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ABSTRACT

Orange County is located in the northern Piednlont of NOlth Carolina and covers an area of 398 square n1iles.
1'he county contains a variety of rocks which collectively ~an be divided into three distinct types. These are
metavo}canic-nletasedimentulY rocks ofOrdovician (?) age, igneous intlusive rocks ofDevonian (?) or later Paleozoic
age and sedimentary rocks of Triassic age.

Stratigraphica~lyand lithologically the 111l'tavolcanic rocks in ()range County,.North Carolina, have been tlivideu
into fOUf units. Units I through IV are Inetavolcanic rocks consisting of flows, pyroclastics and epiclastics which are
products of both subaerial and subaqueous deposition..This metavolcanic sequence locally grades from Unit I,
composed of amygdaloidal basal! flows, sonle of \vhich exhibit pillavv' structure, and interlayered basaltic lithic tuffs
and clystallithic tuffs to the andesitic to d~lcitic pyroclastic rocks \vith minor basalt flows of Unit II. Unit III, which
overlies Unit II, is predominantly composed of dacitic to rhyolitic lithic tuffs, crystal lithic tuffs and scattered
sphenIlitic flows and flow tufTs \vhich are rhyolitic in cOluposition. The epiclastics of Unit IV overlie Unit III and
consist of conglomerates \vith intercalated graywackes, overlain by graywackes \vith laminated argillite interbeds
which are in turn overlain by la1l1innted argillites. These Inetavol<:anic rocks have been thi~ht!y folded into a series
.of nOltheast trending asymmetri<:al anticlines and synclines and are considered of Ordovician (?) age.

Intrusive into the metavolcanic rocks are the igneous plutonic rocks. These intlusive plutons and plutonic
complexes of Devonian (?) or later Paleozoic age range in composition from granites, quartz lTIonzonites, granodio
rites, qualtz diorites, diorites and gabbros to ultramafics. 1"hese intrusive rocks \vere apparently injected along
zones of weaknesses such as shea!' fault and fracture zones in the older metavolcanic rocks.

Fine-grained aplite and highly-weathered Iamprophyre dfkes and stringers, primarily found in the vicinity of the
igneous intrusive rocks, cut one another as ,veIl as all other pre-Triassic rocks in the county. These dikes and
stringers \\'ere apparently a later phase of the Paleozoie igneous intlusive activity in the area.

The extrenle southeastern corner or Orange County contains sediJnentary rocks of Triassic age which occupy a
do\vnfaulted area kno\vn as the Durhanl basin. These rocks are considered to be Late Triassic age and are asSigned
to the Ne\vark group. The 1'riassic sedil11entary rocks are nne-grained clastics and interbedded conglomerates
,vhich were apparently derived fro111 the olaer nlctavolcani<.: and intrusive igneous rocks that occur \vest of the
Durhanl basin.

Intrusive into the Triassi<: sedirnentary rocks and the pre-Triassic rocks are discordant diabase dikes of a
basaltic c0l11positioll that are of Late Triassic or Early Jurassic age and are considered the youngest rocks in the
county.

NU111erOUS abandoned I11ines and prospect sites exist in Orange County that have in the past been \\'orked for
gold, copper and iron. At present, pyrophyllite, crushed aggregate, huilding stone and gravel are being cOlnmercially
111ined in the COllllty,
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INTRODUCTION

Location and description of area

Orange County is located in the northern Piednlont
of North Carolina (see figure 1) between 35 degrees
51 minutes and 36 degrees 15 minutes north latitude~

and 78 degrees 57 minutes and 79 degrees 16 Illinutes
west longitude. The county is approxinlately rec
tangular in shape with an average width of 14 Iniles
and a length of 28 miles fro 111 nOlth to south. It
encompasses an area of 398 square miles or approxi
mately 254,720 acres and ranks 65th in size anlong the
100 counties in the State. On the north it is bounded
by Caswell and Person counties; on the east by Durhanl
County; on the south by Chatham County and on the
west by Alamance County.

Purpose and scope of investigation

The Division of Mineral Resources of the NOlth
Carolina Department of Conservation and D~velop

ment at the recluest of the Research Triangle Regional
Planning Commission initiated. in the summer of
1962, a detailed geologic mapping project and mineral
investigation of Orange County, North Carolina. The
objectives of the project vvere threefold: (1) nlap the
geology of the area in detail and determine the local
stratigraphic sequence; (2) interpret the structure of
the sequence and (3) investigate known Inines, cluarries
and mineral prospects in the area and through detailed

mapping, locate and evaluate ne\\' areas of possihle
nlineral potential, their relationship \vith thp sur

rounding countl)' rock and their probable 111(H.l(' of
elnplacement.

Four U.S. Geological Survey topographic quadrangle
sheets were available as base nlaps. These Inaps are
the Chapel I-lill 7J2-Ininute quadrangle, the Durhan1
North I5-minute quadrangle, the Durham South 1.5
minute quadrangle and the Farrington 7J2-nlinute
quadrangle. Of the aforen1entionecl Inaps, only the
Chapel Hill 7}~-minute quadrangle located in the
southeastern section of the county was of significant
aid in mapping. The Durhanl North and Durhanl
South I5-minute quadrangles cover the eastern edge of
Orange County and the Farrington 7J2-nlinute quad
rangle covers only the extreme southeastern edge of the
county. Consequently, eleven 7J2-minute planitnetric
maps acquired fi-om the Research Triangle Regional
Planning Commission were traced and \vere used as
base maps to plot the geology. The contacts in tUlll,

were transferred to the permanent base n1ap on a

scale of one inch to one mile.

Asoils map of Orange County published in 1918
by the U.S. Departlnent of Agri~ulture, Bureau 0("

Soils, in addition to helping \vith the identification of
soils, was particularly useful in locating no\v unnlarked
or abandoned roads and trails \vhich provided access
to many isolated areas.
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Figure 1. Index map showing location of Orange County. N.C.
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Orange County area

The 'general stratigraphic succession in Orange
County in a$cending order is as follows: U nil I is
predolTIinantly Hlnygdaloidal basalt lava flo\vs exhibit
ing local pillo\v structures \vith intercalated hasalt
porphyries and lithic and crystal lulls of a basaltic
conlposition. Unit II is predoIllinantly andesitic to
dacitic lithic and crystal tufI<i interbedded \vith inter
lnediatetufTbreccia; and phyllites. Occasional anlygcla
loidal basalt lava flo\vs, S0J11e of \vhich exhibit pillo\v
structures are intercalated \vith the tufls. Interbedded
andesitic to dacitic tufTs o~ellr in the upper part of the
unit. Unit III is conlposed preclonlinantly of felsic
tuns, lithic and cl)'stal lithic tun·s, sonle volcanic
breceias and occasional spherulitic rhyolite Ilo\vs, rhyo
lite porphyries and flo\\' tuffs. Dacitic tuffs occur
interbedded within the unit. Unit 1\1 is predorninantly
epiclastic argillites and lan1inated argillites, gray
\\'ackes \\'ith interealated argillites and conglolnerates
containing gray\vacke interbeds. Intrusive into the
nletavo]canic-metasedimentary rocks are)'ounger Pale
ozoic igneous plutonic conlplexes\vhich are predonli
llalll1y diorites and <!uartz diorites. f\ Iso present are
gran i tes, granocliorites, 1110nzonites'{l~~~!,tzl!l0nzonites,
gabbros and ultranlaHcs. Undiflerenthiled interbedded
arkosps, sandstones, siltstones, shales, l:ong]olnerates
Hlldgraywackes ofl"riassic age, occupy a down-faulted
basin in the extrenle sOlltheastern corner of the county.
These sedimentary rocks arc cut by diabase dikes of a
basaltic composition that are of Late Triassic (?) or
Early Jurassic (?) age.

Unit I

Unit 1, the basal unit, is con1posed preclon1inaJ~tly

of fine grained lllassive dark gravish green arnvgda
jOldaJ DclSalt Ia~a llo\vs with s~nl~ inte~·calated IJ(lsalt
POJ1)hyries, dark gray basaltic tuffs, basaltic lithic tl1f£~

and basaltic crystal lithic tuffs (see plates 1 and 2).

'I'he basalt flow rocks are located in the· central part
of the county. Three flo\\'s are located just east and
south of the town of Efland, four flows crop out just
south ;H1d east of HIllsborough, and another occurs
just \V("~~ of New I-Iope Church. These lenticular bodies
of n-letabasalt follow the regional trend of the volcanic
rocks and strike bet\veen N. 25° and 35° E. and have
IH'ad)' vertical dips. 'rlH~ nO\\'S range f"roll1 0.5 lni]e to
eJver 6 miles in length and fro111 0.1 Illile to one n1ile in
\\'idth.

In outcrop, the basalts are rnassive, have a hackl)'
fracture and exhibit no apparent layering or cleavage.
\r ('atherillg of the basalts produces a lnediurn grayish
green sharkskin StlrEH:e \vhich tends to enlphasize the
flo\v lines and the knobby \veather resistant quartz-
t1pidote-chlorite tll11ygdules. l'h(' \vhite and green

eolored amygdules are spherical to oval in shape and
the area around theITI is distinctly greener than the
bulk of the matrix as a result of a concentration of
epidote in the vicinity of the anlygclules. Sizes of the
amygdules are varied, but the majority range in size
fron1 a fraction of an inch to more than one inch in
dianleter (see plate 2, nos. 1, 2 and 3 ). These alnygdules
were apparently formed by secondary mineral deposi
tion in vesicles in the basalt OO\vs.

Pillo\-\' structures present at several locations in the
anl)'gclaloidal basalt flow rocks indicate at least part
are of subaqueous accumulation. Crude pillow struc-
t II res are 1() (;ated j lIS t noIth\ves t 0 f New I lope Ch ureh
and \vest of I-I igh\vay N.C. 86 and also on the southeast
bank of the Eno lliver just south of I-ligh\vay u.s. 70,
and in outcrops eXf)(}sec1 in the flood plane of the El~~h.. _

!{iver north of I-ligh\vay u.s. 70. \lVell-fornled pHJO\VS
are, located approxirnately one mile east of the inter
secti01;} of IIighway N.C. 86 and Secondary }{oad
and crop out along the east bank of Ne\v I-lope Creek.

