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ABSTRACT |
i

This thesis examines the geology of the Scaly Mountain quadrangle in the eastern Blue Ridge of

southwestern North Carolina. Particular emphasis was placed on determining the structur^, timing, and
j

emplacement mechanisms of the Rabun granodiorite pluton. The Scaly Mountain quadrangle was mapped

in detail (1:12,000 scale). The mapping effort included collection of structural data from 1,333 data

stations using a Brunton compass. Particular attention was paid to structural measurements that were

taken within the Rabun pluton, including measurements of what are interpreted to be both magmatic flow

I

foliations and tectonic foliations (two distinct foliations); folds, and the orientations of the folds and other

linear structures; faults along the edge of the pluton in some areas; fractmes; contacts with Ithe
I

surrounding country rock; and crosscutting dikes in the area. After the mapping was completed, the

structural data were compiled at 1:24,000 scale and analyzed to determine deformation events, average
I

orientations of folds and other linear structures, interrelationships of the tectonic units, an^ perhaps most

importantly for this study, different febric relationships that will provide clues about the emplacement

history of the Rabun granodiorite. Conclusions drawn from this study are: (1) The Scaly Mountain
I

t

quadrangle contains three tectonic units: the Chattahoochee thrust sheet, the Dahlonega gold belt, and the

Shope Fork thrust sheet. (2) The rocks present in the Sealy Mountain quadrangle are: the Tallulah Falls

Formation (graywacke-schist member), the Rabun granodiorite, the Otto Formation, the Coweeta Group

(Coleman River Formation), calc-silicate rocks, amphibolites, and pegmatites. In additionithere are
i

surficial deposits ofcolluvium, alluvium, and ancient landslides. (3) There are six to seven deformation

events represented in the rocks in the Scaly Mountain quadrangle. (4) Evidence for multiple deformation

events can be seen along the trace of the Chattahoochee &ult. The feult deforms the Rabun granodiorite,
I

truncates structures in the surrounding coimtry rock, and is itself folded. Evidence for multiple

deformation events can also be seen in the surrounding country rock. There is an early foliation that is

preserved in boudins. There are at least two generations of folding as well. (5) The Chattahoochee fault

postdates the Rabun granodiorite. Evidence for this is the truncation of the Rabun pluton by the

Chattahoochee fault. (6) The Rabun granodiorite consists of a medium-grained phase and a megacrystic



phase. (7) The Rabun granodiorite contains a magmatic flow foliation and an overprinting tectonic

foliation. (8) The Rabun granodiorite was emplaced by a combination of mechanisms either operating

together or at different times during the pluton emplacement. These are: stoping, diapirism, outward

displacement of the Earth's surface, the principle of effective stress, and dike-feeding of the pluton.
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CHAPTER 1

Introduction

The geology of the southern Appalachian eastern Blue Ridge is complex and

varied. It consists primarily of polydeformed metamorphic and igneous rocks. Perhaps

the most challenging part of unraveling the geologic history of the eastern Blue Ridge is

in trying to determine the timing and emplacement history of the various plutons that

occur within this province. Diapirism, ballooning, emplacement along feults, sloping,

and magma fracturing are a few examples of emplacement mechanisms that have been

proposed to explain emplacement of granitic plutons.

The primary focus of this research is the Rabun granodiorite, located in the

hanging wall of the Chattahoochee thrust sheet in southwestern North Carolina and

northeastern Georgia (Fig. 1). The primary study area is the Scaly Movmtam quadrangle

located in the eastern Blue Ridge of southwestern North Carolina (Fig. 2). Rock units

that exist within the study area are the Rabun granodiorite, the Otto Formation, the

Tallulah Falls Formation, and the Coweeta Group. The Otto Formation is a sequence of

quartz-rich, two-mica (muscovite and biotite), feldspathic metasandstone interlayered

with aluminous schist. The Tallulah Falls Formation in the study area consists entirely of

the upper member, a migmatitic metagraywacke and muscovite-biotite schist. The Rabun

granodiorite is best described as a coarse-grained, megacrystic, microcline-plagioclase

granitoid, but also contains mappable fine-grained leucocratic granitic gneiss (Hopson et

al., 1989; Miller et al., 1997). While only a portion of the Rabun granodiorite occurs

within the boundaries of the Scaly Mountain quadrangle, data from several other mapped

quadrangles were incorporated into the analysis. The Coweeta Group rocks in the study

1
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area are primarily metasandstones. Table 1 consists of a summary of the various rock

units and Table 2 summarizes the tectonic boundaries.

The purpose of the study is to determine the emplacement history of the mapped

portions of the Rabun granodiorite in North Carolina and Georgia. With this in mind, the

primary objectives of this study were to collect structural and lithologic data needed to

construct a detailed geologic map of the Scaly Mountain quadrangle in southwestern

North Carolina. These data have been employed to attempt to determine the timing and

emplacement mechanism of the Rabun granodiorite, present structural data to separate

magmatic flow structures from tectonic structures within the pluton, explain the

relationships of the Rabim granodiorite to the surrounding coxmtry rock, and employ

published geochemical data to further constrain the emplacement history of the Rabun

granodiorite.

Using the U-Pb ion microprobe technique, the Rabim granodiorite has been dated

at 375 Ma (Miller et al., 2000), which would make it one of the younger granitic plutons

in the eastern Blue Ridge. The Rabun is one of a series of Acadian plutons; the Pink

Beds (390 Ma) and Looking Glass plutons (380 Ma) are other plutons occurring nearby

in the eastern Blue Ridge that are approximately the same age (Miller et al., 2000).

Previous Work

There have been several studies conducted near the Scaly Moimtain quadrangle in the

eastern Blue Ridge. The adjacent Prentiss quadrangle (Hatcher, 1980) to the west and the

Rabun Bald and Dillard quadrangles (Acker and Hatcher, unpublished) to the south and

southwest have also been mapped in detail. The Corbin Knob and Franklin

5
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quadrangles (Eckert and Yurkovich, unpublished), the Hightower and Lake Burton

quadrangles (Hopson, unpublished) and a portion of the TaUulah Falls dome (Stieve,

impubhshed) have been mapped in detail also. Speer et al. (1994) described

emplacement mechanisms of some plutons in the southern Applachians. Hatcher (1971,

1974,1976, 1978, 1989) and Hatcher and Goldberg (1991) have conducted numerous

geological investigations in the southern Appalachians, particularly in the eastern Blue

Ridge (Hatcher, 1971,1974,1976,1978, 1979, 1989). league and Furcron (1948)

described the geology of part of northern Georgia (particularly Rabim and Habersham

Counties) and produced a geologic map of the area. Fullagar et al. (1979) dated the

Toxaway and basement gneisses in the Blue Ridge in North Carolina. Fullagar et al.

(1997) performed Nd and Sr characterization of some crystalline rocks from the Blue

Ridge of North Carolina. They concluded that the plutonic rocks of the western Blue

Ridge are recycled Laurentian Middle Proterozoic crust with no evidence of a juvenile

Late Proterozoic source component. They also indicated that all lithotectonic belts east

of the western Blue Ridge appear to contain one or more crustal components derived

from a non-Laurentian terrane. Miller et al. (1990; 1997; 2000) conducted geochemical

analyses and age dating of the Rabun granodiorite and other plutons in the area. They

concluded that there were two distinct ages of magmatism during which all of the plutons

were intruded. The first age group is ~ 370 to 395 Ma and were emplaced during the

Acadian orogeny. The Rabxm granodiorite was emplaced during this time frame. The

second age group is ~ 465 to 480 Ma and were emplaced during the Taconian orogeny.

Paterson et al. (1989) presented techniques and criteria for the differentiation of

tectonic and magmatic flow foliations in plutonic rocks. Paterson and Fowler (1993) also

8



presented explanations for pluton emplacement mechanisms. Fernandez et al. (1997),

Hutton (1997), John and Stunitz (1997), and Ramsay (1989), are a few of the numerous

other researchers who have studied and provided data for mechanisms of pluton

emplacement from around the world. All of this previous work has been helpful in

gaining insight on the history of the Rabun granodiorite.

Methodology

The Scaly Moimtain quadrangle has been mapped in detail (1:12,000 scale) in the field.

A geologic map was produced for the Scaly Mountain quadrangle from these data (Plate

1). The folding depicted at depth on the cross sections is projected down dip from

surface folding and assumes that the folding at depth is not disharmonic. All plates are

located in the map pocket. The mapping effort included collection of structural data from

1,333 data stations (Plate 2) using a Brunton compass. Particular attention was paid to

structural measurements that were taken within the Rabun pluton, including

measurements of what are interpreted to be both magmatic flow foliations and tectonic

foliations (two distinct foliations); folds, and the orientations of the folds and other linear

structures; faults along the edge of the pluton in some areas; fractures; contacts with the

surrounding coimtry rock; and crosscutting dikes in the area. After the mapping was

completed, the structural data were compiled at 1:24,000 scale and analyzed to determine

deformation events, average orientations of folds and other linear structures,

interrelationships of the tectonic units, and, perhaps most importantly for this study,

different fabric relationships that will provide clues about the emplacement history of the

Rabun granodiorite.

9



CHAPTER 2

Regional Geologic and Tectonic Setting

The Scaly Mountain quadrangle rock units are polydeformed on all scales (Plate 1). Two

major faults were traced across the quadrangle. The Chattahoochee fault separates the

Tallulah Falls Formation and the Rabxm granodiorite from the Otto Formation; and the

Soque River fault separates the Otto Formation from the Coweeta Group (Fig. 3 and Plate

1).

Stratigraphic Sucession

The oldest rocks in the study area are the Tallulah Falls and Otto Formations; they are

thought to be approximately the same age (Hopson et al., 1989; Hatcher and Goldberg

1991). The Coweeta Group rocks in the northwest comer of the area may be slightly

younger (Hopson et al., 1989; Hatcher and Goldberg 1991). The calc-silicate bodies in

the study area are most likely part of the Tallulah Falls Formation. Since they are

primarily contained as enclaves within the Rabun granodiorite pluton, they are older than

the pluton and probably were derived from the Tallulah Falls Formation. The Rabun

granodiorite is the next youngest rock unit in the study area. The yoimgest rocks in the

study area are the pegmatite dikes that crosscut most of the other rock units and are

relatively undeformed.

Rock Units

Chattahoochee Thrust Sheet

Tallulah Falls Formation. The Tallulah Falls Formation consists of a series of kyanite to

sillimanite grade biotite paragneiss (metagraywacke), feldspathic quartzite, pelitic schist,

10
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calc-silicate, and subordinate amphibolite (Hopson et al., 1989). Hatcher (1971) defined

four members of the Tallulah Falls Formation: 1) Quartzite-schist member; 2)

Graywacke-schist member; 3) Gamet-aluminous schist member; and 4) Graywacke-

schist-amphibolite member. In the Scaly Mountain quadrangle the Tallulah Falls

Formation is represented by biotite gneiss and metagraywacke that belong to the

graywacke-schist member. Sillimanite-bearing aluminous schist occurs just to the south

on the Rabun Bald quadrangle (Acker and Hatcher, Unpublished map). Typical

exposures are shown in Figures 4 and 5. There are also some small amphibolite and calc-

silicate bodies present within the Tallulah Falls Formation. The composition of the

Tallulah Falls Formation rocks are quartz-plagioclase (Ano.io)-biotite-muscovite with

minor microcline, garnet, epidote/clinozoisite, sphene, zircon, and opaque minerals (Fig.

6). Table 3 presents modal analyses for biotite gneiss samples taken fi-om the Tallulah

Falls Formation. Plagioclase composition was determined for all rocks by a combination

of the Michel-Levy technique and by obtaining the optic sign of untwinned plagioclase

crystals.

