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INTR O D UCTION
The G oldston 7.5-m inute Q ua dra ngle is in the ea st centra l-p ortion of the North Ca rolina  P iedm ont with the
unincorp ora ted com m unities of G oldston, G ulf a nd Ca rb onton within the qua dra ngle. The loca l tra nsp orta tion
corridor of U S  HW Y 421 is in the northea st p ortion of the qua dra ngle a nd S R  42 in the southea st p ortion.
The D eep  R iver, a  m a jor trib uta ry of the Ca p e F ea r river b a sin, controls the dra ina ge in the qua dra ngle. In the
northern p ortion of the qua dra ngle the L ittle Bea r Creek a nd Bea r Creek dra in to the northea st into the nea rb y
R ocky river. The centra l a nd southern p ortion of the qua dra ngle dra ins directly into the D eep  R iver from the
south flowing India n Creek, L ittle India n Creek, Ceda r Creek a nd the north flowing S m iths Creek, L ittle P ocket
Creek, P ocket Creek a nd P a tterson Creek a nd severa l unna m ed trib uta ries. Na tura l exp osures of crysta lline
a nd Tria ssic rocks p rim a rily occur a long these na m ed a nd unna m ed trib uta ries. R ock exp osure a t rock cuts,
ridges, resista nt finned-sha p ed outcrop s a nd p a vem ent outcrop s loca lly occur outside of dra ina ges. The
eleva tions in the m a p  a rea  ra nge from a p p roxim a tely 500 feet a b ove sea  level nea r the township  of G oldston
to a p p roxim a tely 200 feet a long the D eep  R iver tha t flows towa rds the ea st in the centra l p ortion of the
qua dra ngle.
G eologic Ba ckground
P re-M esozoic crysta lline rocks in the G oldston Q ua dra ngle a re p a rt of the redefined Hyco Arc (Hib b a rd et a l.,
2013) within the Neop roterozoic to Ca m b ria n Ca rolina  terra ne (Hib b a rd et a l., 2002; a nd Hib b a rd et a l., 2006).
In the region of the m a p  a rea , the Ca rolina  terra ne ca n b e sep a ra ted into two lithotectonic units: 1) the Hyco
Arc a nd 2) the Aa ron F orm a tion of the redefined Virgilina  sequence (Hib b a rd et a l., 2013). The Hyco Arc
consists of the Hyco F orm a tion which include ca . 633 to 612 M a  (W ortm a n et a l., 2000; Bowm a n, 2010;
Bra dley a nd M iller, 2011) m eta m orp hosed la yered volca nicla stic rocks a nd p lutonic rocks. Ava ila b le a ge da tes
(W ortm a n et a l., 2000; Bra dley a nd M iller, 2011) indica te the Hyco F orm a tion m a y tenta tively b e divided into
lower (ca . 630 M a ) a nd up p er (ca . 615 M a ) p ortions with a n a p p a rent intervening hia tus of m a gm a tism. In
northea stern Cha tha m County, Hyco F orm a tion units a re intruded b y the ca . 579 M a  (Ta dlock a nd L oewy,
2006) Ea st F a rrington p luton a nd a ssocia ted W est F a rrington p luton. The Aa ron F orm a tion consists of
m eta m orp hosed la yered volca nicla stic rocks with youngest detrita l zircons of ca . 588 a nd 578 M a  (P ollock et
a l., 2010 a nd S a m son et a l., 2001, resp ectively). Hib b a rd et a l. (2013) interp rets a n a t lea st 24 m illion yea r
unconform ity b etween the Aa ron a nd underlying Hyco F orm a tion.
The southern p ortion of the qua dra ngle is underla in b y Tria ssic-a ged sedim enta ry rocks of the D eep  R iver
M esozoic b a sin which is sep a ra ted into three sub -b a sins (D urha m, S a nford, a nd W a desb oro).  The Colon
