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INT RODU CT ION
P re-Mesozoic crystalline rocks in north eastern and north ern Durh am County are part of th e redefined H yco Arc (H ibbard et al., 2013) w ithin th e Neoproterozoic to Cambrian Carolina terrane of th e Carolina Zone (H ibbard et al., 2002; and H ibbard et al., 2006; H ibbard et al., 2013).  W ith in th e map area, th e Carolina terrane can be separated into tw o lith otectonic units: 1) th e H yco Formation of th e H yco Arc and 2) th e Aaron Formation of th e redefined V irg ilina sequence (H ibbard et al., 2013).  Ag e dates from Durh am and Orang e County
h av e differentiated th e H yco Formation into a ca. 633-629 Ma low er member (W ortman et al., 2000; and Bradley and Miller, 2011) and a ca.616-612 Ma upper member (W ortman et al., 2000; Bow man, 2010; and Bradley and Miller, 2011).  In Durh am County, th e H yco Formation consists of layered meta-volcaniclastic and meta-plutonic rocks.  T h e Aaron Formation, w h ich  is composed of metamorph osed layered volcaniclastic rocks, yields detrital zircon ag es as young  as 578 and 588 Ma (Samson et al., 2001 and P ollock, 2007,
respectiv ely).  Deformation and low -g rade metamorph ism of both  th e H yco Arc and th e Aaron Formation occurred during th e ca. 578 to 554 Ma (P ollock, 2007) V irg ilina deformation (Glov er and Sinh a, 1973; H arris and Glov er, 1985; H arris and Glov er, 1988; and H ibbard and Samson, 1995).  In th e map area, original layering  of H yco and Aaron Formation lith olog ies are interpreted to rang e from sh allow ly to steeply dipping  due to open to isoclinal folds th at are locally overturned to th e south east.

H yco Formation units of meta-volcaniclastic rocks include v arious lith olog ies th at are g rouped tog eth er to represent interpreted environments of deposition (or lith ofacies).  T h e dacitic lav as and tuffs unit is interpreted to represent dacitic domes and proximal pyroclastics. T h e felsic tuffs unit is interpreted to be distally deposited air fall tuffs and associated volcanosedimentary rocks. T h e andesitic to basaltic lav as and tuffs unit is interpreted to represent eruption of intermediate to mafic lav a flow s and associated pyroclastics.  T h e
epiclastic/pyroclastic units are interpreted to be deposits of activ e volcanics and eroded volcanic h ig h lands.
T h e V ermiforma antiqua fossil locality reported by Cloud et al. (1976) is present w ith in th e H yco Formation (upper member) along  th e South  Fork of th e Little River.  Seilach er et al. (2000) indicates th e feature may be a tectog raph instead of a true fossil.
A small section of th e Cary sequence (P arker, 1979; Farrar, 1985) of th e Easternmost Carolina terrane (Blake et al., 2012) is located in th e south eastern section of th e map.  A zircon ag e date of ca. 575 Ma w as reported by Goldberg  (1994) for th e Big Lake-Rav en Rock sch ist unit.  T h is date may indicate th at th e Easternmost Carolina terrane is equiv alent to th e Aaron Formation of th e redefined V irg ilina sequence (H ibbard et al., 2013).  In Durh am County, th e Cary sequence is composed of upper g reensch ist facies metaplutonic rocks of
th e Beav erdam Complex and meta-volcaniclastic rocks.

T h e central and south ern portions of Durh am County are part of th e T riassic-ag ed Durh am sub-basin of th e Deep Riv er Mesozoic basin.  Lith olog ies in th e basin include v ariously interlayered mudstones, siltstones, sandstones, and cong lomerates.  Generally th e basin is dominated by interlayered cong lomerates and sandstones proximal to th e Jonesboro Fault and incrementally fines aw ay from th e fault.  Jurassic-ag ed diabase dikes and sills intrude basin sediments.  Diabase dikes also intrude th e crystalline rocks of th e County.  T h e
Durh am sub-basin lacks marker beds, making  th e identification of formal formations difficult (Clark et al., 2001).  Instead, an alternate meth od of lith ofacies associations is used to g roup sedimentary rocks of th e Durh am sub-basin based on lith olog y and interpreted depositional environment (H offman and Gallag h er, 1989; W atson, 1998; and Clark et al., 2001).  Location of th e Lith ofacies Association I and II contact in th e North east Durh am Q uadrang le w as modified from Spencer (1987) to edg e match  w ith H offman and Gallag h er
(1989) contacts.  T h is contact w as extended into th e Lake Mich ie Q uadrang le to edg e-match  w ith  th e North east Durh am Geolog ic map (P h illips et al., 2004 (revised 2010)).  Extent of diabase sills in th e North w est Durh am Q uadrang le w ere modified from Spencer (1987).
T h e former T riang le Brick pit in south east Durh am County is a w orld-class T riassic fossil locality in th e T rcsi/s unit.  Recov ered specimens include plants, invertebrates, and v ertebrates.  Clark et al. (2001) and P eyer et al. (2008) provide additional information and references related to fossils recov ered from th e T riang le Brick site.
All pre-Mesozoic rocks in Durh am County h av e been metamorph osed to at least th e ch lorite zone of th e g reensch ist metamorph ic facies.  Many of th e rocks display a w eak or strong  metamorph ic foliation.  Alth oug h  subjected to metamorph ism, th e rocks retain relict ig neous, pyroclastic, and sedimentary textures and structures th at allow  for th e identification of protolith  rocks.  As such , th e prefix “meta” is not included in th e nomenclature of th e pre-Mesozoic rocks described in th e quadrang le.  Jurassic diabase is not metamorph osed.

