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1/ 
THE GOLDSBORO RIDGE, AN ENIGMA-

By 

R. B. Daniels 
E. E. Gambie 

Soil Science Department 
North Carolina State University 

Raleigh, North Carolina 

and 

W. H. Wheeler 
Department of Geology 

University of North Carolina 
Chape! Hill, North Carolina 

ABSTRACT 

The Goldsboro ridge is a sand body 25 feet high that ri ses above 
th e Sunder land surface near Goldsboro, North Carolina, It consists of 
unfos silifer ous sands with a few intercalated clay beds, The ridge is 
neither an e rosional outlier nor an eolian feature, It is a depositional 
ridge, probab ly of m arine origin, The geography of th e relationships 
among the height and orientation of the ridge, th e elevation of the toe of 
th e nearby Kenly scarp, the placem e nt of a distinctive slate knoll im
mediately northwest of the ridge, and the position and orientation of the 
Neuse and Little Rivers are all compatible with a marine origin. The 
Gold sboro ridge and the K e nly scarp are the major evidence s of a form
er post-Miocene sea stand above 95 feet (Surry scarp), 

INTRODUCTION 

The Sunderland surface near Goldsboro, North Carolina, is a 
fiat and uninteresting plain with an altitude of about 110 to 120 feet, 
East of Goldsboro along U. S. Highway 13, this plain is broken by a 
sand y ridge rising to an altitude of 140-145 feet for a length of 5 miles, 

1_/ Paper number 3146 of the Journal Series, Joint contribution from 
the Soil Conservation Service, U. S. D. A., and the Department of 
Soil Science, North Carolina Agricultural Experiment Station, Ra
leigh, North Carolina, 
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Figure 1. Location of Goldsboro ridge in relation to 
scarps and the Neuse River valley. The line is at 
the toe of the scarp and the ticks point to the high
e r elevations. 

This ridge, which we cal! the Goldsboro ridge, is oriented northwest
southeast and is only 3/4 mile wide. The ridge is between West Bear 
Creek and Walnut Creek and is completely surrounded by nearly level 
topography with a relief of about 5 feet. It is slightly asymmetric and 
is steeper on the southwest side. It has a gently undulating crest and 
two distinct Carolina bays at the southeast end. 

The ridge is five miles east of the Kenly scarp and is oriented 
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perp endi cular toit. The ridge lies about 14 miles southeast of the pro
m inent line of rock outcrop associated with the Kenly scarp south of 
B ailey. The long a x is of the ridge points northwe st toward the slate 
knoll at Belfast. This knoll is the easternmost inlier of slate in this 
po rtion of the C oastal Plain. 

Previous work ers did not r ec ognize the Goldsboro ridge, ap
parently because it did not show on the topographie maps available to 
th em . The ridge probably does not warrant more than casua l int e r est 
wh en co nsidered alone. But when the charact er istic s of the ridge are 
considered in relation to scarps, terr ace surfaces, and the Neuse Riv e r 
vall ey, many n ew alternatives f or th e g e nesi s of thi s segmen t of th e 
middl e Coas tal Plain can b e seen, 

STRATIGRAPHY 

The stratigraphy of th e area is shown in Figure 2. The Bla c k 
Creek Forma tion was not r e ached in most of our bore hol es because it 
is buried by 10 to 20 fee t or more of the Yorktown Formation. The 
da rk colore d laminat ed sands and clays of the Black C re e k Formation 
ar e distinct ive and easily recognized. The contact between it and the 
ov erlying Yorktown is abrupt. We identified the Yorktown Formation 
in every bore hol e that pen e trated the surficial sediments. The upper 
5 to 10 fee t of th e formation was unfossiliferous, and fossils were en
c ou ntered in only one d ee p bor e hole, The c onta c t b e tw ee n the York
to wn and the surficials is abrupt and easily recogniz e d becaus e the 
sticky green ish-gray silty Yorktown contrasts with the nonsticky gray 
coarse sandy surficials, In less than 10 percent of our bore holes th e 
Yorktown at this contact with th e surficials had weath e r e d to a brownish 
yello w smo oth clay . 