M6st of the pillowed outcrops sho\v deforlnation of
the pillows uno at these locatiuns, only a few of the

-, pillows exhibit V-shaped bottoms. The shapes of the

majority of the pillows in the olltcrops exhibiting
de(c)nnatioJ1 are lTIostly loaflike or iri-cgularly subellip-
tieal to ~unoeboicl· (see plate 2, no. 5). With few·..· .';;J';;~':"~'

exceptions, the pillows are \vieler than they ,l're high
and val)' in lengthtrom 1 to3 feet, with 2 ()ot lengths
the Inost COlnmon. The measured thicknesses of the
indiviuual pillows range fi-om 12 to. 18 inches.

",\..

!vl,~ny of the pillows observed contained flovv struc-
ture and qUHltz-epidote an1ygdules \-vhich, because of
weathering, contribute a knobby uneven texture to the
pillo\ved surface. Both amygdules and flow lines are
present in the matrix surrounding the rims of the
pillows and the flow lines can be easily traced as they
\vrap around the periphery of the pillows. The tops
and bottoms of some pillows are discernible and
weathering in concentric rim fractures along their
contacts has tended to emphasize the size and shape
of the pillows (see plate 2, nos. 4 and 6).

Jointing is present in the pillowed outcrops and
tends to parallel the e>..i:erior rhns of the pillows.
I-Iowever, jointing also bisects the pillows in nUJnerous
outcrops and in a few locations three clilnensional
views of the pillc)\vs are exposed.

lJsually the basalts have a greater resistance to
\veathering than the adjacent roeks, thus they fre
quently fonn ridges. Cascades and small waterfalls
often occur \vhere the basalts are crossed by streams.

'fhin section analysis has shovvn the nlujor lninerals
of the basalts are epidote, chlorite, albite, quartz,
actinolite, sericite, opaques and calcite. Butler (1963)



states that the most COlTIlTIon mineral assenlblages are:
ep idote-ch1ori t e-qu a rtz-piagioc1as e- (seric ite )
epidote-chlorite-quartz-actinol i te-(serici te)
epidote-chlorite-quartz-actinolite-plagioL'lase-

(sericite)
epidote-ch lorite-qualtz-plagioclase-calci te
epidote-chlorite-quartz-(sericite)

Chemical analyses of five randomly selected speci
mens collected fron1 the metabasalt flows ShOV~l an
average Si02 content of51.5 percent, an average Na20
content of 3.5 percent and an average K20 content of
0.65 percent. A comparison of the chemical cOlTIposi
tion of some basalts is listed in table 1. A graphic plot
of silica against the ratio of potasshl1TI oxide to total

alkalies indicates that the Orange County basalt sp(~L'i

mens fall within the chemical norm for the plotted
average of spilites as defined by Nockolds (1954) (see
figure 5). l'he presence of these spilitic pillowed
amygaloidal basalt flow rocks'offers added ernphasis
to the fact that the metavolcanic-metasedirnentary
rocks of Orange County, ~orth Carolina, are of eugeo
synclinal deposition. The basalt- flow rocks are classi
fied as being of the spilitic variety on the basis of the
following data:

(1) Avery low potassium oxide content \vhich
averages 0.65 percent and a relatively high
sodium oxide content of 3.5 percent for the
chemical analyses of the fi ve basalt specimens.

(2) The presence of pillow structure in the basalt
flow rocks indicates subaqueous deposition.

(3) ,In places, the basalt flow rocks are interlayered
and overlain by basaltic tuffs which exhibit a
pronounced graded bedding ""hich is also
indicative of subaqueous deposition.

(4) The basalt flow rocks exhibit flow structure
and abundant amygdules which are indi~a
tors of a true extnlsive rock.

(5) The L'Olllplete chen1ical C0111position of the
flOVlS places theln as true basalts; \Vht'll their
silica content is plotted against their ratio of'
potassiun1 oxide to total alkalies, the basalts
plot \vithin the chelnical norn1 for the plotted
average of spilites as defined by Nockolds
(1954).

1""he bas~ltic tufls intercalated \vith the 111etabasalts
are tnassive'l fine grained, dark gra}' to dark grayish
green on un\veathered specimens. The crystal clasts
which are white to light green in color contrast \vith
the dense fine-grained n1atrix and the lithic clasts
\vhich are, for the n10st part, darker than the matrix
give the tufT a speckled appearance. Upon \veathering,
these tuff.') attain a reddish hro\vn to dark bro\vn color.
but still retain visible relict· crystal and lithic clasts.

,/

Good exposures ofthe weathered intercalated basalt
flo\v rocks and basaltic tufTs can be vie\ved in a roadcllt
on a gravel road located several hundred feet south
\vest of Highway U.S. 70 and approxin1ately 0.5 lnile
southeast of the business and u.s. 70 bypass.

As exposed, the tuffs strike N. 48° E. and dip 68°
to the north\vest, are reddish bro\vn to dark bro\vn in
color and appear in places to be approximately four
to six feet thick. However, the thicknesses of the tuns
vary considerably along strike. Graded bedding is
evident in several areas of the \veathered tuffs along
strike in the road cut, and a basal, highly weathered
basalt exhibits what appears to be small pillo\vs in
an advanced stage of weathering. This sequence \\:ould
suggest I that at least part of this unit is of subaqueous
deposition.

In thin section, the 1l10re Inassive basaltic tuns
exhibit lithic clasts that are in general predollli
nantly angular to subangular, are l'nndo1l1ly oriented

TABLE I. COMPARISON OF THE CHEMICAL COMPOSITION OF BASALTS
Hawaii Albemarle Nockolds

Orange Co. Allen-Wilson, 1968 Orange Co. Murato Quadrangle "56 average
Butler Richter Conley Central Basalts"

Sample No. S 9 18 1964 1966 1962

Si02 50.5 50.7 50.0 47.48 50.74 53.6 51.33
AI20 3 19.4 16.7 18.0 20.42 13.57 18.4 18.4
Fe203 4.3 3.1 7.3 6.41 1.36 ' 5.2 3.40
FeO 5.7 7.6 2.3 3.61 10.63 5.70
MgO 4.7 5.6 5.1 4.53 6.16 5.9 6.01
CaO 6.4 5.8 9.7 10.52 9.94 7.0 10.07
Na20 3.9 3.8 3.0 2.0 2.64 1.88 2.76
K20 0.27 0.88 0.70 2.30 0.67 0.25 0.82
H2O- 0.12 0.07 0.11 0.03 0.00
H2O+ 3.4 3.9 2.3 1.65 0.09 0.45
Ti02 1.0 1.2 0.90 0.52 3.35 1.10
P20S 0.13 0.24 0.22 0.37 0.16
MnO 0.15 0.27 0.26 0.22 0.18 0.16
CO2 0.05 0.05 0.05 0.11 0.01

... Includes, P20S' MnO, Ti0 2

**Total iron content reported at Fe20:i'
Note: See Table 5A for sample locations,



Table 2. Chemical Analyses of Andesitic·Dacitic Rocks in Unit

The conlposition of the phyllites varies considerably
across strike from southeast to north\vest in the Old
Duke quarry. The clastic texture of the phyllites
decreases in size Ii'om southeast to nOlthwest along the
quarry face (see figure 2). The southeastern end is
cOlnposed predonlinantly of lithic tuffs and breccias
containing deforlued elongated clasts that are parallel
to the bedding and cleavage. The phyllites exhibit
excellent nonnal graded bedding from fine to coarse
from north\\'est to southeast. This suggests subaqueous
deposition for these rocks and indicates that the rocks
are progressively younger from southe~t to 11?rth\\7est
through the quarry. Excellent exposures of norIna]
graded bedding is exposed in the north\vestern end
of the quarry face occurring in a highly \veathered
reddish-bro\vn phyllite.

1"h(' ph)'l1 ites in the Ne\v Duke quarl)' are ic1entic~1

in appearance and COll1position to the phyllites in tne
Old Duke quarry \vith one Inajar exception, the graded
hedding is reversed. Detailed study of the immediate
vicinity established the presence of an ovelturned
synclil;e (see plate 13, cross section A-.A.').

Butler (1964) states, "The Duke quarly phyllite was
derived fi·om argillite, tuff or tuffaceous sandstone,
and volcanic breccia. Occurrence of laminated argil
lites suggests marine deposition."

l~our randonl1y selected hand specimens [raIn Unit
II in Orange County have an average Si02 content of
62.2 percent \vhich \votI1d collectively group the speci·
ll1ens in the andesitic-dacitic range. The Si02 range
for the four specimens is [roln 58.2 percent to 65.7
percent \vhich is an Si02 range of 7.5 percent. Conl
plete cheillical analyses for the f{)ur speciInens are
listed' above in table 2.

Note: See Table 5A for sample locations

and exhibit no apparl'nt layt'ring or s()rl ing. /\
f{)\v o{ tlH~ lithic clasts contain relict glass shards.
\vhich indicates ctL()ts \vithin clasts and that a prior
tuff, at or near the source area or areas t\lrnishcd S0111<.'

larger clasts for this later tufL 'The c~iasts appear. to
have heen deri\'cd f"rolll fine grained to cryptocrystallJrH'

rocks. I'he crvstal c.:lasts arc prcdolllinantly euheclral
crystals of ph~gioclas(' feldspar exhibiting albite t\vin-.
ning. Quartz appt'ars to COlllpose 25 to :30 pcr(:'ent oj
the groundnlass. 'The 111ajor Inineral constItuents
()hsl'r~ed are plagioclase, q\larlz~ chlorite and epidote
\vith Ininor anlO\lllts of sericite, calcite and opaques.

lTnit II

Unit II is C0l11pOSeU of pyroclastic rocks of anclesitic
to ,dacitic cOlnposition (see plates, 3 and 4). Basalt
extrusives, SOlne of \vhich exhibit pillow. structures are
present \vithin the unit and are intercalated. \vith t~-H\

pyroclastic rocks but are fe\v in l1lunber. A tuff breCCIa,
locally containing lahars, is interbedd(:~d \vith the
inter~ediate pyroclasti<: rocks. The lahars con.tain
unsorted randolnlv oriented <.:lasts varving in size fro111
less than'an inch t~ over three feet in length and these
elasts Val)7 in eonlposition fronl basalt to rhyolite. This
sequence suggests that the volcanic cycle was still in a
highly explosive phase enlanating andesitic to dacitil'.
ejecta over a \vide area and fe)l" extended periods of
tinlc. 'rhe occasional basalt n{}\V rocks in Unit II sug
gests that th~ extrusive phase of vulcanisnl had sub
sided to a considerahle extent as conlpan.:'d to the
ahulldancl' of' basalt extrusivcs descrihed in L1nit 1.
"rIle pr,esence of lahars further suggpsts that the eenter
or centers or vlll<.:anistll \ven' relatively near.