cross structure (Ca m p b ell a nd K im b a ll, 1923 a nd R einem und, 1955), p a rtia lly loca ted within the qua dra ngle, is
a  constriction zone in the b a sin cha ra cterized b y crysta lline rocks overp rinted b y com p lex b rittle fa ulting.  The
Colon cross-structure m a rks the tra nsition b etween the D urha m a nd S a nford sub -b a sins.  The G oldston
Q ua dra ngle conta ins the Tria ssic-a ged units from  oldest to youngest of the P ekin, Cum nock a nd S a nford
F orm a tions of the S a nford sub -b a sin. D eta iled descrip tions of the Tria ssic sedim ents a re p rovided in
R einem und (1955) a nd a  deta iled com p a rison of the D urha m a nd S a nford sub -b a sins is p rovided in Cla rk et
a l. (2001). D ikes of Jura ssic a ged dia b a se intrudes b oth the Tria ssic sedim ents a nd crysta lline rocks in the
m a p  a rea .  Q ua terna ry a ged a lluvium  is p resent in m ost m a jor dra ina ges.
F olds
The Hyco Arc a nd Aa ron F orm a tion lithologies were folded a nd sub jected to low gra de m eta m orp hism during
the ca . 578 to 554 M a  (P ollock, 2007; P ollock et a l., 2010) Virgilina  deform a tion (G lover a nd S inha , 1973;
Ha rris a nd G lover, 1985; Ha rris a nd G lover, 1988; a nd Hib b a rd a nd S a m son, 1995). In the m a p  a rea , origina l
la yering of Hyco a nd Aa ron F orm a tion lithologies a re ob served ra nging from sha llowly to steep ly dip p ing a nd
a re interp reted to b e a  result of op en to tight folds tha t a re loca lly overturned.
P relim ina ry stereogra m a na lyses of da ta  from  two m a p  sca le synclines in the nea rb y Coleridge Q ua dra ngle
(Bra dley et a l, 2018), a p p ea rs to indica te the p resence of folds ra nging from gentle to op en.  S ub sequent
dom a in a na lyses of p rim a ry b edding a nd la yering in Hyco F orm a tion a nd Aa ron F orm a tion units outside of the
two synclines, indica te folds ra nge from  tight to op en with the m a jority of the folds within the tight to close
ra nge.  In genera l, it a p p ea rs tha t the Hyco F orm a tion a nd older p ortions of the Aa ron F orm a tion a re m ore
tightly folded com p a red to the Aa ron F orm a tion in the identified synclines in the Coleridge Q ua dra ngle.  This
a p p a rent ra nge from gentle to tight folds is not well understood a nd m a y indica te: 1) norm a l disha rm onic
folding due to com p etency differences b etween units or 2) indica te tha t the younger units within the synclines
in Coleridge a re m ore a p p rop ria tely a ssigned to the Alb em a rle Arc lithologies a nd were dep osited a b ove a n
a ngula r unconform ity.  M ore investiga tion is needed.
L oca lly, m eta m orp hic folia tions a re p resent with sha llow dip s (less tha n 50 degrees).  These a rea s with
sha llow dip p ing folia tion a re often a ssocia ted with intense sericitiza tion a nd folia tion p a ra llel qua rtz veining.
This rela tionship  is identica l to deform a tion ob served within the Bea r Creek Q ua dra ngle (Bra dley et a l., 2019)
in the vicinity of the G lendon fa ult (a p p roxim a tely 5 m iles on-strike to the southwest).  These sha llow dip p ing
folia tions a re interp reted to b e a ssocia ted with loca l deform a tion a nd folding a long interp reted high a ngle
reverse fa ults sim ila r to the G lendon fa ult.

