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ABSTRACT

The Milltownt ®@u@drangle is located within easéntral Alabamand
contains features important to understanding the formation of the southern
Appalachians. The Brevard fault zone passes through the Milltown Quadrangle and
divides the Lauret,an margin metasedimentary rocks of the eastern Blue Ridge from
allochthonous metavolcanic units assigned to the Inner Piedmont terrane. In the study
area, the eastern Blue Ridge is composed primarily of schists and phyllites separated
from the Inner Piethont by the Brevard fault zone, which is bounded by the Abanda
and Katy Creek faults. Within the fault zone are lithologically distinct rocks of the
Jacksons Gap Group which can be traced from the Upper Cretaceous onlap in Alabama
all the way to Atlanta, €orgia. Within the study area and to the southwest the Jacksons
Gap Group can be divided into several subunits that become less distinct to the
northeast. The Inner Piedmont is composed of the Waresville Schist, a diverse group of
metamorphosed volcanic awolcaniclastic rocks that has been intruded by the Rock
Mills Granite Gneiss. Latgage Alleghanian righateral shearing overprinted the
Brevard zone mylonites and phyllites an extensive area of rocks in both the eastern Blue
Ridge and Inner Piedmoand collectively the affected zone is referred to as the

Brevard shear zone.

Geological mapping of the Milltown Quadrangle &Palr/3°Ar cooling dates for
muscovitehave produced five key findings. (1) Within the Milltown Quadrangle, Brevard
zone litholaies (i.e. Jacksons Gap Group) are not easily separable into individual map

units as has been recognized for other areas to the southwest. Units have gradational



contacts and display only slight lithologic differences. The JacksonGiGapis
subdividednto three units: a structurally lower section consisting predominantly of
fine-grained garnetiferous, graphitic, quartz phyllites; a middle section of interlayered
garnetiferous quartz schists and phyllites; and an upper section of sericitic quartz
phyllites. Alongstrike structural and/or stratigraphic variations have caused many units
to pinch and swell or to be completely excised. (2) The Waresville Schist contains
metamorphosed mafic and more felsic volcanics that are extensive enough to
potentially bemapped as distinct lithologies. A previously unreported lithology,
garnetite, was identified in the Waresville Schist that extends possibly 8 kilometers as a
mapable unit, and likely extends farther to the east of the Milltown Quadrangle. The
protolith isinterpreted as a sedimentary deposit hosted within hydrothermal
exhalatives. (3) Late@eformation produced the large scale folding within the

Dadeville Complex including the Penton synform that trends N70°E and plunges 28° with
a halfwavelength of ~1&m and an amplitude of ~3 km. Notably, the Penton synform
does not affect underlying units of the Jacksons Gap Group requiring its detachment
from the lower plate along the Katy Creek fault. {r/3°Ar Cooling ages for muscovite
extracted fromlithologiesof the Inner Piedmont are ~319 Meith a standard deviation

of 0.47 Maand those from the Jacksons Gap Group are A\8a5consistent with dates
reported for wholesale uplift and cooling of these terranes. And, (5) muscovite from en
echelon quartz vias within the Hog Mountain tonalite are ~321 Ma, indicating that they
were emplaced during early Alleghanian metamorphism at shallower depths than the

Inner Piedmont, and not during later extension of the Southern Appalachians.
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INTRODUCTION

The primary study area is the Milltown Quadrangle, located in Biahdand
Chambers counties in the easentral Alabama (Fig. 1), to the southwest of Roanoke.
Geologically it straddles the Brevard fault zone, separating the eastern Blue Ridge and
Inner Piedmont terranes of the southern Appalachians. Previous geologgqgding of
the area has been limited to large scale reconnaissance work (Bentley and Neathery,
1970). As such, the National Cooperative Geologic Mapping Program funded an EDMAP
award to Dr. M. G. Steltenpohl for the creation of a 1:24,000 scale geologiofae
area. The purpose of this mappirgfour-fold: 1)to map and characterize lithologies and
clarify their distributions and boundaries within the Milltown Quadrangle; 2) to analyze
structures and fabrics within and along the Brevard fault zonatiadying the kinematics;

3) to produce a 1:24,000 scale geolagiap of the Milltown Quadrangle; ard) to

synthesize the regional geological history.

In addition to the geologic mapping of the Milltown Quadrangle, a
geochronological investigation was pemed on rocks and quartz veins in the rocks of
the Milltown Quadrangle andithin the Hog Mountairtonalite, located in Tallapoosa
County, Alabama approximately 13 miles to the northeast of Alexander City (Fig. 1). The
purpose of this investigation was tletermine whether there is a geologic, kinematic
and temporal relationship between brittle faulting along the Brevard zone and the
network ofgold and otheiore-bearing quartz veins within the Hdgountaintonalite,

and what the results mighell us abait Appalachian evolutiorAdditional samples were



analyzed for lithologies from the Jacksons Gap Group and the Inner Piedmont in order

to further constrain the overall cooling history of these terranes.
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Figurel - Geologic map o part of the Alabama Piedmont emphasizihg Inner Piedmon
and eastern Blue Ridgerranes The location of the Milltowmuadrangleis highlignted
yellow. The location ofHog Mountain is shown by the yellow star. Modified fr
Steltenpohl (2005 EDMAP Quadrangle abbreviations: DV = Dadeville; JG = Jacksc
RE = Roanoke East; WS = Wadley South.



PREVIOUS INVESTIGATIONS

Previous wrk done wihin thearea of theMilltown Quadrangle has largely been
part of larger general surveys of the regional geol&pme of the earliegjeologic
investigationsvere performed by Adams (1928&)ho identified the basic regional
lithologies and contactsThe mat significaneffort was the seminal Bentley and
Neathery (1970) papewhich deschbed the Brevard fault zone and Inner Piedmant
identified the extent of what is now known as the Emuckfaw Group, much of the
Kowaliga Gneiss and Zana Granite, the Kagek and Abanda faults, and the Dadeville
Complex. Bentley and Neathery (1970) were the first to suggesinthah ofthe
southem Appalachian Piedmont is an allochthonous terrane thrust upon the Laurentian
marginalongthe Brevard fault zondn the 197@ £ACORP (COnsortium for
COntinental Reflection Profiling) investigated the southern Appalachians in Georgia,
including the Brevard zone, using seissreflection profiles and developed a similar
interpretation (Cook et al., 1979). Neathery and Reyn@&®§5) further contributed to
the current understanding of theastern Blue Rige by studying the Heard Groapd
renaming it the Emuckfaw Formation. It was further subdivided and renamed as the

Emuckfaw Group by Raymond and others (1988).

