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Geology mapped under STATEMAP between January and May, 2017, 2018, 2019, and January to April 2020.
Digital representation by Philip J. Bradley, Aaron K. Rice and Michael A. Medina
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HYDRO T HERMAL AN D FAU LT  U N IT S
CPzbq – bull quartz:W hite  to dark gray, grave l to boulde r size d clasts of milky and smoky quartz. O utcrops range  in size  from isolate d boulde r pile s to large r hilltop e xposure s. Line ar arrays of bull quartz
may form re gularly space d outcrops. O ccurre nce s of the se  arrays are  possibly re late d to mine ralization associate d with pe gmatitic granite  or form e d along te nsion gashe s or brittle  faults.
CPzsc – s ilicifie d  cataclas ite: G re e n gray to white , fine  crystalline  quartz ± e pidote  rock. T his mine ral asse m blage  typically re place s the  original protolith rock. O utcrops are  ge ne rally massive  and highly
fracture d. Local occurre nce s and line ar arrays may be  re late d to brittle  faulting.
IN T RU S IV E RO CKS
Jd  – d iabas e :Me lanocratic (CI gre ate r than 80), dark gray to black, fine - to m e dium-crystalline , aphyric to phyric and de nse  diabase  consisting primarily of plagioclase , augite , and locally olivine .  May be
plagioclase  phyric. W e athe re d surface s are  ge ne rally tan gray, grayish or brownish in color and pockmarke d. Crops out typically as isolate d, sphe roidal w e athe re d stre am and hillside  cobble s, boulde rs, and
boulde r fie lds. V e rtically to ste e ply dipping outcrops of diabase  in stre ams are  dike s that range  up to se ve ral m in thickne ss. Re d dashe d line s link individual station locations whe re  stre am outcrops or boulde rs
of diabase  form line ar arrays.  Re d dots indicate  isolate d float occurre nce s.
PPwbg – Wis e  pluton biotite granite:Holole ucocratic (CI=5-10), tan to pink white  to pink gray, holocrystalline , phane ritic to fine - to m e dium-crystalline , xe nomorphic e quigranular biotite  granite . T he  primary
mine ral asse m blage  include s N a-plagioclase , microcline , quartz, biotite , and locally minor muscovite  and garne t. In a fe w outcrops, muscovite  can incre ase  in abundance  to be  ne arly e qual to the  biotite
conte nt. S om e  outcrops of porphyritic biotite  granite  contain K-fe ldspar phe nocrysts up to 1 cm in le ngth.  T ransitions from biotite  granite  to graphic granite  and pe gm atitic granite  can occur. Locally contains
subidiomorphic to xe nomorphic garne t phe nocrysts ranging from 0.5-1 mm in diam e te r.  Mostly unde form e d, although locally a ve ry w e ak biotite  foliation may be  pre se rve d. Holole ucocratic (CI le ss than 5)
pe gm atitic microcline , quartz, N a-plagioclase , and m uscovite  granite  pods and dike s crosscut biotite  granite  in many e xposure s.PPgwl is a holole ucocratic and aplitic le ucogranite  dom ain within biotite  granite .
PPgwp is a pe gmatitic quartz white  mica granite  e xpose d in an abandone d quarry. S mall xe noliths and large r domains of uppe r gre e nschist to amphibolite  facie s gne iss and schist are  include d throughout the
biotite  granite . Many have  a common 160-180°, 90° gne issosity or schistosity orie ntation similar to surrounding wall rock foliation orie ntations that may indicate  the y are  stope d country rock blocks. Biotite
granite  forms large  to small flat pave m e nts, flat to rounde d hillside  le dge s, boulde r fie lds of large  blocks on ridge  tops and in valle ys, cascade s and wate rfalls in stre ams, and float litte r on hillside s and in
stre ams. N um e rous crosscutting te nsion fracture s, som e  infille d with quartz, occur throughout the  biotite  granite .
METAMO RP HIC RO CKS  O F T HE EAS T ERN  RALEIG H T ERRAN E
N ote :  O rde r of liste d units doe s not imply a stratigraphic se que nce , although units that cle arly pre se rve  m e ta-plutonic te xture s and re lationships are  liste d first.
Pzlgg – Libe ria granod iorite and  granod ioritic gne is s :Holole ucocratic to le ucocratic (CI=5-25), light tan to gray white  brown, phane ritic m e dium- to coarse -crystalline  protomylonitic to mylonitic biotite
m uscovite  granodiorite  and locally biotite  m uscovite  granite . T he  CIP W  normative  mine ralogy (A. Rice , pe rsonal communication) of the  Libe ria gne iss plots on a QAP  diagram as a monzogranite . P rimary
mine ral asse m blage  include s re lict phane ritic to crystalloblastic microcline , N a-plagioclase , quartz, muscovite , biotite , and locally garne t. May contain xe nomorphic prisms or ble bby e pidote , allanite , monazite ,
and apatite  crystals. Compositionally laye re d and ribbone d quartz and porphyritic to porphyroclastic K-fe ldspar crystals that range  from 1 cm to more  than 10 cm occur within granodiorite  to granodioritic gne iss
protomylonite . A gradational transition into granodioritic mylonite  and ultramylonite  occurs in high-strain zone s. Muscovite  and locally abundant biotite  m ark the  pe ne trative  she ar foliation that asymm e trically
wrap winge d K-fe ldspar porphyroclasts and consiste ntly pre se rve  a w e st-side  north se nse  of fish flash re gardle ss of the  ste e p dip dire ction of the  she ar foliation.  Re crystallize d wings are  commonly e longate  in
the  dire ction of a locally pe ne trative  mine ral stre tch line ation of quartz-fe ldspar rods and phyllosilicate  aggre gate s.  Locally, chlorite  topotaxially re place s biotite . G row th of chlorite  “rose tte s” is inte rpre te d to
indicate  a gre e nschist facie s re trograde  ove rprint of this unit. Locally granodioritic gne iss is inte rlaye re d with m e socratic and porphyroclastic plagioclase  biotite  tonalite  gne iss protomylonite  to mylonite .  T his
unit appe ars to be  corre lative  to the  CZmxg unit of S toddard e t al. (2009) and S acks e t al. (2011). It has a comple x zircon grain history, but pote ntially has a middle  P ale ozoic age .