F a ults
The m a p  a rea  ha s loca lized evidence of deform a tion a ssocia ted with high a ngle reverse fa ults like the G lendon F a ult in the nea rb y Bea r Creek Q ua dra ngle (Bra dley et a l., 2019). These
a rea s a re identified b a sed on sha llow dip p ing folia tions a nd hydrotherm a lly a ltered rock.
Ab unda nt evidence of b rittle fa ulting a t the outcrop -sca le, m a p -sca le, a nd la rge-sca le linea m ents (a s interp reted from hillsha de L iD AR  da ta ) a re p resent in the m a p  a rea . Brittle fa ulting a nd
linea m ents a re interp reted to b e a ssocia ted with M esozoic extension. S ignifica nt b rittle fa ults within the qua dra ngle include the India n Creek F a ult, G ulf F a ult, a nd the D eep  R iver F a ult.
P a st W ork
R einem und (1955), is a n im p orta nt work, tha t ha s la id the founda tion for the geology within the Tria ssic b a sin. F or this m a p p ing effort, R einem und’s m a p s were georeferenced to a  digita l
eleva tion m odel from  Hillsha de L iD AR . G eologic conta cts within the Tria ssic b a sin were digitized a nd m odified if needed. M ost of the geology south of the D eep  R iver within the Tria ssic
b a sin wa s digitized a s p resented b y R einem und.
The m a p  a rea  is loca ted within the study a rea  of G reen et a l. (1982), Ab delza hir (1978), a nd G reen (1977).  Their studies docum ented the p resence of a n overla p p ing series of
m eta volca nic a nd m eta volca nicla stic lithologies sourced from distinct a rea s.
M inera l R esources
Cla y P roducts
The red cla ystones of the P ekin a nd S a nford F orm a tions continue to sup p ly a rea  b rick m a nufa ctures ra w m a teria l. In the 1950’s, it wa s rep orted tha t 6 b rick a nd tile p roducers were a ctive
in the m a p  a nd nea rb y a rea s (R einem und, 1955). It ha s b een a nd continues to b e a n im p orta nt loca tion for cla y p roducts. S evera l a b a ndoned a nd a ctive cla y p its a re p resent in the m a p
a nd a re identified. The form er Boren a nd P om ona  cla y p its within the G oldston Q ua dra ngle a re well known for their a b unda nce of Tria ssic a ged p la nt, inverteb ra te a nd verteb ra te fossils.
R ep resenta tive sp ecies a re sum m a rized b y Olsen et a l. (1991).
Coa l D ep osits
Coa l ha s b een m ined within the m a p  a rea  since b efore the R evolutiona ry W a r – ca . 1750’s. R einem und (1955) estim a tes the tota l p roduction in the D eep  R iver Coa l F ield exceeded 1
m illion tons. M ost of the p roduction wa s from two m ines with extensive underground workings – the Ca rolina  M ine a nd the Cum nock (a lso known a s the Egyp t) M ine. R einem und (1955)
p rovides a n extensive review of the coa l dep osits a nd geology of the D eep  R iver Coa l F ield.
Oil a nd G a s P otentia l
Na tura l ga s exp lora tion wells ha ve b een drilled within the qua dra ngle a nd a re indica ted on the m a p . A sum m a ry of the na tura l ga s p otentia l of the S a nford sub -b a sin is p rovided in R eid et
a l. (2011). A com p ila tion m a p  showing seism ic lines, drill holes a nd hydroca rb on shows is p rovided in R eid et a l. (2010). An overview of the Tria ssic rift / la custrine b a sins, their
hydroca rb on p otentia l in North Ca rolina , a  regula tory fra m ework overview a nd da ta  a ccess inform a tion ca n b e found in R eid et a l. (2018).
Q ua terna ry D ep osits
Q ua terna ry dep osits in the G oldston Q ua dra ngle were p reviously m a p p ed b y R einem und (1955), a long with b edrock m a p p ing; however, the m a p p ing wa s conducted p rior to 1:24,000
top ogra p hic m a p  a va ila b ility.  The Q ua terna ry m a p p ing for this p roject utilized digita l county soil survey p a rent m a teria l m a p s (S oil S urvey S ta ff, 2019), high resolution L iD AR  surfa ce
top ogra p hy, da ta  from R einem und (1955), a nd new field ob serva tions (outcrop s a nd ha nd a ugers).  The Q ua terna ry fluvia l sedim ents were divided into 3 m a p  units (m odern floodp la in a nd
two terra ce levels), sim ila r in concep t to m a p p ing b y R einem und (1955).
The oldest a nd highest terra ce dep osits (Q th) conta ins fluvia l dep osits of a n a ncestra l D eep  R iver, which ha s since incised to its p resent level.  The eleva tion of this terra ce level ra nges
from  a s high a s 350 feet a sl in M oore County to 250 feet a sl (ea stern edge of G oldston Q ua dra ngle), a b out 35 to 100 feet a b ove the m odern D eep  R iver floodp la in.  There a p p ea r to b e
m ultip le terra ce levels within this m a p  unit tha t we chose to not differentia te b eca use of the high degree of dissection a nd b eca use lithologica l differences were not rea dily ob served.
P ossib le ca uses for the river’s overa ll incision during the Q ua terna ry include tectonic, gla cia l isosta tic a djustm ent (foreb ulge of L a urentide Ice S heet) a nd clim a tic p rocesses.  The a ge of
