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T his  ge ologic map was  fund e d  in part by the  U S G S  N ational Coope rative  G e ologic M apping Program, award  numbe rs  G 12AC20308 and  G 14AC00230.
T he  vie ws  and  conclus ions containe d  in this  d ocume nt are  thos e  of the  authors and  s hould  not be  inte rpre te d  as  ne ce s s arily re pre s e nting the
official policie s , e ithe r e xpre s s e d  or implie d , of the  U.S . G ove rnme nt.  T his  map and  e xplanatory information is s ubmitte d  for publication
with the  und e rs tand ing that the  Unite d  S tate s  G ove rnme nt is  authorize d  to re prod uce  and  d is tribute  re prints  for gove rnme ntal us e .

Dis claime r:
T his  Ope n-File  re port is  pre liminary and  has  be e n re vie we d  inte rnally for conformity with the  N orth Carolina G e ological S urve y

e d itorial s tand ard s . Furthe r re vis ions or corre ctions to this  pre liminary map may occur. 

IN T R ODUCT ION
     T he  E s s e x 7.5-minute  Q uad rangle  lie s  in the  e as te rnmos t N orth Carolina Pie d mont.  Fis hing Cre e k, the  N as h County – Halifax County line , cros s e s  the  quad rangle  from we s t to s outhe as t, d ivid ing it into northe rn and  s outhe rn portions.  A s mall s live r of W arre n County lie s  in the  northwe s t corne r of the
quad rangle .  S outh- and  e as t-flowing L ittle  Fis hing Cre e k and  S wift Cre e k cros s  the  quad rangle  ne ar its  northe rn and  s outhe rn e d ge s , re s pe ctive ly.  T he  unincorporate d  cros s road s  communitie s  of Ita and  E s s e x (both in Halifax County), and  Ave nton (N as h County), are  locate d  in the  are a.  T he  quad rangle
is  cros s e d  by north-s outh N C Highway 43, which runs north-s outh be twe e n R ocky M ount and  Hollis te r, and  by e as t-we s t N C Highway 561 be twe e n L ouis burg and  Halifax.  N as h Brick Company has  clay pit ope rations in the  re gion s urround ing the  Ita cros s road s .  T he  G ove rnme nt Comple x of the  Haliwa-
S aponi T ribe  is  locate d  ne ar the  northe rn e d ge  of the  quad rangle , along N C Highway 43/561; the  T ribal S chool is jus t off the  map in the  s outhwe s te rn corne r of the  Hollis te r Q uad rangle .  T he  s outhe rn portion of M e d oc M ountain S tate  Park and  its  hiking and  hors e  trails  occupy the  northe as te rn corne r of
the  quad rangle  on both s id e s  of L ittle  Fis hing Cre e k.
     Fis hing Cre e k is primarily re s pons ible  for the  d rainage  in the  quad rangle .  Its  tributarie s  flow s outh in the  northe rn portion of the  quad rangle , and  north in the  s outhe rn portion.  In the  s outhe rn E s s e x Q uad rangle , name d  tributarie s  of Fis hing Cre e k are  W hite  Oak S wamp in the  we s t, and  Crooke d
S wamp, which flows  ge ne rally e as tward  to join Fis hing Cre e k ne ar the  e as te rn e d ge  of the  quad rangle .  L ittle  Fis hing Cre e k, a major tributary, flows  s outh to join Fis hing Cre e k ne ar the  s outhe as te rn corne r of the  quad rangle .  Powe lls  Cre e k is  a s outh-flowing tributary of L ittle  Fis hing Cre e k.  G id e on
S wamp d rains  much of the  s outhwe s te rn part of the  E s s e x Q uad rangle , and  is  its e lf a tributary of S wift Cre e k to the  s outh.  N atural e xpos ure s  of crys talline  rocks occur almos t e xclus ive ly along the s e  and  nume rous  unname d  cre e ks , while  the  highe r are as  along d rainage  d ivid e s  cons titute  broad  ge ne rally
flat s urface s  that appe ar to be  und e rlain by uncons olid ate d  young s e d ime ntary d e pos its .  T he  e le vations  in the  map are a range  from about 332 fe e t above  s e a le ve l along L ynch-He d ge pe th R oad  (S R  1330 in Halifax County) ne ar the  northwe s te rn corne r of the  quad rangle  and  the  Halifax-W arre n County
line , to le s s  than 110 fe e t along Fis hing Cre e k at the  e as te rn e d ge  of the  quad rangle . 
