?) or late D1

Igneous Events

I1 = 535 +/- 27 m.y. Henderson
augen gneiss (Cag)

I 2 = 438 +/- 22 m.y. Biotite
granitic gneiss (Osgg)

Folds

D3

F2 – Isoclinal passive flow folding in Cag and Osgg.
Attenuation and shearing out of
F1 – Isoclinal, overturned passive
F1 isoclines in Cag
F3 – Open flexural slip folding and
flow folding in Cag and Sugarloaf
Emplacement of Sugarloaf
crinkle folds.
Mtn. Lithologies
Mtn. Nappe with rotation of F1
Isoclines in S1 plane of schistosity

Surfaces folded

S0 – Transposing of bedding in
Sugarloaf Mtn. Lithologies; and
any original igneous structures in
Cag

S0 and S1 foliation

S0-S2 foliation and slip cleavage.

Planar Structures

S1 – Dominant metamorphic foliation

S2 – Slip cleavage, parallel to
S1 (shearing out of F1 fold
limbs in Cag).
Dominant foliation in Osgg

S3 – Axial planar to F3 open folds,
crinkle folds

Linear Structures

L1 – Mineral elongations – hornblende and feldspar rodding in
Sugarloaf Mtn. Lithologies

Attitude

Overturned to the NW; axial
planes dip SE, axes gently plunging NNE-SSW

Remarks

Sugarloaf Mtn. (ggn) may be
remobilized metasediments synD1

L2 – Quartz, feldspar rodding in
L3a – Mica streaking in ggn.
Cag subhorizontal plunging
L3b – Crenulation lineation S1 – S2
NE-SW
Nearly co-axial and co-planar
to F1.

Axial plane striking NW-SE; dipping to the NE; axes plunging gently NW-SE

occasionally in the-Cag and OSgg units, and along the contact of the Henderson augen gneiss (-Cag) with the Sugarloaf
Mountain lithologies.

folds. The subhorizontal lineation maximum (plot F) trends
more easterly than the cluster of isoclinal fold axes (plot E).
The data suggest that the pronounced subhorizontal lineation
may not be a lineation related to the Fl isoclinal folds. The
mineral lineation may have developed during a later event
(D2?). More isoclinal fold axes data are needed to be statistically significant.

Sugarloaf Mountain lithologies structural data are
shown in Figure 4. Plot A of poles to schistosity and foliation
for the Sugarloaf Mountain lithologies shows a strong maximum trending N 290 E and dipping 120° SE. Poles to axial
planes of isoclinal, overturned to recumbent, passive flow
folds (F1) are plotted in plot B, and indicate that the schistosity and foliation (S1) for the Sugarloaf Mountain lithologies is an axial plane schistosity.

The axes of isoclinal folds cluster in a NNE-SSW direction with a scattering toward the east (plot E). It is suggested
that the isoclinal fold axes are Fl folds and a subsequent,
nearly co-axial and co-planar tectonic event (the postulated
D2 event) simply reactivated the passive flow folding. Scattering of Fl fold axes may represent slight rotation of axes in
the axial plane schistosity, accompanied by the more easterly
development of the subhorizontal lineation CL2). The competence of the Henderson augen gneiss (.Cag) restricts mesoscopic evidence for the postulated F2 event to further
attenuation of F1 isoclines and some shearing out of fold
limbs. Mesoscopic evidence for the F2 event is present in the
biotite granitic gneiss (OSgg) and the Sugarloaf Mountain
lithologies.

Bearing and plunge of isoclinal fold axes (F1) are shown
in plot B. The axes cluster about N 300 °E with some scatter
that tends to fall on a great circle arc parallel to the schistosity and foliation (plot A). One possible explanation for the
observed pattern is that some isoclinal fold axes may have
been rotated (in the plane of foliation and schistosity) away
from the general northeast trend during the emplacement of
the Sugarloaf Mountain lithologies as a thrust plate or nappe
(D2?).
Plot C shows mineral elongations and rodding of hornblende and feldspar (L1). L1 is observed parallel to isoclinal
fold noses mesoscopically and developed during the metamorphism that accompanied the F1 isoclinal folding. The L1

North-to-northwest trending flexural slip folds (F3) are
superimposed on the earlier fabric (plot E). The folding is a
gentle undulation of the foliation (S1 and S2). It is observed
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Figure 4. Lower hemisphere Schmidt diagrams of fabric in the Sugarloaf Mountain lithologies. Tick indicates north.

extent biotite. The lineation is subhorizontal and has a N
60°E bearing, The (L3a) lineation may be an “a” lineation
related to the flexural-slip folding event.

lineation also shows a scatter about a great circle that coincides with the isoclinal fold axes (plots A & B). The scattering of the L1 lineation may be due to varying amounts of
rotation during the thrusting that emplaced the Sugarloaf
Mountain lithologies (D2?).
Plot D shows the axes of open flexural-slip folds (F3).
The axial plane (Ss) strikes N 40°W, dips to the northeast,
and fold axes plunge less than 250°NW-SE. Small crinkle
folds are developed in places apparently from interbed shear
developed by the flexural-slip folding mechanism. A lineation (L3b) developed by the intersection of the axial planes of
crinkle folds S3 with S1, parallels the axes of the open folds
(plot D).
A second type of lineation (L3a) has been observed
mainly in the Sugarloaf Mountain biotite-muscovite granitic
gneiss (ggn) (plot E). The lineation (L3a) is a mica lineation
developed by the streaking of muscovite and to a lesser

CONCLUSIONS
1.The Henderson augen gneiss C-Cag) was emplaced as
a coarse grained (possibly rapakivi) intrusive during Cambrian time, based on zircon morphology and radiometric age
dates.
2.A biotite granitic gneiss (OSgg) intruded the Henderson augen gneiss (possibly as a semi-concordant pluton) and
crystallized about 438 m.y. ago. The OSgg unit has been
mapped separately and is not considered part of the Henderson augen gneiss (4Cag).
3.Contacts between the-Cag and OSgg have experienced
a great deal of NW tectonic transport and have been brought
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into conformity with the prominent S1 – S2 southeastward
dipping schistosity and foliation.
4.The Sugarloaf Mountain lithologies tectonically overlie the Henderson augen gneiss (-Cag) and in places cover
the gradational contact between the-Cag and other high
grade metamorphic Inner Piedmont lithologies.
5.The Henderson augen gneiss (-Cag) and the Sugarloaf
Mountain lithologies are folded by an isoclinal, overturned
to recumbent, passive flow folding (F1) during D1. The dominant southeastern dipping foliation is axial planar to the F1
fold event.
6.A second isoclinal, passive flow folding (F2) event
(D2?), nearly co-axial and co-planar to Fl, folded the biotite
granitic gneiss (OSgg). Fl isoclines in the Henderson augen
gneiss (-Cag) underwent further attenuation and some fold
limbs were sheared out during the F2 event. A slip cleavage
CS2), subparallel to S1 in the-Cag, locally can be seen to
shear out the earlier foliation (S1). Some medium-to-coarse
grained biotite granite stringers parallel S2.
7.The subhorizontal NE - SW quartz, feldspar rods (L2)
found in the Henderson augen gneiss (-Cag) may have developed during the D2 event as they are oriented more eastwardly than F, fold axes.
8.The Sugarloaf Mountain lithologies were emplaced as
a thrust sheet (possibly a nappe) during the D2 event. Axes of
F1 isoclines and rodding of feldspar and hornblende (L1)
were rotated in the plane of schistosity/foliation (S1) during
the thrusting.
9.All units and the tectonic contact between the Henderson augen gneiss (.Cag) and the Sugarloaf Mountain lithologies were folded by a N to NW trending open, flexural slip
folding (F3)- Crinkle folds in the Sugarloaf Mountain lithologies form an intersection lineation L3b by S1 S3. L3b parallels the F3 fold axes. A mica streaking L3a in the biotitemuscovite granitic gneiss (ggn) has a NE-SW bearing suggesting that it is an all lineation associated with F3 flexural
slip folding.
10.Both Fl and F2 fold events are isoclinal, overturned to
recumbent, passive flow folding. Whether these two fold
events were separate or a continuum is an open question. If
the latter is the case, metamorphic conditions high enough to
maintain passive flow folding would have to be maintained
for a considerable period of time. Textural evidence suggests
two prograde metamorphic maxima which may correspond
with both folding events.
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AN EXAMINATION OF THE NORTHWESTERN TERMINUS OF THE BREVARD ZONE AND RELATIONSHIPS
WITH THE STONY RIDGE FAULT ZONE, THE SAURATOWN MOUNTAINS ANTICLINORIUM, THE SMITH
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metamorphism only occur southwest of the junction of the
Yadkin fault and Stony Ridge fault zone. Hence, the name
Brevard zone is only applicable southwest of this junction.
The mylonitic textures were developed during thrusting of
the Inner Piedmont over the Blue Ridge Province along the
Yadkin fault. The brittle deformation and retrograde metamorphism are associated with the later superposition of the
Stony Ridge fault zone along this major contact.

ABSTRACT
Detailed mapping of two and one-quarter 7.5 minute
quadrangles at the southeastern terminus of the Sauratown
Mountains anticlinorium has provided the geologic base for
evaluation of relationships among the Brevard zone, Stony
Ridge fault zone, Smith River allochthon and the Inner Piedmont. The classic characteristics of superimposed brittle
over ductile deformation as well as pervasive retrograde

Figure 1. Regional geologic map showing study area outlined by dotted line.
(BCF) Bowens Creek fault; (BRF) Blue Ridge fault; (BZ) Brevard zone; (CB) Charlotte Belt; (CCF) Camp Creek fault; (CCN)
Camp Creek nappe; (EBRB) Eastern Blue Ridge belt; (FF) Fries fault; (GMW) Grandfather Mountain Window; (HMF) Holston
Mountain fault; (LFF) Linville Falls fault; (MCW) Mountain City Window; (RF) Ridgeway fault; (SMA) Sauratown Mountains
anticlinorium; (SRA) Smith River allochthon; (SRFZ) Stony Ridge fault zone; (TR) Triassic; (TFF) Turkey Ford fault; (TRF)
Table Rock fault; (V&RP) Valley and Ridge Province; (WBRB) Western Blue Ridge belt; (YF) Yadkin fault.
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Figure 2. Generalized tectonic map of study area showing major faults and structural blocks.
T – on upper plate of thrust faults; shaded areas are zones of cataclastic rocks; Elkin North quadrangle is western portion of area
and Copeland and southeast quarter of Dobson quadrangle are eastern portions of area.

whose boundaries correspond to major tectonic boundaries
within the area (Fig. 2). From south to north, the blocks are
the Yadkin sheet, the Burch block, the Camp Creek block
and the Zephyr block. The Yadkin sheet is the northwesternmost extension of the Inner Piedmont into the area. Transecting the southern part of the Burch block is a zone bounded
by two high-angle faults, of which the northwesternmost
fault is marked by intermittent traceable lenses of cataclastic
rocks (Fig. 2). As noted also by Espenshade and others
(1975), this ' zone is marked by extensive retrograde metamorphism. North of the high-angle fault zone, the Burch
block contains the “basement” gneisses and metasedimentary/meta-igneous cover rocks of the Sauratown Mountains
anticlinorium. Separating the Burch block and the apparently
allochthonous Camp Creek block is the Camp Creek fault.
Above the fault, rocks of the Camp Creek block are biotiterich feldspathic gneiss and sillimanite-bearing mica schists
and gneisses. The Turkey Ford fault bounds the southeast
side of the Zephyr block, the rocks of which are mica schists
and phyllites.

A major allochthon, the Camp Creek nappe, was derived
from the southeastern edge of the Blue Ridge Province and
emplaced prior to emplacement of the Inner Piedmont. This
Camp Creek nappe may be continuous with the Smith River
allochthon which previous workers attributed to a derivation
from the Inner Piedmont. The Camp Creek nappe probably
is truncated against the border faults of the Brevard zone and
is not the northeastern continuation of the Brevard zone as
suggested by previous workers.

INTRODUCTION
This paper is a summary of a study (Lewis, 1980) aimed
at determining the structural relationships of the Brevard
zone, the Stony Ridge fault zone, and an apparently allochthonous sheet considered by Espenshade and others (1975) as
part of the Smith River allochthon. The area selected for
detailed mapping lies at the western end of the Sauratown
Mountains anticlinorium where these three structural entities
appear to converge (Fig. 1). The Copeland, Elkin North and
the southeast quarter of the Dobson 7.5 minute quadrangles
were mapped in detail and major structural features are
shown on Fig. 2. Figure 3 represents a compilation of my
work as well as previous work.
The mapped area was divided into four structural blocks

Two major periods of deformation and metamorphism
have affected rocks within the entire study area. Tight, isoclinal folds mark the earliest folding event (F1) which is associated with the earliest period of metamorphism (M1) that
reaches its greatest intensity (sillimanite grade) on the Camp
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in this area represented a transported suture zone.
Roper and Justus (1973) summarize most of the major
interpretations of the origin of the Brevard zone. Hatcher
(1978) lists some of the more frequently cited characteristics
of the Brevard zone which are more or less accepted by
many geologists as being distinctive of, or unique to, the
zone. As used in this paper, the Brevard zone is recognized
by the presence of an association of these characteristics
such as pervasive retrograde metamorphism and rocks with
multiply deformed fabric, some of which show later cataclastic deformation of previously formed mylonitic texture.
These characteristics only occur southwest of the junction
(Figs. 1, 2, and 3) of the Yadkin fault and the high-angle
Stony Ridge fault zone.

Creek block. The second episode of folding (F2) is characterized by close to tight, northwest-verging folds. Associated
with the second period of folding is a less intense metamorphic event of significantly lower metamorphic grade (greenschist facies) with which is associated a locally penetrative
mica foliation. The faults bounding the Camp Creek block
truncate Fl folds, but are folded by the F2 folds. F2 folds are
generally coaxial with the Fl folds and the latter may be
coplanar depending upon their relative orientation to F2 axial
surfaces. Later folding that occurred subsequent to emplacement of the Yadkin thrust sheet consists of open folds or
broad warps.
Detailed mapping and evaluation of structural and metamorphic data has clarified the relationship between the various structural blocks and their relevance to the regionally
significant structural features, notably the Brevard zone,
Stony Ridge fault zone and Yadkin fault. Interpretations
based on relationships elucidated regarding these structures
in the area as well as possible relationships with the Smith
River allochthon are discussed below.

STONY RIDGE FAULT SYSTEM
Dunn and others (1969) traced the Stony Ridge fault
zone 70 km along strike. across the northeastern portion of
the Sauratown Mountains anticlinorium (Fig. 1) where the
zone consists of three en echelon segments. The southwesternmost segment terminates near the Yadkin river (Fig. 1).
Espenshade and others (1975) on their regional map also end
the Stony Ridge fault at the southwest end of Stony Ridge
near the Yadkin River, although they show two other faults
which begin southwest of there and trend westward across
the Siloam, Copeland and Elkin North quadrangles. Thus,
previous workers traced this zone of steeply-dipping faults
more than 100 km across northwestern North Carolina.
Butler and Dunn (1968) noted that “...silicified mylonite
zones” occur in numerous locales along the Stony Ridge
fault. Similarly, Espenshade and others (1975) described
comparable cataclastic rocks along the Yadkin River in a
zone previously termed the Yadkin Shear zone (Justus,
1971). Thin sections of the silicified cataclastic rocks of the
Stony Ridge fault zone indicate multiple periods of movement and cataclasis along the fault (Butler and Dunn, 1968).
P. D. Fullagar (1977, personal communication) has obtained
a tentative post Paleozoic Rb/Sr whole rock date on some
samples of the silicified cataclastic rocks.
Butler and Dunn (1968) suggested that the Stony Ridge
fault is probably a right-lateral strike-slip fault with at least
one portion, near Hanging Rock, having approximately 400
m of offset. They also noted that the fault could be interpreted as either an oblique-slip or dip-slip fault with approximately 235 m offset.
Mapping done by the writer indicates that the two faults
which cross the Copeland and Elkin North quadrangles follow somewhat different traces than those shown by Espenshade and others (1975). The northern fault probably
continues across the Siloam quadrangle to the east, and is
inferred to join with the Stony Ridge fault as mapped by previous workers. The eastward extent of the southern fault was
not ascertained. They are tentatively identified as separate

BREVARD ZONE
The distinctive nature of the Brevard zone was first recognized and the zone was named by Keith (1903) for exposures near Brevard, North Carolina. Subsequently, the
Brevard zone was recognized as a major linear feature which
extends several hundred kilometers from the Coastal Plain
overlap in northwestern Alabama to just northeast of the
Grandfather Mountain window in northwestern North Carolina. Although interpretations vary concerning the nature or
even the existence of a fault along the zone, it appears continuously mappable as a unique feature. Multiple interpretations and controversy abound concerning its origin and
position in the overall picture of the Appalachian orogen.
The location and characteristics of the zone within the area
of the Sauratown Mountains anticlinorium are apparently not
so clearly defined inasmuch as different workers have
located the zone differently within the region of northwestern North Carolina and southern Virginia. Northeast of the
extension of the Brevard zone into Wilkes County, North
Carolina (Justus, 1971), question marks have usually been
appended to splays of the Brevard zone on regional maps.
Structural studies in the Pilot Mountain area led Stirewalt
and Dunn (1973) to suggest that the Brevard zone as mapped
in that area was a major isoclinal synform, tightly infolded
and overturned to the northwest. Later thrusting was considered possible by them, but within the area they surveyed, the
existence of a major structural discontinuity was regarded as
unlikely. Rankin (1975), extrapolating from the mapping of
Espenshade and others (1975), considered the Brevard zone
to become coincident with the northwestern border fault of
the Smith River allochthon and in part with the Yadkin fault,
and suggested that the Brevard zone-Smith River allochthon
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Figure 3. Areal geologic map compiled from study area [Lewis (1980), Espenshade and others (1975), Dunn and Weigand (1974) and
DeRossett (1978)].
amphibolite; (ABG) Alligator Back gneiss; (AG) augen gneiss; (BFG) felsic gneiss mixed with biotite gneiss; (BF) biotite gneiss; (C)
Crossnore gneiss; (GG) granitic gneiss; (FG) felsic gneiss; (HG) Henderson Geniss; (LBG) layered biotite gneiss; (MAG) Mount
Airy Granite; (MSG) mica schist and gneiss; (MSP) mica schist and phyllite; (Q) metaquartzite; (1) garnet-muscovite schist; (2)
biotite gneiss; (3) biotite-garnet-muscovite schist; (4) biotite gneiss and amphibolite; (5) garnet-muscovite schist interlayered with
other metasedimentary units; (6) amphibolite.

SMITH RIVER ALLOCHTHON AND POSSIBLE
CORRELATION WITH THE CAMP CREEK
BLOCK

branches (north and south) of the Stony Ridge fault zone on
the Copeland and Elkin North quadrangles (Figs. 2 and 3).
Although strike-slip motion, as suggested by Butler and
Dunn (1968), seems reasonable, no demonstrable right-lateral offset is apparent within the study area. Conceivably, the
“Crossnore” bodies (Fig. 3) which occur on opposite sides of
the northern branch of the fault could be correlative. But if
so, their relative positions indicate left-lateral, rather than
right-lateral, strike-slip movement. Moreover, the fact that
the southward-trending sequence of metasedimentary units
in the south-central Copeland quadrangle is abruptly terminated by the northern fault (Fig. 3) and does not continue on
the south side of the fault implies that the northern fault has
considerable displacement across it. Thus, a combination of
large-scale vertical and/or strike-slip movement seems likely.
Interpreting the vertical movement of the entire zone as
south-side-down is consistent with exposure of the Blue
Ridge “basement” rocks to the north and preservation of the
structurally higher Yadkin thrust sheet to the south.