The surficial sediments under the plain near Goldsboro have 
b een called the Sunderland Formation by St e ph e nson (1912) and Post
Miocene depos its undiffer en tiated by Pusey ( 1960). At this time, we 
are not sure whether th e Sunderland Formation of St e phenson is a sep
ar ate entity, or whether Pusey was more nearly correct. For these 
re asons we will use the term Sunderland Formation for the sediments 
und erlying the Sunderland geomorphic surface. The informa! name 
Gol dsboro sand will be used for the sedim e nts of the Goldsboro ridge 
and the equa lly high knoll at Cokers Crossroads. 

The Sunderland Formation has an upper fine and lower coarse 
compo nent. The lower one-half of the formation near Goldsboro is 
coarse textu red and has conspicuous cross-bedding and repeat e d chan
nelin g. Gravel layers and clay-ball conglome rates are common at th e 
bot toms of c hannels, We interpret these features as evidence for a 
fluv ial origin for the basal part of the Sunderland. These features are 
weU shown in a road eut along Wayne C ounty road 1556 about O. 4 mile 
no rtheast of its junction with Bypass U. S. 70. The base of the forma-
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Figure 2. Stratigraphy in the vicinity of the Goldsboro ridge. 

tion is gently undulating and slopes to the southeast. The c ontact with 
the Yorktown is best seen on Wayne County road 1565 abo ut 200 feet 
north of its junction with 1588. 

The lowe r half of the Sunderland Formation is dominantly a 
coarse to medium sand to sandy loam. A basal c oarse gravelly sand 
has pebbles up to 2 cm . in diameter. The coarse low er half grades up
ward into a finer grained sandy clay loam to clay that is massive with 
little indication of bedding. The sands b ecome finer as the silt content 
in creases . 

Locali zed clay beds occur in the upper 10 feet of the formation. 
On e 11-foot thick bed of nearly pure clay was found under the northwest 
edge of the ridge. This bed grades laterally to the west, east and north 
for several miles with an increase in silt, These clay or clayey beds 
are found at or near the top of the formation and n o fossils have been 
found in th em or anywhere else in the Sunderland. 

The Goldsboro sand is present in the Goldsboro ridge and in a 
low subcircular knoll about 2 1/2 miles in diameter lying about 4 miles 
northeast o• the Goldsboro ridge around the hamlet of Cokers Cross-
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road s . It is d om inantly a loamy sand to sandy lo a m c omposed of m e 
dium sands and a fe w int e rcalated clay layers (Figur e 3). Th e sand di a 
m et ers in the Goldsboro sand are about th e sam e a s thos e in th e upp e r 
half of th e Su nd e rl a nd but they hav e less clay. Th e clay c ont e nt of th e 
Gold sboro sand is about th e same as the basal c oarse Sunderland. Th e 
Gold sb oro san d ov e rlies th e Sund e rland Formation conformably. Th e 
c onta ct is alwa y s abrupt but th e re is no e vid e n ce of d ee p c hann e ling, 
basal coarse m at e rial, and e viden c e of w e ath e ring at th e c onta c t . Ev e n 
th e C arolina Ba ys do not disturb th e und e rlying Sund e rland materials 
(Figu re 3) . T h e sand in the bay rimis not di ffe r e ntfrom th e Gold sboro 
san d . Theref o re, the se Carolina Bays ar e m e r e ly s urfa ce f e atur e s as
so ci ated with th e formation o f th e ridg e . Th e c onta c t b e tw ee n th e Golds
boro sand and t h e Sund e rland is e asily r ec ogniz e d by th e abrupt d e 
c r e a se in clay c ont e nt and th e larg e in c r e as e in silt. No f ossils w e r e 
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found in the Goldsboro sand, but this doe s not preclude a marine ong 1n 
as the unfossiliferous nature of a larg e portion of the marin e Yorktown 
Formation shows. 

GENETIC INTERPRETATION 

Th e Goldsbor o ridge is a u n iqu e feat u re on th e Su n de rl a nd sur
fa ce and r e quir e s sp ec i a l exp l anat ion what e v e r its origi n . It must be 
e ither an e ro s ional r e mn an t of a once m or e ex tensiv e se dim e nt or ade
position a l f e atur e . 

Th e Goldsboro sand is pr es ent in th e r idg e and i n th e smaller 
patch around Cokers Crossroads. Se dim e nts at similar alt i tud e s to the 
north and w e st always hav e th e upp e r fin e and low e r c oar se sequence 
typical of th e Sund e rland Form a tion ov e rlying th e Yorktown Formation 
or saprolit e . M e dium sand s similar to th e Goldsboro sa nd are fou n d 
about 30 mile s to the south e ast n ea r Pink Hill. But those s ands are 20 
to 40 feet thick and overli e th e Yorktown or oth e r Tertiary materials , 
not the Sunderland Formation. 