PR E VIOU S  W OR K
     Pre vious ge ologic inve s tigations  pe rtine nt to the  E s s e x Q uad rangle  includ e  s e ve ral re gional and  re connais s ance  s tud ie s .  Parke r (1968) d e fine d  the  s tructural frame work of the  re gion.  W ils on and  S pe nce  (1979) prod uce d  a re connais s ance  map of N as h County.  A multi-county map by M cDanie l (1980)
includ e s  W arre n County.  Farrar (1985a, b) mappe d  the  e ntire  e as te rn Pie d mont of N orth Carolina, d e fine d  map units  for the  re gion, and  propos e d  a s tratigraphy and  a te ctonic mod e l.
     A map of a four-quad rangle  are a by S tod d ard  and  othe rs  (2009) includ e s  the  Ce nte rville  Q uad rangle , jus t we s t of E s s e x.  T he  Hollis te r Q uad rangle  (Boltin, 1985; S acks and  othe rs , 2011) lie s  to the  north of E s s e x, and  the  R e d  Oak Q uad rangle  (S tod d ard  and  othe rs , 2012) lie s  to the  s outh.  Ad d itional
mapping by S acks  (1999 and  unpublis he d  manus cript map), in a s tud y of the  Hollis te r fault zone , includ e s  part of the  e as te rn E s s e x Q uad rangle , as  d oe s  mapping and  re late d  re s e arch by Kite  (1982).
     Othe r re s e arch re lating to the  ge ology of the  E s s e x Q uad rangle  includ e s  ge ophys ical s tud ie s  of the  Hollis te r fault zone  by Fle tche r (1992) and  by L awre nce  (1999), a s tud y of the  s ub-Coas tal Plain bas e me nt (L awre nce  and  Hoffman, 1993), and  a s tud y of quartz-rich rocks  in the  are a, inte rpre te d  as
quartz are nite s  by S tanle y (1978). 
     A map by W e e ms  and  othe rs (2009) s hows  s urficial ge ology for the  R oanoke  R apid s  1:100,000 s cale  map, which includ e s  the  E s s e x Q uad rangle .  T he y s how s e ve ral s urficial map units  in the  E s s e x Q uad rangle .  T he y als o s how the  T hornburg fault, a high-angle  fault with e as t s id e  d own, tre nd ing
north-northe as t acros s  the  quad rangle , and  cons tituting a s carp that s e parate s  two te rrace s  of the  Coas tal Plain.
DE S CR IPT ION  OF M AP U N IT S
     T he  pre -M e s ozoic crys talline  rocks  of the  E s s e x 1:24,000-s cale  Q uad rangle  lie  within e ithe r the  S pring Hope  or R oanoke  R apid s  te rrane .  T he  te rrane -s e parating late  Pale ozoic and  Alle ghanian oroge ny Hollis te r fault zone  (Farrar, 1985b; S acks, 1999) tre nd s  north-s outh ne ar the  e as te rn e d ge  of the
quad rangle .  M os t of the s e  rocks  we re  me tamorphos e d  to the  chlorite  zone  of the  gre e ns chis t facie s  d uring N e oprote rozoic and  mid d le  to late  Pale ozoic te ctonothe rmal activity.  In the  e xtre me  northwe s te rn corne r of the  quad rangle , me tamorphic cond itions re ache d  the  biotite  zone .  Only Juras s ic d iabas e
d ike s  are  not re gionally me tamorphos e d .  M inor contact me tamorphic e ffe cts  occur locally whe re  d iabas e  intrud e s  me tas e d ime ntary rocks .
     W hile  s ubje cte d  to this  low-grad e  re gional me tamorphis m and  locally d is playing fracture , foliation, and  line ation, mos t promine ntly within and  ne ar the  Hollis te r fault zone , mos t crys talline  rocks  pre s e rve  re lict plutonic, volcanic, or volcanoge nic s e d im e ntary te xture s , which whe n combine d  with bulk rock
compos itions, allow for protolith id e ntification.  T he re fore , the  pre fix “me ta” is  not includ e d  in the  nome nclature  of the  pre -M e s ozoic rocks  d e s cribe d  in the  quad rangle . 
