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GEOLOGIC MAP OF THE  INEZ 1:24,000 Q UADRANGLE,
WARREN COUNTY, NORTH CAROLINA

By Robert H . Morrow IV , Edward F. Stoddard and David E.Blake

2016

Geology mapped under STATEMAP - January 2016 to May 2016.
Geology mapped under EDMAP – August 2012 to August 2013
Digital representation by Mich ael A. Medina and Ph ilip J. Bradley

T his g eolog ic map was fu nded in part by the U SGS National Cooperative Geolog ic Mapping  P rog ram

cross section scale  1:24 000
no vertical exag g eration

INT RO DU CT IO N
T he Inez 7.5-minu te qu adrang le lies in the northeastern P iedmont of North Carolina within sou thern W arren Cou nty. T he ru ral comm u nities of Liberia, Marm adu ke, Grove H ill and Inez lie within the qu adrang le. T wo state hig hways cu t across the qu adrang le: NC 58
ru ns north to sou th from W arrenton throu g h Inez, continu ing  sou th to Centerville, and NC 43 ru ns west to east from W arrenton to Arcola. T he ru ral comm u nity of Inez in the sou thwestern portion of the qu adrang le has a fire station and several small chu rches. Inez is
the site of a larg e lu mber mill and several small cattle farms. Fishing  Creek, the larg est tribu tary to the T ar River, drains from northwest to sou theast across the qu adrang le. T ribu taries to Fishing  Creek inclu de Gu nters Creek, Bobs Branch, Bu ffalo Branch, Gu m P ond
Branch, H og pen Branch, Long  Branch, Mill Branch, Reedy Branch and W olfpit Branch. In the northern part of the qu adrang le, NC H ig hway 43 constitu tes a drainag e divide.  T he portion of the qu adrang le northeast of the hig hway is drained by Reedy Creek andits
tribu tary Bobbitts Branch.  T otal relief in the qu adrang le is abou t 210 feet, with a topog raphic hig h of abou t 380 feet along  NC 58 in the sou thern portion of the qu adrang le, while the low point is ju st less than 170 feet above sea level along  the conflu ence of Bob’s
Branch and Fishing  Creek.
GEO LO GIC FRAMEW O RK
T he g eolog y of the qu adrang le is characterized by three distinct g rou ps of rocks. T hese rocks inclu de Neoproterozoic to Cam brian metamorphic rocks of the Raleig h terrane and the Macon fau lt zone fou nd in the northwestern portion of the field area. Neoproterozoic
to Cambrian metamorphic rocks of the Spring  H ope terrane u nderlie the sou theastern sections of the field area. Locally, P ennsylvanian ag e g ranitic rocks of the Northwest Gu pton plu ton separate these two terranes.
O ne major late P aleozoic fau lt crosses the Inez Q u adrang le. T he Macon fau lt, which separates the Raleig h and Spring  H ope terranes and locally deforms the Northwest Gu pton plu ton, trends east- northeast across the qu adrang le. Rocks within the Macon fau lt zone
are predom inantly g neiss and schist of m iddle-u pper-amphibolite facies. T hey may be mylonitic equ ivalents of Raleig h terrane, Spring  H ope terrane, or P ennsylvanian-P ermian plu tonic rocks. Raleig h terrane litholog ies are mapped within and west of the Macon fau lt
zone in su rrou nding  qu adrang les, and inclu de biotite g ranitoid g neiss, hornblende-biotite g neiss, sillimanite-biotite schist, biotite schist, amphibolite, and g ranitic plu tonic rocks (Farrar, 1985a; Sacks, 1996, 1999; Sacks and others, 2011; Stoddard and others 2009,
2011; Stoddard, 2010; Blake and others, 2012). Rocks of the Raleig h terrane are interpreted to represent the infrastru ctu re of the P eri-Gondwanan Neoproterozoic island-arc system known as the Carolinia su perterrane (H ibbard and others, 2002).