The major components of the Tallulah Falls amphibolites are homblende-

plagioclase (Anio.2o)-quartz-biotite with minor garnet, sphene, epidote/clinozoisite,

zircon, and opaques. Another mineral assemblage is homblende-plagioclase (Anio-20)-

quartz with minor constituents of garnet, calcite, epidote/clinozoisite, sphene, and

opaques (Fig. 7). Table 3 presents modal analyses for amphibolites fi-om the area.

The calc-silicates in the area are primarily epidote/clinozoisite-homblende-quartz-

calcite with minor amounts of plagioclase (Anio.20), sphene, garnet, and opaques (Fig. 8).

Table 3 presents modal analyses for calc-silicate rocks collected within the Scaly

12
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Figure 4. Photograph of a typical outcrop of biotite gneiss and schist in the
Tallulah Rills Formation containing ptygmatic folds of quartz-feldspar veins, at the
Cat Stairs on Highway 106.
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Figure 5. Photograph of a typical outcrop of the Tallulah Falls Formation from
along Highway 64 near Cullasaja Falls.
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Figure 6. Photomicrograph of Tallulah Fails Formation biotite gneiss from near
Scaly Mountain. Field of view is 4.25 mm. bt-biotite, qtz-quartz, plag-plagioclase.
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Figure 7. Photomicrograph of amphibolite occurring within theTallulah Falls
Formation from near the Cat Stairs on Highway 106. Field of view is 4.25 mm.
bt-biotite, qtz-quartz, plag-plagioclase, hblde-hornblende.
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Mountain quadrangle. Tallulah Falls schist in the study area are composed of muscovite-

biotite-quartziplagioclase-opaque minerals.

Dahlonega Gold Belt

Otto Formation. The Otto Formation is a sequence of quartz-rieh, two-mica, feldspathic

metasandstone interlayered with aluminous schist (Hatcher, 1979; 1980). In the Scaly

Mountain quadrangle the Otto Formation is divided into two separate mappable units: a

metasandstone unit and a schist unit (Plate 1). Photographs of typical metasandstone is

presented in Figure 9 and of typical schist is presented in Figure 10. The metasandstone

unit occurs primarily adjacent to the Chattahoochee fault and makes up approximately 50

percent of the mappable Otto Formation. The metasandstone is composed of quartz-

biotite-muscovite-plagioclase (Ano.io)-microcline with minor garnet, zircon, and opaques.

The schist unit has major constituents of muscovite-biotite-quartz-gamet-staurolite with

minor plagioelase (Ano-io), epidote/clinozoisite, kyanite, tourmaline, zircon, microcline,

chlorite (retrograde) and opaques. Photomicrographs of the Otto Formation muscovite-

biotite schist and schist interlayered with metagraywacke are presented in Figures 11 and

12. Table 3 presents modal analyses of samples from the Otto Formation.

Soque River Thrust Sheet

Coweeta Group. The Coweeta Group consists of three formations; 1) Persimmon Creek

Gneiss; 2) Coleman River Formation; and 3) Ridgepole Mountain Formation (Hatcher,

1979). In the study area the Coweeta Group occurs in the extreme northwest comer and

consists of soils derived from high-grade metasandstone that probably belongs to the

17 ' :
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Figure 9. Photograph of a typical outcrop of the Otto Formation graywacke and
politic schist. Photo from Sill Vinson's Rock in the Prentiss quadrangle near Otto,
North Carolina. Photo by Robert D. Hatcher Jr. Knife is approximately 10 cm
long.
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Figure 11. Photomicrograph of garnetiferous muscovite-biotite schist from the
Otto Formation. Field of view is 4.25 mm. bt-biotite, musc-muscovite, gt-garnet.
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Figure 12. Photomicrograph of muscovite-biotite schist interlayered with
metasandstone from the Otto Formation. Field of view is 4.25 mm. bt-biotite,
qtz-quartz, musc-muscovite, plag-plagioclase.
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Coleman River Formation. Coleman River metasandstone is composed of quartz

plagiocIase(An2o-3o)-biotite-epidote-chlorite-gamet with minor zircon and magnetite

(Hatcher, 1980).

Rabun Granodiorite.

The Rabun granodiorite is a coarse-grained, ± megacrystic, microcline-plagioclase

granitoid that ranges from poorly foliated megacrystic granodiorite to fine-grained

leucocratic granitic gneiss (Hopson et al., 1989; Miller et al., 1997).

In the study area it was possible to map the two distinct phases of the Rabim

granodiorite: megacrystic granodiorite dominated by 1-to 4-centimeter phenocrysts of

microcline (Figs. 13,14, and 15), and medium-grained equigranular granitoid. The

megacrystic phase of the granodiorite is primarily composed of plagioclase (Anio.20)-

microcline-quartz with minor biotite, muscovite, zircon, garnet, epidote/clinozoisite,

calcite, and opaques (Figs. 16 and 17). The medium-grained phase is composed of

plagioclase (Anio.2o)-quartz-microcline with minor muscovite, biotite, garnet, calcite, and

opaques (Fig. 18). The two phases are easily separated within the study area by the

presence or absence of microcline phenocrysts.

Also occurring within the pluton are calc-silicate rocks (presumably xenoliths).

The calc-sUicate rocks have major components of epidote/clinozoisite-quartz-diopside-

calcite-homblende with minor plagioclase (Anio-20), sphene, and opaques (Fig. 19).

Table 3 presents modal analyses of the rock samples taken from the Rabun granodiorite.
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Figure 13. Photograph of the megacrystic phase of the Rabun granodiorite
showing feldspar alignment and weak tectonic overprinting. Photograph from the
Rabun Gap Quarry on the Rabun Bald quadrangle.
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Figure 14. Photograph of the megacrystic phase of the Rabun granodiorite
showing feldspar alignment and tectonic overprinting. Photograph from the
Rabun Gap Quarry, on the Rabun Bald quadrangle.
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Figure 15. Photograph of the megacrystic phase of the Rabun granodiorite
showing feldspar alignment and weak tectonic overprinting. Photograph from the
Rabun Gap Quarry, on the Rabun Bald quadrangle.
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Figure 16. Photomicrograph of the megacrystic phase of the Rabun granodiorite.
Field of view is 4.25 mm. From the Rabun Gap Quarry, Rabun Bald quadrangle,
bt-biotite, qtz-quartz, musc-muscovite, plag-plagioclase, micro-microcline.
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Figure 17. Photomicrograph of the megacrystic phase of the Rabun granodiorite.
Field of view is 4.25 mm. From the Rabun Gap Quarry, Rabun Bald quadrangle,
bt-biotite, qtz-quartz, musc-muscovite, plag-plagioclase, micro-microcline.
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Figure 18. Photomicrograph of the equigranular phase of the Rabun granodiorite.
Field of view is 1.70 mm. From the Rabun Gap Quarry, Rabun Bald quadrangle,
qtz-quartz, musc-muscovite, plag-plagioclase.
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Figure 19. Photomicrograph of a calc-silicate quartzite from the Rabun
granodiorite. Field of view is 4.25 mm. From along N.C. 106 near Scaly
Mountain, qtz-quartz, plag-plagioclase, epi/clino-epidote/clinozoisite, hblde-
hornblende, sph-sphene.
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Pegmatite Bodies

Numerous pegmatite dikes occur within the study area. They are primarily found within

the Tallulah Falls Formation and the Rabim granodiorite and are relatively undeformed,

indicating that these dikes were emplaced late in the crustal evolution of the Scaly

Mountain geology. The pegmatites are composed primarily of plagioclase-quartz-

microcline-homblende with minor concentrations of epidote/clinozoisite, sphene, garnet,

calcite, and opaques.

Calc-Silicate Bodies

Calc-silicate "pods" occur on the Scaly Mountain quadrangleas irregularly shaped bodies

that have been polydeformed. They primarily occur within the Rabim granodiorite pluton

and in the Tallulah Falls Formation, near the contact with the Rabun granodiorite, which

indicates that those in the granodiorite are probably country rock that has been

incorporated by stoping into the pluton. These enclaves of calc-silicate rocks are foimd

primarily near the southern end of the quadrangle (Plate 1). They have at least two

different mineral assemblages: one is epidote/clinozoisite-homblende-quartz-calcite with

minor plagioclase (Anio-2o)> sphene, garnet, and opaques. The other is

epidote/clinozoisite-quartz-diopside-calcite-homblende with minor plagioclase (Anio-2o)j

sphene, and opaques.

Amphiholite

There are very few mappable amphibolites within the study area. They are foimd as

small bodies in the lower part of the Tallulah Falls Formation (Plate 1) and are
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polydeforaied. Amphibolite is composed of homblende-plagioclase (Anio.2o)-quartz-

biotite with minor garnet, sphene, epidote/clinozoisite, zircon, and opaques. Another

mineral assemblage is homblende-plagioclase (Anio-2o)-quartz with minor gamet, calcite,

epidote/clinozoisite, sphene, and opaques.

Quaternary Deposits

Many of the valley floors and lower slopes on the Scaly Mountain quadrangle are

covered by Quaternary colluvium and alluvium. These deposits are shown in Plate 3.

The colluvium consists primarily of cobble-to boulder-size rocks derived from upslope.

These rest unconformably on all of the map units within the Scaly Moimtain quadrangle.

Alluvium occurs immediately adjacent to streams and where the streams are on shallow

to moderate gradients. It is composed of clays, cross-bedded sands, and coarser

sediments, particularly in smaller streams.
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CHAPTERS

Structures within the Scaly Mountain Quadrangle

Mesoscopic Structures

Mapping of the Scaly Moimtain quadrangle was performed at 1:12,000 scale and

structural data were collected at 1333 stations (Plate 2). The structures observed include

a second generation foliation (Sa), direct observations of the Chattahoochee fault, passive

and flexural flow folds, open folds that may be related to emplacement of the Blue Ridge

thrust sheet, crenulations that may be related to the emplacement of the Chattahoochee

thrust sheet, and tectonic and magmatic foliations observed at the same stations in the

Rabun granodiorite. The structural data appear in Appendix A.

Within the Tallulah Falls Formation the primary foliation is deflned by the

parallel alignment of minerals within the rocks (primarily biotite gneiss). At some

locations, such as the Cat Stairs on N.C. 106, an earlier foliation that is probably Taconic

in origin is preserved in boudins. The dominant foliation is thought to be Acadian in

origin since peak metamorphism is Acadian (Hopson et al, 1989).

In the Otto Formation are two foliations and crenulations (Figure 9). The earlier

Fi folding observed in boudins is probably Taconic in age. The F2 folding which deforms

the Fi folds is probably Acadian in age. The southeast-dipping crenulations noted in

Figure 9 are probably related to the emplacement of the Chattahoochee thrust sheet.
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Map-Scale Structures

The geologic map of the Scaly Moimtaio quadrangle (Plate 1) shows that there have been

multiple deformation events recorded in the observed map-scale structures. Figure 2

shows that to the south of the Scaly Mountain quadrangle fold interference patterns that

have been mapped on the Satolah, Rabim Bald, and Dillard quadrangles may indicate

earlier Taconic structures that have been refolded by Acadian deformation events.

Evidence for multiple deformation events can also be seen along the Chattahoochee fault.

The fault deforms the Rabun granodiorite, therefore the fault postdates the granodiorite.

The fault also truncates other earlier structures e.g., the dominant foliation in the rocks of

the hanging wall and footwaU. More evidence is that the fault itself is folded. Therefore,

there have been at least two deformation events, and probably more, within the study

area. Fabric diagrams (Figures 20-24) of the rock units occurring in the Scaly Moimtain

quadrangle show that the rocks have two distinct strike directions for foliations.