dep osits within the high terra ce unit a re sp ecula tively m iddle P leistocene b a sed on the terra ce height a b ove the m odern floodp la in (M ills, 2000), degree of dissection, a nd wea thering
cha ra cteristics (S uther et a l., 2011).
The low terra ce dep osits (Q tl) conta in younger D eep  R iver fluvia l dep osits, with terra ce eleva tions ra nging from 255 feet a sl in M oore County to 225 feet a sl (ea stern edge of G oldston
Q ua dra ngle), a b out 10 to 15 feet a b ove the m odern D eep  R iver floodp la in.  The a ge of dep osits within the low terra ce unit a re sp ecula tively la te P leistocene to ea rly Holocene b a sed the
terra ce height a b ove the m odern floodp la in (M ills, 2000; S uther et a l., 2011).  In som e a rea s, the la ndform s a p p ea rs to b e a  stra th terra ces with thin fluvia l dep osits (silty to sa ndy; < 4 feet
thick) a b ove residuum develop ed in Tria ssic b edrock.  In other a rea s, the terra ce m a y b e the cut-a nd-fill va riety, b ut thicknesses a re unknown without test cores.
D ep osits on the m odern (Holocene) floodp la in (Q a l) consist m a inly of silt loa m to silty cla y loa m where exp osed a long the D eep  R iver or its trib uta ries in the Tria ssic Ba sin.  F ine to
m edium sa nd occurs in p oints b a rs a nd river cha nnels, a long sm a ller creeks in crysta lline terra in (where it ca n b e gra velly) a nd likely a t dep th from  reworking of P leistocene a nd older
sedim ents.  Along the D eep  R iver va lley, the m odern floodp la in ra nges in eleva tion from a b out 240 feet a sl (M oore County) to 215 feet a sl (ea stern edge of G oldston Q ua dra ngle).  This
m a p  unit likely a lso includes very low terra ces which a re b la nketed b y m odern overb a nk flood dep osits from  tim es of high-wa ter levels.
D ES CR IP TION O F  M AP  UNITS
All p re-M esozoic rocks in the m a p  a rea  ha ve b een m eta m orp hosed to a t lea st the chlorite zone of the greenschist m eta m orp hic fa cies. M a ny of the rocks disp la y a  wea k or strong
m eta m orp hic folia tion. Although sub jected to m eta m orp hism, the rocks reta in relict igneous, p yrocla stic, a nd sedim enta ry textures a nd structures tha t a llow for the identifica tion of p rotolith
rocks. As such, the p refix “m eta ” is not included in the nom encla ture of the p re-M esozoic rocks describ ed in the qua dra ngle. D ikes of Jura ssic-a ged dia b a se intrude the crysta lline rocks
a nd Tria ssic sedim ents of the m a p  a rea . Tria ssic-a ged sedim ents a nd Jura ssic dia b a se dikes a re not m eta m orp hosed.  Q ua terna ry a ged a lluvium is p resent in m ost m a jor dra ina ges.
M a p  units of m eta volca nic a nd m eta volca nicla stic rocks include va rious lithologies tha t when group ed together a re interp reted to indica te genera l environm ents of dep osition. The da citic
la va  a nd tuff units is interp reted to rep resent da citic dom es a nd p roxim a l p yrocla stics. The a ndesitic to b a sa ltic la va s (with tuffs or conglom era tes) units a re interp reted to rep resent
erup tion of interm edia te to m a fic la va  flows a nd a ssocia ted p yrocla stic a nd/or ep icla stic dep osits. The ep icla stic/p yrocla stic units a re interp reted to rep resent dep osition from the erosion of
dorm a nt a nd a ctive volca nic highla nds. S om e of the m eta volca nicla stic units within the m a p  a rea  disp la y lithologic rela tionship s sim ila r to da ted units p resent in northern Ora nge a nd
D urha m Counties. D ue to these sim ila rities, the m eta volca nic a nd m eta volca nicla stic units ha ve b een tenta tively sep a ra ted into up p er a nd lower p ortions of the Hyco F orm a tion;
geochronologic da ta  in the m a p  a rea  is needed to confirm this interp reta tion. A review of the regiona l lithologies is sum m a rized in Bra dley (2013).
Unit descrip tions com m on to Bra dley et a l. (2019) a nd Ha nna  et a l. (2015) from  the Bea r Creek a nd S iler City Northea st geologic m a p s, resp ectively were used for conform ity with on strike
units in neighb oring qua dra ngles. Unit descrip tions a nd stra tigra p hic correla tions were m a inta ined from  a dja cent m a p p ing in Ora nge County (Bra dley et a l., 2016). The nom encla ture of the
Interna tiona l Union of G eologica l S ciences sub com m ission on igneous a nd volca nic rocks (IUG S ) a fter L e M a itre (2002) is used in cla ssifica tion a nd na m ing of the units. The cla ssifica tion
a nd na m ing of the rocks is b a sed on relict igneous textures, m oda l m inera l a ssem b la ges, or norm a lized m inera l a ssem b la ges when whole-rock geochem ica l da ta  is a va ila b le. P yrocla stic
rock term inology follows tha t of F isher a nd S chm inke (1984).
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conta ct

