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ABSTRACT: The Geology of the Valentines Area, North of
Lake Gaston, North Carolina and Virginia
(Dr. Richard L. Mauger, Thesis Director)

The Lake Gaston granites crop out along the eastern flank of the Raleigh belt with-

in the eastern Piedmont of North Carolina and Virginia. North of Lake Gaston, the granites

are surrounded by a muscovite schist, metavolcanic rocks, an andesine-biotite-quartz gneiss

and a clinopyroxene-epidote-plagioclase gneiss. Numerous mafic dikes of presumed

Mesozoic age cut the granites and the surrounding rocks. Tertiary fluvial gravels blanket the

uplands to the east.

The northernmost extension of the Lake Gaston granites consists of three phases:

1) an equigranular granite; 2) a porphyritic granite and 3) a porphyritic biotite granite. The

granites are peraluminous and they are tentatively classified as S-type granites. The equi-

granular granite contains potash and plagioclase feldspars, in subequal amounts. Quartz,

biotite, muscovite and opaques follow the feldspars in order of relative abundance. Smaller

or trace amounts of chlorite, epidote, sphene, allanite, apatite and zircon are present. The

porphyritic granite exhibits a similar mineral assemblage. However, plagioclase is sub-

ordinate to the potash feldspar, and the mean grain size of the potash feldspar is larger,

averaging between 2 to 4 mm. The potash feldspar in the equigranular granite exhibits a

mean grain size of 0.8 mm.

The porphyritic biotite granite exhibits large tabular pink potash feldspar grains

which have a mean grain size of 2.5 cm and occur in subparallel alignment. These grains

are sheathed in matrix of biotite with lesser amounts of plagioclase, quartz and sphene.

Trace amounts of chlorite, muscovite and opaques are also present. The plagioclase com-

ponent appears to be preferentially weathered from the rock.

The nearly ubiquitous chorite and epidote in the granites and in the surrounding

rocks indicate that the area has undergone an episode of greenschist facies metamorphism.
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Deformational features consistent with a greenschist facies of metamorphism include:

1) mortar textures surrounding large feldspar phenocrysts; 2) preferred orientation of bio-

tite grains; 3) subhedral to augen-shaped non-perthitic potash feldspar grains in the equi-

granular granite; 4) subparallel alignment of potash feldspar grains in the porphyritic

biotite granite and 5) myrmekite and its morphology.

During the deformational episode a shear zone was produced in the Lake Gaston

granite complex. Mylonite gneisses and blastomylonites within the shear zone suggest that

the movement occurred under relatively high confining pressures. The rocks may not have

been wholly crystalline at the time of deformation.

The metamorphic event responsible for the deformation of the Lake Gaston gran-

ites and the surrounding rocks is believed to have been the Alleghanian orogeny which

occurred some 250 to 300 m.y. ago. Later mafic dikes intruded the granites and the sur-

rounding rocks as North America and Africa rifted. Finally, Tertiary upland gravels were

deposited on a peneplain developed by subsequent erosion of the granites.
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INTRODUCTION

The Lake Gaston granites crop out along the eastern flank of the Raleigh belt which

is a broad anticlinorium within the eastern Piedmont (Figure 1 ). The granites are surround-

ed by metamorphosed sedimentary and volcanic rocks of Paleozoic age (Figure 3). The

Hollister fault (Speer and others, 1980) or Hollister mylonite zone, as described by Farrar

(in press) cuts through the western flank of the granites (Figure 1 ). Numerous basaltic dikes

of probable Mesozoic age are found in the area.

The porphyritic biotite granite phase within the Lake Gaston granite complex ap-

pears to be a northern extension of the Butterwood Creek granite (Farrar, in press). Farrar

and others (1981 ) have dated the Butterwood Creek at 292Í30 m.y. old. The other granite

phases within the Lake Gaston area may be part of the same intrusive complex and thus

may be approximately the same age.

This thesis presents petrographic and chemical analyses of the Lake Gaston granites

and petrographic descriptions of the surrounding rocks. The lithologic map is based on de-

tailed field work (Figure 3).

Location

The Lake Gaston granites are well exposed along the eastern part of Lake Gaston

in North Carolina and Virginia (Figure 2). Their eastern contact with Paleozoic or possibly

Precambrian metavolcanic rocks lies approximately four kilometers east of the community

of Valentines (Figures 3 and 4). Lizard Creek marks the western boundary where the gran-

ites are intercalated with a muscovite schist. The granite complex is believed to extend

nearly 25 kilometers southwest of Lake Gaston and it extends an unknown distance north-

east of Valentines (Farrar, in press).
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Nature of Rock Exposures

The Lake Gaston area has a dense vegetation cover which impeded field work and

camouflaged existing exposures. Weathering is extensive and the bedrock in most areas is

generally covered by a thick saprolite blanket.

Contact relationships were difficult to discern due to the lack of outcrops. How-

ever, along the shores of Lake Gaston outcrops were reasonably fresh and continuous.
O C

Except for a granite quarry (Figure 4, location point Eg ) and a few isolated outcrops,

exposures away from Lake Gaston are rare, and they are limited to narrow belts along

creeks and streams that dissect the area. Mapping in some areas was based on float, which

was commonly found adjacent to cultivated fields (Figure 4).

Basic Lithology and Distribution of the Rock Types

The Lake Gaston granites may be divided into three distinct types: 1) an equigran-

ular granite, 2) a porphyritic granite and 3) a porphyritic biotite granite. The equigranular

granite is light gray and fine to medium grained. Of the rocks in the field area, it is best ex-

posed and generally the least weathered. The granite is bordered to the east by metavolcanic

rocks and andesine-biotite-quartz gneiss (Figure 3). At higher elevations it is covered by

quartz gravels. The metavolcanics are dark-green, porphyritic-aphanitic rocks. They are

highly weathered. The andesine-biotite-quartz gneiss is exposed at only one locality. The

rock exhibits a gneissic texture with elongate pods of felsic minerals sheathed in biotite,

garnet, and opaques. The Tertiary gravels occur as irregular patches on hilltops. The gravels

are poorly sorted. They contain subrounded quartz pebbles and cobbles intermixed with

iron-stained sands, silts and clays.

Between highway 46 and the eastern bank of Pea Hill Creek, the dominant rock type

is the equigranular granite. It is cut by a few basaltic dikes. Pea Hill Creek appears to follow
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a shear zone (Figure 4). This shear zone may be related to the Hollister mylonite zone

which is described by Farrar (in press). The shear zone contains mylonite gneiss, blasto-

mylonite, and muscovite schist. The mylonite gneiss contains augen. The augen (3 and 5

mm in size) are porphyroclasts of feldspar or crushed mineral aggregates. The blasto-

mylonites lack augen because the porphyroclasts have been reduced to ribbon-like breccia

streaks. Both mylonitic rocks exhibit well developed fluxion structure defined by inoscu-

lating layers of mica. The muscovite schist is intercalated with the blastomylonite. The

schist is almost entirely muscovite; it contains only minor amounts of other minerals such

as opaques.

The muscovite schist and the mylonitic rocks are exposed along the northwestern

and eastern banks of Pea Hill Creek. A porphyritic granite is exposed along the south-

western bank. The equigranular granite is exposed farther west. A direct contact was not

seen between the porphyritic granite to the east and the muscovite schist and/or the clino-

pyroxene-epidote-plagioclase gneiss which lie to the west. The western schist appears to be

similar to the muscovite schist that occurs in the shear zone. The clinopyroxene-epidote-

plagioclase gneiss was found in only one locality (Figures 3 and 4, point G).

South of the westernmost exposure of the equigranular granite, a porphyritic bio-

tite granite crops out along the banks of Lake Gaston. This granite is intercalated with the

muscovite schist and is cut by a metarhyolite (?) dike. The porphyritic biotite granite ex-

hibits large euhedral pink potash feldspar phenocrysts which are aligned in a subparallel

manner and which are sheathed in a matrix of biotite and lesser amounts of plagioclase.

quartz, muscovite, sphene and opaques.
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Textural Nomenclature

All the pre-Mesozoic rocks within the field area exhibit deformational character-

istics which vary in degree and character from one locality to another. To attain an

understanding of the tectonic environment, it is necessary to divide the rocks according

to the degree and type of deformation. I have categorized the deformed rocks in accord-

anee with the classifications of Williams and others (1954) and of Higgins (1971 ).

Williams and others (1954) state that a rock may be subjected to one or to both

of the following deformations: 1) crystalloblastic deformation achieved by purely

chemical processes, and 2) cataclastic deformation achieved by mechanical processes.

Williams and others (1954) describe crystalloblastic deformation as a process

whereby "unstable mineral grains, or the less stable parts of some grains, go into solution.

Stable grains tend at the same time to become enlarged, and new crystals of stable miner-

als grow in favorable positions, which are determined partly by the distribution of stress

within the recrystallizing mass. Transfer of matter, an essential part of any deforming

process, is effected largely by diffusion of the solutions themselves through the inter-

granular spaces of the rock."