Further proof of multiple deformation events is given when the structural data for

the Rabun granodiorite are plotted on equal-area projections (Fig. 23). The plot of poles

to foliations for the Rabun granodiorite shows that the majority of the foliations strike to

the northeast and dip to the southeast, although there are some that dip to the northwest.

Also some (the minority) of the foliations strike to the northwest and dip to the northeast

or southwest. The scatter plot of lineations (feldspar alignment) within the granodiorite

are primarily northeast trending (Fig. 24). This would indicate that there have been

multiple deformation events within the area. First the granodiorite would have been

intruded into the surrounding coimtry rock and later the tectonic foliation would have

overprinted the magmatic foliation.
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Figure 20. Scatter plot and fabric diagrams for all foliation measurements obtained in the study
area, (a) Lower-hemisphere, equal-area scatter plot of 1,329 poles to foliation measurements,
(b) Lower-hemisphere, equal-area Kamb contour diagram of 1,329 poles to foliation
measurements, (c) Lower-hemisphere, equal-area two percent per one percent area contoured
diagram of 1,329 poles to foliation measurements.
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Figure 21. Scatter plot and fabric diagrams for foliation measurements obtained in the study
area from the Otto Formation, (a) Lower-hemisphere, equal-area scatter plot of 452 poles to
foliation measurements, (b) Lower-hemisphere, equal-area Kamb contour diagram of 452 poles
to foliation measurements, (c) Lower-hemisphere, equal-area two percent per one percent area
contoured diagram of 452 poles to foliation measurements.
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Figure 22. Scatter plot and fabric diagrams for foliation measurements obtained from the
Tallulah Falls Formation in the study area, (a) Lower-hemisphere, equal-area scatter plot of 512
poles to foliation measurements, (b) Lower-hemisphere, equal-area Kamb contour diagram of
512 poles to foliation measurements, (c) Lower-hemisphere, equal-area two percent per one
percent area contoured diagram of 512 poles to foliation measurements.

33



Equal Area

•• ^

• I

Equal Area

*•* "

+ . •

/M* VH • .

Scatter Plot

N= 362

N = 362 I. - 3.0 Sigma

Kamb Contour:

N= 362

Contour Int. = 3.0 sIgma; Counting Area = 2.4%
Expected Num. = 8.78 Signif. Level ~ 3.0 sigma

Equal Area

o

Qj

N = 362

1 % Area Contour:

C.l.= 2.0%/1%area

Figure 23. Scatter plot and fabric diagrams for foliation measurements obtained in the Rabun
granodiorite in the study area, (a) Lower-hemisphere, equal-area scatter plot of 362 poles to
foliation measurements, (b) Lower-hemisphere, equal-area Kamb contour diagram of 362 poles
to foliation measurements, (c) Lower-hemisphere, equal-area two percent per one percent area
contoured diagram of 362 poles to foliation measurements.
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Figure 24. Scatter plot and fabric diagrams for iineation measurements obtained in the Rabun
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iineation measurements, (b) Lower-hemisphere, equai-area Kamb contour diagram of 36 poles
to iineation measurements, (c) Lower-hemisphere, equai-area two percent per one percent area
contoured diagram of 36 poles to iineation measurements.
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This evidence would indicate that at least six to seven deformation events are recorded in

the rocks occurring within the study area:

1) Early folding and formation of Si foliation; development of the 82 foliation in the

Tallulah Falls Formation, during Acadian folding and metamorphism,

2) The Rabun granodiorite intruded the country rock.

3) The granodiorite magmatic foliation was tectonically overprinted (may have

occurred as part of 4 or 6).

4) The Chattahoochee fault became active.

5) A crenulation cleavage developed within the Dahlonega gold belts rocks,

corresponding to the emplacement of the Chattahoochee thrust sheet.

6) The Chattahoochee fault was folded along with other features.

7) Arching of the Tallulah Falls dome occurred.

Tectonic Boundaries

The eastern Blue Ridge is separated from the western Blue Ridge by the Hayesville fault

and from the Inner Piedmont by the Brevard fault zone (Fig 2). The Hayesville feult

separates the Blue Ridge into two distinct tectonostratigraphic terranes. The western

Blue Ridge, west of the Hayesville fault, is predominantly rocks of the Great Smoky

Group and Murphy belt that were deposited unconformably on Middle Proterozoic

Grenville basement. E?q)osures of the GrenviUe basement are common in western North

Carolina west of the Hayesville fault. The eastern Blue Ridge is characterized by one-

mica, one-feldspar dominant metasandstones and by abundant mafic and ultramafic rocks

with rare exposures of Grenville basement (Hopson et al., 1989).
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The Brevard fault zone contains numerous faults, its own stratigraphy, and

separates the eastern Blue Ridge from the Inner Piedmont to the east. The Rosman fault

forms the southeast boundary of the eastern Blue Ridge and northwest margin of the

Brevard fault zone. It is characterized by a cataclastic zone up to 50 m thick (Hopson et

al., 1989; Morton and McCoimell, 1991; Hatcher, 2001).

Within the eastern Blue Ridge province at the latitude of and within the Scaly

Mountain quadrangle are two main thrust faults: the Chattahoochee fault and the Soque

River fault. Also occurring at the latitude of the Scaly Mountain quadrangle is the Shope

Fork fault.

Chattahoochee Fault

The Chattahoochee fault separates rocks of the Dahlonega gold belt from the Tallulah

Falls Formation. The trace of the Chattahoochee fault is marked by a sharp break from

the miginatitic TaUulah Falls Formation rocks to non-migmatitic metasandstones and

schists of the Otto Formation. Faulting is thought to be post metamorphic peak because

migmatite is not observed in the Dahlonega gold belt (Hopson et al., 1989).

The Chattahoochee fault is folded and displacement along the feult occurred

while the rocks were ductile. Evidence of ductility is the lack of cataclasis along the

fault. Folding of the fault itself occurred after the fault was emplaced and provides

evidence that the rocks were ductile the entire time that the Chattahoochee fault was

being emplaced.

The Chattahoochee fault was emplaced late in the deformational and metamorphic

history of the Scaly Mountain quadrangle. Evidence for this is found on the northwestern
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flank of the Rabun pluton. The Tallulah Falls Formation rocks are faulted out near the

southwest end of the pluton in the Dillard quadrangle (Acker and Hatcher, xmpublished

map). The rocks of the Otto Formation are also truncated by the fault. It is possible that

the Chattahoochee fault is a strike-slip fault and not a thrust fault. The primary evidence

for this is the alignment of foliation strikes on either side of the fault. The foliation

strikes within both the Otto Formation and the Tallulah Falls Formation align almost

uniformly with the fault plane. The northeast-trending mineral lineations could be

stretching lineations indicating northeast or southwest directed strike slip.

Shape Fork Fault

The Shope Fork fault was originally named and recognized in the Prentiss quadrangle by

Hatcher (1980). The Coweeta syncline (Hatcher, 1979) extends southwest from north of

the North Carolina-Georgia border into the Hightower Bald quadrangle (Hatcher, 1979;

Hopson et al, 1989). The southeast limb of the syncline is truncated by the Shope Fork

fault that separates amphibolite-poor Coweeta Group from amphibolite-rich biotite gneiss

and schist to the northwest (Hopson et al., 1989).

Soque River Fault

The Soque River fault separates rocks of the Dahlonega gold belt from rocks of the

Coweeta Group. There is some debate as to whether the Soque River fault and the Shope

Fork fault are the same fault. Gillon (1982) and Nelson (1982) correlated this fault with

the Shope Fork fault. Hopson et al. (1989) refuted this because the Coweeta Group rocks

that occur in the footwall of the Shope Fork &ult are laterally continuous with correlative
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rocks that occur in the hanging wall of the fault mapped by Gillon (1982). Hopson et al.

(1989) also stated that the Shope Fork fault is pre- to synmetamorphic while the Soque

River fault is post-metamorphic peak.

Metamorphism

Metamorphic grade on the Scaly Mountain quadrangle ranges from staurolite-

kyanite grade to sillimanite grade.

The biotite gneisses of the Tallulah Falls Formation were subjected to kyanite-

sillimanite grade metamorphism. As seen in Table 3, the typical mineral assemblage is

quartz-plagioclase-biotite-muscovite with minor constituents of microcline, garnet,

epidote/clinozoisite, sphene, zircon and opaques. The rocks chosen for modal analysis do

not contain kyanite or sUlimanite, but both minerals were noted in the field.

The Rabun granodiorite was metamorphosed along with all of the adjacent rocks

following emplacement (probably ~360 Ma, B. Bream, personal communication, 2001).

Lack of a contact aureole indicates emplacement as a catazonal pluton into a crust that

was already hot and near peak metamorphic conditions. Deformation of the Rabun

granodiorite and the country rocks occurred afl:er emplacement, producing one of the

high temperature foliations in the Rabun granodiorite.

The Otto Formation rocks reach staurolite-kyanite grade metamorphism within

the field area. The non-migmatitic nature of the Otto Formation indicates upper

amphibolite facies metamorphic conditions.

Amphibolites, occurring within the other rock units as isolated bodies, reach

metamorphic grades as high as sillimanite grade. There is qmte a variation in the mineral
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assemblages of the amphibolites (Table 3). The fact the hornblende is present indicates

that these rocks reached amphibolite fecies metamorphic conditions.

Calc-silicates also occur as isolated bodies within the other rock types in the area.

The calc-silicate rocks underwent high-grade metamorphism. The fact that hornblende is

present would indicate that the rocks reached amphibolite facies metamorphic conditions.

There was a variation within the assemblages of the rocks that were chosen for modal

analysis (Table 3).

The pegmatite dikes that crosscut the other rock units have undergone very little

metamorphism.

Geomorphic expression of the Rabun granodlorite

The Rabun granodiorite and the Tallulah Falls Formation rocks form the highest

ridges in the Scaly Mountain quadrangle. The Otto Formation also forms ridges but at

lower elevations. The aspect of the Rabim ridges that is different is that exfoliation

surfaces are found on the south-southwest facing slopes. These exfoliation surfaces are

due to sheeting within the pluton. The exfoliation surfaces loosen over time due to

mechanical weathering processes and eventually break loose from the main body of rock.

These exfoliation surfaces occur in both the megacrystic phase and the equigranular

phase of the granodiorite. Sheeting joints form subparallel to surface topography and the

spacing between the joints increases with depth into the crust (Hatcher, 1995). Sheeting

is thought to form by unloading over long periods of time as erosion removes large

quantities of overburden from a rock mass (Hatcher, 1995). The mass ejq)ands normal to

the Earth's surfece so that extension fractures form normal to the expansion direction and
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parallel to the surfece (Hatcher, 1995). The Tallulah Falls Formation and the Otto

Formation ridges do not exhibit exfoliation surfaces on the slopes.
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CHAPTER 4

The Rabun Granodiorite

Geology of the Rabun Granodiorite

The Rabun granodiorite pluton is comprised of two distinct types of granitic rock.

The main body of the pluton is megacrystic granodiorite with large phenocrysts of

microcline. On the northeast flank of the main pluton is a medium-grained, equigranular,

leucocratic, granitic gneiss that can be mapped separately. Some map-scale folds occur

within the pluton that become apparent when observing foliations at map-scale (Plate 1).

It is possible that the Rabun granodiorite has been tilted on its side; however, this is a

diflScult hypothesis to prove when the entire pluton is considered. In the Scaly Mountain

quadrangle there is a large portion of the medium-grained phase present on the northeast

side of the pluton. However, at the Rabun Gap quarry on the Rabun Bald quadrangle to

the south there is very little medium-grained granodiorite present on the northeast side of

the pluton. Even further south on the Dillard quadrangle there is some of the medium-

grained phase present; however, it occurs on the southwest flank of the pluton. More

research wiU be needed to determine whether or not the pluton has been tilted.