T h e nomenclature of th e International U nion of Geolog ical Sciences subcommission on ig neous and volcanic rocks (IU GS) after Le Maitre (2002) is used in classification and naming  of th e units.  T h e classification and naming  of th e rocks is based on relict ig neous textures, modal mineral assemblag es, or normalized mineral assemblag es w h en w h ole-rock g eoch emical data is av ailable.  P ast w orkers w ith in th e County and adjacent areas (Bain and H arv ey, 1977; H orton et al., 1992; McConnell, 1974; McConnell and Glov er, 1982;
Spencer, 1987; W rig h t, 1974) h av e used v arious nomenclature systems for th e ig neous rocks.  T h e raw  data, w h en av ailable, of th ese earlier w orkers w as recalculated and plotted on ternary diag rams and classified based on IU GS nomenclature.  P yroclastic rock terminolog y follow s th at of Fish er and Schminke (1984).  T riassic units follow  th e nomenclature of Clark et al. (2001) and H offman and Gallag h er (1989).
A preliminary review  of th e area g eolog y is provided in Bradley (2013).  T h is map is a compilation of modified and edited data from th e Durh am County portions of th e Roug emont (Bradley et al., 2011), Lake Mich ie (Rh odes et al., 2012; McConnell, 1974), North w est Durh am (Bradley et al., 2004), North east Durh am (P hillips et al., 2004), Creedmoor (Clark et al., 2002), Ch apel H ill (Bradley et al., 2004), South w est Durh am (H offman and Gallag h er, 1989), South east Durh am (H offman and Gallag h er, 1989), Raleig h  30’ x 60’ (Clark et
al., 2004), Farring ton (Bradley et al., 2007), and Green Lev el (W atson, 1998) g eolog ic maps.

DESCRIP T ION OF U NIT S
Sedimentary U nits
Qal – Alluvium:U nconsolidated poorly sorted and stratified deposits of ang ular to subrounded clay, silt, sand and g rav el- to cobble-sized clasts, in stream drainag es.  May include point bars, terraces and natural lev ees along  larg er stream floodplains.  Structural measurements depicted on th e map w ith in Q al represent outcrops of crystalline rock inliers surrounded by alluvium.