     T he  clas s ification and  naming of s e d ime ntary rocks in the  E s s e x Q uad rangle  follows W alke r and  Cohe n (2006), while  igne ous  rocks  us e s  the  nome nclature  of the  Inte rnational Union of G e ological S cie nce s  (IU G S ) s ubcommis s ion on the  s ys te matics  of igne ous rocks afte r L e  M aitre  (2002).  R e lict
igne ous  te xture s , mod al mine ral as s e mblage s , or normalize d  mine ral as s e mblage s  whe n whole -rock ge oche mical d ata are  available , provid e  the  bas is  for naming me ta-igne ous  units .  Pas t re gionally re late d  maps  and  lithologic d e s criptions  of M cDanie l (1980), Kite  (1982), Kite  and  S tod d ard  (1984),
Farrar (1985a, b), and  S tod d ard  and  othe rs  (2009, 2012) as s is te d  the  d e ve lopme nt of the  mapping re s ults .
     T he  S pring Hope  te rrane  und e rlie s  mos t of the  quad rangle .  Acros s  the  map are a, its  rocks  are  d ominantly me tas e d ime ntary in nature , includ ing mud s tone , s ilts tone , and  wacke -graywacke .  Dacitic volcanic rocks d ominate  toward  the  north-ce ntral portion of the  quad rangle .  N o fos s ils  have  be e n
id e ntifie d  in the  S pring Hope  te rrane , but rad iome tric age s  on d acite  range  from 525 to 628 M a (G old be rg, 1994; Horton and  S te rn, 1994; Cole r and  S ams on, 2000; S tod d ard  and  M ille r, 2011).  E as t of the  Hollis te r fault in the  E s s e x Q uad rangle , the  R oanoke  R apid s  te rrane  cons is ts  of the  Halifax County
mafic-ultramafic igne ous  comple x (Kite , 1982; Kite  and  S tod d ard , 1984).  M e tamorphos e d  granitoid  intrus ive  rocks  from e ls e whe re  in the  R oanoke  R apid s  te rrane  have  be e n d ate d  from 607 to 672 M a (Horton and  S te rn, 1994; Cole r and  S ams on, 2000).  T he  S pring Hope  and  R oanoke  R apid s  te rrane s
are  infe rre d  to re pre s e nt e le m e nts of one  or more  N e oprote rozoic-Cambrian oce anic is land  arcs  of the  pe ri-G ond wana re alm (Hibbard  and  othe rs , 2002, 2006). 
     In s ome  e xpos ure s , e s pe cially within the  Hollis te r fault zone , highly partitione d  s train prod uce s  variably fracture d , cataclas tic, phyllonitic, or protomylonitic and  mylonitic rocks of me ta-igne ous  and  me tas e d im e ntary origin.  L ocal outcrops  of highly s ilicifie d  or s ilicifie d -e pid otize d  cataclas ite  rock have
uncle ar protolith affinity.  All the  Ce nozoic-age d  ge ologic mate rials id e ntifie d  on the  map have  a d e trital origin involving mud - to grave l-s ize d  clas ts  and  occur as  part of T e rtiary upland  s e d ime nt d e pos its  or Q uate rnary s tre am and  flood plain d e pos its .
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IN T R U S IVE  R OCKS
Jd  – d iabas e .  M e lanocratic (CI>80), d ark gray to black, fine  to me d ium aphyric to phyric, d e ns e  d iabas e  cons is ting primarily of plagioclas e , augite  and  locally olivine .  M ay be  plagioclas e  phyric.  Occurs  as  d ike s  and  s ills  and  is  typically s e e n as  s phe roid ally we athe re d  s tre am and
hills id e  bould e rs  and  cobble s .  W e athe re d  s urface s  are  ge ne rally tan gray, grayis h or brownis h in color.  Occurs  in ve rtically to s te e ply d ipping d ike s .  R e d  d as he d  line s  link ind ivid ual s tation locations whe re  s tre am outcrops  or bould e rs  of d iabas e  are  e xpos e d .  T race s  of large r d ike s
corre late d  with and  e xtrapolate d  along s trike  us ing line ar ae romagne tic anomalie s .  R e d  d ots  ind icate  is olate d  outcrops or float occurre nce s .