Within the study area, Espenshade and others (1975)
mapped a narrow wedge of rocks as the Smith River allochthon. They interpreted this belt as terminating in the Brevard
zone and the Brevard zone faults as merging with the border
faults of the Smith River allochthon.
The writer has included these rocks mapped within the
Smith River allochthon of Espenshade and others (1975) as
well as a mixed felsic gneiss and biotite gneiss unit (BG and
BFG, Fig. 3) immediately southeast of their Smith River
allochthon as part of the Camp Creek block. Rocks of the
Burch block are truncated against these units along the Camp
Creek fault (Fig. 3), which forms the southeastern boundary
of the Camp Creek block. The fault bounding the northeast
side of the block is the Turkey Ford fault, which more
closely parallels the contact of the northern border fault of
the Smith River allochthon as mapped by Espenshade and

52

BREVARD ZONE, STONY RIDGE FAULT ZONE, SMITH RIVER ALLOCHTHON, AND INNER PIEDMONT

the Eastern Blue Ridge belt (Figs. 1 and 4) and not the Inner
Piedmont as suggested by Conley and Henika (1973) for the
Smith River allochthon.

others (1975). Rocks of the Camp Creek block, which are of
higher metamorphic grade but lithologically similar to some
of the rocks of the Burch and Zephyr blocks, include
metasedimentary schists which contain fine-grained sillimanite,
The Camp Creek block appears to be a narrow synformally infolded block which structurally overlies the Burch
and Zephyr blocks. The concept of an infolded block
bounded on either side by folded thrusts is similar to the
Smith River allochthon as described by Conley and Henika
(1973) and by Conley (1978). However, lithologies described
by Conley and Henika (1973) in the Rich Acres Formation
apparently do not occur within the Camp Creek block. A
biotite gneiss (BG) intimately intermixed with feldspathic
gneiss in the BFG unit could be equivalent to the Bassett
Formation, although where it is mappable as a separate unit,
it a ears to contain a higher percentage of biotite than
described by Conley and Henika (1973). The Fork Mountain
Formation may be equivalent to the mica schist and gneiss
unit of Camp Creek block (Fig. 3), although some of the
more distinctive mineralogy of the Fork Mountain Formation, e.g., spinel and large clusters of sericitized sillimanite,
was not seen by the writer in the mica schist and gneiss unit
of the Camp Creek block. G. H. Espenshade (personal communication, 1979) indicates he observed the sillimanite clusters in rocks several tens of kilometers northeast of, but not
within, the study area. The nature of the correlation between
lithologies of the Camp Creek block and the Smith River
allochthon may be resolved by further mapping in the region
separating the two features.
Although the Camp Creek block and the Smith River
allochthon are bounded by faults of similar description,
probable lithologic and metamorphic differences cited above
and the lack of detailed mapping in the area crucial to establishing mutual relations between the two structures suggest
separate designations for the border faults of the Camp
Creek block would seem appropriate. The existence of the
Ridgeway fault of the Smith River allochthon has been more
vigorously debated (e.g., Rankin and others, 1973) than the
Bowens Creek fault. The Camp Creek fault within this study
area is in a similar structural position to the Ridgeway fault
but clearly truncates distinctive units of the Burch block. The
Turkey Ford fault may be in a different position relative to
the Bowens Creek fault, inasmuch as the latter is described
as having rocks of staurolite metamorphic grade on the
southeast side, whereas sillimanite grade rocks lie southeast
of the Turkey Ford fault in the study area. Although the
Camp Creek block and the Smith River allochthon appear to
be in similar structural positions, available data are insufficient to determine whether or not the structures are equivalent. Comparison of lithologies of the Camp Creek block and
the structurally underlying blocks of the study area indicate
that lithologies of the Camp Creek block, although of higher
metamorphic grade, are derived from the tectonic mass of

CONCLUSIONS
The interpretation of Espenshade and others (1975) and
Rankin (1975) shows the boundary faults of the Brevard
zone as becoming coeval with the Yadkin fault on the southeast and with the boundary faults of the Smith River allochthon on the northwest. In the southwestern cross sections of
Espenshade and others (197S), the Brevard fault zone is
shown as extending from the Bowens Creek fault on the
northwest to the Yadkin fault on the southeast. In the northeasterly cross sections, the Brevard zone is not indicated as
such, and is interpreted to be coincident with the Bowens
Creek fault. The Smith River allochthon-Brevard zone entity
in this area is interpreted by Rankin (1975) as being a transported and sheared suture between the Blue Ridge and Piedmont. Conley (1978) questions the suture hypothesis from
the standpoint of the postulated allochthonous nature of the
entire region.
Interpreting the border faults (Turkey Ford and Camp
Creek faults) of the Camp Creek block (Figs. 2 and 3) as
being equivalent to boundary faults of the Brevard zone (Fig.
1) seems unlikely. First, because both border faults are older
than the second generation of deformation and metamorphism, as is indicated by their being folded by F2 folds (Figs.
2 and 3). Second, the extensive retrograde metamorphism
commonly associated with the Brevard zone is absent along
these faults. Third, the multiple movement history of early
mylonitic deformation and later cataclastic deformation
(Roper and Justus, 1973; Roper and Dunn, 1973) also is not
evident along either fault. In fact, to be consistent with the
interpretation of the Turkey Ford and Camp Creek faults as
older thrusts, truncation of the Camp Creek block against the
younger, high-angle faults of the Brevard zone should occur
southwest of the study area.
Similarly the Yadkin fault which represents the ' Inner
Piedmont-Blue Ridge boundary probably is not a boundary
fault of the Brevard zone. First, because, from where it
diverges from the Stony Ridge fault zone and forms an arcuate curve to the southeast (Fig. 1), no retrograde metamorphism or cataclastic rocks have been recognized. Second, the
Yadkin fault is an older fault clearly truncated by the southern branch of the Stony Ridge fault zone. Finally, the Stony
Ridge fault zone is not the continuation of the Brevard zone
because to the northeast of where the Yadkin fault bends
south, the Stony Ridge fault zone in the core of the Sauratown Mountains anticlinorium is characterized only by cataclastic rocks.
Within the study area, classic Brevard zone characteristics are present southwest of the junction of the Yadkin fault
and the Stony Ridge fault zone. From here to the southwest
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Figure 4. Diagrammatic reconstruction of nappe emplacement in the Inner Piedmont and Sauratown Mountains.
A. Camp Creek nappe advances out of southeastern root zone across Sauratown Mountains portion of Eastern Blue Ridge belt.
B. Inner Piedmont nappe moves along Yadkin fault out of root zone farther to the southeast and overrides folded and unrooted earlier Camp Creek nappe. Fossil root zone of Camp Creek nappe also overridden.
C. Folding and uplift along northwest side of high-angle Stony Ridge fault zone resulting in folding of original Camp Creek fault and
removal by erosion of most of Camp Creek nappe and all of Inner Piedmont nappe northwest of the SRFZ. Brevard zone is the
result of juxtaposition of Yadkin fault and SRFZ. (ABF) Alligator Back Formation, (AF) Ashe Formation; (BRB) Blue Ridge Belt;
(BZ) Brevard zone; (CB) Charlotte Belt; (CCF) Camp Creek fault; (CCN) Camp Creek nappe; (FRZ) fossil root zone; (IP) Inner
Piedmont; (IPN) Inner Piedmont nappe; (RZ) root zone; (SMA) Sauratown Mountains anticlinorium; (SRFZ) Stony Ridge fault
zone; (TR) Triassic; (TTF) Turkey Ford fault; (YF) Yadkin fault.

at least one early period of mylonitic (ductile) deformation is
locally overprinted by one or more later episodes of cataclastic (brittle) deformation within the area bounded by the highangle faults (Figs. 2 and 3). Quartzofeldspathic gneisses
show the most extensive deformation of original fabric and
texture, whereas, micaceous schists tend simply to contain
reoriented and recrystallized micas. Also, extensive retrograde metamorphism occurs along this zone.

ward from the high-angle faults, the term “Brevard zone”
would no longer be applicable, since the classic combination
of the mylonitic deformation and cataclastic deformation
with associated retrograde metamorphism would no longer
be juxtaposed.
The Brevard zone farther to the southwest may be a similar or more complex combination of the Yadkin thrust, and/
or Camp Creek nappe and younger multiple movement highangle faults. In a number of areas, at least, the principal
zones of cataclastic rocks are limited to the northwest side
and mylonitic rocks are more frequent on the southeast side.
This would also explain why the Brevard zone has been variously interpreted as a strike-slip fault (Reed and Bryant,
1964) and a thrust fault (Jonas, 1932; Hatcher, 1971) plus
numerous other combinations (e.g., Reed and others, 1970).
The seismic data of Clark and others (1978) which suggests
a steeply-dipping fault that flattens out at depth also would
be consistent with this interpretation if the Yadkin thrust

An interpretation which is in reasonable accord with the
detailed mapping in this area (Lewis, 1980, Plates 1, 2, and
3) is that older mylonitic rocks were produced during northwestward thrusting along the Yadkin fault, and that younger
cataclastic deformation resulted from brittle deformation
concommitant with high angle faulting along the Stony
Ridge fault zone. Thus, the Brevard zone in this area is a
combination of the older Yadkin thrust and younger highangle faults which truncate the thrust in the southwestern
portion of the study area. As the Yadkin diverges southeast-
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were much deeper than in my study area.
Finally, the Camp Creek block is likely an infolded and
preserved remnant of an older nappe derived from the southeastern flank of the Eastern Blue Ridge belt (Fig. 1) and
whose root zone would lie underneath the Yadkin thrust
sheet (Fig. 4).
Thus the provenance of the Camp Creek nappe and perhaps the Smith River allochthon as well would be Blue
Ridge lithologies now concealed underneath the Yadkin
thrust sheet and not the Inner Piedmont as suggested by Conley and Henika (1973). The Yadkin thrust sheet was thrust
over the preceding Camp Creek nappe, presumably out of
another root zone farther to the southeast (Fig. 4).
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A CATACLASTIC ZONE ASSOCIATED WITH THE DAVIE COUNTY TRIASSIC BASIN
Daniel J. Milton
U.S. Geological Survey, MS 928
Reston, VA 22092

the Winston-Salem 20 quadrangle (Espenshade et al., 1975)
noted eight areas of chlorite schist surrounded by, or on the
margins of, the Triassic deposits. The green schist metamorphic facies of this rock contrasts with the sillimanite and
kyanite zone amphibolite facies of metamorphic rocks in

INTRODUCTION
The Davie County basin, North Carolina (half of which
is in fact in Yadkin County), is the southernmost of the western belt of Triassic and Jurassic basins in Virginia and North
Carolina (Fig. 1) (Thayer, 1969). Espenshade, mapping in

Figure 1. Regional setting of the Davie County Triassic basin.
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Figure 2. Geologic sketch map of the Davie County basin and vicinity. The nature of contacts is not indicated, but many are faults.
North of lat. 36° after Espenshade (1975) and Thayer (1969). Circled numbers are locations of specimens figured in photomicrographs.

“.... a rock of phyllitic appearance that as a rule is
indistinguished from a normal phyllite. Unlike normal phyllites, however, it has been formed not by
the crystallization of new material constituents, progressively increasing in grain size, but by the mylonitic degradation of originally coarser-grained
rock.”

nearby areas. Similar low-grade rocks extend in the Charlotte 20 quadrangle, several kilometers past the southernmost
Triassic deposits (Fig. 2). Specimens examined from these
areas show cataclastic textures, and many of the greenschists
appear not to be weakly metamorphosed volcanic and volcaniclastic rocks, as originally proposed by Espenshade et al.,
but rather phyllonites, as defined by E. B. Knopf (1931):
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Figure 3. Micrabreccia. Quartz and feldspar,
largely in clasts with little internal deformation,
in a fine-grained micaceous matrix. Finely comminuted quartz and feldspar (center above). Late
fractures (center below) cut all phases. Crossed
Nicols.

Figure 4. Flinty crust rock. Clear areas are finely
comminuted grains; quartz (perhaps formed by
silicification) where optically resolvable. Dark
areas are not optically resolvable. Narrow undeformed quartz veins are the youngest features
(upper left and lower right). Uncrossed Nicols.

Figure 5. Mylonite. Feldspar porphyroblasts
show little internal deformation, although
obscured in the photomicrograph by extensive
sericitization. Quartz has been recrystallized to
an equigranular aggregate (center). Chlorite is a
minor phase in books parallel to the foliation (top
center) and in narrow cross-cutting veins (lower
center). Crossed Nicols.
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Figure 6. Mylonite. Feldspar porphyroblast
(upper right) is fractured but little distorted.
Quartz shows various stages of deformation and
recrystallization from elongation in the plane of
foliation (lower left) to comminution. Dark areas
are opaques (oxidized pyrite?). Crossed Nicols.

Figure 7. Phyllonite. Sericite partings are segregated from lamellae of quartz, mostly finegrained, but with some porphyroclasts (upper
right). Note kinking of folia (left). The protolith
of this feldspar-free rock is uncertain. Crossed
Nicols.

Figure 8. Blastomylonite. Epidote, chlorite, and
quartz is a fine-grained assemblage with a strong
fluxion structure; somewhat obscured by the
patchy pattern of growth of epidote. The large
broken porphyroclast of sphene indicates the
coarse grain size of the protolith. Partially
crossed Nicols.
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Figure 9. Metavolcanic rock. One quartz grain (above) shows mile ductile deformation; the other (below) and a feldspar grain
(upper right) are fractured but undeformed. Crystal faces (lower right) and embayments in quartz show that grains are relicts of the
protolith, probably a crystal tuff. The matrix shows a moderately developed fluxion structure. Crossed Nicols.

prograde phyllites and by itself suggests that these are phyllonites.
Feldspar grains are commonly sericitized or saussuritized. Figure 8 shows complete replacement of feldspar by
fine-grained epidote. With the replacement of the feldspar
and the recrystallization of the quartz, only large broken
sphene crystals indicate that the protolith was a coarsegrained rock.
Most of the mylonitized rocks were clearly coarsegrained, probably granitoid rocks before cataclasis. With
them, however, are some rocks in which feldspar and quartz
grains show embayed boundaries and occasional crystal
faces typical of phenocrysts in volcanic rocks or crystal tuffs
(Fig. 9). Their occurrence in close associated with mylonites
suggest that the fine-grained matrix accommodated nearly
all the strain and left even quartz phenocrysts almost unaffected.
The history of deformation in the zone is undoubtedly
complex. Deformation subsequent to the stage of phyllonitization is indicated by kinking on a small scale (Fig. 7), tight
chevron folds in outcrop, and on a still larger scale by a
broad fold that is sharply cut off by a fault contact with Triassic deposits. The microbreccia from which the specimen
shown in Figure 4 was obtained may be still younger, formed
after the stress pattern prevailing in the Mesozoic was established, as its trend and foliation are NNW-SSE, parallel to
fault contacts of the Triassic deposits and to diabase dikes
within the basin 1 or 2 km away.
In recent years it has become evident that the Triassic
and Jurassic basins of eastern North America mark zones of
weakness where displacement began at least as far back as
early Paleozoi6 (Glover et al., 1980). The Davie County
basin is clearly no exception.

Twelve kilometers southwest of the Davie county basin,
in Iredell County, LeGrand (1954) found a small area of
light-colored sandy soil overlying a subsoil of unsorted
quartz gravel and arkosic material, which he suggested represents an outlier of Triassic deposits. A few quartz clasts in
the soil are distinctly subrounded, but the great majority are
angular. Such material is not uncommon in the area and is
probably a slightly transported lag gravel related to the
present erosion cycle and derived directly from basement
rather than from Triassic deposits.

CATACLASTIC ROCKS
The rocks show a range of development of fluxion structures and of recrystallization. Simple brittle deformation
formed microbreccias of internally undeformed angular
clasts cut by veins of fine-grained quartz and feldspar, usually with newly grown sericite, chlorite, and carbonate (Fig.
3). Extreme comminution produced flinty crush rock, locally
approaching pseudotachylite (Fig. 4). Mylonites are characterized by broken and strained feldspar porphyroclasts and
lenticular patches of fine-grained quartz in a matrix of sericite (or chlorite in some specimens) and very fine grained
quartz and feldspar with a marked fluxion texture (Fig. 5).
Figure 6 shows quartz at several stages in the transformation
from strained porphyroclasts to recrystallized grains that
have a strong oriented fabric, to an equigranular and apparently unoriented mosaic, while feldspar porphyroclasts
remain relatively undeformed.
Quartzofeldspathic lenses become increasingly elongate
until in some phyllonites (or blastomylonites) quartz and
feldspar are segregated from sericite or chlorite in nearly
continuous planes (Fig. 7). Such segregation is not usual in
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Springs to recover gold derived from veins at, or very close
to, the contact of the metavolcanic rocks and kyanite schists
of the Inner Piedmont. Gold deposits thus appear to be
related to the metavolcanic rocks, the zones of shearing, or
both.

REGIONAL RELATIONSHIPS
The Davie County basin lies along a major geologic
boundary that extends the length of the southern Appalachians, corresponding approximately to the Appomattox
overthrust of Jonas (1932). It runs beneath the Dan River Triassic Basin, along the boundary between the Charlotte belt
and the Sauratown Mountains anticlinorium, through the
Davie County basin cataclastic zone, then along the Charlotte belt-Inner Piedmont belt contact to the narrow Kings
Mountain belt (Fig. 1). Mylonites and breccias are
found for about 30 km southwest from the Davie County
basin, but sporadically rather than in a broad continuous
zone as at the basin. Just east of Cool Springs, near the
Davie-Rowan-Iredell County corner, greenschist metavolcanic rocks (apparently prograde) contrast sharply with kyanite
schist and augen gneiss of the Inner Piedmont a short distance to the northwest (Fig. 2). The metavolcanic rocks
resemble those near the Gold Hill shear zone and suggest a
symmetry to the Charlotte belt with a primarily plutonic core
flanked east and west by low grade metavolcanic rocks.
The metavolcanic rocks in the Davie County cataclastic
zone are presumably equivalent to those near Cool Springs.
The cataclased coarse-grained rocks could be from the Inner
Piedmont, but no definite Inner Piedmont types are found
and a Charlotte belt origin for all is more likely. The occurrence of granitoid plutons intruding metavolcanic rocks is
supported by observations of such relationships on the east
side of the Charlotte belt.
For 20 or 25 km west-southwest from Statesville, the
nature of the contact of the Charlotte and Inter Piedmont
belts is obscure, but it is not marked by obvious low-grade
metamorphic rocks and only sporadically by cataclastic
rocks. The Kings Mountain belt begins in eastern Catawba
County with low-grade metavolcanic rocks and such characteristic Kings Mountain rocks as quartzite, marble, and magnetite schists, in a south-plunging synform. Detailed
mapping in southernmost North Carolina offers shear zones
on the east and west borders and in the middle of the Kings
Mountain belt (Horton, 1980). The most profound discontinuity appears to be at the Kings Mountain-Inner Piedmont
contact and the metavolcanic rocks of the Kings Mountain
belt may be equivalent to the metavolcanic rocks near Cool
Springs. The latter indeed appear to be in a synform plunging north, although structural data are sparse. More distantly,
if the Gold Hill shear zone is of minor lithotectonic significance, the Kings Mountain rocks may be a shallower-water
facies equivalent of Carolina Slate belt strata.
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are destroyed by this additional treatment.

INTRODUCTION
Dark brown (“carbonized”) palynomorphs are common
in Upper Triassic lacustrine rocks of the Dan River North
Carolina)-Danville (Virginia) basin. This is the first report of
palynomorphs in this basin. Their preservation is so poor that
detailed taxonomic treatment is difficult, yet, such “marginal
palynology” (Traverse, 1972) helps greatly in understanding
this fossil rift valley basin.
Outcrop samples were collected along the length and
width of the basin. Thirty-eight cores from near Eden, North
Carolina, were made available by the Solite Corporation of
Richmond, Virginia. The samples were from the Cow
Branch Formation, as used by Thayer (1970) and Olsen,
Remington, Cornet and Thomson (1978). Thirty-six outcrop
samples were taken from the lower member of the Cow
Branch Formation; and 96 samples, including the Solite Corporation cores, were taken from the upper member. The samples consisted of gray-to-black shale, argillite, siltstone,
dolomite, and limestone. While 40 percent of the samples
contained remains that could be identified as palynomorphs,
only 14 percent contained palynomorphs that could be identified to species. Figure 1 shows the location of samples that
contained palynomorphs.