Unit II appears to overlie confornlably LTnit I
throughout thl' county. rrhe cross section :\-:\' (SPt'

111ap, plate 13) shov~'s in pla<.:es that Unit I is directly
overlain bv Unit Ill, \vhich appears to represent
areas of nO;ldeposition of Unit II n{ther than erosional
unconformities. Ho\vever, this is not to say that during
the deposition of Unit II, the )1ornlal erosion-deposition
cycle was not in effect.

Phyllites of andesitic to dacitic C01l1position occur
\vithin Ullit II and excellent exposures of this rock
type can be vie\ved in the Old Duke quarry, one 111ile
south\vest of Secondary l\oad 1161 and O..! nlile (last
of the intersection of I-iighway ll.S. 70 and Seeondary
l\oad 1161 and in the Nevv' Duke quarry located
southe:'15t of Sec:ondarv Iioad 1181 and \vest or tht'
Eno lliver. The phyllite varies considerably in color
hut the rock is predolninantly dark gray to clark
bluish gray \vith a \vell clc\'c)opl'd slaty cleavage that is
paralJel to thf.:' hedding. '1'he average strike and dip of
tlH' cleavage and bedding of thp phyllites in the Old
Duke quarry is N. 45° E .. 71 0 N\\l.

Sample
Number

SiD:!
AI:!O:\
Fe20:~

FeO
MgO
CaO
Na:?O
K:?O
H:?O
H:!O+
TiO:!
P20;)
MnO
CO:?
Total

NO.2

62.8
16.5

5.9
.50

1.8
4.1
3.1
2.0

.06
1.3
.87
.22
.20
.35

100

No. 10

62.1
14.7

5.2
3.0
1.9
3.4
4.1
2.3

.06
1.5
1.1

.30

.20

.05
100

No. 16

58.2
22.6

5.8
1.4
1.0

.49
.2.7
2.3

.28
3.5
1.2

.22

.14

.05
100

No. 20

65.7
15.2

3.0
3.1
1.7
3.3
3.9
1.1

.07
1.5
.84
.20
.30
.05

100



l.Jnit III

lJ nit II I is composed of pyroclastic and flo\\! rocks
of dacitic to rh:-/olitic COJllposition (see plates 5 anel 6).
Pyroclastic rocks arc vcry abundant; vvhcreas, OO\\'

rocks art' ra rv. 'Illis su ggl'S ls tlla l t 11 c vul can is 111

()r the lCll(Tth or li1l1l' rCl)lTS<..'ll!.('d hv the accll111ll1a-
b ~

bon of the rocks of Unit 1I1 \vas prinlarily one of
explosive ejecta rather than one of OtltI)ollJ-\ng of lavas.

l"'he felsic pyroclastics are prec.lon1inantly lithic tufTs
and crystal lithic tufTs. The tufTs are dense, ll1ediuDl to
light gray to light grc:~n in color and have a sub
conchoidal to conchoidal fracture. A speckled appear
ance evident in J11tlnV of thl' sp('cilnens, is c;a.used by
an aimnclance of white to light gray feldspar elyst<~l
clasts that are 1ighter colored than the 11latrix, and
lithic clasts that are darker colored than the nlatrix
(see plate G, no. 4). The lithic clasts are randomly
oriented, angular to subroundecl and valY 1'rQ111 t\VO
to t\venty 111illi1l1etcrs in size. 'The clastic texture is
obvious in hand specinlens but is 1110re pronounced on
\veath~redoutcrops. In StIch outcrops, the tuffs \veather
to a \vhite or bun' color, but the clasts in general are
1110re resistant to \veathering than the nlatrix, causing
a knobby appearanc;c on the \veathered surface. Son1e
or the tufls exhibit a high degree of \velding and have
a significant ring \vhen struck \vith the hanlIl1er. This
suggests that sonle of the pyroclastics were above the
\velding telnperature \vhen en1placed and were able
to retain this telnperature until \velding \\'as accon1
plished.

Evidence of devitrification \vas observed in thin
section analysis of specinlen nU111ber 3 (table 3), a
fl'lsic.: vitric: crystal lith ic tufT. In this specirnen, vitro
clastic texture \vas observed in the lithic clasts occur
rill<T in the tufl'aCl\OllS Inatrix.T'he outlines o{'c01l1!)(1cted

b

glass shards \-"ere observed in various degrees of preser-
vation and appeared to be confined solely to the lithic
clasts rather than occurring in the matrix. Butler
(1963, p. 180) describes the presence of vitroclastic
texture occurring in flinty aphanites collected from
Orange County, ·North Carolina, and postulates that
U1nost of the flinty .~phanites 111(1)' be vitric-crystal tufT
in \vhich the vitroclastic texture was destroyed by
subsequent nletalnOl-phism."

l\hyolite f10\V rocks occur at several locations in

()range COl1nt~.· assoeiateu \vith r('Isle vitric crystal and
\. i t ric Ii t hie t u r'C'i. ()ne stlch no\V 0 c.:c II 1'S 011 a no1'theas t 

trending ridge located approxinlately one mile north
of the Cross Roads Baptist Church just east of Secon
dary Road 1134. In outcrop, the rhyolite forms a
prolninent ridge that strikes N. 55° E. and exhibits a
poorly developed cleavage that dips approxinlately
veliical. The rhyolite appears to have been a highly
vitric porphyritic f10\V and contains abundant spherll-
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Table 3. Chemical Analyses of Oacitic-Rhyolitic Rocks in Unit III.

Sample
NO.7 No. 14 No. 19Number NO.3

Si02 70.6 70.3 71.7 65.2
AI20:~ 14.8 14.2 14.2 14.3
Fe1O:J 1.7 1.7 1.3 2.5
FeO 1.1 .93 1,4 1.8
MgO .58 1.4 .37 .97
CaO .94 2.1 1,8 3.2
Na20 4.6 3.7 4.6 2.7
K~O 3.9 2.5 3.1 4.1
HzO- .05 ,08 .07 .05
HzO+ .65 1.1 .73 1.4
Ti02 .38 .40 .40 .63
PzOs .00 .08 .06 .10
MnO .20 .12 .18 .20
CO2 <.05 1.2 <.05 2.8
Total 100 100 100 100

Note: See Table 5A for sample locations

lites. It is a dense, light to mediun1 gray siliceous rock
e'xhibiting flow banding which is highly prominent
on weathered surfaces. This flow structure is quite
apIJarent and is easily traceable as it wraps around the
spherulites. The spherulites disclose on \veathered
surfaces, grayish white concentrically arranged aggre
gatIons ot teldspar and quartz that radiate outv~·ard

from a comnl0n center or nucleus. The nucleus is
usually composed of quartz and secondary epidote or
a primary feldspar crystal. The spherulites range in
size from less than one-tenth of an inch to over four
inches in diameter.

Trains of small spherulites are evident under thin
section exalnination and can be traced as they \vrap
around larger sphenllitic structures in the crypto
crystalline groundmass. These facts, along \vith the
absence of lithic clasts, indicate that the rhyolite flo\\'
rock \vas a molten lava rather than a mobile welded

ash flow.

The presence of spherulitic structures in the rhyolite
extrusive provides further evidence of \videspread
devitrification among the felsic volcanic rocks of Unit
III. Ross and Smith (1961, p. 37) have described the
formation of spherulites occurring in devitrified rhyo
lites and welded tuffs and state that the spherulitic
structures developed in \¥elded tuffs differ in no way
from those occurring in many rhyolite flow rocks. They
fluther state that the identity of such rocks nlay be
determined from geologic relations, and inclusions of
nlaterials of clastic origin may indicate ash-f1o\v origin.
Because of the absence of inclusions of clastic ll1aterials
and the existence of flow lines, it is believed that the
rock containing the spherulites is a £10\\7.

Four randon1ly selected hand specimens fronl Unit
III in Orange County have an average Si02 content
of 69.5 percent. l~he Si02 range for the four speci-
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Inens is f'roIn (j,S.:2 percent to 71.7 percl'lIt \\'Ilich is d

SiC)2 difft~n.'ntial of G.5 percent. (:olllpll'l(' l'IH'lni('~d

atlaI~'s('s of th(· fOllr sp('cirncns arc' listt,d ill l,dde :3,

~rl)(' 111cta\'ok:ani,-'lastil' s('diI1H'ntary roc'ks or l'llit 1\"
consist or drgill itcs, gra~'\\'~lc:k{'s \\'ith intt·r<:alatl·d
ar~il1it('s, and cOj)~I()rn('ratl's \\'itll ,u:ra:'\\'ltl'kl' 11dl'r

ht:ds ~s('c pl,Ltcs 7 and S). 'rlll' ,-t.'qll('IIC'(' slrikt's ~,
-l~':; E. dips vcrtic,dly and appCtlrS to O\'l'rlil' ('(}I!fCHJll

ahh' tll(, volcanic rocks ill lJnit Ill. 'TIH'S(' ('piclasl it,:,.