Cataclastic deformation results if the stress within a rock exceeds the breaking

strength of the rock or its component minerals and induces the rock to behave as a brittle

material, thus causing it to yield by rupture. Though there are cases where deformation

may be considered solely cataclastic or solely crystalloblastic, generally the two kinds of

deformation operate more or less simultaneously or alternately with one temporarily out-

weighing the other as physical conditions of metamorphism fluctuate (Williams and

others, 1954).

Higgins (1971) has divided cataclastic rocks into two main categories (Table 1):

1) those without primary cohesion [i.e., fault breccia and fault gouge] and 2) those with
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primary cohesion in which the cohesion is due to a combination of crystalloblastic and

cataclastic processes. Those with primary cohesion are further subdivided into two cate-

gories on the basis of whether cataclasis is dominant over neomineralization-recrystalliza-

tion or vice versa (Higgins, 1971). It must be emphasized that neomineralization-

recrystallization of a cataclastic rock may not be so well developed as to obliterate the

cataclastic texture. Some evidence of cataclasis must be preserved.

Rocks in which cataclasis is dominant over neomineralization-recrystallization are

further subdivided by the presence or absence of fluxion structure. Fluxion structure is a

cataclastic foliation which may be visible megascopically or only microscopically. It is a

cataclastically produced and directed penetrative texture or structure commonly involving

a family of s-surfaces. It does not necessarily involve compositional layering or laminations,

although typically many examples do show such layering (Higgins, 1971).

Microbreccia and cataclasite lack fluxion structure and cataclasis dominates. Pro-

tomylonite, mylonite, ultramylonite and phyllonite exhibit fluxion structure and cataclasis

is dominant. Rocks within each subgroup are divided on the basis of the volume percent-

ages of porphyroclasts and on the approximate size of most porphyroclasts (Table 1).

In the field area, rocks that exhibit strong evidence of cataclasis lie along a shear

zone. Neomineralization-recrystallization appears to have overprinted the cataclastic tex-

ture to a significant degree. Thus these rocks should be classified as mylonite gneisses,

mylonite schists, or blastomylonites. The granites away from the shear zone and the

metavolcanic rocks also exhibit some signs of cataclasis. However, original igneous char-

acteristics have remained. The muscovite schist, the clinopyroxene-epidote-plagioclase

gneiss and andesine-biotite-quartz gneiss exhibit a crystalloblastic deformation which has

obliterated any signs of cataclasis.
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PETROLOGY OF THE LAKE GASTON GRANITES

In the northern sector, the Lake Gaston granites include three different granite

phases: 1) an equigranular granite; 2) a porphyritic granite: and 3) a porphyritic biotite

granite. The porphyritic biotite granite was weathered to such an extent that petrographic

and chemical analyses were deemed impractical. Thus the data are biased toward the

equigranular and porphyritic granites.

Equigranular Granite

The equigranular granite is a light-gray, fine-to-medium grained, two-feldspar gran-

ite with a hypidiomorphic-granular texture (Plate 1). Plagioclase and potash feldspar occur

in subequal amounts (Table 2), and they comprise the larger grain size fraction of the rock.

The feldspars exhibit evidence of pervasive subsolidus reactions, as indicated by: 1) potash

feldspar which is very low in Na and has no perthitic albite; 2) by the presence of Na-rich

rims on primary oligoclase grains; and 3) by the presence of Na-rich matrix oligoclase.

Quartz is subordinate in size to the feldspars, and it occurs as elongated stringers. The

micas occur in subparallel alignment, and thus they impart a distinct foliation to the rock.

In general, this foliation becomes more pronounced near the mylonite zones.

The major minerals in the granite are oligoclase, potash feldspar, quartz and biotite.

Minor amounts of muscovite, epidote, chlorite, opaques, sphene, apatite, and zircon are

present. Potash feldspar and quartz are anhedral, while plagioclase is euhedral to anhedral.

There appears to be some compositional layering, particularly in the more foliated granite,

where elongate stringers of quartz alternate with feldspathic layers (Plate 2). The micas
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align in a subparallel manner along the edges of the quartz stringers.

Table 2: Modal Composition of Equigranular Granite (volume percent).

Potash Feldspar PlaqiocI ase Quartz Biotite Muscovite Qpaques

29 31 31 7 1 0.4

Chlorite Allanite Sphene Apatite Zircon Epidote

trace trace trace trace trace trace

(based on 25 thin sections, 10,000 total counts)

Quartz occurs as four textural varieties: 1 ) as elongate grains that exhibit undulóse

extinction (Plate 3); 2) as crushed quartz that appears partially recrystallized as indicated

by blurred grain outlines; 3) as vermicular inter-growths with plagioclase to form bulbous

myrmekite which embays potash feldspars (Plate 5); and 4) as poikilitic unstrained indu-

sions in feldspar phenocrysts. Types 1 and 2 often frame larger phenocrysts of feldspar

(Plates 3 and 4).

The potash feldspar crystals are subhedral to anhedral; occasiorially they are augen

shaped (Plate 4). The phenocrysts may attain a size of up to 6.5 mm. The mean size is

0.8 mm. Occasionally potash feldspar grains, 0.1 mm in size or less, occur in microshear

zones within the rock. These zones exhibit a fine-grained granoblastic texture. Most grains

within the zones appear to be the product of neomineralization-recrystallization. Cross-

hatch twinning is present in some grains, while other grains exhibit patchy twinning or

lack twinning altogether.

Initially the potash feldspars were identified as microcline or orthoclase on the

presence or absence of twinning. Later, it was found that this criterion is not reliable be-

cause untwinned microcline is common (Tuttle and Bowen, 1958). The 130 and 130

X-ray diffraction peaks suggest that the potash feldspars include maximum microcline and
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a remnant monoclinic phase. Charts of several samples exhibit a split between the 130 and

130 peaks of about 8°. These peaks represent the triclinic phase of the potash feldspar

(Smith, 1974). A central peak, occurring midway between these two peaks, is believed to

represent the 130 peak of the monoclinic phase (Smith, 1974).

The potash feldspars are not perthitic, and they are commonly embayed by bulbous

myrmekite (Plate 5). The larger grains of potash feldspar are often slightly poikilitic with

inclusions of unstrained quartz, biotite and rare plagioclase. The plagioclase inclusions are

typically rimmed by albite. Potash feldspar grains within two equigranular granite samples

were subjected to microprobe analyses. The results are given below (Table 3). Optically

all potash feldspars exhibit a lack of perthite (Plate 4) indicating a low albite content. This

assumption is supported by microprobe analyses which show the feldspar to contain as

little as 8 percent Ab (Mauger, personal communication, 1982).

Table 3: Composition (in mole percent) of Potash Feldspar Grains, as Determined by
Microprobe Analyses (Mauger, personal communication, 1982).

Sample No. Or Ab An ^Ba ^Fe

44A 90.7 8.5 0.2 0.4 0.2

76A 90.7 8.2 0.1 0.9 0.1

1

Ba is barium reported as BaAl2SÍ20g.
2
Fe is iron reported as FeAl2SÍ20g.

The plagioclase feldspar occurs in four textural varieties: 1) as large euhedral to sub-

hedral grains that may attain a maximum size of 7 mm, but which have a mean size of 0.8 mm

(Plate 6); 2) as poikilitic inclusions in larger phenocrysts of potash feldspar; 3) as myrmekite;

and 4) within fine-grained neomineralized-recrystallized zones. Microprobe analyses indicate
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that the plagioclase phenocrysts have an oligoclase composition (Table 4). These grains

typically exhibit albite and combination albite/percline twins; carlsbad twins are rare.

Many of the plagioclase grains have corroded or sericitized cores (Plate 7). Tabular mus-

covite and/or sericite flakes are commonly parallel to twin planes within plagioclase pheno-

crysts. Where combination albite/pericline twinning is present, the micas often produce a

cross-hatch pattern (Plate 6). The plagioclase phenocrysts generally exhibit compositional

zones that are parallel to the crystal outlines. Some exhibit multiple zones (Plate 9), while

others exhibit what were initially thought to be albite rims (Plate 7). Microprobe analyses

indicate that these rims actually exhibit a composition nearer to Na-oligoclase (Table 5).

A matrix plagioclase occurring within the fine grained neomineralized-recrystallized zones

appears to have a composition similar to these rims (Table 5). Inclusions in poikilitic

plagioclase include quartz, biotite, chlorite and magnetite. One sample exhibited kaolinite

(?) infillings of microfractures within the plagioclase grains (Plate 8). These are believed to

be a product of weathering.

Table 4: Composition (in mole percent) of Plagioclase Phenocrysts, as Determined by
Microprobe Analyses (Mauqer, personal communication, 1982).

Sample No. Or Ab An "•Fe

44A 1.7 76.0 22.1 0.2

76A 1.8 76.8 21.3 0.2 (Trace strontium)

1
Fe is iron reported as FeAl2SÍ20g.
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Table 5: Composition (in mole percent) of Plagioclase Rims and Matrix Plagioclase, as
Determined by Microprobe Analyses (Mauger, personal communication, 1982).

