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Aaron Formation
Youngest detrital zircons of ca. 588 and 578 Ma
(Pollock et al., 2010 and Samson et al., 2001, respectively)
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Hyco Formation — upper member

Metamorphosed plutonic rocks
ca. 614 and 613 Ma (Wortman et al., 2000)
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Metamorphosed volcaniclastic sedimentary and
pyroclastic rocks associated with Hyco Formation:
upper portion ca. 616 - 612 Ma (Wortman et al., 2000;
Bowman, 2010; and Bradley and Miller, 2011)
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Metamorphosed volcaniclastic sedimentary and
pyroclastic rocks associated with Hyco Formation:
lower portion ca. 633 - 629 Ma (Wortman et al., 2000;
and Bradley and Miller, 2011)
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INTRODUCTION

The Liberty 7.5-minute Quadrangle lies in the east central portion of the North Carolina Piedmont. The headwaters of the Rocky River are present in the
quadrangle; the Randolph — Chatham County line crosses the quadrangle from north to south. The Chatham — Alamance — Randolph County lines are present
in the northeast of the quadrangle. The Town of Liberty (population approximately 2,600) occupies the north-central portion of the quadrangle. The Town of
Staley (population approximately 400) is located in the southern portion of the quadrangle. The quadrangle is crossed by northwest-southeast US Highway
421. US Hwy 64, a major east-west corridor for the central Piedmont, is located immediately to the south of the quadrangle and crosses into the quadrangle
for approximately 0.75 miles.

Approximately half of the quadrangle drains to the Rocky River along drainages that include the North Rocky River Prong and the unnamed headwater creeks
and tributaries of the Rocky River. A small portion of the quadrangle, immediately north of Town of Liberty, drains to the Haw River. The western portion of the
quadrangle drains to the Deep River along drainages that include Boodom Creek, Mount Pleasant Creek, Reed Creek, Brush Creek and Reedy Fork. In the
southeast corner of the quadrangle, the drainage divide between the Rocky and Deep Rivers is locally controlled by a ridge that marks a major geologic
contact (Hyco and Aaron Formations). Natural exposures of crystalline rocks occur mainly along these and numerous unnamed creeks. Rock exposure at
road cuts, ridges, resistant finned-shaped outcrops and pavement outcrops occur locally outside of drainages. The elevations in the map area range from
about 810 feet above sea level northeast of the Town of Liberty, to less than 540 feet along Reed Creek and one of it's unnamed tributaries near the
southwestern corner of the quadrangle where HWY 64 enters the quadrangle.

GEOLOGIC BACKGROUND AND PAST WORK

Pre-Mesozoic crystalline rocks in the Liberty Quadrangle are part of the redefined Hyco Arc (Hibbard et al., 2013) within the Neoproterozoic to Cambrian
Carolina terrane (Hibbard et al., 2002; and Hibbard et al., 2006). In the region of the map area, the Carolina terrane can be separated into two lithotectonic
units: 1) the Hyco Arc and 2) the Aaron Formation of the redefined Virgilina sequence (Hibbard et al., 2013). The Hyco Arc consists of the Hyco Formation
which include ca. 633 to 612 Ma (Wortman et al., 2000; Bowman, 2010; Bradley and Miller, 2011) metamorphosed layered volcaniclastic rocks and plutonic
rocks. Available age dates (Wortman et al., 2000; Bradley and Miller, 2011) indicate the Hyco Formation may be divided into lower (ca. 630 Ma) and upper (ca.
615 Ma) portions (informal) with an apparent intervening hiatus of magmatism. In northeastern Chatham County, Hyco Formation units are intruded by the ca.
579 Ma (Tadlock and Loewy, 2006) East Farrington pluton and associated West Farrington pluton. The Aaron Formation consists of metamorphosed layered
volcaniclastic rocks with youngest detrital zircons of ca. 588 and 578 Ma (Pollock et al., 2010 and Samson et al., 2001, respectively).

FOLDS

The Hyco Arc and Aaron Formation lithologies were folded and subjected to low grade metamorphism during the ca. 578 to 554 Ma (Pollock, 2007; Pollock et
al., 2010) Virgilina deformation (Glover and Sinha, 1973; Harris and Glover, 1985; Harris and Glover, 1988; and Hibbard and Samson, 1995). In the map area,
original layering of Hyco and Aaron Formation lithologies are interpreted to range from shallowly to steeply dipping due to open to tight folds that are locally
overturned to the southeast.