PPmm – M e d oc M ountain granite .  L e ucocratic (CI=5-7), tan to pink white  to pink gray, me d ium phane ritic, xe nomorphic e quigranular biotite  granite .  Pave m e nt outcrops  are  common e as t of L ittle  Fis hing Cre e k in M e d oc M ountain S tate  Park and  e as t of M e d oc M ountain R oad
whe re  the  M os s -R ichard s on molybd e nite  d e pos it was locate d  (Carpe nte r, 1976).  Only d is turbe d  e arth mound s  now re fle ct this mine  activity.  T he  e longate  and  tabular s tock cros s cuts  Hollis te r fault zone  s he ar foliation in protomylonitic to mylonitic d iorite  gne is s  of the  R oanoke
R apid s  te rrane .  N ume rous  bould e r fie ld s  and  cros s cutting te ns ion fracture s  of bull quartz are  locate d  within the  granite .  Only locally is s ilicifie d  granite (?) mylonitize d  and  cataclas tically fracture d ; howe ve r, s ome  zone s  are  s e ve ral me te rs  in le ngth and  wid th and  always  as s ociate d
with the  bull quartz te ns ion fracture s .  Commonly, e pid ote  ble bs and  a variable  “pinking” ove rprint have  be e n d e ve lope d  by the  action of hyd rothe rmal fluid s  on both K-fe ld s par and  plagioclas e .  T he s e  are  re minis ce nt of hyd rothe rmal “pinking” e ve nts  that affe ct othe r late  Pale ozoic
and  Alle ghanian oroge ny mylonite  zone s  and  granite  plutons in the  s outhe rn Appalachian oroge n (Bartholome w and  othe rs , 2009; De nnis , 2010).
PPM gm – granitoid  rocks  and  me tamorphos e d  and  foliate d  granitoid  rocks.  L e ucocratic (CI<20), light tan, gray white  to orange , or pinkis h-white , me d ium to coars e  phane ritic, hypid iomorphic to xe nomorphic granular granite , granod iorite , or quartz d iorite .  Commonly foliate d  (S >L )
and  locally line ate d  (L >S ) to prod uce  protomylonitic to mylonitic granitoid  gne is s  containing re lic fe ld s par porphyroclas ts , quartz ribbons, and  biotite  aggre gate  mine ral line ation (d e note d  as  foliate d  granitoid , PPM fgm, in cros s  s e ction).  Ind ivid ual s ample s  may contain porphyroclas tic
magne tite  crys tals  up to 3 mm in le ngth.  L ocally, fe ls ic mine rals  are  alte re d  to a d ark gray color.  Forms  an e longate , tabular bod y within and  ad jace nt to the  late  Pale ozoic, Alle ghanian oroge ny Hollis te r fault zone .  G ranitoid s  appe ar to be  intrus ive  into the  rocks of the  Halifax
County comple x within the  R oanoke  R apid s  te rrane .  T he y may or may not be  re late d  to granitoid  rocks  of the  R ocky M ount pluton (S pruill and  othe rs , 1987; M oncla, 1990; S tod d ard  and  othe rs , 2012) or to othe r granitoid  rocks  mappe d  by S acks  (1999 and  unpublis he d ).
M E T AM OR PHIC R OCKS  OF T HE  S PR IN G  HOPE  T E R R AN E
N ote :  Ord e r of lis te d  units  d oe s  not imply s tratigraphic s e que nce .
CZfmv - Fe ls ic me tavolcanic rocks.  L e ucocratic (CI<5), bluis h gray, tan or white  we athe re d , s ilice ous , aphanitic d acite  tuff or porphyritic crys tal d acite .  Dacite  is us ually mas s ive  and  range s  from fine  as h to porphyritic plagioclas e  crys tal tuff, as  we ll as hypabys s al fine  phane ritic
intrus ive  rock.  Contains  a ge ne rally mas s ive , re lict aphanitic ground mas s  of plagioclas e , quartz, and  s pars e r K-fe ld s par.  L ocally may be  quartz porphyritic.  M e tamorphic ove rprint and  s train prod uce  a we ak phyllitic cle avage  in s ome  s ample s .  Inte rpre te d  to have  a pyroclas tic or
s hallow intrus ive  origin.  Unit is  infe rre d  to be  corre lative , at le as t in part, with fe ls ic me tavolcanic rocks  (CZfmv) of S tod d ard  and  othe rs (2012) in the  ad joining R e d  Oak 1:24K Q uad rangle  to the  s outh, and  the  G old  S and , Ce nte rville , Cas talia, Jus tice , and  Hollis te r 1:24K
Q uad rangle s  to the  we s t and  north (S tod d ard  and  othe rs , 2009; S acks  and  othe rs, 2011).