Sample No. 44A Or Ab An

Plagioclase Rims 1.1 81.0 17.9

Matrix Plagioclase 0.8 82.1 16.9

^Fe is iron reported as FeAl2SÍ20g.

Micas, sphene, epidote, zircon and opaques are a common association, and they

are arranged in a sub-parallel manner producing a distinct foliation. Muscovite and biotite

may attain a maximum size of 2 mm; mean sizes are approximately 0.3 mm. Both occur

in two forms: 1) as inclusions in feldspar phenocrysts; and 2) as primary constituents with-

in the groundmass. Biotite ranges from dark brown to green brown to pale green in plane

light. Numerous grains show alteration. The alteration mineral is usually chlorite which

contains numerous opaque inclusions. Microprobe analyses of biotite revealed an atomic

Fe
ratio for /Fe -t- Mg of 0.567 (Mauger, personal communication, 1982).

Sphene grains are light brown to colorless and euhedral to subhedral. They exhibit

the typical wedge-shaped habit, and they often enclose tiny opaque inclusions (Plate 10).

A few elongate grains may attain a length of 1.5 mm, but the more euhedral grains are

usually 0.4 mm or less in diameter. Epidote commonly occurs as rims on allanite or as

granular clusters less than 0.3 mm in size. The epidote is colorless in plane light, and the

allanite is yellow brown.

Opaques occur as euhedral to anhedral grains which are generally less than 0.4 mm

in diameter. Mauger (personal communication, 1982) conducted microprobe analyses on an

opaque grain found in sample 44A. The opaque was determined to be titanomagnetite as

indicated by the following composition: 76.4 FeO, 14.3 TiO^, 0.6 MnO^, 0.1 Cr202, and
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trace amounts of Mn and Cr (calculated in weight percents). Most of the opaques are be-

lieved to be titanomagnetite. Some hematite was found.

Zircon occurs as minute prismatic crystals, and it is usually associated with biotite;

one zircon crystal was found as an inclusion in plagioclase. Apatite is relatively rare. It

occurs in the fine-grained granoblastic zones where neomineralization-recrystallization is

evident.

Porphyritic Granite

The prophyritic variety is a chalky-white, medium-grained granite with a hypidio-

morphic-granular texture (Plate 11). Potash feldspar forms large augen-like phenocrysts.

Quartz, biotite, and plagioclase are smaller in size and less abundant than the potash feld-

spar (Table 6). Micas occur in a subparallel alignment partially sheathing the feldspar

augen. Minor amounts of muscovite, opaques, sphene and epidote are present (Table 6).

Table 6. Modal Composition of Porphyritic Granite (in volume percent).

Potash Feldspar Plagioclase Quartz Biotite Muscovite Qpaques

43 19 24 7 trace trace

Sphene Chlorite Epidote Zircon
trace trace trace trace

(based on 1 thin section, 400 total counts)

The potash feldspar occurs as white, subhedral to augen-shaped phenocrysts that

may attain a maximum size of 7 mm. The mean size is 3 mm. Grains 0.4 mm or smaller

were observed in mortar zones surrounding larger phenocrysts. Cross-hatched twinning is

well developed in most grains. The 130 and 130 peaks suggest that the potash feldspa'r,

like that in the equigranular granite, is between a monoclinic phase and maximum micro-
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dine. The potash feldspar in the porphyritic granite occasionally contains perthite, which

is in contrast to the lack of perthite in the equigranular granite. Potash feldspars are often

embayed by myrmekite. Other potash feldspars are poikilitic, and they contain inclusions

of plagioclase, quartz and biotite.

Quartz occurs as elongate stringers showing undulatory extinction. It also occurs

in mortar zones which surround augen-shaped feldspars. Quartz inclusions in feldspar grains

exhibit uniform extinction.

The plagioclase grains are generally subhedral and may attain a size of 5 mm. The

mean grain size is about 1 mm. The grains are generally twinned, and they were determined

to be oligoclase using the Michel-Levy method. Polysynthetic albite twins and combina-

tion albite/pericline twins are common. Carlsbad twins are infrequent. The plagioclase

grains may exhibit corroded or sericitized cores. Most grains exhibit zoning similar to the

zoning of plagioclase in the equigranular granite. Inclusions in plagioclase include chlorite,

biotite and opaques.

Micas, sphene, epidote, zircon and opaques are intimately associated and partially

sheath feldspar phenocrysts. Biotite is dark brown to pale green in plane light. Some

grains attain a size of 3 mm, but the mean size is 0.3 mm. Muscovite grains may attain a

maximum size of 1 mm.

Sphene, chlorite, opaques and epidote are all generally less than 0.4 mm in size, and

they exhibit the same characteristics as seen in the equigranular granite.

Porphyritic Biotite Granite

The porphyritic biotite granite is a leucocratic, coarse grained, hypidiomorphic-

granular rock (Plate 12). Large pink euhedral potash feldspar phenocrysts occur in sub-

parallel alignment and are sheathed in a matrix of mica, quartz, plagioclase, sphene and
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opaques. Unfortunately samples of this granite were highly weathered.

The major minerals, in order of relative abundance, are potash feldspar, biotite,

plagioclase, quartz and sphene. Minor amounts of chlorite, muscovite and opaques are also

present. Potash feldspar and sphene are generally euhedral. Plagioclase and opaques are

subhedral to euhedral, while quartz is anhedral. The micas occur as tabular grains; these

and quartz stringers sheath the larger feldspar grains.

The potash feldspars stand out in relief on weathered surfaces. The mean grain size

is 2.5 mm, but one of the larger grains measured 4.5 cm in its longest dimension. Potash

feldspars commonly exhibit carlsbad twins, but cross-hatch twins are poorly developed.

The grains contain inclusions of plagioclase, quartz, biotite and muscovite, and they are

often embayed by bulbous myrmekite. Some grains exhibit perthite.

Plagioclase grains are generally sericitized and corroded. They were preferentially

destroyed by weathering, and their characteristics have to be discerned from the small

amounts that remain in the thin sections. Most grains exhibit combination albite/pericline

twins. Grains that permit measurement of extinction angles by the Michel-Levy method

were determined to be oligoclase. Occasionally the twin boundaries are bent, indicating

mechanical deformation. The mean size of the plagioclase grains is 3 mm, but grains up to

5.5 mm were also seen.

The micas sheath the feldspar phenocrysts and occupy the interstices between

grains. Biotite is pale green to dark brownish green in plane light. The mean size of biotite

is 1.7 mm, while the largest grain measured 3 mm in diameter. Trace amounts of musco-

vite and chlorite were also observed. Muscovite predominates over chlorite and is usually

less than 1.5 mm in size. Chlorite is generally less than 0.5 mm.

Quartz stringers parallel micaeous zones, and the individual grains exhibit strong

undulóse extinction. The maximum size of the quartz grains is 2 mm, and the mean size
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is 0.6 mm.

Sphene is intimately associated with the micas. The crystals are wedge shaped, and

they often are highly weathered. Sphene often contains opaque inclusions. The opaques

are anhedral to subhedral, and they are often highly weathered. They occur as tiny specks

within plagioclase grains and in association with micaeous layers where they may attain a

size of 0.8 mm.

The porphyritic biotite granite has been described as a northern extension of the

Butterwood Creek granite. It should be mentioned here that the Butterwood Creek granite

is reported by Farrar (in press) to contain hornblende. Samples of the porphyritic biotite

granite lack hornblende.

X-ray Fluorescence Data

X-ray fluorescence analyses for the major elements in the equigranular granite and

porphyritic granite are given in Table 7 (Na20 and MgO were determined by AA, Skyline

Labs, Inc.). Samples of the porphyritic biotite granite proved to be too weathered.



Sample No. Eg^ Eg2 Eg^ Eg^ Eg^ Eg^ Pg^ Pg^
Major Oxides, %

SÍ02 70.40 67.86 70.29 69.04 70.29 70.96 70.49 72.87

TÍ02 0.28 0.50 0.39 0.59 0.36 0.45 0.31 0.21

A1203 15.34 15.07 14.96 14.47 16.66 15.40 15.45 16.07

1.72 2.69 2.00 3.04 2.14 2.37 1.75 1.07

MgO 0.34 0.69 0.53 0.69 0.59 0.64 0.50 0.24

CaO 1.21 1.38 1.55 1.67 1.05 1.74 1.43 1.56

Na20 4.20 3.70 4.30 3.80 3.40 4.20 4.40 4.80

K2O 4.79 4.92 4.68 4.59 4.15 4.89 3.56 3.56

^Wt. Loss 0.50 1.60 0.40 0.70 2.40 0.50 1.60 1.50

Total 98.78 98.32 99.10 98.59 101.04 101.15 99.49 101.88

1

Fe202 is total iron.
O o

Wt. loss upon heating sample at 900 C for eight hours.

Table 7. Major Element Chemical Analyses of the Equigranular (Eg) and Porphyritic (Pg)
Granites. For sample location refer to Figure 4.