Magmatic Flow Structures Versus Tectonic Flow Structures

At some places within the Rabim granodiorite it is possible to observe two distinct

foliations (Figs 23 and 24). One of the foliations was concluded to be the product of

magmatic flow, while the other was determined to have a tectonic origin. Evidence for

magmatic flow foliations includes: the preferred orientation of primary igneous minerals
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that show no evidence of plastic deformation or rccrystallization; aligned crystals

surroimdcd by anhcdral, non-deformed quartz grains or non-aligned; anhedral aggregates

of quartz; imbrication or "tiling" of crystals; preferred alignment of elongate

microgranitoid enclaves; magmatic flow foliations deflected aroimd xenoliths; schheren

layering; and absence of phenocrysts and enclaves at the intrusion contact (Paterson et

al., 1989). Evidence of solid state flow (tectonic foliations) includes: microscopic

evidence of plastic deformation within mineral grains (e.g. imdulatory extinction);

fi-actured or boudinaged strong minerals, such as feldspar and hornblende; the foliation

commonly passes through enclaves; strain is commonly heterogeneous and mylonitic

zones may develop; and evidence of pressure solution of crystals may be found (Paterson

et al., 1989). Superposition of solid-state deformation (tectonic) on magmatic foliations

can be inferred if the rocks have aligned igneous minerals, especially euhedral feldspars,

but they also show evidence of recrystallization. If the feldspar crystal l&ces are

preserved, a dominant magmatic flow component may be inferred (Paterson et al., 1989).

Within the Rabun granodiorite it is possible to see some of the above-mentioned

criteria for the superposition of a tectonic foliation on magmatic flow foliation. The

igneous minerals-especially the feldspar megacrysts-have a preferred alignment and the

crystal feces are feirly well preserved, which would indicate a dominant magmatic flow

foliation. Within the granitoid, however, is another foliation that trends differently than

the magmatic flow foliation and is interpreted to be a tectonic overprinting foliation that

is roughly parallel to the foliation in the enclosing country rocks (Figs, 20-23). The

orientations of these foliations primarily trend to the northeast with some points trending

to the northwest (Figs. 20-23).
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The poles to foliations and a scatter plot of the feldspar lineation (magmatic

foliation) were plotted on equal area stereonet projections (Figs. 23 and 24). These data

indicate that these are indeed two distinct and separate structures within the Rabun

granodiorite.

Contacts of the Rabun granodiorite with the surrounding country rock.

The Rabun granodiorite is in contact with the Tallulah Falls Formation on the

eastern flank and on part of the western flank of the pluton, and is truncated by the

Chattahoochee fault on another part of the western flank (Plate 1). No metamorphic

aureole exists at the contacts of the pluton with the country rock; the contact is

gradational of a scale of a few centimeters to as much as a meter and is relatively easily

deflned. The contact between the pluton and surrounding rock is folded. At the contacts

with the Tallulah Falls Formation there is an increasing occurrence of pegmatite dikes.

Relationship of the Rabun granodiorite with surrounding country rock.

The Rabim granodiorite pluton intruded the Tallulah Falls Formation at

approximately 375 Ma (Miller et al., 2000) and is presumed at one time to have been

completely surrounded by the Tallulah Falls Formation rocks. At a later time a portion of

the Tallulah Falls Formation and the pluton were faulted out by the Chattahoochee fault.

This is evident in the southwestern portion of the Scaly Mountain quadrangle (Plate 1).

The pluton and the surroimding rocks share at least some deformation events that are

indicated by the folded contacts and by similar foliation trends within both rock rmits.

An important observation is that the Tallulah Falls Formation rocks, however, contain
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more deformation events than the pluton. An earlier foliation which has been truncated

by the dominant S2 foliation exists at some locations in the Tallulah Falls Formation, such

as the Cat Stairs on N.C. 106 where the earlier foliation is preserved in boudins.

Description and possible relationship of the pluton fades.

After modal analyses were performed (Table 3) some trends were noted within

each facies of the pluton. The plagioclase content is approximately the same for both

fades. The microcline content increases in the megacrystic phase and is mostly found as

phenocrysts. Miller (1997) noted that the potassium in this phase is located almost

wholly within the microcline megacrysts. Quartz content is higher in the medium-grained

phase. The relative abundances of biotite and muscovite are reversed in the two facies,

with biotite more abundant in the megacrystic phase. This trend would indicate that

potassium in the medium-grained phase went into muscovite and biotite, while

potassium in the megacrystic phase went primarily into microcline and biotite with little

muscovite forming. The megacrystic fecies contains zircon and epidote while the

medium-grained facies contains these minerals in lesser abundance. Although there are

some differences in mineralogy between the two facies of the Rabun granodiorite, these

differences are minor. The major difference is the presence or absence of the

phenocrysts.

Chemistry of the Rahun granodiorite.

The chemistry of the Rabun granodiorite pluton has been previously determined (Miller

et al., 1997). Major and trace element chemistry were determined for seven samples
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from the pluton and the analyses are presented in Table 4. The granodiorite has a distinct

Nd crustal isotopic signature and high concentrations of incompatible elements. Isotopic

diversity implies that a variety of materials were involved, which is consistent with

crustal anatexis (Miller et al., 1997). Several constraints were placed on the types of

source material, as concluded by Miller et al. (1997).

1. The U-Pb inheritance in zircons indicates involvement of relatively old,

variable age crustal material, either in situ or as detrital fragments in sediment.

Sr and Nd isotopic data support this conclusion, but suggest that most samples

also include a more juvenile component. Inheritance is also demonstrated in

the zircon studies by Miller et al. (2000) where 1.05 to 1.24 Ga cores were

observed in zircons from the Rabun granodiorite.

1 ft

2. 5 0 values are typical of the crust—higher than those of mafic rocks, but

lower than those of sedimentary rocks. A sedimentary conqjonent may have

contributed to the melt, but it was probably not dominant.

3. The granodiorite is poor in heavy REEs, moderately rich in Sr, and has very

small negative Eu anomalies. The residue of melting must have contained a

heavy REE-concentrating phase, probably garnet, and probably was not

dominated by feldspars.
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Table 4

Elemental and Isotopic Data for Representative Samples from the Rabun Granodlorite
Modified from Miller et al., 1997

(wt%) R2 R4 R7 R9 R11 R14 R22A

Si02 71.7 70.2 67.7 66.8 66.5 71.7 68.9

TIO2 0.20 0.22 0.41 0.33 0.44 0.16 0.37

AI2O3 15.5 14.9 15.6 16.1 16.4 16.1 15.1

1.65 1.74 2.91 2.61 3.13 1.36 2.73

MnO 0.02 0.02 0.03 0.03 0.03 0.02 0.03
MgO 0.57 0.55 0.97 0.83 1.05 0.44 0.84

CaO 2.62 1.94 2.65 2.31 3.05 1.64 2.58

NajO 5.24 4.34 4.60 4.39 4.74 5.85 4.49

K2O5 0.87 3.47 2.68 4.03 2.32 1.41 2.79

P2O5 0.12 0.07 0.14 0.13 0.17 0.05 0.12

LOI 1.54 0.62 0.62 0.47 0.54 1.39 0.70

Total 100.03 98.07 98.31 98.03 98.37 100.12 98.65

(ppm)
Rb 39 80 108 105 76 53 77

Sr 385 426 732 497 825 673 431
Ba 110 840 940 1,330 850 340 690
Th 8.1 2.7 7.7

U 0.8 0.8 0.8

Zr 70 100 160 160 180 90 150
Hf
Ta

— 4.6
n ji1 d

La 23.8

U.4

35 55 9.2 28

Ce 47.8 57.8 98.5 18 52

Nd 15.2 22.7 35 9 19
Sm 2.64 3.92 6.09 2 3.6

Eu 0.714 1.07 1.38 0.69 1.18
Tb 0.27 0.35

Dy — — 1.1 1.4

Yb 0.38 0.7 1.07 0.65 0.64

La 0.093 — 0.108 0.161 0.1 0.1

"Rb/®®Sr 0.295 0.542 0.642 0.613 0.37 0.228 0.518

0.70849 0.70954 0.70956 0.70964 0.70851 0.70615 0.70868

®'Sr/®®Sr4oo 0.7068 0.7065 0.7059 0.7061 0.7064 0.7049 0.7057

"^Sm/"^Nd — — 0.0976 0.0937

— 0.512303 0.51227 —

i«Nd/"''Nd4oo 0.512047 0.512025

ENcJ, 400 — -1.5 -1.9
206p[,,204p^_^

18.49
207pb/204pb^^

15.63
208pb^04pb^^

— 38.35
8"0„ 9.1 , 8.4 8.9 8.8 6.5 8.7
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4. High Ba and moderate K2O contents suggest that K-feldspar was not abimdant

in the residue. K-feldspar saturation would require higher potassium

concentrations in coexisting melts, and abundant K-feldspar would result in

partitioning of Ba into the residue (Miller et al., 1997).

5. ®^Sr/^^Sr ratios indicate that the granodiorite has "normal" continent margin

granitoid ratios (Miller et al., 1997), with a probable source in the continental

crust.

The granodiorite source was probably mixed, comprising both Early to Middle

Proterozoic and younger rocks indicated from zircon dating (Miller et al., 2000), and

including both relatively felsic, perhaps sedimentary, crust and more depleted material.

The granodiorite may also have been a hybrid between trondhjemitic and ancient felsic

crust-derived magmas (Miller et al, 1997).

Miller et al. (1997) suggested the following scenario for the generation of the

magma. Fragments of a primitive magmatic arc were emplaced tectonically as a

consequence of convergence beneath the Blue Ridge crust. The thermal blanketing

resulting from crustal thickening could ultimately have led to temperatures high enough

to induce melting in the underaccreted mafic crust, up to 850°C or more, on a time scale

of tens of millions of years to 100 m.y. The more ancient, felsic component could have

been contributed by overlying crust that may have also exceeded its solidus, or it could

have come from North America-derived sedimentary rocks that may have been part of

the near-continent arc assemblage. Mafic and felsic rocks may have been interleaved

depositionally, by intrusion of mafic rocks into a sedimentary sequence, or tectonically.
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This hypothesis does not fit with current thinking that the eastern Blue Ridge basement is

oceanic in nature. However, the ®'Sr/®^Sr ratios are relatively high which indicates a

component of continental crust derived material. This may indicate that the eastern Blue

Ridge basement is not entirely derived firom an oceanic source.

Timing and possible modes of emplacement of the Rabun granodiorite.

The Rabun granodiorite is the youngest of a series of mid-Devonian age plutons

that were emplaced during the Acadian orogeny. The Rabun granodiorite has an ion

probe U-Pb age of375 Ma. (Miller et al., 2000) and is syntectonic. The Rabun is

deformed and contains a second fijliation, is concordant, and does not have a contact

aureole. These facts also indicate it is probably early to synmetamorphic, and was

intruded into a hot crust.

Miller et al. (1997) suggested that melting for the Rabim granodiorite magma took

place at relatively great depths (> 30 km) within the tectonically thickened crust. After

the magma was generated, it presumably ascended and was emplaced into the Tallulah

Falls Formation, but still at depth because of the concordant nature of the contact and the

lack of a contact aureole.

Different modes of enqjlacement and arguments for or against each, for the Rabun

pluton, are presented in the following section. Previous attempts to describe

emplacement mechanisms iu different plutons by others are outlined in Table 5.
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Emplacement of the pluton along the Chattahoochee fault.