linea m ent - lida r inferred

top ogra p hic p rofile
IN CR O S S  S ECTION

concea led conta ct
dia b a se conta ct, loca tion known

fold a xis - inferred (syncline)

gra da tiona l conta ct - inferred

P lots a nd ca lcula tions crea ted using S tereonet v. 10.2.0 b a sed on
Allm endinger et a l. (2013) a nd Ca rdozo a nd Allm endinger (2013).

Equa l-Area  Schm idt Net Projections
a nd Rose Dia gra m

Equa l-Area  S chm idt Net P rojection of
Contoured P oles to F olia tion a nd
Clea va ge in Ca rolina  Terra ne R ocks
Contour Interva l = 2 sigm a ; N=247

Equa l-Area  S chm idt Net P rojection of
Contoured P oles to P rim a ry Bedding, L a yering a nd

W elding/Com p a ction F olia tion in Ca rolina  Terra ne R ocks
Contour Interva l =2 sigm a ; N=75

Equa l Area  S chm idt Net P rojection of
Contoured P oles to P rim a ry Bedding,
L a yering in Tria ssic Ba sin R ocks
Contour Interva l =2 sigm a ; N=327

Unidirectiona l R ose D ia gra m of Joints  N=439
Outer Circle = 10%
M ea n vector = 349°

concea led dia b a se conta ct

no vertica l exa ggera tion for b edrock units
Q a l, Q th a nd Q tl thickness exa ggera ted to b e visib le

Q th a nd Q tl not differentia ted

cross section line
A A'

inferred fold a xis
PL ANAR AND L INEAR FEAT U RES

fa ult p la ne

strike a nd dip  of inclined joint

strike of vertica l joint

strike a nd dip  of inclined joint surfa ce
(m ultip le ob serva tions a t one loca tion)

strike of vertica l joint surfa ce
(m ultip le ob serva tions a t one loca tion)

strike a nd dip  of b edding or la yering

strike a nd dip  of Tria ssic b edding
(from U S G S  P P  246)

strike of vertica l b edding or la yering

strike a nd dip  of b edding or la yering
(m ultip le ob serva tions a t one loca tion)

strike a nd dip  of clea va ge

strike a nd dip  of clea va ge
(m ultip le ob serva tions a t one loca tion)

strike a nd dip  of folia tion

strike a nd dip  of folia tion
(m ultip le ob serva tions a t one loca tion) b ea ring a nd p lunge of crenula tion linea tion

ob serva tion sta tion loca tion

dia b a se sta tion loca tion

80

15

74
84

81

41

71
68

57

62

51
45

46

70

87

dike orienta tion

a xia l surfa ce

shea r folia tion
(m ultip le ob serva tions a t one loca tion)

cla st linea tion

fold hinge

84

48

61

44

60

horizonta l Tria ssic b edding
(from U S G S  P P  246)

la m p rop hyre

Brick Cla y
Cla y P it-b rick cla y, a ctive (D EQ , D EM L R  p erm itted m ines da ta b a se)
Cla y P it-b rick cla y, a b a ndoned, (D EQ , D EM L R  p erm itted m ines da ta b a se)
P om ona  a nd Boren Cla y P it, a b a ndoned, (D EQ , D EM L R  p erm itted m ines da ta b a se, a eria l p hotogra p hy)
Cha tha m  Brick a nd Tile Cla y P it, a b a ndoned, (D EQ , D EM L R  p erm itted m ines da ta b a se, a eria l p hotogra p hy)
 
Coa l
Coa l p its – a b a ndoned (R einem und, 1955)
Gulf M ine – a b a ndoned
Bla ck D ia m ond M ine – a b a ndoned
D eep  R iver M ine - a b a ndoned
 
Other: Prospect a nd Gra vel Pit
P rosp ect p it – com m odity unknown
G ra vel p it - a b a ndoned
Crushed stone or other
D a urity S p rings Q ua rry – crushed stone, a ctive in M a y 2020 (D EQ , D EM L R  p erm itted m ines da ta b a se)
Goldston Q ua rry – crushed stone, a ctive a s sa les ya rd in M a y 2020 (D EQ , D EM L R  p erm itted m ines da ta b a se)
W inding Creeks Q ua rry – crushed stone, ina ctive in Ja nua ry 2020 (D EQ , D EM L R  p erm itted m ines da ta b a se)
Old Q ua rry-stone, a b a ndoned (R einem und, 1955) – three loca tions
Ab a ndoned Q ua rry – crushed stone (U S G S  historic top ogra p hic m a p  a nd this study)
2011 Ca rolina  G eologica l S ociety F ield Trip  S top s  
D ia m ond D rill Hole (R einem und, 1955)
Oil a nd Na tura l G a s Test W ell – Ex. Butler #1, #2, #3; S im p son #1, D um m itt-P a lm er #1

CLY

CLY 1 - 4

CLY 5 - 8

1
2
3

S D G

BM D H D -1

CLY

indica tes loca tion of vuggy
a nd/or m a ssive qua rtz

surficia l units conta ct

N.C.

Altered by the North Carolina Geological Survey for use with map.