Qt – Quaternary terrace deposits:U nconsolidated clay, silt, sand and pebbles on flat plain abov e current floodplain lev el; cobble and boulder float (up to 40 cm diameter) consisting of diabase, g ranodiorite and various volcanics (tuffs and lav as).
K/Tu – post-Ch ath am Group undifferentiated sediments:Yellow ish -orang e to brow nish-yellow  to yellow ish -g ray, unconsolidated to friable unit th at consists of distinctiv e subrounded to w ell- rounded g ranules, pebbles and small cobbles of w h ite- to rose-colored quartz interlayered w ith clay, sandy-clay and clayey-sand.  Lesser amounts of moderately indurated, yellow ish -w h ite, medium- to coarse-g rained arkosic sandstone present.  U nit is mainly exposed on sh ores of B. Ev erett Jordan Lake.  U nit is in unconformable contact w ith
T riassic sediments.  U nit outcrops in few  locations at or abov e approximately 250 feet elev ation.  As such , unit extent interpreted from topog raph y w h en station location data are sparse.  Distribution of unit in th e South w est Durh am and Ch apel H ill Q uadrang les of th e County w ere interpreted from edg e match ing  w ith  g eologic maps of Green Lev el (W atson, 1998) and Farring ton quadrang les (Bradley et al., 2007).  A detailed unit description is av ailable in W atson (1998).
T RIASSIC BASIN SEDIMENT S
Trcs/si1– Sandstone with  interb edded siltstone of th e Ch ath am Group Lith ofac ies Association I:Grayish -pink, pinkish -g ray, and lig h t-g ray; fine- to coarse-g rained, micaeous, slig h tly clayey, moderately poor to moderately w ell sorted, subang ular to subrounded arkose and lithic arkose; dark red to reddish-brow n, very silty, micaeous, moderately w ell sorted, fine-g rained sandstone; and dark red to reddish-brow n, massiv e, and th ickly laminated, bioturbated, micaeous to v ery micaeous, siltstone and mudstone.  Muscovite flakes up
to 3 mm diameter are common especially in th e siltstone.  Fine-g rained flakes of biotite in th e arkose and lith ic arkose is a distinctiv e accessory.  Randomly oriented and v ertical, cylindrical structures often filled w ith  pale-g reen, fine-g rained, quartz sandstone are interpreted as burrow s.  Bedding , w h en observ ed, is parallel to slig h tly w av y, occurring as th ick laminations to th inly bedded (0.5 cm to 5 cm).  T h ese rocks are assig ned to th e Lith ofacies Association I of H offman and Gallag h er (1989), W atson (1998), and Clark et al. (2001).
Trcs/si2– Sandstone with  interb edded siltstone of th e Ch ath am Group Lith ofacies Association II:Cyclical depositional sequences of w h itish-yellow  to g rayish-pink to pale red, coarse- to very coarse-g rained, troug h  cross-bedded lith ic arkose th at fines upw ard th roug h  yellow  to reddish-brow n, medium- to fine-g rained sandstone, to reddish-brow n, burrow ed and rooted siltstone.  Bioturbation is usually surrounded by g reenish -blue to g ray reduction h alos. Coarse-g rained portions contain abundant muscovite, and basal g rav el lag s
consist of clasts of quartz, bluish -g ray quartz crystal tuff, and mudstone rip-ups.  T h ese rocks are assig ned to th e Lith ofacies Association II of H offman and Gallag h er (1989) and Clark et al. (2001).
Trcsi/s - Siltstone with  interb edded sandstone of th e Ch ath am Group Lith ofacies Association II:Reddish-brow n, extensively bioturbated, micaceous siltstone; locally calcareous w ith  thin, discontinuous string ers of limestone and ch ert or zones of calcareous concretions and iron nodules.  Interbedded sandstone is typically fine- to medium-g rained, micaceous, feldspath ic, and usually less th an one meter thick.  Locally contains sparse laminated to th in-bedded reddish -brow n sh ale w ith conch ostracans and ostracods.  W orld class
T riang le Brick fossil locality from unit in Durh am County w ith  location indicated on map. See Clark et al. (2001) and P eyer et al. (2008) for additional fossil information.  T h ese rocks are assig ned to th e Lith ofacies Association II of H offman and Gallag h er (1989) and Clark et al. (2001).

Trcs – Interbedded sandstone/peb b ly sandstone of th e Ch ath am Group Lith ofacies Association III:Reddish-brow n to dark brow n, irreg ularly bedded to massiv e, poorly to moderately sorted, medium- to coarse-g rained, muddy lith ic arkoses, w ith  occasional, matrix-supported g ranules and pebbles or as 1-5 cm thick basal layers. Muscovite is common to absent. Occasional bioturbation is usually surrounded by g reenish-blue to g ray reduction h alos.  Beds are tabular, 1-3 meters th ick, w ith  g ood lateral continuity. U nit g rades
eastw ard into T rcs/c.  T h is unit description from Clark et al. (2001) combines th e T rcs and T rcsc units of H offman and Gallag h er (1989).
Trcs/c - Sandstone with  interb edded cong lomerate of th e Ch ath am Group Lith ofacies Association III:Reddish-brow n to dark brow n, irreg ularly bedded, poorly sorted, coarse-g rained to pebbly, muddy lith ic sandstones w ith  interbedded pebble to cobble cong lomerate. Muscovite is rare to absent in th e matrix. W ell-defined cong lomerate beds disting uish  th is unit from cong lomerate basal lag s of T rcs. An arbitrary cut-off of less th an 50 percent cong lomerate disting uish es th is unit from th e T rcc cong lomerate facies. Cong lomerate
beds are ch annel-sh aped and scour into th e underlying  sandstone beds. U nit g rades eastw ard into T rcc.  U nit described by Clark et al, (2001) and H offman and Gallag h er (1989).
Trcsc - Peb b ly sandstone of th e Ch ath am Group Lith ofac ies Association III:Reddish-brow n, pebbly, poorly sorted, coarse-g rained, lith ic, feldspathic sandstone; locally contains laterally discontinuous pebble and cobble trains and cong lomeratic ch annel lag s.  Description from H offman and Gallag h er (1989).