Four hundred and seven (407) primary bedding, layering and compaction/welding foliation measurements from this and adjacent quadrangles in the immediate
area of the map were used in stereogram analyses to determine the range of fold interlimb angles. Calculated interlimb angles ranged from greater than 120
degrees to less than 30 degrees indicating the presence of gentle to tight folds. Preliminary domain analyses of measurements in Hyco Formation units only,
indicate the folds range from tight to open with the majority of the folds likely within the tight to close range. Preliminary domain analyses of measurements in
Aaron Formation units only, indicate the folds range from tight to gentle with the majority of the folds within the open range.

Map units of metavolcanic and metavolcaniclastic rocks include various lithologies that when grouped together are interpreted to indicate general environments
of deposition. The dacitic lavas and tuffs unit is interpreted to represent dacitic domes and proximal pyroclastics. The andesitic to basaltic lavas (with tuffs or
conglomerates) units are interpreted to represent eruption of intermediate to mafic lava flows and associated pyroclastic and/or epiclastic deposits. The
epiclastic/pyroclastic units are interpreted to represent deposition from the erosion of dormant and active volcanic highlands. Some of the metavolcaniclastic
units within the map area display lithologic relationships similar to dated units present in northern Orange and Durham Counties. Due to these similarities, the
metavolcanic and metavolcaniclastic units have been tentatively separated into upper and lower portions of the Hyco Formation; geochronologic data in the
map area is needed to confirm this interpretation. A review of the regional lithologies is summarized in Bradley (2013).

Abundant evidence of brittle faulting at the outcrop scale and large-scale lineaments (as interpreted from hillshade LIDAR data) are present in the map area
and adjacent quadrangles. The brittle faulting and lineaments are interpreted to be associated with Mesozoic extension. The Colon cross-structure
(Reinemund, 1955), located to the southeast of the study area, is a constriction zone in the Deep River Mesozoic basin and is characterized by crystalline
rocks overprinted by complex brittle faulting. Dikes of Jurassic aged diabase intrude the crystalline rocks of the area. Additionally, Burt et al. (1978) indicates
the presence of a through-going diabase dike inferred from aeromagnetic data or stream patterns in the map area. Quaternary aged alluvium is present in
most major drainages.

MINERAL RESOURCES

There are no active mining activities currently in the quadrangle. The central portion of the quadrangle is on strike with a large zone of high-sulfidation
alteration as described by Schmidt et al. (2006). This alteration zone has the potential for pyrophyllite and gold resources. The abandoned Staley Pyrophyllite
Mine is located in Randolph County, approximately 3.5 miles west of the Town of Staley, on Soapstone Mountain Road. Stuckey (1967) indicates that the
Staley pyrophyllite deposit was, at one time, the second largest pyrophyllite mine in the State with an estimate 400,000 tons of material mined. The Staley
deposit is also discussed in Broadhurst and Councill (1953) and Espenshade and Potter (1960). According to the USGS MRDS database, the former Staley
quartz crushing plant was located within the Town of Staley.

DESCRIPTION OF MAP UNITS

All pre-Mesozoic rocks in the map area have been metamorphosed to at least the chlorite zone of the greenschist metamorphic facies. Many of the rocks
display a weak or strong metamorphic foliation. Although subjected to metamorphism, the rocks retain relict igneous, pyroclastic, and sedimentary textures
and structures that allow for the identification of protolith rocks. As such, the prefix “meta” is not included in the nomenclature of the pre-Mesozoic rocks
described in the quadrangle.

A preliminary review of the area geology is provided in Bradley (2013). Unit descriptions common to Bradley et al. (2017 a and b) from the Crutchfield
Crossroads and Siler City geologic maps, respectively, were used for conformity with on strike units in neighboring quadrangles. Unit descriptions and
stratigraphic correlations were maintained from adjacent mapping in Orange County (Bradley et al., 2016). The nomenclature of the International Union of
Geological Sciences subcommission on igneous and volcanic rocks (IUGS) after Le Maitre (2002) is used in classification and naming of the units. The
classification and naming of the rocks is based on relict igneous textures, modal mineral assemblages, or normalized mineral assemblages when whole-rock
geochemical data is available. Pyroclastic rock terminology follows that of Fisher and Schminke (1984).