M Zla m p

S edim enta ry Units
dg - Disturbed ground:consists of fill in highwa y em b a nkm ents, ra ilwa y em b a nkm ents, a nd m ine sp oil p iles, a s well a s a rea s of rem oved ea rth in m ined-out-a rea s (form er
coa l m ines)
Qa l - Modern (Holocene) floodpla in deposits:silt loa m  to silty cla y loa m, with fine to m edium sa nd dep osits in p oint b a rs a nd cha nnels dep osits in the D eep  R iver va lley;
sm a ller trib uta ries in the Ca rolina  terra ne ca n ha ve m ore sa ndy or gra velly a lluvium; b rown to gra y; soft; crudely stra tified; ob served a s m uch a s 10 feet thick, b ut likely
thicker in the D eep  R iver Va lley.  Includes very low terra ces tha t a re p eriodica lly inunda ted b y m odern floods.  Conta ins wea k to m odera tely develop ed soil p rofiles.
S tructura l m ea surem ents dep icted on the m a p  within Q a l rep resent outcrop s of crysta lline rock inliers surrounded b y a lluvium.
Qtl –  Qua terna ry low terra ce deposits:silt loa m to cla y loa m to sa nd, with som e gra velly zones nea r unit b a se; yellowish b rown to b rown; in som e a rea s, difficult to
differentia te from high levels of m odern floodp la in; ra nges from 2 feet to severa l feet thick or m ore;  som e a rea s a re stra th terra ces with thin terra ce dep osits over red,
cla yey residuum develop ed into Tria ssic b edrock.  [this unit is sim ila r in concep t to Q g2 of R einem und (1955)]
Qth –  Qua terna ry high terra ce deposits:silt loa m to sa ndy loa m  to gra velly loa m y sa nd (up  to 40% gra vel); yellowish b rown to reddish b rown; gra vel consists p rim a rily of
white, rounded to sub rounded qua rtz p eb b les, with ra re cob b les; the fluvia l dep ositiona l sequence genera lly fines up wa rds, with gra velly zones typ ica lly revea led a long
eroding slop es; tota l thickness of m a p  unit is typ ica lly 2 to 10 feet; m a y consist of a  la g dep osit in stra th terra ces over a  red, silty cla y to cla y residuum develop ed into fine-
gra ined Tria ssic b edrock.  M a p p ed a rea s m a y include m ultip le, undifferentia ted high terra ce levels.  Conta ins E a nd Bt horizons of a n Ultisol soil p rofile, with significa nt
a ltera tion extending severa l feet into the unit.  M a y exhib it crude stra tifica tion or cross b edding a t dep th.   [this unit is sim ila r in concep t to Q g3 of R einem und (1955)]
Tria ssic S edim ents
T rs –  Sa nford Form a tion: M a inly red to b rown, loca lly p urp le, coa rse-gra ined, a rkosic sa ndstones a nd conglom era tes.  S ub ordina te a m ounts of cla ystone, siltstone a nd
fine-gra ined sa ndstone (R einem und, 1955).
T rc –  Cum nock Form a tion:G ra y a nd b la ck cla ystone, sha le a nd siltstone.  G ra y sa ndstone.  Conta ins b eds of coa l a nd ca rb ona ceous (orga nic-rich) sha le (R einem und,
1955).  Includes coa l horizons.
T rp –  Pekin Form a tion:G ra y, Brown to m a roon, white m ica  b ea ring, interb edded m udstones, siltstones a rkosic sa ndstones a nd loca lly conglom era tes.  Outcrop s a nd
b oulders of floa t identified a s p a rt of P ekin F orm a tion a re strongly indura ted com p a red to sedim ents identified a s p a rt of Cha tha m  G roup .  Identified a s the P ekin F orm a tion
b y R einem und (1955).
T rpc –  Conglom era te of the Pekin Form a tion: R eddish-b rown to da rk b rown to p urp lish-red, irregula rly b edded, p oorly sorted, cob b le to b oulder conglom era te. Cla sts
a re chiefly m iscella neous felsic a nd interm edia te m eta volca nic rocks a nd qua rtz.  Typ ica lly p resent a dja cent to b order fa ults.  Outcrop s a nd b oulders of floa t identified a s
p a rt of P ekin F orm a tion a re strongly indura ted com p a red to conglom era tes identified a s p a rt of Cha tha m G roup .  Identified a s the P ekin F orm a tion-b a sa l conglom era te b y
R einem und (1955).
Intrusive a nd M eta intrusive Units
Jd –  Dia ba se:Bla ck to greenish-b la ck, fine- to m edium-gra ined, dense, consists p rim a rily of p la giocla se, a ugite a nd m a y conta in olivine. L oca lly ha s ga b b roic texture.
O ccurs a s dikes up  to 100 ft wide. D ia b a se typ ica lly occurs a s sp herioda lly wea thered b oulders with a  gra yish-b rown wea thering rind. R ed sta tion loca tion indica tes outcrop
or b oulders of dia b a se.
MZ la m p –  L a m prophyre (?): G ra y to p inkish gra y, fine- to m edium -gra ined, excep tiona lly dense, with a lka li-feldsp a r, p la giocla se a nd a m p hib ole.  The groundm a ss
consists of a lka li feldsp a r a nd p la giocla se, with a lka li feldsp a r m ore a b unda nt tha n p la giocla se.  P la giocla se crysta ls (grea ter tha n 1 cm ) a lso occur a re sub hedra l a nd
com m only zoned.  L oca lly, a m p hib ole occurs in elonga te slender p rism a tic ha b it (1-4 m m) a nd is ra ndom ly oriented.  S p a rse a m ygdules of qua rtz(?) up  to 5 m m p resent
loca lly.  The rock is unm eta m orp hosed b ut m a y ha ve m a gm a tic a nd/or hydrotherm a l a ltera tion.  Occurs a s dikes tha t a re coincident with dia b a se. Outcrop  a nd b oulders a re
typ ica lly sp herioda lly wea thered with reddish-b rown wea thering rind. R ed squa re sta tion loca tions m a rk outcrop s or b oulders.