DPzpmd g – Pos s umquarte r biotite me ta-monzod iorite to monzod iorite gne is s :Chie fly m e socratic (CI=25-50), brownish black to gre e nish black, phane ritic m e dium crystalline  and commonly white
spotte d porphyritic to porphyroclastic plagioclase  biotite  gne iss protomylonite . T he  CIP W  normative  mine ralogy (A. Rice , pe rsonal communication) of the  P ossum quarte r gne iss plots on a QAP  diagram as a
monzodiorite . Mine ral asse m blage  include s large  re lict phe nocrystic plagioclase , biotite  gre ate r than hornble nde , quartz, sphe ne , apatite , and opaque  mine rals. Large , re adily ide ntifiable  K-fe ldspar crystals
w e re  not obse rve d, but K-fe ldspar may be  pre se nt in the  fine r crystalline , re lict igne ous matrix. Locally, monzodiorite  contains xe nomorphic and zone d e pidote  crystals and xe noblastic and ske le tal garne t
porphyroblasts up to 1 cm in diam e te r. An incre ase  in the  amounts of quartz, plagioclase , and biotite  m ark quartz diorite  while  hornble nde  and plagioclase  dominate  local and le ss common e xposure s of diorite .
P rotomylonitic and mylonitic e quivale nts of the se  rocks are  commonly obse rve d. A white  mica-biotite  and quartz ribbon she ar foliation as w e ll as de gre e  of crystalloblastic matrix and plagioclase  porphyroclast
de ve lopm e nt mark the  transition into highly de form e d gne issic e quivale nts.  Local winge d plagioclase  porphyroclasts and asymm e tric she ar foliation indicate  w e st-side  north displace m e nts re gardle ss of the
ste e p dip dire ction of the  she ar foliation. Chlorite  topotaxially re place s biotite  or infills fracture s se parating ske le tal garne t porphyroblasts while  plagioclase , e spe cially in diorite , may be  saussuritize d and
se ricitize d.  G row th of chlorite  “rose tte s” is inte rpre te d to indicate  a gre e nschist facie s re trograde  ove rprint of this unit. Early De vonian magm atic unimodal zircon age s and re lict igne ous te xture s from the
P ossum quarte r gne iss de monstrate s that this lithode m e  had a plutonic, volcanic, or proxim al volcanoge nic se dim e ntary protolith (P e ach e t al., 2017; P e ach, 2018; Finne rty, 2020; N olan, 2020), although
surrounding rocks may have  olde r e arly to middle  P ale ozoic age s.
DPzpg –Parktown gne is s  s uite: Compositionally dive rse  and strongly laye re d lithode m ic suite  of inte rm e diate  and quartzofe ldspathic gne iss. T he  CIP W  normative  mine ralogy (A. Rice , pe rsonal
comm unication) of a P arktow n gne iss sample  plots on a QAP  diagram as a dacite /granodiorite . Mine ralogy include s biotite , hornble nde , plagioclase , quartz, K-fe ldspar, and local clinopyroxe ne , magne tite ,
e pidote , garne t, and chlorite . O riginally mappe d as a single  lithode m e  in the  e aste rn Afton and southe aste rn W arre nton Quadrangle s (Blake  e t al., 2018; P e ach, 2018). In the  w e ste rn Afton (N olan, 2020) and
w e ste rn W arre nton Quadrangle s, the  P arktown gne iss is a suite  that contains thre e  mine ralogically and te xturally distinct lithode m e s.  T he y include  m e socratic (CI=35-65) black gre e n to black blue  to blue  gray
P arktown fine -crystalline  gne iss (DPzpfcg) and P arktown coarse -crystalline  gne iss (DPzpccg), and holole ucocratic to le ucocratic (CI=5-35) m e dium gray to gray white  to tan white , fine - to m e dium-crystalline
P arktown porphyroclastic K-fe ldspar ± biotite  gne iss (DPzpkg). S aprolite  cutbanks and hard rock pave m e nts, blocky knickpoints, wate rfalls, and cascade s are  common. Lithode m e s vary in thickne ss of gne issic
compositional laye rs from a fe w cm to 10s of cm. All display crystalloblastic re crystallization te xture s. Isolate d or trains of plagioclase  or K-fe ldspar porphyroclasts and le ucosom e  stringe rs of fe ldspar and
quartz contribute  to the  gne issosity and are  commonly ptygm atically folde d, e spe cially in the  e aste rn portion of the  P arktown suite . Fine -crystalline  gne iss has whitish tan to light gray to dark gray, fine -to
m e dium-crystalline , and mm-to-cm-scale  quartzofe ldspathic laye rs that alte rnate  with minor 0.5 to 2 mm thick hornble nde -be aring biotite  laye rs. Lithode m e  has non-mappable  inte rlaye rs of fine  le pidoblastic
