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INTRODUCTION information; these references are listed at appropriate places

Northeastern South Carolina and the adjacent part ('5@ the following text. Butler and Ragland (1969) and Fulla-

North Carolina is a particularly good area for geologic fieldf (19f7t1h) S.u:d'eq the Eetrcf)li)hgy and aRge drelatlonsshlps OL
trips because of the diversity of features easily visited in ome ot e INTrUSIVe Tocks of this area. kandazzo, SWe, an

short time. Rocks of the Carolina slate belt are here mildl ht(:]ele\;v(%jgnt))) dis<t:)us§ed :spectslg;;riaisg:. sde(::]megtat:on
deformed and metamorphosed, and a variety of volcanic a g the Vvadesboro basin. Heron ( ) studie € Lreta-

metamorphic features are preserved. The Haile gold ming?ous of the region.

historically the most productive gold mine in eastern United Gtstherrelseht t;mse Henry Bell Illdan(;I. Peter Plop'en?e %f
States, is now a major source of sericite and is being active‘ € U.o. beological survey aré conducting geological an
eophysical studies in the Kershaw and Pageland, S. C.

explored for gold again. Several upper Paleozoic batholit . : . .
in the region are part of an extensive belt of granites in tH&9!ON- A detailed airborne magnetic survey (Popenoe, 1970)

Southern Appalachians. The complexly faulted Wadesbor nd_; ES|meIe ﬁou%uirsr%wt%/Bmtaltp have bee?‘ cc():rﬂplr-.:[ted.
Triassic basin ends near the state line, and the subsidigry".c = "oweliand J. Robert butier are mapping -hester-

Crowburg basin affords the southernmost exposures of Tria: -Idd Courty’tslzzi-(y)o?)t \%\:llﬁS,OSOV\?ﬁaltle anddthe Taﬁaha\év
sic sedimentary rocks in eastern North America. An 11239uadrangie at 1.24,Lus). Watter H. eeler and several grad-
foot-thick Mesozoic diabase dike near Kershaw is possibI)Vate students ur'1der. his direction have .StUdled over th(? past
the thickest in the Appalachians and is part of a system tha?v,eral years Triassic and younger sedimentary rocks in the
extends 120 miles across the Piedmont and into the BIJ&Y'O™:

Ridge province. The Coastal Plain sediments lap partl\épmgiilgeliirir jm(%/\?(!?stilrieisar?ddI;J(\eAIIIn(l(l)gg)Saii :ng(it?:eog;:og;i)
th i d include the Cret Middend
across e region and include te Lrefaceous Middenda ap of North Carolina (1958), and modified with informa-

Formation as well as overlying enigmatic sands and gravep:,J

whose age and history are poorly known. This field trip pro—tlon from numerous more recent sources, particularly

vides a quick look at all these features. The guidebook give\é/aSkom and Butler (1971), Nystrom (1972), U.S. Geologi-

a status report on our studies, and points the way to afe\%aI SluL\I/ey (197(:10)’ alnd c;[hehautharr']s ?r(nise;n't Worlt<. I?gubrech
other localities that we will not have time to visit. available as a download) shows the field trip route for bo

days.
Geologic studies

Overstreet and Bell (1965a, b) and Stuckey and Conrad ACKNOWLEDGMENTS
(1958) discussed the general geology of South Carolina and We are grateful to Norman K. Olson, State Geologist of
North Carolina, respectively, and refer to most of the earlieBouth Carolina, for his encouragement and support during
work in this region. Details of the gold mines and miningall stages of preparation of this guidebook. Paul Nystrom and
areas are summarized by Pardee and Park (1948) and m&iehard Shiver kindly made unpublished information avail-
recently by McCauley and Butler (1966). Graduate studentsble. Dr. and Mrs. S. Duncan Heron, Jr., gave valuable assis-
from universities in the Carolinas have contributed valuabléance with logistical arrangements
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METAMORPHIC ROCKS and Park, 1948). The alteration and mineralization, there-

Since publication of the geologic map of North Carolinafore’ is more likely to be related to the volcanism that pro-

in 1958 and the geologic map of the crystalline rocks Oiducgrdhthe pyroclas?c ankd v?ltf[:;mccl:astl? rockls.t belt in thi
South Carolina (Overstreet and Bell, 1965a), the metamor- € uppermost rocks ot the t.arolina siate el n this

phic rocks of the Carolina slate belt and adjacent Charlotf €2 @€ gram and greenish-gray argiliite or slates and

belt have been the subject of increasing study and Subdi\%ra.ywacke. Regiona}ly, these rocks are in the greenschist
sion; formations have been named in three principal areas.ggjCles of metamorphism; locally, however, contact metamor-

ism to the hornblende-hornfels facies has occurred around
e granite intrusions. The contact metamorphic aureoles are
enerally narrow but range from about 0.5-3 miles (about 1-

North Carolina, Conley and Bain (1965) mapped and nam
formations in the slate belt west of the Triassic basins and i
the Denton-Mt. Pleasant area; Stromquist and Sundeli ’
(1969) mapped and described a number of formation km) wide. .

included in the Carolina slate belt of that area. Southwest of The rocks of the C_arolma slate belt have been deformeq
the area of the field trip, Secor and Wagener (1968) and stt'p_to S broa_Ld regional folds a_nd numerous S”?a”er anti-
dents of the University of South Carolina have also mappe((iIInes and synclines, some of which may be isoclines. Two

and described rocks in the slate belt without attempting tf’uajor northeast-trending anticlines occur in the area of the

make detailed correlations with rocks in North Carolina. Th '?Id trip. These are roughly parallel to the trend of the Trias-_
field trip, therefore, will traverse a part of the Piedmont cen>'© basins &?”d some of the border faults. _T_he We_stern anti-
ne, plunging to the northeast, has granitic gneiss of the

trally located between areas where the Carolina slate b m . .
rocks have been subdivided into formations arlotte belt in the core to the southwest of figure 1 and
Figure 1 shows the Carolina slate belt essentially a mphibolite, volcaniclastic rocks, and argillite on the limbs.
shown on the geologic map of the crystalline rocks of Sout he ea_stern ant|cI|nez recognized by Waskom and Butler
11'971) in North Carolina, plunges to the southwest. These