Includ e s  d is tinctive  gray, bluis h-gray, tan, or white  we athe ring, thinly laye re d  and  locally s trongly fis s ile  fine -graine d  laye re d  fe ls ic gne is s  compos e d  primarily of plagioclas e , quartz, and  microcline , with minor or acce s s ory biotite , garne t, amphibole , e pid ote , white  mica and  opaque
mine rals , typically includ ing s ignificant magne tite .  R are  re lict phe nocrys ts  of s od ic plagioclas e  and /or quartz are  locally pre s e nt.  Inte rpre te d  to be  pyroclas tic or lava in origin.  Be lie ve d  to be  corre lative  with Be ns Cre e k le ucogne is s  of Farrar (1985a, b), quartzite  of M cDanie l (1980),
and  “d acitic blue s tone ” of S tod d ard  (1993); S tod d ard  and  othe rs, 2009.  T he  lithology includ e s  d acitic to rhyolitic rocks  bas e d  on analyze d  s ample s  from e ls e whe re  (S tod d ard , 1993; S tod d ard  and  othe rs , 2011; S acks and  othe rs , 2011).  Zircons  from an e xpos ure  locate d  in the  north-
ce ntral Ce nte rville  Q uad rangle  gave  a d is cord ant uppe r inte rce pt U-Pb age  of 524.9 +/- 8.6 M a (S tod d ard  and  M ille r, 2011).  T his  lithology is  commonly as s ociate d  with s ubord inate  mafic me tavolcanic rocks  (CZmmv whe re  s hown on map).
T he  CZfmv unit als o includ e s  light colore d , ge ne rally fine  graine d  and  phyllitic to s chis tos e  rocks  cons is ting of white  mica, quartz, fe ld s par(s ), chlorite , and  rare  biotite  and  e pid ote .  Commonly contain re lict phe nocrys ts  of quartz (typically s howing be ta morphology) as we ll as  s od ic
plagioclas e , and /or white  to be ige  and  typically flatte ne d  lapilli.  Inte rpre te d  as crys tal- and  crys tal-lithic tuff.  L arge  (to one  cm) and  s om e what flatte ne d  quartz phe nocrys ts  locally give  this lithologic type  the  fie ld  name  “quartz-e ye  tuff.”  Che mical and  pe trographic d ata from the  Bunn
E as t Q uad rangle  (S tod d ard , 1993) ind icate  that at le as t s om e  of the s e  rocks  are  rhyod acitic in compos ition, and  locally have  re lict K-fe ld s par phe nocrys ts .  Zircon crys tals  from fe ls ic crys tal tuff in the  Bunn E as t Q uad rangle  have  yie ld e d  a pre liminary U-Pb uppe r inte rce pt
crys tallization age  of 590 +/- 3 M a (G old be rg, 1994).
Unit als o includ e s  tufface ous  me tas e d ime ntary rocks , as  we ll as  rare  inte rme d iate  me tavolcanic rocks , mine ralogically s imilar to fe ls ic varie tie s  but with a highe r pe rce ntage  of e pid ote  and /or biotite , taking on a d arke r hue  or a s alt-and -pe ppe r appe arance .