biotite  quartz schist, and quartz-plagioclase  gne iss that may be  m e tamorphose d trondhje m ite . P ink, orange , or white  K-fe ldspar porphyroclasts that range  be tw e e n 5 and 25 mm in diam e te r distinguish
porphyroclastic K-fe ldspar gne iss. W he n it is the  dominant lithology, it only contains inte rlaye rs of fine -crystalline  gne iss. P rim arily pre se rve s a re gional m e tamorphic foliation of biotite  and hornble nde . Local
protomylonitic to ultramylonitic gne iss pre se rve s pe ne trative  dynamic re crystallization and kine m atic indicators, e spe cially in e aste rn outcrops of the  suite  adjace nt to the  Mill Branch schist. A se que nce  of
outcrops may pre se rve  any combination of the  thre e  lithode m e s be cause  of the ir comple x inte rlaye ring and F1 tight to isoclinal folding. Fine -crystalline  chlorite  may topotaxially re place  fine - to m e dium-
crystalline  biotite  in the  foliation plane  in all thre e  lithode m e s and ve rm iculite  re place s biotite  in w e athe re d e xposure s. Epidote  is a common se condary m e tamorphic mine ral that re place s fine - to m e dium-
crystalline  plagioclase  during saussuritization. T he se  re lationships are  inte rpre te d to indicate  a gre e nschist facie s re trograde  ove rprint. N um e rous laye rs appe ar to pre se rve  re lict igne ous mine ral asse mblage s
and fe ature s, but som e  inte rlaye rs may be  m e tase dim e ntary due  to comple x inte rlaye ring. T he  lithode m e s are  part of the  e aste rn Rale igh te rrane  in the  southe aste rn W arre nton Quadrangle  and common as
country rock xe noliths in the  W ise  granite .  Early De vonian magmatic unimodal zircon age s from the  P arktown gne iss de monstrate s that at le ast som e  de form e d laye rs had plutonic, volcanic, or proximal
volcanoge nic se dim e ntary protoliths (P e ach e t al., 2017; P e ach, 2018; Finne rty, 2020; N olan, 2020), although surrounding rocks may have  olde r e arly to middle  P ale ozoic age s.
Pzmbs – Mill Branch s chis t:Le ucocratic silve r gre e n gray to re ddish gre e n gray to gray and orange  brown, fine - to m e dium-crystalline  and crystalloblastic quartz white  mica schist.  W hite  mica, like ly
muscovite , in any give n sample  may be  large  and randomly orde re d, form rose tte s of plate s be tw e e n cluste rs of othe r mine rals, or form random plate s and rose tte s be tw e e n she ar foliation domains in
phyllonite .  Fish flash typically indicate s w e st-side  north displace m e nt in a ste e ply dipping foliation.  Quartz ribbons, local foxy re d biotite  plate s, e longate  crystals and aggre gate s of opaque  mine rals, and ve ry
minor e pidote  contribute  to the  she ar foliation in phyllonite . Domains of quartz-rich ve rsus white  mica-rich mine ralization appe ar to be  a re lict compositional laye ring, although it is not cle ar if the y are  pre se rve d
se dim e ntary clasts or she are d laye ring. In som e  white  mica-rich dom ains, sillim anite  prisms up to se ve ral cm long as w e ll as fibrolitic sillim anite  re side  in the  white  mica matrix.  In som e  sample s, optically
continuous, but disaggre gate d prisms of sillim anite  appe ar to be  crosscut and re place d by white  mica. S m all prismatic chloritoid porphyroblasts w e re  ide ntifie d in one  sample . G arne t porphyroblasts are  locally
de ve lope d as small xe noblastic and som e tim e s sie ve d porphyroblasts. T he y may also be  xe noblastic ske le tal or fracture d crystals that appe ar as large  individual porphyroblasts at the  m e soscale . Chlorite
re place s garne t along the se  fracture s.  Chlorite  plate s also topotaxially re place  biotite  and are  aggre gate s in the  she ar foliation. G row th of chlorite  “rose tte s” is inte rpre te d to be  a gre e nschist facie s re trograde
ove rprint of this unit. T he  schist commonly w e athe rs to a rusty re d color due  to Fe -oxide  or Fe -hydroxide  mine rals and may be  a conse que nce  of the  bre akdown of abundant chlorite , as w e ll as biotite  and
garne t. Hydrothe rmal m e tasom atism and bre akdown of re lict fe ldspars may be  a factor in the  m uscovite  as w e ll as schist de ve lopm e nt. P rotoliths for the  schist appe ar to be  e arly to middle  P ale ozoic
se dim e ntary rocks base d upon its multi-modal and de trital zircon age  distribution.