While investigaing the Brevard fault zone in Alabama bd&éntleyand
Neathery (1970) and Wielchowsky (198@pscribed theocksof the Jacksons Gap Group
as beindithologically distinct from the Emuckfaw Grguwphich previouslywere
interpreted as altered Wedowe&roup(Adams, 1926)t is differentiated from the

garnet schists of the Emuckfa@roupby the transition to graphic phyllites and schists.

3



Wielchowsky (1983) verified that the geometry of the Brevard zone in Alalissianilar

to that identified by COCOR#®PGeorgia

Finer scald:24,000 geologiml LJLJA Y3 2 F 71 dno<ructprdtl RNJ y 3t S &
analygsand geochemical analgs have been conductemlong the Brevard shear zone
in Alabamaas part of numerous Auburn University student thesader the direction of
Dr. Mark Steltenpohl andthersbetween 1988 and 201 The goalis to gain a better
understandingof the geologic significance of the Brevard fault zone in the southernmost
exposures of the orogen and how it relates to the emplacement ofxhdeville
Complex and Opelika compleidohnson, 1988; Keefer, 1992; Grimes, 1993; Reed, 1994;
McCullars, 2001; Sterling, 2006; White, 2007; Hawkins, 2013 P2l 5; VanDervoort,
2016;Harstad, 2017). Of particular importance, Johnson (1988) and @66d),
mapping inthe Jacksons Gap Group within the western Dadeville and eastern Jacksons
Gap quadrangles (Fig. 2), delineated mappable tinéswere furtherdefinedby
VanDervoort (2016)ithin the Wadley South Quadrangk compilationmap of
1:24,000 quadranglesf the Brevard zone from Abanda, AlabamnaAtlanta Georgia

was presentedy Crawford and Kath (20} andit includes the Milltown Quadrangle

The Hog Mountain pluton is located in Tallapoosa Co(kity. 1)and has seen
intermittent miningfor goldsince thenineteenth century (Aldrich, 1909; Park, 1935;
Pardee and park, 1948towell et al., 1990 ambe, 1982; Guthrie and Lesher, 1989;
Cook and Thomson, 1995; Ozsarac, 2016). Pardee and Park (1948) claimedkatghe
attitude and extent along strikevere rot consistent with tension gashes had earlier

been hypothesized (Aldrich, 1909; Park, 1985well and others (1996) did extensive

4



work on the timing of mineralization, mechanisms of vein emplacementpaodided
geochemical analgs of vein materiaand the surrounding rocksThey concluded that
guartz veins within the Hog Mountatonalite were emplaced at peak to near peak
upper greenschist to lower amphibolite faciesnditionsat a pressure of 5.5 1 kbar.
As this report was writteriWellborn Mning Company.LC is actively performing a

drilling program to assests potential as a gold mine.

METHODS

Geologic mpping of the Milltown quadrangle was performed at a 1:24,000 scale
along all primary and secondary roads, logging trails, public prppand private
property wheae permission from the landowner could be acquired. Three hundred and
forty-eight measurementsvere collectedon structural, lithologic, and kinematic
featuresover ~168 square kilomets. The U.S. Geological Surel Topo 7.5minute
map for Milltown, Al20141001was used as a base mégp field work andfor the
production of the final Milltown geologic magenerated using\rcMa®10.4.1(Fig. 2)

A copy of the final geologic map is included as Plate 1.

Stationlocations wererecordedusing a Garmin eTr&GPS in the Universal
Transverse Mercator coordinate system. Tweahe samples representing key
lithologiesandor oriented samples for kinematic determinatiavere selected to be
made into thin sections. Billets were cuting equipment available at Auburn University
before being sent to National Petrographic Service, Inc. A Nikon Labeplobt2

polarizing microscope was used tbe petrographic analyss. Imagesaken in the field



were capured with a Samsung Galaxy&&eelbhone Photomicrographs were taken

with a Canon Reb®IT5i attached to a Motic BA300pol binocular polarizing microscope.

Samples of vein material along wikveralmajor lithologieswithin the Milltown
Quadrangle were collecteftbr “°Ar/3°Ar dating Samples from Hog Mountain were taken
from largequartzveinsthat were historically mined. These were mechanically
disaggregatedising a mortar and pestle before being sieved. Material was placed in a
Petri dish with alcohchnd muscovitevasidentified usinga zoom binocular stereo
microscope and removed with tweezers. Tddracted muscovitsamples were sent to
the U.SGeologicaBurvey TRIGA Reactor in Denver, Colorado where they were
irradiated for 16 hours?°Ar/3°Ar dating was performed in the Auburn ble Isotope
Mass Analysis Laboratoff\NIMAL) Thedetermined dates represertooling ages used
to assess the possible emplacement ages of the quartz veins and the tinremjafal
metamorphismA polished section containing material regnt for irradidion was
made using the Auburn University thin section &afal analyzed in the JEOL B6R0
Superprobe in théuburn University Electron Microprobe Analysis Lab. The Auburn X

ray diffractometer(XRD)aboratory was also utilized for the analysis of onmpke.
LOCATION

The primary study areisti KS aAff 26y TdpQ vdzZ RN} y3f S
ypconQ YR ypcHHQoné2 0 f 2 auhtiésSrReaskefitral K| Yo S N&
Alabamato the southwest of Roanok@-ig. 1) The majority othe area ofthe

guadrangle lies within the Inner Piedmont physiographic province, with only the



northwestern corneibeing withinthe easternBlue Ridge. The topography is hilly and
primarily dictated by dendritic drainage patterns with little topographic rekdévation
rangesfrom 190 to 275 meters and increastoward the northeast. The exception is a

pair of linear ridges in the northwest corntrat are the surface expression of the

Brevard fault zone. The quadrangle is entirely within the Middle Tallapoosa watershed.
High Pine, Caty and Chikasanoreeks are the primary waterwaysd are gart of

the High Pine and Chikasanoxee subwatersheds respectively, which drain into the
Tallapoosa River ~ 5 km to the west (CH2MHILL, 2004). Incorporated Roanoke extends
into the northeastern corner of the quadrangle but the majority of the area is rural,

made up of pasture and timberland. The exceptions are the small communities of

Clackville, Doublehead, Milltown, Penton, Red Level, and Rock Fence.