This emplacement mechanism is unlikely. The pluton is truncated by the

Chattahoochee fault indicating it was emplaced before the fault formed. This agrees with

previous work that has suggested that the Chattahoochee fault is post-emplacement.

Stoping

Evidence for this a component of this emplacement mechanism is apparent within

both facies of the pluton. Within the medium-grained facies are small xenoliths of the

surroimding Tallulah Falls Formation biotite gneiss. Within the megacrystic facies are

xenoliths of calc-silicate rocks and xenoliths and schUeren of Tallulah Falls biotite

gneiss. This mechanism can accoimt for at least a small part of the emplacement history

of the Rabun pluton.

Diapirism

Diapirism is the most likely emplacement mechanism for the Rabun pluton. If the

two pluton facies are considered as separate magma pulses, it is possible that the

medium-grained facies was emplaced and at least partially solidified when the

megacrystic facies was emplaced. In this scenario part of the medium-grained phase was

incorporated into the megacrystic phase and only remnants of the rnedium-grained phase

(on the flanks of the megacrystic phase) survived.

However, the gradational contact between the two phases of the pluton would

indicate that they were probably liquids when in contact and that there is a possibility of

some mixing between the two phases.

Further evidence for diapirism as an emplacement mechanism is obtained when

the magmatic orientation of the microcline megacrysts is considered. The megacrysts
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have a preferred alignment that is roughly parallel to the pluton's margins. This would

indicate that megacrysts were aligned by magmatic flow while the pluton was ascending

through the crust.

Outward displacement of the Earth's surface

Paterson and Fowler (1993) suggested this as one of their two emplacement

mechanisms; the other mechanism they suggested is lowering the Moho. Evidence of the

outward displacement of the Earth's surface is not readily available, however it is

unUkely due to the nature of the Rabim pluton. The pluton was emplaced deep within the

Earth's crust (>30 km) and would probably not have exerted force to displace the Earth's

surface.

Principle of effective stress

Hutton (1997) suggested that the principle of effective stress may be important for

the emplacement of plutons in contractional tectonic settings. This mechanism requires

that forces within the magma become incorporated into the overall regional stress field.

This would allow the magma to overcome the compressional forces within the

contractional zone. This mechanism is a difficult hypothesis to test. The pluton is clearly

syntectonic, in a convergent setting.

Dike-feeding of the pluton

Johnson et al. (2001) put forth dike-feeding as a pluton emplacement mechanism.

The overall shape of the Rabun pluton (pencil-like) could have arisen from emplacement

by this mechanism. However, Johnson et al. (2001) state that there should be evidence of

brittle deformation of the country rock. This brittle deformation is not found around the

Rabim pluton. The formation of dikes usually occurs at shallow depths where brittle
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deformation style is dominant. It is unlikely that this mechanism played a part in the

emplacement of the Rabun pluton.
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CHAPTERS

Conclusions

Conclusions drawn from this study are:

1) The Scaly Mountain quadrangle contains three tectonic units: the Chattahoochee

thrust sheet, the Dahlonega gold belt, and the Shope Fork thrust sheet.

2) The rocks present in the Scaly Mountain quadrangle are: the Tallulah Falls Formation

(graywacke-schist member), the Rabim granodiorite, the Otto Formation, the Coweeta

Group (Coleman River Formation), calc-silicate rocks, amphibolites, and pegmatites.

In addition there are surficial deposits of colluvium, alluvium, and ancient landslides.

3) There are six to seven deformation events represented in the rocks in the Scaly

Mountain quadrangle.

4) Evidence for multiple deformation events can be seen along the trace of the

Chattahoochee fault. The fault deforms the Rabun granodiorite, truncates structures

in the surrounding country rock, and is itself folded. Evidence for multiple

deformation events can also be seen in the surroimding country rock. There is an

early foliation that is preserved in boudins. There are at least two generations of

folding as well.

5) The Chattahoochee feult postdates the Rabun granodiorite. Evidence for this is the

deformation of the Rabun by the Chattahoochee fault.

6) The Rabim granodiorite consists of a medium-grained phase and a megacrystic phase.
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7) The Rabun granodiorite contains a magmatic flow foliation and an overprinting

tectonic foliation.

8) The Rabun granodiorite was emplaced primarily by diapirism. Stoping may have

played a minor role in the emplacement of the pluton.

This research is the first detailed structural study of the Rabun granodiorite and

provides some insight into the histories of similar plutons occurring within the eastern

Blue Ridge. This research also provides new data supporting findings fi-om previous

studies of the regional geology of the eastern Blue Ridge province of the southern

Appalachians.
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APPENDIX A

STRUCTURAL DATA FOR THE SCALY MOUNTAIN QUADRANGLE
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NOTE; Structural measurements are presented in quadrant format. Abbreviations in the

lithologic unit column refer to: tf-Tallulah Falls Formation, rg-Rabun granodiorite, op-

Otto Formation politic schist, oss-Otto Formation metasandstone, cr-Coleman River

Formation. All Scaly Mountain data were collected as part of this study.
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Foliation Feldspar Lineation Fold Axis Axial Surface Litfaologic

Station Strike Dip Plunge 1 Trend Plunge 1 Trend Strike | Dip Unit

SMI N63E 30 SE tf

SM2 N75E 54 NW tf

SMS N67E 47 NW tf

SM4 N30 W 18 SW tf

SMS N22E 22 SE tf

SM6 N56W 15 NE tf

SM7 N14W 39 SW tf

SMS N03E 68 SE tf

SM9 NOSE 60 NW tf

SMIO NSIE 50 SE tf

SMll N35E 20 SE tf

SM12 N06W 41 SW tf

SM13 N38E 35 SE tf

SM14 N13E 28 SE tf

SM15 N40E 48 SE rg

SM16 N20E 08 NW rg

SM17 NSOE 32 SE rg
SM18 N lOE 32 SE fg

SM19 N6SE 42 SE rg

SM21 NSOE 31 SE rg

SM22 NSOE 58 SE rg

SM23 N29E 36 SE rg

SM24 N IS W 24 SW op

SM25 N6SE 30 NW op

SM26 N45E 34 NW op

SM27 N48E 32 SE op

SM28 N20E 23 SE op

SM29 N44E 48 SE op

SM30 N40 W 64 SW op

SM31 NSOE 55 SE op

SM32 N lOE 41 NW op

SM33 N30E 16 SE op

SM34 NSOE 54 SE op

SM35 NSOE 46 SE op

SM36 N60E 46 SE op

SM37 N45E 39 SE op

SM38 N52E 44 SE op

SM39 N40E 80 SE op

SM40 N24E 30 SE op

SM41 NS6E 64 SE op

SM42 NSOE 74 NW op

SM43 N52 E 56 SE op

SM44 N65E 82 SE op

SM45 N6I E 50 NW op

SM46 N4SE 81 SE op

SM47 N20E 40 SE op

SM48 N20W 43 SW op

SM49 NSOE 62 NW op

SM50 NS2E 70 NW op

SM51 N25E 46 SE op

SM52 N34E 84 SE op

SM53 N 16E 66 NW op

SMS4 N26E 85 SE op

SM55 NSOE 40 NW op

SM56 NSOE 15 NW op

SM57 N22E 42 NW op

SMS8 N54E 37 NW op

SM59 N42E 46 NW op

SM60 N44E 22 SE op

SM61 N26E 30 NW op

SM62 N45E 68 SE op

SM63 N28E 56 SE op
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Foliation Feldspar Lineation Fold Axis Axial Surface Lithologic

Station Strike | Dip Plunge 1 Trend Plunge 1 Trend Strike | Dip Unit

SM126

SM127

SM128

SM129

SMI 30

SM131

SM132

SM133

SM134

SM135

SM136

SM137

SM138

SM139

SM140

SM141

SM142

SM143

SM144

SM145

SMI46

SM147

SM148

SM149

SM150

SMISI

SM152

SM153

SM154

SM155

SMI56

SM157

SM158

SM159

SM160

SM161

SM162

SM163

SM164

SM16S

SM166

SM167

SM16S

SM169

SMI70

SM171

SM172

SM173

SM174

SMI 75

SMI 76

SM177

SM178

SMI 79

SM180

SM181

SM182

SM183

SMI 84

SM185

SM186

SM187

N28E

N20W

N26E

N30E

NllE

N31E

N26E

N70W

N30E

N26E

N25E

N33E

N28E

N40E

N45 W

N20 W

20 SE

24 ME

24 NW

40 NW

24 NW

18 SE

41 SE

43 SW

3INW

84 SE

69 SE

36 NW

39 SE

36 NW

20 SW

27 NE

18

16

10

31

40

39

26

26

28

45

34

010

010

004

030

035

055

046

043

050

050

040

20 060 N20E 15 SE

rg

rg

rg

rg

ig

rg

rg

rg

rg

tf

tf

rg

rg

rg

rg

tf

tf

N21 W 29 NE tf

N low 25 NE tf

N20E 51 NW op

N49E 61 SE op

N24E 74 SE op

N21E 80 SE op

N18E 81 SE op

N35E 53 SE op

N38E 80 SE op

N28E 69 SE op

N 15E 74 SE op

N16E 71 SE op

N27E 76 SE op

N32E 73 SE op

N34E 71 NW op

N22E 85 SE op

N49E 60 SE op

N24E 82 SE op

N57E 78 NW op

N60E 66 SE OSS

N18E 54 NW OSS

N35E 81 NW OSS

N low 44 NE op

N54E 65 NW op

N85 W 20 NE op

N30E 73 SE op

N35 W 42 SW op

N2I W 27 SW op

N 19 W 84 NE op

N20E 72 SE op

N40E 70 NW op

N50E 78 NW op

N45E 24 SE op

N23 E 46 SE op

N45E 70 NW op

N34E 82 NW op

N38E 38 SE tf

N 16W 24 NE tf

N32W 15 SW tf

N45E 57 SE tf

N22E 45 NW tf

N24E 39 SE tf

N37E 67 SE tf

N 15E 37 SE tf

N60W 25 SW rg
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SM188 N48W 16NE

SM189 N25 W 15 NE

SM190 N25 W 25 NE

SM191 N40E 66 SE

SM192 N39E 77 SE

SM193 , N24E 34 NW

SMI94 N37E 65 SE 25 295

SMI 95 N24E 37 SE

SM196 N23E 36 SE

SM197 N29E 17 SE

SM198 N30E 40 SE 36 052

SMI99 N28E 64 SE 24 050

SM200 N33E 32 NW 26 054

SM201 N45W 35 SW 40 051

SM202 N25E 47 SE 23 055

SM203 N32 W 33 SW

SM204 N20W 15 SW 40 054

SM205 N39E 34 SE

SM206 N39E 73 SE

SM207 N31 W 30 NE

SM208 N45E 79 SE

SM209 N55E 54 SE

SM210 N35E 66 SE

SM2I1 N30E 49 SE

SM212 N39E 54 SE

SM213 N31E 45 SE

SM214 N32E 60 SE

SM215 N40E 37 SE

SM216 N20E 62 NW

SM217 N23 E 29 SE

SM218 N80W 44 NE

SM219 N44E 38 SE

SM220 N50E 40 SE

SM221 N36E 49 SE

SM222 N44E 50 SE

SM223 N37E 52 SE

SM224

SM225 N41E 51 SE

SM226 N52E 50 SE

SM227 N29E 40 SE

SM228 N29E 44 SE

SM229 N46E 56 SE

SM230 N48E 53 SE

SM231 N44E 60 SE

SM232 N34E 53 SE

SM233 N I9E 56 SE

SM234 N43 E 35 SE

SM235 N36E 56 SE

SM236 N34E 49 SE

SM237 N34E 64 SE

SM238 N 15E 48 SE

SM239 N24E 33 SE

SM240 N38E 34 SE

SM241 N28E 40 SE

SM242 N 17E 47 SE

SM243 N22E 52 SE

SM244 N35E 39 NW

SM245 N21 E 64 SE

SM246 N 16E 45 SE

SM247 N15E 61 SE

SM248 N24E 49 SE

SM249 N26E 50 SE

010 N25E 35 SE

rg

fg

rg

rg

ig

»B

ig

ig

rg

rg

rg

fg

fg

rg

fg

rg

fg

fg

tf

rg

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf
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UnitStrike Dip Plunge 1 Traid Plunge I Trend Strike | Dip
SM250 N30W 55 NE tf