If the Goldsboro ridge were an erosional remnant of a once m or e 
extensive sediment, there should be at least a few other remnants i n 
the area. Ther e is only one oth e r patch. This leaves us with t h e alt er 
native that the ridge is a depositional fe ature that may be of eolia n , flu
vial, or marine origin. 

An eolian origin for the ridge is attractive because the sedime nt s 
to the south and southwest are sandy and could be a source area . Bu t 
the sediments to the west and north are silty and could not provi d e su f 
ficient sand. The lack of outc rops prevented us from examin ing th e 
sedimentary structures of the Goldsboro sand, so this clue to it s d e 
positional history is not available. One six foot section near t h e b ase 
was sampled by driving a plastic tube into the sand. The beddi n g was 
all horizontal. The intercalated clay beds and the absence of dune t opo
graphy argue against an eolian origin for the ridge. 

If the ridge was deposited by water, we have two alter n a tiv e s, 
fluvial or marine. The!"e is little in the Goldsboro sand that arg u es a
gainst a fluvial origin except its very uniform grains size. There is no 
coarse basal sediment, and except for the clay lenses the sand is m ono 
tonously similar from top to bottom. This, however, is not e nough to 
reject a fluvial origin. The limited distribution of the Golds boro sand 
indicates that if it is fluvial it must be similar to a natural levee. Bu t 
there is no companion levee, and no paralleling river channe l. Po s 
sibly trJ.ces of these features have been destroyed, but by what m e cha
nism? The Goldsboro sand is post-Sunderland surface. H ow c ould a 
post-Sunderland surface river channel and matching l evee be des troy ed 
so the Sunderland surface is reconstructed without a trace of its bein g 
disturbed? Thus, we must consider an alternative to the fluvi al orig i n 
for the ridge. 
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A marine origin is our only rema1mng alt e rnative but even this 
is difficult to justify. Severa! questions corne to mind imm e diately such 
as: what would be the minimum altitude of the oce an, are ther e any 
nearby feat ures that can b e interpreted as old shore lin es , and assum
ing an ocean or sound at Goldsboro, what condition or c onditions would 
re sult in deposition of the Goldsboro sand? A minimum altitud e for the 
ocean or s ound is about 145 feet be c ause th e top of the ridg e would just 
be awash at this altitud e . This do e s not preclud e a higher sea l e vel. 
Abo ut the only oth er ev id ence that can b e us e d to indi cate an o ce anl e v e l 
in th e Gold sb oro area is the Kenly s car p (Figur e 1 ). Th e scar p from 
near Pink Hill (south of th e Neuse Riv er ) north to Wilson has a to e alti
tude of 145 fee t. Wes t of Wilson th e to e altitude rises to a maximum of 
175 fe e t on t h e Neuse-Tar divid e as th e scarp swings up into the Tar 
va ll ey. This altitude th en decreases toward Ro c ky Mount until du e west 
of the city the ' to e is again at 145 fee t. Th e dashed or dott e d lin e b et 
ween Wilson and Rocky Mount in Figur e 1 is th e approximat e location 
of th e 145 foot contour lin e . In this area the Kenly scarp is farth e r 
west and at a higher elevation, and the 145 foot contour is located with
in a smoot h unbroken surface. 

The uniformity of the toe altitude of the Kenly scarp between 
Pink Hill and Wilson is good evidence that th e scarp was controlled by 
an ocean or sound level. Sand dunes are not associated with the scarp 
throu gh this area and this can be used as evidence against an open 
ocean. If on e is willing to consider the possibility of a sound e xisting 
in th e area during deposition of the Goldsboro sand, there is still the 
questio n of what conditions existed at this site. The ridge is roughly 
align ed with the flow direction of the Neuse, and is southeast of and 
align ed with a slat~ knoll near Belfast~./, and is align eù with the south-• 
east trending segment of Little River (Figure 1). The Goldsboro ridge 
is nea r the junction of possible north-south longshorecurrents generat
ed by the Ne use and Little Rivers in an estuary. With sea level at i45 
feet the water depths between the slate knoll and the Kenly scarp would 
be 10 feet or l es s, but they would b e 25 to 30 feet at the base of th e 
Goldsboro ri dge. The shallow depths, the slate knoll, and currents 
from the Neuse and Little Rivers could deflect long shor e currents, 
turnin g them p e rpendicular to the shore. The sand could be suppli e d 
by th e longshore currents of the Neuse and Little Rivers, or both. The 
result was a shoal area built by the interaction of southerly drift along 
the coast and the eastward flowing current generated by the Neuse and 
Little Rivers. The largest feature by far of this shoaling and sediment
ation is the e longate Gold sboro ridge. An argument supporting thi s 