Trcc – Cong lomerate of th e Ch ath am Group Lith ofac ies Association III:Reddish-brow n to dark brow n, irreg ularly bedded, poorly sorted, cobble to boulder cong lomerate. Muscovite is rare to absent in th e very coarse-g rained to g rav elly matrix. An arbitrary cut-off of g reater th an 50 percent cong lomerate disting uish es th is unit from th e T rcs/c facies. Clasts are chiefly miscellaneous felsic and intermediate metav olcanic rocks, quartz, epidote, bluish - g ray quartz crystal tuff, muscovite sch ist, and rare meta-g ranitic material.  Locally,
maximum clast diameters are in excess of 2 m.  T h ese rocks are assig ned to th e Lith ofacies Association III of H offman and Gallag h er (1989) and Clark et al. (2001).
Trccw – Cong lomerates of th e western b order of th e Ch ath am Group:Reddish-brow n to dark brow n, matrix to clast supported, pebble to cobble cong lomerate; clasts are subrounded to rounded consisting  of primarily of quartz and foliated and unfoliated felsic volcanic rocks; matrix consists of coarse- to v ery coarse-sand.
Mesozoic Intrusive U nits
Jd – Diabase:Black to g reenish -black, melanocratic, fine- to medium-g rained, dense, consists primarily of plagioclase, augite, and may contain olivine.  Occurs as dikes up to 100 ft w ide and sills.  Locally occurs as coarse-g rained g abbro in sills.  T ypically occurs as dense, sph eriodally w eath ered boulders w ith  a g rayish -brow n w eath ering  rind.  W h ole rock g eoch emistry data for sev eral samples in th e Durh am area are presented in Gottfried et al. (1991).

Jd-recon - Diabase reconnaissance:Jurassic diabase from reconnaissance and g eoph ysical data as depicted in Gottfried et al. (1991).
Fault Rocks
Trfb  - Fault b recc ia:Silicified and/or h ematite-stained fault breccia containing  ang ular clasts of T riassic and pre-T riassic rock material along Jonesboro fault.
EAST ERNMOST  CAROLINA T ERRANE

Beav erdam Complex Metaintrusiv e U nits
Zrg - R eedy Creek metag ranodiorite:leucocratic (CI less th an 10) lig h t tannish -g ray, medium-g rained to porph yritic, foliated and lineated to massiv e, metag ranodiorite.  Locally w hite mica rich  and or contains blue quartz ph enocrysts and clots of biotite and epidote.
Zbdi - Beaverdam diorite:Grayish -w h ite to g reenish -w hite, coarse-g rained, unfoliated to w ell-foliated, mesocratic (CI less th an 40) biotite h ornblende metag ranodiorite to metadiorite.
Zb g b  - Beaverdam gab b ro and metapyroxenite:Black and w h ite to g reenish  black, fine- to medium-g rained, unfoliated to w ell-foliated, melanocratic to h ypermelanocratic (CI g reater th an 40) g abbro to metapyroxenite.

Metavolcanic and Metasedimentary U nits
Zb r1- Big Lake-R aven R ock sc h ist 1:lig h t tan to w h ite, fine- to medium-g rained w h ite mica quartzitic sch ist containing abundant relict ph enocrysts of blue quartz\and plag ioclase or local w hite to g ray lapilli and rock clasts.  A zircon ag e date of ca. 575 Ma w as obtained by Goldberg  (1994).

CAROLINA T ERRANE
Aaron Formation

Za – Aaron Formation:Brow n, g ray to g rayish g reen or lig h t g ray; typically foliated, arkosic sandstones, silty sandstones and ph yllitic siltstones.
H yco Formation
Metaintrusiv e rocks associated w ith  H yco Formation: upper portion ca. 613 and 614 Ma (W ortman et al., 2000)
P lutonic rocks associated w ith  th e Flat Riv er complex area of Glov er and Sinh a (1973), McConnell (1974), and McConnell and Glov er (1982).  W ortman et al. (2000) report a 613.4 +2.8/-2 Ma U -P b zircon date from a g ranite and a 613.9 +1.6/-1.5 Ma U -P b zircon date from a diorite collected in th e north east of th e County.

Zmpf – Moriah  Pluton felsic ph ase:Dominantly leucocratic (CI 10-30) lig h t pinkish  g ray to g ray, fine- to medium-g rained, equig ranular to porph yritic g ranite to g ranodiroite.  Major minerals include plag ioclase, actinolitic amphiboles, alkali feldspar, and quartz.  Outcrops locally contain enclav es of fine-g rained and darker colored g ranodiorite to diorite.  Locally, melanocratic (CI 40-50), g rayish -g reen, fine- to medium-g rained quartz diorite to diorite present.
Mpf - Granodiorite and g ranite of th e Moriah  Pluton from McConnell (1974) and McConnell and Glover (1982).