Carolina (Overstreet and Bell, 1965a). In a broad sense t ficll hich b inale struct to h
Carolina slate belt in this area consists of a volcanic-sed}EJW anticlineés, which may be a single structure, seemto have

mentary sequence overlying what is often referred to as thlg:fl?encelg tr;f location and perhoellp? the shape o;/lthe gr??rl]te
Charlotte belt-various granitoid gneisses, biotite muscovit€ U oNs. Faulls are numerous and ot many ages. Many ot the

schists, and biotite muscovite gneisses. At the base of tﬁé)rtheast- and northV\{est-trending_ faults which cut Trias_sic
Carolina slate belt is a unit of mafic volcanic and sedimen[OCkS can be traced into underlying rocks of the Carolina

tary rocks including dark-green, gray, and black, fine- toslate belt. A. major Triassic border fault of this sort may

coarse-grained amphibolite, hornblende schist, hornblenqeg(ffnd S(iutth\t’\rl]eSt frorr: N(;rth Carotllnasacr(t:);sctheIz_ireasshown
gneiss, actinolite schist, and chlorite schist; some dioritd" "'gure = to the vicinity of Lancaster, Sou aroiina. Some

metagabbro, biotite gneiss, and numerous basic dikes of se(\)/f—the northwest-trending faults apparently related to the Tri-

eral ages and relations are also present. These are the mgﬁéic basins have been intruded by diabase dikes. In addition,

rocks which Overstreet and Bell (1965b) found, on the basig:any qf the_ Triassic dikes, particularly th? dike swarm near
of soil characteristics, to be widespread in the Piedmont o € It-|talle g)lne,fals? app(teﬁrtto ha(;/et b;iﬂ m:_rudedflnto nlorth-
South Carolina and which they thought probably represent\gest_ r??h ng re_ltc urle? at predate € fime of emplace-
stratigraphic unit in the Carolina slate belt. Overlying thesénenI Oth € grj'[ihnl N f u otns]; th logi fio 1 .

mafic rocks are pyroclastic and volcaniclastic rocks (includ- n the southeast part of the geologic map (fig.1) a major

ing agglomerate, breccias, tuffs, and flows), predominatelf ult is shown cutting rocks of the Carolina slate_belt. This
felsic but containing some mafic units. These are the olde ult crops out to the southwest near Camden. It is reflected

rocks cropping out within the area of figure 1. They ard" the Bouguer gravity anomaly map as a gravity gradient

intruded by numerous metamorphosed mafic dikes which openoe af‘d Bell, 1974) and in both t_he regional an_d

not appear to cut the overlying argillite etailed aerial magnetic data (Taylor, Zeitz, and Dennis,
It is these pyroclastic and volcaniclastic rocks which arel%& U.S. Geological Survey, 1970).

gold bearing at the Haile mine and other nearby mines and in

which sulfide mineralization has occurred. Much sericite- GRANITE PLUTONS

chlorite schist, quartz-sericite schist, and silicified rock is In the field trip area, the three granitic plutons which

associated with these mineralized rocks, particularly at &R« de rocks of the Carolina slate belt near the crest of broad
Haile and Blackmon mines. Coarsely crystallized muscovitgegional anticlines are the Liberty Hill pluton to the south-

from areas of hydrothermal alteration, dated by K-Ar methy et the pageland pluton, and the Lilesville pluton to the

ods as 415 and 358 my. (Bell, Marvin, and Mehnert, 1972Qy,theast. These three plutons appear very similar in hand
indicates that this alteration preceded by a substantial Ienggbecimen outcrop area, petrology, and age. They are gener-
of time the emplacement of the nearby granite plutons tQy |acking in cataclastic fracturing, have no gneissic texture

which the mineralization had previously been tied (Pardeg, sirong foliation, and were emplaced after the last regional
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metamorphic event. less than about 6.5 miles (10 km) apart. Nothing indicates
The three plutons are part of a string of at least eiglthat the two bodies are connected at depth. A large gravity
post-metamorphic granitic plutons that extend about 35Minimum occurs in the vicinity of the Pageland pluton. The
miles, from northeast of Raleigh, N. C. to central Georgiaanomaly is amoeboid in shape, having one lobe in the out-
The plutons were emplaced in the epizone or upper mesarop area of the pluton and another lobe to the northwest
zone. Rubidium-strontium whole-rock isochron ages rang&here granitic rock foes not crop out. Contact metamorphic
from 295 to 332 million years, but most are near 300 m.\effects have been produced in the country rocks by the intru-
(Fullagar, 1971, 1974, pers. Commun.). Other plutons of thision but the pronounced magnetic anomalies produced on

group may be hidden beneath the Coastal Plain. similar rocks by the Liberty Hill quartz monzonite do not
_ _ seem to be present. Bundy (1965) has studied the rocks in
Liberty Hill pluton contact with the pluton on the north and northwest; he found

The Liberty Hill pluton has a nearly circular outcrop rocks in the epidote-amphibolite grade of regional metamor-