(Fi~ll('r, IQnl, liP, t·l()~J-I-l·t3} art' ('()rnp()st'd oj' elt·triLl!

fragll H 'tlls of" p 1"t:-(·x is t i llg vo lcan ic roc ks, hot II fl(}\\,s
and p:Toclastics. tllat havc' IH'vll sllh,Hlll<'()llSh' d('
positt>cl through t.he process of\veathcring. crosion alld

lransporLltioI1. l~ht· volcaniclastic s('dill1('ll! al";: St',

q tll'nce ()r bas a1 c() 11glorn(' ratesc() 11 ta i 11 S \ \' ( '11 re)\! 11 d(' d
tuff, rln'olite and quartz pelJhles and cohhlvs \\'itL ill

tcrcalated gray\vackes. I'his seqtH'llcC is ()\crlaill b~
gra\'\vackcs \vi th argi 11 j t<: i 11 tt'rheds \vhi cit is iI} t 1I rJ I

~Vt:rlaill bv argillites and lan11uated argillit(·s, 'rhis sug
gests that positive source an'as \vere pn's('nt ~uld that

slo\\' Jllo\'ing saturated ClllTt'nts deposill'd the svdi
Il1ents helo\-\' \vave bast' in the rclati\'l·l~· qllict-\vat"('r

zone. 1-l1e evidence of graded bedcl illg in t h(' volcall i
clastic sedimenbl1"v rocks indicates scdinH1nlatioll hel()\\'
\vave base and th~ lalllinated argi 11 ih's a r(' i Ild iC'~lt i \'(' or
quiet-\vater deposition. "'()nly 'in the ahsellce of all~"

bottonl turbulence could such L.lIninat1011s 1"(.'111ai11

unclisturbed)~ (Pettijohn. 19,57, p. ,5D:3). "rIle pn.. ·S('IICt'

or lanlinated ar<rillites \\'as also noted })\' Blltll'r ( I UC):).
b 0

p. 181) in ·\\7hi(;h he stated, ...·rhc· argillite ilnd slate

originated by (1eCUIl1ldation of <.:la~' and silt-sized par
ticles. "The presence oflarninatiol1S SUg,t!llstS a lacustrine

or ITlarine enVirOl1rllent. The lanlinatiol1s lllllst ha\'('
heen f(}rIl1ed by inlerTTlittent l·hanges in dep()sitioll~d

con c.l it i0 115 suel~ as S l'as () n a I \'a ri at i 011 S ~ Pl' l' i0 d icc11 r
rents, or regularly-spaced ('ruptioI1S of \'OICalllc ash."

C:hernical analvsl's of three randotnh' select('d hand
speciJnens of epi~]astics frOIll li nil 1\' ;lppl'ar in ~ri.lhlt'
4, p. 25. Speeilnen nllI11her cleven is the allal~'sis for

an argillite \vhich cOlnparcs favorahl:' to siIllilar rock
types listed in the literaturt' (Pettijohn. 1~),=j7, p. :3-1,-1 ').
"rhe (rrav\vacke, s})('ci :1H'11 nUll1hvr t\\'cl \'C'. l'()llipan'so .-
f~lvorabl\' to thc chC'tnical conlpositio}) or the a\"t'ra,~(.'

or t\\'ent"v thre(' crra\'\\'ackcs list('d I)\" }>('ttii()hll ( 1~):)7.
" ...., . .,

p. .307" 'Ta hle ,51). "fllt, conglollH'l"at(' is reb ic ill

conlposition, (1(1.:3 percent Si()~. a iact \\"hi('ll l1)ay he
attribtlted to the abuntlanc(' (;rcr"\T)t()l't"~'stalill)('p:'1>hlt'
to c()L1>Ic sizt.' d, \0\' (' II r() 1I1 )( I('d,S \l h-SP1l< .r it'a I t () spIt t' ri(' l d
f( ,Is it' \'olean ic part icl t'S,

() 11 0 ute r ()p , tIl e l'On g I() ITH ' L II (, is I igIIt t () J I H ,d i 11111

grcl'llish gray in color and c()lltaills all ;d}!I1,~l;l1l('l' 1)1'
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san d t() l'()hhIe ~.; i /. ~ '. \ \ '(' 11 rl ) 11 i Id(' (L 11 H)d(,L l t t' I~' spill •ri(' ;tl
to spherical p;lrticll's or both 11()\\, alld P:'1'()L,LlSt it'

In(lt('ri~t1 thelt is prl'dOlllinallll:' darKvr ~Ll~' ill ('olnr
t 11 a Il tIll' 111 a l r ix, 1)t It i~ l'v Is i(' iii C () 11 IP()sit i() tl . 0 rll i'~

Sll~~t'Sts that the scdirll('ilts \\'('1"l' t!cri\'('d frOll1 POSiti\T
art' ('lS () f Pn ·-l'xis t i 11 ~ t'I..'] s j L' \ '() Ie a; I i (' r< Il'ks. ~rh(' n H 1I 1< I
II t'SSillHIs ph l' ric i l.\ ()r t Ill' Pt'hL!<'s and (()hhI(',~ \\ !tII i11

th(, C'()I1~I()n1cratt' f'lIrlll<:r Sl-!()\\"S that tIlt· particll's ,,,·('rt'

tr;tnsp()~·ted. BrO\\'11 to Ltdf to \\'hitl', rOllndvd, 1l10d

(,1";ll('I:' 'spherical to spll('ril'ld (plartz p,lrt il1{'s are pr( 's
ent. hut lUI IlH 'ri ca1h' co 1npusl' on}:' It ]:1 ino r fract jpll

or till.' roul1lh·d pt:hhlt's alld l'ohhh's, Int"rcaLtlt,d

\\'jthin tllt l COll<TlOI1H'ratl' ~i.r(' trra\·\\'ackc illtl'rh('ds tlLd
b ~ 0

art' strikillgh' sirnil~lr to tIll' Inatrlx of'thl' ('f)n~l()nll'Lt!l"

'rh(' gra~'\~"~l'k('s art' prl·dolllill;Lllli:' li~Lt lo Ill('dilllll

gn'l'llisl1 gray alld ha'd' a :-ip(·ckll·d app(.'araIH.'l· 1)(·
caUSl' of' thv a1>ulldalll'c of" darkl.'r gray litilic partlcl t.':-

and \"hite crystal particles dissclninatl·d tltroughultl

the Inatrix. C:·larkt· (1~),J7"' ITlappt'd a s('diln('l1tar~' St'

(pH'IICe south of" tlt(· t()\\TI or (:ll'lpt·l IIill, :\()rtl1

Carolina, on \l()r~an Creek \\,Ilieh Ill' c:aII(·d ,l

"\vack(' congloll1t'ratt':' C=1arkt, descrihed th(· SCql1ClICl'

as a nalTO\\' etlst-\\'('st h;lnd 1.-: tHill'S long and 120()
f"l'l\t \vide that dips \'t'rticall:' and is c.:~)llr()rrnahl('

\\'ith the underlying "slate s('ries:' 'The rock type.
\\'as described as "a poorly sorted aggregat<\ of

\·ari<.'d grain sizt'. :\hol.lt 75 percent of its \"o]ullle is
p(·hl)les." 'T'he Inatri\ \\'tlS described as a "rine-grai1lcd
grolllldrnass, highh' chloritized lInd In()d{'rat('I~' {'pi

~l()ti/,ed." Eatol; (l'~)O\~ i rt'cognized the pn,'sl'llC(' o!" ;i

s('diillelltar~' Sl'qU('lH.'l' ill ()rallgc' (~()llllt~'. lI(, stated

th(' rocks .. consis t ()r a s t' ricS 0 f co 11 g 1() 111 (' rat ('S , S (111 d 
st()nes. and flillt-like ~Llt('S l~'ing in piaces upon f<.·lsil.·.··

Eaton also pUlllt<'d Ollt that the slall's ,ln' ht·ddl·d
altl'rlli.lh:h" \vitll sandstones and COn~l()lll('ratl'S ~llid

that e()rlt"r)OllH'l'i'ltl'S arl' ("ornpost'd u!" \\'<.'ll-roulIdt·d
pebbles (~. sl'\l'ral kinds of \,o]clllic rod.s. hilt an' \ l\
no Il1l'llllS volcanic a,e:,~I(}rn('l"llt('S. EdtOj) Iloted tlldt

"tlh' slal(~s ~lrt' COillcidl:nt ill dip \vitll till' salldsf(lllt'S

lllH,ll'onglol1H:'ralcs \\'itll \\'hleh the:" an' i.l~s()t'iatt·d. iUle!

fro 111 all field l'vid<'lICl' ohtail1ah\t·. Sl'('lll to ha\'l' hC't'll

<.It.·pusited as regular llH'lnlH'rs of tLl' ~edillH'Ill:lr>

series." t~aton descrihes the "slates" as being latnillilll·d

or stratified and postlLlates th.at the~' \\"ere dcrl\'t'd t"re>Tl1

.. fl' Is i t('s" or rl1 vol itt's ilnd \\'('re <.h'pos it cd in dl'l.'p
\\·ater. "rhl' alltl~ors an.' of the opInion that the "slat(·s"

\\'lJic!t Eatoll d<:'scrilH'san.' llot sLill'S but an' rather
larnitlat<.'d argillites lhat OCCllr in thl' s('dillH'llt;lr~'

Sl'<PI('I1Cl' Iliappl'd ;l~ L'llit 1\' ill ()rall~(' C:Oll11l:', "1"11l'

illll'rl'alall'd t'()ll~l()lnl'r~d('s ~irt' cUIIJ'()l"1l1;lhh, O\('rLliil

h\' (f r a\ .\ \.'H.oK t'S \~ ,i tII 1II t t •r (' a1ah .d 1arl1 i I Ja tl' (( a l'gill i t(.S,

"l:]h:~ (q:a\'\\'~l('kl's ilpnl'ar as pr"\'iOllSh d('sl'ri})l.'d ~uld
co I IS i,;t to) r Sill) - r () III I ( it,d t() r (}'llll d l' d q; L l r t I ~ r;l ills ll! Id
slnall Sl!l>-J"!llIlldt'd ttl n)lllllll'd r~lrtil'l(·~ ()rpn'-l'\istill~

l'l"~pl(H... r~'stitllill(' Illt't;l\'(dl'illlic roc'k" .lIlt! Sl)ll11' h;l~~',

illf'lds ()r It'ldspar ('r."sLl1:-;, '['hill sC'ction l',\ail1ii!~Lti()ll ()l

lll('~L4.:'\\"ll·k(·s (llrtll~'J" r('\('all'd ~dhitl' ~t1\d c;Lrlsl,.ld
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t \\' i II iii II ~~ I i I t Ill' 1"\ ,1 <is 11 i! rs, () paq 11( •<., pn 'S t 'I It \ \' i t 11 i J I tIll'

thill s('clic)]l \\'('1"(' idl'lJtil';(,d ;lS L(.'il'~ pn'<!Olllilltliltl:\'