SM251 N36E 67 SE tf

SM252 N30E 35 NW tf

SM253 N20E 33 SE tf

SM254 N24E 57 SE tf

SM255 N33E 39 SE tf

SM256 N27E 55 SE tf

SM257 N25W 24 NE tf

SM258 N46E 34 SE tf

SM259 N28E 05 SE tf

SM260 N22E 34 SE tf

SM26I N37E 34 SE tf

SM262 N 18E 74 SE tf

SM263 N76E 32 NW tf

SM264 N lOE 43 SE tf

SM265 N25E 44 SE tf

SM266 N32E 34 SE tf

SM267 N 15E 80 NW tf

SM268 N23W 31 SW tf

SM269 N23 E 49 SE tf

SM270 NOSE 66 NW tf

SM27I N 12W 54 SW tf

SM272 N30E 55 NW tf

SM273 N 14W 87 NE tf

SM274 N04E 63 SE tf

SM275 N75E 64 SE tf

SM276 N27E 75 NW tf

SM277 N 14 W 25 NE tf

SM278 N26E 21 SE tf

SM279 N25 W 20 NE tf

SM280 N06E 35 SE tf

SM281 N26E 48 SE tf

SM282 N68 W 22 NE tf

SM283 N20W 34 NE tf

SM284 N52 W 18 NE tf

SM285 NI7E 38 SE tf

SM286 N24E 31 SE tf

SM287 N20 W 18 SW tf

SM288 N39 W 10 SW tf

SM289 N lOE 06 SE tf

SM290 N15E 52 NW tf

SM291 N 18E 29 SE tf

SM292 N33E 52 NW tf

SM293 N IDE 29 SE tf
SM294 N3I W 33 NE tf

SM295 N 18E 23 SE tf
SM296 N60E 43 SE tf

SM297 N30W 56 NE tf

SM298 NI9E 46 SE tf

SM299 N13E 54 SE tf

SM300 N IDE 30 SE tf

SM30I N I2E 26 SE tf
SM302 NI5E 23 SE tf

SM303 N20E 29 NW op

SM304 N32E 32 SE op

SM305 N25E 38 SE op

SM306 N2I E 32 NW op

SM307 N25E 50 SE op

SM308 N22E 36 SE op
SM309 N31E 40 SE op

SM3I0 N 18E 12 NW op

SM311 N25E 40 NW op
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SM312

SMS 13

SMS 14

SMS 15

SMS 16

SMS 17

SMS 18

SMS 19

SM320

SM321

SM322

SM323

SM324

SM325

SM326

SM327

SM328

SM329

SMSSO

NlOE

N20E

N25 W

N35W

N64E

N48E

N40E

N50E

N28E

N40E

N lOE

N20E

N 12E

N lOE

N45E

N32 W

N26E

N24E

64 SE

20 SE

SONE

36 NE

40 SE

40 SB

28 NW

45 SE

32 NW

26 NW

48 SE

28 SE

34 SE

21 SE

36 NW

24 NE

59 NW

46 SE

SMS31 N70E 34 SE

SM332 N45E 48 SE

SM333 N16E 39 SE

SM3S4 N40E 69 SE

SM335 N41 W 25 SW

SM3S6 N55W 15 NE

SM337 N50W 10 SW

SM3S8 N12E 22 NW

SM339 N18E 63 SE

SM340 N30E 37 SE

SM341 N20E 36 SE

SM342 N35E 61 SE

SM343 N20W 40 NE

SM344 N30W 25 NE

SM345 N42E 25 SE

SM346 N40E 56 SE

SM347 N50W 20 NE

SM34S N14E 85 SE

SM349 N20E 20 SE

SMSSO N33E 47 SE

SM351 N77W 24 NE

SM352 N65 W 36 SW

SM353 N60E 20 SE

SM354 N40E 30 SE

SMS55 N70E 55 SE

SM356 NS8E 36 SE

SM357 N52E 45 SE

SM358 N55 W 10 SW

SM359 N25E 15 NW

SM360 . N25E 38 SE

SMS61 N41 E 74 SE

SM362 N 15E 42 SE

SM363 N40E 34 SE

SM364 N IDE 77 SE

SMS65 NS4E 74 SE

SM366 N31 E 49 SB

SM367 NSOE 70 SE

SM36S N20E 32 NW

SM369 N35W 39 SW

SM370 N36W 43 SW

SM371 N23 W 44 SW

SM372 N85W 40 SW

SM373 NSOW 44 SW

05 015 NSOE lONW

OSS

OSS

OSS

op

op

op

op

OSS

OSS

OSS

op

op

tf

tf

tf

tf

If

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

rg

rg

tf

tf

rg

rg

rg

op

op

op

op

OSS

op

OSS

op

op

op

op

op

op

OSS
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SM374 N46E 63 NW

SM375 N65 W 32 NE

SM376 N50E 18NW

SM377 N30E 37 NW

SM378 N25E 74 NW

SM379 N60E 69 NW

SM380 N36E 78 NW 1

SM381 N57E 40 NW

SM382 N50E 42 NW

SM383 N38E 78 NW

SM384 N75E 42 NW

SM385 N50E 44 NW

SM386 N47E 73 NW

SM387 N37E 48 SE

SM388 N70E 70 NW

SM389 N34E 82 NW

SM390 N28E 74 SE

SM391 N36E 54 NW

SM392 N30E 54 SE

SM393 N28E 69 SE

SM394 N30E 81 NW

SM395 N35E 59 NW

SM396 N22E 82 NW

SM397 N50E 60 NW

SM398 N41 E 73 SE

SM399 N32E 40 NW

SM400 N42E 72 NW

SM401 N31E 45 SE

SM402 N34E 66 SE

SM403 N50E 67 NW

SM404 N20W 30NE

SM405 N20W 20 NE

SM406 N35E 27 SE

SM407 N 15 W 13 NE

SM408 N23 W 30 NE

SM409 N 15E 21 SE

SM410 N30E 22 SE

SM411 N28E n 24 NW

SM412 N25E 58 SE

SM413 N34E 36 SE

SM4I4 N40E 32 NW

SM415 N35E 70 SE

SM416 N lOE 30 NW

SM4I7 N 15 W 51NE

SM418 N62W 35 SW

SM419 N50W 22 SW 12 070

SM420 N32 W 20 NE

SM421 N45 W •  21 NE

SM422 N55E 29 SE 24 035

SM423 N48E 24 SE 42 026

SM424 N40E 40 SE 20 313

SM425 N25E 20 SE 37 305

SM426 N20W 36 SW

SM427 N25E 25 SE 35 350

SM428 N20E 25 SE 32 340

SM429 N25 W 20 SW 15 060

SM430 N23E 26 SE 37 057

SM431 N32E 20 SE 24 312

SM432 N36E 15 SE

SM433 N52E 30 SE

SM434 N53E 34 SE

OSS

OSS

OSS

op

OSS

op

op

op

op

op

op

op

op

op

op

tf

tf

tf

tf

tf

tf

OSS

OSS

OSS

OSS

OSS

OSS

OSS

OSS

IB

rg

tf

rg

rg

rg

tf

Tg

tf

rg

tf

tf

rg

rg

rg

rg

rg

ig

ig

rg

rg

rg

rg

rg

rg

rg

rg

ig

rg

rg

rg

'g

rg
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SM436 N65E 27 SE rg

SM437 N62E 57 SE rg

SM437(B) N50E 25 SE rg

SM438 N60E 40 SE rg

SM439 N54E 41 SE 45 060 rg

SM440 N50E 66 SE rg

SM441 N70E 60 SE rg

SM442 N70E 67 SE rg

SM443 N50E 28 SE rg

SM444 N35E 20 SE rg

SM445 N45E 45 NW 0 025 rg

SM446 N45W 30 ME 0 045 rg

SM447 N60W 34 NE rg

SM448 N55E 38 SE rg

SM449 N25W 25 NE rg

SM450 N35E 20 NW rg

SM451 N45E 65 SE rg

SM452 N45E 25 SE rg

SM453 N60W 38 SW rg

SM454 N40W 25 SW rg

SM455 N35E 27 NW rg

SM456 N40W 42 SW rg

SM457 N45E 52 SE rg

SM4S8 N45E 30 SE rg

SM459 N45W 28 SW rg

SM460 N20W 20 SW rg

SM461 N35W 30 SW rg

SM462 N25 W 21 SW rg

SM463 N35E 39 NW rg

SM464 N30 W 28 SW rg

SM465 N37E 34 SE rg

SM466 N26E 36 SE rg

SM467 N41E 31 SE rg

SM468 N20E 20 SE rg

SM469 N37E 35 SE rg

SM470 N72E 50 SE rg

SM471 N39E 44 SE rg

SM472 N30E 50 SE rg

SM473 N40E 74 SE rg

SM474 N33E 41NW rg

SM475 N26E 37 SE rg

SM476 N20E 25 SE rg

SM477 N45E 38 SE rg

SM478 N30E 32 SE rg

SM479 N44E 68 SE tf

SM480 N83E 56 NW tf

SM481 N30E 55 SE tf

SM482 N29E 51 SE tf

SM483 N49 W 26 SW tf

SM484 N44E 50 NW tf

SM48S N30W 20 NE tf

SM486 N60W 45 NE tf

SM487 N35 W 46 SW tf

SM488 N30E 35 SE tf

SM489 N30W 34 NE tf

SM490 N37W 32 NE tf

SM491 N49E 56 SE rg

SM492 N56E 44 SE rg

SM493 N74E 36 SE rg

SM494 N21 E 35 SE rg

SM495 N I6W 73 NE tf

SM496 N54W 41 SW tf
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SM497

SM49g

SM499

SM499B

SM499C

SMSOO

N40E

N53 W

NI8E

N53E

N24E

14 NW

74 NE

34 NW

61 SE

32 NW

16 042 N44E 41 NW

tf

tf

tf

tf

tf

tf

SMSOl N42E S3SE tf

SM502 N48E 63 SE tf

SMS03 NS2E S7SE tf

SMS 04 NS6E 46 SE tf

SM30S N33E 44 SE tf

SM506 N27E 35 SE tf

SM507 N37W S4NE tf

SMSOg NS4W 46 SW tf

SMS09 N29W 32 NE tf

SMS 10 N34E 47 SE tf

SMS 11 NOSE 41 SE tf

SMS 12 N39E 60 SE tf

SMS 13 N38E 60 NW tf

SMS 14 N36E SOSE tf

SMS IS N ISE 61 NW tf

SMSI6 N28E 20 NW tf

SMS 17 NOSE 68 SE tf

SMS18 N18E 39 SE tf

SMS 19 NS6E 36 SE tf

SMS20 NS8E 39 SE tf

SMS21 N46E S4SE tf

SMS22 N44E 71 SE tf

SMS23 N68E 26 SE tf

SMS24 N36E 8SNW tf

SMS2S N44E 3SSE tf

SMS26 N30E 43 SE tf

SMS27 N38W 26 SW tf

SMS28 N62W 18 SW tf

SMS29 N24E 60 SE tf

SMS30 N37E 40 NW tf

SMS31 NS7E 37 SE tf

SMS32 NS3E 6SSE tf

SMS33 N23E 78 NW tf

SMS34 N20W 26 NE tf

SMS3S N40W 32 NE tf

SMS36 N41E 3S SE >8

SMS37 N36E 27 SE rg

SMS38 N16W 24 SW tg

SMS39 N48E 26 SE rg

SMS40 N70W 4SSW rg
SMS41 N30E 61 SE rg

SMS42 N23 W 38 NE rg

SMS43 N36E 43 NW rg

SMS44 N30E 24 SE rg

SMS4S N29W 20 NE rg

SMS46 NOSE ISNW rg

SMS47 N28E 32 SE tf

SMS48 N30E 20 SE tf

SMS49 N29E 28 SE tf

SMSSO N24E 32 NW rg

SMSSl N36E S6NW rg

SMSS2 N60E 2SSE rg

SMSS3 N38E 32 SE rg

SM5S4 N4SE 63 SE rg

SMSSS N31E 3SSE rg

SMSS6 N40E 40 SE tf
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SM557 N27E 53 SE tf