CZimv - Inte rm e d iate  me tavolcanic and  me taplutonic rocks .  Dive rs e  me s ocratic (CI≈45) light gre e n, gre e nis h gray, bluis h gre e n, black gre e n, light gray, gray, be ige  or brown, fine  to me d ium graine d , me tamorphos e d  phane ritic to plagioclas e , quartz, and /or hornble nd e -porphyritic
rocks  includ ing microd iorite , and e s ite , quartz d iorite , gabbro, d iorite , granod iorite  or quartz ke ratophyre .  T ypically unfoliate d , but may be  we ll jointe d , gnarly we athe re d , s ilicifie d  and /or bre cciate d .  Includ e s  variable  proportions  of e pid ote , biotite , chlorite , s e ricitic white  mica,
plagioclas e , opaque  oxid e s , K-fe ld s par, and  titanite .  Primary igne ous  hornble nd e , biotite  and  plagioclas e  are  typically at le as t partly re place d  by the  me tamorphic mine rals e pid ote , white  mica, biotite , chlorite  and  opaque  oxid e s .  Pyrite  cube s  are  locally abund ant.  L ocally
s phe roid ally we athe re d ; rare ly we ll foliate d  and  s laty or phyllitic.  M ay re pre s e nt d ike s , s ills, or lava flows, at le as t in part, as we ll as  plutons .  Unit is  infe rre d  to be  corre lative  with inte rme d iate  me tavolcanic rocks  (CZimv) of S tod d ard  and  othe rs  (2012) in the  ad joining R e d  Oak 1:24K
Q uad rangle  to the  s outh, and  pote ntially with the  rare  occurre nce s  of inte rme d iate  me tavolcanic rocks  (includ e d  with CZfmv) re porte d  to the  we s t and  s outhwe s t in the  Ce nte rville  and  Cas talia 1:24K Q uad rangle s  (S tod d ard  and  othe rs , 2009).
CZmmv - M afic me tavolcanic rocks :  G re e n, d ark gre e n, or black, fine  to me d ium graine d , mas s ive  and  non-foliate d  or we akly to mod e rate ly foliate d  amphibolite , gre e ns tone , phyllite , and  quartz-e pid ote  rock containing various  mixture s  of hornble nd e , plagioclas e ,
e pid ote /clinozois ite , quartz, chlorite , and  opaque  mine rals.  L ocally includ e s  me tabas alt having re lict plagioclas e  phe nocrys ts  and  amyd uloid al te xture , and  rare  me tagabbro with re lict clinopyroxe ne .  Che mical analys e s  of mafic me tavolcanic rocks of the  S pring Hope  te rrane  in the
Hollis te r Q uad rangle  (S acks and  othe rs , 2011) plot as  low-K thole iite  and  are  infe rre d  to have  oce an-floor or is land -arc affinitie s  (Boltin, 1985; Boltin and  S tod d ard , 1987).
CZmwa – M e tamorphos e d  quartz wacke .  Primarily grayis h gre e n, light gre e nis h to me d ium brown or gray, fine - to me d ium-graine d  fe ld s pathic wacke .  Ind ivid ual e xpos ure s  are  ge ne rally mas s ive  and  poorly be d d e d .  Highe r clay mine ral conte nt in fe ld s pathic wacke  ind icate s  a
highe r abund ance  of s e riticize d  fe ld s par re lative  to quartz in are nite , which ove rall has  a be tte r pre s e rve d  vitre ous  lus te r of ind ivid ual quartz grains .  Abund ant fragme nts  and  round e d  quartz, plagioclas e , and  microcline  grains , as  we ll as  s mall volcanic lithic fragm e nts highlight its
re lict clas tic te xture .  T he ir s e d ime ntary characte ris tics  s ugge s t that the s e  rocks  may have  originate d  as turbid ite  d e pos its , pe rhaps  as  d is tal d rape  aprons  on the  flanks  of local volcanic ce nte rs  as s ociate d  with CZmgs. Unit is infe rre d  to be  map-s cale  horizons  that are  corre lative  with
me tagraywacke  (CZmgs ) of S tod d ard  and  othe rs (2012) in the  ad joining R e d  Oak 1:24K Q uad rangle  to the  s outh, as  we ll as  to the  we s t and  s outhwe s t in the  Ce nte rville  and  Cas talia 1:24K Q uad rangle s , re s pe ctive ly (S tod d ard  and  othe rs , 2009).