Y Th e slate knoll is a sharp conical hill of Carolina Slate rising to 
150 feet. It is about 3 miles north of the junction of U. S. 70 and 
U • S. 117 in Gold sboro. The slate s are well exposed in a cu t of the 
Seabo ard Coast Line Railroad. 
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mode of d eposition is the asymmetr y of the ridge. It is steeper on the 
south side than the north. This suggests that currents on the river side 
may have been strong enough to erode the ridge after the main period 
of deposition. The uniform grain size of the 11Goldsboro sand" also is 
not contrary . to d e position in a sound. 

A marine origin for th e Goldsboro ridge can be opposed on 
several grounds. The absence of marine fossils is the most valid ob
jection. The uniqueness of the ridge may be said to make it difficult to 
prove a marine origin, but this quality would oppos e any origin with 
equal weight. The reasons for cho osing marine c onditions over others 
as the probable origin lie in the geography of the relations among the 
height and orientation of the ridge, the elevation of the toe of the nearby 
Kenly scarp, the location of the Belfast slate knoll, ar,d the positions 
and orientation of the ridge, the e levation of the toe of th e nearby Kenly 
scarp, and the positions and orientation of th e Neuse and Little Rivers. 
AU these suggest a marine origin. 

But, until much more is known about all the middle Coastal 
Plain, . the Goldsboro ridge will remain, in the last analysis, an enigma. 
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CHEMISTRY AND MINERALOGY OF METASEDIMENTARY 

ROCKS IN THE ALBEMARLE AREA, NORTH CAROLINA 

SLATE BELT 

By 

J. Robert Butler 
and 

Charles C. Daniel, III 
Department of Geology 

University of North Carolina 
Chape! Hill, North Carolina 27514 

ABSTRACT 

M e tasedimentary rocks in the Albemarle area, North Carolina 
slate b e lt , are main,ly argillites, tuffaceous a:rgillites, and graywackes. 
The ro cks ar e interlayered with and gradational into metavolcanic 
rocks d esc ribed in an earlier report (Butler and Ragland, 1969). Sam
ples fr om e ight localities, including type localities of the Tillery For
mat i on, Mc M a nus Formation, and Yadkin Graywacke (Conl e y and Bain, 
1965) , were se l e ct e d for bulk chemical and X-ray modal analysis. The 
rock s are co mpos e d mainly of quartz, albite, muscovit e , and chlorite, 
with smaller s poradic amounts of biotite, actinolite, e pidot e , c alcit e , 
micro cline , and opaque minerals. Min e ra! assemblages are indicativ e 
of lo wer gree ns c hist facie s (biotit e or chlorite zone) of regional m e ta
morph ism. Th e rocks hav e be e n affected by m e tasomati s m, but retain 
bulk c h emic al c ompositions g e nerally similar to argillite and graywacke 
from ot h er re gions. 

INTRODUCTION 

Th e Alb e marle area of the Carolina slate belt in North Carolina 
includ es a thick section of mildly deformed meta-igneous and meta
sedim entary rocks of Earl y Paleozoic and pos sibly Late Precambrian 
age. Th e ro c ks have been regionally metamorphosed to assemblages of 
th e lo wer gr ee nschist facies. The relatively good outcrops, varied 
litholog y, a n d pr e servation of many original features of the r~cks have 
attra cted a numb e r of geologists; consequently the area is on e of the 
most in tens i ve ly studied regions in the crystalline Southern Appala
ch · ians . An e arlier study (Butler and Ragland, 1969) concentrated on 
th e m e ta -i gn e ous rocks of the region. In this paper, we pres e nt 
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chemical and modal data for the dominantly metasedimentary forma
tions de se ribed by Conley and Bain ( 1965 ), including sample s from 
three type localities and five other selected exposures, 

Acknowledgments 

Paul C. Ragland assisted at several stages of the investigation. 
Kent C. Nielsen helped with the X-ray analysis. Daniel A. Textoris 
suggested improvements in the manuscript. Financial assistance was 
mainly from a grant to Butler by the Research Council of th e University 
of North Carolina at Chape! Hill. The atomic absorption spectrophoto
meter and X-ray spectrograph were purchased with grant funds from 
the North Carolina Board of Science and Technology. 