T he Spring  H ope terrane is exposed east of the Macon fau lt zone. It consists predominantly of metavolcanic and metasedim entary rocks metamorphosed to g reenschist facies, and locally to middle-amphibolite facies near the Macon fau lt zone. Locally these rocks
are metamorphosed to albite-epidote hornfels facies when in contact with or inclu ded within P ennsylvanian ag e plu tons. P rotoliths of these rocks inclu de mafic and felsic volcanic rocks, as well as volcanog enic sedimentary rocks (Boltin and Stoddard, 1987;
Stoddard and others 2009, 2011; Sacks and others, 2011; Stoddard, 2012). T hese rocks have been su g g ested to be a su prastru ctu ral component of Carolinia (H ibbard and others, 2002).  No fossils have been identified in the Spring  H ope terrane, bu t radiometric
ag es on dacite rang e from 525 to 628 Ma (Goldberg , 1994; H orton and Stern, 1994; Coler and Samson, 2000; Stoddard and Miller, 2011).
Locally, the Northwest Gu pton plu ton separates rocks of the Macon fau lt zone and the Spring  H ope terrane. It is oriented NE-SW  across the qu adrang le. T extu res of the intru sive rocks rang e from finely crystalline and aplitic to equ ig ranu lar and locally meg acrystic,
and from u ndeformed to strong ly deformed. T he composition of these rocks rang es from K-feldspar g ranite to monzog ranite with smaller biotite g ranite pods. Smaller bodies of qu artz diorite and tonalite are confined within the bou ndaries of these plu tons. A
reg ionally extensive shear foliation is developed within localized zones of hig h strain, overprinting  these rocks in the same relative orientation as the Macon fau lt, su g g esting  that motion along  this fau lt was synchronou s with respect to plu ton emplacement. In
addition, Ju rassic ag e diabase, olivine diabase and locally porphyritic plag ioclase diabase crosscu t all older crystalline rocks as su bvertically to vertically dipping  dikes.
P REV IO U S W O RK
T he sou thern portion of the Inez Q u adrang le was mapped throu g h partial fu nding  by the U SGS Edu cational Mapping  P rog ram (EDMAP ) as part of a masters thesis (Morrow, 2015).  P reviou s g eolog ic investig ations relevant to the Inez 1:24K Q u adrang le inclu de
nu m erou s reg ional and reconnaissance stu dies. P arker (1968) defined the stru ctu ral framework for the reg ion. McDaniel (1980) mapped W arren Cou nty at a scale of 1:100K. Farrar (1985a,b) mapped the entire eastern P iedmont, defined map u nits, and proposed a
reg ional tectonic model. Detailed 1:24K-scale mapping  by Sacks (1996, 1999) has provided litholog ic and stru ctu ral data within the Macon fau lt zone along  the NC-V A state line to the north in the Gasbu rg  qu adrang le. More recent detailed-scale m apping  has been
completed in the Gold Sand and Centerville qu adrang les to the sou th and the Littleton and H ollister qu adrang les to the northeast and east, respectively (Stoddard and others, 2009; 2011; Sacks and others, 2011).
DESCRIP T IO N O F MAP  U NIT S
Modified rock u nit descriptions of Morrow (2015) and Sacks and others (2011) were u sed.  Ig neou s rock descriptions for this pu blication u se the classification scheme of Le Maitre (2002). Schmidt equ al-area stereonet analysis was completed on planar and linear
fabric elements u sing  R.W . Allmending er’s plotting  prog ram Stereonet version 8.8.5 (Allmending er and others, 2013 and Cardozo and Allmending er, 2013). Contou ring  on stereog ram plots is u sed to assess data density distribu tion u sing  the Kam b method (Kamb,
1959).

DESCRIP T IO NS O F MAP  U NIT S
SEDIMENT ARY U NIT S
Q al – Q uate rnary alluvium :T an-brown, u nconsolidated, poorly sorted, ang u lar to su brou nded clay, silt, sand and g ravel- to cobble sized clasts. Clasts derived from su rrou nding  older m etamorphic and plu tonic u nits. Deposited in stream drainag es
and floodplains.