Zgms – Granodiorite tonalite of th e Stem and Moriah  plutons:Leucocratic (CI=5-15), lig h t tan-g ray w h ite, bluish-g ray w h ite, or pinkish -w h ite, medium  to coarse ph aneritic, h ypidiomorph ic to xenomorpoh ic g ranular g ranodiorite and tonalite. T his unit combines th e previously mapped Zstg  unit in th e Stem (Blake et al., 2009) and eastern Lake Mich ie Q uadrang les and th e Moriah pluton of McConnell (1974) in th e w estern portion of th e Lake Mich ie
Q uadrang le. Major minerals include plag ioclase, alkali feldspar, and quartz w ith  lesser amounts of biotite and amph ibole, interpreted to be h ornblende.  P lag ioclase is hig h ly sericitized and in lesser amount saussuritized, especially in calcic-rich  ph enocryst cores.  Alkali feldspar typically displays g ranoph yric texture in th in section.  If present, biotite is commonly recrystallized to ch lorite w h ile h ornblende may be recrystallized to ch lorite, epidote, and actinolite-
opaque mineral.  Metamorph osed trondh jemite and monzonite pods are present and may represent dikes or differentiated portions of th e pluton. Locally becomes g ranitic in th e w estern portion surrounding Lake Mich ie.  Outcrops locally contain enclav es of microdiorite of th e Zdim and Zdib units.  Locally, mm- to cm-scale g ranite dikes crosscut g ranodiorite.  Ag g reg ates of w hite mica, quartz, plag ioclase, and orth oclase h ig h lig h t steeply dipping  foliation and dip-
parallel lineation domains inferred to be hig h ly fractured and/or ph yllonitic and protomylonitic h ig h  strain zones (Zfgms).  T h is unit is correlativ e to th e Zmpf unit of Bradley et al. (2011) in th e adjacent Roug emont 7.5-minute Q uadrang le.

Zagms – altered g ranodiorite and g ranite of th e Moriah  pluton:Leucocratic (CI=10-30), lig h t pinkish g ray to g ray, fine- to medium-ph aneritic, equig ranular to porph yritic g ranodiorite and g ranite th at is hig h ly recrystallized and h ydroth ermally and ch emically altered.  Major minerals forming  a relict xenomorphic g ranular ph aneritic texture likely included plag ioclase, alkali feldspar, and quartz th at are now  combinations of fine to medium crystalline, foliated
and non-foliated domains of w h ite mica and recrystallized feldspar and quartz.  Outcrops, and more commonly float cobbles and boulders display apparent silicification, w h ile oth er samples display ch emical w eath ering  th at dev elops predominantly clay mineralization mixed w ith  silica.  Some rocks additionally display Fe-oxide-h ydroxide staining.  U nit interpreted to be a h ydroth ermally recrystallized and altered portion of Zgms.  Domains of h ig h ly foliated rocks
of this unit are separated as (Zfagms).
Mpm – Tonalite, quartz dacite, and minor gab b ro of th e Moriah  Pluton from McConnell (1974) and McConnell and Glover (1982).

Mpd – Dacite of th e Moriah  Pluton from McConnell (1974) and McConnell and Glover (1982).

Zdim –diorite of th e Moriah  pluton:Mesocratic to melanocratic (CI=40-70), g reenish -g ray to g rayish -g reen to g reen, fine- to medium-ph aneritic diorite, microdiorite and quartz diorite.  T extures rang e from equig ranular to slig h tly porph yritic w ith  h ypidiomorph ic to xenomorpohic g ranular plag ioclase and h ornblende ph enocrysts rang ing  up to 1-3 mm in tabular and prismatic leng th , respectiv ely.  Major minerals include plag ioclase and amphibole, interpreted to
be h ornblende.  P lag ioclase crystals are h ig h ly saussuritized and in lesser amounts sericitized.  H ornblende may be recrystallized to ch lorite, epidote, and actinolite-opaque mineral.  Locally contains 5-10% quartz hig h lig h ting  differentiated outcrops of quartz diorite. Foliated equiv alent mapped as (Zfdim).  T exturally and mineralog ically equiv alent to Zdib in Granville County portions of th e Lake Mich ie Q uadrang le.

Oth er plutonic rocks:
Zgd – Granodiorite:Leucoractic to mesocratic, fine- to medium-g rained, equig ranular to porph yritic g ranodiorite.  May contain quartz diorite and diorite.  T ypically contains dark g reen to black less th an 1 mm to 4 mm clots of actinolitic (?) amph ibole and ch lorite masses.  P lag ioclase g rains are often sericitized and saussuritized and may exhibit a g reenish color.  Locally, g ranodiorite is pinkish
h ued, fine- to medium-g rained w ith  dark g reen to black less th an 1 mm to 4 mm clots of mafic minerals interpreted to be biotite and amph ibole masses.  Ch lorite g row th  on biotite and amphibole is present.