GENERAL GEOLOGY 

Detailed mapping in the Albemar le (C onley, 1962) and Denton 
(Stromquist, 1966) quadrangles in the Carolina slate belt (Figure 1) 
stimulated a series of studies in the region (Butler and Ragland, 1969; 
Randazzo, 1968, 1969; Weigand, 1969; Upchurch, 19f.8; Burt, 1967) and 
helped provide the basis for regional syntheses (Conley and Bain, 1965; 
Stromquist and Sundelius, 1969). Figure 2 gives the stratigraphie no
menclature used in the region and the thickness of major units. The 
rocks are derived mainly from volcaniclastic deposits, lava flows, and 
associated clastic sediments. Most units were probably deposited in a 
submarine environment, but some have evidence for subaerial deposi
tion. Sources of volcanic and sedimentary materials were mainly with
in the region, and several possible vent areas have been identified 
(Stromquist and Conley, 1959; Conley, 1962; Stromquist aTJ.d Sundelius, 
1969). Volcanic rocks range in composition from rhyolitic to basaltic 
(Butler and Ragland, 1969). As might be expected in a deformed vol
canic sequence that includes some of the ve:i.t areas, stratigraphie re
lationships are confusing in many places. There is controversy over 
the existence of an unconformity between the Albemarle and Tater Top 
Groups and the status of units placed in the Tater Top Group (Conley, 
1962; Conley and Bain, 1965 ; Stromquist and Sundelius, 1969), 

METHODS 

Ghemical analyses we:i:-e made by rapid methods generally simi
lar to those described by Butler and Ragland (1969, p. 704-706). The 
following methods were used for the oxides given: (1) Atomic absorp
tion spectrophotometry - Alz 03, Kz 0, Mg 0, Mn 0, Fez 03, Ca 0, Kz O; 
(2) X-ray fluorescence - Siüz; and (3) Colorimetry - FeO, TiOz. X
ray modes were used to calcula te Hz o+. 
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Figu re 2. Stratigra phie nomenclature and approximate thickness of 
units, southwestern part of the Carolina slate belt, North 
Carolina. 

Samples were studied by microscopie andX-ray diffract i on pro
Cedures. X -ray modal analyses (Table 1) were determined from dif
fraction patterns of whole-rock powders with random ori e ntation, using 
a method modifier after Tatlock (1966). The method is d escr ibed in 
more d etail by Butler and Ragland ( 1969) and was also used by Ra ndazzo 
(l%s, 1969) and Weigand (1969). 
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Table 1. Chemical and modal data for metasedimentary rocks, A lbe
marle region, North Carolina. 

A. Chemical analyses by C. C. Daniel, III. Weight per 1ent. H 
2
o 

and co
2 

are estimated on the basis of other chemical constituents 
and modes. 

Tillery Fm. McManus Fm • . Yadkin Fm . 

1 2 3 4 5 6 7 8 
Si0 2 57. 86 59.50 59.82 61. 43 56. 72 48.48 62 . 61 69.03 
Ti02 1. 19 1. 01 1. 10 1. 25 1. 19 1. 84 1. 06 1. 16 
Al203 21.32 19.0 6 20. 71 19.94 18.42 26. 71 1 7. 20 16 . 32 
Fe203 5. 18 4.17 2.92 2.44 3.46 3. 11 4.22 2 . 35 
Fe0 4. 16 4.20 5.46 5.10 6.69 3.65 2.29 3 . 45 
Mn0 o. 15 0.14 o. 18 0.10 0.24 o. 27 0.07 o. 09 
Mg0 2.49 2.48 2.86 2.56 3.06 2.62 1. 70 1. 35 
Ca0 o. 69 0.95 1. 22 0.48 1. 10 3.90 2. 75 0 . 4 5 
Na20 1. 59 3. 84 2.88 3.29 3. 01 0.94 3.35 2 . 72 
K20 3.35 2. 45 3. 25 3.62 3.60 8.00 2.86 1. 55 
H20+ 2. 3 2.4 2.8 2.9 2.4 1.9 1. 4 1. 5 

Total 100. 28 100.20 103.20 103. 11 99.89 104. 12* 99.51 99.9 7 
*Includes 2. 7% co2 

B . Semi-quantitative X-ray modal analyses by J. R. Butler and K . C . Ne ilsen. 
Weight percent. Values a re given to one significant figure (±5%) . 