CZmgs – M e tamorphos e d  s ilts tone , mud s tone , and  inte rlaye re d  fe ld s pathic wacke .  M os tly gre e nis h tan, be ige , or gray, fine  graine d  and  phyllitic, fis s ile  s ilts tone , light tan to me d ium brown, mas s ive  and  phyllitic mud s tone , and  local inte rlaye rs  of light gre e nis h to me d ium brown or
gray, fine - to me d ium –graine d  fe ld s pathic wacke .  Contains  a matrix of fine -graine d  quartz, plagioclas e , white  mica, and  locally s pars e  biotite  and  opaque  mine rals .  M ay locally pre s e rve  a re lict clas tic te xture  and  s e d ime ntary be d d ing.  Unit is  commonly tufface ous  and  includ e s
unmappe d  inte rlaye rs of fe ls ic volcanic rocks.  S ilts tone  and  mud s tone  e pos ure s  may we athe r s labby and  have  a high clay mine ral conte nt ind icating the  re lative  abund ance  of fe ld s par ve rs us  quartz.  Cyclic be d d ing and  grad e d  be d d ing are  pre s e rve d  locally, although ind ivid ual
e xpos ure s  of fe ld s pathic wacke  and  quartz are nite  are  more  mas s ive  and  poorly be d d e d .  Highe r clay mine ral conte nt in fe ld s pathic wacke  ind icate s  a highe r abund ance  of s e riticize d  fe ld s par re lative  to quartz, which ove rall has  a be tte r-pre s e rve d  vitre ous  lus te r of ind ivid ual quartz
grains .  Abund ant fragme nts and  round e d  quartz, plagioclas e , and  microcline  grains, as  we ll as  s mall volcanic lithic fragme nts  highlight a re lict clas tic te xture  in the  wacke .  T he ir s e d ime ntary characte ris tics s ugge s t that the s e  rocks may have  originate d  as  turbid ite  d e pos its , pe rhaps
as  d is tal d rape  aprons  on the  flanks  of local volcanic ce nte rs .  Along the  e as te rn contact of the  unit, high s train is  as s ociate d  with the  late  Pale ozoic Alle ghanian oroge ny in the  Hollis te r fault zone .  It re s ults  in a s ubve rtically d ipping phyllonitic s chis tos ity in outcrop (d e note d  as
foliate d  s ilts tone  and  mud s tone , CZfmgs , in cros s  s e ction and  map).
T he re  are  als o rare  e xpos ure s  of granular and /or s ucros ic, fine  to me d ium-graine d , and  locally conglome ratic pure  quartz rocks .  T he s e  have  be e n inte rpre te d  by S tanle y (1978) inte rpre te d  s ome  horizons  as me tamorphos e d  quartz are nite  re s ulting from re s id ual accumulations  of
quartz phe nocrys ts  we athe re d  out of fe ls ic volcanic rocks  in pocke t be ach e nvironme nts  of the  volcanic is land -arc.  Howe ve r, be caus e  of a ge ne ral lack of appare nt primary s e d ime ntary s tructure s , the s e  rocks  may ins te ad  have  re s ulte d  from re crys tallization of zone s  of hyd rothe rmal
quartz alte ration.  T he  conglome ratic rocks primarily contain polycrys talline  quartz pe bble  clas ts  in a fine r graine d  polycrys talline  quartz matrix.
Zircon crys tals  from an unmappe d  d acite  crys tal tuff laye r within me tas e d ime ntary rocks  in the  s outhe as te rn Ce nte rville  Q uad rangle  yie ld  a ne arly concord ant U-Pb age  of 628 +/- 1.7 M a (S tod d ard  and  M ille r, 2011).
Unit is  infe rre d  to be  corre lative  with me tas ilts one , me tagraywacke , and  me tamud s tone  (CZmgs ) of S tod d ard  and  othe rs (2012) in the  ad joining R e d  Oak 1:24K Q uad rangle  to the  s outh, as  we ll as  to the  we s t and  s outhwe s t in the  Ce nte rville  and  Cas talia 1:24K Q uad rangle s ,
re s pe ctive ly (S tod d ard  and  othe rs , 2009).
CZmms  – M e tamorphos e d  mud s tone  and  s ilts tone .  S ubunit of CZmgs  in which fine -graine d  s e d im e ntary rocks  d ominate .
CZmcg – M e tamorphos e d  conglome rate :  S ubunit of CZmgs  characte rize d  by e xpos ure s  of pe bbly wacke  and  conglome rate .  Conglome rate  contains clas ts  of mono- and  polycrys talline  quartz, fe ld s pars, and  like ly volcanic clas ts , up to one  cm.  Conglome rate  appe ars  to be  matrix-
s upporte d ; mica-rich matrix contains  chlorite , e pid ote  and  opaque  oxid e s , includ ing magne tite .
M E T AM OR PHIC R OCKS  OF T HE  R OAN OKE  R APIDS  T E R R AN E
N ote :  Ord e r lis te d  d oe s  not imply s tratigraphic s e que nce .