Zgd-gr-p – Granodiorite to g ranite of Piney Mountain Creek area:Composite pluton of dominantly medium-g rained h ornblende g ranodiorite w ith  lesser amounts of medium-g rained h ornblende g ranite.  T ypically contains dark g reen to black less th an 1 mm to 4 mm clots of actinolitic (?) amph ibole and ch lorite masses.  Locally contains pinkish -h ued feldspars.
Zdi – Diorite:Mesocratic (CI~50), g reenish -g ray to g rayish -g reen, fine- to medium-g rained, h ypidiomorph ic g ranular diorite.  Major minerals include plag ioclase and amph ibole.  P lag ioclase crystals are typically sericitized and saussuritized.  Amph iboles are typically altered to ch lorite and actinolite masses.  May be g abbroic locally.
Metamorph osed volcaniclastic sedimentary and pyroclastic rocks associated w ith  H yco Formation: upper portion (stratig raph ic relations uncertain) ca. 613 - 616 Ma (W ortman et al., 2000; Bow man, 2010; and Bradley and Miller, 2011)
Zq – Quartz bodies:W h ite, beig e, red, and tan; sug ary to porcelaneous; v ery fine- to medium-g rained massiv e quartz rock to quartzite-like rock.  Outcrops are usually massiv e.  Q uartzite-like rock is occasionally mixed w ith  sericite and/or pyroph yllite.  T h e addition of sericite and/or pryoph yllite g iv es th e oth erw ise massiv e quartzite-like rock a foliation.  P yrite is present as cubic crystals and
empty cubic molds of crystals (up to 12 mm).  Map areas contain boulders (up to sev eral feet in diameter) and outcrops of w hite colored massiv e quartz.

Zh at (u) – Altered tuffs:V ery lig h t g ray to lig h t g reenish g ray (w hitish  in areas) w ith  red and yellow  mottling, altered volcaniclastic rocks.  Alteration consists of silicified, sericitized and pyroph yllitized rock.  Sericite ph yllite, pods of pyroph yllite, and quartz + ph yroph yllite rock all w ith  less th an 1 mm to 2 mm diameter w eath ered sulfides are common.  Relict lith ic clasts and kaolinitized
feldspar crystal sh ards are visible in some exposures.  Relict structures are obliterated in h eavily altered rocks.  Map area contains boulders (up to sev eral feet in diameter) and outcrop of massive milky quartz and quartz + sericite rock.
Zh dlt-a– altered dacitic lavas and tuffs:W h ite to red to tan, silicecious, h ydroth ermally altered aph anitic dacite, porph yritic dacite, and dacite lav as of Zh dlt.  Altered dacite is typically massiv e, finely crystalline and locally contains relict quartz and plag ioclase ph enocrysts rang ing  from 2 to 5 mm in size. Commonly siliceous concentrations g iv e th e rock a “ch unky” appearance.  Localized
pyroph yllite mineralization occur as radiating  crystals th at rang e from 0.25 mm to 1cm in size.  Commonly Fe-oxide mineralization giv es th e rock a red color.  Equiv alent to th e Zadlt unit of Blake et al. (2009) in th e Stem Q uadrang le to th e East and th e to th e Zh at(u) unit of Bradley at al. (2011) in th e Roug emont Q uadrang le to th e W est.  Silicification, sulfide mineralization, and ag g reg ates of
w h ite mica and quartz hig h lig h t steeply dipping  and plung ing  foliation and lineation domains inferred to be h ig h ly fractured and/or ph yllonitic and protomylonitic h ig h  strain zones (Zh fdlt-a).