Table 2. Technique for processing rocks for palynomorphs
Wash 10 grams of sample and blow dry
Smash with cast-iron mortar and pestle to pea-sized pieces
Add 10% HCl to cover sample. Let stand for 24 hours (stir twice)
(in fume hood)
(If still reacting with HCl after second stir, add conc. HCl to cover
sample. Let stand for 2 hours in steam bath. Leave in conc. Acid
for remainder of 24 hours.)
Wash 3 times in distilled water
Add 48% HF to cover sample. Let stand for 24 hours (stir twice)
Wash 5 times in distilled water.
Sieve through 125 um sieve.
Sieve through 25 um sieve.
Mount in glycerine jelly (or any mounting medium) both fractions.
Table 1. Palynomorph taxa from the Dan River-Danville basin.
(* abundant)
Low member, Cow Branch Formation
*Alisporites opii Daugherty 1941 emend, Jansonius 1971
A. parvus de Jersey 1962
*Aratrisporites saturnii (Thiergart 1949) Madler 1964
Bhardwajispora sp.
*cf. Chasmotosporites sp.
Cycadopites subgranulatus (Couper 1953) Bharadwaj and Singh
1964
Cycadopites sp.
Dictyophyllidites harrisii Couper 1958
Enzonalasporites vigens Leschik 1955 emend. Jansonius and Hills
1976
*Patinasporites cf. neomundanus Leschik 1955
Platysaccus sp.
Praecirculina granifer (Leschik 1955) Klaus 1960
Triadispora obscura Scheuring 1970
*Bisccate genus A
Vallasporites ignacii Leschik 1955 emend. Jansonius and Hills1976
Verrucosisporites cf. tumulosus Leschik 1955
Upper Member, Cow Branch Formation
Alisporites gottesfeldi Stone 1978
*A. opii Daugherty 1941 emend. Jansonius

PROCESSING OF PALYNOMORPHS
A processing technique devised for kerogen analysis
was used for the isolation of pollen and spores in this study.
The technique is widely used by palynologists in the petroleum industry. Treatment with cold acids (rather than hot@
is stressed, and gravity settling is used instead of centrifugation. However, preliminary hot concentrated HCl is necessary when treating any calcareous rocks to prevent both
CaF2 formation and blowouts characteristic of highly exothermic reactions between calcite and HF acid in later treatment (J. J. Fahey, U.S. Geological Survey, personal
commun., 1975). The technique used to process rocks in this
study is shown in Table 2. If palynomorphs are found, standard heavy liquids and centrifugation can be used to further
concentrate the palynomorph fraction (Faegri and Iversen,
1975). The most poorly preserved palynomorphs apparently
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Figure 1. Location of samples containing palynomorphs from the Dan River-Danville basin. Localities 1, 2, 3 in lower member; 4, 5,
6 in upper member of the Cow Branch Formation. Location 1 is 3 samples of grayish black lamininated shale and silty shale, and
silty argillite. Locality 2 is 2 samples of grayish-black thin shale and silty carbonaceous shale. Locality 3 is 6 samples of dark-gray
limestone, grayish-black and dark-gray silty carbonaceous shale and laminated shale, and massive argillite. Locality 4 is 34 samples
in 20 cores of dark-gray to gray-black laminated to massive shale and argillite. Locality 5 is a sample of dark-gray laminated silty
shale. Locality 6 is a sample of medium-dark-gray laminated silty shale. Outline of the basin and position of outcropping lakebeds
from Meyertons (1963) and Thayer (1970).
Aratrisporites saturnii (Thiergart 1949) Madler 1964
Colpectopollis ellipsoideus Visscher 1966
Cycadopites deterius (Balme 1957) Pocock 1970
*C. subgranulatus (Couper 1953) Bharadwaj and Singh 1964
Duplicisporites granulatus Leschik 1955
Guthoerlisporites cancellosus Playford and Dettman 1965

Patinasporites densus Leschik 1955 emend. Scheuring 1970
Pityosporites devolvens Leschik 1955
Pityosporites sp.
Praecirculina granifer (Leschik 1955) Klaur 1960
Triadispora sp.
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Figure 2. Stratigraphic ranges of age-diagnostic palynomorphs from the Cow Branch Formation in the Dan River-Danville basin.
Stratigraphic ranges are from Cornet (1977).

press). Olsen, Thomson, and McCune (in press) suggested
that the base of the lower member is middle Carnian on the
basis of the absence of two fish genera. Unfortunately, we
have not collected samples yet from the coal-bearing beds
around Walnut Cove and south to confirm this age. The samples from both the upper and lower members of the Cow
Branch Formation contained no Middle Carnian striate
bisaccate pollen, nor Ovallipollis. Instead, cycadlike monosulcate pollen was consistent with a later Triassic age.

In most samples, individual palynomorphs have
degraded walls containing square, rhombohedral, and round
holes (see Plate 1). Because there is no way to isolate
palynomorphs from rocks without acid treatment, one may
only speculate about the minerals that left the impressions.
Rhombohedral holes suggest the former presence of calcite
or dolomite. Square holes can be the result of the dissolution
of rhombohedral crystals, of octahedral fluorite or pyrite, or
of cubic pyrite or halite. Round holes suggest a framboidal
mineral like pyrite, although only cubic pyrite is now present
in these samples. However, we have found that both cubic
and framboidal pyrite usually stay enmeshed in pollen and
spores that have undergone such acid treatments. Mineralogy
based on hole geometry might better be classified as “marginal mineralogy.”

DEGRADATION OF PALYNOMORPHS
The poor preservation of palynomorphs in the Dan
River-Danville basin may be a result of the geochemical conditions existing in the Triassic lakes. Alkaline conditions
have been implicated in the degradation of palynomorphs in
older rocks (Burghardt, 1964). Two aspects of the geochemistry of the ancient lakes appear especially important for
explaining the degradation of the palynomorphs. The lakes
were probably alkaline and saline, much like the rift valley
lakes of East Africa and the Jordan rift valley (Richardson
and Richardson, 1972; Hutchinson and Cowgill, 1973). Evidence for alkaline conditions include conchostraeans (clam
shrimps), limestone, dolomite, and gypsum crystals (pers.
obs.), as well as hematite, pyrite, and organic matter in the
same samples. All living species of conchostraeans in North
America are adapted to alkaline conditions (Mattox, 1957;
Pennak, 1978). Garrels and Christ (1965, p. 396) show that
both the oxidized and reduced forms of iron are stable along
with organic matter where pH is greater than 8. Hoppershaped salt molds found along bedding planes are evidence
of hypersaline and arid conditions (Thayer, 1970; Olsen,
Remington, Cornet, and Thomson, 1978).

IDENTIFICATION OF PALYNOMORPHS
Twenty-four taxa were identifiable on the basis of their
distinct morphology and size (Table 1). The palynomorphs
are the remains of ancient plant communities whose flora
included pterophytes (ferns), cycadophytes (seed ferns,
cycadeoids, cycads), coniferophytes, and some of unknown
affinities. The stratigraphic ranges of palynomorphs diagnostic of the late Carnian and identified in the Dan River-Danville basin are shown in Figure 2. The presence of Alisportes
opli, Aratrisporites saturnii, Duplicisporites qranulatu,
Guthoerlisporites cancellosus, Patinasporites densus, Pityosporites devolvens, and Vallasporites ignacii (Plate 1) confirm the late Carnian age (Late Triassic) of the lakebeds,
previously determined on the basis of fish, reptiles, zooplankton tests, bivalves, insect, larvae, and, lakeshore megaflora and insects (Cornet, Olsen, 1977; Remington, Cornet,
and Thomson, 1978; Olsen, Thomson, and McCune, in

The chemistry of the palynomorphs probably aided in
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Table 3. Present-day ranges of geothermal gradients in modern rift valleys
Rift Valley

ºC/km

Baikal, USSR

21
104-210

East Africa-Western
Eastern

23.4-76
1.3-4.2
29.1 - 188.2 1.6 - 10.3

Rhein, Germany

43.5-90.9

Rio Grande, New Mexico 19.0-100.9

Number and Method References of
measurements

ºF/100 ft
1.2
5.7-11.5

1 borehole
11 heat-flow*

Lubimova, 1969
Lubimova, 1969;
Lubimova and Shelyagin, 1966

12 heat-flow*
8 boreholes

Degens,Von Herzen, and Wong, 1971
Morgan, 1973

2.4-5.0

210 boreholes

1.0-5.5

48 boreholes

Illies and Mueller, 1970
Reiter, Edwards, Hartman, and
Weidman, 1975

• Heat-flow measurements were calculated by emplacing thermistor into top 3m of sediment

Garrett, 1968). Lipids within the sporopollenin framework
may have been saponified under the suggested alkaline conditions of the lakes, and the structure of the sporopollenin
weakened. Possibly sporopollenin, which is somewhat reactive to alkali (Traverse, 1968), may be very slowly degraded
under alkaline conditions. Therefore, the pollen and spores
of the Dan River-Danville basin may have been partially
degraded in the alkaline depositional environment of the
lakes.

their degradation. The outer-wall layer (exine) of spores and
pollen persists in sedimentary environments; whereas the
carbohydrates, proteins, and lipids of the inner-wall layer
(intine) and the cell contents are quickly hydrolyzed or
digested (Tschudy and Scott, 1959, p. 86).

Exine Degradation
Exines consist mostly of a framework of hyperresistant
sporopollenin, and inclusions of waxes, lipids, and carbohydrates (Stanley and Linskens, 1974). Sporopollenin is a complex organic molecule that consists of C, H, and 0, and may
be carotenoid in nature (Brooks and Shaw, 1978). It is very
sensitive to attack by free oxygen in the water column, somewhat less so to alkali (Traverse, 1968), and in these respects
is rather similar to rubber.

Wood Tracheids
Wood tracheids, on the other hand, have a different kind
of chemical composition and are abundant in practically
every sample from the Dan River Danville basin. Lignified
tracheids are dead conducting cells of plants consisting
mostly (about 75%) of the carbohydrate cellulose, about
25% lignin, and negligible amounts of proteins and fatty
acids (Sarkanen and Ludwig, 1971). The cellulose and lignin
were apparently more resistant to the alkaline geochemical
conditions of the lakes.

Refluxing in alkaline solutions is a standard chemical
technique to saponify lipids (break into Na, Ca, Mg, or K
salts of the fatty acids, which are water soluble) from organic
materials. Alkaline conditions are typically cited for loss of
fatty acid and lipid components (Garrett, 1967; Barger and

Plate 1. Palynomorphs of the Dan River-Danville basin.
Lower member, Cow Branch Formation
Alisporites opii Daugherty 1941 emend. Jansonius 1971 (80 x 93 um)
Pityosporites cf. neomundanus Leschik 1955 (53 x 67 um)
Bisaccate genus A (36 x 53 um)
Vallasporites ignacii Leschik 1955 emend. Jansonius and Hills 1976 (35 um)
Patinasporites densus Leschik 1955 emend. Scheuring 1970 (53 um)
Enzonalasporites vigens Leschik 1955 emend. Jansonius and Hills 1976 (41 um)
Aratrisporites saturnii (Thiergart 1949) Madler 1964 (40 x 53 um)
cf. Chasmotosporites sp. (47 x 70 um)
Upper member, Cow Branch Formation
Duplicisporites granulatus Leschik 1955 (50 um)
Guthoerlisporites cancellosus Playford and Dettman 1965 (90 x 105 um)
Alisporites gottesfeldi Stone 1978 (61 x 69 um)
Pityosporites devolvens Leschik 1955 (44 x 71 um)
Pityosporites sp (78 x 87 um)
Triadispora sp. (47 x 67 um)
Cycadopites deterius (Balme 1957) Pocock 1970 (36 x 49 um)
C. subgranulatus (Couper 1953) Bharadwaj and Singh 1964 (36 x 63 um)
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Degradation by Thermal Effects
Burial and heating (low-grade metamorphism) aided in
the degradation of the palynomorphs. Not only are the pollen
and spores dark brown, but the clay has been raised to chlorite grade as identified by 2M illite (J. W. Hosteman, U.S.
Geological Survey, written commun., 1971). The darkbrown color was cited by Staplin (1977) as proving burial
depth sufficient to yield a temperature of approximately
1500C (300 F). Three different, although related, phenomena
are presented as possible explanations for the dark-brown
color of the palynomorphs. The most likely explanation is
shallow burial under a regime of higher heat flow associated
with rifting. The present-day geothermal gradients of modern rift valleys are summarized in Table 3. At a mean surface
temperature of 210C (700F) and a rift-valley geothermal gradient of 100OC/km (5.50 F/100 ft), such sediments would
have been subjected to the bituminous coal-producing and
petroleum generating temperature of 660C (1500F) at 442 m
(1,450 ft) of burial (Robbins, 1979; Robbins and Rhodehamel, 1976; Staplin, 1977). The second possible explanation is deep burial under a normal geothermal gradient.
According to data from the present geothermal gradient of
the offshore Atlantic continental margin in the Baltimore
Canyon (23.70C/km or 1.30F/100 ft) and the Southeast
Georgia embayment (16.20C/km or 0.90F/100 ft) (Robbins,
1979), at least 5,180 m (17,000 ft) of sedimentary deposits
overlying the Dan River-Danville basin would have been
necessary to produce such a temperature. The third possibility is that a very thick flow or dike, which has been eroded
away, overlooked, or not yet exposed, caused the darkening
of the palynomorphs and the reordering of the clays.
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the Cooper Creek anticline (Location 1 on Figure 1) suggests
that the structural history may be considerably more complex than has been suggested. The overall outcrop pattern of
the rocks in the nose of the Cooper Creek anticline is typical
of tightly refolded isoclinal folds. The minor folds observed
in Gladehill and Penhook quadrangles (Scheible, 1975) all
fold schistosity. Scheible (unpublished manuscript) also
noted that schistosity in helicitic garnets and oligoclase was
discordant with the schistosity of the rock, suggesting multiple periods of deformation. It thus seems likely that the Cooper Creek anticline is at least a second generation fold. In
addition, a third set of open, broad, north-south trending
folds is also present. These appear to be late, and have little
effect on outcrop pattern.

INTRODUCTION
Geologists of the Virginia Division of Mineral resources
have been mapping the geology of the southwestern Virginia
Piedmont at a scale of 1:24,000 for almost a decade and a
half. In addition, geologists of the U.S. Geologic Survey
have mapped much of the area to the south and west in
reconnaissance (1:250,000). As a result, the southwestern
Virginia Piedmont contains one of 'the largest areas mapped
geologically at comparatively large scale in the entire southeastern Piedmont.
In any structurally complex area of basically similar
rocks whose original properties have been altered to widely
differing degrees by varying grades of metamorphism, a
wide range of geologic interpretations are possible.
Although the interpretations presented by the VDMR geologists are reasonably consistent with one another, other interpretations are possible. This paper presents a number of such
alternate interpretations in an attempt to promote critical
examination of the published maps and to suggest to future
workers in the region alternate ideas and concepts which can
be tested against data yet to be collected.
The area north and east of Martinsville has generally
been interpreted as being composed of two separate structural blocks, the Blue Ridge anticlinorium and the Smith
River allochthon, separated by the Bowens Creek fault (Fig.
1). Because relationships between the blocks are poorly
understood, they will be discussed separately.

Stratigraphic Considerations
Conley and Henika (1970, 1973) and Henika (1971)
describe the stratigraphy in this part of the Blue Ridge anticlinorium as consisting of “Moneta gneiss of probable middle Precambrian age; and Lynchburg Formation of late
Precambrian age”. Although their reports give no basis for
these assumed ages or for the correlations with the type
localities of the Moneta gneiss some 35 miles to the northeast and the Lynchburg Formation, some 70 miles to the
northeast, verbal communications with J. F. Conley indicate
that the assumed older age of the Moneta rocks was based on
the similarity to many Grenville age rocks, and that the correlation was made on the basis of visual similarity of the
respective rocks.
Henika (1971, p. 21) makes an excellent case for the
polymetamorphic origin of the rocks mapped as Moneta
gneiss. He also cites (p. 15) the presence of large blocks of
actinolite gneiss in the Lynchburg whose source he attributes
to the Moneta. Finally, as evidence for polymetamorphism,
he cites (p. 29-30) mylonite stringers and zones of “fishscale” tectonic schist in and at the upper contact of the Moneta which “seem to indicate differential movement between
basement (Moneta gneiss) and cover rocks during folding;
disharmonic fold structures occur along the Lynchburg-Moneta contact in the southeastern limb of the anticline. This
writer has mapped the Gladehill and Penhook quadrangles in
detail; well over half of these quadrangles are underlain by
rocks of the Blue Ridge anticlinorium. In addition, geological reconnaissance studies were carried out in Philpot Reservoir, Bassett, and Snow Creek quadrangles.

BLUE RIDGE ANTICLINORIUM
Structural Considerations
Conley and Henika (1970, 1973) and Henika (1971)
have interpreted the rocks of the Blue Ridge anticlinorium as
being folded into a broad, rather open, northeast trending
structure, the Cooper Creek anticline. In addition, related
parasitic folds were recognized, as were several folds plunging gently to the northwest; these were attributed to “compressional bending along the main structure” (Conley and
Henika, 1973, p. 41). In addition, Conley and Henika recognized that the isoclinal minor folds exposed in the Philpot
Reservoir quadrangle had two orientations, one of which
plunges vertically (Conley and Henika, 1970, p. 32).
The overall outcrop pattern of the interlayered
graywackes, metabasalts, and graphitic schists in the nose of
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Figure 1. Major rocks units and geologic structures, Martinsville area, Virginia.
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mation metagraywackes and their Moneta gneiss are not due
to greatly differing age and tectonic history but are mostly
due to higher grade metamorphism and the accompanying
more intense mechanical deformation that have erased or
obscured most sedimentary textures in the so-called Moneta
gneiss near the core of the anticline. Of lesser importance are
differences in original grain size of sandstone and conglomerates, sand/shale ratio, and proximity to source area. In
short, it is suggested that the boundary between the “Lynchburg” and “Moneta” which Conley and Henika (1970, 1973)
and Henika (1970) mapped is a metamorphic boundary, not a
stratigraphic one.
If there is no major unconformity between the “Moneta
gneiss” and the “Lynchburg formation” of this area, one can
then question whether the initial correlation is indeed a valid
one. Espenshade, Rankin, Shaw, and Newman (1975) correlated Conley and Henika's Moneta gneiss with their Ash Formation, and most of the area which they mapped as
Lynchburg with their Alligator Back Formation. In the
absence of detailed mapping to the northeast, Scheible
(unpublished manuscript) declined to make any firm correlations with the formations of the James River synclinorium,
because of the complex structure of the area and the substantial changes in metamorphic grade between the MartinsvilleRocky Mount area and the Lynchburg area. Scheible was
able to map a single unit of Conley and Henika's “Lynchburg
mica schist” from the northern end of their study area in
Snow Creek quadrangle to the southwestern end of Smith
Mountain. He then traced the unit along Smith Mountain and
through areas mapped by Redden (1963), Espenshade (1954)
and Brown (1958) into the type locality of the Candler Formation. If this correlation is valid (and significant breaks do
occur between the areas mapped by the various workers),
then one unit near the bottom of Conley and Henika's (1970)
Lynchburg Formation appears to be correlative with the Candler Formation. Much of the remainder of their Lynchburg
Formation (in the area of Location 1 on Figure 1) could well
be correlative with the Evington Group, and most of their
Moneta gneiss would actually correlate with the Lynchburg
Formation. This interpretation is strengthened by the discovery by Scheible (unpublished manuscript) of a unit of
extremely heterogeneous and discontinuous gneisses, mica
schists, marbles, amphibolite schists, graphite schists, calcgneisses, quartzites, and grits in the northwestern-most part
of the Gladehill quadrangle, on the northwest limb of the
Cooper Creek anticline. These rocks are similar both in
lithology and in depositional environment to those of the
Evington Group.