Sedimentary Units

Qal — Alluvium: Unconsolidated poorly sorted and stratified deposits of angular to subrounded clay, silt, sand and gravel- to boulder-sized
Qal clasts, in stream drainages. May include point bars, terraces and natural levees along larger stream floodplains. Structural measurements
depicted on the map within Qal represent outcrops of crystalline rock inliers surrounded by alluvium.

Intrusive and Metaintrusive Units

Jd — Diabase: Black to greenish-black, fine- to medium-grained, dense, consists primarily of plagioclase, augite and may contain olivine. Occurs
as dikes up to 100 ft wide. Diabase typically occurs as spheriodally weathered boulders with a grayish-brown weathering rind. Red station

0\ location indicates outcrop or boulders of diabase.

Zdi — Diorite: Mesocratic (CI~50), greenish-gray to grayish-green, fine- to medium-grained, metamorphosed, hypidiomorphic granular diorite.
Zdi Major minerals include plagioclase and amphibole. Plagioclase crystals are typically sericitized and saussuritized. Amphiboles are typically
altered to chlorite and actinolite masses. Gabbro intermingled locally.

Zgr-gd Zgr-gd — Granite to granodiorite: Leucocratic, fine- to medium- grained, equigranular metamorphosed, granite to granodiorite.

Metavolcanic and Metavolcaniclastic Units

Aaron Formation

Za - Aaron Formation: Distinctive metasedimentary package that ranges from fine-grained siltstones to coarse-grained sandstones, pebbly
Za sandstones and conglomerates. Siltstones are similar in appearance to Hyco Formation lithologies. The sandstones, pebbly sandstones and
conglomerates (classified as litharenite, feldspathic litharenite and lithic feldsarenite by Harris (1984)) are distinctive and commonly contain
rounded to subrounded clasts of quartz ranging from sand- to gravel-sized. In the sandstones, feldspar is the most prominent mineral grain;
quartz varies from sparse to abundant in hand sample. Lithic clasts are typically prominent and range from sand- to gravel-size. Harris (1984),

This Geologic map was funded in part by the USGS National Cooperative Geologic Mapping Program
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o EXPLANATION OF MAP SYMBOLS

%&85'52' 3" CONTACTS, FAULTS, AND OTHER FEATURES

Linear geomorphic feature interpreted

_______ Inferred contact T 7777 from hillshade LiDAR - origin uncertain

............ Concealed contact - _$ ——- Interpreted fold hinge of anticline,
dotted where concealed
e Gradational contact - inferred Interpreted fold hinge of syncline;
—-= —X~ ——- question mark where existence
is questionable; dotted where concealed
— — —— Quaternary alluvium contact
- M— —- Interpreted fold hinge of overturned anticline
Inferred brittle fault; N . .
dotted where concealed ﬁ Interpreted fold hinge of overturned syncline

inferred contact ~ ____ . o _ Inferred brittle fault. ? indicates identity or
) existence questionable; inferred from LiDAR lineament.

——— interpretive fold form lines 0 o——————- inferred fold axis
— ——— diabase dike - inferred

Indicates location of vuggy quartz

©  Observation station location : .
or sliceous breccia float

Indicates location of Zhablt-dcp

® Diabase station location ] boulders or outcrop

1
O Detrital zircons date (Pollock et al., 2010)

2
7,’3{ Former Staley quartz crushing plant
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PLANAR AND OTHER FEATURES

}- 68 Strike and dip of primary bedding and/or layering (85 (Strilﬁz ?ndt;iip of E[:_Ieava%e \ocation)
multiple observations at one location

rgg Strike and dip of primary bedding and/or layering r 65 Strike and dip of inclined shear foliation
(multiple observations at one location) (multiple observations at one location)

+ & Strike and dip of inclined regional foliation * 5 Strike and dip of inclined joint surface

r71 L Strike and dip of inclined joint surface
84

85

(multiple observations at one location)