1 2 3 4 5 6 7 8 
quart z 30 30 30 20 20 <5 40 50 
albite 10 10 10 10 10 <5 20 20 
mica * 30 20 30 30 20 70 20 10 
chlorite 20 30 30 30 30 10 10 20 

epidote <5 10 10 
actinolite tr. <5 <5 
calcite <5 10 
microcline <5 
opaques ** tr. <5 tr. <5 <5 < 5 <5 <5 

* Mainly muscovite, includes some biotite. 

** Estimated from thin sections. 

References are to Conley and Bain (1965), unless otherwise state d. 
1. No. NC-218A. Laminated argillite from type locality of Till e ry 

Formation, just south of Uwharrie River on N. C. Highwa y 109, 
Montgomery County (p. 127). Evenly laminated greenish -gray to 
dark greenish gray rock with beds ranging from less than l to 6 mm 
thick. Very fine grained to cryptocrystalline. Well-develope d grad
eci bedding in thin section. Good cleavage approximately per p e ndicu 
lar to bedding is seen in both hand specimen and thin sectio n. 

2. No. NC-11. Light olive-gray laminated argillite from Tiller y For
mation, hill west of Lake Tillery on N. C. Highway 27, Stanl y Coun
ty. Laminations are l to 8 mm thick; some are distinctly grade d 
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and some are apparently homogeneous. Very fine grained to crypto
crystalline. Faint alignment of micaceous grains at an angle to bed
ding sugge sts incipient development of slaty cleavage. 

3. No. NC-40A. Medium bluish-gray laminated argillite, originally 
correlated with Tillery Formation, later placed in mudstone mem
ber of Cid Formation by Stromquist and Sundelius (1969); from Nor
Carla Bluestone Quarry, Çounty Road 2545, about 2 km south of N. C. 
Highway 49, southernmost Davidson County. Laminations range 
from about 1. 2 to 4 mm in thin section; nearly all are beautifully 
graded. Original grain size probably ranged from fine silt to clay. 
Rock shows bedding-plane cleavage, with no sign of slaty cleavage. 

4. No. NC-138. Dark greenish-gray tuffaceous argillite from type 
locality of McManus Formation, McManus Quarry west of County 
Road 1963, about one km north of Road 1964, Stanly County (p. 127). 
Thin section is homogeneous with visible angular to subrounded 
quartz grains and flakes of chlorite up to O. 05 mm across. Section 
of coarser bed has grains up to O. 1 mm and well-developed graded 
b edding . 

5, No. NC-136. Dark greenish-gray tuffaceous argillite from re
ference locality of McManus Formation, on N. C. Highway 27 By
pass just east of U. S. Highway 52, southern edge of Albemarle, 
St anly County (p. 127), Beds are massive to faintly graded and range 
in thicknes s from 2 mm to 50 cm. Analyzed rock is very fine grain
ed to cryptocrystalline. 

6. No. NC-7ZB. Dark greenish-gray tuffaceous argillite from Mc
Manus Formation, quarry on County Road 1953 at Rocky River, 4 
km southwest of Aquadale, Stanly County. Sample is from fine
grained bed about 30 mm thick. Adjacent bed about 35 mm thick is 
almost entire ly composed of calcite. 

7. No. NC-129 . Greenish gray to medium bluish-gray graywacke from 
type locality of Yadkin Graywacke, on N. C. Highway 8 about l 1/2 
km north of U. S. Highway 52, Stanly County (p. 129), Indistinct 
irr egular b ed ding with some cross bedding. Analyzed rock is com
po sed mainl y of angular to subangular quartz and altered feldspar 
gr ains about O. l mm across. 