111 ; l';.~ 1II' tit (·, 'I '~ I ( , L!; " ~ t '. ' \ \ . ~ 1( ,k(, (I :\ II i1)i l ~ It f'j II ( '- g I' it i , I( '(1
grollndlll.lsS CC)(',p()s~"d pri,naril> of' chlorite alld ('pi
dolt' ,

'rill' inlt'rr.'aLttl'd lallilll,11(·d ;tr~il1il()~ nIl l'n'sl, Slll'

races arc li~11l to Jllvditllll ~Ll\' l'illl'-grailll'cl rocks tlLtt
lire COlllP(,)~l'd pr<.'d()lni!L1Jltl~"or qllartz. chlorite dllt.!

s('rieitl' ill tIll'ir ()rder of' dLulldalll'(·. \\'('at1H'rin,U; of' till'

;trgi11it(·s }1J'i)(11J('('s a 1)1I1'l l() ~'('11()\\'is11-hldr ril"!. tll;lt

\\'111'11 ruhht'd IH'I\\'(~l'Jl tIll' rili~I'rs lidS a di~liill... ti\('

sill:' f'l'Cl. 'rlll'sl\ intcrcaLdt'd ~lrgiIljtl's l()l'all~' grade
IIp\\'ard ill the' ~~'(pl('n(,l' l)f a zone or Lllninatl'd :lr:J;il
litl'~ \\'it11 no appa1'(\11t gra~'\\':l('k(' iIlfl'r!>cc!s. 'The stril-:t'
lliltl dip of the ~lrgillit{'s art' coincidl'llt \\'ith tll(' llnc1t'r

1."lJ1g congioI1H'rtdt's and gr;t~·\\';l(,.'kl'S \\'}lich is \:. -1,):

E. ~uld dip \·(·rtil'tdly. 'rlH' cleavage oj' the argillites is

para ]i (.] t() the h l' c1 din ~~ . S l T t i0 II S () r s1a1)s ~.i -i 11 C h tIl ill:
('a 11 t I as ih' 1H' l'l ('a \. {.c! . 'rJ I(' LII n iJIll t i () 11S \\' i th in tll( ,
argillites art' pnjhdl>l~' a n'sltlt of thl' topograph:',
cl i 111all' and al {lll'OtiS d ('P()~ i t iOlla} ella raet ('rist ic~ that

(·\ is t(·d d II rill ~ l 11 l' I()n 11 ~ Itin 1I () r l his \ '() Ie itnil' ]as tit'

s('diJnl'lltar~' seqUl'llCl', It appl'ars tllat lIlt' s('dinll'lltar.,·
sl'qll('nccs found \vitL in the county afC only sll1all

J'l'lnnants or a la rglT ar{';l oi' s1l'11i lar (,picl astics that

1Ia\'(' hl'cn d('stro:'('d tllrollgl) suhsequent Inctal1l0r

pl)isll1, fc)IdilH!:. f~tultillg~ \\'l'alhcring and erosion,

'Thrv(' randolnl:' s('l('('t~·d hand Spl'Cilllells of epi

clastics t'r0111 l~llit 1\' ill ()raligl' (~Oll11ty have an

(l\'eragt.· Si()2 eOllt<.'nt of' h-Ll percent \\'hicb \vould
'·oll('cli\'I.'l.\' gr<>11p the spcl'ilJ)('1)S ill t1l(' dacitiL' rangt',

.r11 t' Si( )2 r ~ II I~ l' I() r t11 l' thr l' l' S Pl' l' i Jlll ' IIsis 1'1'0 In (-j 1,.S
pcrc(,lll Sit)2 tu (-iG.:3 percent Si()2 \\'hich is an Si()~

di I'l'v l't 'I It i~tl of' ,1.S percellt. c.:cJlnp]('lt: Cht'lnica1 alla):'Sl'~,

fo r t1H' t 11 ]'{ '(' sp(.<.: i 11 H'11 S a H \ Iis l (' d h(·1 () \\' i II ta 1>h) -L

Table 4. Chemical Analyses of Epiclastics in Unit IV.

Sample
Number No. 11 No, 12 No. 13
SiOt 61.5 64.5 66.3
AltO:i 19.1 15.8 15.2
Fe~O:l 3.3 5.9 3.6
Feu 2.9 1.3 2,4
MgO 1.8 1.8 2.0
CaO 1.6 .91 1,5
Na~O 1.7 ., 'I 2.8~ ...~
K~O 3.4 3.0 2.4
HtO- .54 .33 .11
H~O .+- 2.5 2.8 2.5
TiO t .82 .85 .72
p~O;) .11 .06 .13
MnO .J 8 .18 .27
CO~ <.05 <.05 <.05
Total 99 100 100

Note: See Table SA for san~p!e locations.

ENVIRor~rv1ENTAf~D fv10DE OF DEPOSITION

(;eneral st atcITH..)llt

'rlH' OCl'll1'rCl1c,'(' of' \'(»)c:.nlic-sl'dinH·llti.tr~' rocks 1!1 i.l

long llalTO\\' 1.011l\ (\\l('lldillg Ic)}" a l(,llgth uf' appro\i
Inat('h· f'ollr 1ltllt<lrcd rnil('s f'roln C('lJt~"ll C;l'orgia to

s()\llh~'astern '.'irt!:illia and a \\'idth that in SOIlH' placL's

('Xl'(,Tds Olll' ]lllll<.lred ~lll(l t\\·<.'Jlt~' Inl)es. sugg(lsts dl.'po~l

lioll 1111(1c-r ('llgt'()synclinal conditioll,).

Stlll'k('\' (l~·)()'~,' stah's tlltll tll<'I'l' ~l'(,ln.' to 1.1' lillie
douht tll~lt tll(.~ ruck) of' the (:arOlilltl Slatt' })c·lt "'ere

!'Ul'llll'd in ,l l'llgl'OSyllclillt' L'Olltdining isLtnc1 tires. 11('
postlll:ltt'S tllat the \'ulctlllic rocks in tIll' ~('os:Tll'lin(:'

l'ltll11" larach' h'orn l)l'neath thc' sllrfacl' L,· \'o]canic

l'I"llpti{)ns'~The nllll\·o!L-anil' sl·din1l.'nts or la;ldwilSk in
tht' {()rtl1 of' cla\'~ silt, Inu(L sand and ruundl'd quartz

pehhles \\"('r(' tferi\'l'u {'roln nalTO\\' helts of uplifl t}idt

\\'('re prl'sent in or adjacent to the tnJl1s:h.

()range County area

F('alllres observed in tIll' rocks of tlJ<: \·()](';.u~ic

st'diJil('ntar\' units ill ()rant!l.' (~()l1Jlt\'. ~\orth (:arulina,

indicate b(;th subaqueous ~lnd sllba~'rial CllVirOnlnents
or d l'P()s it i() 11. Itis r l'as()1l a1> Ie l () i11 f'e r t hat Ul1 r ing t h l-'

lengthy fonnativc period of the units, l'\T'.ts uf pre

d0111illant)v volcanic character (}(':CllITCd, alt lough they
1I1Hlollhtctily included periods of' erosion and slldirncn
t atiol1, 'rhe rock sequences sho\v that there \\'ere
p{'riods of" Itl \''1 olltfl()\vs \vith violent periuds of (':\
plosi\'(' pyroclastic dis<.:llarges. 'The unit sl'qul'ncc also
SllggL'sts that the orcl(\r or vuIc.:anisI11 \\'ti.S fron1 an
in it ial basic phase graduall.v changi ng to an acid
phase prior to quiescence.

}Jillo\\' slructures present at several locations along
st ri kl' in the spil itic cUllygdaloiJal basalt la\'a flo\v
rocks indicate at least part of the basalts aCl'UllLdated
in \vater. T'he extent and lithologic uniforn1it:.- of the
b~L")alts suggest relatively near-source areas capabll' of
('xtruding large quantities of Illaterial o\'('r a \\"ide

area. 1ntercalated basaltic lithic and cr:'sL:1 luHs as
sociated \vith the basalt fl(nv rocks is further C'\·idence
f()r explosive pyroclastic discharges frolll source areas

}"(.'lativ('h· IleaI' anel are also indicative of a pulsatin~

\'olc(llljc' ('~\'c]e that produced both extenSl\'l' )naSsi\·~l
hasillt extrusive rdcks and thick acclllnuLltiuJls or
rnaf'ic p:Toclastic rocks .

'rill' anclesitic to clacitic lithic and (T\'stal tuffs. tuff
hrl'C<.' ias lUI d phY11 ites \vhi ('h co 11 f() rrnai)1Y () \'(' r1iv l h t'

1>as;dl flo\\' rocks exhibit characteristics for further
('\'idvJ)l'(' ofsuh'UllI<.'OIlS alld suhavrial dcpositioll in the

:lrt·~l. 'Il\(, prVSel1l'l' Of';l \\'l,11 d('\Tlopl'd gradt·d 1)t·Jd;ng



illdiL'~ll(':-, a Sld),Ulll<.'OllS onglll lor Illl111:' or the IllnS.