area, a part of which is in the map area (fig. 1). The plutdfliSm widespread in the Carolina slate belt.
coincides closely with a large gravity minimum. The Rb-Sr
isochron age is 299 +/- 15 m.y. (Fullagar, 1971). The rock is
coarse-grained porphyritic or subporphyritic quartz monzo-  The granite of the Lilesville pluton has a Rb-Sr isochron
nite with some local finer grained or nonporphyritic facies.age of 332 +/- 12 m.y. (Fullagar, 1974, pers. commum.). The
The pluton is emplaced into rocks of the Carolina slat belt ogranite as described by Waskom and Butler (1971) has fea-
the south, east, and north. These are pyroclastic and volcahires which set it apart from the other granitic plutons to the
clastic rocks and argillites that can be correlated with rocksouthwest, although it is only 10 miles (16 km) from the
described by Secor and Wagener (1968) in the Irmo and®ageland pluton. On the southeast the pluton cuts rocks of
Winnsboro areas to the west. The pyroclastic and volcanihe Carolina slate belt similar to those cut by the Pageland
clastic rocks crop out to the northeast of the Liberty Hill plu-quartz monzonite. On the northwest, however, it is in contact
ton along the Wateree River south of the pluton. To thewith rocks of the Wadesboro Triassic basin along a border
southwest and west the rocks in contact with or close to thiault. In addition, a smaller body of Triassic rocks is in con-
Liberty Hill pluton include amphibolite, gabbro, and granitic tact with the granite to the northeast. A gabbro, clearly intru-
gneiss. sive as indicated by the contacts and inclusions of granite
The Liberty Hill pluton contains large septa and rotatedvithin the gabbro (Waskom and Butler, 1971), occurs in the
inclusions of adjacent country rock, particularly near theeastern part of the pluton. In the southern part of the granite
contacts on the south and southeast. This is good evidenmgtcrop, there is an area of mica gneiss that Waskom and
for the intrusive nature of the granite pluton. Butler interpret to be a window through the granite exposing
Contact metamorphic effects produced by the quartthermally metamorphosed rocks. The Lilesville granite is a
monzonite of the Liberty Hill pluton have not been studied ireoned pluton, commonly a coarse-grained porphyritic rock,
detail, but thermal effects have been produced on the rockanging in composition from adamellite to granodiorite and
of the Carolina slate belt and on inclusions in the granitdocally having rapakivi texture. The granite contains numer-
Aeromagnetic data show, along the contacts, strong anomaus xenoliths throughout and more abundantly near the con-
lies about a mile wide; these are the result of increased maigcts with the country rocks. A thermal aureole occurs in
netite content in hornfels. Cordierite has also been seemwcks of the Carolina slate belt. It is rocks in the inner por-

Lilesville pluton

about half a mile from the contact. tions of the aureole which closely resemble the mica gneiss
in the southeast part of the granite.
Pageland pluton The Bouguer gravity anomaly that coincides with the

ni-lesville granite is distinctively different from the anoma-
lies associated with the other two plutons to the southwest. It

The Pageland pluton is similar in appearance and co
position to the Liberty Hill pluton but no fine-grained facies e g
have been identified. It has a Rb-Sr isochron age of 302 +/-I§ @ positive Bouguer anomaly trending east-west and
m.y. (Fullagar, 1974, pers. Commun.). The outcrop area i§/19htly offset to the south from the outcrop area. A pro-
largely covered by a thin veneer of Coastal Plain sedimefunced high-gravity area of more than 10 milligals occurs
tary rocks. Enough of the rock is exposed, however, in®Ver the gabbro intrusion in the eastern pqrt of 'Fhe pluton.
stream valleys to establish that the outcrop area would bd/@skom and Butler assert that “The gabbro intrusion and the
oval, the longest axis trending northeast, if the very thific@ gneiss unit that unQerhe the batholith are. . . responsi-
overlying sands were stripped away. The Pageland pluton Ri€ for such a large gravity maximum over an otherwise fel-
intruded into and is in contact with the same formations tha' /9neous intrusion.” As a result of model studies Waskom

are in contact with the east, northeast, and southern conta@f&d Butler (1971) consider that the gabbro consists of a cen-
of the Liberty Hill pluton. Outcrops of the two plutons are notral mass and a tongue intruded northwestward towards the
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crest of the anticline. They consider the granite to be athin The Wadeshoro basin differs from the Durham and San-
sheetlike or tonguelike body which is thickest to the northford basins in several important ways. There is no coarsening
west. of the sedimentary rocks toward a post-depositional eastern
border fault. The western border is intensely splintered by
Gabbro long narrow horsts and grabens filled from wall to wall with
The gabbro associated with the Lilesville granite i<02rse fanglomergtg. No coals, limestones, or black shales
clearly intrusive into the granite as indicated by the contacfccur in the depositional center of the Wadesboro basin, but
and inclusions of granite within the gabbro. The gabbro is & Patch of arkosic conglomerate that is clearly derived from a
massive coarse-textured rock composed of hornblende, oligranite along the eastern border does occur near the western

ine, plagioclase, pyroxene, and accessory minerals. It gradggrder..Coars'e conglomerate co.ntaining WeII'rounded. clasts
to a diorite composition in the outer part. of argillite derived from the Carolina slate belt is found in the

interior of the basin.
The Triassic sedimentary rocks strike N 8 and dip
TRIASSIC BASINS about 20 toward the southeastern border fault. They consist

The Deep River Triassic Basin may be divided into thredominantly of sandstones and siltstones and lesser volumes
parts: the Durham Basin and the Sanford Basin in Nortlef conglomerate and clay. The sandstones are mainly arkosic
Carolina and the Wadesboro Basin in North and South Caravackes and feldspathic wackes. The arkosic wackes occur
lina. along the eastern margin and in the interior of the basin; the

A brief discussion of the Durham and Sanford Basins i$eldspathic wackes occur throughout the basin. An example
presented first, in order that their many differences with thef conglomerate with argillite clasts and one with feldspar
Wadesboro Basin may be noted. The Durham and Sanfoelasts are seen on stops 12 and 11, respectively, of the field
Basins are asymmetrical grabens that are tilted to the edsp. Dark red siltstones and claystones are abundant
toward a major fault, the Jonesboro fault, which was activéhroughout the basin and occur alone or interbedded with
both during and after Triassic sedimentation. Border fan-sandstone (Randazzo, Swe, and Wheeler, 1970). The fan-
glomerates along the Jonesboro fault are extensive amgdomerates of the Wadesboro basin are limited to the struc-
extend, at least 2 miles (3.2 km) into the basins at somgrally splintered western border; they are unexpectedly
localities. Fanglomerates are angular, coarse-grained, poofgcking along the eastern border. Slate pebbles dominate in
sorted conglomerated that may be inferred to have beethem, and quartz pebbles are less than 10 percent of the vol-
deposited as an alluvial fan. The proximal portions of theume. The sand and mud matrix of the fanglomerates ranges
fans are very poorly sorted and the pebbles reflect quitdom 15 to 35 percent of the volume. Intraformational lenses
closely the lithologies of the adjacent crystalline rocks. Thef sandstone are common.
distal portions of the alluvial fans are also predominately = The eastern border fault of the Wadesboro basin may be
pebbles of various crystalline rock types, but they are bettegn extension of the Governors Creek Fault, which is a large
sorted and much more rounded. The depositional centers f@ult in the interior of the Sanford Basin. This fault trends N
the Durham and Sanford Basins have sedimentary rockd3® E except near its southern terminus. Sandstones and silt-
which indicate some manner of swamp or lacustrine condistones common to these strata dip aboftigé the fault,
tions. showing that the fault was post-depositional.