No evidence of a significant stratigraphic break anywhere between the Lynchburg and Moneta lithologies was
found. Environment of deposition is the same throughout,
with interlayered schists and metaconglomerates present
from the center of the Cooper Creek anticline to the farthest
mapped extent of the limbs. Extensive microscopic and x-ray
investigations have produced no evidence of discontinuities
in metamorphic grade in the unit. Both the kind and proportion of mineral species are constant throughout the entire
unit, except for normal metamorphic differences between the
areas of greenschist and amphibolite facies rocks. The number of generations and style of folding are the same throughout. No paleosaprolites, internal discordancies or other
indications of unconformity have been seen.
Extensive microscopic examination also failed to reveal
any differences in tectonic history. The metamorphic history
and structural elements are the same throughout the entire
unit, with both Lynchburg and Moneta rocks having undergone polyphase metamorphism. The blocks of “actinolite
gneiss” in the overlying “Lynchburg formation metagraywackes” are almost certainly intraformational breccias,
formed by minor local erosion and sediment transport on the
surface of a volcanic flow. The presence of such eroded
material is to be expected in sequences containing volcanic
rocks. Small lenses of metaconglomerates and mica schists
which occur within amphibolite gneiss bodies in this area
were also formed by minor local erosion and sediment transport.
Further evidence against the existence of two formations
of different age is suggested by the map pattern of the area to
the southwest mapped by Conley and Henika (1970, 1973)
and Henika (1971). Amphibolite occurs at the top of the
“Moneta gneiss” throughout the region which they mapped
except for a small area of mica gneiss which is symmetrically disposed about the nose of the Cooper Creek anticline,
mostly in Philpott Reservoir quadrangle. In that area (Fig. 1,
Location 2), Moneta mica gneiss both overlies and underlies
the amphibolite. It is extremely unlikely that sedimentary
rocks in the Moneta gneiss which are younger than the
amphibolite would have been preserved only in the small
area that would lie at the nose of a fold formed several hundred million years after their deposition. This suggests that
the rocks in this area are stratigraphically equivalent to Conley and Henika's “Lynchburg Formation”, and that all of the
Moneta was differentiated from the Lynchburg on the basis
of higher metamorphic grade, rather than because of distinctive stratigraphy. Since this writer was unable to distinguish
the metasediments in this part of the Moneta gneiss from
those adjacent which are supposedly in the Lynchburg, it
seems likely that the fishscale schists, mylonites and folds
noted by Henika are of local significance only.
My most likely interpretation is that there is a single
continuous sequence of rocks present. The differences which
Conley and Henika observed between their Lynchburg for-

SMITH RIVER ALLOCHTHON
Stratigraphic Considerations
One of the most intriguing aspects of the stratigraphy of
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the vicinity of Martinsville (Location 4), the intrusion of the
Rich Acres norite has resulted in the formation of pegmatites, partial melt zones, hornfelsic textures, and a suite of
prograde metamorphic minerals which is imprinted on the
earlier minerals formed during regional metamorphic events.
In summary, there is no field evidence to suggest that the
Fork Mountain formation should have been divided into two
distinct stratigraphic units, or that the Fork Mountain garnetiferous biotite gneiss is derived from the Fork Mountain
schist by granitization or by a metasomatic process. Furthermore, geochemical evidence presented by Ragland (1973)
argues that there seems to be no reasonable way that the Fork
Mountain garnetiferous biotite gneiss can be derived from
the mica schist by a normal metasomatic or granitization
process. The boundary between the Fork Mountain schist
and biotite gneiss is not a stratigraphic or lithologic boundary, but a metamorphic one. (Sic)

the Smith River allochthon is the question of correct stratigraphic sequence. The generally accepted view (Conley and
Henika, 1970, 1973; Henika, 1971) is that Fork Mountain
formation overlies Basset formation in normal stratigraphic
succession. The alternate view which they present (1973, p.
50), is that the allochthon is an overturned limb of a recumbent isoclinal fold, and that the stratigraphy is overturned.
Scheible (unpublished manuscript) discovered a unit of
schist with interlayered quartzite and marble which lies
between the Fork Mountain formation and the Bassett formation. In Penhook quadrangle, northeast of Dickenson, this
unit is exposed along the Bowen Creek fault on the northwest limb of a major antiform. The rocks in these exposures
are of low metamorphic grade, and at one locality contain
well rounded quartz grains in which original grain boundaries are outlined by inclusion trains. Metamorphic grade
increases steadily to the southeast, toward the core of this
antiform. If one assumes that the presence of these relict textures indicates that these schists have never been strongly
metamorphosed, and if one also assumes that grade is likely
to increase as one goes down in the stratigraphic section,
then these rocks on the northeast limb of the fold must be relatively high in the stratigraphic section and thus the antiform
is an anticline. This indicates that the generally accepted
view of the stratigraphy as a normal is likely to be correct. Of
course, this evidence is not conclusive, but it does provide as
good an indication as is likely to be found until much more
mapping is completed.
One of the most controversial concepts put forth by
Conley and Henika is the division of the rocks of the Fork
Mountain formation into two units, a mica schist and a garnetiferous biotite gneiss derived from the schist by granitization (Conley and Towe, 1968; Henika, 1971; Conley and
Henika, 1973). The Fork Mountain schists in the vicinity of
Martinsville were mapped as occurring on uplands with the
biotite gneiss occurring in stream valleys.
In mapping Gladehill, Penhook, and Mountain Valley
quadrangles, this writer (unpublished manuscript) was
unable to find any systematic relationship between topography and rock type within the Fork Mountain Formation,
except that Fork Mountain, Turkeycock Mountain, and other
high ridges in the region are predominantly underlain by aluminous schists (Location 3). A careful examination of the
best and most complete exposures reveals that schists and
gneisses occur in the same proportions on uplands and in
stream valleys. The significant difference lies in the type of
rock visible in typical exposures. In general, schists are
exposed in the upland areas, where they are comparatively
resistant to the chemical weathering processes which predominate there, whereas the more feldspathic gneisses predominate in the stream valleys, where they are more resistant
to the physical weathering processes which predominate
there. This tendency occurs throughout both the Smith River
allochthon and the Blue Ridge anticlinorium. In addition, in

BOWENS CREEK FAULT
Nature of Faulting
Conley and Henika (1970, p. 34) named the fault which
separates the rocks of the Blue Ridge anticlinorium from
those of the Smith River allochthon the Bowens Creek fault,
and described it as a major thrust fault. The fault (Fig. 1) has
been mapped in detail from Philpot Reservoir quadrangle
(Conley and Henika, 1970) across Bassett quadrangle
(Henika, 1971), Snow Creek quadrangle (Conley and
Henika, 1973), Gladehill and Penhook quadrangles
(Scheible, unpublished manuscript), to Sandy Level quadrangle (Berquist, 1979). In addition, Espenshade, Rankin,
Shaw, and Newman (1975) have mapped the feature in
reconnaissance across the east half of the Winston-Salem
quadrangle. The data developed to date suggest that the fault
is not a simple thrust fault. The nature of this fault, and the
related issues of the allochthonous character of the Smith
River allochthon and of the stratigraphy of the James River
synclinorium remain key questions in understanding the
regional geology.
In the area mapped in detail, the fault itself has not been
seen in outcrops but the trace of the fault is a nearly straight
line trending about N50ºE. The fault plane appears to dip
uniformly at about 50-60 degrees to the southeast, although
Berquist (1979) reports klippen underlain by a low angle
fault which he correlates with the Bowens Creek fault. The
fault truncates the stratigraphic units and all mapped structures on either side of it. Rocks on the south side of the fault
are typically high grade, whereas those on the north side are
typically low grade, although according to Scheible's (1975)
interpretation, this difference lessens to the northeast as
metamorphic grade increases in the rocks of the Blue Ridge
anticlinorium and as lower grade rocks are exposed in the
Smith River allochthon.
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upper part of the Lynchburg Formation over the lower part of
the Lynchburg Formation in Sandy Level quadrangle. Several klippen of allochthonous rocks are also thrust over the
Lynchburg, with later rocks of the allochthon having been
juxtaposed with the Lynchburg along high-angle faults. If
this model is correct, it would also imply that some of the
Evington Group rocks in the James River synclinorium are
really Lynchburg rocks which have been thrust over the Candler. Furthermore, part of the rocks mapped as Lynchburg,
Candler, and Archer Creek Formations to the north would
actually be part of the Smith River allochthon. This model
has the virtue of being stratigraphically simple, in that similar appearing rocks are, in general, mapped as the same unit.
However, it does require considerable structural complexity.
All of the three models put forth to date to explain the
relationship between the rock of the Martinsville area and
those of the James River synclinorium are subject to criticism. Conley, Henika, and Algorts (1971) model does not
adequately explain the observations of Redden (1963),
Brown (1958) and Espenshade (1954). Scheible's (1975)
model may not be verifiable. Berquist's (1979) model
requires a complex structural framework, and also may be
open to questions about stratigraphic correlations. At
present, it is clear that no model yet proposed is entirely satisfactory.
The long-standing controversy over the stratigraphy and
structure of the James River synclinorium and the related
rocks to the southwest is conclusive proof of its geological
complexity. Many of the rocks are very similar in appearance, and any attempt to solve the stratigraphic difficulties
by suggesting that two separate blocks of rocks are involved
requires the investigator to distinguish between inherently
similar rocks which change metamorphic grade significantly
throughout the region. The poor exposures, especially in the
area southeast of Smith Mountain, make recognition and verification of proposed faults very difficult. Although further
models will undoubtedly be put forth in the future, it seems
likely that considerable detailed and comprehensive studies
utilizing the full range of chemical, geophysical, and other
analytical tools will be required before a generally acceptable, unique model for the geology of the James River synclinorium and the related rocks to the southwest can be
advanced.

The virtually straight trace and high dip of the Bowens
Creek fault are hardly typical of thrust faults (This writer's
interpretations of the geology of Sandy Level quadrangle
does not agree with Berquist's interpretation that klippe are
present). It is highly unlikely that the fault has been folded,
since the outcrop patterns reveal no evidence of such folding.
It is possible that the Bowens Creek fault itself is a high
angle fault which marks the edge of an allochthonous block.
If this interpretation is correct, then the klippen reported by
Berquist (1979) are underlain not by the Bowens Creek Fault
but by a fault which is truncated by the Bowens Creek fault.
Although the Bowens Creek fault probably represents an
important boundary between two different structural blocks,
additional investigation is required before any definitive
statements can be made about the nature and origin of the
fault and of the Smith River allochthon.

Regional Implications
The answer to questions on the nature of the Bowens
Creek fault may lie in further mapping of the area to the
northeast. Conley, Henika, and Algor (1971) extended the
Bowens Creek fault to the northeast through the area mapped
by Redden (1963) into the Lynchburg area in an attempt to
relate the stratigraphy and structure of the Martinsville area
to that of the James River synclinorium.
Scheible's (1975) reconnaissance in the same area suggested that Conley, Henika and Algor (1971) had confused
metamorphic isograds with stratigraphic boundaries and had
extended the Bowens Creek fault across continuous stratigraphic units of varying metamorphic grade. He traced the
Bowen Creek fault into a thrust fault mapped by Redden
(1963) which is located along the west tide of the King
George anticline and the Johnson dome. The fault mapped
by Redden was traced into a thrust fault in southwestern
Lynchburg quadrangle mapped by Brown (1958). The latter
fault in turn was connected with another mapped thrust fault
which extends well northeast of Lynchburg. This model conceptually explains the apparent contradictions between the
stratigraphy proposed by Redden (1963) and that proposed
by Espenshade (1954) and by Brown (1958); the gneiss
domes mapped by Redden are in a different structural block
than most of the rocks mapped by Brown and by Espenshade. If this interpretation is essentially correct, the type
locality of the Evington Group is in a different structural
block than the type localities (located to the northeast) of all
units in the Evington Group other than the Candler Formation; significant stratigraphic revision would be required.
Unfortunately, although Scheible's (1975)model is structurally simple, it does require that essentially identical rocks be
differentiated into different mapping units; as such it is a difficult one to verify.
More recently, Berquist (1979) has proposed that a complex series of faults has thrust Candler Formation aid the

SUMMARY AND CONCLUSIONS
The work done to date in the southwestern Virginia
Piedmont has provided excellent lithologic maps of a large,
continuous area. As could be expected from any initial effort
at mapping in a complex, poorly exposed terraine, it has
solved some questions and raised many others. The proper
correlations of rocks in the entire area with those to the
northeast must be worked out; this is especially true in the
Blue Ridge anticlinorium. The nature of the Bowens Creek
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fault is open to question; until that issue is resolved, the
allochthonous character of the Fork Mountain and Bassett
Formations must also be questioned. Similarly, the relationships between the structure and stratigraphy of the Martinsville area and the James River synclinorium have not yet
been adequately explained. Finally, the nature and extent of
folding and metamorphism in the area also appear to have
been oversimplified. Existing evidence suggests that most
published explanations have been considerably oversimplified. Plainly the considerable work which has been completed to date reveals how much work remains to be done.
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THE GRAVITY AND GEOLOGY OF THE CHARLOTTE 1° X 2° QUADRANGLE, NORTH CAROLINA AND
SOUTH CAROLINA
Frederick A. Wilson and David L. Daniels
U.S. Geological Survey
Reston, Virginia 22092

Within the quadrangle, Bouguer gravity anomalies correlate well with exposed major rock units and reflect the
lithology and structural styles of the Piedmont belts (see Fig.
1). Positive gravity anomalies generally coincide with mafic
rocks and negative anomalies generally coincide with felsic
rocks. Other geophysical data support these anomaly-rock
relationships. Aeromagnetic highs generally coincide with
mafic igneous rocks (U.S. Geological Survey, 1977a, 1977c,
1977f, 1978c) and aeroradioactivity highs generally occur
over potassium rich felsic rocks (U.S. Geological Survey,
1977b, 1977d, 1977e, 1978a, 1978b).

Most of the Charlotte 1° x 2° quadrangle is within the
Piedmont province and contains four of the major Piedmont
litho-tectonic belts (Fig. 1). Small parts of the Brevard fault
zone and the Blue Ridge ate in the northwest corner of the
quadrangle, and part of the Triassic-Jurassic Durham-Wadesboro Basin is located in the southeast corner.

MAP CONSTRUCTION
The construction of the gravity map of the Charlotte 1°
x 2° quadrangle (Plate 1) is described by Wilson and Daniels
(1980). It was compiled from 2,997 gravity measurements,
of which 1,286 were made by the senior author in 1977, and
the remainder were obtained from previous published
reports. All gravity measurements were tied to National
Gravity Network Station “Charlotte All (Dept. of Defense
Ref. No. 2096-1, Defense Mapping Agency, 1970) at the
University of North Carolina at Charlotte with a value of
979,728.06 mgls, adjusted to conform to the 1971 International Gravimetric Net (Morelli, 1974). Latitude corrections
are based on the 1967 International Gravity Formula (Internat. Assoc. of Geodesy, 1971), and Bouguer density of 2.67
gm/cc was used on all stations. No terrain corrections were
made because the topographic effect is negligible for most of
the map area.

Carolina Slate Belt
The slate belt is characterized by an undulating anomaly
pattern that reflects the open folds in the metasedimentary
and metavolcanic rocks in the southeastern part of the area
shown in the map. The broad 30-mgl high, which peaks at 5
(Fig. 1) in eastern Davidson County (Watkins and Yuval,
1966), N.C., is part of a band of positive gravity anomalies as
large as 50 mgls that lie east of the gravity gradient and
extend from Alabama to Connecticut. In Montgomery
County, N.C., the broad elliptical low indicated by W (Fig.
1) outlines felsic volcanic rocks of the Uwharrie Formation
and emphasizes the structure of the Troy anticline (Conley
and Bain, 1965). Part of the Carolina slate belt-Charlotte belt
boundary coincides with the Gold Hill-Silver Hill fault system. This system is expressed on the gravity map by a series
of small low-amplitude anomalies with flat eastern sides in
eastern Cabarrus and Rowan Counties, N.C. (Plate 1).

REGIONAL GRAVITY
The major feature of the gravity field in the Charlotte 1
0 x 2 0 quadrangle is a segment of a northeast-trending gravity gradient that extends the full length of the Appalachian
orogen from Gaspe Peninsula to Alabama (Griscom, 1963,
Woollard and Joesting, 1964; Haworth, 1978). The gravity
gradient lies between a deep low on the northwest and a plateau of higher values to the southeast and probably separates
crustal t6rranes of markedly different compositions. Griscom
(1963, p. 164) interpreted the gradient as a major break in the
crust of 6 km (4 miles) displacement; Rankin (1976, p. 5615)
suggested that the gradient marked the eastern edge of the
North America craton in Early Cambrian time; Haworth
(1978, p. 1094) as the edge of the Grenville basement in
Canada-, Long (1979, p. 181) as the rifted edge of Grenville
basement in the Piedmont; and Zietz and Hatcher (1979) as
the cryptic suture between Grenville basement and oceanic
crust. Within the quadrangle, superimposed on the gradient,
are major anomalies caused by shallower exposed rocks of
the Piedmont.

Charlotte Belt
The Charlotte belt has a knobby anomaly pattern caused
by many large granitic and gabbroic stocks. Major plutons in
the belt have been described by Butler and Ragland (1969).
Metamorphosed granitic plutons of the 413-386 m.y.-old
Salisbury group of Butler and Fullagar (1978) are concentrated along the eastern part of the belt. These plutons,
Southmount (A), Salisbury (B), and Gold Hill (C), are characterized by low-amplitude gravity lows (Figure 1, Plate 1),
aeromagnetic lows, and aeroradioactivity highs (U.S. Geological Survey, 1977a, 1977b). The low amplitudes of these
4-6 mgl gravity anomalies and the large 0.26 gr/cc density
contrast between mafic volcanic rocks and adamellite suggest plutons of 1.0-1.2-km thickness (Nettleton, 1976, p.
193). The anomaly at D, directly south of the Salisbury pluton (Morgan and Mann, 1964), is caused by a similar adam-
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Figure 1. Generalized geology and Piedmont belt boundaries modified from Goldsmith and others (1978) for the Charlotte 2° sheet
showing simple Bouguer contours.

of gabbro than is indicated by the small surface area of gabbro outcrop (Goldsmith and others, 1978; Bell, 1960). The
Weddington gabbro is responsible for the positive anomaly
at Q and may be a part of the Mecklenburg gabbro complex.

ellite body (Goldsmith and others, 1978).
A western group of 325-265-m.y.-old, post-metamorphic granitic plutons (Fullagar and Butler, 1979) forms a line
of large amplitude gravity lows. (Churchland-G, Landis-H,
Clover-K, York-L) in the central and western parts of the
belt. These plutons also have associated aeromagnetic lows
and very high aeroradioactivity anomalies. Two significant
gravity lows along this line at Berryhill (J) and Huntersville
(I) have associated aeromagnetic lows and aeroradioactivity
lows. Felsic metavolcanic rocks are exposed in the vicinity
of the gravity lows (J and I), but granitic plutons corresponding to the shape of the gravity lows do not crop out. The geophysical data suggest buried postmetamorphic granitic
plutons by analogy with the geophysical expression of the
Churchland and Landis plutons.
Major positive gravity anomalies in the belt are associated with large gabbro-metagabbro complexes. Most of these
have been discussed; the Barber and the Bear Poplar (N) by
Snyder (1963) and Clark and McSween (1980); the Concord
(0) by Morgan and Mann (1964); and the Mecklenburg (P)
by Hermes (1968). The linear gravity feature that runs from
the Bear Poplar and the Barber gabbros (N) to the Farmington gabbro (M) suggests that these bodies may be connected
at depth and that only a small part of the underlying intrusion
has been exposed by erosion. The large gravity high at Cornelius (R) suggests the presence of a larger subsurface mass

Kings Mountain Belt
The Kings Mountain belt-Charlotte belt boundary coincides with a gravity gradient that passes through northern
Mecklenburg and eastern Gaston Counties, N.C. The gradient is deflected from the mapped belt boundary (Goldsmith
and others, 1978) by the Clover granitic pluton (K) and
divides around the York granitic pluton (L) (Horton and Butler, 1977, p. 90) in York County, S.C. The lowest anomaly in
the Kings Mountain belt correlates with the Gastonia granitic
pluton (T) (Horton and Butler, 1977, p. 90). The narrow
elongate anomalies of this belt trend northeastward and
merge with Charlotte-belt anomalies in southern Iredell
County, N.C. Present gravity data give no evidence for further northward extension of the belt (Horton and Butler,
1977, p. 83).

Inner Piedmont
The Inner Piedmont-Kings Mountain belt boundary
(Goldsmith and others, 1978) is a major shear zone in Cherokee County and Cleveland County, N.C. (Horton and Butler,
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1979). This shear zone closely follows the northeast trending
gravity gradient in western Gaston and central Lincoln
Counties, N.C. The gradient widens where exposures of
Cherryville Quartz Monzonite (X) are found east of the shear
zone in western Gaston County. Present gravity data and the
northeast-trending linear gradient indicate that the fault may
extend into Lincoln County. The pattern of paired, rather
broad, low-amplitude high and low gravity anomalies in
southwestern Lincoln and southeastern Cleveland Counties
correlates with the Cherryville Quartz Monzonite (X) (Horton and Butler, 1977) and Toluca Quartz Monzonite (Y)
(Overstreet and others, 1963).
A strong regional gravity gradient covers most of the
Inner Piedmont and terminates in negative anomalies of -102
and -104 mgals over-the Blue Ridge in northwestern Burke
and Caldwell Counties, N.C. Disturbances in the relatively
smooth regional gravity gradient in the Inner Piedmont,
especially in the area west of the Toluca Quartz Monzonite,
may indicate other intrusive bodies.
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FIELD TRIP ROAD LOG
Saturday, October 11, 1980

ROAD LOG
Cumulative Distance
Miles

LEADERS: Van Price, Paul Thayer, and Norrie
Robbins
The Saturday field trip will assemble on the upper
(north) parking lot of the Holiday Inn, Danville, Virginia.
Participants should reach the assembly point in ample time
to board buses, which will depart at 8:00 a.m. sharp. Total
mileage for the Saturday trip is 78 miles; for Sunday it is 43
miles.
Before leaving participants should purchase bus tickets,
and tickets for Saturday lunch and the Saturday night banquet (8:00 p.m. at the Charcoal House, Danville).

0.0

0.0

0.15

0.15 TURN RIGHT (west) onto U.S. Highway 58
(Riverside Drive).

0.3

0.15 Note the flood plain on the north side of Dan
River, which has undergone extensive commercial development. In this area several large
stores have been damaged by floods in recent
years. From here to milepost 0.9 we are riding
on Dan River floodplain.

0.8

0.3

Intersection with Virginia Highway 51. Continue Westward on U.S. Highway 58.

0.9

0.1

Cross contact between alluvial floodplain
deposits and metavolcanic rocks. From here to
milepost 2.1 we are driving over interlayered
mafic and felsic metavolcanic rocks with
psamitic and pelitic meta-sedimentary rocks.