Pzgmbs – garne t-rich mus covite biotite schis t:Me socratic silve r brown to black brown, fine -to-m e dium-crystalline  tourm aline -be aring garne t white  mica biotite  schist.  T he  abundance  of plagioclase , biotite ,
garne t, and tourm aline  prisms mark this unit.  P lagioclase  commonly occurs as large  re lict igne ous phe nocrysts now porphyroclasts similar to those  in the  P ossum quarte r gne iss. Foxy re d-brown biotite  and
w hite  mica form a she ar foliation that wraps the  porphyroclasts and typically yie lds a w e st-side  north se nse  of displace m e nt whe re  obse rve d. S mall se gm e nts and large r ribbons of polygonize d quartz also
contribute  to the  she ar foliation.  Biotite  and white  mica wrap abundant rounde d to e longate  xe noblastic to subidioblastic garne t porphyroblasts.  T he y are  ge ne rally up to 5 mm in diam e te r and distinctly purple
re d.  Microscopically, the ir core s are  imbe dde d with fine  sie ve  inclusions, som e  of which are  orie nte d paralle l to the  e xte rnal foliation.  Tourm aline  prisms are  trigonal and black at the  m e soscale  and are  zone d
at the  microscale .  S om e  prisms have  inclusion trails orie nte d at a high angle  to the  e xte rnal she ar foliation, and locally biotite  and tourmaline  are  include d in plagioclase .  Apatite  and zircon are  common
acce ssory mine rals.  Chlorite  may impart a pale  gre e n coloration to som e  sample s.  It topotaxially re place s biotite  and joins white  mica in the  she ar foliation.  Locally it may partially surround som e  xe noblastic
garne t. G row th of chlorite  “rose tte s” is inte rpre te d to be  a gre e nschist facie s re trograde  ove rprint of this unit. T he  protolith for this schist appe ars to be  an e arly to middle  P ale ozoic se dim e ntary rock base d upon
its multi-modal and de trital zircon age  distribution.
Pzscg – Soul City gne is s :Me socratic to locally m e lanocratic black gray to blue  gray, fine -crystalline  biotite  hornble nde  gne iss. May contain clinopyroxe ne  and/or e pidote  in its m e tamorphic mine ral
asse mblage . Biotite  and hornble nde  de fine  a re gional foliation associate d with mm- to cm-scale  and re lative ly e quigranular crystalloblastic plagioclase  and quartz compositional laye rs. V ariations in pe rce ntage
of dark to light mine rals highlight the  compositional laye rs whose  boundarie s may locally be  gradational.  Local crystal size  variations in part due  to an L-S  mylonitic ove rprint, e spe cially adjace nt to the  Lake
G ordon she ar zone  on its e ast side  in the  e aste rn Middle burg Quadrangle . Local cm-scale  compositional laye rs may be  tight to isoclinally F1 folde d and the n ope nly F2 re folde d. S om e  discre te  granitic gne iss
dike s may crosscut the  gne iss or be  isoclinally folde d. Lithode m e  may be  inte rlaye re d with m e socratic m e dium- to coarse -crystalline  biotite  hornble nde  gne iss. T he se  laye rs contain spotte d hornble nde  and/or
plagioclase  porphyroclasts and a re lict phane ritic te xture  re minisce nt of quartz diorite  to tonalitic orthogne iss in the  P arktown coarse  crystalline  gne iss (DP zpccg). A gre ate r pe rce ntage  of hornble nde  to biotite
and a fine r crystalloblastic matrix distinguishe s S oul City gne iss from biotite -rich P arktow n fine -crystalline  gne iss (DP zpfcg). O ccurs along the  w e ste rn portion of the  W ise  granite  as country rock xe noliths and a
large r stope d block along the  boundary be tw e e n the  Middle burg and W arre nton Quadrangle s. T he  protolith for this gne iss appe ars to be  an e arly P ale ozoic se dim e ntary rock base d upon its m ulti-modal and
de trital zircon age  distribution.
Pzcbs – Cabin Branch schis t:Locally le ucocratic gray white  to more  commonly m e socratic silve r black to spe ckle d silve r to gray gre e n, m e dium- to coarse  crystalline  biotite  and biotite  white  mica schist.
Mine ral asse m blage  include s biotite , white  mica, plagioclase , abundant quartz, and locally garne t. O utcrops are  commonly m e dium-crystalline  schist that m ay de ve lop a w e ak compositional laye ring be tw e e n
coarse r biotite -rich schistosity and fine r quartz-riche r and plagioclase -poore r gne issosity. Le ucocratic schist contains white  mica but no biotite . G ray gre e n schist contains chlorite  that topotaxially re place s
biotite  and is inte rpre te d to be  a gre e nschist facie s re trograde  ove rprint. S m all stringe rs, dike le ts, and large r cm-scale  fe lsic compositional laye rs appe ar to be  de form e d and m e tamorphose d trondhje mite  or
granodiorite . S om e  schist contains abundant 1-3 mm xe noblastic to subidioblastic purple  garne t porphyroblasts in a le pidoblastic biotite  m atrix. S pe ckle d shiny color in som e  schist outcrops due  to coarse  white
mica porphyroblasts that are  re m inisce nt of the  Mill Branch schist. Common as small xe noliths in the  w e ste rn W ise  biotite  granite  and may corre late  with white  mica schist (CZwms) in the  Middle burg
Quadrangle  to the  w e st (S toddard e t al., 2016). Locally in contact with the  S oul City gne iss in the  w e ste rn W arre nton Quadrangle  and may have  a similar se dim e ntary protolith history.