A secondary field site is theo Mountain gold prospect, which is located in
Tallapoosa County, Alabama approximately 13 miles to the northeast of Alexander City
(Fig. 1) The gold prospect is hosted within thee- to synrmetamorphicHog Mountain
tonalite which intruded the Wedowee Guip (Guthrie and Lesher, 1989). Gold was
discovered at the location in 1839 and produced ~17,300 ounces, with average ore
grades of 0.40.2 ounces per ton (Pardee and park, 1948)re thana dozen large
named veins occur within the tonali{€ig.3) and hesewere historically quarried in
surface pits and mined underground. Numerous smaller veinsraong and oblique

to strike.
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GEOLOGIC SETTING

Alabama contains the southernmost exposures of the crystalline Appalachians
before plunging bneaththe Coastal Plain onla@rystalline rocks of the Piedmont
physiographic provincare dividedfrom northwest to southeasinto the western Blue
Ridgeeastern Blue Ridge, Inner PiedmoRine MountainandUchee terrans (Bream
et al., 2004, Steltenpohl &tl., 2008; Steltenpdfet al., 2013). In AlabamRaleozoic
continental margirand foreland basin deposits of thélley and Ridgkavebeen
overthrust bythe metamorphosed\eoproterozoieearly Paleozoic Laurentian rifo-
drift-facies of the western BluRidge(Talladega slate belglong the Talladega
Cartersville thrust fault (Williams and Hatcher, 1983; Gestaldo et al., M&3lellan et
al., 2007;Tull et al., 2012). Estimated displacement along the fault is ~19Ckk(et
al., 1979Tull et al., 2@2). The easterpart of the Blue Ridge separatedirom the
western partby the Hollins Line fauéind the former is differentiatedy its higher
degree of metamorphism and it being composed oépler water slope/risdacies
(McClellan et al., 200). TheHollins Line fault is a dextral transpressional féudtt is
duplexed along mchof its extent; the roof fault contains up to several kilometers of
mylonitized eastern Blue Ridge rockéi€s, 1992 Steltenpohl et al., 2013). The eastern
Blue Ridge contas the Ashland Supergroup, Wedowee Group, Emuckdeaup and
numerousgranitic plutonsncludingthe Elkahatchee Quartz Diorite, Kowaliga Gneiss,
and Zana GraniteBentley and Neathery, 1970; Steltenpohl, 200&rschat, 2009). The

Brevardfault zone bownds the eastern Blue Ridge along its south eastern extent.
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Two major fault systems cut the eastern Blue Ridge. The Goodwaitachopco
fault has experienced movement in at least two episodes. The first during the
Alleghanian as an imbricated thrust, ntlgswithin the eastern Blue Ridge arsl
generallysub-parallel with the Talledeg&artersville fault, with a movement towards
the northwest. The later period of movementrecordedby discrete crosscutting
mylonitized shear zondbat strike towards thenortheast and haveraobliquedextral
and normalslip component (Steltenpohl et al., 2013). The Alexander CityGaatly
separates the Wedowee Group from the Emuckfaw Group and is interpreted to have
thrust the Emuckfaw onto the Wedowee, lateaving keen reactivatedas a dextral

strike slip fault.

The Brevard zone in Alabama is a shear zone of varying dimensions but generally
less than six kilometers widseparating the Inner Piedmont from the eastern Blue Ridge
(Sterling et al., 2005). In Alabamasitbounded to the northwest by the Abanda fault
and to the southeast by the Katy Creek fault (Bentley and Neathery, NeE&ihery and
Reynolds, 1975; Tull, 1978; Steltenpohl et al., 20IBe Jacksons Gap Grarp the
lithologies defining the Brevarddi#t zone in Alabamaand theycould be part of the
eastern Blue Ridgeut no definitive terrane assignment is yet knowrne Jacksons Gap
Group is variably mylonitized and phyllonitized with i@train volumes of rocks locally

retaining primary sedimentgrstructures (Abrams, 2014)

The Inner Piedmont of Alabama traditiondllsgts beeninterpreted as the
Dadeville Complex and Opelika Complex (Bentley and Neathery, 1970; Raymond et al.,

1988). The Dadeville Complex contains an allochthonous arc fragmeanaaskociated
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ocean floor sequence which is primarily composed of mekzanics, metasedimentary
ultramafic, and granitoid units that were overthrust onto the eastern Blue Ridge
(Steltenpohland Kunk1993 VanDervoort et al., 2015; VanDervoort, 2016l €ual.,

2018. The timing of the emplacement of the Dadeville Complex to its current place
remains to be constrained. The timing of the arc magmatism, however, have been
constrained to beca. 467457 Ma for the main magmatism following an earlier phase

ca. 479 Ma on the basis of zircorP dating of metagneous rocks of the anelated
intrusions(Ma et al., in preparation). Tull et al. (2018) also reported magmatic zircons of
ca.n ny n rthat meght reflect a late phase of arc magmatism. Thefi@gment in

the Dadeville Complex, therefore,densidered as a Taconic arc. Hranklin Gneiss in
western Georgia (equivalent to the Rock Mills Granite Gneiss in Alabama) that was
dated to be 460 Ma (RBr wholerock isochron ageSeal and Kish, 199@)¢onsistent

with the interpretation of a Taconic arc. Detrital zircons from the metasedimentary units

of the Dadeville Complex suggest Laurentian and Taconian sources.

TheDadeville Complex lies in the core of the shallow northeast plunging
Tallassesynform (Steltenpohl, 2005)After thrustinghad ceasedthe Dadevillearc
terrane experienced dextral strikeipmovementalong the Brevar@nd relatedshear
zonesresulting in itssouthwesttranslation (Hatcher1989 Merschat 2009. The
Stonewall linedult separateghe Dadevillearcfrom the metasedimentary rocks of the
OpelikaComplex.Although traditionallyincluded in the Inner Piedmongteltenpohl
(2005) reports that the Opelika Completxows lithologic and temporaiffinities to the

Jacksons Gagnd Emuckfavgroups The Opelika Complex is underlain to the southeast
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by rocks of the Pine Mountaterrane (Fig. 1), a tectonic window into the Grenville
basement complex and its attached Neoproterozoic to early Paleozoic cover (see
Steltenpohl et al., @10). The contact between themnsarkedby the Towaliga fault

zone. Further southeasavard, the Uchee terrane overlies the Pine Mountain terrane
along some of the widest zones of mylonites in the Appalachians, the Goat Rock and
BartlettsFerry fault zonegFig. 1; Steltenpohl, 1988; Steltenpohl et al., 1992). The Uchee

terrane is a periGondwanan or Gondwanan arc terrane (Steltenponhl et al., 2008)