Halifax County comple x
CZmgd  – M e tamorphos e d  gabbro/d iorite  and  bas alt/microd iorite .  M e lanocratic to me s ocratic (CI=40-80), black to d ark gre e n to light gre e nis h gray, me d ium-graine d  gabbro and  d iorite .  Unfoliate d  outcrops contain plagioclas e  and  hornble nd e , e pid ote  or clinozois ite , opaque  oxid e
mine rals , and  locally quartz and  s ulfid e  mine rals.  Pre s e rve s  a re lict phane ritic te xture  be twe e n blocky plagioclas e  and  tabular hornble nd e .  Pre s e nce  of uralite  in irre gular xe nomorphic hornble nd e  or actinolite  s ugge s ts  that the s e  crys tals  may be  ps ue d omorphs  afte r magmatic
clinopyroxe ne  in gabbro.  Othe r re lict phane ritic s ample s  d is play inte rlocking, xe nomorphic to hypid iomorphic granular plagioclas e  and  hornble nd e  that are  inte rpre te d  to be  magmatic d iorite .  Fine -graine d  e quivale nts  are  inte rpre te d  to be  bas alt, in s om e  cas e s  now amphibolite , and
microd iorite  that pre s e rve  e ithe r an aphanitic to fine  phane ritic igne ous  te xture .  S catte re d  outcrops  of quartz d iorite , hornble nd e  tonalite , trond hje mite , and  locally granod iorite  are  intimate ly as s ociate d  with the  gabbro/d iorite  and  are  inte rpre te d  to be  more  quartz-rich and
d iffe re ntiate d  magmatic rocks  of the  Halifax County comple x.  W he re  ove rprinte d  by the  late  Pale ozoic Alle ghanian oroge ny Hollis te r fault zone , s te e ply d ipping chlorite -rich phyllonite , mylonite , and  gabbro/d iorite  gne is s  protomylonite  are  prod uce d  from the  original igne ous  protoliths
(d e note d  as  foliate d  gabbro/d iorite , CZfmgd , in cros s  s e ction).  Unit is  infe rre d  to be  corre lative  with mafic to inte rme d iate  rocks  of the  Halifax County comple x of Kite  (1982) and  Kite  and  S tod d ard  (1984), as  we ll as  me tagabbro (CZhmg) and  me tabas alt (CZhmb) of the  Halifax
County comple x mappe d  by S tod d ard  and  othe rs  (2012) in the  ad jace nt R e d  Oak 1:24K Q uad rangle  jus t to the  s outh.
CZmpx – M e tamorphos e d  pyroxe nite  cumulate .  M e lanocratic (CI>80), pale  to d ark gre e n, me d ium graine d , mas s ive  pyroxe nite .  Blocky actinolite  porphyroblas ts  up to 7 mm in d iame te r d is play uralite , s ugge s ting a ps e ud omorph of original magmatic cumulate  pyroxe ne  crys tals that
have  be e n re place d  by mats  of actinolite  pris ms  d uring me tamorphic re crys tallization.  Pale  gre e n clinozois ite  is  inte rs titial to the  actinolite  and  may re fle ct the  re action re place m e nt of inte rcumulate  plagioclas e  in the  original igne ous ultramafic rock. Forms  an und e forme d  pod  or
phacoid  of ultramafic rock and  gabbro/d iorite  s urround e d  by d e forme d  and  foliate d  gabbro/ d iorite  of the  Halifax County comple x within the  late  Pale ozoic Alle ghanian oroge ny Hollis te r fault zone  along Powe lls  Cre e k d ue  we s t of its  conflue nce  with L ittle  Fis hing Cre e k.  Anothe r pod
is  locate d  in the  s mall s tre am jus t e as t and  north of L ittle  Fis hing Cre e k and  County R oad  1338, re s pe ctive ly, in the  R ingwood  1:24K Q uad rangle  to the  e as t of the  E s s e x 1:24K Q uad rangle .  Unit is  infe rre d  to be  corre lative  with ultramafic rocks  of the  Halifax County comple x of Kite
(1982) and  Kite  and  S tod d ard  (1984).
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Southern Essex geology mapped between September 2012 and May 2013.
Field assistance provided by Barry Lumpkin and Eddie Hull.

Northern Essex geology mapped between September 2014 and June 2015.
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CONTACTS, FAULTS AND FOLDS
L ithologic contacts  - Dis tribution and  conce ntration of s tructural s ymbols  ind icate s  d e gre e  of re liability.
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