Z di –  porphyritic: D iorite p orp hyry: M esocra tic to m ela nocra tic (CI~50-60), greenish-gra y to gra yish-green, fine- to m edium -gra ined groundm a ss with euhedra l to
sub hedra l p henocrysts (2-12 m m) of white to p a le yellow p la giocla se. M a jor m inera ls include p la giocla se a nd a m p hib ole. P la giocla se crysta ls a re typ ica lly sericitized a nd
sa ussuritized. Am p hib oles a re p resent a s sm a ll clusters a nd a re typ ica lly a ltered to chlorite a nd a ctinolite m a sses. The unit occurs a s la rge b oulders a nd/or outcrop  tha t is
nonfolia ted a nd loca lly it includes a p ha nitic to p orp hyritic a ndesite to b a sa lt.
M eta volca nic a nd M eta volca nicla stic Units
Aa ron F orm a tion
Z a  –  Aa ron Form a tion: D istinctive m eta sedim enta ry p a cka ge tha t ra nges from  fine-gra ined siltstones to coa rse-gra ined sa ndstones, p eb b ly sa ndstones a nd
conglom era tes.  S iltstones a re sim ila r in a p p ea ra nce to Hyco F orm a tion lithologies.  The sa ndstones, p eb b ly sa ndstones a nd conglom era tes (cla ssified a s litha renite,
feldsp a thic litha renite a nd lithic feldsa renite b y Ha rris (1984)) a re distinctive a nd com m only conta in rounded to sub rounded cla sts of qua rtz ra nging from sa nd- to gra vel-
sized.  In the sa ndstones, feldsp a r is the m ost p rom inent m inera l gra in; qua rtz va ries from sp a rse to a b unda nt in ha nd sa m p le.  L ithic cla sts a re typ ica lly p rom inent a nd
ra nge from sa nd- to gra vel-size.  Ha rris (1984), p erform ed a  deta iled sedim enta ry study of the Aa ron F orm a tion to the im m edia te west of the m a p  a rea .  Ha rris (1984)
interp reted the Aa ron F orm a tion to ha ve b een dep osited b y turb idity currents in a  retrogra da tiona l sub m a rine fa n setting.
Hyco F orm a tion – U p p er P ortion
Z hel - Epicla stic rocks a nd la va s:Conglom era te, conglom era tic sa ndstone, sa ndstone, siltstone a nd m udstone.  S iltstones a nd m udstones typ ica lly disp la y b edding
ra nging from m m-sca le up  to 10 cm, b edding la yers tra cea b le for severa l feet loca lly, m a y exhib it soft sedim ent deform a tion.  L oca lly tuffa ceous with a  relict vitric texture.
L oca lly conta in interb edded da citic to b a sa ltic la va s.  Conglom era tes a nd conglom era tic sa ndstones typ ica lly conta in sub rounded to a ngula r cla sts of da cite in a  cla stic
m a trix.  D ep osition interp reted a s dista l from volca nic center, in deep  wa ter(?), a nd via  turb idite flows.
Z him e/pl - Mixed interm edia te to m a fic epicla stic-pyrocla stic rocks with interla yered interm edia te to m a fic la va s:G ra yish-green to green, loca lly with distinctive
reddish-gra y or m a roon to la vender colora tion; m eta m orp hosed:  conglom era te, conglom era tic sa ndstone, sa ndstone, siltstone a nd m udstone. L ithologies a re loca lly
b edded; loca lly tuffa ceous with a  cryp tocrysta lline-like groundm a ss. S iltstones a re loca lly p hyllitic. L oca lly conta in interb edded interm edia te to m a fic la va s identica l to the
Zha b le unit. Conta ins lesser a m ounts of fine- to coa rse tuff a nd la p illi tuff with a  cryp tocrysta lline-like groundm a ss. P yrocla stics, la va s, a nd ep icla stics a re m a inly
interm edia te to m a fic in com p osition. M inor da citic la va s a nd tuffs p resent. S ilicified a nd/or sericitized a ltered rock a re loca lly p resent. Conglom era tes a nd conglom era tic
sa ndstones typ ica lly conta in sub rounded to a ngula r cla sts of a ndesite a nd b a sa lt in a  cla stic m a trix. G enera lly interp reted to ha ve b een dep osited p roxim a l to a ctive
interm edia te to m a fic com p osition volca nic centers a nd/or record the erosion of p roxim a l interm edia te to m a fic com p osition volca nic centers a fter cessa tion of a ctive