LITHQOGIWNITS

Lithologiesdepicted in Figure and plate lthat were distinct and large enough
to be mappale, bebw, include the map symbol parentheticall@ther ithologies that

were minor components of mappable undse discussed under their subheadig

Emuckfaw GrougEem)

The tectonostratigraphically lowest unit in the study area, the EmuckBasup
is a variably grdmtic garnetbearing muscovitéiotite-quartzfeldsparschist commonly
interbedded with quartzite and quartz phyllite in layers ranging from centimeters to
meters.Within the study area it has been intruded by the Z&nanite, whereasoutside
of the study area it contains numeroptutonsof ZanaGranite andthe Kowaliga Gneiss
(Hawkins, 2013; VanDervoort, 201&are amphibolite lenses are locally present within
the EmuckfawGroupbut were not observed in theurrentstudy area. Freshx@osures
of schist argare but aretypically dark grayto silvercoloredweathelingto a tan to

orangishred. Commonly, muscovite geppered withsub-millimeter darkminerals,
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possiblymagnetiteor chloritoid. Quartz veins and lenses are localbyndar, oriented
along foliationandtypically 210 mmthick. Where outcrops are not presejthe
EmuckfawGroupis identifiable by aurficialcover of garnet and muscovitgains The
EmuckfawGroupin the Milltown Quadrangle iypicallyhighly shearedy dextral
movements alonghe Brevard shear zon@roducing a strong-6 fabric. Where garnets
arepresenti KS& 02YY2yfte TFT2N)¥ (KBxpoSuseoiit®eNI 2 F
EmuckfawGroupis limited by dense vegetation, intense weathering, and alluvium but
small exposuregan readily bdound upon close inspectiowhere land has been graded
for dirt roads. The best exposuresthe study area can be fouredong CR830and CR3

(Plate 1)
Zana Granit€EzQ)

Within the Emuckfaw Group are numerotabular, silllike bodies of
metagranitethat range from meters to hundreds of meterstimckness and length
along strike Based on mineralogthese have historically been divided into the
Kowaliga Gneissand Zana Granit@Bentley and Neathery, 1970)heir mineralogel and
geochemical similaritied previous workers tsuggest thathey werederived from the
same intrusive suitéBentley and Neathery, 1978toddard, 1983; Hawkins, 2013). The
majority of ZanaGranite is concentratedlong striketo the southwest of tie Milltown
Quadranglealthoughrecent work has correlated smaller pods of metagranite both to
the northeast and southwest of the study area with the Z&ranite(VanDervoort

2016; Harstad, 2017).
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The Zana Granite is a highly shearetiated, and lineeed medium-to coarse
grained biotitemuscovitealkali feldspar gneiss. Within the Milltown Quadrangle it
crops out as distinctive dark fitisat rise above the surfacgp to a coupleof meters
they areup to 200 meters thick. Bands of white feldspse\eral centimeters thick
mixed with sparse biotite, muscovite, and quartz appear and taper out along foliation
over ~20200 cm.Soradic feldspar porphymastsup to 1 cm longand quartz ribbons
~1 cm thickare commonThe mineralogyconsists of muscovitdiotite, quartz,
plagioclase, potassium feldspar, and minor amounts of epidote, hornblende, and

sericite.

Foliation ismainlydefined by muscovitewhich is concentrated in distin@&5
mm bandspr present as either individual books2lmm thick or asnica fish up to 4
mm in length.Rarely, vinere mica is more abundanthere is what appears to keec-
prime fabricis presentBiotite is present throughout as suhillimeter thick drapes
between quartz and feldspar crystals, andénmonlypresent with seicite and very
fine quartz grains. Quartz grains areguoigranular with larger grains up 1 mm but
typicallythey are0.5 mmin length Domains of interlobatguartz bulgesmaller than
0.2 mm surround larger graimsdicating grain boundargulgingand recrystallizatiorof

the larger grains

Quartzgrainsexhibit undulose extinction exclusively. Larger grains are stretched
along the primary foliation and amommonlybounded by bandsf much smaller
recrystallized straifiree grains forming a seriate iatlobate texture Plagioclase is

identified by relictalbite twinning and isolatedub-millimeter crystals with intact albite
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twins. Potassic feldspars include bathicrocline and orthoclaseEpidote is present
throughout but primarily associated with treame bandshat contain muscoviteand
theyrange from 0.30 1 mm indiameterwith isolated larger crystal&rown

hornblende is also present in small quantities.

Jacksons Gap Group

Generally, he Jacksons Gdproupis differentiated from the garnet sists of
the EmuckfawGroupby the former having a greater abundance grfaphitic phyllites
and schists Bentley and Neathery (1970) report that the Brevéadit zone in Alabama
is primarily composed of muscovite and sericite schists, phyllites andzipearof the
Jacksons Gap Group, with antral core of mylonite (Figs. 2,and5). Recent work
indicates however that mylonites and cataclasites are interspersed throughout the
fault zone and its component unit¥&nDervoort 2016; Barkley and Hawkir)16).
Uppergreenschist faciesmetamorphismand locally lowdegrees of straimllowsthe
Jacksons Gap Group preserveprimary sedimentary structures such qsartz pebble
conglomerates and relic crot®dded quartzites,clearly reflectinga shallow mane
setting (Sterling, 2006Abrahams 2014;Poole2015. No primary sedimentary
structures were observechowever,in the current study of rocks in thililltown

Quadrangle.

It isgenerallyaccepted that the Jacksons Gap Group lies withirctirdines of
the two bounding faults of the Brevaraidilt zone, the Abanda and Katy Creiekilts

How the Jacksons Gap Groigdistinguishedrom the EmuckfavGroup in areas where
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the Abanda fault is not observetdoweveryvaries depending on thebservations of
different investigatorsHawkins 2013 and PooleZ015 distinguish the Jacksons Gap
Group by its anomalously low metamorphic graeompared to the Emuckfaroup
Harstal (2017), on the other handdefined thebase of theJacksons Gap Group where
pods of anphibolite cease to be presemioving upwardwithin the Emuckfawsroup
Along CR856 the contact between the Emuckfaw and Jacksonsgéaypsis marked by

a thinzoneof ultramylonitesof the Abanda faul{seePlate ).