PzZts  – actinolite-bearing talc schis t: W hite  to tannish white  float cobble s and massive  to foliate d chips of ve ry fine -crystalline  talc schist and soapstone  are  e xpose d be tw e e n P ossumquarte r Cre e k and
Baltimore  Road on the  southe aste rn side  of W arre nton. P ale  gre e n to w hite , thin actinolite  porphyroblasts are  prim arily visible  microscopically as small e longate  prisms.  T he  porphyroblasts are  randomly
distribute d in the  fine  talc matrix.  T he  talc schist is similar to othe r bodie s mappe d within the  Little ton Quadrangle  (S toddard e t al., 2011).  T he re  talc schist occurs within biotite  gne iss. Contact re lationships
with adjace nt rock type s w e re  not re adily obse rve d he re , and the  schist lie s along the  contact be tw e e n P ossumquarte r gne iss and Mill Branch schist de scribe d above . U nidire ctional Rose  Diagram of Fracture  and Joints S e ts
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STR UCTUR AL SYMBOLS
O bse rvation site s are  ce nte re d on the  strike  bar or are  at the  inte rse ction point of m ultiple  symbols.

P lanar fe ature  symbols may be  comine d w ith line ar fe ature s.
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IN T RO DU CT IO N
T he  W arre nton 1:24,000 Quadrangle  lie s in the  northe aste rn N orth Carolina P ie dmont e ntire ly within rural W arre n County. It is locate d 75 km
northe ast of Rale igh in the  He nde rson 1:100,000 she e t. T he  towns of N orlina and W arre nton, the  county se at, are  the  large st urban are as. Fishing
Cre e k is the  large st stre am in the  southe rn portion of the  quadrangle . Its drainage  basin include s P ossumquarte r, Horse , P hoe bus, Matthe ws, Rocky,
and O w e ns Cre e ks, and the  uppe r re ache s of Re e dy Cre e k. All are  ge ne rally w e st- to e ast-flowing tributarie s to the  T ar Rive r. In the  northe rn portion
of the  quadrangle , Haw tre e , S awmill, Malone s, and T e rrapin Cre e ks as w e ll as Cabin Branch flow ge ne rally northw ard from W arre n P lains, N orlina,
and Ridge w ay tow ards the  Roanoke  Rive r and Lake  G aston. N atural e xposure s of crystalline  rocks occur along the se  drainage s, the ir num e rous
sm all unnam e d tributarie s, and small roadcuts le ading into incise d drainage s. T he  topographically highe st are as along drainage  divide s constitute
broad, ge ne rally flat plains unde rlain by unconsolidate d Ce nozoic se dim e ntary de posits and P e nnsylvanian-P e rm ian W ise  granite  pave m e nt
outcrops from the  unincorporate d comm unitie s of S now Hill and W arre n P lains just northw e st of W arre nton to N orlina, Ridge w ay, W ise , and O ine .
Ele vations range  from approxim ate ly 450 fe e t above  se a le ve l in are as adjace nt to the  inte rse ction of U .S . 158 and W arre n P lains Road to le ss than
250 fe e t along P ossumquarte r, Haw tre e , and S awm ill Cre e ks at the  southe aste rn and northe aste rn corne rs of the  quadrangle  as w e ll as Cabin
Branch, T e rrapin, and Malone s Cre e ks along the  northe rn boundary of the  quadrangle . U .S . Highw ay 401 and Busine ss U .S . Highw ay 158 me e t in
downtown W arre nton. U .S . 401 and U .S . 158 continue  northw e st from W arre nton to N orlina whe re  the y inte rse ct U .S . 1 on its way south to
He nde rson and north to S outh Hill, V irginia. U .S . 158 continue s e ast through Little ton to Roanoke  Rapids. U .S . 401 continue s southw e st from
W arre nton to Louisburg, the  Franklin County se at, while  N C 58 starts in W arre nton and e xte nds southe ast to N ashville , the  N ash County se at.
N orthe ast-southw e st-orie nte d I-85 passe s through O ine  just northw e st of N orlina.
G EO LO G IC FRAMEW O RK
P re -Me sozoic crystalline  rocks of the  W arre nton Quadrangle  lie  within the  composite  P e nnsylvanian-P e rmian Role sville -W ise  plutons or are
lithode m e s within the  e aste rn Rale igh te rrane . U nm e tamorphose d biotite  ± muscovite  granite  of the  W ise  pluton unde rlie s most of w e ste rn and
northe aste rn portions of the  quadrangle . Me tamorphic rocks of the  e aste rn Rale igh te rrane  are  outcrop- to map-scale  xe noliths throughout the  W ise
pluton. T he re  is also a large  swath of country rock in the  southe aste rn portion of the  quadrangle  that e xte nds into the  Afton, Ine z, and Macon
Quadrangle s to the  south and e ast. T he  e aste rn Rale igh te rrane  rocks are  inte rpre te d to have  re gionally m e tamorphose d plutonic-volcanic or
se dim e ntary protoliths base d upon mine ralogical and te xtural re lationships and U /P b zircon ge ochronology. T he  xe nolithic m e tamorphic rocks
achie ve d the  biotite -garne t zone  during uppe r gre e nschist to amphibolite  facie s m e tamorphism. W hile  sillim anite  is re porte d in schist from the
Middle burg Quadrangle  to the  w e st of the  W ise  pluton, hand sample  pe trography did not ide ntify this inde x mine ral in the  w e ste rn W arre nton
Quadrangle . How e ve r, thin se ction pe trography is still pe nding due  to the  CoV id-19 pande m ic. Isolate d country rock sillimanite -be aring asse mblage s
form e d during localize d middle  to uppe r amphibolite  facie s m e tamorphism occur in the  southe ast portion of the  quadrangle . S om e  e xposure s also
re cord a gre e nschist facie s, chlorite  zone  re trograde  ove rprint of prograde  biotite -rich asse m blage s.