SUMMARY
The first day of the field trip consists of 9 stops at the
main rock types and is primarily concerned with stratigraphy, petrology, metamorphism, and structure of the Axton,
Brosville, Danville, Northeast Enden (formerly Draper), and
Whitmell 1:24,000 quadrangles. The Index Map (Figure 1),
map of Danville (Figure 2), and geologic maps of these
quadrangles (Henika and Thayer, 1977; and Price, Thayer,
and others, 1980) will be helpful for both geologic and geographic reference.
Leaving Danville, the buses will proceed westward to
Stops 1, 2, and 3 near Axton, Virginia (Axton quadrangle),
after which the route will continue to Stops 4, 5, and 6 in the
Northeast Eden, Virginia and North Carolina quadrangle.
Lunch will be served at the Solite Corporation quarry northeast of Eden, N.C. After lunch we will visit the Solite quarry
(Stop 7). Following Stop 7, the route continues northeast to
Stops 8 (northeastern part of Brosville quadrangle) and 9
(Whitmell quadrangle). At the conclusion of Stop 9, we will
return to Danville, following U.S. 58 most of the way.

8:30
9:00
9:50
10:25
11:10
12:00
12:45
1:50
3:00
4:15
5:30

1.5

0.35 U.S. Highway 29 S. overpass. Continue ahead
on U.S. Highway 58 west.

2.1

0.6

Holiday Inn
STOP 1
STOP 2
STOP 3
STOP 4
STOP 5
STOP 6
LUNCH
STOP 7
STOP 8
STOP 9
Holiday Inn

Contact between felsic metatuff and interlayered mafic and felsic metavolcanic unit. From
here to milepost 3.1 we are driving on felsic
metatuff.

2.75 0.65 Enter Pittsylvania County.
3.1

0.35 Crossing contact between felsic metatuff and
interlayered mafic and felsic metavolcanic unit.
From here to milepost 3.5 we are traveling on
interlayered felsic and mafic metavolcanic
rocks.

3.5

0.4

Contact between felsic metatuff and interlayered mafic and felsic metavolcanic unit. From
here to milepost 4.0 we are driving on felsic
metatuff.

4.0

0.5

Cross into interlayered mafic and felsic
metavolcanic unit.

4.6

0.6

Contact between interlayered mafic and felsic
metavolcanic unit and felsic metatuff. Travel
over felsic metatuff to milepost 5.8.

Leave

8:00
8:50
9:40
10:15
11:00
11:40
12:30
1:45
2:30
3:45
5:00

Begin road log at upper parking lot of Holiday
Inn, Danville. The Holiday Inn is built on interlayered mafic and felsic metavolcanic rocks.
From here to milepost 5.65 we are on the Danville 7.5' quadrangle. TURN LEFT (south) onto
Piney Forest Road.

1.15 0.25 Charcoal House Restaurant on right. The C.G.S.
banquet will be held here tonight at 8:00 p.m.

Tentative Schedule
Arrive

Explanation

Danville
Garnet Mica Schist Unit
Ridgeway Fault
Leatherwood Granite
Augen & Flaser Gneiss
Augen Gneiss Unit
Chatham Fault Zone
Solite Quarry
Cow Branch Formation
Dry Fork Conglomerate
Rich Acres Gabbro
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cobbles of quartz and quartzite mixed with
varying amounts of sand and clay. Due to
weathering the upper part of the deposits are
bleached white and many upper surfaces of
quartz pebbles and cobbles are etched and pitted. Terrace deposits are generally thin and best
preserved on gentle slopes and flat-topped hills
above present day drainage.

5.45 0.85 Intersection with State Road 870 on right. Continue ahead (west) on U.S. Highway 58.
5.6

0.15 Intersection with Pittsylvania County Road
1603 on right. Continue ahead on U.S. Highway
58.

5.75 0.05 Enter Brosville, Virginia – North Carolina 7.5
minute quadrangle.
5.8

0.15 Contact between felsic metatuff and interlayered mafic and felsic metavolcanic unit. From
here to the contact with Triassic rocks we are
traveling over interlayered mafic and felsic
metavolcanic rocks.

6.0

0.2

Just pass small pond on left (south) side of road
we are crossing the contact between Dry Fork
conglomerate facies and metamorphic “basement”. The contact here is obscured by a thin
veneer of terrace deposits, but is believed to be a
northwest-dipping, high-angle normal fault.

6.1

0.1

Saprolite of Dry Fork Conglomerate exposed in
ditches along right (north) side of highway. The
conglomerate is overlain by terrace deposits.

6.3

0.2

Crossing approximate contact between Dry
Fork Conglomerate facies and Dry Fork sandstone facies. The contact here is covered by terrace deposits.

7.95 0.5

Crossing diabase dike, here mostly covered by
terrace deposits. The dike is approximately 100
feet wide and trends N. 12° W. Grain size varies
from coarse to fine and texture is intergranular
and subophitic. Average composition is: plagioclase, 60.6 percent; clinopyroxene, 29.9 percent,
and opaque minerals, 9.4 percent.

8.35 0.4

Intersection with State Road 878. Note gently
rolling topography in this area, which is characteristic of areas with terrace cover. Continue
west on U.S. Highway 58.

8.75 0.4

Cross narrow dike, partially concealed by terrace deposits.

9.0

0.25 Intersection with State Road 875 on left (south)
sideof road a thin, north-trending dike passes
through the intersection.

9.1

0.1

Contact between Dry Fork sandstone facies and
Dry Fork conglomerate facies, which is here
concealed by terrace deposits. From here to next
milepost we are driving on Dry Fork conglomerate covered by terrace deposits.

9.2

0.1

Chatham Fault Zone, here concealed by terrace
deposits. The fault zone in this area is nearly
300 feet wide and characterized by lenses of
cataclastic rock, chiefly cataclasite and microbreccia. The fault zone consists of several intersecting faults whose individual traces are
relatively straight and trend from N50E to
N80E. The fault planes are not exposed within
the mapped area, but Meyertons (1963, p. 38)
believes they dip nearly 65° to the east and
south. Rocks on the upthrown blocks are garnetmica schist in this area.

9.3

0.1

Intersection with State Road 869 on right
(north). Continue ahead on U.S. Highway 58
west.

9.4

0.1

Contact between garnet-mica schist and muscovite-biotite gneiss unit, which is here concealed
by a cover of terrace deposits. From here to next
milepost we are driving on gneiss unit, covered
by terrace deposits.

9.8

0.4

Cross Ridgeway Fault at Dehart Brothers Lumber Company on right. The Ridgeway fault

6.35 0.05 Contact between terrace cover and Dry Fork
sandstone facies. From here to milepost 7.45 we
are driving over Dry Fork sandstones.
6.8

0.45 Exposures of Dry Fork sandstone facies on right
(north) side of road.

6.9

0.1

Intersection with Virginia Highway 51 on right
(north). Continue ahead on U.S. Highway 58
west.

6.95 0.05 Crossing diabase dike. The dike trends N100E,
is 50 feet wide, and displays subophitic and
intergranular texture. Average composition is:
Olivine, 2.0 percent; plagioclase, 68 percent;
clinopyroxene, 27.6 percent; and opaque minerals, 2.4 percent.
7.15 0.2

Intersection with Virginia Highway 863 (to
Eden) on left (south). New exposure of Dry
Fork sandstone and brick red mudstone on right
(north) side of road.

7.35 0.2

State Road 872 on right (north). Continue ahead
on U.S. Highway 58.

7.45 0.1

Contact between Dry Fork sandstone facies and
terrace deposits. From here to milepost 9.5 we
are driving on terrace deposits. The terrace
deposits are composed of rounded pebbles and
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10.3 0.5

11.1 0.8

amphibolite to next milepost.

makes a loop through this area so that we ride
over rocks of the Smith River allochthon (Fork
Mountain Formation) until milepost 11.1.

17.85 0.1

Intersection with State Road 877 on right
(north). Continue ahead on U.S. Highway 58
west.

Contact between Fork Mountain Formation and
garnetiferous amphibolite. Drive across Fork
Mountain Formation to next milepost.

18.05 0.2

Cross Ridgeway Fault. From here to next milepost we are traveling on muscovite and muscovite-biotite gneiss that contains interlayers of
mica schist and amphibolite.

Contact between garnet mica schist and Fork
Mountain Formation. Travel over garnet mica
schist to milepost 18.45.

18.25 0.2

Intersection with State Road 617 on right
(north).

18.45 0.2

Contact between garnetiferous amphibolite and
garnet-mica schist. Drive across garnetiferous
amphibolite to next milepost.

11.85 0.75 Contact with augen gneiss unit. Drive across
augen gneiss unit to milepost 14.4
11.95 0.1

Brosville School on left (south) side of road.

18.5 0.05 Contact between garnetiferous amphibolite and
garnet mica schist. From here to milepost 19.15
drive across garnet mica schist.

12.2 0.25 State Road 841 on right (north). Continue ahead
on U.S. Highway 58 west.

18.8 0.3

13.15 0.95 Leave Brosville quadrangle and enter Northwest Eden 7.5 minute quadrangle.
13.55 0.4

Intersection with State Road 622 on left (south).
Continue ahead on U.S. Highway 58 west.

19.15 0.35 Cross 300 foot wide lens of garnetiferous
amphibolite.

13.6 0.05 Leave Northwest Eden quadrangle and enter
Axton 7.5 minute quadrangle.
14.4 0.8

Intersection with State Road 647 on right
(north). Continue ahead on U.S. Highway 58
west.

19.2 0.05 Cross into muscovite and muscovite-biotite
gneiss unit that contains interlayers of mica
schist and amphibolite.

Contact between augen gneiss and muscovitebiotite gneiss; from here to next milepost we are
driving over muscovite-biotite gneiss.

19.95 0.75 Contact between muscovite-biotite gneiss unit
and garnetiferous amphibolite. Drive across garnetiferous amphibolite to next milepost.

14.55 0.15 Contact between garnetiferous amphibolite and
muscovite-biotite gneiss unit. Drive over garnetiferous amphibolite to next milepost.
14.9 0.35 Contact between garnetiferous amphibolite and
muscovite-biotite gneiss unit. Drive across
gneiss unit to milepost 16.35.

20.25 0.3

Cross northwest-trending diabase dike and into
terrace cover.

20.35 0.1

Intersection with State Road 772 on right
(north). Continue ahead on U.S. Highway 58
west.

15.95 1.05 Intersection with State Road 855 on right
(north). Continue ahead on U.S. Highway 58
west.

20.4 0.05 Contact between terrace cover and garnet mica
schist. Travel over garnet mica schist to Stop 1.

16.35 0.4

Contact between muscovite-biotite gneiss and
garnetiferous amphibolite. From here to next
milepost we will travel over garnetiferous
amphibolite.

20.9 0.5

16.95 0.6

Terrace and alluvial deposit cover from here to
milepost 17.45.

TURN LEFT across U.S. Highway 58 median
onto State Road 620 south, and immediately
turn right into field and park.

STOP 1:
Retrace route back to intersection of State Road
620 and U.S. Highway 58 east.

17.4 0.45 Enter Henry County.

21.15

17.45 0.05 Cross 300 foot wide lens of garnetiferous
amphibolite.

0.25Continue directly across U.S. Highway 58
onto State Road 648 and proceed northwest.

21.2

0.05Contact between garnet mica schist and
muscovite-biotite gneiss unit. Drive over gneiss
unit to next milepost.

21.5 0.3

Contact between muscovite-biotite gneiss unit
and garnet mica schist unit.

17.5 0.05 Terrace cover from here to milepost 17.75.
17.6 0.1

Cross northeast-trending diabase dike that is
partially concealed by terrace cover.

17.75 0.15 Contact between garnetiferous amphibolite and
terrace cover. Drive across garnetiferous

21.55 0.05 TURN RIGHT onto State Road 616 and imme-
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unit to milepost 27.85.

diately TURN LEFT into Virginia Department
of Highways gravel parking area.

27.8 0.15 Note large electric-generating windmill on left
(east) side of road.

STOP 2:

27.85 0.05 Contact between garnetiferous amphibolite and
garnet mica schist. Drive on garnetiferous
amphibolite to next milepost.

Turn around in parking area and return to intersection of State Roads 616 and 648.
21.6 0.05 TURN RIGHT onto State Road 648 and proceed northwestward.
21.7 0.1

27.95 0.1

Contact between Rich Acres Formation (pyroxene gabbro and norite) and garnet mica schist.
Drive across Rich Acres Formation to milepost
21.85.

Contact between muscovite-biotite gneiss unit
and garnetiferous amphibolite. Drive over muscovite-biotite gneiss unit to next milepost.

21.75 0.05 Sheared gabbro in roadcut on right (northeast).

28.1 0.15 Cross 150 foot wide garnetiferous amphibolite
lens into garnet mica schist unit. Drive over garnet mica schist to milepost 28.9.

21.85 0.1

28.5 0.5

Leave Axton 7.5 minute quadrangle and enter
Northeast Eden 7.5 minute quadrangle.

28.9 0.4

Contact between garnet mica schist and garnetiferous amphibolite. Drive across garnetiferous
amphibolite to next milepost.

29.0 0.1

Contact between terrace deposits and garnetiferous amphibolite. Drive on terrace deposits to
milepost 30.4. The terrace deposits are a thin
veneer of sand and gravel overlying augen
gneiss and muscovite-biotite gneiss.

30.3 1.3

TURN LEFT (southeast) onto State Road 700
and cross Southern Railroad tracks into Pittsylvania County.

30.4 0.1

Contact between terrace deposits and gneiss.
Exposures of gneiss in drainage ditch on right
(south) side of road for the next 0.1 mile.

Contact between Rich Acres Formation and
Leatherwood Granite. Drive across Leatherwood Granite to milepost.

22.0 0.15 TURN RIGHT (north) onto State Road 1620
(Eagle Road).
22.1 0.1

TURN LEFT (northwest) onto State Road 1621
(Robin Drive).

22.3 0.2

Turn onto right shoulder of State Road 1621 and
park.

STOP 3:
Continue northwest on State Road 1621.
22.5

0.2
Intersection of State Roads 1621 and
1622 (Cardinal Road). TURN LEFT (southwest)
onto State Road 1622.

22.65 0.15 TURN LEFT (south onto State Road 648).
Intersection with State Road 1620 on left
(northeast). Continue ahead on State Road 648.

30.65 0.25 Pull off on right side of road and park.

23.10 0.15 Contact between Leatherwood Granite and Rich
Acres Formation.

Retrace route back to State Road 610.

22.95 0.3

23.7 0.6

STOP 4:

Intersection with U.S. Highway 58 west. Proceed across median and TURN LEFT onto U.S.
Highway 58 east.

25.85 2.15 TURN RIGHT (south) onto State Road 610
towards Aiken Summit. From here to milepost
27.4 we are riding on garnet mica schist.

31.05 0.4

TURN LEFT (south) onto State Road 610. From
here to next milepost travel over terrace deposits.

31.35 0.3

Contact between terrace deposits and garnetiferous amphibolite. Drive on garnetiferous
amphibolite to next milepost.

26.1 0.25 Cross railroad tracks in Axton and continue
ahead (south) on State Road 610.

31.5 0.15 Contact between muscovite-biotite gneiss unit
and garnetiferous amphibolite. Drive across
muscovite-biotite gneiss unit to next milepost.

27.5 1.3

31.7 0.2

Contact between garnetiferous amphibolite and
garnet mica schist. Drive over garnetiferous
amphibolite to milepost 27.65.

Contact between garnetiferous amphibolite and
muscovite-biotite gneiss. Drive on garnetiferous
amphibolite to milepost 32.8.

27.45 0.05 Intersection with State Road 697 on right (west)
in community of Boxwood. Continue ahead
(south) on State Road 610.

31.75 0.05 Intersection with State Road 650 on right (west)
in community of Aiken Summit. Continue
ahead (south) on State Road 610.

27.65 0.2

31.8 0.05 Contact between garnetiferous amphibolite and
terrace deposits. Drive across terrace deposits to

Contact between garnetiferous amphibolite and
garnet mica schist. Drive on garnet mica schist
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and mudstone facies, here covered by terrace
deposits.

milepost 32.8.
32.05 0.25 Intersection with State Road 621 on left (southeast). Proceed ahead (south) on State Road 610.

38.65 0.1

32.8 0.75 Contact between muscovite-biotite gneiss unit
and terrace deposits. Drive across muscovitebiotite gneiss to next milepost.

Edge of terrace deposits. From here to milepost
40.1 drive across Stoneville red mudstone
facies.

38.95 0.3

Intersection with State Road 1017 on left
(north). Continue ahead (east) on State Road
622.

33.0 0.2

33.1 0.1

Contact between muscovite-biotite gneiss unit
and garnet mica schist unit. Drive across garnet
mica schist to next milepost.

39.3 0.35 Note deep red color of soil developed on
Stoneville mudstones.

Contact between muscovite-biotite gneiss and
garnet mica schist. Drive across gneiss unit to
next milepost.

39.5 0.2

33.25 0.15 Contact between augen gneiss and muscovitebiotite gneiss. Drive across augen gneiss to next
milepost.

Intersection with State Road 866. Exposure of
Stoneville red mudstone on southeast corner of
intersection. Continue ahead (east) on State
Road 622.

40.1 0.6

33.3 0.05 Contact between terrace deposits and augen
gneiss. Drive across terrace deposits to milepost
34.95.

Contact between Cow Branch Formation and
Stoneville red mudstone facies. Drive across
Cow Branch black mudrocks to milepost 40.55.

40.2 0.1

Intersection with State Road 859 on right
(south). Continue ahead on State Road 622.

40.25

0.05Contact between terrace deposits and Cow
Branch mud rocks. Drive across terrace deposits
to next milepost.

34.95 0.05 Cross Chatham Fault Zone into augen gneiss
unit.

40.35

0.1Exposures of Cow Branch mudrocks from
here to Cascade Creek.

35.35 0.4

40.45

0.1Cross Cascade Creek. Note exposures of
Cow Branch Formation in Creek.

40.5

0.05Contact between terrace deposits and Cow
Branch Formation. Drive across terrace cover to
milepost 42.55.

40.55

Pull off on right shoulder of State Road 622 (on
west side of bridge) and park.

0.05Gradational contact between Cow Branch
Formation and Stoneville sandstone facies, here
covered by terrace deposits.

40.65

Turn around and retrace route in an easterly
direction on State Road 622.

0.1Gradational contact between Stoneville conglomerate facies and Stoneville sandstone
facies, here concealed by terrace cover.

40.8

0.15TURN LEFT (north) on State Road 855.

40.85

0.05Saprolite of Stoneville conglomerate in
ditch on right (east) side of road from here to
milepost 40.950.10The conglomerate is covered
by terrace deposits.

34.7 1.4
34.9 0.2

Cross Chatham Fault Zone, here covered by terrace deposits.
TURN RIGHT (west) on State Road 622
towards Ridgeway.

Terrace cover on augen gneiss unit from here to
milepost 35.5

35.8 0.45 Exposures of augen gneiss saprolite along both
sides of road.
36.1 0.3

Cross floodplain of Smith River.

36.15 0.05 Cross bridge over Smith River.
36.25 0.1
STOP 5:

37.6 1.35 Intersection with State Road 610. Proceed ahead
(east) on State Road 622. From here to milepost
38.65 we are driving across high level terrace
deposits that cover Stoneville conglomerates
and sandstones.
38.0 0.4

41.15 0.30 Intersection with State Road 621. Park just
before stop sign and walk to the left (west)
along 621 to the bridge over Cascade Creek
where cataclastic rocks along Chatham fault are
exposed in the creek bed.

Contact between Stoneville conglomerate facies
and sandstone facies that is covered by terrace
deposits. Drive over sandstone facies to milepost 38.55.

STOP 6:

38.45 0.45 Enter Pittsylvania County.
38.55 0.1

TURN RIGHT (east) onto State Road 621.
Drive across cataclastic rocks covered by ter-

Contact between Stoneville sandstone facies
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milepost 47.4.

race to next milepost.
47.15 0.2

41.35 0.20 Contact between cataclastic rocks and Stoneville conglomerate facies, here covered by terrace
deposits. Drive across Stoneville conglomerate
(covered by terrace) to milepost 42.1.
41.65 0.3

TURN RIGHT (west) onto State Road 622 in
community of Cascade.

41.95 0.3

Intersection with State Road 855 on right
(north). Continue ahead (west) on State Road
622.

47.4 0.25 Cross from floodplain into terrace cover.
47.75 0.35 Cross W.N.W. - trending diabase dike, partially
covered by terrace deposits. The rock has
isogranular texture and is medium to coarse
grained. Modal composition is: plagioclase,
56.2 percent; clinopyroxene, 40.5 percent; and
opaque minerals, 3.3 percent.
47.95 0.2

42.3 0.35 Bridge over Cascade Creek.
42.5 0.2

48.4 0.1

Cross gradational contact between Pine Hall red
mudstone facies and Cow Branch Formation,
which is here covered by terrace deposits. Drive
across Cow Branch (covered by terrace) to
milepost 50.45.

48.6 0.2

Enter Virginia. Road becomes State Road 863.

48.8 0.2

Enter Brosville, Va.-N.C. 7.5 minute quadrangle.

49.1 0.3

Exposures of weathered Cow Branch mudstone
in ditch along right side (southeast) side of road.