VanDervoort (2016) reported that ¢hJacksons Gap Group within the Wadley
South Quadrangle was composed of three units: garnetiferous graphitic phyllite (JGggp);
garnetiferous quartz schist (JGgqs); and seriditierite phyllite (JGscp). The same units

carry through into the area of the Miown quadrangle and are described individually

Garnetiferous Graphitic Phyllite (JGggp)

The unit is a fineto mediumgrained graphitic muscovite, quartz, and garnet
phyllite. Locallyit is sericitizedand containsgarnetsthat range in diameter from 4 to 6
mm. In outcrops the unigenerally has a silverish gray appearatit& may bestained
reddishyellow. Sheets of fineggrained white micare commonly found peppered with
submillimeter chloritoid grains. The unit is strongly sheared, locally exiglat weH
developed S fabricmylonites and ultramylonitesocally form within more
guartzofeldspathic layerd.ocally, steeply plunging, dextral kink folds hav@ ineter
amplitudes Discrete zones ahultiple quartz veins from 1018 cmthick are ao

common.
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TheJGggps bounded to the norttvestby the Abanda faulivhere itcontains
zones of discretenylonization(Fig. 6) A sampldFigs4 & 5 of ultramylonite was
collectednear the Abanda fault from a quartich layer of the JGgg[33.119864,
85.4683124W). The ultramylonite haa fine crystalline matrithat is divided intdbands
of quartzandopaque layers. Mica fish are rare lare present throughout the sample
as submillimeter fish. Rare delta porphyroclasts of feldspar and numeshgsth and
asymmetricflow folds indicate a dextral shear sensethe middle of C/83
(33.09989°N, 85.50064°Wdfter it had beerfreshly graded an isolated example of a
gneissic biotitemuscovitefeldsparquartz mylonitewas observed. This mylonitel®
cmthick, contains whigishto tan porphyroclasts up to 7 mm and boudins of quartz and

feldspar up to 4 cm long.

Figure4 - Ultramylonitized quartzite in the garnetiferous graphitic phyllit
of the Jacksons Gap Group, associated with the Abanda fault. Sample
to notebook isfrom wherethin section 68.3Bvas madgsee Figur).
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Figureb ¢ Photomicrographs in plandleft) and crosspolarized(right) light ofa JGG
ultramylonite. Field of view is 4 mm. (A) Compositional bagdietween more quartz
rich band and darker band. Below the garnet porphyroclasts is a curtdih(Passchiel
and Trouw, 2005)(B)Sheathfold which has rolled over itself.

JGG. Field of view is 4 mm. Grain prefewddntations indicate a dextral shear.
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Garnetiferous Quartz Schist (JGggs)

Southeast ofind overlyinghe garnetiferous graphitic phyllite is a mediuto
coarsegrained muscowe, garnet, quartz schist that contains occasibquartz veinlets
and graphitic layersGarnesrange from < 1 to 4 mnm diameter Locallythe schist has
a strong & fabric where there is abundant muscoyiEag. 7)In fresh exposursof the
JGggs iappears gray to tannish brown, but is typically iron stait@d more reddish
hue. It weathers to a tannish orange soil with plentiful muscovite and gaPiggllonites
are present involumes of rock wherareas ofhigherdiscrete sheahave affected the
unit. Lensesof muscovite schist are commonly contained within more phyllitic sections
and form symmetrical or dextral lensd3d. 6). Post and pre or syrmetamorphic
guartz veins are present, with the pestetamorphic veins being distinguished by a lack
of a metamorphic fabric and dextradlding. TheJGggsappears to be ifiault contact
with the Waresville Schist near the intersection of LouBteeetand CRB61 where
amphibolitewasobserved on the south side of Louinae®t. The Katy Creek fault was
interpreted to lie between outcroppings of the JGggs and Waresville Sclaistas with

no exposure.

Between the JGgqgs and JGscp in one loc488r1004%3, 85.49090)is a distinct
dark grey to black unit ~8 m thick that contains numerotthoclaseporphyroclastsup
to 2 cm in sizavith carlsbad twinnindFig.8). In hand sample it is a homogenously gray
with foliation defined by quartz ribbons and stretched white feldspar porpllasts. A

strong SC fabric is defined by asymmetric biotite dragesrounding sigméaype
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garnetiferous quartz schist on €R3 just south of GB3(33.10422°85.4917°W)
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porphyroclasts. In thin section th@imary foliation is defined by muscovite, biotite, and
a crystalpreferredorientation. The largerthoclasegrains thatare conspicuousn hand
sample can be seen in thin section to havevgn around and included other minerals in
two distinct orientationslt is possiblghat the inclusiontrails are evidence ofraearlier
relicfabric, butdifferent clasts contain trails in different orientations and so they are
interpreted as being prefentially aligned along the feldspars crystal lattiCae

mantles of some feldspar clasare interlobate and suggesbre-mantle rotational
crystallization Allanite is observed throughout the sample, some as large as 2 mm and
zoned(Fig.8B). Large euherhl crystals of allanite contrast with the finer grainedes
which are a product of regional metamorphism. Additionally, the later partial alteration
to epidote indicates that they likely formed prior to metamorphism. The protolith which
contained them wa likely a graniter a rhyolite Quartz is stronglynduloseand fills

the spaces between pigoclase and micas. Rare garaet staurolite are preseniThe
feldspathic twemica schistrops out as fins almost a meter highreliefwithin the bed

of CatyCreek ~50 meters to the east of C&3.
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Figure8 - Photomicrographs of feldspathic twmica schist of the Jacksons Gap Grot
sample 5.2B in both plangeft) and crossedright) polarized light. Field of view is 4 m
(A) Two orthoclase porphyroblasts witkint Carlsbad twinning in the left crystal. (B)
Large zoned allanite crystal with epidote alteration rim. (C) Unzoned allanite with ¢
corona of epidote.
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SericiteChlorite Phyllite (JGscp)

The tectonostratigraphically highest member of the Jacksons Gap Group; a fine
to medium-grained sericite, quartz, chlorite phyllite, is only found in the westerndfalf
the Milltown QuadrangleThe unit isdcally graphitic and garnetiferouand on dirt
roads where the ground has been scraped it appears as an almost completely white
saprolie. Dextral curtain folds are common with amplitudes up to 30 cm, and are
defined by layerghat containmostlysericite Thesericitechlorite phylliteappears to
either pinch out or become truncated by the Katy Creek faasdt allbutcrops of the
Jacksons Gap Groumprtheast of CR43 are garnetiferous schists or amphibolites o th

Dadeville Complex.