EQUIGRANULAR GRANITE

Sample No. OR AB AN C QTZ

117A 30 37 6 1 26

124A 32 34 7 1 26

44A 29 38 8 1 25

76A 29 35 9 1 27

126A 26 30 6 5 33

44AA 30 37 9

PORPHYRITIC GRANITE

1 24

Sample No. OR AB AN C QTZ

14A 22 39 9 2 29

151A 21 41 8 2 28

Table 8. Normative Quartz, Feldspar and Corundum (C) Percentages for the
Equigranular and Porphyritic Granites.
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Sample preparation involved pulverizing the rocks to a fine uniformly-sized powder.

Two to six grams of rock powder were mixed with methyl cellulose (10%) binder. The

mixture was heated to 90°C overnight to remove any moisture in the samples. The powder

was then pressed into pellets.

A General Electric XRD-6 fluorescence spectrometer was used to analyze the pellets.

Tungsten or chromium radiation and a flow-proportional counter (P-10 gas) were used. The

raw data were corrected for dead-time, background and sample holder position. Powdered

samples were also analyzed for weight loss after being heated at 900°C for eight hours. The

more weathered samples showed a greater weight loss than the fresher samples (Table 7).

The major chemical difference between the equigranular and porphyritic granites is

the K2O content. The equigranular granite exhibits a slightly higher K2O content than the

porphyritic granite. This is expressed both in weight percent determinations and norma-

tive calculations (Tables 7 and 8). Within each granite phase, however, the samples are

nearly homogenous chemically (Table 7) despite large distances between localities (refer to

Figure 4). The small amounts of normative corundum indicate that the granites are «

peraluminous (Table 8).

Textural Features as Evidence for Metamorphism of the Granites

The textural features suggest that the granites were subjected to a post-magmatic

regional metamorohic event.These textural features include: 1) mortar textures surround-

ing large feldspar phenocrysts (Plate 4); 2) preferred orientation of biotite grains; 3) sub-

hedral augen-like nonperthitic potash feldspar grains (Plate 4); 4) recrystallized quartz

stringers which alternate with feldspars, giving a crude sense of layering (Plate 2); and 5)

bulbous myrmekite (Plate 5).

A protoclastic origin (Waters and Krauskopf, 1941) can easily be disproved by the
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consistent strike of the foliation in the granites. The foliation strikes N 10 E at various

localities (Figure 3). If protoclasis was involved, the foliation should not be so consistent,

but it should exhibit different orientations, reflecting convection currents within the

crystallizing magma body.

The term myrmekite, a derivation of the Greek word for wart (Sederholm, 1899),

has been strictly defined by Phillips (1974) as: ". . . a rock texture in which vermicular

quartz is intergrown with sodic plagioclase and both these phases occur in contact with

potash feldspar or have clearly psuedomorphed potash feldspar. It should be noted that

the intergrowth occurs between adjacent plagioclase and potash feldspar or between two or

more adjoining alkali feldspar grains".

The plagioclase in myrmekite is derived by exsolution from potash feldspar (Strut,

1970; Widenfalk, 1979; Ashworth, 1972 and 1973; and Phillips, 1974). Schwantke (1909)

first suggested that myrmekite grew in the solid state as a result of exsolution. He main-

tained that Oa in potash feldspar is held as hypothetical high-silica molecule which breaks

down to produce anorthite and excess silica. These migrate to the crystal border where

they grow simultaneously to form myrmekite. The reaction is as follows:

CaAl2SigOi6 ' " ^ CaAl2SÍ20g + 4SÍO2
Schwantke's molecule Anorthite Quartz

Thus for each molecule of anorthite there are four molecules of quartz. As a result, the

more calcic myrmekites are richer in quartz. A substitution of Na for Ca in Schwantke's

molecule would lead to the production of albite which could form perthitic intergrowths

in potash feldspar or rims on calcic plagioclase (Phillips, 1974). For a more detailed ex-

planation refer to Phillips (1973 and 1974).

Widenfalk (1969) explains how these two different plagioclase compositions can

be unmixed from the same potash feldspar to form albite in perthitic lamellae and rims
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and a more basic plagioclase, which in conjunction with liberated silica, forms myrmekite:

"Decrease in temperature will induce a difference in the partial
free energy between calcium and sodium residing in the potash
feldspar and in the plagioclase, and exsolution will begin. In the
beginning, the exsolved ions will have almost the same composi-
tion as the primary plagioclase" (forming myrmekite). "As the
rock continues to cool, the sodium left in the potash feldspar will
finally be exsolved as albite in rims and perthite lamellae."

Myrmekite does not necessarily attest to deformation for it is common in igneous

as well as in metamorphic rocks. However, the morphology of myrmekite may be used as

a criterion for determining whether or not a rock has been subjected to metamorphism.

Phillips and Carr (1973) studied myrmekite morphology in undeformed porphyritic

granites and in deformed granite and gneiss from New South Wales, Australia. They found

that myrmekite could be divided into two distinct categories; 1 ) fringe-type myrmekite of

the undeformed rocks; and 2) bulbous myrmekite of the deformed rocks (Figure 5).

The fringe-type myrmekite occurred as fringes on primary plagioclase along the

potash feldspar-plagioclase interface. Phillips and Carr describe the origin of the fringe

myrmekite as follows:

"Exsolution of myrmekite components under 'static' condi-
tions could be expected to cause myrmekite to grow out from
'straight' edges of the plagioclase nuclei as continuously advanc-
ing fronts (projecting into alkali feldspar) and thus, without
deformation, the myrmekite is essentially mimectic after the
original plagioclase grain interface and plagioclase lattice."

The bulbous myrmekite of the deformed rocks exhibits curved grain boundaries

which invade the potash feldspar as lobate or bulbous-like growths. The bulbous myrmekite

owes its distinctive morphology to shearing and granulation of the groundmass plagioclase

during a metamorphic event. This shearing granulates marginal plagioclase, creating more

randomly oriented potential nuclei. Granulation also increases the grain boundary energy,

producing a more accommodating site for myrmekite precipitation (Phillips and Carr, 1973).



Figure 5. Diagramatic representations of myrmekite. Myrmekite^is shown
by the vermicular outline of the quartz 1 non-mymekitic plagioclase
is usually twinned; granular quartz is clear, and potash feldspar
is stippled (after Phillips, 197^)•

A. Bulbous myrmekite ’Of the deformed granite and gneiss of
Phillips and Carr (1973). The matrix (at the bottom of the
sketch) is composed of granular quartz and plagioclase.

B. Fringe type myrmekite of the undeformed granite of Phillips
and Carr (1973). "The boundaries of the primary plagioclase and
the myrmekite plagioclase are subparallel" (Phillips, 197^)*
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As a result the shape of the myrmekite boundary against the potash feldspar will be die-

tated by both the anhedral shape of the granulated plagioclase and by least-energy, grain

boundary conditions. These result in a spherical surface (Phillips and Carr, 1973). The

myrmekite of the Gaston Lake granites is identical to the bulbous myrmekite of the de-

formed granite and gneiss (Phillips and Carr, 1973; Plate 5). Thus the bulbous myrmekites

indicate that the granites in my area were subjected to a post-crystallization deformational

episode.

The general lack of perthite within the potash feldspar grains of the equigranular

granite may indicate near complete expulsion of sodium. The sodium may have subse-

quently recrystallized with exsolved calcium to form the Na-rich rims on primary oligoclase

and the discrete grains of Na-oligoclase found within the fine grained neomineralized-

recrystallized zones. This process results from subsolidus effects rather than from mag-

matic processes. Tuttle (1952) states that "the occurrence of nearly pure albite and

orthoclase side by side, in granitic rocks suggests a prolonged heating at relatively low tern-

peratures as in regional metamorphism". Buddington (1939) cites a similar occurrence of

unmixed feldspars in metamorphosed syenites and granites of the Adirondacks. The

microprobe data given in Table 3 lends support to these conclusions. The data could be

interpreted to show that the potash feldspar exsolved Na and Ca to about 400°C (?) and

then rapidly cooled to retain 8 percent Ab and trace An (Mauger, personal communication,

1982). The exsolution process would also explain the euhedral to subhedral outline of the

plagioclase phenocrysts in contrast to the general anhedral outline of the potash feldspar.

Strain during shearing would not only tend to round the grain boundaries, but would also

increase the potential for diffusion and exsolution of the sodium in the alkali feldspar.

Thus the sodium would be induced to migrate out of the original alkali feldspar and to

nucleate onto pre-existing plagioclase grains, giving them a euhedral appearance (Plate 7).
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The presence of occasional perthite in the porphyritic granite and in the por-

phyritic biotite granite may be attributed to the larger size of the original alkali feldspar

phenocrysts. The sodium residing in these grains would have to diffuse a longer distance

before leaving the grain. Thus some sodium would remain as perthitic albite intergrowths

in the potash feldspar.

The potash feldspar crystals in the porphyritic biotite granite are generally euhedral

in contrast to the anhedral feldspars that are found in the equigranular and porphyritic

granites. I believe that the porphyritic biotite granite was subjected to the same deforma-

tion that affected the porphyritic and equigranular granites, but because of its higher mica

content, strain was more readily taken up in the micaeous zones. The feldspars were thus

rotated and aligned, but their original euhedral shape survived intact.