volca nism.
Z ha ble –  Andesitic to ba sa ltic la va s with interla yered epicla stic rocks: L ight green, gra y-green, gra y, a nd da rk gra y; typ ica lly unfolia ted, a m ygda loida l, p la giocla se
p orp hyritic, a m p hib ole/p yroxene p orp hyritic a nd a p ha nitic; m eta m orp hosed: a ndesitic to b a sa ltic la va s a nd sha llow intrusions. Hya locla stic texture is com m on a nd im p a rts a
fra gm enta l texture on som e outcrop s a nd floa t b oulders. Conta ins lesser a m ounts of gra yish-green, light green, a nd light gra y to white; m eta m orp hosed conglom era te,
conglom era tic sa ndstone, sa ndstone, siltstone a nd m udstone.
Z he/pl - Mixed epicla stic-pyrocla stic rocks with interla yered da citic la va s:G ra yish-green to greenish-gra y, loca lly with distinctive reddish-gra y or m a roon to la vender
colora tion; m eta m orp hosed:  conglom era te, conglom era tic sa ndstone, sa ndstone, siltstone a nd m udstone. L ithologies a re loca lly b edded; loca lly tuffa ceous with a
cryp tocrysta lline-like groundm a ss.  S iltstones a re loca lly p hyllitic.  L oca lly conta in interb edded da citic la va s identica l to Zhdlt unit (not p resent in qua dra ngle). Conta ins lesser
a m ounts of fine- to coa rse tuff a nd la p illi tuff with a  cryp tocrysta lline-like groundm a ss. P yrocla stics, la va s, a nd ep icla stics a re m a inly felsic in com p osition.  M inor a ndesitic to
b a sa ltic la va s a nd tuffs p resent.  S ilicified a nd/or sericitized a ltered rock a re loca lly p resent.  Conglom era tes a nd conglom era tic sa ndstones typ ica lly conta in sub rounded to
a ngula r cla sts of da cite in a  cla stic m a trix.  P ortions of the Zhe/p l unit a re interp reted to ha ve b een dep osited p roxim a l to a ctive volca nic centers rep resented b y the Zhdlt
unit b ut a re a lso interp reted to record the erosion of p roxim a l volca nic centers a fter cessa tion of a ctive volca nism.
Z hdlt (u) –  Da citic la va s a nd tuffs of the upper portion of the Hyco Form a tion:G reenish-gra y to da rk gra y, siliceous, m eta m orp hosed: a p ha nitic da cite, p orp hyritic
da cite with p la giocla se p henocrysts, a nd flow b a nded da cite. D a cite with hya locla stic textures a re com m on. W elded a nd non-welded tuffs a ssocia ted with the la va s include
greenish-gra y to gra yish-green, fine tuff, coa rse p la giocla se crysta l tuff a nd la p illi tuff. L oca lly, interla yers of im m a ture conglom era te a nd conglom era tic sa ndstone with
a b unda nt da cite cla sts a re p resent. The da cites a re interp reted to ha ve b een coherent extrusives or very sha llow intrusions a ssocia ted with dom e form a tion. The tuffs a re
interp reted a s ep isodic p yrocla stic flow dep osits, a ir fa ll tuffs or reworked tuffs genera ted during form a tion of da cite dom es.   W ortm a n et a l. (2000) rep orts a n a ge of
615.7+3.7/-1.9 M a  U-P b  zircon da te for a  da citic tuff from the unit in the R ougem ont qua dra ngle.

This geologic m a p  wa s funded in p a rt b y the U S G S  Na tiona l
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for governm enta l use.  The views a nd conclusions conta ined in
this docum ent a re those of the a uthors a nd should not b e
interp reted a s necessa rily rep resenting the officia l p olicies,
either exp ressed or im p lied, of the U.S . G overnm ent.
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G oldston Ba se M a p  Inform a tion:
Ba se m a p  is from U S G S  2019 G eoP D F  of the G oldston 7.5-
m inute qua dra ngle.  Air p hoto, m a p  colla r a nd select fea tures
rem oved. Bounds of G eoP D F  b a sed on 7.5-m inute grid
p rojection in UTM  17S ; North Am erica n D a tum of 1983
(NAD 83).