Dadeville Complex

The Dadeville Complex ismarated from thelacksons Gap Groby the Katy
Creek faultThe Dadeville Complex is an allochthonous terrane composethofly
metavolcanic and metaplutonic rocksith subordinate medsiliciclastics (VanDervoort,
2016; Harstad, 2017Yhe primary lithologies are the Waresville Schist and the Rock
Mills Granite Gneisshe latter of which intruded the Waresuville prior to the peak of
metamorphism. Multiple episodes olverprintingdeformation have led to a complex

interfingering of the two units.

Waresville Schist (Idws)

The Waresville Schist is a compositionally banded to massive amphibolite,
interlayered with fine to mediumgrained tonalitic schist. It is highly sheared with
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foliation defined by hornblende, commonly with a distinctive submillimeter thick
continuous cleavage. In areas whehe Waresville Schist deeply weathered the only
evidence of its presence is dark red soil and relic black hornblende that collects in
surfacedepressionsand ditches Large portions have been mostly or entirely weathered
to a very lightweight, orangeto brickred, clayrich rock thatis colloquiallycalled a
brickbat(Fig.15) (M.G. Steltenpohl, personal communicatioAreas that have been
altered to brickbat are also associated with fractures filled with an amorphous black
mineral that has been identified byrdy powder diffraction as lithiophorite, an
aluminum, lithium, manganese oxide. Centimeseale thick tonalitic schists are
commonly interlayered with amphibolite and are readily apparent as whddan
colored bands. Sporadically the tonalitic schisesycover large areas where they
appear as sericitic quartz schist detblspathic muscovite schidasaltic lavas are likely
the protolith of horndenderich amphibolite, and volcanoclastiocksor tonalitic ash

deposits or lavathe protolith to the tonalitic schist.

The most commotithology within the Waresville Schista massive amphibolite
(Fig. 10Ayvhichisblad to dark greerwith millimeter-sized white flecksf plagioclase
giving t a saltand-pepper appearance. Foliation is defined by a preferred orientation of
hornblende crystals andommonlya subtle submillimeter layerg of amphibole and
plagioclase thatwhere weatheed, breaks off in thimmillimeter to submillimeterthick
sheets. Theseassive amphiboliteare interpreted as metamorphosdhsalticlava
flows. Lesscommonlythere is compositional banding up to a centimeter thick with dark

bands rich in amphiboles anighter bands dominated by plagioclase and epid&ga

25



example of this candfound west of the intersection of county roads 155 and 158
(33.064799, 85.44175040W). These latter unitare interpreted as more mafic

volcanics interlayered with felsic ashes.

Small scale outcrops of metagabbro appear within the more massive amphibolite
(Fig. 9) Typicallyless weathered than the surrounding rockisitomposed oflark green
amphibolesurrounded byfine white plagioclasdeldspar In thin section the amphibek
are poikiloblastic hornblendgrainswhich are agglomerated intasymmetricdelta and
sigmoidl structures(Fig. #B). These are interpreted as evidence of recrystaliirat
after shearing or of pseudomphic replacement of pyroxene, because theerlocking
blades ofhornblence and the random orientation of inclusioappear to have grown in
place Between thehornblendeporphyroblasts is primarily plagioclase with some quartz

and minor amounts of epidote, rutile and actinolite.

Overa strikelength of~ 4 km in the eastentral portion of the quadrangle, the
WaresvilleSchistcontains a distinctive brownish red rottkat contains >80% of
interlocked submillimetesizedred garnets in a quartz matrikig¢s. 11 and 17). Its
extent was large enough thétwas broken out as the Waresville Schist Garnetite
(Idwsg Fig.9). In outcrop, the garnetite has the appearance of a rusty red quartzite,
with the garnets not readily distinguished unless a sangpfait. In contrast, an outcrop
along CR232(33.045627, 85.392892°Wgontainedalens several meters ilength of
very coarsajuartzite (> 2 mmgraing with bands of garnegreater than 10 mnthick. In

thin section the majdty of garnet porphyroblasts contain spiraled inclusion trails of

26



Figure9 ¢ Geologicmap of the Milltown Quadrangle showing locations of
the stations where metagabbro was identified.
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guartz and opaque minerals. Garnet growth occurred during the formation of the D
fabric, which rotated garnets irelation to the fabric as growth continued, forming the
spiral pattern of inclusionsGarnetiteshows compositional banding, with ~1 mm garnet
porphyroblasts in bands up to 5 mm thick and separated by bands of predominantly
guartz. The garnet band®mmonlycontain rutile.Weathering has causedsignificant
amount ofreplacement ofrutile, likely bygoethite, to vaying degrees, with many
smalkr crystalshaving beerentirely replaced. Quartz crystals arestlyuniformin size
(~ 1 mnj), and through grain boundary area reduction have stragfatin boundaries

that come together in triple points. In bands conteig garnets quartz crystals are
variablein size commonlydown to 0.1 mm. Some samples have a minor%sfodal

abundanceof hornblende which is partially altered to an unidentified mineral.

Adjacent to where garnetite was found single outcropl meteracrosspf
folded magnetite quaeite wasobserved 83.042274, 85.402890°W(Fig. 12)Fesh
samples appearas a very clean white quartzite, black magnetite, and rare muscdwite
thin section quartz is inequigranular interlobate with mild undulose extinctilamge
polycrystalline gainsrangefrom 1 to 5 mmand smallelgrainsare onaverage 0.5 mm.
Quartzcrystakhave a grain shape preferred orientation indicatangextral shear sense.
Grainsof magnetiteare on average 0.5 mm amlisseminated throughout the sample
but occur predminantly in bands 5 to 15 mm thick. These baafisoncentrated
magnetitecontaincrystals up to 2 mm across ahdve astrong attraction to a magnet.
Most magnetite crystals are euhedral with mineeatheredrims, however some hee

been entirelyweatheredaway.
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The garnetite and banded magnetite quartzite are contained within the
amphibolites of the Waresville Schjsbcallyinterlayered on the scale of centimeters.
Brown (1982)eportssimilar lithologies within the Ropes Creek amphibolite and
interpreted them as the result of a volcanogenic exhalateglimentary processes

involving metalliferous brines.