T Strike of vertical Joint surface
[ 80 Strike and dip of cleavage (multiple observations at one location)
65
$ Trend and plunge of mineral lineation }~ 60 Strike and dip of inclined brittle fault surface
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performed a detailed sedimentary study of the Aaron Formation to the immediate west of the map area. Harris (1984) interpreted the Aaron 35 45 \ S - St [ T/ _ and Z L L
Formation to have been deposited by turbidity currents in a retrogradational submarine fan setting. Pollock et al., (2010) interprets an 79 37'30" e S DN AN (/PRI = (S N A
approximate 35 million year unconformity between the Aaron and underlying Hyco Formation. This interpretation is based in part on detrital *
zircon age date data from an Aaron conglomerate sample collected in the Quadrangle. Topographic base produced by the United States Geological Survey. SCALE 1:24 000 ROAD CLASSIFICATION
Hyco Formation — Upper Portion Altered by the North Carolina Geological Survey for use with map. 5 29 W 0 KILOMETERS 1 2 ot X Expressway
North American Datum of 1983 (NAD83) TASTMILS | dn 1000 500 0 METERS 1000 2000 Secondary HWY e Local Road
Zhabl - Andesitic to basaltic lavas: Green, gray-green, gray, dark gray and black; typically unfoliated, amygdaloidal, plagioclase porphyritic, Y’S&?ﬁiﬁﬁf ;',f;dsz”f,ﬁ?e?fafﬁ:,fl'ﬁi?i&efc':@fft’ﬁ,“nﬂdys “%%‘1? [E— 05 ‘0 ! Ramp — 4wD
amphibole/pyroxene porphyritic and aphanitic; metamorphosed: andesitic to basaltic lavas and shallow intrusions. Hyaloclastic texture is 10 000-foot ticks: North Carolina Coordinate System of 1983 MILES 'lnterstate Route Ej US Route
common and imparts a fragmental texture on some outcrops and float boulders. Conglomeratic rocks consisting of angular clasts of andesite [ 1000 2w 3000 4000 5000 6000 7000 3000 900010000 QUADRANGLE LOCATION
and/or basalt occur locally and are interpreted as resedimented hyaloclastite. Ir;*nagery ................................................... NAIP, May 2012 U SIDAND 2013 MAGNETIC NORTH FEET
. - . . Ng:qd:s. ............................................. ©2006-201é ng;&n; Climax | Kimesville | 52O
Zhablt-dcp Zhablt-dcp — Andesite to basalt porphyry of the Dry Creek area: Distinctive, green to dark green, metamorphosed andesite porphyry with Hy dFOg-l:é;?.r;f:'...'_::..'.'.....-.:‘:.’.Q.‘...Fl;t.i.c;r.);l:‘l:l;;:’!.r;g.}’a.[;;)}‘[‘};taset, 2012 U.S. National Grid CONTOUR INTERVAL 10 FEET Camp
" aphanitic groundmass and euhedral phenocrysts (up to 10 mm) of greenish-white plagioclase; phenocrysts typically constitute 20 to 50% of the CONLOUIS. e 0 National Elevation Dataset. 2008 100,000-m Square (D NORTH AMERICAN VERTICAL DATUM OF 1988
rock; local alignment of plagioclase; lesser pyroxene/amphibole phenocrysts. Green to dark green basalt porphyry with abundant pyroxene Boundaries.................... Census, IBWC, IBC, USGS, 1972 - 2012 Grays Crutehfield
(altered to amphibole) phenocrysts with minor plagioclase phenocrysts. Andesite and basalt porphyries locally amygdaloidal (up to 2 cm), PV This map was produced to conform with the Chapel | P | Croseronds
amygdules in filling include calcite, quartz, chlorite, and epidote. Same as Dry Creek Porphyry complex of Hauck (1977). Present as isolated A,::g’éﬁff;?Egs‘;ﬁa"t?f@]f?hﬁﬁpﬁrotiyczSt?tndard_, 2%1};
outcrops or boulders as designated by green station locations. Base map is from USGS 2013 GeoPDF of the Liberty Grid Zone Designation ' product is draft version 0.6.11 LIBERTY, NC
7.5-minute quadrangle. Air photo, map collar and select 178 Ramseur | Coleridge |  SheT
Zhe/plim - Mixed epiclastic-pyroclastic rocks with interlayered intermediate to basaltic lavas: Grayish-green to greenish-gray, locally with features removed. Bounds of GeoPDF based on 7.5- ' aw
| distinctive reddish-gray or maroon to lavender coloration; metamorphosed: conglomerate, conglomeratic sandstone, sandstone, siltstone, minute grid projection in UTM 178; North American

Datum of 1983 (NAD83).