The western border of the Durham basin is complexly A small outlier of Triassic rocks about 2 miles wide and
faulted (Harrington, 1951), and it has conglomerates in som@ miles long (about 3 x 10 km) occurs southwest of Ellerbe,
places but not in others. The western border faults, howeveRRichmond County, North Carolina, and near the northeastern
need not have been active until after deposition of the sedtdge of the geologic map (fig. 1). Itis about 6 to 8 miles (10
ments. The western border faulting was simpler in the Sarie 13 km) from the eastern border of the Wadesboro basin.
ford basin (Reinemund, 1955; Conley, 1962). Very quartzoséhe Ellerbe basin contains typical Triassic sedimentary
conglomerated containing rounded quartz pebbles are founcks, including some striking fanglomerates. These fan-
on the western border of the Sanford basin northwest @fiomerates lead us inevitably to the hypothesis that the
Carthage, N. C. These conglomerates were once quarried Béerbe basin is remnant of the missing eastern half of a
a millstone grit. They were probably deposited near the edgi@rmer more extensive Wadesboro basin. The geologic map
of the basin but before the western border faulting begaef North Carolina (1958) shows the Jonesboro fault inferred
The well-known Triassic coal and black shale of the Cumas passing along the eastern margin of the Ellerbe basin.
nock Formation is in the depositional center, although ndtlowever, Waskom (1970) mapped the Ellerbe basin and
the geographic center, of the Sanford basin (Reinemunéjund that the distinguishable fault lay along the western
1955). In the Durham basin one small area of lacustringargin, the “wrong side.” He found no clear fault along the
limestone and chert has been found (Wheeler and Textorigastern margin, which, however, is considerably obscured by
1971). Cretaceous and Cenozoic Coastal Plain sands.
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The western border faults of the Wadesboro basin wemanges from pronounced on some rocks to no easily detect-
noted to some extent by Russell (1892), were well delineateable effects on others. Most of the dikes in this swarm are
on the North Carolina state geologic map (Stuckey and Corslivine-normative and olivine-modal tholeitic diabases. They
rad, 1958), and reported in great detail at eh the southern eate younger and distinctly different from the metamorphosed
of the basin by Randazzo (1965). The faults bounding thandesitic and basaltic dikes which cut the volcaniclastic and
northwest border are recognized by the adjacent fanglomerelcanic rocks of the Carolina slate belt in this area.
ates and to a lesser extent by long, straight topographic
slopes into the Iittlg grabens; at some places an actual fault COASTAL PLAIN FORMATIONS
zone a few feet wide was observed (Swe, 1963). The map ] ] .
patterns show areas of generally Triassic rocks where narrow Sedimentary units of the Coastal Plain unconformably
strips and small islands of Carolina slate belt rocks and napverlie all of the major rock types discussed previously,
row strips of Triassic sedimentary rock enclosed in areas dpcluding the Mesozoic diabase dikes. In the field-trip area,
Carolina slate belt rock. At one locality northeast of Ansonthese rocks are a complex of poorly fossiliferous non-marine
ville, Swe (1963) found in a tiny graben fanglomerate§trata consisting of sand, silty sand, gravel and some silt and
which were crushed to pieces by post-depositional moveslay. The formations to be seen in the filed-trip area are, in
ment. ascending order: Middendorf Formatibllpper Cretaceous;

The Crowburg Triassic basin is southwest of the Wadesso-called “Citronelle” - Formation, upper Miocene or
boro basin and includes the southernmost outcropping Tria§liocene; Pinehurst Form.atlérup.per Miocene of Pliocene;
sic sedimentary rocks in eastern North America. The basin &1d Brandywine Formation, Pliocene (), but considered
wedge-shaped, about 4 miles (6 km) long and as much as ffiocene or Pleistocene by some. Many aspects of these
miles (2 km) wide. The border of the basin is marked nearl{yoastal Plain sedimentary rocks are controversial. Part of the
everywhere by a prominent scarp that is 50 to 100 feet (15 ®yoblem is that fluvial sediments of one age may appear sim-
30 m) high. Outcrops in the basin are mainly fanglomerated@r to fluvial sediments of another age and many outcrops,

much lesser amounts of maroon to yellowish white sandherefore, are of unknown age. In addition, confusing loose
stones and shales crop out. white or light-colored sands mantle much of the Coastal

Plain surface in the field trip area. The origin of these sands
may be difficult to determine but they are probably of, at
MESOZOIC DIABASE DIKES least, four types: (1) residual A-horizon of soils developed
A striking feature of the geology in the field-trip area ison the Middendorf Formation; (2) Aeolian sands of the Pine-
the northwest-trending Mesozoic diabase dikes; probablgurst Formation; (3) fluvial sands on stream terraces, some
more than 50 dikes are found in the region here. The majaorrelated with the Brandywine Formation; and (4) slope
concentration of dikes is a swarm between the Liberty Hillvash that moves downhill and clogs the small stream val-
and Pageland plutons in which 13 dikes large enough to bieys. We do not imply that every outcrop can be confidently
detected by magnetic means have been identified in the 6féferred to one of these types.
miles (10 km) between the two granitic plutons. Five have
been found in the Haile mine area, where they cut the miner- Middendorf Formation
alized rock. The swarm is one of those observed by King  the Middendorf Formation as used locally is of early
(1971) to occur at intervals of about 60 to 80 miles (90 19 540 cretaceous age, and it is the oldest Coastal Plain unit in
105 km) in the southern Appalachians. The largest dike is the, fieid-trip area. It is a very typical fluvial unit containing
Flat Creek dike near Kershaw; it is 1'123. feet' (340 m) th'cl‘ensing sands and impure clays (field trip stops 1 and 10).
where seen at Stop 4 (flg. 1). The dike is thickest where it \1o<t cands of the Middendorf Formation are cross-bed-

into the slate belt rocks. Steele (1971) believed that the Figiic, rarely contain carbonaceous material, although petri-
Rock dike extended for 45 miles (70 km) northwest, but thigieq \wood is moderately common at some localities. “The

is hard to demonstrate because of discontinuous exposurggyqyendorf Formation consists of loose to poorly indurated
At any rate, the swarm extends for 120 miles (190 km) to thé;nqs. thin lenses of gritty mudstone to silty clay, and rare
northwest and one member crosses the Brevard zone into e i e q layers of sand and mud” (Swift and Heron, 1969
Grandfather Mountain window (Reed, 1964). The dikes ; 514y The sands contain some gravel lenses. Clay balls are

range in thickness down to a foot or less, but the mediaf,mmon and quite diagnostic. Very pure kaolin lenses of the
width is probably near 50 feet (15 m). Detailed magnetic sur-

veying has shown the dikes to be more abundant and longer
:Ean pret\/[[(;]usly reillze? tfrom bg(iologut: (;nappltng_l._hSOmetoft Survey usage.