Tug – Te rtiary upland  grave ls:T an-brown to orang e-brown, poorly sorted, u nconsolidated su brou nded to rou nded g ravels- to cobble sized clasts. Clasts derived from su rrou nding  older m etamorphic and plu tonic u nits. Gravels were deposited on
hig hlands prior to downcu tting  by stream drainag es. O ccu rrence is g enerally restricted to above 300’ elevation.
H YDRO T H ERMAL U NIT S
q v - Ve in Q uartz:white- dark g ray, g ravel to bou lder sized clasts of m ilky and smoky qu artz. O u tcrops rang e in size from isolated bou lder piles to entire hilltops. Linear ridg es of qu artz are identified u sing  reg u larly spaced ou tcrops. O ccu rrence of
su ch ridg es is possibly related to mineralization along  tension g ashes and fau lts. An east-west trending  example is present in the northeast portion of map – northeast of H W Y 43.  Yellow triang le symbols indicate isolated ou tcrops or float
occu rrences.
c c l - Silic ifie d  Catac lasite :Green-g ray to white, finely crystalline qu artz + plag ioclase + epidote + chlorite rock. Locally, this mineral assemblag e completely replaces the host rock. O u tcrops are g enerally massive and hig hly fractu red. Its
occu rrence is su g g ested to be related to brittle fau lting . O ne major brittle fau lt seg m ent is inferred to trend east-west along  W olfpit branch.  Yellow squ are sym bols indicate isolated ou tcrops or float occu rrences.
INT RU SIV E U NIT S
Jd  – d iabase :Fine to mediu m-g rained, dark g ray to black, equ ig ranu lar to locally plag ioclase porphyritic diabase, typically olivine-bearing .  Commonly weathers to tan-g ray, spheroidal bou lders and cobbles.  O ccu rs in vertical to steeply dipping
dikes.  T he traces of the larg er dikes correlate with and may be partly inferred on the basis of linear mag netic hig hs.   In the Inez qu ad, nearly all diabase dikes trend NW  to NNW .  Red dots indicate isolated ou tcrops or float occu rrences.
PPnwg – Northwe st Gupton Granite :Mainly mylonitic to locally u ndeform ed. Leu cocratic (CI=5-10) white-g ray, mediu m- to very coarse crystalline g ranite.  T he primary mineral assemblag e inclu des K-feldspar + qu artz + plag ioclase ± white mica.
Locally this rock contains biotite and red g arnet 1-3 mm in size. Locally contains abu ndant enclaves of g neiss and schist, as well as nu m erou s dikes and pods of peg m atite and aplite. P eg m atite is leu cocratic (CI= 10-20) white-g ray to pinkish g ray,
coarse crystalline g ranite comprised of coarse to peg m atitic orthoclase, coarse crystalline qu artz and Na-plag ioclase, mediu m-coarse white mica ± biotite. Accessory minerals inclu de sphene + zircon + apatite. O rthoclase and white mica
porphyroclasts are commonly 1-5 cm in diameter. Aplitic zones are leu cocratic (CI=5) white-g ray, finely crystalline g ranite. Aplite is commonly exposed within larg er ou tcrops of leu cog ranite and peg m atitic g ranite. T his u nit is locally inferred by the
presence of larg e white mica flakes in the soil profile. T his u nit locally carries evidence of du ctile and brittle deformation. A continu ou s zone of weakly to strong ly foliated protomylonitic to mylonitic g ranite strikes northeast and extends from the
sou thwest corner of the qu adrang le to the northeast of Fishing  Creek. H ere, stretched ribbons of qu artz define a mineral rodding  lineation and lie between a white mica and biotite foliation. Several sm aller centimeter to meter wide zones of du ctily
deformed leu cog ranite also trend northeast-sou thwest and are consistent with other locally developed tectonic fabric. Chlorite films along  fractu re su rfaces, silica and epidote replacement and discrete zones of silicified cataclasite su g g est a
localized brittle overprint. A portion of the contact of this u nit is defined by a 3-5 m-wide zone of silicified cataclasite that defines the contact with the Raleig h terrane along  W olfpit Branch.
PPq d  – Northwe st Gupton q uartz d iorite :Mesocratic (CI 55-60), g reen-g ray and dark g ray-white spotted, mediu m crystalline qu artz diorite-tonalite. Composed of hornblende + plag ioclase + qu artz ± biotite. Q u artz diorite is locally porphyritic.