A grayishamphibolequartziteinterbeddedwith sericite schistvas foundalong
CR237in the westernpart of the study ared33.080243, 85.48969714W). In thin
section(Fig. 16)t was found to be a fine grained a muscovamphibole quartzite, with
an almost uniform crystal size of 0.5 mm. Foliation is defineddraiapreferred
orientation of amphibole. Quartz is dynamically recrystallized witblaigue dextral
foliation defining the glane. There is distinctompositionabanding typically 1.5 mm
thick, of amphibole, fine grained quartz, and muscovite alternating with quartz ribbons.
The quartz ribbons areomposed of- 0.3 mm interlobate eqgranular grains
indicating a bulging recrystallization. In some are@gre muscoviteis more abundana
c-prime fabricis variably developed (Fig. A6 The majority of amphiboles are

hornblendewith less than 5% dfctinolite observed

On CR258(33.04393, 85.4033212°W}¥ an outcrop ohighlyweathered
amphibolitethat islargely composed of translucent bladed crystals up to 5 mm,long
and locatedbetweenmore competentayers ofthe common sakand-pepper
amphibolite. In thin section it is compose@ifrnblende, an unidentifiedreen
amphibole, plagioclkse andanthophyllitegedrite, allpreferentially alignedo form the

primary foliation(Fig. 13)Hornblende is euhedral with a strong 8020° cleavageand
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are on average 1.5 mm long. A second eniified amphibole presentprismsup to 2.5
mm long with a strong 60120° cleavage but no pleochroism and a significantly lower
birefringence than the hornblend&hroughout the sample are large prismatic blades of
an orthoamphibole, of the anthophylétgedrite seriesup to 14 mm londFig. 13B)
Plagioclaserystals ardypically less than tnm between the large amphibolgrainsand

is difficult to distinguish from quartz unless twinning is present.

The heavily weathered byproduct of amphiboliteidibat(Fig. b), is more
common in outcrop tharfresh amphibolite. It does not appear to be the byproduct of a
different lithology as it iglistributed evenly throughout all areas in which amphibolite is
found. The brickbais orangeto brickred and feds unusually light weight in hand
sample. In thin sectiofFig. 15)t is primarily composed of various reddish weathering
productswith the outlines of relibladed crystalsiot uncommon Relic crystal habit and
size are similar tthat observed irother amphibolites of the Waresvillghist, and was

likely identical tat before being altered by fluids
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Figurel0¢ Photomicrographs in plangeft) and crossed polarizedight) light of
massive and compositionally banded amphibolRkeld of view is 4 mm. (A) Typical
massive amphibolite wht salt and pepper texture. (B) Opaqaed epidote between
amphibok and epidote bands. (C) Hornblende and epidote from a compositionally
banded amphibolite. (D$ample 10.3BSkeletabpaqguefrom a lighter band of
amphibolite surrounded by epidotend zoisite
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Figurell ¢ Photomicrographs in plane (left) and crgsslarized (right) light of
garnetite. Field dview is 4 mm. (A) typical garnetite with submillimeter garnets
surrounded by quartz. (B) Rare hornblende clustered with submillimeter garnets. (
Rare 2 mm garnets with undulose quartz.
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Figurel2 ¢ Photomicrograph in plane (left) and crgsslariz
magnetite quartzite. Field of view is 4 mm.

»

ed (right) light of a bande:
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Figurel3 ¢ Photomicrographs in plane (left) and crgsslarized (right) lighof a
hornblendeepidote schist. Field of view is 4 mm. (A) Pleochroic green hornblende
clear epidote crystals with a grain preferred orientation. (B) Example of a large ble
anthophyllitegedrite crystals and the nepleochroic amphibole
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Figurel4 ¢ Photomicrographs of metagabbro in plane (left) and cipskarized (right)
light. Field of view is 4 mm. (A) Typical section of coarse grained metagabbro.
Plagioclase shows simplectic alidon to epidote and quartz. (B) Amphibole

pseudomorphically replacing primary pyroxene. (C) Amphibole crystals with a grai
preferred orientation.
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Figurel5 ¢ Photomicrograps in plane (left) and crogmlarized (right) light of brickbai
Two samples from different locations show almost identical reddish alteration proc
and quartz pseudomorphs developed after amphibole. Field of view is 4 mm.
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Figurel6 ¢ Photomicrographs of amphibole quartzite (60.1B) in plane (left) and-crc
polarized (right) light. Field of view is 4 mm. (A) Fine grained amphibole and quart
muscovite defining a-prime fabric. (B) Ribbon of quartz whikhs been dynamically
recrystallized and indicates a dextral shear sense.
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Figurel7- Cut and polished slab sampkb(3B) of garnetite from the Waresville Schist. Ii
typically appears aa nearlyuniform massie reddish brownrock, as in the top lefpart of
this sample.
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Rock Mills Granite Gneiss (Idrm)

The Rock Mills Granite Gneiss is a meditmtoarsegrained biotite, muscovite,
alkali-feldspar gness that locally contains garndgburmaline, andrare fluorite.
Millimeter to submillimeter crystals of dark ferrousmineral are commonly found
throughout and concentrated along foliation planes. Foliation is weakly defined by
streaky elongated biotite and quartz ribbortsg. 18). The unit weathers to a reddish
tan saprolite with harecored spheroidal boulders remaining. Remnant mica in the
saprolite canmonly preserves the foliation, allowing for measurement of strike and dip.
A large aea of Rock Mills is exposed@svement just south of the town of Milltown, to
the east of At77 33.026238, 8.483296W). This area has been quarried in the past on
a gnall scale and is readily visible in aerial imagery. Locally, pods of muscovite schist are
found as xenoliths withiroutcrops of Rock Mills saprolite, particularly along the contact

with the Waresville Schist.

In thin sectionthe Rock Mills Granite Gneisfoundto contain~ 85% feldspar,
predominantly orthoclase and microcline with a sraapiroportion of plagioclase. There
are usuallylobate grain boundaries between the potassic feldspars and surrounding
guartz, wrereasboundaries between orthoclase dmnicroclineare often indistinct.
Deformation twinning makes it difficult to distinguish the potassic feldspeapered
albite twinsand plasticbendsof twin planes indicat¢hat the latest deformation
occurred at lowmmedium temperatures of 40600°C (Bsschier and Trouw, 2005).

Orthoclase contains alldtexsolutionrand perthitic texture Using the MichelLevy
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method, dagioclasevas measured to havan averageanorthite content of ~1#naking

it predominantly oligoclaseand commonly has argerthetic texture.