em cu 'e granite plutons bu mqs O, not. e corj acl 5 This name as previously used by Conley (1962) is
metamorphic effects produced by intrusion of the dikes | qein adopted for U.S. Geological Survey usage.

1.This name is herein reinstated for U.S. Geological
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type well known in the Tuscaloosa Formation do not occur ition. The gravels are channel-bar accumulations resulting
the area. According to Cooley (1970, p. 14), “Clay-ball confrom intermittent high-energy conditions. The Citronelle
glomerates were a significant aid in differentiating the Mid-Formation has a basal slope of 2m/km (10 ft/mile).
dendorf and the overlying Citronelle Formation.” He also The “Citronelle” Formation of North Carolina was
states that gravel occurs throughout the Middendorf in layerivided into two members by lbrahim (1973, pp. 13-14): the
1 to 5 feet (as much as 1.5 m) thick. The gravel contains pebiesville and West End Members. The Lilesville Member of
bles commonly as much as an inch in diameter and rarely #ise Citronelle Formation has its type location at eh Hen-
much as 3 inches; larger size may occur in a thick basal codricks gravel pits near Lilesville in Anson County, North
glomerate. Cooley (1973) cautions that care must be used @arolina; his West End Member of the “Citronelle” Forma-
avoid confusing these Middendorf conglomerates with thdion has its type locality at the D. H. Wilson sand pit east of
Citronelle Formation. West End in Moore County, North Carolina. This is a very
The cross-stratification, paleocurrents, and probableseful division provided that the lower unit in the West End
environment of deposition were studied intensively in southpit is indeed “Citronelle”; both Bartlett (1967) and Cooley
ern North Carolina by Ibrahim (1973). He found large scal¢1970) regard it as an outcrop of the Middendorf Formation.
grouped planar and trough cross-bedding, distorted stratifi- The problem of the resemblance of different Coastal
cation of several types, and clay-ball and hematite-cementdelain units to each other will always be with us. A fluvial
concretions. These and other features suggest “channel-pomuddy Cretaceous sandstone is bound to resemble a fluvial
bar environment of deposition. Structures that are indicativenuddy Miocene or Pliocene sandstone, especially if the lat-
of overbank fluvial environment are very scarce in outcropter is recycled from the Cretaceous deposits into a not dis-
ping Middendorf sediments.” Paleocurrents show a generallgimilar environment.
southeast transport but with apparent centripetal flow toward
a “Cape Fear embayment” in early Middendorf time. “Flu- Pinehurst Formation
vial cyclicity was the sedimentary process responsible for  there js 4 widespread fine-grained unconsolidated post-
the construction of the Mlddendorf stratigraphic column in\iiqdendorf sand unit lying to the west of the Orangeburg
south central North Carolina” Ibrahim, 1973). scarp in the Carolinas. This unit is the Pinehurst Formation;
named by Conley (1962, p. 18) who stated that the type sec-
tion was in the D. H. Wilson sand pit on the north side of
This name should, perhaps, be written “Citronelle”Highway 211, approximately 1.5 miles (about 2 km) south-
because the relation of thee rocks to the type Citronelle @fast of the center of the town of West End, North Carolina. It
southern Alabama is not well known. Other names for thesie unfortunate that he did not include a measured section of
rocks such as “Lafayette” have proven to be inapplicablehe type section, because there are two different formations
The term “high-level gravels” is an accurate description bupresent at the sand pit as noted by Bartlett (1967, p. 76-77),
hardly a good stratigraphic name. Cooley (1970, p. 54-55), and Ibrahim (1973, p. 12-13). Bar-
The formation in the field-trip area consists of crosstlett (1967, p. 78-80) does give a measured section from the
stratified sands with intercalated stringers of gravel. A basalit and shows 21.5 feet (7 m) of Pinehurst sands overlying 33
gravel, usually over 15 feet (5 m) thick, is present. The sandset (10 m) of micaceous sandstones, quartz gravel, and a lit-
are pebbly with only a small mud content. The pebbles ante sandy clay of the Middendorf Formation. We are using
cobbles of the “Citronelle” are mainly quartzite with less the term Pinehurst as thus redefined.
than 20 percent vein quartz. The gravel is extremely highin  The Pinehurst Formation is composed of loose, slightly
silica (over 98 percent) and is much in demand by the steelayey, medium to very coarse quartz sand. Most outcrops
industry (field trip stop 10). The sand beds are not as wehave a good soil profile with an A-horizon that is 1-2 meters
exposed as the gravels. The sand grains are angular to subtimiek underlain by 4 meters of white and reddish brown sand.
gular and poorly sorted. Feldspar grains are rare (Coolelyarge-scale high-angle cross-bedding is seen in deep cuts
1970). The sands are thick-bedded and the gravels are vdfield trip stop 7). Shallow outcrops seem to be devoid of pri-
thick-bedded (up to 200 cm). The paleocurrent directionsnary structures, but this is a weathering effect.
show a striking parallelism to the modern stream course of The modal class of the sand size ranges from coarse to
the Pee Dee River, even along southwestern trending sefiae sand, but the mean size is more constant (1.02 to 2.0,
ments of the stream. According to Cooley (1970) this confirst moment calculation). The standard deviation varies
trasts with the generally southeastern direction for thérom moderately well sorted to moderately sorted. Cooley
Middendorf paleocurrents in the Pee Dee River area. Thatl970, p. 60) states that “this range in sorting values does not
the “Citronelle” is fluvial is shown by the well-developed commonly occur in inland dune sediments, but can be
pebble imbrication, medium- to large-scale simple crossreadily explained by a more or less local derivation for
stratification, and moderate to poor sorting of the gravel fragpoorly sorted sands of the Middendorf.” The Pinehurst sands