S om e  outcrops are  w e ll foliate d, but display only localize d e vide nce  of dynam ic re crystallization, e spe cially xe noliths within the  w e ste rn W ise  biotite
granite . T he y may have  e xpe rie nce d som e  de gre e  of contact m e tamorphic re crystallization due  to granite  plutonism. O the r outcrops are  mode rate ly
to highly transpose d crystal-plastic phyllonitic or protomylonitic to mylonitic S  and localize d L-S  te ctonite s, e spe cially in the  southe aste rn portion of
the  quadrangle . T his te ctonothe rmal ove rprint is prim arily the  re sult of late  P ale ozoic Alle ghanian oroge ne sis de ve lope d during de xtral
transpre ssional e volution of the  Easte rn P ie dmont fault syste m (EP FS ; Hatche r e t al., 1977; Farrar, 1985a, 1985b; Russe ll e t al., 1985; S toddard e t
al., 1991; S acks, 1999; Hatche r, 2010; Blake  e t al., 2012). U ppe r gre e nschist to uppe r amphibolite  facie s m e tamorphic rocks re cord two de form ation
e ve nts.  N orthw e st- or southe ast-plunging tight to isoclinal F1 folds and S 1 axial surface  gne issosity or schistosity ove rprint m e soscale  transpose d

compositional laye rs, S 0.  It is not ye t cle ar if this foliation is a re sult of a prior mid-to-late  P ale ozoic re gional m e tamorphic and de form ation e ve nt or a re gional de xtral phyllonitic or de xtral mylonitic ove rprint
associate d with the  Alle ghanian oroge ny. A mine ral stre tching line ation is commonly orie nte d subparalle l to the  F1 fold hinge s in high-straine d te ctonite s in the  southe aste rn portion of the  quadrangle .  T he  S 0
and S 1 re gional foliation is re folde d by ge ne rally north-northe ast to south-southw e st plunging, upright to e ast-ve rge nt tight to ope n, and locally che vron style  F2 folds. S om e  bull quartz ve ins and localize d
cataclasite  re fle ct a brittle  structure  ove rprint that m ay be  late  P ale ozoic to e arly Me sozoic, or possibly Ce nozoic in age . Jurassic diabase  dike s are  unm e tamorphose d and ge ne rally strike  north-northw e st
across the  W arre nton Quadrangle . S tre am drainage s contain variable  amounts of Quate rnary alluvium.
In se ve ral pale oge ographic and lithote ctonic re constructions of the  southe rn Appalachian oroge n and the  e aste rn P ie dmont physiographic province , the  Rale igh te rrane  is groupe d with the  633-528 Ma Carolinia
dom ain (S toddard e t al., 1991; Hibbard e t al., 2002, 2006; Blake  e t al., 2012).  Carolinia is one  of se ve ral e xotic se cond orde r lithote ctonic dom ains that are  part of the  first-orde r pe ri-G ondw anan re alm and
circum-Atlantic island-arc syste ms am algam ate d to e aste rn Laure ntia during mid-P ale ozoic arc-contine nt collision. Carolinia was disse cte d into third-orde r te rrane s by the  EP FS  during Laure ntian-G ondw anan
contine nt-contine nt collision in the  late  P ale ozoic e ra (Hatche r e t al., 1977; Bobyarchick, 1981).  T he  te rrane s diffe r in the ir proportions of magm atic and volcanoge nic se dim e ntary rocks, e nvironm e nts of
form ation, major and trace  e le m e nt, isotopic and zircon U -P b ge oche m ical signature s, and crustal le ve ls of te ctonothe rmal ove rprinting.  Both the  EP FS  and the  te rrane s are  now e xpose d on the  flanks and
across the  hinge  of the  W ake -W arre n antiform, a re gional-scale  foliation arch in the  e aste rn P ie dmont. Carolinia suprastructural te rrane s re m aine d at uppe r-crustal le ve ls during Alle ghanian oroge ne sis and
re cord gre e nschist facie s m e tamorphism on the  flanks of the  antiform.  Infrastructural te rrane s, including the  Rale igh te rrane , are  also e xpose d on the  flanks and in the  hinge  zone  of the  W ake -W arre n antiform.
T he y re ache d mid-crustal le ve ls and w e re  subje cte d to the  uppe r gre e nschist to uppe r amphibolite  facie s m e tamorphism.  In contrast, Farrar (1985a, 1985b), Farrar and O w e ns (2001), and Hatche r (2010)
inte rpre te d the  Rale igh te rrane  to be  re late d to the  Me soprote rozoic G oochland dom ain in the  V irginia P ie dmont. T he re , O w e ns e t al. (2010) obtaine d 1.1 G a and 385 Ma U -P b magm atic zircon age s on the
S tate  Farm and Maide ns G ne isse s, re spe ctive ly.  T he  G oochland dom ain is inte rpre te d to have  a Laure ntian rathe r than pe ri-G ondw anan affinity.