P lag ioclase and hornblende phenocrysts are prismatic and tabu lar, respectively, and are 2-5 mm in leng th. T extu rally, these rocks rang e from u ndeformed to mylonitic.  Locally, deform ed and metamorphosed portions are amphibolite. Q u artz diorite
occu rs as small pods confined within P P nwg .  T he pods are locally crosscu t by meg acrystic K-feldspar g ranite dikes.
MET AMO RP H IC RO CKS O F T H E SP RING H O P E T ERRANE
Note:  order of listed u nits does not imply stratig raphic sequ ence
CZim  – inte rm e d iate -m afic  m e taplutonic  roc ks:Dark g reen to g reenish-black, mediu m- to coarse-g rained weakly foliated to massive metag abbro or metadiorite consisting  of amphibole and plag ioclase, with or withou t clinopyroxene, with local
qu artz and epidote; and tan to brownish mediu m-g rained weakly to non-foliated metadiorite containing  plag ioclase, biotite, qu artz, and local epidote or clinozoisite.  Displays probable relict plu tonic textu re.
CZm m v – m afic  m e tavolc anic  roc ks:Green to dark g reen, fine to mediu m g rained, weakly to moderately foliated amphibolite, amphibole g neiss, g reenstone, phyllite, and qu artz-epidote rock containing  variou s mixtu res of hornblende,
plag ioclase, epidote/clinozoisite, qu artz, chlorite, and opaqu e minerals.  In the neig hboring  H ollister qu ad, inclu des metabasalt having  obviou s relict primary ig neou s textu res inclu ding  plag ioclase phenocrysts and randomly oriented g rou ndm ass
laths, as well as amyg du les filled with calcite, epidote-clinozoisite, or qu artz (Boltin and Stoddard, 1987).  Boltin and Stoddard (1987) also describes a hyaloclastite breccia.  Chemical analyses of metabasalt and amphibolite su g g est either ocean-
floor or volcanic-arc affinities (Boltin, 1985) while the metabasalts are interpreted to be low-K abyssal tholeiites that u nderwent spilitization and low-g rade metamorphism (Boltin, 1985).
CZfm v – fe lsic  m e tavolc anic  roc ks:Lig ht g rayish-tan, fine-g rained, layered felsic g neiss composed prim arily of plag ioclase, qu artz, and microcline, with minor or accessory biotite, g arnet, amphibole, epidote, white mica and opaqu e minerals.
T ypically contains sig nificant mag netite.  Relict phenocrysts of sodic plag ioclase and/or qu artz are locally present.  Rock is distinctively hornfelsic in contact au reoles and where occu rring  as enclaves within g ranite plu tons.  Common metamorphic
minerals, especially in hornfels zone, inclu de Ca-amphibole, Mn-Fe g arnet, and mag netite; these minerals may occu r in clu sters, su g g esting  they are pseu domorphou s after m afic phenocrysts or possibly amyg du les.  Interpreted to be pyroclastic or
lava in orig in.  Inclu des Bens Creek leu cog neiss of Farrar (1985a,b) and qu artzite of McDaniel (1980); also believed to be correlative with “dacitic blu estone” mapped to the sou thwest (Stoddard, 1993; Stoddard and others, 2009).  Major-element
chemical data indicate that the rock has a rhyodacitic protolith.  T he u nit inclu des dacitic to rhyolitic rocks based on analyzed samples from elsewhere (Stoddard, 1993; Stoddard and others, 2011).
CZm gs – m e tagraywac ke  and  m e tasiltstone :Lig ht g reenish to mediu m-brown or g ray, fine- to mediu m-g rained metag raywacke; fine, typically phyllitic, slaty or fissile m etasiltstone.  Consists of qu artz, plag ioclase, white mica, biotite, epidote and
opaqu e minerals.  Locally displays relict clastic textu re and sedim entary bedding  or laminae, commonly with a tectonic cleavag e at an ang le.  May weather into thin slabs. Inclu des minor metavolcanic rocks inclu ding  felsic varieties with possible
phenocrysts of plag ioclase and qu artz, and chlorite-actinolite phyllite likely derived from a mafic protolith.