Zh e/p - Mixed epiclastic-pyroclastic rocks:Grayish -g reen to g reenish -g ray, tuffaceous sandstones, cong lomeratic sandstones, siltstones and minor ph yllite.  T h e siltstones typically are w eakly ph yllitic.  Contains lesser amounts of fine- to coarse tuff and lapilli tuff.  T uffs are differentiated from oth er volcaniclastic rocks by th e presence of zones of cryptocrystalline texture th at exh ibit
conch oidal-like fractures in betw een foliation domains.  Minor andesitic to basaltic lav as and tuffs present.  Silicified and/or sericitized altered rock similar to Zh at unit are locally present.  U nit is interpreted to g rade into Zh e/pl unit.  Contact w ith Zh e/pl desig nated at first occurrence of dacitic lav as.  Domains of h ig h ly foliated rocks of th is unit are separated as Zh fe/p.
Zh e/pl - Mixed epiclastic-pyroclastic rocks with  interlayered dacitic lavas:Grayish -g reen to g reenish -g ray, locally w ith  distinctiv e reddish -g ray or maroon to lav ender coloration; cong lomerate, cong lomeratic sandstone, sandstone, siltstone and mudstone.  Lith ologies are locally bedded; locally tuffaceous w ith  a cryptocrystalline-like g roundmass.  Siltstones are locally ph yllitic.  Locally
contain interbedded dacitic lav as identical to Zh dlt unit.  Contains lesser amounts of fine- to coarse tuff and lapilli tuff w ith  a cryptocrystalline-like g roundmass.  Minor andesitic to basaltic lav as and tuffs present.  Silicified and/or sericitized altered rock similar to Zh at unit are locally present.  Cong lomerates and cong lomeratic sandstones typically contain subrounded to ang ular clasts of dacite in a
clastic matrix.  Zh e/pl disting uish ed from Zh e/p by presence of dacites and is interpreted to represent a facies ch ang e to an area more proximal to th e active volcanic centers compared to Zh e/p.  Cloud et al. (1976) fossil locality from unit in Durh am County w ith  location indicated on map.
Zh dlt (u) – Dacitic lavas and tuffs of th e upper portion of th e Hyco Formation:Greenish -g ray to dark g ray, siliceous, aph anitic dacite, porph yritic dacite w ith  plag ioclase ph enocrysts, and flow  banded dacite.  W elded and non-w elded tuffs associated w ith  th e lav as include: g reenish-g ray to g rayish-g reen, fine tuff, coarse plagioclase crystal tuff and lapilli tuff.  Locally, interlayers of immature
cong lomerate and cong lomeratic sandstone w ith dacite clasts are present.  T h e dacites are interpreted to h av e been coh erent extrusives or very sh allow  intrusions associated w ith dome formation.  T h e tuffs are interpreted as episodic pyroclastic flow  deposits, air fall tuffs or rew orked tuffs g enerated during formation of dacite domes.  T h e unit occurs as map scale pods surrounded by clastic rocks of
Zh e/pl unit.  W ortman et al. (2000) reports an ag e of 615.7+3.7/-1.9 Ma U -P b zircon date for a dacitic tuff from th e unit.  Red Mountain, a prominent topog raph ic feature of th e Roug emont quadrang le is underlain by th is unit.  Silicification, sulfide mineralization, and ag g reg ates of w h ite mica and quartz hig h lig h t steeply dipping  and plung ing  foliation and lineation domains inferred to be h ig h ly
fractured and/or ph yllonitic and protomylonitic hig h strain zones (Zh fdlt).
Zh dsi (u) – Dacitic sh allow intrusive of th e upper portion of th e Hyco Formation:Gray-g reen, lig h t g reen to g reen, g reenish-g ray to lig h t g ray; dacite, plag ioclase porph yritic dacite w ith  a g ranular-textured g roundmass to micro-g ranodiorite (intrusiv e texture visible w ith 7x h and lens).  Locally fine- to medium g rained g ranodiorite present.  P lag ioclase ph enocrysts , w h en present, rang e from
less th an 1 mm to 4 mm.  Black colored amph ibole, w h en visible, occurs as ph enocrysts (less th an 1 mm to 1 mm) and as interg row th s w ith  plag ioclase.  Amph ibole interg row th s disting uish rock from fine-g rained tuffs.  Rock from th e active quarry includes g reenish -g ray to lig h t g ray; aph anitic to w eakly plagioclase porph yritic dacite to micro-g ranodiorite.  Relict plag ioclase ph enocrysts are
sausseritized in a matrix of recrystallized feldspar and quartz w ith dark colored clots (less th an 1 mm to 4 mm) interpreted in h and sample as ch lorite(?) masses and/or relict enclav es of dark g ray dacite.  Contains lesser amounts of dark g ray, aph anitic dacite.  Interpreted as sh allow ly emplaced dacite probably co-mag matic w ith Zh dlt (u) unit.  Silicification, sulfide mineralization, and ag g reg ates of
w h ite mica and quartz hig h lig h t steeply dipping  and plunging  foliation and lineation domains inferred to be h ig h ly fractured and/or ph yllonitic and protomylonitic hig h strain zones (Zh fdsi).

Zh adlt – Andesitic to dacitic lavas and tuffs:Distinctive black to dark g ray; porph yritic lav a w ith plagioclase ph enocrysts (up to 4 mm), and flow  banded lav a w ith  local amyg dules.  Interlayed w ith  th e lav as are g ray to black; w elded and non-w elded; coarse tuff, lapilli tuff, and tuff breccias.
Zh ab lt – Andesitic to basaltic lavas and tuffs:Green, g ray-g reen, g ray, dark g ray and black; typically unfoliated, amyg daloidal, plagioclase porph yritic, amph ibole/pyroxene porph yritic and aph anitic; andesitic to basaltic lav as and sh allow  intrusions.  H yaloclastic texture is common and imparts a frag mental texture similar to a lith ic tuff on some outcrops.  Locally interlayered w ith meta-
sediments identical to th e Zh e/pl and Zh e/p unit.
A1– Intermediate volcanic rocks from McConnell (1974) and McConnell and Glov er (1982).
Z– Felsic pyroclastic rocks from McConnell (1974) and McConnell and Glov er (1982).