I I () \\ (,\ (" 1". ! n (1II\' ()r t)l< 's t' i III (,r1)( 'dd('d I i til it' t IIn~ :-d, (,l , \ '

SOllH' d('~r(,l' o(\\·(·ldillg alld cOlllaill r~lll(l()lnl:' ()rit'llll'd

c Ias ts \\' II ich S1Igg('s l s a SII h,H·ria1 rat h t'r tIl: III a S1t1 )
aq'I('()lIS dt'positio)}. 'rhl' ahundanl't' or inlcrllh'di:ttl,

pyro\. L1Stit·s is abo illdicati\'l'ofllighl:' at'li't' \111l'~1I,isln

\\'hit'll l'Olltilltll'd o\'cr a long period oftilnt' to l'tllpla(T
\ ' (J Ie'a I lie ,'n a t('r ia1S () f <.'0) 1sid (' r a h1(' thit' kIlt'SSl'S i 1I til( ,

'rll(' tull 1> rv<.:ci as \\'i l h associ at l 'd t11 tfacl '( IUS in t(' J'

bt'ds ('ontaiJI assorted clasts rangillg ill Sl/,(' I'rolfl ,l~

illC}1 lo tn01"(' than l\\'o f'l'(,t ill dianH'llT alld ~lppl';lr to

COlllpOSt' approxitnah>ly :3.) to 40 perc('nt of the rock,

'1'11(' prc'S('l1C(' of' lar~('r clasls in (,t'r{;lill an'as ()j' tIll'

\l!lit. sllg~('sts lIlat till' SOt1rl'C area or art'as "'('I'l'

]'(,'lati\'el~r" ncar. Parts of' the unit contain lahars, ac
Cllll1ulations of unsorted volcanic d(>hris that :"l'Slilt

rr0 J11 \\'at <: r Sat II r tl t t'd \"() Ica 11 ic Ina t(,ria I r ('s l i I Ig () 11 t 11 (,

flanks of \'cnts then 11loving dO\\'nslope as slides or
{10\\'s.

Phvllill's associated \vilh th(~ int('rlncdiall' turfs and
hrcc~'ias {'xhihit fcatnres indicative of'suhaqueolls de
position \vhich havl' not heen destroyed by f()lding
and shearing. T'hcs(' phyllites \vlticll \\'('l't' dcrivl'd
prit11arly fro})1 pre-existing tuffs. lithic tuns and hrt'ccias

sIlo\\' a pronounced graded bedding throughout nnH,:h

of tlte se(luence. In places the graded hedding is
nornlal and in other areas the graded hedding is
o\'ertu nH'd.

'The argillitc~, gra)'\\'ackl's \vit'h intercalated argillitl's
and the congl<n11l'rates \vith intcrcalatt,cl gray\vtlckcs
\\'hich occur in the volcaniclastil' sedillH'ntar:' unit
represeJlt a no nna I Ull interrllpt ed C011 fe)rt lllthI (' sed i
tnenlary epiclastic se<{uencl' dt'rived f'roJl1 prl'-l.'xisting
Ineta\'olcanic rocks,

CHEMICAL AND SPECTROGRAPHIC

ANALYSES

General statement

'rill' ,1l1,L!\'/('t! )"()l,ks l'olltaill h('l"\'"(,(,ll ,=SO.O l11H} 71,-:
pl'J'('('J)l Si(')~ \\'itl, all t\\'('Ltgt' SiC):! COlltt'llt or ('i:2.:;
p(\rct'llt aud an Si{):! difTt'n'llti~l} or21.7 percent. Lsi~l~

a standard of ,~o to .S,=) pt'l'lTtll SiC)2 l'ont('ld !O!'

hasaltic volcanic rocks, ,=)() to (i(i p('rccnl Si():! C()II

tent f()r volcanic rocks in tIll' iillerrnccliatt' tlndl'sitit,
dacitic range ,tilli all()\"(' (if) 11l'rcl'nl SiC)2 contt'lll ic),
fl')sic \'olcill1ic rocKs. tIl(' tlllah'st's indicate tllal l'i\(,
SpVCiI11Cl1S art' ill tIll,' IJ(lsaltil' L;ngt', six in thl' i11I('rl11('

diate andc'sitic:-dacitic rall~(, and eight in tIll' f('lsil.'
volcanic range (spccinH\l1 l~(), I not i'~lcl11cll'c1 ill dho\'('

calculations I,

Alkali-linlc index

'rill' alkali-lillH' index is a plot of total an~~di(':,

(1\ a~() + l\: 2 ()) a11 d Iin1l' (C: a()) plot ted agains t siIi('; I

(S iC)2 ), "fIle percentage of'silica at \"hie]) the alkal it:s I()
ancllilnc (x) intcrs('l't is called the alkali-litne indt'x, -I'll!'
alkali-litHl' incll'x is suhdivided into four di\'isl011s.
t\lkalic is less than .51 percent silica, alkali-calcic i,
{'roll1 ,Sl to ,56 P('l'l'l'llt silica, calc-alkalic is fr01l1 .~(i tIl

61 percent silica and calcic is greater than Gl perCl'l1t

silica.

C:hl'tnical analvsl's of t\\'t'lltv rocks of' volcanic ori.~ill

{'rolll ()rall(fe C~O~lntv includit;g flo\vs, pvroclastil"s alld

epiclasties ~vere lIsed to cleten;;ine the aikali-liIllL' inc!l-x
as sho\vn in figure :3, The intersection of the alkal i-I i 111t'

plots gi\l~cs an alkali-lin1c' index of .59.9 percellt ,,'hic},

is in the calc-alkalic range ancJ is consistant \vith til('

figure 01'59 percent plotted by Butler (19Ci4) of i.ll1al,,·st,S
of' volcanic rocks fruln the' \Tirgilina area, :\lhelnarlt,
area and fro III ()rang(' Cou.nt:''\ North CarnlilllL
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FicTllrc 4 is ~l l)lot of the silicil range and content of'
t'"l '-.

1~) rock spvcirneJ)s of" volcanic origil:l collected frOJl'l

()ran<1'(' (~()llllt\', \:orth C:arolilla, Fi\'(:l specinH.'JlS fall

\\'ithi~ the ha~altic range or .SO to ,).3 percent slIicll.

s(','('n speci tnt-llS fall \\'i t hi 11 the int <:nl1eclia t t' range or
.55 to (i() percent silica anel S('\'('11 SpeCill1ellS fall \\"itl1ill
tIll' felsic rall,f(' of (ib or <f)'Catcr l)l'rccnt silica, l~~lclj

,-' ~

C:helnicaI and spectrograph it: analyst'S of h\·('nt~·

hand speciniclls \Vefe tnadl' fron) rocks of voll'anic
origin collected hy the' authors frolll ()rangl' C()l1l1t~·

during the latter part of l8G(i (sec tahll's .5. ,~.\ an d (i l.

'The spec1Il1l'l1s \\'crt' collected fronl each of till' 11lajor
str;ltJgraphic units Illappcd ill the voll'anic-st·ditl1entar:'
seq lienee previous I~r d iSCllSS( '(1. 'T'hest' slH '('i Illl 'll~ \\'"<.')'('

selt'cted and obLtincd fr0l11 outcrops \\,ltil·lt sh()\\'('d no

apparent \\'l':lf'lll'ritl~ or prnllOllllCt'd h~·dr()tl.~T)l)al

alteratioll,

9

Figure 3.

Silica range

Plot of lime and total alkalies against silica,



sP<.'c i llH •napp (' (l rs ()1\ the p1() tIs ( 'l' ng I I r <.' -}) a~ a \. (' rt i l'd I
line \vith the Sp("cilllcns' indi\'idllal J1l11nher ;.ipp(·arillg
directh' aho\'!.' t}J(' line. rrhc height ur tht' vertit'~d

lines i;ldicaL('s tIH' pCrCf'lll,lgC' of' silica f()r each sp<:'ci

111 en. .Llit' h() r i I. () nta J dis tan c(' 1'1'() III II )( , fi rs t t () tit ('
last line in each group d(,ll()tt~S llH' silic;l rangt'o T'he
horizontal distance also sho\\'s tIll' rclativ(' position or
each group \vilhin each of the threc rallges. SpccinH'ns
n t1 111h(' r 1~ ~ H, ~), (j a JI d .:.1- pI () tt ('d 'v itil in tIll' I)asalt i l'

ral1 U l' and var\' in cqntc'nt of .SO.O pen'('nt Si()2 fl)r
spc~imCIl 1l11111,'WI" Pi to .,):3.(i perc('1l t S iO 2 Ii lr SPl't' i Jl1( 'II

111111'11>( •r ..1. .r11 is is a s iii ('a ra 1Ig(. () f :3. (j Pl' rt'l' lit IH . t· \ \ '('( 'll

the }()\\,,('st and highest p('rccnt silica l()r the nyC

sp<'cinlC'Jls. Specirnt'ns nUlnber J(i~ 11, .lO, 2. 12, 19
and 20 p lou'cd \\. j tit i 11 l h (' inl t' n nedi atl' rtllH.~(· and

varv in silica ('Ollt('nt fl'()lll .5b.2 perVl'llt Sit):! tC)l'
nlll~1bl'r IG to (j.5.7 pcrcclll Si()~ f()r lllunht'l' 20. I'his is

a silica range or 7..5 perccnt for the seV('Jl sp('cinlens.
'fhc relative position of the silica r\lngc \vithin the
group indicates that the Inajorit;,' of the specilnens fall

\\'ithil1 tIle dacitic rangt'o SPt'C'illll'llS IHllnhl'r 1:3..5. 17~

1.5, '7, :3 and j..J plotted ill the ft' Is it' ran ge all d "ary iIi

silica content front (i(i.:) perCcllt f())· specirn(,ll nlllnhl'r
1:3 to 71.7 perc('nt SiC)2 for Sp('CiIlH>JI 11111nhcr 1··1. 'This
is a silica range of 5.-1 percent. 'fIl<.' relative position of
the silica rallCTe \vitllin the felsic ullit indicates that

~

the specin1clls arc rhyodacitic to rhyolitic in <:0Inpos1-

lion.

\? ariations in silica and alkalies

Figure:) is a diagrarll (1110difiC'cl after Butler, 19(j·l,

of ~l plot of silica ag.ainst th e ratio of" potash to tot al
alkalies. (~oincidenc(' to hvo points on the di~tgraJI1

does not neccssarilv denote that the t\\'o Spccilllcns arc
clH.'lnlcallv identic;ll, hut in J1lanV llJ,Slances the\' arC'
chC'Jni('all~' siInilar. 'rhc c:on"lp]ctc <ll1td}'scs nlu~t 1)('
t'oJnparcti before evaluation and cOllCltlsiollS call 1)(·
In~lcle abollt their origin.