CZm ps – Maple  Branc h sc hist:Gray-silvery g ray, mediu m to coarse-crystalline white mica schist. T his u nit also contains conspicu ou s, su bidioblastic porphyroblasts of g arnet and stau rolite that are 1-5 mm in diameter and leng th, respectively.
T he schistosity is flattened arou nd the g arnet and stau rolite porphryoblasts. T hese rocks may be qu artz-rich or qu artz-poor and locally contain biotite. W hen in contact with the northwestern arm of the Gu pton plu ton, these rocks are
metamorphosed to albite-epidote hornfels zone. Loose g rains of andalu site have been reported from this u nit in the sou thern Inez qu adrang le (Stoddard and others, 1987).  T his u nit may be the hig her g rade metamorphic equ ivalent of CZm g s.
MET AMO RP H IC RO CKS O F T H E RALEIGH  T ERRANE
Note:  order of listed u nits does not imply stratig raphic sequ ence
PzZlgg – Libe ria granite  and  granitic  gne iss:Leu cocratic (CI=15), lig ht tannish g ray-brown, mediu m-coarsely crystalline protomylonitic-u ltramylonitic qu artz + K-feldspar + white mica g ranite. Locally contains g arnet and/or tou rm aline.
Commonly, porphyritic K-feldspar g ranite transitions into predominantly mylonitic to u ltramylonitic porphyroclastic K-feldspar and plag ioclase g ranitic g neiss within the Macon fau lt zone. Q u artz and K-feldspar au g en are compositionally layered in a
white mica ± biotite mylonitic shear foliation and are 1-5 mm and 1-10 mm in diameter, respectively. Feldspar au g en exhibit asymmetric tails comprised of qu artz ± feldspar ± white mica that su g g est tops to the northeast dextral shear sense. T hese
rocks commonly develop a white mica ag g reg ate and qu artz rodding  lineation that also indicates dextral shear sense. T his u nit is correlative to the CZm xg  u nit of Stoddard et al. (2009) and Sacks et al. (2011).
PzZbg – biotite  gne iss:P redominantly interlayered leu cocratic (CI 5-30) mediu m-g ray to g reenish-g ray, fine to mediu m-g rained biotite g neiss and g rayish-tan m u scovite-biotite g neiss composed of plag ioclase, qu artz, biotite, white mica, and local
g arnet.  Interlayered with mesocratic (CI 35-60), dark g rayish-g reen to g reenish-black, mediu m-g rained amphibole and amphibole-biotite g neiss composed of plag ioclase and amphibole, and local biotite, qu artz, clinopyroxene, mag netite and/or
epidote.  Also contains minor interlayers of m u scovite schist. Locally displays compositional layering  and a well-developed g neissosity.
PzYm bs – Mill Branc h sc hist:Leu cocratic (CI= 20-30), tan-orang e brown, fine-mediu m crystalline white mica schist to chlorite-white mica phyllonitic schist. T he primary mineral assemblag e inclu des white mica, qu artz, K-feldspar ± biotite and
chlorite. Local Fe/Mn oxide staining  may g ive this u nit a red- orang e appearance. Larg e white mica ‘fish’ porphyroblasts (.5-2cm) comprise a penetrative shear foliation. W hite mica porphyroblasts consistently show tops to the northwest and tops to
the northeast su g g esting  dextral-norm al shear sense. Individu al white mica g rains form a mineral ag g reg ate lineation within the Macon fau lt zone. Stretched qu artz and K-feldspar ag g reg ates lie between white mica foliation and create a mineral
rodding  lineation. T his u nit is correlative to the CZms u nit of Stoddard et al. (2009). Becau se of the Mesoproterozoic detrital zircon dates obtained from the Sou l City amphibolitic g neiss (P each et al., 2017) and the u nclear protolith relationships in
the Mill Branch schist, it is cu rrently inferred to rang e from the Mesoproterozoic to P aleozoic, hence the P zYmbs u nit ag e notation.
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