8. No. NC-224 . Greenish gray to pale green slightly weathered Yad
kin Graywack.e, along N. C. Highway 740 about 70 m northwest of 
Coun ty Road 1571, near Badin, Stanly County. Analyzed sample is 
homog eneous with no obvious bedding. Relict texture indicates ori
gina l grains were mostly angular to subangular with average dia
meter of about O. l mm. Plagioclase, quartz, chlorite, and mus
covi te can be identified in thin section. 
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METASEDIMENTARY ROCKS IN THE ALBEMARLE AREA 

The samples selected for analysis (Table l) are from the type 
localities of the Tillery Formation, McManus Formation, and Yadkin 
Graywacke, plus five additional samples from reference localities and 
a particularly interesting quarry. Since the localities are from the for
mations named by Conley and Bain (1965), we use their nomenclature 
in this report. Stromquist and Sundelius ( 1969) have sugge sted redefini
tion and re-interpretation of some of the units. 

The most characteristic rock of the Tillery Formation is a lami
nated argillite with very regular beds generally less than 2 cm thick. 
The McManus Formation is generally thicker bedded and sandy units 
are common. The Yadkin Graywacke is composed mainly of sand- size 
material, bedding may be more than one m thick, and cross bedding as 
well as graded bedding is common. The inferred pre-metamorphic 
nature of the rock fits the definition of graywacke given by Krumbei.n and 
Sloss (1963, p. 172). Full descriptions of rock units have been given 
in previous reports. 

All of the map units in the area are very heterogeneous and 
there are all possible gradations and mixtures 1:-etween pyroclastic and 
sedimentary rocks. The samples described here were chosen to be 
most representative of rocks of probably sedimentary origin that are 
widely distributed through the stratigraphie section. 

The major minerals are quartz, mica, chlorite, and albite, with 
some sporadic occurrence of epidote, actinolite, carbonate, and micro
cline. A small percentage of opaque minerals is ubiquitous. The opa
que minerals probably include pyrite, hematite, magnetite, and graphite, 
but no quantitative information was obtained. Weigand (1969, p. 27) 
detected graphite in five samples of tuffaceous argillite. The carbonate 
minera! effervesces vigorously with dilute hydrochloric acid and the 
d- spacing of the (211) peak is approximately the same as for pure cal
cite, so it is here identified as calcite, Biotite is difficult to distin
guish from muscovite on whole-rock diffractograms (Butler and Rag
land, 1969; Randazzo, 1969, p. 82). The values for mica in Table 1 
probably represent mainly muscovite with minor amounts of biotite. 
Biotite is common in the Albemarle area, but was rarely seen in thin 
sections studied for this report; however, many of the rocks are too 
fine-grained for microscopie identification of minerals. 

There are few consistent differences between analyses for argil
lite (Tillery Formation) and for tuffaceous argillite (McManus Forma
tion), consequently the six analyses will be discussed together. The 
most striking variations between the analyses are for SiOz, CaO, Na20, 
and K2 o. These variations may represent original differences or later 
metasomatism. Weigand (1969) cited evidence for metasomatism in 
the Albemarl e area that was probably controlled by the pressure gra
dient across large folds. He postulated that Si, Na, K, and Rb were 
mobilized and redistributed. In five of the six analyses, K2 Ois greater 
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tha n Na2O. ln c-ontrast, K2O is less than Na2O in 51 of 58 analyses of 
rn eta- igneous rocks in the Albemarle area {Butler and Ragland, 1969, 
T able 5). Most types of weathering cause an increase in the KzO/Na2O 
r atio (Butler, 1964), which indicates that the argillites may contain 
pa rtl y we athered detritus. Sorting of pyroclastic debris could cause 
di ffere n ce s in K2O/Na2O ratio. For example, biotite flakes could be 
co ncentr at e d in one sediment , plagioclase clasts in another. This pos
sib ility is difficult to e valuat e b e caus e the rocks have been recrystalliz

ed. 
T h e graywackes {Ta ble 1) ar e most similar in composition to 

an desitic and dacitic tuffs among th e m e ta-igneous rocks of th e r e gion. 
Fo r both a nalyses in Tabl e 1, Na2O is greater than K2 O. The gray 
wackes m a y b e mainly r e work e d pyroclastic debris little affected by 
weatheri ng. 