49.2 0.1

Berry Hill Farm on right (east). The original
portion of the house was built in 1745 and there
have been several additions. The property was
used as a hospital for General Nathaniel
Greene's army during the spring of 1781, following the battle of Guilford courthouse.

49.3 0.1

Good exposures of terrace deposits along the
left (northwest) side of road for next 0.3 mile.

49.6 0.3

Floodplain from here to milepost 50.0.

49.8 0.2

Intersection with State Road 880 on right
(south). Continue ahead (northeast) on State
Road 863.

50.0 0.2

Pass from floodplain onto terrace deposits as we
go uphill. Drive on terrace cover to milepost
54.0.

50.1 0.1

Excellent exposure of terrace gravels on roadcut
to milepost 50.4.

42.6 0.05 Cascade Station Post Office on left (east).
Gradational contact between Stoneville red
mudstone facies and Cow Branch Formation.
Drive across Cow Branch Formation to milepost 46.3. The flat topography developed on relatively soft Cow Branch mudrocks in this
region.

43.4 0.7

Intersection with State Road 860 on left (east).
Continue ahead (south) on State Road 859.

43.8 0.4

North Carolina State Line. Enter Rockingham
County. Road is now numbered 1743.

44.3 0.5

Anaconda wire and cable plant on right (west).

44.45 0.15 TURN LEFT (east) onto N.C. State Road 770.
44.5 0.05 TURN LEFT (north) into Solite Corporation
Eden Plant.
45.15 0.65 Solite quarry office. Park and eat lunch.
STOP 7:
Retrace route back to N.C. 770.
45.85 0.7

TURN LEFT (east) onto N.C. 770.

46.25 0.4

Roanoke Webster Brick Plant on left (north).
Weathered mudrocks from Cow Branch and
Pine Hall Formations are used for brick manufacture.

Transco substation on right (south).

48.3 0.35 Rockingham County Road 1745 on left (northwest). Continue ahead on N.C. 770.

Cross railroad tracks and TURN LEFT (south)
onto State Road 859.

42.55 0.05 Exposure of Stoneville red mudrock facies on
right (west) side of road.
42.7 0.1

Cross Cascade Creek.

46.3 0.05 Cross gradational contact between Cow Branch
Formation and underlying Pine Hall red mudstone facies. Drive across Pine Hall mudstone
facies, which is mostly covered by terrace
deposits, to milepost 48.4.

50.45 0.35 Contact between Cow Branch Formation and
Pine Hall sandstone facies, which is here covered by terrace deposits.

46.5 0.2

51.5 0.3

Exposure of Pine Hall sandstone in ditch on
right (south).

51.8 0.3

Cross Trotters Creek.

51.2 0.75 Weathered Pine Hall sandstone exposure in
ditch on right side (south) of road.

Contact between Pine Hall red mudstone facies
and terrace deposits. Drive on terrace to next
milepost.

46.95 0.45 Cross floodplain of Cascade Creek from here to
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52.3 0.5

Cross arbitrary cutoff between Pine Hall and
Dry Fork Formations. Drive on Dry Fork Formation (sandstone facies), covered by terrace
deposits from here to milepost 58.05.

52.4 0.1

Saprolite of Dry Fork sandstone in ditch along
right side of road.

52.5 0.1

Cross McGuff Creek.

54.0 1.5

Contact between Dry Fork sandstone facies and
terrace deposits. Drive over Dry Fork sandstones from here to milepost 54.4.

54.1 0.1
54.4 0.3

Dry Fork conglomerate facies. Drive across Dry
Fork sandstone facies (in part covered by terrace deposits) to milepost 62.5.
58.52 0.02 Terrace deposits on top of Dry Fork sandstone
facies.
58.6 0.08 Leave Brosville 7.5 minute quadrangle and
enter Whitmell 7.5 minute quadrangle.
58.7 0.1

Leave Whitmell 7.5 minute quadrangle and
enter Mount Hermon 7.5 minute quadrangle.

59.8 0.1

Intersection with State Road 874. Continue
ahead on State Road 863.

Contact between Dry Fork sandstone facies and
terrace deposits. Drive across Dry Fork sandstone facies to milepost 62.5.

Contact between terrace deposits and Dry Fork
sandstone facies. Drive across terrace cover to
milepost 56.1.

59.85 0.05 TURN LEFT (northwest) on State Road 750.
Note exposure of Dry Fork sandstone on northwest corner of intersection.

55.25 0.85 Intersection with State Road 878 on left (northeast) on State Road 863.

60.1 0.25 Cross terrace deposits and recent alluvium of
Hickory Forest Creek. The hill in front of us is
underlain by resistant Dry Fork sandstones.

55.3 0.05 Cross north-trending diabase dike, here concealed by terrace cover.
56.1 0.8

56.3 0.2

60.8 0.7

Contact between Dry Fork sandstone facies and
terrace deposits. Drive on Dry Fork sandstone
facies from here to milepost 57.6.

At the crest of the hill in the community of New
Mt. Cross bear left and proceed west on State
Road 844.

60.85 0.05 Enter Whitmell 7.5 minute quadrangle and
leave Mount Hermon 7.5 minute quadrangle.

Intersection with State Road 872 on right. Continue ahead on State Road 863. Good exposures
of Dry Fork sandstone occur from here to the
intersection with U.S. Highway 58.

61.6 0.75 Crest of Whiteoak Mountain. View directly
ahead (west) is the Piedmont “lowland”.
6.18 0.2

Intersection with State Road 868 on left (southwest). Proceed west on State Road 844.

62.5 0.7

Intersection with State Road 873. Continue
ahead (north) on State Road 863.

Cross Chatham fault zone, here concealed by
alluvium of Silver Creek. Dry Fork sandstone is
the downthrown block and garnetiferous biotite
gneiss of the Fork Mountain Formation is on the
upthrown block. Drive across garnetiferous
biotite gneiss to next milepost.

57.6 0.05 Contact between Dry Fork sandstone facies and
terrace deposits. Drive across thin terrace cover
to next milepost.

62.75 0.25 Contact between terrace deposits and garnetiferous biotite gneiss. Drive across terrace deposits
to milepost 63.4.

57.95 0.35 Contact between Dry Fork sandstone facies and
terrace cover. Drive across Dry Fork sandstone
facies to next milepost.

62.95 0.2

56.4 0.1

TURN RIGHT (east) onto U.S. Highway 58 and
get into left lane.

56.6 0.2

TURN LEFT (east) onto State Highway 51.

56.95 0.35 TURN LEFT (north) onto State Road 863.
57.55 0.6

58.05 0.1

Contact between Dry Fork conglomerate facies
and Dry Fork sandstone facies. Drive across
Dry Fork conglomerate facies to milepost 58.5.

58.25 0.2

Cross bridge over Sandy River.

63.4 0.45 Contact between Rich Acres Norite and terrace
deposits. From here to milepost 64.4 we will
drive across norite.
63.8 0.4

58.3 0.05 Just pass north end of bridge pull onto right
shoulder of road and park.

STOP 9:

STOP 8:

64.0 0.2
Proceed north on State Road 863.

58.5 0.2

TURN RIGHT (north) onto State Road 869 in
community of Sharon.

Contact between Dry Fork sandstone facies and
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TURN LEFT on State Road 9234 into Turnstall
High School, and turn left in front of the school
and park at the south end of the driveway.
TURN RIGHT (south) out of Tunstall High
School onto State Road 860 and retrace route
back to Sharon.
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64.4 0.4

Contact between terrace deposits and Rich
Acres Norite. Drive across terrace deposits to
milepost 65.5.

68.25 0.1

Contact between muscovite-biotite gneiss and
terrace deposits. Drive across gneiss to next
milepost.

64.6 0.2

Intersection with State Road 844 in Community
of Sharon. Continue ahead (south) on State
Road 869.

68.75 0.5

Contact between garnet mica schist and muscovite-biotite gneiss. Drive across garnet mica
schist to next milepost.

65.6 1.0

Contact between terrace deposits and schist unit
of Fork Mountain Formation. Drive over schist
to next milepost.

68.9 0.15 Intersection with U.S. Highway 58 west. Proceed across median with caution and TURN
LEFT onto U.S.Highway 58 east. Retrace route
back to Holiday Inn, following U.S. 58 all the
way.

65.75 0.15 Contact between gneiss unit of Fork Mountain
Formation and schist unit of Fork Mountain
Formation. Drive across Fork Mountain gneiss
unit to milepost 66.25.

78.3 9.4

Upper parking lot of Holiday Inn, Danville.

66.2 0.45 Intersection with State Road 868 on left (east).
Proceed ahead (southwest) on State Road 869.

FIELD TRIP ROAD LOG - SECOND DAY

66.25 0.05 Cross Chatham fault zone, here marked by a
300 foot wide band of cataclastic rock. Drive
across cataclastic rock to milepost 66.95.

Sunday, October 12, 1980

66.45 0.2

Cross Sandy River. There is an excellent exposure of sheared Dry Fork conglomerate on the
south bank of the river approximately 150 feet
southeast of the bridge.

66.75 0.3

Boulder of sheared Dry Fork conglomerate in
front yard on left (south) side of road.

Leaders: William S. Henika and Paul A. Thayer
The Sunday field trip will assemble on the upper, I parking lot of the Holiday Inn, Danville, Virginia. Participants
should reach the assembly point in ample time to board
buses, which will depart at 8:00 a.m. sharp.

SUMMARY
Today is trip will proceed southward from the Holiday
Inn to Stops 11 and 12, which are in North Carolina, just
south of the Danville City limit. The route will be retraced in
part to Stop 13 near the western edge of the Danville quadrangle. From Stop 13 the route will be northeastward along
the eastern margin of Danville basin to-Stop 14, which is
located on top of Whiteoak Mountain in the northeastern part
of the Mount Hermon quadrangle.

66.8 0.05 Intersection with State Road 878 on right
(northwest). Continue ahead (southwest) on
State Road 879.
66.95 0.15 Cross Chatham fault zone. Sheared Fork Mountain gneiss in on the upthrown block. Travel
across Fork Mountain gneiss unit to milepost
67.8.
67.0 0.05 Intersection with State Road 878 on left (southeast). Proceed southwest on State Road 869.
67.3 0.3
67.8 0.5

Schedule
Arrive

Exposure of weathered Fork Mountain gneiss
on right (north) side of road.

8:15

Contact between Fork Mountain gneiss unit and
Rich Acres gabbro. Travel over gabbro to milepost 68.0.

9:30

67.9 0.1

Enter Brosville 7.5 minute quadrangle.

10:20
11:15

68.0 0.1

Contact between Fork Mountain gneiss unit and
Rich Acres gabbro. Travel across Fork Mountain gneiss to next milepost.

12:30

68.08 0.08 Contact between Fork Mountain schist and Fork
Mountain gneiss. Travel across Fork Mountain
schist to next milepost.

Leave

8:00 a.m.Holiday Inn, Danville, Virginia.
9:15
STOP 10
Vulcan Materials Quarry,
Shelton Formation.
10:00 STOP 11
Interlayered Mafic and Felsic
Metavolcanic rocks.
10:50 STOP 12
Felsic Metatuff.
12:00 STOP 13
Dry Fork Formation, sandstone facies.
Holiday Inn

ROAD LOG
CumulativeDistance
Miles

68.15 0.07 Contact between terrace deposits and Fork,
Mountain schist. Travel over terrace deposits to
next milepost.

0.0
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0.0

Explanation

Begin road log at upper (north) parking lot of
Holiday Inn, Danville. TURN LEFT (south)
onto Piney Forest Road.
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upper units of metamorphosed volcanic-sedimentary rocks just north of Virginia Manor
Motel. Lack of outcrops on the upland surface
and light-colored sandy soils is characteristic of
the upper unit.

0.15 0.15 TURN RIGHT (west) onto U.S. Highway 58.
0.35 0.2

TURN RIGHT onto ramp leading to U.S. Highway 29 south.

0.75 0.4

Cross Dan River.

0.8

0.05 TURN RIGHT (southwest) onto Memorial
Drive. From here to milepost 1.85 we are traveling over interlayered mafic and felsic metavolcanic rocks.

1.5

Diabase boulders occur on both sides of U.S.
Highway 29. The trace of the diabase dike is
inferred to cross the highway at Forest Lawn
Church.

1.55 0.75 Good exposure of metavolcanic rock on left
(north) side of road.

10.4 0.6

TURN LEFT (north) onto U.S. Highway 29
Bypass (Memorial Drive).

1.85 0.3

Cross onto Dan River floodplain. This area was
covered with water during the 1972 flood.

11.3 0.9

TURN LEFT (northwest) at stop light onto Robertson Bridge over Dan River (Park Road).

2.25 0.4

Robertson Bridge across Dan River on right
(north). Stay in left lane and follow U.S. Highway 29 south sign.

11.65 0.35 TURN RIGHT onto entrance ramp leading to
U.S. Highway 58 west.

2.4

0.15 Dan River Park on right. It is developed on
floodplain and has been flooded in recent years,
but the type of development is such that it is not
seriously threatened by periodic floods.

3.1

0.7

9.8

11.85 0.2

13.0 1.15 Enter Pittsylvania County.

TURN RIGHT at top of hill following U.S.
Highway 29 (West Main Street).

14.35 1.35 Intersection with State Road 1629. Continue
ahead on U.S. Highway 58 west.

4.95 1.85 Railroad crossing.
5.3

0.35 TURN LEFT (east) onto State Road 1156.

5.5

0.2

14.65 0.3

Intersection with State Road 1157. Continue
ahead on State Road 1156.

Quarry office. Turn right, following haulage
road to quarry.

6.55 0.4

STOP 10.

Turn onto right shoulder of U.S. 58 west and
park. Walk across highway (south) to exposure
on the east side of Wilson's Restaurant.

STOP 12:

5.65 0.15 TURN RIGHT to Vulcan Materials Company
quarry road and cross Virginia - North Carolina
boundary.
6.15 0.5

New exposures on right (north) side of road are
hornblende and biotite gneiss of the lower unit
of the metamorphosed volcanic-sedimentary
rocks.

15.9 1.25 Enter Brosville, Virginia - North Carolina 7.5
minute quadrangle.
17.15 1.25 TURN RIGHT (east) on Virginia Highway 51
and get into left lane.
17.5 0.35 TURN LEFT (north) onto State Road 863.
18.8 1.3

STOP 10:

Cross bridge over Sandy River.

Retrace route back to State Road 1156.

19.15 0.35 Leave Brosville 7.5 minute quadrangle and
enter Whitmell 7.5 minute quadrangle.

7.45 0.9

TURN LEFT onto State Road 1156

19.25 0.1

7.55 0.1

TURN LEFT onto State Road 1157.

7.7

20.3 1.05 Cross power line.

0.15 Stop Sign. TURN LEFT onto U.S. 29 south, and
stay in left lane.

20.4 0.1

Intersection with State Road 750 at Mt. Cross.
Continue ahead on State Road 863 north. The
exposures on the northwest corner of this intersection are coarse grained Dry Fork sandstones.
The eastern border of Danville basin is about
1000 feet southeast of this intersection along
State Road 750.

20.6 0.2

Contact between Dry Fork sandstone facies and
overlying terrace deposits. We will drive over
terrace deposits to next milepost.

7.85 0.15 TURN LEFT across median onto U.S. 29 north.
7.95 0.1

Turn onto right shoulder of U.S. Highway 29
north and park.

STOP 11:
Proceed northward on U.S. Highway 29.
8.2

0.25 Intersection with State Road 1157 on right
(east). Continue on U.S. Highway 29.

8.3

0.1

Leave Whitmell 7.5 minute quadrangle and
enter Mount Hermon 7.5 minute quadrangle.

Danville city limits. Contact between lower and
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ered mafic and felsic metavolcanic rocks. From
here we will ride on terrace cover to milepost
26.55.

21.35 0.75 Contact between terrace deposits and Dry Fork
sandstone facies. Drive over sandstone to milepost 22.05.
21.75 0.4

Intersection with State Road 747 on right
(southeast). Continue ahead on State Road 863.

21.85 0.1

Large boulders on left (north) side of road just
past Fleemon Church are Dry Fork sandstone.

22.05 0.2

Contact between Dry Fork sandstone facies and
overlying terrace deposits. From here to milepost 22.55 we are driving on thin terrace deposits on top of Dry Fork sandstone.

22.45 0.4

Intersection with State Road 883 on left (west).
Continue ahead (north) on State Road 863.

22.55 0.1

Contact between terrace deposits and Dry Fork
sandstone facies. From here to milepost 23.45
we are driving on Dry Fork sandstones.

22.75 0.2

Good exposures of Dry Fork sandstone are
located along the creek on the right (east) side
of the road.

24.75 0.1

25.0 0.25 Intersection with State Road 796 on left (west).
Continue ahead on State Road 863.
25.1 0.1

Boulders of Dry Fork sandstone project through
terrace cover along right (southeast) side of
road.

25.3 0.2

Whiteoak Mountain, a northeast-trending hogback ridge formed by sandstones of Dry Fork
Formation, is directly ahead of us. Maximum
elevation of Whiteoak Mountain is 1150 feet
and maximum local relief within Danville basin
in the Mount Hermon quadrangle is 520 feet.
Average relief is about 200 feet. Land-use patterns are controlled chiefly by topography
within the Triassic belt. Generally, areas above
800 feet elevation, which are characterized by
steep slopes of between 20 and 30 percent (9
and 13 degrees), are forested and sparsely populated. Numerous small tobacco farms are
located in areas below 800 feet because of more
gentle slopes and a thicker soil cover.

25.5 0.2

Stop sign at intersection of State Road 863 and
State Highway 41. TURN LEFT (northwest) on
Virginia Highway 41.

25.6 0.1

TURN RIGHT (northeast) on State Road 863.

22.9 0.15 Intersection with State Road 856 on left (west)
at Laniers Mill. Continue ahead on State Road
863 north.
23.2 0.3

Cross north-trending shear zone that cuts Dry
Fork sandstone. The shear zone is about 100
feet wide and marked by crushed and silicified
sandstone, and thin quartz veins.

23.45 0.25 Cross fault along east border of Danville basin.
The fault is marked by a zone of fine- to coarsegrained cataclastic rock that is about 100 feet
wide at this locality.
23.5 0.05 Contact between cataclastic rock and massive to
layered felsic metatuff. From here to milepost
24.5 we will be driving on felsic metatuff.

26.55 0.95 Cross out of terrace cover into Dry Fork sandstone facies. Whiteoak Mountain is directly
ahead (north).

23.65 0.15 Good exposure of felsic metatuff on left (north)
side of road just before intersection.

27.3 0.75 Intersection with State Road 864 on right
(south). Dry Fork conglomerate is exposed less
than 200 feet southeast of this intersection. Continue ahead (northeast) on State Road 863.

23.7 0.05 Intersection with State Road 746 on right
(south). TURN LEFT on State Road 863.
23.95 0.25 Exposures of weathered felsic metatuff on right
(east) side of road.
24.15 0.2

27.75 0.45 Note exfoliation dome of Dry Fork sandstone in
front of trailer on right side of road.

The ridge we are riding on is held up by felsic
metatuff. The city of Danville, about 6 miles
away, can be seen to the southeast.

27.9 0.15 Contact between Dry Fork sandstone facies and
overlying terrace deposits. From here to milepost 28.6 we will travel across terrace deposits.

24.4 0.25 Intersection with State Road 719. TURN LEFT
(north) and follow State Road 863 downhill.
24.5 0.1

Contact between felsic metatuff and interlayered mafic and felsic metavolcanic rocks; ride
over the latter to next milepost.

24.65 .15

Contact between terrace deposits and interlay-

East border of Danville basin, which in this area
is a normal fault dipping toward the northwest.
The fault is covered by terrace deposits in this
region. Rocks on the downthrown block are Dry
Fork sandstones and mudstones.
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28.5 0.6

Approximate contact between Dry Fork sandstone and felsic metatuff along east border of
Danville basin. The contact at this locality is
concealed by terrace deposits.

28.6 0.1

Intersection with State Road 744, and contact
between terrace deposits and felsic metatuff.
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U.S. Highway 29 south.

From here to milepost 29.7 we will travel across
felsic metavolcanic rocks.
28.8 0.2

Cross north-trending diabase dike.

29.3 0.5

Intersection with U.S. Highway 29 south. Proceed across median, and TURN LEFT onto U.S.
Highway 29 north.

29.7 0.4

Contact between felsic metavolcanic rocks and
terrace deposits. From here to milepost 30.4 we
will travel over terrace deposits, on top of felsic
metavolcanic rocks.

29.8 0.1

30.4 0.6

35.1 0.2

35.25 0.15 Contact between interlayered felsic and mafic
metavolcanic rock and felsic metatuff. Drive
across interlayered felsic and mafic metavolcanic rock to milepost 39.25.
35.3 0.05 Intersection with State Road 719. Stay on U.S.
Highway 29 south.

Approximate contact between felsic metavolcanic rocks and Dry Fork sandstone facies along
southeastern edge of Danville basin. The contact is concealed by terrace deposits.