Metamorph osed volcaniclastic sedimentary and pyroclastic rocks associated with  Hyco Formation: lower portion (stratig raphic relations uncertain) ca. 629 - 633 Ma (W ortman et al., 2000 and Bradley and Miller, 2011)
Zh at (l) – Altered tuffs of th e lower portion of th e Hyco Formation:V ery lig h t g ray to lig h t g reenish  g ray (w h itish  in areas) w ith red and yellow  mottling .  Alteration consists of silicified, sericitized and pyroph yllitized rock.  Sericite ph yllite, pods of pyroph yllite, and quartz + ph yroph yllite rock all w ith  less th an 1 mm to 2 mm diameter w eath ered sulfides are common.  Fine-g rained ch loritoid
porph yroblasts (less th an 1 mm) are present in some pyroph yllite bearing  rocks.  Relict lith ic clasts and kaolinitized feldspar crystal sh ards are visible in some exposures.  Relict structures are obliterated in h eavily altered rocks.  Map area contains boulders (up to sev eral feet in diameter) and outcrop of massiv e milky quartz and quartz + sericite rock.
Zh ft (l) - Felsic tuffs:Grayish -g reen to g reenish -g ray and silv ery-g ray; massiv e to foliated volcaniclastic pyroclastic rocks consisting of fine- to coarse tuffs, lapilli tuffs and minor w elded tuffs.  T uffs are differentiated from oth er volcaniclastic rocks by th e presence of zones of cryptocrystalline texture th at exh ibit conch oidal-like fractures in betw een foliation domains.  Layering  rang es from
massiv e to thinly bedded.  Contains lesser amounts of volcaniclatic sedimentary rocks consisting of volcanic sandstones, and g reyw ackes w ith  minor siltstones and ph yllite.

Zh dlt (l) – Dacitic lavas and tuffs of th e lower portion of th e Hyco Formation:Distinctive g ray to dark g ray, siliceous, cryptocrystalline dacite, porph yritic dacite w ith plagioclase ph enocrysts, and flow  banded dacite.  W elded and non-w elded tuffs associated w ith  th e lav as include: g reenish -g ray to g rayish-g reen, fine tuff, coarse plag ioclase crystal tuff; lapilli tuff; and tuff breccia.  T h e dacites
are interpreted to h av e been coh erent extrusiv es or v ery sh allow  intrusions associated w ith dome formation.  T h e tuffs are interpreted as episodic pyroclastic flow  deposits, air fall tuffs or rew orked tuffs g enerated during  formation of dacite domes.  W ortman et al. (2000) report a 632.9 +2.6/-1.9 Ma zircon date from a sample w ith in th e unit in th e Ch apel H ill quadrang le (Orang e County).
Zh dsi (l) – Dacitic sh allow intrusive of th e lower portion of th e Hyco Formation:Gray-g reen, lig h t g reen to g reen; plag ioclase porph yritic dacite w ith  a g ranular-textured g roundmass to micro-g ranodiorite (intrusiv e texture visible w ith 7x h and lens).  Contains lesser amounts of fine- to medium g rained g ranodiorite.  P lag ioclase ph enocrysts typically rang e from 1 mm to 4 mm.  Black colored
amph ibole, w h en visible, occurs as ph enocrysts (less th an 1 mm to 1 mm) and as interg row th s w ith plag ioclase.  Amph ibole interg row th s disting uish  rock from fine-g rained tuffs.  Enclav es of dark g ray, plag ioclase porph yritic dacite are common and at times g ive rock a psuedo-clastic appearance.  Bradley and Miller (2011) report an ag e of 628.5 ±1 Ma for a dacite from this unit in south ern
Orang e County.

MAJOR GEOLOGIC FEAT U RES

 
1. Clay pit - abandoned (H oover Road Pit; H offman and Gallag h er, 1989) 
2. Clay pit - abandoned (Stone Road Pit; H offman and Gallag h er, 1989) 
3. Clay pit - abandoned (H ig h w ay 70 Pit; H offman and Gallag h er, 1989) 
4. Clay pit - abandoned (T riang le Brick Pit) 
5. Q uarry - active (Roug emont Q uarry) 
6. Q uarry - inactive (Durh am Q uarry) 
7. Q uarry - abandoned (Brag g tow n) 
8. U -P b ag e date ca. 614 Ma 
9. U -P b ag e date ca. 613 Ma 
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Faults- Dash ed w h ere inferred, dotted w h ere concealed.  Decoration on dow nth row n block.
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OTHER  POINTS EXPLANATIONS

Q uarry - inactiv e or abandoned

Fossil locality of Cloud et al. (1976)

Clay pit - abandoned

Q uarry - activ e
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