In Table 2, means for argillit e and graywack e analyses are com
pa red wit h compositions of similar rocks from other regions. Analysis 
6 of Table 1 i s omitted from th e argillite mean, because it is composed 
al most en ti re ly of mica with a little chlorite and calcite, and is ap
pa rently an omalous, Th e argillit e of this report is generally s i milar 
to New Zea land argillit e (R ee d, 1957), which is also from a thick vol
ca nic- sedi m e ntary s e qu e nc e . Th e mean for two Yadkin graywa ck e s 
(Tab le 2) c om pares with th e mean for 61 graywackes from widl ,rn ,~e a d 
r e gions {Pe ttijohn, 1963, Table 12) and the mean for 119 Renss el a e r 
gra ywackes in New York {Ondrick and Griffiths, 1969, Table 2). 

The a nalys e s of Table 1 show a relatively high degre e of oxida
tio n of iron, when compared to analys e s of associated m e ta-igneous 
roc ks in the Albemarle ar e a {Butl e r and Ragland, 1969, Table 5). The 
oxid ation ma y b e additional evid e nce for w e athering before deposition of 
the a rgillites and graywackes. The means I or Albemarle rocks also 
show stronge r oxidation than the means for rocks of other areas {Tabl e 
2). 

CONCLUSIONS 

The laminated argillites resulted from rhythmic sedimentation 
in a lo w-ener gy environment below wave base {Randazzo, 1968). Cur
rents must have been weak and there was little or no disturbance of 
beddi ng by b u r rowing organisms. The tuffaceous argillites probably 
repr esent incre as e d sedimentation rates, most likely due to increased 
volca nic activi ty {Conley, 1962, p. 12), but ther e is little e vidence for 
st rong curre n t activity. The thick graywacke units show ev idenc e of 
st rong curre nt activity as s ociated with deposition of volcanic d e bris 
th at i s not st rongly reworked or weath e red. 

Sorne me tasomatism took place during metamorphism, but th e 
bulk comp o siti ons of rocks are still generally similar to less alt e r e d 
analog s from oth e r areas. The argillites are different from the 
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Table 2. Comparison of Analyses of Argillite and Graywacke. 

Argillite Graywacke 

1 2 3 4 5 
SiOz 59. 07 64.2 65. 82 66.7 70.59 
TiOz 1. 15 0.70 1. 11 o. 6 o. 64 
AlzO3 19. 89 16. 3 16. 78 13. 5 12. 59 
Fe2O3 3.63 0.72 3.28 1. 6 4. 97* 
FeO 5. 12 4. 1 2.87 3.5 
MnO o. 16 o. 06 o. 08 o. 1 o. 077 
MgO 2. 69 1.9 1. 52 2. 1 1. 51 
CaO o. 89 1. 4 1. 60 2.5 1. 61 
Na 2 o 2. 92 2.2 3.03 2.9 2.76 
KzO 3.25 3.7 2.20 2·. 0 2. 19 
HzO+ 4.20 3.4 2.30 2.4 ND 
Total 102. 97 100.59 

* Total iron as Fez 03. 

1. Mean of fiv e analyses of argillite and tuffaceous argillite from the 
Tillery and McManus Formations. Table 1, numbers 1-5. 

2. Analysis of composite samples of 17 argillites, Wellington District, 
New Zealand. Reed, 1957, Table 3, no. 1. Other constituents: 
P2O5-0. 14, S-0. 24, C-0. 44, H2O- -0. 55. 

3. Mean of two analyses of graywackes from the Yadkin Formation. 
Table 1, numbers 7-8. 

4. Mean of 61 analyses of graywackes. Pettijohn, 1963, p. 15, Table 
12. Other constituents: P2O5-0.2, COz-1.2, so 3 -0.3, S-0.1, C-0.1, 
H2O- -O. 7. 

5. Mean of 119 analyses of Rensselaer Graywacke samples from the 
Troy area, New York. Ondrick and Griffiths, 1969, Table 2, num
ber 2. Other constituents : SrO-0. 013, BaO-0. 045, 

associated meta-igneous rocks in ways that can be attributed to weather
ing. The graywackes show little evidence of weathering, except per
haps for some oxidation. 

X-ray modal analyses show that the rocks are all composed of 
various percentages of low-rank metamorphic mine~als. Available 
data indicate tbat regional metamorphism in the area discussed here 
nowhere reached conditions higher than the biotite zone (lower green
schist facies). 
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