Citronelle Formation
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have a standard deviation and skewness which is intermedind by Ibrahim.
ate between soils on the Middendorf Formation and sand The “Pinehurst problem” will remain with us for some
dunes in Georgia. Eolian transport probably removed the finane.
fraction.
At some outcrops the Pinehurst Formation shows good Brandywine Formation
argillite banding. These are darker colored layers which con-

tain a greater concentration of illuvial clay, but these layerg pearance to the “Citronelle” Formation; they differ greatly,
conform to bedding planes. It is a pedogenic process relat wever, with respect to physiographic position. The Bran-
to downward transport of clay in percolating ground watersg,ine Formation lies entirely to the east of the Orangeburg
but the original depositional layering exerted some sort Ofscarp (Johnson and Dubar, 1964), is primarily developed
control of this illuvial redeposition (Bartlett, 1967, p. 86).  near the larger rivers such as the Pee Dee River, and lies at
The origin of the Pinehurst Formation poses a problemyjeyations of about 270 to 230 feet (82 to 70 m). The gravel
It unquestionably “looks” eolian at first glance. Bartlett SO ¢action of the Brandywine Formation differs from that of the
regards it and cites the cross-bedding as evidence (1967, 4itronelle” in occurring only as lenses or stringers at the

82-89). He cites the general steepness of dip (Up 10 3f55e5 of channeled lenses, in being more poorly sorted, and
degrees), the unusual length of the cross-bed sets, frosting;gf having only 55 percent of the clasts as metaquartzite

the sand grains and general absence of fluvial characteristif‘éomey 1970), p. 80). The Brandywine Formation is seen at
as evidence for an eolian origin. field trip’ stop 1

As noted above, Cooley regards the grain size and sort-
ing as simply too coarse to be eolian, and he cites the work
of Yeakel (1962) on Silurian sandstones and of Hoyt (1967) FIELD TRIP LOG FOR FIRST DA
on high-angle stratification in littoral and shallow neritic
environments of the central Georgia coast. October 5, 1974
A further complication in this area is pedogensis. The ASSEMBLE at Ingram Motel, U. S. Highway 1 and 52,
long, warm summers of Carolina permit vigorous soil formaCheraw, S. C. The trip will start promptly at 8:00 a.m. You
tion. The A-horizons of sandy units lose clay downward byshould have sufficient fuel for more than 150 miles of driv-
illuviation. The upper part of the B-horizons accumulate thisng. In the log, my column M gives cumulative mileage for
clay as well as some iron oxide. The boundary between Athe day and column D gives distance between notations.
and B-horizons may be quite sharp and have an unfortunate
resemblance to a formation contact with a loose white sand D
with only 2 to 10 percent clay above and a reddish, massive, ]
somewhat resistant clayey sand below. If the Pinehurst Fof-0 0.0  Parking lot of Ingram Motel, TURN LEFT

The Brandywine Formation is lithologically similar in

mation may be present in an area, one must be aware that it onto U. S. Highways 1 and 52 north, toward
may bear close resemblance to the A-horizon of the Midden- Cheraw business district.

dorf Formation. The evidence that a surficial sand may.7 0.7 TRAFFIC LIGHT in downtown Cheraw,
merely be a pedogenic horizon would be (Gamble, Daniels, TURN LEFT following U. S. 1 and 52 north.

and McCracken, 1970): uniformity of sand sizes across thf 1 04 TRAFEIC LIGHT. continue STRAIGHT on U
A-B contact and a vertically microtounged A-B horizon con-" ' S. 52 north. U. S 1 turns to right '

tact. The A-horizon is very thick in the Sandhills area,

because dissection keeps the water table low. 2.1 1.0 Roadcuts expose Middendorf Formation and
Cooley’s map does show a rather unexpected relation- overlying stream gravels; highway to north is

ship or perhaps lack of relationship between the “Citronelle” on sandflats.

and Pinehurst Formations-they are nowhere in contact. TlT®9 0.8 Highway crosses Carolina bay that is clearly

“Citronelle” lies entirely within the area of influence of the visible on aerial photographs. Low sand ri

Pee Dee River. The Pinehurst Formation lies to the northeast can be seen north of the highway

in the Sandhills area. The nearest approach of outcrops 4.59 20
about 4 miles (6 km).

The work of Daniels, Gamble, Wheeler and Nettleton i .
(1966) northeast of the Cape Fear River involved data fro®4 1.5  Good exposures of Middendorf Formation over

Highway leaves sandflats. Roadcuts for next
mile are mostly in Middendorf Formation.

many power-auger holes. They found that above the Coats weathered argillite.

scarp (similar to Orangeburg scarp) there was a post-Mid-0 0.6  Westfield Creek, just south of bridge, has good
dendorf sand and gravel unit which they referred to the Pine- exposure of argillite which is one of the east-

hurst Formation. It is rather “Citronelle” in character but is ernmost in South Carolina. Folds here are over-
clearly not the Pinehurst Formation as restricted by Bartlett turned toward the southeast, with northwest-
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dipping axial surfaces. 17.7 5.0

STOP 1. Weathered argillite overlain uncon- 18.0 0.3
formably by Middendorf Formation overlain g6 g
unconformably by terrace gravels (Brandywine
Formation); basement cored anticline (?) of
Middendorf Formation, U. S. 52, 6.5 mi. north 19.6
of Cheraw, S. C.