SM558 N78 W 76 SW tf

SM559 N21 E 25 SE

SM560 N36E 33 SE rg

SM561 N41 E 34 SE IB

SM562 N23E 21NW ig

SM563 N20E 26 NW ig

SMS64 N21 W 26 NE Ig

SM565 N52E 54 SE Ig

SM566 N33 W 40 SW Ig

SM567 N18E - 34 SE tf

SMS6S N34E 40 SE tf

SM569 N51E 62 SE tf

SM570 N42E 32 SE tf

SM571 ■N27W 28 NE tf

SM572 N45E 41 SE tf

SM573 N39E 46 SE tf
SM574 N23E 32 NW

SM575 N43E , 25 SE Ig
SM576 N29E 39 SE Ig
SM577 N60E 32 SE Ig
SM578 N34E 48 SE Ig
SM579 N28E 41 SE tf
SMS 80 N34E 39 SE tf
SM581 N24E 34 SE Ig
SM582 N60E 58 SE Ig
SM583 N34E 62 SE tf
SM584 N25E 39 SE tf
SM585 N38E 47 SE tf
SM586 N29E 36 SE tf
SM587 N2IE 64 SE tf
SMS88 N24E 34 SE tf
SM589 N I8E 44 SE tf

SM590 N24E 73 SE tf
SM591 N47E 35 SE tf
SM592 N46E 52 SE tf
SM593 N23 W 15 SW tf
SM594 N26W 38 NE tf
SM595 N20 W 19 NE tf
SM596 N23 W 34 NE tf
SM597 N57E 64 SE Ig
SM598 N38E 46 SE tf

SM599 N43E 52 SE Ig
SM600 N27E 43 SE Ig
SM601 N6aE 51 SE Ig
SM602 N56E 62 SE Ig
SM603 N21E 36 SE tf
SM604 N35E 47 SE tf
SM605 N27E 40 SE tf
SM606 N3I E 52 SE tf
SM607 N42E 67 SE tf
SM608 N70E 43 SE tf
SM609 N20W 15 NE tf
SM610 N30E 27 SE tf
SM611 N25E 38 SE tf
SM612 N32E 50 SE tf
SM613 N 17E 33 SE tf
SM614 N29E 40 SE tf
SM615 N39E 42 SE tf
SM616 N32E 42 SE tf
SM617 N34E 44 SE tf
SM618 N40E 38 SE tf
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SM619

SM620

SM621

SM622

SM623

SM624

SM625

SM 625B

SM626

SM627

SM628

SM629

SM630

SM631

SM632

SM633

SM634

SM635

N47E

N48E

N37E

N34E

N43W

N42E

N36E

N35E

N38E

N32E

N21 E

N4I E

N54E

N28E

N25E

N low

N15E

65 NW

60 SE

17 SE

65 SE

37 NE

49 NW

62 SE

68 NW

35 SE

42 SE

51NW

70 SE

43 NW

55 NW

67 NW

62 NE

76 SE

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

SM636 N51E 56 NW tf

SM637 N27E 38 NW tf

SM638 N40W 40 SW tf

SM639 N70E 48 SE tf

SM640 N20W 37 NE tf

SM64I N35E 41 SE tf

SM642 N30E 45 SE tf

SM643 N40E 43 SE tf

SM644 N37E 49 SE tf

SM645 N43E 39 SE tf

SM646 N38E 42 SE tf

SM647 N35E 40 SE tf

SM648 N20W 26NE ' tf

SM649 N28W 21 NE tf

SM650 N24 W 15 NE tf

SM651 N31 W 32 NE tf

SM652 N30E 40 SE tf

SM6S3 N20 W 37 NE tf

SM654 N31 W 42 NE tf

SM655 N26W 31NE tf

SM656 N2I E 40 NW tf

SM657 N36E 27 SE tf

SM658 N25E 34 SE tf

SM659 N27W 39 NE tf

SM660 N42 W 40 NE tf

SM661 N38E 41 NW tf

SM662 N25E 31 SE tf

SM6e3 N43 E 29 SE tf

SM664 N27E 36 SE tf

SM66S N21 E 40 SE tf

SM666 N27E 38 SE tf

SM667 N24E 43 SE tf

SM668 N20E 40 SE tf

SM669 N 15 W 31NE tf

SM670 N21 W 27 NE tf

SM671 N17W 28 NE tf

SM672 N23 E 37 SE tf

SM673 N26E 31 SE tf

SM674 N 18 W 37 NE tf

SM675 N20W 35 NE tf

SM576 N37W 45 NE tf

SM677 N29E 37 SE tf

SM678 N34E 46 SE tf

SM679 N29E 34 SE tf
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SM680

SM681

SM682

SM683

SM684

SM685

SM686

SM687

SM688

SM689

SM690

SM691

SM692

SM693

SM694

SM69S

SM696

SM697

SM698

SM699

SM700

SM701

SM702

SM703

SM704

SM705

SM706

SM707

SM708

SM709

SM710

SM711

SM712

SM713

SM714

SM7I5

SM716

SM7I7

SM718

SM7I9

SM720

SM72I

SM722

SM723

SM724

SM725

SM726

SM727

SM728

SM729

SM730

SM731

SM732

SM733

SM734

SM735

SM736

SM737

SM738

SM739

SM740

SM74I

N31E

N21E

N46E

N27E

N34E

N18W

NlOE

N30W

N50E

N 14W

N05 W

N33E

N30E

N42E

N31E

N44E

N18W

N36E

N39E

N36E

N24 W

N 15 W

N20W

N30E

N36E

N34E

N30E

N 17W

N29E

N31E

N25E

N21E

N20W

N 18 W

NlOW

N60E

N56E

N35E

N20W

N08E

N60E

N34E

N20W

N34E

N45E

N34E

N44E

N50E

N24W

N29E

N34E

N30E

N42E

N31 E

N35E

N28E

N32E

N34E

N31E

N39E

N20W

N24W

31 SE

59 SE

74 NW

54 SE

64 SE

57 NE

50 SE

32 NE

60 SE

32 NE

40 NE

70 SE

70 SE

65 SE

65 SE

71 SE

42 NE

60 SE

47 SE

64 SE

49 NE

43 NE

46 NE

53 SE

59 SE

54 SE

47 SE

39 NE

39 SE

30 SE

35 SE

30 SE

40 NE

45 NE

40 NE

30 SE

59 SE

41 SE

67 NE

43 SE

25 SE

45 SE

39 NE

20 SE

43 SE

21 SE

47 NW

24 SE

26 NE

35 SE

40 SE

30 SE

37 SE

27 SE

24 SE

20 SE

23 SE

41 SE

39 SE

33 SE

45 NE

40 NE

tf

rg

rg

rg

rg

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

*8

rg

rg

rg

rg

rg

rg

rg

rg

rg

rg

rg

rg

rg

rg

rg

rg

rg

rg
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SM742

SM743

SM744

SM745

SM746

SM747

SM748

SM749

SM750

SM751

SM752

SM753

SM754

SM755

SM756

SM757

SM758

SM759

SM760

SM761

SM762

SM763

SM764

SM765

SM766

SM767

SM768

SM769

SM770

SM77I

SM772

SM773

SM774

SM775

SM776

SM777

SM778

SM779

SM780

SM781

SM782

SM783

SM784

SM785

SM786

SM787

SM788

SM789

SM790

SM791

SM792

SM793

SM794

SM795

SM796

SM797

SM798

SM799

SM800

SM801

SM802

SM803

N36E

N32E

N34E

N35 W

N30E

N36E

N22W

N39E

N35E

N30E

N18W

N30E

N25E

N35E

N31 E

N36E

N27E

N32E

N28W

N25W

N30E

N33E

N30E

N35E

N28E

N24E

N29E

N32E

N34E

N I8W

N24W

N20E

N38E

N36E

N20W

N31 E

N29W

N36E

N32E

N27W

N36E

N26E

N31E

N28E

N2I W

N29E

N35E

N31E

N36E

N35E

N23W

N 17W

N30W

N35E

N34E

N 19W

N23 W

N33E

N15W

N27E

N36E

N30E

37 SE

22 SE

64 SE

29 SW

30 SE

20 SE

70 ME

53 NW

24 SE

25 SE

30 NE

47 SE

50 SE

60 SE

64 SE

64 SE

55 SE

21 SE

25 NE

29 NE

27 SE

22 SE

29 SE

26 SE

30 SE

28 SE

31 SE

26 SE

28 SE

38 NE

42 NE

53 SE

51 SE

67 SE

37NE

40 NW

27 SW

41 SE

38 SE

3INE

43 NW

34 NW
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SM804 N34E 50 NW tf

SM80S N39E 46 SE tf

SM806 N34 W 42 NE tf

SM807 N40E 37 SE tf

SM808 N3IE 40 SE tf

SM809 N27W 51NE tf

SM810 N36E 47 SE rg

SMS 11 N39E 40 SE rg

SMS 12 N33E 49 SE rg

SMS 13 N15E 40 NW tf

SMS 14 N05 W 47 SW tf

SMS 15 N30E 36 SE rg

SMS 16 N27E 30 SE ig

SMS 17 N35E 50 SE rg

SMS 18 N33E 42 SE rg

SM819 N36E 39 SE rg

SM820 N31E 38 SE rg

SM821 N33E 35 SE rg

SM822 N40E 29 SE rg

SMS23 N30E 30 SE tg

SM824 N39E 31 SE ig

SMS25 N36E 42 SE rg

SMS26 N24E 38 SE rg

SM827 N29E 41 SE rg

SMS2S N37E 50 SE tf

SM829 N30E 57 SE tf

SMS30 N35E 53 SE tf

SM831 N31E 47 SE tf

SMS32 N36E 53 SE tf

SM833 N41E 48 SE tf

SMS34 N32E 49 SE tf

SM835 N36E 55 SE tf

SMS36 N29E 60 SE tf

SM837 N37E 62 SE tf

SM83S N4I E 56 SE tf

SM839 N39E 52 SE tf

SM840 N32E 61 SE tf

SM841 N27W 52 NE rg

SMS42 N33E 40 SE ig

SM843 N29E 37NW ig

SM844 N31 W 30 NE rg

SM845 N39E 40 SE rg
SM846 N37E 49 NW rg

SM847 N41E 53 NW rg

SMS48 N3IE 40 NW op

SM849 N27E 36 SE OSS

SM8S0 N30E 46 SE OSS

SMSSl N35E 43 SE OSS

SM852 N32E 40 SE OSS

SM853 N37E 56 SE tf

SM854 N21 W 42 NE rg

SMS55 N26W 39 NE rg
SMSS6 N23W 45 NE rg
SM857 N37E 42 SE op

SM858 N41 E 61 SE OSS

SMS59 N33E 52 SE OSS

SM860 N44E 49 SE Op

SM861 N21 W 37 NE OSS

SM862 N 15W 40 NE OSS

SMS63 N36E 40 SE OSS

SMS64 N31E 48 SE OSS

SM865 N26E 41 SE op
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Foliation Feldspar Lineation Fold Axis Axial Surface Lilhologic