In conclusion, the textural features and mineral compositions indicate that the Lake

Gaston granites were subjected to an episode of greenschist facies metamorphism.

Classification

The Lake Gaston granites compare favorably to the S-type granites of Chappell and

others (1974 and 1976). They divided granites into two categories:

I S-type - granites produced by partial melting of pelitic material.

II l-type - granites produced by melting of mantle material.

S-type granites are peraluminous. They are characterized by the presence of biotite

alone or biotite with muscovite or cordierite or garnet, but not hornblende. Apatite occurs

as discrete crystals in the S-type granites. These granites often contain metasedimentary

xenoliths and they may exhibit high initial °'Sr/ Sr ratio y 0.709. They are low-sodium

granites, with Na20 normally 3.2% in rocks with approximately 5% K2O, decreasing to

2.2% in rocks with approximately 2% K2O.
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l-type granites are alkalic granites characterized by biotite alone or biotite and

hornblende. Apatite rarely occurs as discrete crystals, but it is often found as inclusions

in biotite and hornblende. The l-type granites contain relatively high sodium, with Na20

normally^ 3.2% in felsic varieties and decreasing to <C 2.2% in more mafic types.

These granites seldom, if ever, exhibit initial ®^Sr/^®Sr ratios above 0.709.

The Lake Gaston granites seem to exhibit the general characteristics of the S-type

granites. They are peraluminous. They contain biotite and muscovite, but no hornblende.
0*7 QC

Apatite, when present occurs as discrete crystals (the Sr/ Sr initial ratio has not been

determined). The small outcrops of muscovite schist found along Pea Hill Creek may be

considered metasedimentary xenoliths within the Lake Gaston granite complex. The Lake

Gaston granites differ from typical S-type granites in that they contain slightly more

sodium relative to potassium (4.4% K2O; 4.1% Na20).

A Brief Comparison of the Lake Gaston Granites and Other Granites Occurring within the
Southern Appalachian Piedmont

The Lake Gaston granites are similar in age and geographic location to the granitic

plutons studied by Fullagar and Butler (1979). Both groups occur within an age range of

325 and 265 m.y. old. Both groups are located within the southern Appalachian Piedmont

and straddle the boundary between the Coastal Plain and the eastern Piedmont. Figure 6

illustrates a plot of the Lake Gaston granites and the granitic plutons (Fullagar and Butler,

1979) on a K2O, CaO and Na20 diagram. The granitic plutons (Fullagar and Butler, 1979)
are generally calc-alkaline with K20/Na20 ratios commonly greater than one. The Lake
Gaston granites are peraluminous and, with the exception of sample Eg , have K20/Na20
ratios less than one (Table 7). The most significant difference between the two groups is

that the Lake Gaston granites exhibit features indicative of deformation-recrystallization,

while most of the granites described by Fullagar and Butler (1979) are post-metamorphic.



Figure 6. K20-Na20-Ca0 Diagram of the Lake Gaston Granites and 325 to
265 m.y. Old Granitic Plutons (Fullagar and Butler, 1979).
+ Lake Gaston Granites-
° Other Granitic Plutons.
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The Lake Gaston granites can best be compared to the deformed granites within

the Kiokee belt and to the Clouds Creek pluton. The Kiokee belt, extending from Georgia

into South Carolina, and the Clouds Creek pluton, in South Carolina, straddle the eastern

edge of the Carolina Slate belt. These deformed granites, like the Lake Gaston granites,

are typically foliated and locally grade into mylonites. They fall within an age range of 319

to 254 m.y. old (Snoke and others, 1980). Petrographically, they appear to have a similar

mineral assemblage to the Lake Gaston granites. The feldspars, quartz and biotite are the

primary minerals. Retrograde minerals include chlorite, epidote, allanite and muscovite.

Apatite, sphene, opaque oxides and zircon occur as accessory minerals (Snoke and others,

1980). Sericitization of plagioclase and myrmekitic intergrowths are common features in

both the deformed granites (Snoke and others, 1980) and within the Lake Gaston granites.

The Clouds Creek granite and the deformed granites within the Kiokee belt gener-

ally exhibit well developed foliation and often show gneissic layering. The Lake Gaston

granites exhibit a moderate foliation and gneissic layering is poorly developed except near

and within the mylonite zone. Though the Lake Gaston granites, the deformed granites

within the Kiokee belt, and the Clouds Creek pluton exhibit similar retrograde mineral

assemblages, the deformational features within the Kiokee and Clouds Creek plutons indi-

cate metamorphism within the amphibolite facies (Snoke and others, 1980), while textural

features within the Lake Gaston granites suggest a less intense greenschist facies meta-

morphism.
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ASSOCIATED ROCK TYPES

The rocks surrounding and occurring in the Lake Gaston granites have undergone

metamorphism with the exception of the basaltic dikes. Crystalloblastic textures are domi-

nant except for the rocks in the shear zone and for the metavolcanic rocks, in which cata-

clasis appears to have been the dominant textural response to deformation.

Rocks within the Shear Zone

Rocks exhibiting a distinctive mylonitic appearance were found in a zone near Pea

Hill Creek (Figure 3). Along the eastern bank of the creek, these mylonitic rocks occur

as a series of parallel platey outcrops.

The mylonitic rocks appear to be compositionally similar to the equigranular gran-

ite. However, compositional variations are probably due to differences in the degree of

deformation, in recrystallization, and in neomineralization along the shear zone (Table 9).

The rocks fall into Higgin's (1971) mylonite gneiss and blastomylonite categories because

they have undergone significant recrystallization and neomineralization.

The mylonitic gneisses exhibit a characteristic augen texture (Plates 13 and 14).

The augen are porphyroclasts of feldspar or of crushed mineral aggregates. These augen

average 4 mm in size. Perthite is occasionally observed in the potash feldspar augen.

Cross-hatch twinning, though generally uncommon, may be present in the feldspars of

some samples. The potash feldspar augen are commonly embayed by bulbous myrmekite.

Some augen exhibit micro-fractures that are infilled with recrystallized matrix material.

Fluxion structure is well developed; it is defined by inosculating layers of mica
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Table 9: Modal Compositions of the Mylonite Gneisses and Blastomylonites
(in percents by volume).

Mylonite Gneisses Blastomylonites
Sample numbers 137A 19AA 138A 127A 90A 132A

Quartz 19 35 25 26 31 27

Plagioclase 23 20 23 36 31 20
Potash Feldspar 56 33 41 37 27 30
Biotite 0.8 — 10 2 7 0.8
Muscovite Tr 10 — Tr 0.8 20

Opaques Tr Tr Tr Tr Tr 0.8
Chlorite Tr Tr Tr — Tr —

Epidote — — — — Tr —

Garnets Tr Tr — — Tr Tr

Tr = trace

(Each sample thin section subjected to 400 counts)

and/or recrystallized quartz stringers. The micas form continuous trains which sheath feld-

spar augen or augen-shaped mineral aggregates (Plate 14). The micas often attain a size of

up to 2 mm. Nearly continuous quartz stringers may also frame the augen. The quartz

grains in the stringers exhibit strong undulóse extinction.

This texture, a granoblastic mosaic of crystalloblastic feldspar and quartz grains

which are generally less than 0.2 mm in size, results from pervasive recrystallization and

neomineralization. Plagioclase of two different compostions was found. Twinned plagio-

clase was determined to be oligoclase. Not all oligoclase grains exhibited twinning, but they

could be identified by their very slight relief relative to quartz. Grains exhibiting a lower

relief than quartz are probably albite, which formed by exsolution from potash feldspar

augen and by granulation of albite rims that had formed on pre-existing oligoclase grains.

The exact proportion of albite and oligoclase was not determined.

Blastomylonites were also found in the shear zone (Plates 15 and 16). These rocks
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lack augen and their general texture appears to have resulted from combined cataclastic

and crystalloblastic processes. The porphyroclasts have been reduced to ribbon-like breccia

streaks. These breccia streaks and the continous mica trains superimpose a fluxion structure

on the rocks. The blastomylonites appear to have undergone less recrystallization and neo-

mineralization than the mylonite gneisses, because they are generally finer grained and lack

quartz stringers. The average grain size of the blastomylonites is generally 0.2 mm or less.

There are, however, some zones in which the grains average 0.3 mm.

A very fine grained rock was found to crop out along the shear zone and in contact

with the porphyritic biotite granite (Plate 17). This rock has been tentatively classified as a

metarhyolitd?) dike based on hand specimen observation. Mauger (personal communica-

tion, 1982) believes that this dike intruded in line with the regional foliation so that the

original flow banding was changed to foliation during metamorphism. Fluxion lines within

the rock wrap around potash feldspar of the porphyritic biotite granite, indicating that both

rocks were subjected to the same deformational episode.

Metavolcanic Rocks

The metavolcanic rocks crop out along the eastern boundary of the equigranular

granite. They are dark green, prophyritic-aphanitic rocks which contain lenses of greenish-

white phaneritic autoliths. They are riddled by large quartz veins. The green coloration is

due to abundant disseminated chlorite, sericite and epidote. Such a mineral assemblage

suggests that the metavolcanic rocks have undergone metamorphism in the greenschist facies.