Cross diabase dike.

36.7 0.6

Intersection with State Road 721 on left (east).
Continue ahead on U.S. Highway 29 south.

37.1 0.4

Leave Blairs 7.5 minute quadrangle and enter
Mount Hermon 7.5 minute quadrangle.

38.2 0.15 Cross Fall Creek.
38.7 0.5

Disston Manufacturing Company on right
(west).

39.25 0.55 Contact between interlayered mafic and felsic
metavolcanic rock and Shelton Formation.
From here to milepost 39.35 we will be driving
over Shelton Formation.

30.9 0.45 Turn right onto gravel parking strip in front of
trailer and park just behind the State Road 1032
sign.

39.3 0.05 Intersection with U.S. Highway 29 south business. Stay in right lane and follow U.S. Highway 29 south.

STOP 13:
Proceed north on U.S. Highway 29 and get into the left lane.
TURN LEFT across U.S. Highway 29 median at
intersection with State Road 825, and proceed
south on U.S. Highway 29.

39.35 0.05 Contact between Shelton Formation and interlayered mafic and felsic metavolcanic rock.
From here to milepost 40.15 we will drive over
interlayered mafic and felsic metavolcanic rock.

31.25 0.25 Intersection with State Road 1032 on right
(west).

39.5 0.15 Cross north-trending diabase dike.

32.5 1.25 Intersection with State Road 863 on right
(west). Continue ahead on U.S. Highway 29
south. Driving over felsic metatuff from here to
next milepost.
33.0 0.5

36.1 0.8

38.05 0.95 Cross diabase dike.

Contact between terrace deposits and Dry Fork
sandstone facies. From here to Stop 13 we are
riding on Dry Fork sandstones and red
mudrocks.

30.45 0.05 Cross north-trending diabase dike.

31.0 0.1

Cross diabase dike.

39.75 0.25 Intersection with State Highway 41 (Franklin
Turnpike). Continue ahead on U.S. Highway 29
south.
40.15 0.40 Contact between Shelton Formation and interlayered felsic and mafic metavolcanic rock.
From here to milepost 42.45 we will drive over
Shelton Formation.

Contact between felsic metatuff and interlayered mafic and felsic metavolcanic rocks. We
are driving over the latter to the next milepost.

33.45 0.45 Intersection with State Road 640 on left (east),
and contact between interlayered mafic and felsic metavolcanic rocks and felsic metatuff.
From here to milepost 35.25 we are driving over
felsic metatuff.

40.45 0.3

Enter Danville 7.5 minute quadrangle and leave
Mount Hermon 7.5 minute quadrangle.

41.25 0.8

Taylor School on right (west). Stay on U.S.
Highway 29 south.

33.75 0.30 Leave Mount Hermon 7.5 minute quadrangle
and enter Blairs 7.5 minute quadrangle.

42.35 1.1

TURN LEFT (east) on Boxwood Court following Holiday Inn sign.

33.9 0.15 Faith Home for children on left (east) side of
road. Continue ahead on U.S. Highway 29
south.

42.4 0.05 TURN RIGHT onto Piney Forest Road and proceed south.

34.7 0.8

Cross diabase dike.

34.9 0.2

Intersection with State Road 726. Continue on

42.45 0.05 Contact between Shelton Formation and interlayered mafic and felsic metavolcanic unit.
Drive over the latter until end of trip.
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42.9 0.45 TURN LEFT into upper parking lot of Holiday
Inn, Danville.
END OF TRIP.
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Mountain schist within the Smith River allochthon. The differences are clear in hand specimen and are primarily textural. Garnets in this schist are generally small (< 1/2 cm)
and nearly euhedral; garnets in the Fork Mountain schist are
generally large (> 1/2 cm) and multiply nucleated. In thin
section, it appears that Fork Mountain garnets represent regrowth of garnet over a number of fragments resulting from
breakup of older garnets. Kyanite in this (Ashe) schist is in
well-formed blades which are often quite prominent in the

STOP 1: GARNET-MICA SCHIST UNIT OF THE
SAURATOWN MOUNTAINS ANTICLINORIUM
This stop illustrates A good outcrop of one of the most
distinctive units within the Sauratown Mountains Anticlinorium. The unit is a muscovite-quartz schist with garnet, kyanite and staurolite as prominent accessories. It is probably
equivalent to part of the Ashe formation. A convenient field
term is “the garnet gravel unit.”
The mineralogy of this unit is similar to that of the Fork

Figure 3-1. Geologic map of area of
Stop 1, 2, and 3.
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soil; in the Fork Mountain schist, kyanite is seen in the soil
as ellipsoidal to nodular masses. Sillimanite is present in
both units -- in the Ashe schist as well as crystallized forms
surrounded by invading masses of fine sericite; sillimanite in
the Fork Mountain schist is in irregular nematoblastic
masses.

rocks and the Fork Mountain formation show a variety of
contact metamorphic effects. In the Draper 15' quadrangle
gneissic rocks in the Fork Mountain formation are generally
restricted to the vicinity of contacts with plutonic rocks; this
observation supports similar observations by Conley and
others in the Martinsville quadrangle.

STOP 2: RIDGEWAY FAULT

STOP 3: LEATHERWOOD GRANITE

Stop two is at the intersection of state roads 648 and
616. The Ridgeway fault runs approximately through the
intersection and is more or less apparent depending on how
recently the ditches have been scraped. Contacts between
Rich Acres and Leatherwood plutonic rocks and the garnet
gravel (Ashe) schist show few if any effects of contact metamorphism in the schist. Moreover, as can be seen at this stop,
the mafic intrusives are quite sheared adjacent to the contact
and generally become more massive (and less altered to
amphibolite) away from the contact.
Contacts between Rich Acres and Leatherwood plutonic

There is a very good exposure of Leatherwood granite at
this stop. This granite is presumed to be a late stage differentiate of the Rich Acres gabbro.
There are few good exposures of Leatherwood granite
within the Draper 15' quadrangle. Most mapping is done on
the basis of observing large feldspar fragments in soil. On
this basis, it is often difficult to distinguish between porphyroblasts weathering from Fork Mountain gneiss and phenocrysts from Leatherwood granite. Thus, it is likely that rocks
which may be true magmatic differentiates and rocks which
result from granitization and mobilization of Fork Mountain

Figure 4-1. Geologic map of area of
Stop 4.
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interpretation is that most of the saprolite is derived from
weathering of the rocks which you can observe fresh along
the pipeline. Pale mica in the saprolite is bleached biotite.
For comparison, there is a small exposure of muscovite
schist about 150 yards west of this stop along road 700.

gneiss have both been mapped as Leatherwood granite in
places.
No rocks similar to the Rich Acres gabbro, Leatherwood
granite or the contact aureole gneiss occur within the Sauratown Mountains anticlinorium within the Draper 15' quadrangle. The boundary between rocks which can be placed in
the Smith River allochthon and rocks which can be placed in
the Sauratown Mountains anticlinorium is well defined on
the basis of rock types and textures; it is mapped as the
Ridgeway fault.

STOP 5: AUGEN GNEISS
This exposure west of the Smith River along state road
622 is the best accessible exposure of the augen gneiss
within the Draper 15' quadrangle. At this location, the augen
are large and little deformed. Conley and Henika (VDMR,
IR-33, 1973) include an excellent description of this unit in
exposures about 2 miles west of this stop. Their description
is duplicated below.
Granitic Augen Gneiss
Granitic augen gneiss in the core of the Sauratown
Mountains anticlinorium (Plates 3, 4) is exposed in
stream valleys and rock cliffs along Smith River.
Outcrops along Stuart Creek are considered typical
of the unit. The rocks ire here tentatively correlated
with the granitic augen gneiss (quarry at Pilot
Mountain, North Carolina) dated as 1192 million
years old (Rankin, 1971, p. 343).
The unit includes granitic augen gneiss, granitic flaser gneiss, biotite schist, hornblende schist and
gneiss, and leucocratic foliated granite. These
lithologies occur interlayered with each other, but
not all are present in every exposure. A brown
micaceous saprolite has developed on the gneiss
and is exposed in deep cuts along State Road 632,
0.4 mile north of the Virginia-North Carolina
boundary.

STOP 4: AUGEN AND FLASER GNEISS
The most abundant and distinctive unit within the basement complex of the Sauratown Mountain anticlinorium is
an augen gneiss. This is apparently the basement on which
units of the Ashe formation were deposited. In the Draper 71/2” quadrangle, this gneiss is involved in several basementcored folds which this author interprets to be nappes overturned to the northwest.
Textures of the augen gneiss vary from the classic augen
gneiss which will be seen at stop 5 to a flaser gneiss which
may be seen at this stop. In the flaser gneiss, feldspars may
be elongated into sheets about 2 inches by 10 or 12 inches by
1/16 inch, whereas in the less deformed gneiss, feldspar
(phenocrysts or porphyroblasts?) is large (1/211 x 1") and
nearly euhedral.
Mapping the margins of the gneiss cores of folds is very
tricky because of the commonly developed flaser texture.
Saprolite exposures along the road at this stop appear to be
of mica schist. Rock exposures along the pipeline and creek
are of augen and flaser gneiss containing biotite. Mica in the
saprolite could be iron-stained weathered muscovite. My

Figure 3. Sawed slab of granite augen gneiss (R-4640)
from southwest side of State Road 637, above Stuart
Creek, Spray quadrangle.
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Figure 4. Sawed slab of granitic flaser gneiss (R4641) at the intersection of State Road 622 and
State Highway 87. Spray quadrangle.

Figure 5-1. Geologic map of area of
Stop 5.
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Subparallel hornblende prisms produce a lineation
on the foliation surfaces.

The augen gneiss in Stuart Creek and along State
Road 637 west of Stuart Creek (R-4640, Figure 3)
is irregularly banded, medium gray, and generally
coarse grained. It contains from 25 to 60 percent
microcline and perthite augen up to 2.4 cm in diameter. Quartz, composing from 20 to 40 percent of
the rock, his three distinct modes of occurrence:
polygonal grains, 0.1-0.5 veins in fractured feldspar
augen; and polycrystalline aggregates similar in
size and shape to the feldspar augen. Approximately 15 percent of the rock is composed of contorted laths of reddish-brown biotite that is
concentrated in segregation bands which wrap
around the feldspar augen. Zircon, rutile needles,
and opaque minerals occur as inclusions in biotite
and in the interstices between the feldspar augen.
The flaser gneiss is exposed in the south-central
part of the Spray quadrangle along Jones Branch
from south of State Road 637 to the Virginia-North
Carolina boundary, and at the southeastern corner
of the intersection of State Road 622 and State
Highway 87 (R-4641, Figure 4). The rock is
medium to coarse grained, and has a striped appearance because of relatively thin (0.5-2 mm), black
(predominantly biotite) and white (quartz-feldspar)
layers. These are crenulated and offset by a secondary cleavage cutting the banding at a very acute
angle. The white quartz-feldspar segregations are Sshaped entices normal to the foliation. A characteristic lineation is produced where the thicker lenticles intersect surfaces parallel to banding.
Mineralogically, the flaser gneiss is similar to the
augen gneiss. It contains about 40 percent quartz
that occurs as strained, polygonal grains, 0.8 mm in
length, intergrown with microcline, perthite, and
plagioclase; about 25 percent potassic feldspar; and
about 15 percent biotite, Muscovite porphyroblasts,
oriented across the folia, make up 10 percent or
less. Other minerals are plagioclase, garnet, zoned
allanite-epidote, rutile, sphene, and opaques.
Biotite schist bands in the gneiss were noted only in
saprolite, such as at the exposure along State Road
622 about 0.5 mile southwest of the intersection
with State Highway 87. Me schist bands are generally discordant to the compositional banding of the
gneiss, having similar strikes, but more gentle dips.
They have the appearance of anastoniosing veins,
cutting traceable layers in the gneiss.
Hornblende schist layers in the gneiss are dark colored, medium grained, and well foliated. The rock
is composed of 40 percent elongate hornblende
prisms up to I mm long, 35 percent granular plagioclase and quartz, and 20 percent subparallel and oriented biotite porphyroblasts about 0.8 mm across.

STOP 6: CHATHAM FAULT ZONE AND ASSOCIATED CATACLASTIC ROCKS
At this stop, we will first examine silicified microbreccia exposed in Cascade Creek directly beneath the bridge on
State Road 621. If time permits, we will also examine exposures of weathered microbreccia located 1000 feet west of
the bridge on State Road 621.
Cataclastic rocks consisting chiefly of microbreccia and
cataclasite (Higgins, 1971) occur as discontinuous, linear
bands adjacent to the western and northern margin of Danville basin. The lenses of cataclastic rock are up to three
miles (4.8 km) long and 1600 feet (488 m) wide exposures of
cataclastic rocks along the Chatham fault zone are generally
limited to a few road cuts and stream bottoms because of an
extensive cover of terrace deposits. In this area, the cataclastic rocks are bounded on the north and west by augen gneiss
and grade imperceptibly into sheared Stoneville conglomerate towards the south and southeast.
The microbreccia exposed in Cascade Creek is
extremely well indurated and dark to medium light-gray with
light-gray prophyroclasts. Recognizable clasts of augen
gneiss are stretched out and intensively sheared. A few
rounded clasts of fractured, dark gray dolomite to 3 cm long
also occur.
The microbreccia is extensively fractured and composed
of light-gray angular fragments greater than 0.5 nm long
(Figures 6-1 and 6-2). The fragments are mainly intergrowths of strained quartz and microcline, with subordinate
perthite and plagioclase. Dark gray to opaque aphanitic
material, silt, and very fine grained sand-sized angular fragments of quartz and feldspar form the mortar between larger
fragments. Many fractures are filled with light-green chlorite
(Figure 6-2) that often contains small crystals of pyrite,
mostly altered to limonite. At some exposures, quartz veins
up to several feet long and several inches wide cut the cataclastic rocks. The quartz, chlorite, and pyrite probably
resulted from later hydrothermal solutions selectively concentrated in the fault zones.
The gradual transition from cataclasite and microbreccia
into Stoneville conglomerate and sandstone, and the abundance of coarse feldspar, quartz, and recognizable augen
gneiss clasts in these rocks indicate that the cataclastic rocks
were produced by intense shearing of Stoneville conglomerate and sandstone during episodic movement along the
Chatham fault zone.
Meyertons (1963, p. 38) named the Chatham fault, a
high-angle normal fault that dips to the south@ and southeast, and flanks the entire northwestern border of Danville
basin. He (1963, p. 38) suggested that the fault zone was
only a few feet wide, and that movement took place along a
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Figure 6-1. Photomicrograph of microbreccia showing angular quartz and feldspar fragments and abundant random fractures filled
with clay and opaque minerals. From outcrop in Casade Creek directly beneath the bridge on State Road 621, Northeast Eden quadrangle. Plane-polarized light. Scale bar is 1 mm.

Figure 6-2. Photomicrograph of microbreccia from same locality as Figure 6-1 showing numerous fractures filled with light-green
chlorite (C). Plane-polarized light. Scale bar is 1 mm.

(1980) suggests that the Chatham fault is localized along
preexisting fault zones that originated during Paleozoic orogenies. As pointed out by Glover and others (1980), one ramification of this structural heredity is that the present
structural attitudes of the boundary faults do not bear a simple angular relation to principal stress directions during Triassic-Jurassic rifting.

single fault plane. However, numerous fractures and shears,
and the broad bands of cataclastic rock along the northern
and northwestern basin margin indicate that it is a wide zone.
The fault zone is made up of several intersecting faults
whose individual traces are relatively straight and generally
trend between N. 50 E. and N. 800 E. The fault planes are
not exposed within the mapped area, but Meyertons (1963, p.
38) believes they have a dip of nearly 650 to the south and
southeast. Fanglomerate deposited along the faulted basin
margin indicates that sedimentation accompanied faulting.
Continued faulting after sedimentation tilted Triassic strata
toward the north and northwest, and produced the broad
bands of cataclastic rocks.
Recent work by Robinson (1979) and Glover and others

STOP 7: COW BRANCH FORMATION, SOLITE
CORPORATION QUARRY
At this stop, we will examine major rock types in the
upper member of Cow Branch Formation and discuss the
recent paleontological work that is being conducted on the
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Figure 7-1. Stratigraphic section of Cow Branch cycle at Solite Corporation quarry (after Olsen and others, 1978).

is middle Carnian on the basis of a fish that had a restricted
range. Recent work by Robbins on samples collected at this
same locality indicates no middle Carnian striate bisaccate
pollen, nor Ovallipollis. Instead, cyradlike monosulcate pollen found in the samples is consistent with a late Carnian
age.
Cow Branch Formation consists of massive to thinly
laminated, even, uniformly thin- and medium-bedded siltstone, claystone, and mud shale, with subordinate amounts
of very fine- to medium-grained, medium-bedded sandstone.
Thin, lenticular layers of coal are found locally in the basal
200 feet (61 m) of the lower member. Syngenetic carbonate
concretions, locally up to 1 foot (0.3 m) long and parallel to
stratification, are abundant throughout the basal Cow
Branch. Abundant pyrite, vivianite, and macerated plant
debris are also common. The Cow Branch is characteristically dark-colored, chief colors being: medium light-gray
(N7), medium-gray (N5), medium dark-gray (N4), and darkgray (N3). These weather grayish-orange (10 yr. 7/4) to dark
yellowish-orange (10 yr. 6/6).
The formation is characterized by laterally persistent,
uniformly even stratification, rhythmic laminations, small
scale cross- and ripple-bedding, mud cracks, oscillation and
current ripple marks, local graded bedding, and carbonized

unit.
Meyertons (1963, p. 9) applied the name Cow Branch
Member to the black and dark-gray claystones, shales, siltstones, and sandstones of his Leakesville Formation in Danville basin. Thayer (1970, p. 12) later raised the Cow Branch
to formational rank in the contiguous Dan River basin.
The Cow Branch is composed of thick lenses of lacustrine sediments that are sandwiched between fluvial, deltaic,
and mudflat deposits of Pine Hall and Stoneville Formations.
In this part of Dan River-Danville basin, the Cow Branch
consists of two distinct members: 1) a lower, slightly older
member (lens) that crops out along the southeastern basin
margin and averages about 600 feet (183 m) in thickness;
and 2) an upper member, exposed at Solite quarry, that crops
out in the central part of the basin along the Virginia-North
Carolina border, and attains a maximum thickness of nearly
4500 feet (1372 m).
Olsen and others (1978) determined a late Carnian age
for the upper member of the Cow Branch on the basis of fish,
reptiles, zooplankton tests, bivalves, insect larvae, and lakeshore megaflora and insects. Palynomorphs from the upper
member of Cow Branch confirm the late Carnian age (Robbins and Traverse, this volume). Olsen, Remington, and
McCune (in press) suggest that the base of the lower member
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The conglomerate occurs as discontinuous lenses along
the entire southeastern margin of Danville basin and attains a
maximum thickness of about 900 feet (275 m) in the Brosville quadrangle.
Thickness of the conglomerate at this locality is 700 feet
(213 m) and dip is to the northwest at 35 degrees. The conglomerate exposed in the cut along State Road 863 just north
of the Sandy River is intensely weathered, and much coarser
grained than the fresh conglomerate exposed along the north
bank of the river to the west of the road. The contact with the
overlying Dry Fork sandstone facies is gradational and is
located approximately 800 feet (244 m) west of State Road
863. Generally, the proportion of conglomerate, and the size
of clasts within it, decreases towards the west.
The conglomerate facies consists of poorly sorted,
sandy, lithic pebble to boulder conglomerate interbedded
with subordinate, coarse and very coarse grained arkosic and
lithic arkosic sandstone. The clasts are rounded and subrounded and range from less than 4 mm (-2 φ to a maximum
of 105 cm (-10 Measurement of the long axes of 300 clasts
larger than 4 mm at this stop indicates average size to be 7.5
cm (-6.23 The clasts are poorly sorted with a sorting value of
1.2 units. The conglomerate is massive to thick and very
thick bedded, and often is interbedded with thick, trough
crossbedded sandstone. Silicified fragments and logs of
araucarian conifers, as much as 6.6 feet (2.0 m) long and
11.8 inches (30.0 cm) wide, are locally abundant.
Modal analysis of 300 points using a grid spacing of 20
cm at this stop yielded the following average composition:
sandstone matrix, 43.1 percent; felsic tuff clasts, 38.9 percent; quartz-feldspar gneiss clasts, 6.9 percent; lapilli tuff
clasts, 1.4 percent; greenstone clasts, 2.1 percent; biotite
gneiss clasts, 1.4 percent; quartz clasts, 4.8 percent; and feldspar clasts, 1.4 percent.

plant debris. Irregular channel lenses, convolute lamination,
load casts, groove casts and marks, flute marks, pull-aparts,
burrow casts, crystal casts, mottled and disturbed bedding,
and raindrop imprints are found locally.
Olsen and others (1978) have described in detail the
cyclic changes in fauna and flora within the upper Cow
Branch and related them to sedimentary cycles that reflect
the waxing and waning of large meromictic lakes. An ideal
cycle of sedimentation is shown in Figure 7-1 (adopted from
Olsen and others, 1978). According to this model, the cycles
are composed of three major divisions and six units. Division
1 formed as the lake level rose; division 2 was deposited during maximum lake level; and division 3 formed during a
drop in lake level and resultant drying up of the lake. Olsen
and others (1978) believe the lake level fluctuations resulted
from changes in climate (temperature and rainfall), which
were controlled by the 21,000-year precession cycle.