Re ce ntly, how e ve r, the  link be tw e e n the  e aste rn Rale igh te rrane  e ast of the  Lake  G ordon she ar zone  and Carolinia has com e  unde r que stion base d upon ne w mapping and zircon U -P b analyse s. P e ach e t al.
(2017), P e ach (2018), Finne rty e t al., (2019), Finne rty (2020), N olan e t al. (2020), and N olan (2020) re port ne w LA-ICP -MS  U -P b magm atic and de trital zircon age s for uppe r gre e nschist to amphibolite  facie s
schist and gne iss from the  e aste rn Rale igh te rrane  in the  Afton, Ine z, Little ton, Macon, Middle burg, V icksboro, and W arre nton Quadrangle s. T he  inform al S oul City gne iss from the  e aste rn Middle burg
Quadrangle  yie lde d 60 zircon grains that containe d a multi-modal and de trital age  distribution.  P romine nt age  mode s in this distribution are  ca. 1969, 1533, 1200, and 1015 Ma. T he  maxim um de positional age
for this sample  of S oul City gne iss is inte rpre te d to be  e arly P ale ozoic (P e ach, 2018). A ca. 336 Ma zircon age  is inte rpre te d to be  re late d to late  P ale ozoic granitic micro-diking during Alle ghanian oroge ny
plutonism (P e ach e t al., 2017; P e ach, 2018).  A sample  colle cte d in hornble nde  biotite  gne iss in the  e aste rn V icksboro Quadrangle  yie lde d 64 zircon grains that containe d a multi-modal and de trital age
distribution. P romine nt age  mode s in this distribution are  ca. 2058, 1762, 1461, 1178, 500, and 360 Ma. T he  maximum de positional age  for this sample  of hornble nde  biotite  gne iss is inte rpre te d to be  e arly
P ale ozoic (N olan, 2020).
In the  e aste rn Afton Quadrangle , two sample s of the  inform al P arktown fine -crystalline  gne iss yie lde d 35 and 55 grains that both containe d unimodal age  distributions inte rpre te d to be  magm atic in origin. T he
w e ighte d m e an age s of the se  sample s are  410.5 ± 3.7 Ma and 403 ± 2.1 Ma, corre sponding with the  Early De vonian pe riod (P e ach e t al., 2017; P e ach, 2018; N olan e t al., 2020; N olan, 2020).  In the  southe rn
Macon Quadrangle , a sample  of the  informal P ossumquarte r gne iss yie lde d 32 grains that containe d a unimodal age  distribution inte rpre te d to be  magm atic in origin.  T he  w e ighte d m e an age  of this sample  is
403.2 ± 3.2 Ma, also corre sponding with the  Early De vonian pe riod (Finne rty e t al., 2019; Finne rty, 2020). A sample  of the  Libe ria gne iss from the  Ine z Quadrangle  yie lde d two diffe re nt type s of zircon grains
base d upon cathodolum ine sce nce  analysis. Cathodolum ine sce nt-bright (CL-light) zircon yie lde d a multi-modal age  distribution of ca. 2108–415 Ma that include s promine nt age  mode s of ca. 680, ca. 585, and
ca. 450 Ma. Cathodolum ine sce nt-dark (CL-dark) zircon that have  T h/U  < 0.1 yie lde d a unimodal age  distribution of ca. 331±12 Ma (Finne rty e t al., 2019; Finne rty, 2020).  T he  Libe ria gne iss is inte rpre te d to
have  form e d in the  middle  P ale ozoic e ra and m e tamorphose d in the  middle  to late  P ale ozoic e ra.
A sample  from the  w e ste rn Little ton Quadrangle , originally calle d the  Little ton schist but now corre late d with the  Mill Branch schist, yie lde d 48 grains that contain a multi-modal and de trital age  distribution.
P romine nt age  mode s in this distribution are  ca. 1570, 973, 577, and 418 Ma. T he  maxim um de positional age  for this sample  of schist is inte rpre te d to be  e arly to middle  P ale ozoic (P e ach e t al., 2017; P e ach,
2018). A sample  of garne t biotite  schist from the  southe ast W arre nton Quadrangle  yie lde d 72 grains that contain a multi-modal and de trital distribution.  P romine nt age  mode s in this distribution are  ca. 2031,
1484, 1191, 924, and 484 Ma. T he  maxim um de positional age  for this sample  of garne t biotite  schist is inte rpre te d to be  middle  P ale ozoic base d upon the  m e an age s of the  younge st cluste r of grains (Finne rty
e t al, 2019; Finne rty, 2020). T hre e  sample s of Mill Branch schist from the  Macon and Ine z Quadrangle s yie lde d 51, 55, and 41 grains containing multi-modal and de trital distributions. P romine nt age  mode s of
the se  distributions are  ca. 1899, 1420, 963, 586, and 410 Ma. T he  maximum de positional age s are  inte rpre te d to be  middle  P ale ozoic base d upon the  m e an age s of the  younge st cluste r of grains (Finne rty,
2020; N olan, 2020). T he  re striction of de trital zircon age s to 2.0–1.0 G a and a Cambrian de positional age  of the  S oul City gne iss and hornble nde  biotite  gne iss in the  V icksboro Quadrangle  sugge st a diffe re nce
in prove nance  as compare d to othe r e aste rn Rale igh te rrane  schist sample s to the  e ast. P ortions of the  e aste rn P ie dmont mappe d as a single  Carolinia-re late d Rale igh te rrane  may in fact re pre se nt diffe re nt
structural blocks that have  distinct Laure ntian ve rsus G ondw anan domain affinitie s (Blake  e t al.,2012; P e ach e t al., 2017; P e ach, 2018).