UnitStrike Dip Plunge 1 Trend Plunge 1 Trend Strike | Dip
SM866 N30E 41 SE op

SM867 N37E 36 SE op

SM868 N20W 47 NE OSS

SM869 N25W 42 NE OSS

SM870 N33E 39 SE OSS

SM87I N35E 44 SE OSS

SM872 N36E 39 SE OSS

SM873 N26W 40 NE op

SM874 N30W SINE OSS

SM875 N28W 46 NE OSS

SM876 N33 W 44 NE OSS

SM877 N31 E SO SE OSS

SM878 N40E 47 SE OSS

SM879 N35 E S4SE OSS

SM880 N31E 67 SE OSS

SM88I N39E 54 SE OSS

SM882 N28E 49 SE OSS

SM883 N25E 42 SE op

SM884 N31 E 50 SE OSS

SM88S N35E 36 SE OSS

SM886 N30E 39 SE OSS

SM887 N39E 40 SE OSS

SM888 N28E 41 SE OSS

SM889 N30E 44 SE OSS

SM890 N40E 42 SE OSS

SM891 N15W 52 NE OSS

SM892 N21 W 37 SW OSS

SM893 N3I E 48 SE OSS

SM894 N36E 49 SE OSS

SM895 N35E 47 SE OSS

SM896 N34E 47 SE OSS

SM897 N43E 51 SE OSS

SM898 N32E 41 SE OSS

SM899 N37E 41 SE OSS

SM900 N31E 49 SE OSS

SM901 N39E 53 SE OSS

SM902 N40E 41 SE OSS

SM903 N38E 46 SE OSS

SM904 N30E 31SE OSS

SM905 N32E 29 SE OSS

SM906 N36E 34 SE OSS

SM907 N33E 30 SE op

SM908 N25E 54 SE OSS

SM909 N20W 43 NE OSS

SM910 N3I E 46 SE OSS

SM9I1 N26E 36 SE OSS

SM912 N24E 45 SE OSS

SM913 N21E 59 SE OSS

SM914 N30E 51 SE OSS

SM915 N24E 46 SE OSS

SM916 N29E 49 SE OSS

SM917 N35E 40 SE OSS

SM918 N21 E 38 SE rg

OSSSM919 N33 E 50 SE

SM920 N20E 27 SE rg

SM92I N31E 25 SE rg
SM922 N27E 80 NW IB
SM923 N15W 26 NE Ig
SM924 N low 26 NE Ig
SM925 N23E 27 NW Ig
SM926 N29E 21 SE

Ig
SM927 N22E 24 SE

Ig
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SMI 114 N27W 67 NE op

SM1115 N25 W 64 NE op

SM1116 N39E 61 SE op

SM1117 N37E 58 SE op

SMI 118 N37E 60 SE op

SMni9 N39E 57 NW op

SMiiao N45E 61 SE op

SM112I N32E 57 SE op

SMI 122 N43E 50 SE op

SMI123 N36E 54 SE op

SMI 124 N41E 67 SE op

SMU25 N38E 47 SE op

SMI 126 N43E 39 SE op

SM1I27 N30E 47 SE op

SM1128 N28E 36 SE op

SM1129 N33 E 46 SE op

SMiiao N36E 52 SE op

SMH31 N35E 56 SE op

SM1132 N31E 50 SE op

SM1133 N40E 61 SE op

SM1134 N42E 56 SE op

SMins N39E 50 NW OSS

SMI 136 N36E 49 NW OSS

SM1137 N38E 52 SE OSS

SMU38 N45E 60 SE OSS

SMI 139 N36E 51 SE OSS

SMU40 N40E 49 SE OSS

SMI 141 N37E 60 SE OSS

SMI 142 N44E 57 SE OSS

SMn43 N27 W 42 NE op

SM1144 N30W 45 NE op

SMI 145 N36E 52 SE op

SM1146 N40E 51 SE OSS

SMU47 N38E 60 SE OSS

SM1148 N29W 67 NE OSS

SMI 149 N34 W 65 NE OSS

SMI 150 N41 E 57 SE OSS

SM1151 N39E 44 SE OSS

SMI 152 N41E 50 SE OSS

SMI 153 N27W 49 NE OSS

SMI 154 N39E 54 SE op

SM1I55 N42E 60 SE op

SM1156 N40E 54 SE op

SM1157 N30W 38 NE op

SMI 158 N38E 42 SE op

SM1159 N42E 51 SE op

SMI 160 N30E 61 NW op

SMI 161 N37E 60 NW op

SMn62 N31E 59 NW op

SMI 163 N40E 60 SE OSS

SMI 164 N49E 70 SE ¤ OSS

SMI 165 N39E 54 SE OSS

SMI 166 N45E 60 SE OSS

SMI 167 N55E 64 NW OSS

SMI 168 N45E 60 NW op

SMH69 N49E 65 NW OSS

SMI 170 N41E 59 SE OSS

SMH71 N44E 49 SE OSS

SMU72 N39E 48 SE op

SMI 173 N45E 50 SE op

SMI 174 N34E 46 SE op

SMI 175 N31W 49 NE op
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SMI 176

SMH77

SMI 178

SMI 179

SMI 180

SM1181

SMI 182

SMI 183

SMI 184

SMI 185

SMI 186

SM1187

SM1188

SMI 189

SMI 190

SMI 191

SMI 192

SMH93

SMI 194

SMn95

SMI 196

SMI 197

SMI 198

SM1199

SM1200

SM1201

SMI 202

SMI 203

SM1204

SMI 205

SM1206

SMI207

SM1208

SM1209

SM1210

SM1211

SM1212

SM1213

SM1214

SM1215

SM1216

SM1217

SM1218

SMI219

SM1220

SM1221

SM1222

SMI 223

SMI 224

SM1225

SMI 226

SMI227

SM1228

SM1229

SM1230

SM1231

SM1232

SM1233

SM1234

SM1235

SM1236

SM1237

N36W

N30E

N35E

N39E

N41E

N35E

N40E

N36E

N39E

N45E

N29E

N33 E

N30E

N41 E

N37E

N4aE

N45E

N27W

N31 W

N40 W

N38W

N25 W

N31E

N39E

N36E

N43E

N37E

N31E

N30E

N 19 W

N25E

N35E

N 15W

N20W

N21E

N27E

N20E

N24E

N30E

N20W

N25 W

N35E

N31 E

N27E

N31E

N30E

N35E

N27E

N33 E

N20W

N31E

N41 E

N38E

N25 W

N39E

N36E

N27E

N31 E

N27E

N26W

N29W

N30E

40 NE

60 SE

50 SE

57 SE

49 SE

45 SE

49 SE

52 SE

49 SE

55 SE

35 SE

39 SE

27 SE

33 SE

42 SE

31 SE

29 SE

37 NE

31NE

39 NE

45 SW

31 SW

46 SE

57 SE

50 SE

61 SE

49 NW

27 SE

30 SE

41 NE

37 SE

32 SE

27 NE

24 NE

29 SE

65 NW

51 SE

56 SE

50 SE

3INE

40 NE

40 SE

29 SE

50 SE

59 SE

50 SE

47 SE

38 SE

37 SE

35 NE

42 NW

47 SE

45 SE

51 NE

49 NW

40 SE

45 SE

59 SE

42 SE

40 NE

45 NE

49 SE

op

op

OSS

OSS

OSS

OSS

OSS

OSS

OSS

OSS

rg

rg

rg

rg

rg

ig

rg

fg

ig

rg

rg

rg

rg

ig

rg

ig

tf

tf

tf

tf

tf

tf

tf

tf

tf

fg

rg

rg

rg

tf

tf

tf

tf

rg

rg

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tf

tg

rg

rg

rg

rg

83



Foliation Feldspar Lineation Fold Axis Axial Surface Li&ologic
station Strike | Dip Plunge 1 Trend Plunge 1 Trend Strike | Dip Unit

SM1238 N34E 40 SE

SM1239 N31E 38 SE

SM1240 N32E 50 SE

SM1241 N27E 53 SE

SM1242 N36E 43 SE

SMI 243 N29W 40 NE

SM1244 N31E 46 SE

SM1245 N35E 40 SE

SM1246 N38E 50 SE

SM1247 N21E 37 NW

SM1248 N29E 47 NW

SMI 249 N34E 57 SE

SM1250 N20E 51 SE

SMI2SI N15W 60 NE

SM1252 N24W 65 NE

SM1253 N30E 61 SE

SMI 254 N32E 55 SE

SMI 255 N36E 51 SE

SM1256 N30E 52 SE

SM1257 N25W 43 SW

SMI258 N21W 40 SW

SM1259 N 15W 37 SW

SM1260 N29E 35 NW

SM1261 N30E 49 SE

SM1262 N27E 51 SE

SM1263 N34E 50 SE

SM1264 N38E 64 NW

SMI 265 N25 W 70 NE

SM1266 N20 W 31 SW

SMI267 N33E 42 NW

SMI 268 N29E 57 SE

SMI 269 N31 E 50 SE

SMI270 N35E 57 SE

SM1271 N28E 51 SE

SM1272 N20W 42 NE

SMI 273 N2I W 36 NE

SMI 274 N 17W 41NE

SM1275 N27E 51 SE

SMI276 N35E 47 NW

SMI277 N30E 57 SE

SMI278 N3IE 60 SE

SMI279 N37E S3 SE

SM1280 N3I E 52 SE

SM1281 N29E 50 SE

SM1282 N27E 42 NW

SM1283 N35E 50 SE

SM1284 N31 E 45 SE

SM1285 N37E 50 NW

SM1286 N30E 47 NW

SMI287 N31 E 57 SE

SM1288 N39E 51 SE

SM1289 N35E 60 SE

SMI290 N30E 54 SE

SM129I N37E 50 SE

SMI 292 N27E 61 SE

SM1293 N33E 43 SE

SM1294 N20W SINE

SM1295 N29E 57 SE

SMI 296 N26W 50 NE
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SMI298 N3I E 60 SE
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SM1300 N30E 57 SE op

SM1301 N29E 51 SE OSS

SM1302 N35E 55 SE OSS

SMI303 N33E 50 SE OSS

SM1304 N31E 57 SE OSS

SM1305 N29E 59 SE OSS

SM1306 N34E 61 SE OSS

SM1307 N31E 54 SE op

SM1308 N28E 52 SE op

SM1309 N34E 57 SE op

SM1310 N34E 51 SE op

SM13n N27E 62 SE op

SM1312 N31E 58 SE op

SM13I3 N29E 54 SE tf

SM1314 N31E 61 SE tf

SM1315 . N30E 51 SE tf

SM1316 N35E 50 SE tf

SM1317 N33 E 50 SE tf

SMI318 N37E 67 SE op

SM1319 N34E 61 SE op

SM1320 N30E 65 SE op

SM1321 N36E 68 SE op

SM1322 N33E 61 SE op

SM1323 N35E 64 SE op

SM1324 N39E 59 SE op

SM1325 N31 E 64 SE op

SMI 326 N36E 69 SE op

SM1327 N34E 63 SE op

SMI328 N29E 58 SE op

SM1329 N32B 66 SE op

SM1330 N38E 61 SE op

SM1331 N34E 54 SE op

SM1332 N35E 58 SE op

SM1333 N32E 55 SE op
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