STOP 8: BASAL CONGLOMERATE FACIES,
DRY FORK FORMATION
This stop is in the basal conglomerate facies of Dry Fork
Formation. We are located approximately 400 feet (122 m)
northwest of the eastern margin of Danville basin. In this
area, the conglomerate facies is in fault contact with metamorphosed mafic and felsic volcanic rocks, which are
exposed a short distance southeast of here. Evidence supporting a fault contact includes truncation of coarse cobble
and boulder conglomerate beds along the basin margin; the
straight contact between the conglomerate beds and adjacent
metamorphic rocks, suggestive of normal faults; local shear
zones in the conglomerate; and microbreccia in metamorphosed volcanic sedimentary rocks along the southeastern
border of the basin.

Figure 8-1. Densely packed, coarse-grained lithic arkose from basal conglomerate facies, Dry Fork Formation. Cross-polarized light.
Scale bar is 0.2mm.
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The sandstone matrix of the conglomerate is poorly
sorted and consists chiefly of subangular quartz, feldspar and
metavolcanic rock fragments that are tightly packed and
cemented by anthigenic chlorite, clay matrix and silica
cement (Figure 8-1). Porosity is low due to dense grain packing and secondary mineral growth.
An eastern source area for the conglomerate is a probability as the abundant metamorphosed felsic and mafic
metavolcanic clasts are similar to rocks found only to the
east of Danville basin. Also, many of the quartz and quartzite
clasts are bluish white, similar to the colors of quartz and
quartzite layers in the felsic metavolcanic rocks east of the
basin. Some blue quartz grains less than 4 mm in diameter
have subrounded beta-forms and these could only have been
derived from the felsic metavolcanic rocks. The rounded and
subrounded character of the clasts, even quartz, suggests a
high degree of mechanical abrasion during transportation.
The conglomerates are interpreted as alluvial fan deposits that accumulated along fault scarps that formed the eastern basin margin. Grain size, poor sorting, clast roundness,
and associated cross-bedded sandstones suggest deposition
by streams or moderate stream floods. The abundance of
pebbles and cobbles larger than 2.5 cm indicates transport in
the upper flow regime. The low proportion of silt and clay in
these deposits implies deposition by high-gradient, low sinuosity streams (braided).

STOP 9: TUNSTALL SCHOOL ON RICH ACRES
GABBRO
This area is underlain by the easternmost recognized
mass of Rich Acres gabbro. A few scattered boulders of gabbro occur in a field west of the school. The principal purpose
of this stop is to illustrate the subdued topography and abundant cedar trees which characterize areas underlain by gabbro.
The prominent hill southeast of this stop is silicified
breccia along the Chatham fault. This is the only significant
occurrence of “flinty crush-rock” along the Chatham fault
within the area studied. Extensive mylonitization of triassic
and older rocks may occur along this fault and may extend
(along splays) well (~ 1 mile) away from the main fault.

STOP 10: SHELTON GNEISS AT VULCAN
MATERIALS QUARRY
This quarry is the type locality of Shelton Formation:
A. Quarry located on the northwest flank of a broad
F3 antiform or dome surrounded by up-tilted metamorphosed volcanic and sedimentary rocks, just
south of Danville.
B. Massive pinkish-gray to light-gray, medium to
coarse granite to quartz monzonite gneiss shows a
strongly lineated, cataclastic fabric.

Figure 9-1. Geologic map of
area of Stop 9.
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Figure 10-1. View of wall at Vulcan Materials quarry.

gray to light gray. The most obvious feature is a pervasive
banding produced by the feldspar lineation on fracture surfaces. This feature is not a layering because it is only 2
dimensional. Thin sections show it is associated with a cataclastic texture produced by stretched feldspar phenocrysts,
ribbon bands of quartz and smeared-out mica blasts in a
granulated, fine grained ground mass. No primary layering
has been recognized; there are numerous joints (Fig. 1) and
some discontinuous mica rich zones that tend to weather to a
more pinkish hue than the surrounding granite. Millimeter
thick seams of purple fluorite were found in a mica-rich zone
exposed in the southeastern quarry wall at the highest bench
level of the quarry in 1972. That area has been excavated to a
lower bench level since 1972 and the fluorite seams may not
be found.
Contact relationships with the volcanics are obscured by
deep weathering in the exposures to the northwest of the
quarry. The material in the cuts consist of light gray to white
saprolite gradational downward into the fresh Shelton and
gradational upwards (towards the northwest) into mafic and
felsic interlayered rocks. The contact was consistently placed
at the first dark-greenish-gray mafic interlayer in the saprolite. If the Shelton is a generally concordant intrusion as I
have described in the accompanying article, then the granitic
magma may have assimilated felsic layers at the bottom of

C. Contacts between the Shelton and the surrounding metavolcanic-metasedimentary rocks are generally concordant.
D. The Shelton has recently been dated at 425 my
(Kish, et al., 1979).
E. The Shelton is an important source of crushed
stone aggregate for the construction industry.
REMEMBER: At this stop, we are guests of Vulcan
Materials. Please stay away from the quarry walls. There
will be plenty of loose material on the floor of the quarry to
examine and to collect samples from.

Shelton Formation
The granitic rock exposed in this quarry (Fig. 1) was
named the Shelton granite gneiss by Anna Jonas in 1928.
Detailed mapping (Henika, 1977) indicated that the Shelton
mapped by Jonas included metamorphosed volcanic and sedimentary rocks in the Danville area and I (WSH) restricted
the Shelton formation to the coarse plutonic rock in the cores
of several domal antiforms. The dome at the type locality is
approximately 6 km long by 2.5 km across. Only the northeastern end of the structure shows on the Danville geological
quadrangle map. The quarry is located approximately.6 km
south of the boundary between Virginia and North Carolina.
The rock is massive, medium to coarse grained, pinkish
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the volcanic pile and thermally resistant, amphibolite-grade,
mafic interlayers may have controlled the upper and lateral
extent of intrusion into prexistant fold cores. Good exposures
of only slightly weathered mafic and felsic metavolcanic
rocks are visible along U.S. Highway 29, approximately
1000 feet (305 m) to the northwest.

Lower Unit - Metamorphosed Volcanic and Sedimentary Rocks.
The lower unit is the most persistent marker in the Danville area. It has been traced from greenschist facies through
upper amphibolite facies across the Mount Hermon, Blairs,
Danville and Ringgold quadrangles. Kreisa (1979) has recognized a similar unit beneath the Carolina slate belt in the
Virgilina Synclinorium to the east of the Danville area. Conley (1978) has mentioned a possible correlation of the unit
with the Chopawamsic Formation of the northeastern Virginia Piedmont but individual metavolcanic units have not
been traced from one volcanic center to the other.
The greenschist facies protoliths of the unit contain recognizable amygdaloidal lava flows, intermediate to mafic
tuffs, rhyolite crystal tuffs with orthoclase and beta quartz
pseudomorphs and volcanic wacke. The major rock types at
this exposure are amphibolite grade equivalents, including
prominently layered hornblende-biotite gneiss, quartz biotite
schist, fine-grained quartz-feldspar gneiss and salt and pepper textured granitic gneiss. The stop is located southeast
(upgrade) of an oligoclase isograd (see text figure) determined by an x-ray diffraction study of feldspar in the

STOP 11: LAYERED VOLCANIC-SEDIMENTARY ROCKS
Stop is located on new ramp of cloverleaf. Walk towards
the east beyond newly constructed highway bridges to cuts in
lower unit of metamorphosed volcanic-sedimentary rocks.
A. Exposures contain prominently layered hornblende biotite gneiss, quartz-feldspar gneiss and
fine grained granitic gneiss, characteristic of the
amphibolite facies.
B. Primary layering shows refolded, premetamorphic isoclines and later synmetamorphic and postmetamorphic folds.
C. Exposures of this quality are rare, unit is mapped
on greenish-gray and white layered saprolite and
brown to deep reddish brown clay-rich soils.

Figure 2. Handspecimen from cuts at Stop 11. F1 isoclinal folds are delineated by layering in hornblende-biotite gneiss. The isoclines
are contorted into interference patterns around asymmetric F2 fold hinges. Specimen is approximately 18-cm wide and 6-cm thick.

Figure 3. Handspecimen of similar lithology and same location as Figure 2. The specimen is viewed along F3 fold axes. Note the
strong slip cleavage and minor slip displacement associated with the F3 folds. F2 fold crests and folded mineral lineation can be
traced across the broader F3 hinges on the upper surface of the specimen. Specimen is approximately 21-cm wide and 4-cm thick.
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we are less than 2 km southeast of the oligoclase isograd
(Text Figure E-2) and delicate volcanic textures such as
eutaxic structure are lost to recrystallization of the matrix,
but the more robust feldspar phenocrysts persist as partly
granulated relics along the foliation. To the southeast in the
vicinity of Danville, the phenocrysts also are lost to recrystallization, or become ghost-like relics outlined by darker
minerals along the schistosity of fine-grained granite gneiss
characteristic of kyanite zone metatuffs.
The outcrop is near the center of a southwest plunging
synform whose northeastern nose was mapped north of
Sandy Creek (Henika, 1977 plate 1). The structure is outlined by convergent bands of the lower unit and by foliation
which dips northwest on the southeastern limb and southeast
on the northwestern limb. The fold was traced southwestward to the border conglomerate on the east side of the Danville Triassic basin which truncates the synform. Triassic
conglomerate exposed along the railroad paralleling the Dan
River contains cobbles and boulders derived from the
metavolcanic units. This is the area where Paul Thayer first
described “slate belt rocks” in the border conglomerate of
the Dan River Basin. (Thayer, personal communication,
1972).

metavolcanic rocks. Kyanite is also present in pelitic interbeds at some other localities, and its first occurrence nearly
coincides with that of oligoclase. The delicate volcanic textures such as pumice shards and euhedral phenocrysts do not
survive the major recrystallization which takes place near the
oligoclase isograd.
The layering in the unit has provided an excellent indicator of deformational strain. Examples of the four fold systems discussed in the text may be seen at this locality. The F,
folds are attenuated isoclines delineated b mafic felsic layering in the hornblende-biotite gneiss (Fig. 2).
Examples of interference patterns formed when the flattened isoclines are refolded about later fold axes can be seen
in the southern end of the cut. The F2 folds are the most
prominent folds in the cut. They can be recognized by asymmetric to recumbent hinges with a strong mineral lineation
and axial plane schistosity (Fig. 3). The F3 and F4 folds are
erect chevron to open folds with associated slip displacement, minor faulting and a spaced cleavage. At this locality,
the Fl fold hinges plot in the northwest And southeast quadrants of the stereonet; the F2 folds plot in the northeast quadrant, and the F3 and F4 folds plot in the northeast and
northwest quadrants, respectively. The major structure is
thought to be an F2 anticline modified by the F3 and F4
structures to produce a northeastward elongate, roughly
elliptical dome cored by the Shelton Formation.

STOP 13: SANDSTONE FACIES, DRY FORK
FORMATION
At this stop, we will examine the long, nearly continuous exposure of Dry Fork sandstone facies along the west
side of U.S. Highway 29 on the crest of Whiteoak Mountain
in the extreme northeastern part of the Mount Hermon quadrangle. WATCH FOR CARS as this is a very busy road.
The sequence at this exposure is described in detail by
Thayer (in Henika, 1977) and is shown in graphic form on
Figure 13-1. The section consists of irregularly interbedded
and very well indurated sandstones, conglomerates, and
mudrocks (chiefly siltstones). Sandstones make up 78 percent of the section; mudrocks, 15 percent; and conglomerates, 7 percent. The sandstone and conglomerate are
arranged in multistory sets with individual sandstone and
conglomerate units stacked one above another and separated
by sharp, minor erosional surfaces and mudrock units. Total
thickness of these sets ranges from 10 to 180 feet (3 to 55
m).
Sandstone ranges from very fine to very coarse grained.
Most, however, is medium to very coarse grained, and often
contains granules and pebbles of quartz and potassic feldspar. Sandstone beds range from less than a foot (0.3 m) to a
maximum of 80 feet (24 m) thick; average thickness is about
12 feet (4 m). The sandstones are typified by high grain
angularity and dense packing. Many of the sandstone beds
contain thin, discontinuous conglomerate lenses, mudrock
intraclasts, thin carbonaceous films, and irregularly shaped
carbonized wood fragments up to 6 inches (15 cm) long.

STOP 12: METAMORPHOSED FELSIC TUFF
Felsic gneiss of the upper unit of metamorphosed volcanic and sedimentary rocks on south side of U.S. Highway 58,
west of Danville.
A. The exposure is a tan saprolite derived by weathering of quartz-feldspar gneiss.
B. Most delicate volcanic textures have been
destroyed by recrystallization at lower amphibolite
facies.
C.Crushed and rounded feldspar crystals up to 5
mm in diameter are thought to be relics of the protolith, a rhyolitic crystal tuff.
D. The outcrop is located near the axis of a large
synform delineated by dips of foliation planes and
enclosed by northeast trending outcrop bands of the
lower unit.

Upper Unit of metamorphosed volcanic and sedimentary rocks.
The unit overlies the mafic-felsic lower unit conformably. The contact has been drawn above the last prominent
mafic layer where the heterogeneous, banded rocks are succeeded by a comparatively homogeneous sequence of dominantly felsic metavolcanic rocks. Slaty cleavage and well
preserved phenocrysts (FigureB-V-4)are characteristics of
the unit at greenschist facies metamorphism. At this locality,
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Figure 13-1. Stratigraphic section of sandstone facies of Dry Fork Formation on west side of U.S. Highway 29 on top of Whiteoak
Mountain. Base of section is located 151.3 feet (46.1 m) north of intersection of U.S. Highway 29 and State Road 1032.
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Table 13-1. Composition of 41 Sandstone Samples from the Sandstone Facies of Dry Fork Formation at Stop 13.

Mean
(Percentage)

Standard Deviation
(Percentage)

Common Quartz

3.9

+ 5.2

0 - 28

Composite Quartz

41.3

+ 8.5

22.7 - 54.5

Sutured Quartz

0.2

+ 0.7

0 -3.5

Orthoclase

4.7

+ 3.4

0 -14.5

Microcline

3.4

+ 4.3

0 -25.0

Perthite

8.8

+ 5.0

0 -21.8

Plagioclase

13.4

+ 7.7

0 -29.2

Detrital micas

1.2

+ 2.3

0 -11.9

Coarse foliated rock fragments

4.1

+ 4.2

0 -19.7

Coarse nonfoliated rock fragments

0.5

+ 1.2

0 -7.1

Fine foliated rock fragments

0.2

+ 0.9

0 -5.4

Anthigenic chlorite

2.2

+ 3.5

0 -10.7

Mineral

Range
(Percentage)

Calcite cement

4.4

+ 6.5

0 -30.3

Matrix

11.0

+14.0

0 -42.2

Others

0.7

+ 2.0

0 -10.9

grains per thin section using a point distance slightly larger
than mean grain diameter. Average composition for the sandstones is shown in Table 13-1. The proportion of quartz, feldspar, and rock fragments for each sample has been
recomputed to 100 percent and plotted on the triangular
composition diagram in Figure 13-2 (classification of

Minor sedimentary structures include channels, mediumand large-scale tabular and trough cross-stratification, thick
parallel laminations, silicified fragments and logs of araucarian conifers, and ripple-drift cross-laminations.
Composition of 41 sandstone and 6 siltstone samples
was determined by point-counting between 200 and 300

Figure 13-2. Triangular composition diagram (classification
of McBride, 1963) for 41 sandstones and 6 siltstones sampled
from measured section shown in Figure 13-1.
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Figure 13-3. Photomicrograph of arkose from the
sandstone facies of Dry Fork Formation along U.S.
Highway 29 on the top of Whiteoak Mountain in the
Mount Hermon quadrangle. It is poorly sorted,
medium grained, and densely packed. Cross-polarized
light. Scale bar is 0.2 mm.

Figure 13-4. Photomicrograph of lithic arkose from
the sandstone facies of Dry Fork Formation at Stop
13. Cross-polarized light. Scale bar is 0.2 mm.

Figure 13-5. Scatter plot of percent total feldspar versus mean size in
φ (phi) units.
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Table 13-2. Composition of 6 Siltstone Samples from the Sandstone Facies of Dry Fork Formation at Stop 13.

Mineral

Mean
(Percentage)

Standard Deviation
(Percentage)

Range
(Percentage)

Common Quartz

3.9

+ 1.8

1.7-5.5

Composite Quartz

25.5

+11.2

6.4- 38.3

Sutured Quartz

0.4

+ 1.1

0-2.6

Orthoclase

3.1

+ 1.5

1.3- 5.5

Microcline

1.5

+ 2.3

0- 1.8

Perthite

3.9

+ 2.7

0- 6.7

Plagioclase

2.2

+ 1.4

0- 3.3

Detrital micas

1.3

+ 1.9

0- 5.0

Coarse foliated rock fragments

2.3

+ 2.4

0- 5.5

Anthigenic chlorite

2.1

+ 2.4

0- 5.4

Calcite cement

0.8

+ 1.3

0- 3.3

Matrix (clay)

53.0

+ 8.8

46.7 - 70.5

age thickness is about 6 feet (1.8 m). Average composition
for 6 siltstone samples from this facies is presented in Table
13-2. The proportion of feldspar, quartz, and rock fragments
for each sample was recomputed to 100 percent and plotted
on the triangular composition diagram in Figure 13-2. Most
siltstones fall into the arkose and subarkose fields.
Combinations of Primary sedimentary structures, lithic
types, textures, and the vertical sequence developed within
this facies are diagnostic of fluvial deposition. The coarsegrained cycles are believed to result from channel filling and
migration in a braided stream (i.e., high gradient, low sinuosity stream) depositional environment. This interpretation is
based on the following lines of evidence: 1) the high proportion of coarse sandstones and conglomerates indicative of
high current velocities (upper flow regime); 2) the low percent of fine-grained overbank deposits (mudrocks); 3) the
wide range in grain size within short vertical distances; 4)
the abundance of mudrock intraclasts; 5) massively crude
bedding; and 6) variable bed thicknesses.
The conglomerates are interpreted as deposits of violent
stream flow formed during periods of high discharge; coarseand fine-grained sandstones represent point and channel bars
formed under decreasing flow conditions. The mudrocks
represent overbank deposits that formed under tranquil flow
conditions. It is believed that these deposits occur at the edge
of an alluvial fan complex that extended eastwards from the
western faulted margin of the basin.

McBride, 1963). Of 41 samples, 71 percent are arkoses (Figure 13-3), 17 percent are lithic arkoses (Figure 13-4), and 12
percent are subarkoses. The diagram (Figure 13-2) clearly
shows the relationship between mean size and sandstone
composition. Generally, coarse- and very coarse-grained
sandstones contain a high percentage of rock fragments and
feldspar and lie in the lithic arkose field. A plot of total feldspar content versus grain size (Figure 13-5) clearly shows
that finer grained sandstones contain considerably less total
feldspar than coarser grained ones.
Abundant secondary chlorite and sericitized feldspar,
and the presence of authigenic albite, potassic feldspar,
quartz, and calcite show that the rocks of the sandstone
facies have undergone considerable burial pressure and are in
an advanced stage of diagenesis. Coarse-grained, mediumto high-rank gneissic rocks to the west of the Danville basin
must have served as the major sources of detritus for the
sandstone facies. Some quartz and feldspar may have been
derived from the Shelton Formation on the east side of the
basin, but the paucity of metavolcanic rock fragments in
coarse sandstone and conglomerate shows that eastern
source areas were relatively unimportant during deposition
of the sandstone facies of the Dry Fork.
Gray-colored granule and pebble conglomerates are
poorly sorted and contain abundant feldspar (chiefly salmon
colored microcline), dark gray siltstone intraclasts, and
minor quartz-feldspar gneiss clasts. The matrix is a coarse
and very coarse, poorly sorted lithic arkose. The conglomerates are massively thick-bedded. Thickness of individual
beds ranges from less than 1 foot (0.3 m) to a maximum of
10 feet (3 m); average thickness is about 4 feet (1.2 m).
Mudrocks are chiefly massively thick-bedded, reddish
brown and dark gray siltstones, with minor dark gray and
dark greenish-gray shales. Individual beds range from less
than 1 foot (0.3 m) to a maximum of 15.8 feet (4.8 m); aver-
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