P REV IO U S  G EO LO G IC MAP P IN G
P rior ge ologic inve stigations pe rtine nt to the  W arre nton Quadrangle  include  se ve ral re gional and re connaissance  studie s.  P arke r (1968) de fine d the  structural fram e work of the  N orth Carolina Easte rn
P ie dmont.  A multi-county map by McDanie l (1980) include s W arre n County at the  1:100,000 scale .  Farrar (1985a, 1985b) mappe d the  e ntire  e aste rn P ie dmont of N orth Carolina, de fine d map units, and
propose d a re gional stratigraphic and te ctonic mode l. T he  1:24,000-scale  maps surrounding the  W arre nton Quadrangle  include  a four-quadrangle  are a by S toddard and othe rs (2009) in the  G old S and and
Ce nte rville  Quadrangle s to the  south of the  W arre nton Quadrangle  in the  e aste rn Rale igh te rrane . P e ach (2018) and N olan (2020) have  mappe d the  e aste rn and w e ste rn Afton Quadrangle , re spe ctive ly, in the
e aste rn Rale igh te rrane  and Role sville -W ise  batholith dire ctly south of the  W arre nton Quadrangle .  T he  Ine z, Macon, Holliste r, and Little ton Quadrangle s (Boltin, 1985; S acks e t al., 2011; S toddard e t al., 2011;
Morrow, 2015; Morrow e t al., 2016; Rice  and Blake , 2017; Finne rty, 2020) lie  to the  e ast of the  W arre nton and also include  e xposure s of the  e aste rn Rale igh te rrane . Mapping by Horton e t al., (1993) and S acks
(1996a, 1996b, 1996c) include  lithologie s of the  e aste rn Rale igh te rrane  to the  north and northe ast of the  W arre nton Quadrangle  in the  S outh Boston 1:100,000 she e t and the  Brace y, S outh Hill S E, and
G asburg 1:24,000 Quadrangle s.  S toddard e t al. (2016) mappe d the  w e ste rn Rale igh te rrane  be tw e e n the  N utbush Cre e k-Lake  G ordon she ar zone s in the  Middle burg Quadrangle  just to the  w e st of the
W arre nton Quadrangle . S toddard e t al., (2018) also mappe d the  e aste rn Rale igh te rrane  and Role sville  batholith in the  northe aste rn V icksboro Quadrangle  just to the  southw e st of the  W arre nton Quadrangle .
DES CRIP T IO N  O F MAP  U N IT S
T he  pre -Me sozoic crystalline  rocks of the  W arre nton 1:24,000 Quadrangle  are  prim arily e arly P ale ozoic to De vonian m e tamorphic units within the  e aste rn Rale igh te rrane , P e nnsylvanian-P e rm ian granite  of the
composite  Role sville -W ise  plutons and Jurassic diabase . Local outcrops of highly silicifie d or silicifie d-e pidotize d cataclasite  rock have  uncle ar protolith affinitie s and age s.  S om e  localitie s pre se rve  re lict
plutonic and possibly se dim e ntary te xture s that whe n com bine d with bulk mine ral asse m blage s and ge ochronological re lationships provide  crite ria for pote ntial protolith ide ntification. T he  classification of
igne ous rocks use s the  nom e nclature  of the  Inte rnational U nion of G e ological S cie nce s (IU G S ) subcommission on the  syste m atics of igne ous rocks afte r Le  Maitre  (2002). A pre liminary lithode m ic de signation
for e aste rn Rale igh te rrane  m e tamorphic rocks follows Article s 31-42 of the  N orth Am e rican S tratigraphic Code . All the  Ce nozoic-age d ge ologic mate rials ide ntifie d on the  map have  a de trital origin involving
mud- to grave l-size d clasts and occur as part of T e rtiary upland se dim e nt de posits or Quate rnary stre am and floodplain de posits.
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T his ge ologic map was funde d in part by the  U S G S  N ational Coope rative  G e ologic Mapping P rogram unde r
S tate Map award num be rs G 16AC00288, 2016, G 17AC00264, 2017 and G 19AC00235, 2019.
T his map and e xplanatory information is subm itte d for publication with the  unde rstanding that the  U nite d S tate s
G ove rnm e nt is authorize d to re produce  and distribute  re prints for gove rnm e ntal use .  T he  vie ws and conclusions
containe d in this docum e nt are  those  of the  authors and should not be  inte rpre te d as ne ce ssarily re pre se nting the
official policie s, e ithe r e xpre sse d or implie d, of the  U .S . G ove rnm e nt.

Base  map is from U S G S  2016 G e oP DF of the  W arre nton 7.5-minute  quadrangle .  Air photo, map collar and
se le ct fe ature s re move d. Bounds of G e oP DF base d on 7.5-minute  grid proje ction in U T M 17S ; N orth Am e rican
Datum of 1983 (N AD83).
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