The groundmass grains are generally less than 0.2 mm. They consist of quartz and

plagioclase feldspar in random orientation and disseminated chlorite, sericite and epidote.

Much of the groundmass appears to be slightly recrystallized as indicated by blurred grain

outlines (Higgins, 1971). Stringers of chlorite and sericite are nearly continuous through
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individual thin sections. These micaeous zones are believed to define microshears (Plate 18).

Whole and fractured phenocrysts of plagioclase and quartz are scattered throughout

the rock. Elliptical coarse-grained quartz aggregates may have been amygdules (Plate 18).

They show excellent strain-induced subgrain textures and exhibit a high density of rehealed

microfractures (Plate 18). Euhedral to nearly equant grains of plagioclase, up to 2 mm in

size, are scattered throughout the rock (Plate 19). They appear most abundant in the rocks

close to the phaneritic autoliths and may in part have been derived from them. Opaques are

generally rare; however, one slide contained numerous euhedral to subhedral opaque grains

particularly concentrated in zones rich in sericite and chlorite.

The greenish-white phaneritic autoliths are typically fine to medium grained, and

they occur as lenses within the porphyritic aphanitic rocks (Plate 20). They are distinguish-

ed from the porphyritic-aphanitic rocks by a lighter color and a higher content of coarse

elliptical quartz aggregates which stand out in relief on weathered surfaces.

Mortar texture is well developed within the autoliths. Plagioclase grains are sub-

hedral to euhedral and highly sericitized, and they contain patches of epidote. One slide ex-

hibits plagioclase grains with symplectic intergrowths with quartz (Plate 20). Extinction

angle measurements indicate a composition of An^Q or Aoq. The largest grain was measured
at 2 mm. The mean grain size is around 1 mm. Plagioclase grains usually exhibit albite twin-

ning, but carlsbad and pericline twinning were also observed. Occasionally twin planes are

broken due to deformation.

Ouartz grains within the autoliths are anhedral to elliptical in outline and display well

developed subgrain textures (Plate 20). They often exhibit rehealed microfractures. Ouartz

composes the largest grain size fraction in the autoliths, measuring up to 3 mm, with a mean

size of 1.3 mm.

Patches of epidote occur in plagioclase and in mortar zones where the epidote is
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associated with sphene, opaques and chlorite. Mineral percentages are given in Table 10.

Table 10: Modal Composition of Autoliths (in volume percent).

Plaqioclase Quartz Epidote Chlorite Sphene Opaques
45 49 5 0.3 trace trace

(based on 1 thin section, 400 total counts)

As the name implies, the metavolcanic rocks have been subjected to some degree

of deformation. The preservation of large quartz grains indicates that the rocks were sub-

jected to a very mild cataclastic deformation because quartz is one of the first minerals to

succumb to cataclasis (Higgins, 1971). The nearly euhedral phenocrysts of plagioclase also

indicate that the deformation must have been mild as they would tend to be more rounded

if they had been subjected to a more intense deformation (Plate 19).

The foliation strikes N 10°E to N15°E (Figure 3). This foliation is parallel to the

regional foliation and thus indicates that the metavolcanic rocks were subjected to the same

deformational episode that affected the Lake Gaston granites.

Andesine-Biotite-Quartz Gneiss

The andesine-biotite-quartz gneiss is a mesocratic, fine grained rock with a gneissic

texture. Elongate pods of felsic minerals are sheathed in biotite, sphene, epidote, garnet

and opaques (Plate 21).

The dominant minerals, andesine, biotite and quartz, occur with lesser amounts of

epidote, sphene, potash feldspar, and garnet (Table 11).
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Table 11 : Modal Composition of Andesine-Biotite-Quartz Gneiss (in volume percent).

Plaqioclase Biotite Quartz Potash Feldspar Opaques Garnet Sphene Epidote

40 28 21 1 0.4 trace 1 7

(based on 4 thin sections, 1600 total counts)

Quartz occurs as equant and elongate grains with undulóse extinction. It may

attain a maximum size of 1.3 mm, but normally is about 0.3 mm.

The plagioclase is andesine. Nearly all andesine grains are subhedral. The grains

are slightly sericitized and show little zoning. Most grains are twinned, and albite twinning

is the dominant type. A few grains are untwinned. Combination albite/pericline twinning

and combination albite/carlsbad twinning are present (Plate 22). Occasionally twin bound-

aries are bent due to deformation. Plagioclase grains may attain a maximum size of 3.5 mm,

though the mean grain size is between 0.4 to 0.7 mm.

Biotite is pale green brown in plane light. The longest grain dimension may measure

up to 1.5 mm, but usually averages 0.5 mm. The grains are flat and tabular. They are ar-

ranged in a subparallel manner and are concentrated in dark colored zones with epidote,

sphene, opaques and garnet. These form a foliated matrix around the elongate pods of felsic

minerals.

Epidote is abundant in biotite rich zones (Plate 23). It occasionally forms rims on

allanite, but usually occurs as colorless euhedral to subhedral grains. Larger grains may at-

tain a maximum size of 1 mm, while the mean size is 0.4 mm. Sphene and garnet are usually

euhedral to subhedral. Sphene has its characteristic wedge-shaped habit and is 0.5 mm or

less in size. Garnets occur as euhedral grains, generally less than 0.3 mm in size. Qpaques

are exceedingly rare and occur as specks on biotite grains.
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Clinopyroxene-Epidote-Plagioclase Gneiss

The clinopyroxene-epidote-plagioclase gneiss is a melanocratic, fine grained rock

with a gneissic texture. The dominant minerals, in order or relative abundance, are clino-

pyroxene, plagioclase, epidote and sphene. Lesser amounts of hornblende, pyrrhotite and

quartz are also present (Plate 24). The clinopyroxene, pyrrhotite and hornblende are con-

centrated in clusters or fragments in the rock. These clinopyroxene rich fragments are

occasionally rimmed by feldspar, epidote and quartz rich veins.

Clinopyroxene is the dominant mineral. Based on measurements of ZAc, the

pyroxene was determined to be diopside-augite. It is pale green in plane light, and it occurs

as subhedral or anhedral grains that may attain a maximum size of 2.5 mm. Generally the

mean size is about 0.5 mm. Minute inclusions of pyrrhotite up to 0.7 mm occur within

the grains. Larger grains of pyrrhotite up to 0.7 mm occur interstitially. Dark green grains

of hornblende appear to be intimately associated with the pyroxene. These grains exhibit

a distinctive pleochroism. Sphene also appears to be concentrated within the pyroxene

clusters. It occurs as spindle-shaped grains measuring about 0.4 mm or less. The sphene

grains are aligned in a subparallel manner, imparting a sense of foliation to the rock.

The plagioclase, which is limited to narrow veins, was determined to be labradorita.

Most grains are nearly equant and they are highly sericitized. They attain a maximum size

of 1 mm and have a mean size of 0.2 mm. The plagioclase exhibits an intimate relationship

with epidote which may partially or wholly surround it. The epidote is colorless to a pale

green (in thicker portions of the slide) in plane light, and the grains are 1 mm or less in di-

ameter.

Crystalloblastic deformation has obliterated the original textural characteristics of

the rock. Based on its present mineralogical make-up, the clinopyroxene-epidote-plagio-

clase gneiss may represent a metamorphosed mafic gabbro.
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Muscovite Schist

Fresh muscovite schist is silver gray and weathered samples are red brown. The

schist is cut by numerous quartz veins. It is nearly pure muscovite (94%) and opaques

make up the remaining 6 percent. The largest muscovite grain was measured at 3 mm. The

mean grain size is between 0.7 and 0.9 mm, and iron oxide stains are common along the

cleavage planes. The opaques are subhedral to anhedral. They were determined to be mag-

netite based on crystal shape and observation in reflected light. The magnetite grains often

contain tiny inclusions of muscovite. Some grains appear to have been altered to hematite

(Plate 25).

The muscovite schist may be related to an aluminous schist which contains musco-

vite, biotite, garnet, staurolite, and occasionally kyanite (Stoddard and McDaniel, 1979).

This schist crops out to the south of Lake Gaston and along strike of the muscovite schist.

Basaltic Dikes of Probable Mesozoic Age

The basaltic dike rocks are dark gray to black. Their texture ranges from hyalopi-

litic to intersertal to intergranular. Most samples contain elliptical to spherical amygdules

of chalcedony and other secondary minerals (Plate 26).

Samples containing amygdules exhibit intersertal to hylalopilitic textures (Plates 26

to 30). Plagioclase is the dominant mineral, comprising 31 percent of the rock. Clino-

pyroxene and opaques make up 16 to 17 percent of the rock respectively. Apatite occurs

in trace amounts. A red-brown to green-brown glass (33 percent) and amygdules make up

the remainder of the rock.

The plagioclase is labradorite. It occurs as randomly oriented laths that average

0.4 mm in size. The clinopyroxene occurs as elongated rods in random orientation. These

grains are colorless in plane light, and they are about 0.4 mm or less in size. Prismatic
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apatite needles are scattered throughout. They are generally less than 0.1 mm in length.