I mudstone, and felsic fine- to coarse tuff and lapilli tuff. Siltstones are locally phyllitic. Locally contain interbedded andesitic to basaltic lavas
identical to Zhabl unit. Silicified and/or sericitized altered rock are locally present. Interpreted to be in gradational contact with unit Zhe/pl and
identified by increase in intermediate to mafic lavas and decrease and/or absence of dacites. Fine- to medium-grained diorite is locally present.

= | Zhelpl - Mixed epiclastic-pyroclastic rocks with interlayered dacitic lavas: Grayish-green to greenish-gray, locally with distinctive reddish-
| gray or maroon to lavender coloration; metamorphosed: conglomerate, conglomeratic sandstone, sandstone, siltstone and mudstone. Lithologies
are locally bedded; locally tuffaceous with a cryptocrystalline-like groundmass. Siltstones are locally phyllitic. Contains lesser amounts of fine- to
coarse tuff and lapilli tuff with a cryptocrystalline-like groundmass. Pyroclastics, lavas, and epiclastics are mainly felsic in composition. Locally
contain interbedded dacitic lavas identical to Zhdlt unit. Minor andesitic to basaltic lavas and tuffs present. Silicified and/or sericitized altered
rock are locally present and increase in occurrence toward the north. Conglomerates and conglomeratic sandstones typically contain subrounded
to angular clasts of dacite in a clastic matrix. Portions of the Zhe/pl unit are interpreted to have been deposited proximal to active volcanic
centers represented by the Zhdlt unit but are also interpreted to record the erosion of proximal volcanic centers after cessation of active
volcanism.
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The deposition of the Zhe/pl unit in the Liberty Quadrangle likely spans the magmatic pulses of the lower and upper Hyco Formation. Felsic tuffs
are interlayered with conglomerates and conglomeratic sandstone with angular clasts of dacite similar to the Zhdlt (I) unit.

Hyco Formation — Lower Portion

Zhft (1) - Felsic tuffs: Grayish-green to greenish-gray and silvery-gray; massive to foliated volcaniclastic pyroclastic rocks consisting of fine- to
Zhft (1) coarse tuffs, lapilli tuffs and minor welded tuffs. Tuffs are differentiated from other volcaniclastic rocks by the presence of zones of
cryptocrystalline texture that exhibit conchoidal-like fractures in between foliation domains. Layering ranges from massive to thinly bedded.
Contains lesser amounts of volcaniclatic sedimentary rocks consisting of volcanic sandstones, and greywackes with minor siltstones and phyllite.

Zhdlt (I) — Dacitic lavas and tuffs of the lower portion of the Hyco Formation: Distinctive gray to dark gray, siliceous, cryptocrystalline dacite,
Zhdlt (1) porphyritic dacite with plagioclase phenocrysts, and flow banded dacite. Welded and non-welded tuffs associated with the lavas include:
greenish-gray to grayish-green, fine tuff, coarse plagioclase crystal tuff; lapilli tuff; and tuff breccia. The dacites are interpreted to have been
coherent extrusives or very shallow intrusions associated with dome formation. The tuffs are interpreted as episodic pyroclastic flow deposits, air
fall tuffs or reworked tuffs generated during formation of dacite domes. Wortman et al. (2000) report a 632.9 +2.6/-1.9 Ma zircon date from a
sample within the unit in the Chapel Hill quadrangle generally on strike with this unit.

The Zhdlt unit in the Liberty Quadrangle is partially flanked on the southeast by the Zhft (felsic tuffs) unit. This relationship is typical of dacites
assigned to the lower member of the Hyco Formation. As such, the Zhft and Zhdlt of the Liberty Quadrangle are tentatively assigned to the lower
member of the Hyco, additional geochronologic data is required to confirm this correlation.

This geologic map was funded in part by the USGS National Cooperative Geologic
Mapping Program under StateMap award numbers G15AC00237, 2015 and
G17AC00264, 2017.

This map and explanatory information is submitted for publication with the
understanding that the United States Government is authorized to reproduce and
distribute reprints for governmental use. The views and conclusions contained in this
document are those of the authors and should not be interpreted as necessarily
representing the official policies, either expressed or implied, of the U.S. Government.
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