T'11 t' has a Its are C.+H'1 Jl i L'a 11: ' Si 1'n iL~ r t() tIt t..' llli a 1:.;-\ t "';

of b,L')alts ptlhlishcd by (Clarke, 1~:)~), p. ~CiU), l~'\()l'~

oILls "56 avc:r,lge Central Basalts'~\ and lntsalts fro 11 1
J~Ici\vaii (i\lurat'a and }{ichter, 1966). 'The bas(dts fall
hclo\v f~h(-' line conncctiIlg avcr:.Igcs for the ignl'ous
rocks and are characterized b~\' an a\Tragc h2() ('Oil tt'llt

of' 0.6,5 percent and an avcrage :'\a2() content of :3..~

perccnt. T'he h~L"aIts fall \vithll1 tht' plottl'cl a\'l'ra~t'

for spilites. "rhe:' are cht'111icall:' different fro III the
porph~!ritic pha~('. or the grc.'<:'l1stones of the \~irgilina

district but are sirnilar in COIl1position to the tufTacc.'olls
phase of the greenstoll es (t~tllH}Y, I~) 17. pp. :3:3-:3-4 }.

The composition of the argillite is sin1ilar to puh
lished analyses for th is rock type (Pettijohn, 2nd
edition, p. 344).
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Figure 4. Plot of silica range and content,of 19 rock specimens of volcanic origin from Orange

County. N. C.
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TRIASSIC ROCKS

Genera) sl at ClllCnt

S('dillH'nl;try rocks or'rriassic age OCCllr ill tlH' ('.\

t n> In e s() II tIt <.' as t ('1'11 conH' r ()r () r ~ l! Igl' (: () III I t:·. 'I'll vs t. '

rocks Ot l'IlP:' c.l do\\'nLlldted arl'a kJ)()\\'ll as tIl('

])urllarn hasill \\'hiell is tIl(' ])()rtll\\'ard ('xtvllsi()11 or
the great north cas 1 t rCll dill g. troll gIl sh a pl'd do\VIl

Entllvd lJC'l'p HiveI' hasin. 'I'Ll' 'rriassic sl'diIlH'lllar:'
rocks ill the l){'{'p 1\i\'('1' hasin are cOllsid('r<·d or
L~pp('r 'I'riasslc ag(' ;.llld lll"(' assiglll'd t() tIl<' :\('\\'ark

C;roup, ~t 11,1111(' gi\TIl to 111<.'111 h." \\'. (~. B(·dlicld 1>('
canst' of th('ir siInilarit\· to 'friassic r<H... k\ ill t11('
vicillity or :\('\\'ark. :\l'\\' Jers('.". l~nllnolls (IS:)::?)
n'co~Ili/.('d cl'rtailJ dilfC')"('llCt'S ill t11<.' rocks ,lIlt! Sll\>

diviued thcln into th n.'l' di vis iOllS \\'it hOll t f()]'J llal
nanll'S. LJat{'r in 1H,S() , Elnrnons suhdivided the rocks

no\\' kno\vn as the :\e\vark Group into {<Hll' divisions:
Lo\v('r sandstonc, C:oal slate and (;oaI, Salines and

Upper salldstolH'S, Lat<:L Hnss('ll (1~~-)2) appli('d the
ternl :\ ('\\'ark C~ roup to t he rocks of both t)1( ~ I)an
Hiv('r and Deep Hi\'er basins of ~()rth C:arolina \\'itll
the idea that possihly future \\'orkers Inigltt sll1>di\'id('
the group into ,1 1Hl1n1>('r of f()rlnations. C:arnphcll and
K iInhall (1 ~)2:3), stated th at~ "the ~ ('\\'ark group iIi

the Deep l\i '.·c'r bas in l'onsis ts of t h rct' gel HTall:'
recognizahle parts, called forrnatiollS," "rlley nall1cd
thl's(, {c)nnations tIll' Pt.'kin, (~lInllH)l'k and Sanford.

'The Pekin Fornlation is the basal unit and is o\'er

lain coufc)rnlahlv hy the (:U1l1110ck F'onllatioll, a coal
hearing s('qucncl' containing the C;ulf coal 1,t'<1 and
the C~llnlIH)ck coall)t'd. l~h<.'se coal beds an' approxi
Jnatel.\' 2,50 and 200 feet rCSpClTi\'(')Y al)()\<.' tht' hase ,of'
tlH' fonnation.

"rhc (~tl1l1nock F'onnatiol1 is overlain conf()nnabh, h\'

the red to bro\vn shales and sandstollt>S of till' Sal'l

ford Forrnatiol1. Stuckc:' (.l YG.5) states, "j\S 1}O k('\'
horizons exist along the Jllargins of the basins, tll'(',

Pekin and Sanford {()rrnations should he considered
sedinl<.'l1tarv facies rather than tilnt'-stratioT~lnhi('

, ~

units." I\einenlllll<.1 (19,3,S ~I states that the strata \\'ilhin
the Sanford l~onnati()n are laterallv uradatiollal ·and

, b

lenticular ill shape \vith fl'\v distinctive beds alld
no subdivisions that art' consistent ly 'flappable'. I 1(.'
considers the Sanf()rd F'orll1ation h('t\\'een 2,()()() and

3,(}OO feet tll ich a t the SOli th end or l he l)ll rlllU n h,lS ill
and states that 1110re than tllree-!'ourths of the rocks
\vithi n the f{)rrnatioll a re reel, hro\\·n or pll rp I\' ri lit'
grained clastic scdi Illents.

l~he rocks or thc' })l'l'p l\ivC'l" hasil} llbn l'UIlLlill
concordallt ,t1!d discordant diabast' illirllSi\·('s thal

~lrl' presellt ill t}1(.' ronn or dikes, ~,ills and silI-lik('
ll1lL~ Sl'S tit a t it r(' () n I:' par f 1:' C() 11 t r() 11 ('d 1)\' l> t •dl Ij 1I~,

Ht'i!H'J))tll}(l (19,:S.S) stall'S tl!at sills ~l!ld siIl-'likl' IlllL~St'S

llH' not present ill the prt'-'rria:~sit' r()('k~ l?llt ar:.' pr(":-,
( '1 It i II a II t1H' '1' r ias s i(' I()rt n aLi ()1lS II I Id tIl t '\' ~ t r l' t it 1ck('s t

;llid Inos! l'xll'nsi\T ill tllv C:Ullll1C}vk l;·()nn~lti()n. 'ril<'
dial>;l'~l' dikes are ('xt(,IISi\'('I:' (Iislrihll!c'ti jil fll(' 1'l"l'
~r r iassic n)('ks (),. th (' 1'i (' cl 1110 11 t PLt II\ HI a11 d i11 l h l' Pn '

(~rl·taC('OllS rocks hl'!lcatll tIH' (:()a:"lal PLl111.

()range C:ounly

'rriassi'c scdiIl1<.'rltarv rocks (H.'CUP:· lh~' C.\ln'Il1l'

sou t1t cas l('rn corner or ()ran gc (:ntl1l1 y ;111 d ('\ ~ t'~ I d

i}ortllcast\\'ard fronl the ()rangt'-:(:1t~tth;llll (,ollnl.\

linl' fc)r appr()Xilllall'ly S..) Iniles ilnd \·~tl\' in \\'idtll
\\·('st\\·ard f'nnl1 the })llrltaln-()rallgl' (,(lllllt~· li1l<" frol)":

0.2,) III i Ie to 2.2.) 111 ill'S. l~fhHts \'.-ere Ill; u.ll' to I11a p
al'L'llrat('I~,' thl' \\'l'slerll honier lll" til(' 'rriassic rocks:

hO\\·('\·('1'. hecause of the linlil(,d l.'xtl'nt of these sedi

111t'ntar:' rocks in thl' count:' and the presence of
fe \v cl is t i Ill.' ti \ .c heds , 1I () ,l tll 'In p t \\.as Ill, ~ d l' t(} d i (
f('rentiate the 'Triassic rocks inlo fCll"lllatiolls.

~rhl' 'rriassic rocks in ()rangc (~Ollllt:" arc considered

to he of the L' pp('r 'rriassic ~ ('\\"ark C;roup and ht'Ion~

to the Sanford F'onnat io}). "rl1l' rocks arc finp graint,d

cl~L~tie sec1iJncnts <lnd intl>rh('ddcd cOll<TloIllcrat('s that("'"
\ven' apparentl:' derivcd frolll the older Illetavolcanic
and igneous intrusive rocks that OCCllr \\'est of the

Dllrhaln b~lSin. l'hes(' clastic sedin1l'nts contain a

variet:· of rock fra.~tlH'llts and ral~~l' ill colur fr01l1

light hutT, hufl', ycllo\\·, orange. hrO\\'Il. reddish hro\\'n,

l'(·d~ InarOOll and gra~' tu pllrplt·. Hock t:'lh's appear to

vary laterally in litholog:' and ill ('olor throughl'llt
the area \\'ith huns, reds and hr()\\'llS OCCUlTing lilost

fr eq II (' n t1Y. San ds t011 t' , ark()s l'- S iIts t () I I (' • S II a Ie a II d
congloll1erate ;lr<: the prc<.!olninant rock l:'pcs and ~ln'

interbedded. Crussbt·ddiIlg \\'as Oh~lT\'l'd ill a hull
to orallge arkosl' ill a 10 f()()l roadcLl located Ull till'

north side of t:phl'SllS Church HoacL 0.2 lnill' cast
of Iligll\\'ay IT.S. 1.5-501 b:'pass 011 tIll' t'llSt sidl' or
C:hapel I-lill, :'\orlh C:aro!ina (Sl'(' pL1tt\ 10, nos. 1
and 1). In this rOlldcliL the crosshcdded arkose' ()\Tr

lil's a reddislt-hro\\·Il siltstone \\'hieh strikes to tilt'
northeast and dips at a lo\\' angle to tht' sOlltiH';lSt.