The argillite here is deeply weathered, but the?0-8
attitude of bedding and cleavage can be seen in
some places. Diffusion banding (Liesegang23.4
banding) that develops during weathering is
easily confused with bedding. The Middendorf 55 4
Formation, unconformably overlying the argil-

lite, is as much as 20 feet thick and consist£8-1
mainly of cross-bedded sandstone and con33.4
glomerate containing clay balls and some clay
lenses. There are prominent ledges of iron-
oxide-cemented sandstone and conglomerate.
The Middendorf is in turn unconformably 33 q
overlain by terrace gravels as much as 5 feet
thick that were correlated with the Brandywine
Formation of Cooley (1970). The Brandywine 372 33
was deposited by an ancestral Pee Dee River as

a relatively thin series of channel, bar, and pos-
sibly minor overbank deposit. 38.2

Near the north end of the outcrop, beds in the
Middendorf can be traced across an anticlinal
core of argillite, and some beds appear to main38.7
tain a constant thickness across the structureyg 4
Heron (1959) considered four hypotheses for
origin of the structure: (1) tectonic folding, (2)

original sedimentation, with beds deposited at 9.7 03
the angles now seen, (3) differential compac-
tion in the Middendorf, and (4) differential sub-
sidence in the argillite caused by compaction o#1.0
by solution of a soluble mineral such as calcite.
Heron favored number 4. Everyone knows that

the Cretaceous is never folded in this manner,

so it can’t be number 1. Or can it?

1.0
1.2
2.6

1.7
3.0
5.3

0.5

1.0

0.5
0.7

0.2

About 200 yards south of the stop is an outcrop
of argillite cut by a fault. Offset along the fault
is unknown, but could be sizable (tens of
feet?).

Continue northwest on U. S. 52.

TURN LEFT onto Road 13-61, just south of

North Carolina state line. 42.1

0.9

CAUTION, unprotected railroad crossing.

Creek, argillite, exposed in valley with Coastaly g g
Plain on both sides.

STOP SIGN, TURN LEFT onto Road 13-23. 43¢5 0.7

STOP SIGN, TURN RIGHT onto S. C. 9.
Thompson Creek and Chesterfield city limits.

TURN LEFT, following S. C. 9 by-pass
through Chesterfield.

TRAFFIC LIGHT, intersection with S. C. 145;
continue westward on S. C. 9 by-pass.

STOP SIGN, TURN LEFT following S. C. 9
west.

Intersection with S. C. 265, continue westward
ons. C.9.

Ruby city limits.
Mt. Croghan city limits.

Borrow pit on right exposes residual boulders
and saprolite of granite in the Pageland pluton;
the contact is a few hundred yards under the
Coastal Plain.

Pit wall on right exposes sand over Middendorf
Formation.

Pageland city limit. Pageland, “Watermelon
Capital of the World,” is built on a thin edge of
Coastal Plain sediments overlying granite.

TRAFFIC LIGHT, Pageland center. Intersec-
tion of S. C. 9 with U. S. 601, continue straight
ahead (west).

TURN RIGHT on S. C. 207.

Low country ahead is the northern end of the
Crowburg basin.

Light-colored rocks in road cut are felsic
metavolcanic rocks that are probably in fault
contact with argillite just to the north.

STOP 2. Triassic fanglomerate in Crowburg
basin, S. C. 207, 3.4 mi. northwest of Pageland.
The roadcuts here expose westerly-dipping
fanglomerates near the east end of the Crow-
burg Triassic basin. Maroon to red shale, silt-
stone, and sandstone are interbedded with
fanglomerate. The clasts are mostly argillite
with some vein quartz, and range up to one ft.
across. Fanglomerate is the major rock type
observed in the Crowburg basin.

Continue west on S. C. 207.

Intersection, CONTINUE westward on S. C.
207. This is the site of the former hamlet of
Crowburg.

Cross border fault of Crowburg basin and
ascend escarpment.

TURN LEFT onto Road 13-487.
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Pass argillite outcrop and descend escarpment
of Crowburg basin. Good view across the basin
to the escarpment on the opposite side of the
basin.

TURN RIGHT onto Road 13-105 and re-
ascend the escarpment, Argillite north of inter-
section shows good cleavage-bedding relationg 4 4
ships.

TURN LEFT onto Road 13-545.

South end of outcrop on left (opposite dirt gg g
road) is probably the southernmost exposed
Triassic sedimentary rock in eastern North°7-0
America. The border fault is exposed, and has
deformed argillite to northwest and strongly
weathered Triassic fanglomerate to southeast.

TURN LEFT (east) onto S. C. 9. Flood plain 0f°9.0
the Lynches River ahead, and large diabase
dike on south side of road after turn. 59.5

Passing good outcrops of felsic metavolcanic
rocks.

56.4

Roadcuts here are dark-red weathering hornfels
in the aureole of the Pageland granite, and con-
tact of which we cross about 200 yards to east.

Roadcuts on left expose Middendorf Formation
lying unconformably over Pageland granite.

TURN RIGHT (south) onto Road 13-105.

TURN RIGHT (southwest) onto Road 13-67,
before reaching the intersection with U. S. 601.
In saprolite bank on right, hornfels xenolith is
enclosed in granite.

Bridge over Lynches River, enter Lancaster
County, road becomes 29-37.

53.8 0.2 In roadcuts on left, Mesozoic diabase dike cutting

543 0.5

granite, both contacts exposed.

STOP 3.Contact between granite and hornfels
at the southwestern edge of the Pageland plu-
ton, Road 29-37, 0.7 mi. southwest of Lynches
River in eastern Lancaster County. The contact
is well exposed in cuts in saprolite on both
sides of the road and in a barrow pit north of
the road. The granite shows some decrease in
grain size toward the contact, but there is no
fine-grained chilled margin. The contact trends
about N25E and dips steeply; however, the dip
is varied. Hornfels of the type seen here is com-
mon around the 300-m.y.-old granite plutons.
The aureoles range from about %2 to 3 mi. wide.
Texture of the hornfels is fine-grained and gra-
noblastic or poikiloblastic. The assemblage

0.1
2.0

0.2
0.4

2.0

0.5

hornblende-plagioclase-quartz-biotite-epidote
indicates the rock is in the hornblende-hornfels
facies. Layering in the hornfels near the contact
has the attitude N65E, 55NW and appears to be
little affected by intrusion of the granite.

Continue south on Road 29-37.
Felsic hornfels exposed on left.

TURN LEFT on to road 29-123 in downtown
Taxahaw.

TURN RIGHT onto road 29-27.

CONTINUE on Road 29-27. Sand road to right
goes to Forty-acre Rock in the Pageland gran-
ite, which was Stop 1 of the 1973 CGS Field

Trip.

TURN RIGHT onto U. S. 601 and cross Flat
Creek.