Followingfeldspar quartz is thenext most common mineral, making up ~13% of
the rock based on a visual estimateformspolycrystalline aggregates 4 mand larger
in diameter, which are in turntomposed ofndividualsubmillimeterinequigranuar
seriateinterlobate grains Quartzcommonlyhas undulose diction, bulging grain
boundaries indicatingnigration recrystallization, anihear arrangementsf inclusions.
Biotite makes up ~ 1 % of the sample and is almost entirely submillimeter riogrur
preferentially along individual foliation planes. A significant percentage of biotite has
been altered towvhite micaand chlorite Disseminatedhroughoutthe rockare crystals
of magnetite from 0.5 to 1 m in diameter isolated entrained magnetite gstalsare up
to 5 mmin diameter There is evidence of fluid alteration where feldspars have been
altered to sericite along fractures, and one sample contained isolated submillimeter

euhedral apatite crystals along and within fracture zones.
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Figurel8- Rock Mills Granite Gneiss exposed as a pavement aloiig.AMbandoned quarngi
visible on the right hand side of the photimset photoof afoliation plane of the Rock Mills
Granite Gneisshowingmineral elongation and streaky quartz and biofiteeations Pencil is 1«
cm in length.
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Table 1. Summary of deformational events in the Milltown quadrangle

Deformational

Structural

Phases Elements Description
D M Regional prograde dynamothermal metamorphism of the eas
! ! Blue Ridge, Jacksons Gap Group, and Dadeville Complex
Regional foliation (schistosity and gneissosity) early movem
S along the Brevard fault zone
Syn- to late-peak metamorphic Katy Creek fault movement
L Elongation lineation within mylontized units
D, M Retrogressive reactivation of the Katy Creek fault
2 Early movement along the Abanda and Alexander City faults
. Isoclinal, intrafolial folding of ,3
2
Late-k folding of the Tallassee and Penton synforms
Local transposition of;Snto S in the Jacksons Gap Group,
S Composite S-C mylonitic fabric indicating oblique dextral-nor
movement
D; M; Upper greenschist-facies reactivation of the Abanda fault
. Asymmetric folds associated with movement along the Abant
3 fault
s CompositeS-Cmylonitic fabricindicatingoblique dextral-norma

movement along the Abanda fault
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METAMORPHISM

The Milltown Quadrangle contains rodket make up the core of the crystalline
Appalachians in Alabamahich have experienced several periods of metamorphism
and deformation(Table 1) The oldestdentifiable metamorphic eventM, is a regional
eventthat affected the entireeastern Blue Ridge, Jacksons Gap Group, and the
Dadeville ComplefFig. 19)This amphibolite facies event productite S primary
regional foliation The seconanetamorphic event, M isa retrogressiveaactivation of
the Katy Creek fault and thearly stage®f movement along the Abanda and Alexander
City faults SC mylonization of the Jacksons Gap Grouits, isoclinalfoldingin eastern
Blue Ridgeunits,and the generation of the Tallassee and Pendgnformswas also
associated with the Mevent The final metamorphic episod®ls, resulted in pper
greenschisffacies reactivation of the Abanda fault wilssociatecasymmetric folding

and a dextrahormal composite & fabricdevelopment

Eastern BludRidge

The Emuckfaw Group within the Milltown Quadranglenisstly limited to rocks
of pelitic compositions, containing predominantly muscovite + quartz + g4Figt 19)
Workers in adjacent quadrangl@ganDervoort, 2015; Harstad, 201&port the
presenceof amphibolitein the Emuckfaw Group, but no amphibolites were found
within the Emuckfaw Group in the current investigatidetamorphosed granites
typically do not supply assemblages that are diagnostic of metamorphic conditions.

Nonetheless, theSoliation of the Zana Granite Gneiss parallels that observed in the
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amphibolitefacies country rock surrounding it, indicating that the unit experienced the
same M event. Additionally, the Zana Granitentains taperedlbite twins, undulose
extinction inquartz,and dynamicrecrystallizatiorof quartz and feldspandicating that
following S strainsit experienced loweamphibolitefaciesconditions (Passchier and
Trouw, 2009. Fractures crosscutting retrograded minerals allowed fluid to alter feldspar

to sericite, likely representingddeformation.

Jacksons Gap Group

The Jacksons Gap Group within the Millto@uadranglecontairs mainly
metapelites, primarily as muscovite and sericite schists and phyllitesyaitably
guartzose graphitic and garnetifeous membersPrograde mineral assemblages include
muscovite + garnet + orthoclase + epidote + quartz, suggestive of upper greenschist
facies to lower amphibolitéacies peakvs metamorphic conditiongFig. 19) These
were in turn retrograded to loweto-middle greenschistacies mineral assemblage
containing clorite + chloritoid + sericiteM1 minerals including biotite are replaced by
chlorite, and muscovite replaced with sericitez bhloritoid occus as euhedraind
undeformed porphyroblastsThe Jaksons Gap Group within the Milltown and Wadley
Southquadrangles have no identifiable sedimentary structures and contain evidence of

significant hydrothermal alteration to sericite.

Dadeville Complex

Metasedimentary rocks of the Dadeville Complex inMitown Quadrangle are

limited to metamorphosed volcanoclastiocks, whichhave a prograde mineral
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assemblage of hornblende + actinolite + muscovite + qudithin the study area these

are exclusively found within the Waresville Schist as either dest¢agers or boudins.

Mafic rocks are common within the Dadevilemplex as foliated amphibolites
of the Waresville Schisterived from basalt and gabbr@heytypicallyhave a prograde
mineral assemblage of hornblendemuscovitet epidote £ garnet, whch is indicative of
lower tomiddle amphibolitefacies conditiongFig. 19)Metagabbroappearsin meter
scale outcropgFig. 9with a prograde mineral assembly of hornblende + actinolite +
zoisite + plagioclase biotite. Retrograde mineral assemblage® aypically white mica

alteration of plagioclase, hornblende to chlorite, and garnet to ilmenite.

Garnetite(Fig. 11pnd banded magnetite quartzit@ig. 12pre primarily
composed of quartz and interpreted as being derived from exhalatives deposited by
hydrothermal fluids onto the bed of a body of water. Garnetligs a prograde mineral
assemblage of garnet + quartz + rutdbornblende +fopaques, which is compatible
with amphibolite facies conditionsGarnets contain helicitic inclusion trails aae
weatheredto goethite. Hornblendeis alteredto actinolite likelyduring 3 greenschist

facies retrogression

The Rock Mills Granite Gne@mtains primaily alkali feldspar and quartaith
generally minoamountsof plagioclase and biotite. As su¢ldoes not preserve a
diagnostic prograde mineral assemblagowever, a fine mantle of feldspar is

preserved around larger feldspar grains, which indisatéeemperature of 456600°C
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Figurel9 - Peak metamorphic conditions for the eastern Blue Ridge (yellc
Jacksons Gap Groggreen), and Dadeville Complex (reffigure adapted
from Nesse (2012) and Spear (1993).
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