PrOIHH.ll1Cl.'d baked ZOlles resulting 1"1"(>ln the intru

SiOll of' diahase dikl's of' IJlttl' "rriassi(' ('~I or Earh·

.lurrasic agl'('~' art' I'l'CqUl'lltl:' foulld OCCtlITing ill

roadcllts throllghout t!1(' ar<.'a. ~rIH'sl' haked !.O:1CS

an' pnHniIH.'nt ft'llt'lll"('S tlLlt an' (·asih· n'coglli/.l'lL
()llC such haked ZOIIC (}('CIll'S on till' north sidl' of'
Epl!(.'SllS C:hurcll HO~ld ill a sInal1 r();tdcut 0.-1 l11ill'

l'llSt of' I Ii~ll \\·a.,· L.S, l,~-:SO 1 1Jypass OIl the (';tst Sidt'
of' C:hapcl II i 11. :\ r<.'ddish-1>ro\\'ll siltsf.ol1t' h:lS hl't'll

illlrlldl'd h\· a narro\\' diall;lS(' dikl'. '1'11<' dike l'\llihits

('xl'L'lll'nt spllt'l'oitLd \\'(';ll]ll'ring and is gra:'islt hlack
Oil f'rl'sll sllrEIC'l's \\'('athcring to II rllst~' hnnvn ('<dol'

11



(see platl--' 10, 110, -1\, l;~.\tl'ntlillg ill\\;lnl fronl tll('

reddish-bro\\'l1 siltstOll(' t{)\vards thl.' tllal)asc, thl'

siltstone aSSLl!11l'S ;,t cLtrk 1l1~lr(J(jl) culor th~lt gradl's ililo

~i li,trn}\v cIlarcoi.ll ('o!()f(,d L;lkl'(! !()!H' tIlal is ~lppr<lxi

111at('1\' f()ur feet \\'id£.' on l it!lc)" side or thl' dike. ,\l

this sit e, tIl e haL,'d Z (l n l'~; ~ I d.i ' I C (' n t l 0 l lie d I k(' ar l '

II () I'll 0 r l' in d I I r <l t ('d t 11 ~ I n l 11 l' a d.i ~ t C' (.' n t si Its t()n l' , I J( )\ \ ' 

('\'cr, in se\'cral IncatioJ1s ',.vithin th(' l'ount\", it \\'as

(JI)s('r\'cd tll~ll (,','{'ll tIl()II~!1 !IH' <liahi.ls<' dikes lhcln

sch'es \verv \\'calhervd, the ~ld.i;l(.:('nt })akl'd ZO/l(':-,

C xli ibit a 11 i g11 d ("grl' (' ()r i!H III r ~ d i() 11 \ \'h i (' 11 1'u rIll l' \ 1
naITO\\' \\'('at!ll'r-rc'~';l,,,Lll~U ri,.l~\,s paLdll'lillg lill' dik<',
Hei llCn1\ 1nd (1 ~).5,::;) ~)ta tl'S lila t ha k ('d :!.o ncs liS ll<l lly ex-

! l I I J( I J('~s th ~ 11 I :3 () 1(\(' t rn )j 11 tLl' i III n 1s i \ '('~; \\' it Ii s() III {,

!.()IIt'S ill cla:\'stolll.'S l',\lt'IHlillg \>Id: i() f'l'Vl. 'rh(' prillci

pili l11('Ltlnorphic ('tlt'l.'l ill CLl,\'slolll'S is a hLt<:h"II

ill~ o!' the rock C~lllSl'd h.\' llit' d('\Tlo]111il'llt ul'
Il1agnetite, \vl,il(' in gl'll(Tai ~ll~tl('S ~l1ld sdtsl()1)('s

bl'C01l1C tnucll Il:trd('r tiS t11(' j"(',\ldl or tIll' n'lT\'sLd
lizatiol! or tIll' {I"~lrtz, S('\('l',i; !arg(' di.L1);lS(' dikt's
~ln' locaU'd just ('ast of' (:ILtjh'! I I ill \\'itl, d ll()rtll

In northeast trt'IlC! (,Sl'(' gl'ol{),~~iL' 111~lP, plate 1:3), 'rllcsl'

d1kl 'S arc eas iI: ' n 1; tpp('d ht. 't'a 11 ~; l' () l' tIll' \l b1111 cl a Ill' t' ()r
largp residual boulders Ol'CtllTiIH.~ Oil tllt\ ~llrrac(' \\'hich
~tr<.' a direct result of the sphc'l"oidal \\'calherillg that
is characteristic or the cli~lht1s(' illlrlIsiv('s, ~rll(' clik(>s
ha\'e been traced overland ror dislall(,(,s of 5 to 8
Jni1e~ Hnu appear to ha\'(' bet';1 illj<'l'tcd along fault

zones that paral1vl the rcs('(lU{'lit f'aultlille scarp that
separates the> nlcta\'o]canic ,11l<1 iglH'OllS inlrllsi\'('

rocks 011 the \\'l'st rnn1"1 tIle 'Tri~lssic rocks to the east.

:\llnlerous sln~di diabase dik('s \\'('n' ohserved lhrollgll

llll[ tllt' county, IHlt \vert' too sln~lIl lo shu\\' 011 thc'

gl'ldogic Inap,

ChiC area 01' <gnifici.lllt interest in lhe 'rri~lSsi('

rdl'ks of'thc l'()llllt:' is ~111 ark()~ll,-(~"q'l)l'd hill \\'itll illl Cll'

\ '~ II iU 11 () f appr() :\ i In ~ 1t (,IY .L~0 rl'(,l ~ d)() \ 'c Sl'a I(' \ 'l '1. 'rhis
~ l r(' ~ I is the 11 ig11 t'S t P() i 11 t i11 ! h(' (' () lint)' 0 11 \ \' It il'Il
']'riilSsil' rocks ()l'('Ur. ''1'11(' Ilil1 ~dr()rds ;l l'Un}Jll~llld

ill~ \,il'\\' or tIll' lu\\' l~'illg, g(\I'll.\' rulling lopOgLlphy
()" t 11 c Du r11i 11 n has i11 , th ~1t r: 111 ~ ( 's inc1<..' \ •a t i () n t () t 11 ('
so lJ t 11 and 5 ( 'll l }I( \ as t fr 0 J 11 :2 .t() t () ;:)·1 () r(' t' t ~d)() \'(· S ( ';l

It'\'t'l. 'rhis art'a is localed O.-l \l1ill' IH>rth of' lhl' illt('r
s('l,ti()ll of" Sl'Cl'l1ldilr:' H()ads i717 ~ll1d 1:3(),=) (Sl'(' pLlll'
1(1, 110, '3), rrht' :'cIlo\\' to l)r~l11~~1' ~li"k()sc' (.'llntaillS all

~tI)\llld~lnl'l' of :')('tl'ii'il'd \\'ood l'ragIIH'lll:\ th~1t rallgl'

ill SiZl' Iron1 S('\,('Ld illCh(,s tIl rr;I~~Jl1(,l11s as large .tS

l \\ '0 f"(' (,' l i 11 d ia 1l1l'l <.' 1". .rII is ~U l< ) I I L I L)lIS 1,\' 11 igIi a rca ()r
'rri~lssil' l~;,.. ks is :lppart'l1l 1.\' a I't\slIll o! Lutltillg. alit!

n ,11 t 'C ts 1far r1n glOll'S ~ 1SJ:") 1', \ .i l '\\ ' () 11 l 11 (' s t n J(.' t1I r, 11
pit'tliH' along the \\'('Sl('1'l1 1)()l'lll'l' oj dll' T'riassil'
L;t"ill \"°liich i~. "'rh(, [);t.I..;jn is llol ,1 ,\illlpit' gr~tl){'lj

st n i l,t II i't' \ \ ' i t 11 t\\ '() sill I iLL r ~; id l •so'r 11 (' 11 I() \ 0l' 11 h ' I It ~ 11 () IIg
,IL' \'.t'st hor<!t'!" \\'~lS ~l Slllll:pillll" ;t('l1oll \,,'dh llliJlOI'

dispLll'l'IlH'l1t Illl Illall." Llldts .,11:1 jll'r!I'lIlS :J1.1jlll" dis-

jl!.u.:t'Il1L'llt on ,1 1'('\\' ,"

'flH: Jllosl IT('('llt {'stilllal(' of llic tllil.,klH'SS o!' tll('

rrridssic r()l'ks ill the ])llrhalll Lasin has }H'l'!1 gi\ ('11 h:'
\LLllll and ZablOCKi \ I~)()l i, Bi.L~l,rl on a grCl\'it\, stud"
or tll(' ilH';l and tl)('\' state, "'rill' ]'(H~id\la(ell1"\;' ,lCJ"(l;\

t II c I ) 11 rIL II n h II ~ i li' ~ d() 11 ~ t l\(· l r ~ l \' t' rs (' I'r() L 1 I I i lIs 
h()nJlI,~11 tC) HalcigII sllg,L:;{'sls tlllll the has{,Il11'ld roc!:

ill tIll' llorlh\\"{'sl.t'rlJ hall' or the h~lSiIl li('s lllllC]l

c: 1(h ( , r t() t 11\' ~ 11 rfa c{' l han i t d () ('sin t11\: so \I th (' as l (' rn
II;Ii \' () l' t 1I (' I)as in." 'rII I '\ ' 1', 1r tI}( 'r sL t t (" .. r rht' , III () II Id h,
difl"l']'('IH.'V h('l\v(\('11 IH';lr()ch and l)'l~in Sl\di111t'llls is

·v:! lllilligals, 'Thereforc, lll(' thickIIC'SS o!'llil' sl'dill1('rds

ill tIlt, hilS}11 at ils d('llH'St POillt' is ('slillL1l"d tu 1)1'

:),l()() f(:ct:' along lhe lra\'('rsv f'n>lll llilis1>()r()ll~~]1 ttl

ltdl'igh, :\orth (:~lr()lill;L, 'rite:' l'()IIC]lldl·d l"1'l)in gLl\ i
t; II i(Ill; II i lit (,rp r('L tl i() I ) til at t II (' I I I; I ': i I I II ! ! I I I) I i(' kI I( .~, ~ (j f'
fll(' 'rriassic sl'dillll'Jds in tlll' J)llrlLlIll hasill is n.,soo
fl.'l,t,
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