Opaques occur as anhedral to euhedral grains that are generally less than 0.3 mm. Based

on grain shape and reflectivity, the opaques were determined to be magnetite. The amyg-

dules are circular to elliptical in cross-section. They may attain a diameter of 2.5 mm, but

are generally less than 1 mm in diameter. Minerals in the amygdules are chalcedony and/or

calcite and a fibrous chloritic mineral.

Two samples of the amygdular, intersertal basalt contained large euhedral to sub-

hedral, nearly equant grains of oligoclase. These are up to 4.5 mm in size (Plate 27), and

they comprise as much as 4 percent of the rocks. They occur in glomeroporphyritic

clusters. The grains have a fritted appearance due to numerous inclusions of groundmass

material. Dusty zones formed by minute inclusions of groundmass material (Stormer, 1972;

Benton, 1951 ), parallel the boundaries of the oligoclase grains. Clear rims mantle the dusty

zones. Spruill (1976) described similar features in phenocrysts from an andesite flow. The

clear outer rims on these phenocrysts were of the same composition as the groundmass

plagioclase, while the inner core was more sodic. Optically it was difficult to determine

the composition of the outer rims on the oligoclase grains, but it may be assumed that these

rims approach the composition of the groundmass plagioclase.

There are two possible explanations for the origin of these fritted oligoclase grains;

1) they may have crystallized at higher pressures than the surrounding groundmass plagio-

clase, or 2) they may be xenocrysts derived from crustal rocks or from another magma.

Cohen and others (1967) have determined that the plagioclase crystals in a basaltic

melt become more sodic with increasing pressure. According to Stormer (1972), partial

resorption and development of dusty zones would result as the magma rose and crystals

re-equilibrated at lower pressures. The clear rims would form coincidently with ground-

mass crystallization.
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There are two problems with the above explanation. First the development of such

features is limited to a narrow pressure range within which the magma must reside for a suf-

ficient time (Stormer, 1972). Secondly the basalt in question contains no other large pheno-

crysts such as olivine or pyroxene which could also have crystallized under higher pressures.

The oligoclase grains may be xenocrysts derived from crustal rocks or magma mix-

ing. Eichelberger (1975) describes a basaltic andesite which contains similar phenocrysts.

These phenocrysts have andesine cores with labradorita rims. They occur with phenocrysts

of plagioclase (Ang^ gg) and olivine and with matrix labradorita. He attributes the source

of the andesine to a porphyritic rhyolite magma which mixed with a basaltic magma. The

calcic plagioclase and olivine were inherited from the basalt. After the rhyolite glass dis-

solved in the basaltic magma, the labradorite rims grew on the andesine phenocrysts.

This oligoclase bearing rock may be related to the upper Cretaceous trachytes that

outcrop in Halifax and Warren Counties and extend into southern Virginia (Spence and

McDaniel, 1979). These trachytes have a K/Ar age date of 78l4 m.y. (Spence and

McDaniel, 1979). They are glomeroporphyritic and exhibit a dark gray to black aphanitic

groundmass. They contain phenocrysts of plagioclase and sanidine. The oligoclase bearing

rock differs from the trachytes in that it apparently lacks the sanidine component. Major

chemical analysis of two trachyte samples is given in Table 12.

Table 12. Major Element Chemical Analysis of Trachyte Samples from Halifax and
Warren Counties (Spence and McDaniel, 1979).

SÍO2 TÍO2 AI2O3 ^^2^3 FeO MgO CaO Na20 K2O
Halifax 60.5 .96 13.6 4.8 4.7 .33 3.1 2.4 5.4

Warren 64.0 .90 12.8 2.8 6.5 .40 3.0 2.4 5.3



43

An amygdular, hyalopilitic basalt was found in the same locality where the amyg-

dular intersertal basalt was found. The hyalopilitic basalt is believed to represent a chilled

marginal phase of the intersertal basalt (Plates 28 to 30). Whispy microphenocrysts of

clinopyroxene are often associated with microlites of plagioclase which occur in radiating

spherulitic bundles (Plate 28). Boxwork dendrites of plagioclase (Lofgren 1974) appear to

be elongated parallel to the a-axis with glass occupying spaces between the dendrites (Plate

29). These grains are similar in morphology to the "belt buckle" microphenocrysts which

Bryan (1972) observed in variolitic zones of submarine pillow basalts. Microdendritic

opaques present a symmetrical pattern where the fibers radiate from a line and not from a

point (Plate 30). Lofgren (1971 and 1974) and Bryan (1972) attribute the development

of such structures to crystallization of a highly viscous magma in which relatively rapid

crystal growth is accompanied by low rates of diffusion.

Samples exhibiting an intergranular texture lack amygdules (Plate 31). Labradorite

plagioclase, averaging 0.6 mm in size, comprises 60 percent of the rock. It occurs as

euhedral to subhedral laths. Twinning by the albite law is common. A green-brown clino-

pyroxene, generally 0.4 mm in size, makes up 11 percent of the rock. The clinopyroxene

fills interstices between feldspar laths. Olivine phenocrysts comprise 16 percent of the rock.

They are colorless in plane light, and they are cut by irregular cracks lined by iron oxides.

The edges of the cracks are partially serpentinitized. Euhedral to anhedral magnetite grains

(6%) appear to be less abundant in the intergranular rocks than in the intersertal rocks. Inter-

stitial glass (6%) is dark brown, and it commonly appears to be altered to a platey chloritic

mineral.

Slower crystal growth rates and higher diffusion rates in the magma caused the inter-

granular basalts to form coarser crystals (Bryan, 1972) than those in the intersertal rocks.

This probably indicates that the intergranual rocks crystallized at greater depths and at

higher temperatures than the intersertal rocks.
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TECTONIC EVOLUTION OF THE PIEDMONT

Cook and others (1979) propose that the Precambrian and Paleozoic rocks of the

Blue Ridge, Inner Piedmont, Charlotte belt and Carolina Slate belt (Figure 1) constitute an

allochthonous sheet, which overlies relatively flat-lying sedimentary rocks of the proto-

Atlantic continental margin. It is suggested here that the Raleigh belt is also part of this

allochthonous sheet.

The evolution of this large thrust sheet, as described by Cook and others (1979),

begins in the Late Precambrian with the rifting of a supercontinent. This rifting produced

the lapetus Ocean and a continental fragment, the Piedmont microcontinent (Figure 7A).

An accreting plate margin separated the Piedmont microcontinent from the American con-

tinent forming a marginal basin. During the Early Cambrian, a subduction of the oceanic

lithosphere occurred east of the Piedmont microcontinent creating the Carolina slate belt

island arc (Figure 7B). In the Middle to Late Cambrian, an eastward dipping subduction

zone formed along the westward flank of the Piedmont microcontinent (Cook and others,

1979; Figure 7C this thesis). This correlates with the Taconic orogeny and with the initia-

tion of the thrusting of the Blue Ridge and part of the Piedmont over the North American

shelf sediments (Figure 7D). A second converging plate margin developed west of the island

arc resulting in the juxtaposition of the island arc and the Piedmont (Figure 7E). This oc-

curred during the Acadian orogeny, and the Kings Mountain belt (Figure 1) represents the

sediments deposited in the back-arc basin (Glover and others, 1978). The Alleghenian

orogeny occurred as a result of the complete closure of the oceanic area between the North

American and African Plates. This orogenic episode continued to push the microcontinent



46

over the North American shelf sediments. It is responsible for most of the folding and

thrusting in the southern Appalachians. The suture between the two continental plates is

believed to lie to the east of the Carolina slate belt (Cook and others, 1979; Figure 7F this

paper).

Towards the end of the Alleghanian orogeny numerous granitic plutons intruded

the southern Appalachian Piedmont; one of which is the Lake Gaston granite complex

(Speer and others, 1980). If the Lake Gaston granites are considered S-type granites, the

shelf sediments underlying the Piedmont may have in part been the source material for the

granites.



47

CONCLUSIONS

From textural and mineralogical studies, it has been determined that all the rocks

within the field area, with the exception of the basaltic dikes and upland gravels, were sub-

jected to at least one regional metamorphic event. The last metamorphic episode that is

believed to be responsible for the present foliation and regional trend of the rocks is the

Alleghanian orogeny that occurred some 250 to 300 m.y. ago. The ubiquitous presence of

chlorite, biotite, sericite and epidote within the various rock types suggests that the defor-

mational event took place during a period of greenschist facies metamorphism.

During deformation, shearing took place forming a mylonite zone with the Lake

Gaston granites. The presence of the mylonite gneisses and the blastomylonites within the

shear zone suggests that: 1) the movement was deep seated and occurred under

relatively high confining pressures, or that 2) the rocks were not wholly crystallized at the

time of deformation.

Later the Jurassic (?) basaltic dikes intruded during an episode of crustal fracturing

and extension (DeBoer, 1967; and Sutter, 1976). The fracturing and extension is believed

to be related to rifting, as North America and Africa separated, initiating the formation of

the North Atlantic ocean basin in Jurassic (?) time (DeBoer, 1967; and May, 1971).

Finally the Tertiary (?) fluvial upland gravels were deposited after deep erosion

(Parker, 1979). Subsequent uplifts have permitted modern streams to erode away much of

the deposit, leaving only remnant patches on higher elevations (Parker, 1979).
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Plate 1. Color photograph of the equigranular granite (sample 44A).

The Lake Gaston granites consist of three granite phases;
1) an equigranular granite, pictured on the adjacent page;
2) a porphyritic granite (Plate 11) and; 3) a porphyritic
biotite granite (Plate 12). The equigranular granite con-
tains potash and plagioclase feldspars in subequal amounts.
Quartz, biotite, muscovite and opaques follow the feld-
spars in order of relative abundance. Trace amounts of
chlorite, epidote, sphene, allanite, apatite and zircon are

present.

Plate 2. Color photomicrograph of the foliated equigranular granite in
plane light (sample 50A).

The sample is highly weathered and best shows the com-

positional layering of quartz (white elongate grains) and
feldspathic layers (yellow-brown). The color is due to

weathering and to sodium cobaltinitrite staining of the
potash feldspar.
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Plate 3. Color photomicrograph of the foliated equigranular granite
in plane light (sample 50A).

Recrystallized quartz stringers frame a plagioclase grain.
The yellow-brown coloration is due to sodium coblati-
nitrate staining on potash feldspar and to weathering.

Plate 4. Color photomicrograph of the equigranular granite in crossed
niçois (sample 50 AB).

The potash feldspar augen is surrounded by crushed ma-
terial composed predominantly of quartz producing a
mortar texture. Note the lack of perthitic intergrowths
in the potash feldspar grain.
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Plate 5. Black and white photomicrograph of the equigranular granite
in crossed niçois (sample 53AA).

Bulbous myrmekite penetrates into a potash feldspar grain
which lies to the left-hand side of the picture. Note the
vermicular intergrowths of quartz within the myrmekite
plagioclase and the association of the myrmekite with neo-
mineralized-recrystallized quartz and plagioclase which lie
to the right.

Plate 6. Color photomicrograph of the equigranular granite in crossed
niçois (sample 33A).

A nearly euhedral oligoclase grain exhibits both albite and
pericline twinning. Muscovite appears to have grown paral-
lei to the albite and pericline twin planes.



57

O 0.5 mm

JAN



Plate 7. Black and white photonnicrograph of the equigranular granite
in crossed niçois (sample 43A).

An oligoclase grain exhibits a sericitized core (A) which is
surrounded by a Na-oligoclase rim (B). Note the euhedral
shape of the grain.

Plate 8. Black and white photomicrograph of the equigranular granite in
crossed niçois (sample 32A).

A plagioclase grain exhibits microfractures infilled with
kaolinite (?).
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Plate 9. Black and white photomicrograph of the equigranular granite
in crossed niçois (sample 44A).

An oligoclase grain shows successive zoning paralleling
crystal outline. Note the albite twinning.

Plate 10. Black and white photomicrograph of the equigranular granite
in plane light (sample 52A).

The wedge-shaped grain is sphene. The opaque inclusion
is titanomagnetite.
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Plate 11. Color photograph of the porphyritic granite (sample 14A).

In the porphyritic granite, plagioclase is subordinate in
quantity to the potash feldspar. Phenocrysts of potash
feldspar average between 2 to 4 mm. The mineral as-
semblage of the porphyritic granite is essentially similar
to the mineral assemblage of the equigranular granite.

Plate 12. Color photograph of the porphyritic biotite granite (sample 98A).

The large pink tabular grains are potash feldspar. The small
wedge-shaped yellow grains are weathered sphene grains.
The matrix surrounding the potash feldspar grains consists
predominantly of biotite with lesser amounts of plagioclase
and quartz. Trace amounts of chlorite, muscovite and
opaques are present.
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Plate 13. Color photograph of the mylonite gneiss (sample 19AC).

The augen are porphyroclasts of feldspar or crushed
mineral aggregates. Note the compositional layering
and fluxion structure.

Plate 14. Color photograph of the mylonite gneiss (sample 19AA).

Augen are smaller and compositional layering is not as
well defined as in the mylonite gneiss pictured above.
Note the fluxion structure.
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Plate 15. Color photograph of the blastomylonite (sample 132A).

Note the general lack of augen. The porphyroclasts have
been reduced to ribbon-like breccia streaks. Some degree
of compositional layering and fluxion structure is apparent.

Plate 16. Color photomicrograph of a portion of the blastomylonite
pictured in Plate 15, under crossed niçois (sample 321 A).

Blurred grain outlines may in part be due to recrystalliza-
tion. Note the preferred orientation of muscovite.
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Plate 17. Color photograph of the contact between the metaryholitef?)
and the porphyritic biotite granite (sample 156AB).

Though not well illustrated in the photograph, fluxion lines
within the metaryholitef?) wrap around potash feldspars of
the porphyritic biotite granite.

Plate 18. Black and white photomicrograph of a metavolcanic specimen in
crossed niçois (sample 61 A).

Stringers of chlorite and sericite (A) define microshears with-
in the specimen. Note the large quartz aggregate exhibits
strong undulóse extinction, and is cut by numerous rehealed
microfractures. Blurred grain outlines in the matrix are due
to recrystallization.
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Plate 19. Black and white photomicrograph of a metavolcanic rock
specimen in crossed niçois (sample 69A).

The nearly euhedral plagioclase grain exhibits albite
twinning. Groundmass material is partially recrystallized
as indicated by blurred grain outlines.

Plate 20. Black and white photomicrograph of an autolith in crossed niçois
(sample 59A).

The photograph illustrates a typical autolith found with the
metavolcanic rocks. Note the quartz-plagioclase symplectite
(center of photo). Also note the mortar texture surrounding
the larger grains.



71

O 1 mm
1 I

O 1 2 mm



Plate 21. Color photograph of the andesine-biotite-quartz gneiss
(sample 28AB).

The white elongate pods are composed of felsic minerals,
predominantly plagioclase and quartz. These pods are
sheathed in a matrix of biotite, sphene and epidote.

Plate 22. Color photomicrograph of the andesine-biotite-quartz gneiss in
crossed niçois (sample 28AB).

Brightly colored grains are epidote. Light brown grains
with well developed cleavage are biotite. Some andesine
shows zoning and/or twinning.
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Plate 23. Black and white photomicrograph of the andesine-biotite-quartz
gneiss in plane light (sample 28AB).

The dark grains are biotite. The clear grains with high relief
are epidote. Note the preferred alignment of the biotite and
epidote which imparts a foliation to the sample.

Plate 24. Color photomicrograph of the clinopyroxene-epidote-plagioclase
gneiss in crossed niçois (sample 23A).

The large violet-colored grain is clinopyroxene (A). The
colorless grain with numerous sphene inclusions is epidote
(B). To the right of the epidote grain, note the plagioclase
grain that exhibits albite twinning.
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Plate 25. Color photomicrograph of the muscovite schist in crossed niçois
(sample 111 A).

The photograph shows nearly pure muscovite and a few
scattered magnetite crystals. Note the nearly euhedral
appearance of many of the opaque grains.

Plate 26. Color photomicrograph of a basaltic dike rock in crossed niçois
(sample 57A).

This sample exhibits an intersertal texture. A large circular
amygdule occupies the lower right hand corner of the photo-
graph. It is infilled by secondary chalcedony. The elongate
yellow grains are pyroxene. The white grains are labradorite.
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Plate 27. Black and white photomicrograph of a basaltic dike rock in
crossed niçois (sample 16A).

The large oligoclase grains exhibit a fritted appearance. The
outer rims on the oligoclase grains are believed to approach
the composition of the groundmass plagioclase.

Plate 28. Black and white photomicrograph of a basaltic dike rock in plane
light (sample 47A).

This sample exhibits a hyalopilitic texture and represents
the chilled outer margin of the dike. The whispy micro-
phenocryst in the center of the photograph is a quenched
pyroxene crystal. Note the spherulitic bundles of plagio-
clase microlites. To the right side of the photograph, note
the symmetrical pattern of opaques. These are believed to
be quenched magnetite crystals.
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Plate 29. Black and white photomicrograph of a basaltic dike rock in
plane light (sample 47A).

"Belt buckle" plagioclase, elongated parallel to the a-axis,
has glass occupying the spaces between dendrites. The
hyalopilitic texture is typical of a chilled dike margin.

Plate 30. Black and white photomicrograph of a basaltic dike rock in
plane light (sample 47A).

Microdendritic opaques produce a symmetrical pattern,
where the fibers radiate from a line and not a point. Note
the spherulitic bundles of plagioclase microlites. The
sample exhibits a hyalopilitic texture typical of chilled
margins.
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Plate 31. Color photomicrograph of a basaltic dike rock in crossed niçois
(sample 47AB).

This sample exhibits an intergranular texture. Pyroxene,
olivine and minor quantities of glass fill interstices between
feldspar laths.



JAN

83

O 1 mmJ