STOP 4. Flat Creek diabase dike, the “Great
Dike of South Carolina,” U. S. 601, 8.5 mi.
northeast of Kershaw, and 0.2 mi. southwest of
Flat Creek.

This roadcut provides excellent exposures of a
northwest-trending Mesozoic diabase dike that
is 1123 ft. thick; it may be the thickest diabase
dike in eastern North America. To the south-
east, the dike is covered by Coastal Plain sedi-
ments; to the northwest, Steele (1971) traced
the dike for 45 miles. The dike is part of a
swarm that extends from the edge of the
Coastal Plain across the Piedmont for more
than 120 miles. The northwesternmost member
cuts the Brevard zone and extends into the
Grandfather Mountain window. Mapping by
Butler and Howell north of this point shows 14
dikes in a distance of 8 miles across strike.

Most of the dikes in the swarm are olivine-nor-

mative and olivine-modal tholeiitic diabases;

the Flat Creek dike contains up to 5 percent
modal olivine, but is quartz normative with 53

percent SiQ (Steele, 1971). Steele’s intensive

study (95 samples analyzed from this road cut)
showed slight symmetrical changes in chemi-
cal composition across the dike. His interpreta-
tion is that there were two injections of magma,
with some magma mixing and fractional crys-

tallization.

The dike is thickest where it cuts the Pageland
granite pluton and narrows drastically where it
passes into the slate belt. For example, one-half
mile north of the granite contact (about 3 miles
northwest of this stop), the dike is only about
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FIGURE 3. MAP OF THE HAILE MINE, LANCASTER COUNTY, S.C.

100 ft. thick.

Granite within about 6 feet of the dike contact
is visibly changed by contact metamorphism.
The metamorphosed granite is probably in the
pyroxene-hornfels facies, as it contains augite,
a mineral not observed in “normal” Pageland
granite. Farther from the contact, the changes
are more subtle and not yet studied in detail.

Continue southwest on U. S. 601.

BEAR LEFT, continuing on U. S. 601; S. C.
903 continues straight.

CONTINUE on U. S. 601 at intersection with
S. C. 265.

TURN LEFT onto unnumbered dirt road.

Enter borrow pit in Middendorf Formation
above sericite pit. Cut on left near south end of
pit will be visited as part of Stop 5.

STOP 5and LUNCH.

The Haile mine and sericite pits, east of U. S.
601 and north of Road 188, 3 mi. northeast of

10

Kershaw, S. C.

The Haile mine is the most productive gold
mine in the eastern U. S.; its production is esti-
mated at $6,500,000 (in terms of gold value at
the time of production, it would be worth sev-
eral times that much now). The history of gold
mining began about 1829 and ended (perhaps
temporally) in 1942, when gold mines were
closed by government order to divert effort to
base-metal production during the war (Pardee
and Park, 1948; McCauley and Butler, 1966).
Many of the old workings are filled and cov-
ered by more recent sericite mining operations.

The ore bodies are in two northeast-trending
zones, about 1500 ft. apart, consisting of silici-
fied and pyritized felsic volcanic rocks (Pardee
and Park, 1948, pp. 114-115). Each zoneis
100-200 ft. wide and 1800 ft. or more in length.

The dump at this stop is material from the Red
Hill pit (fig. 3) mined during the period 1938-

1942. Concrete foundations of the crusher, cya-
nide plant, and support buildings are located
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FIGURE 4. SKETCH OF EAST WALL OF BORROW PIT, NORTH PART OF HAILE MINE AREA,
LANCASTER COUNTY, S.C.

65.0 0.1

65.1 0.1

southeast of this stop.

After looking at the dump, walk back along the
dirt road to the pit about 300 yds. North. Figure65.6
4 shows the features seen in the east wall of the
pit. Here the loose gray sand layer is thedl  gc g
horizon developed on the Middendorf Forma-
tion. The Middendorf mantles a knoll of “seric-
ite.” Probably derived from hydrothermally
altered felsic volcanic rocks. The sericite is a
mixture of fine-grained illite, cryptocrystalline
guartz, and, locally, kaolin. It has been found in
drill holes far beneath the modern zone of
weathering. It formed either directly by hydro- 66.7
thermal alteration of by pre-Middendorf weath- 57 q
ering of material conditioned by hydrothermal
alteration.

66.1

69.1

Continue west on unnumbered dirt road.

TURN LEFT onto dirt roathefore crossing
bridge; road ahead leads to other pits.

Cross Haile Gold Mine Creek (called Ledbette69.8

11

0.5

0.2

0.3

0.6
1.2
1.2

0.7

Creek on old maps), which drains dumps and
old pits.

TURN RIGHT sharply onto paved Road 29-
188.

DRIVE SLOWLY to observe on right the seric-
ite pits of Mineral Mining Corporation. The
sericite is taken to a mill at the old Blackmon
mine, about 7 mi. northwest, for processing.

Residual boulders of Mesozoic diabase dike
which is part of the swarm in the vicinity of the
Haile mine.

TURN RIGHT onto U. S. 601.
TURN LEFT onto Road 29-293.

BEAR RIGHT onto Road 29-294 and cross
creek. Roadcuts on right about 200 yds. West
of creek look like Middendorf Formation but
are nearly 100 ft. below the general level of
Middendorf in this area.

TURN LEFT onto County Road 29-88.
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STOP SIGN, intersection with Road 29-154.
CONTINUE straight on dirt road 29-88.

STOP SIGN, TURN LEFT onto Road 29-26,
then TURN LEFT onto paved road 29-88.

STOP 6.Coarse volcaniclastic deposits in the

86.3 0.8

91.1 438

Carolina slate belt, Road 29-88, 0.6 miles weslg, g 1 g
of Lynches Creek, Lancaster County.

] . . o 93.6 0.7
This road cut in saprolite exhibits coarse volca-
niclastic deposits in the volcanic unit of the
Carolina slate belt. Outcrops of these rocks¥6 2.7
occur in the nearby creek beds where the rocks
are less weathered. Other occurrences arg6.5 0.2

about two miles to the north and at the Haile

mine where mineralized rock of similar charac-gg 1 2 g
ter has been found on the dump. Here the folia-

tion trends N65E and dips steeply. In the

coarser layers nearby fragments with interme-

diate diameters of 3 inches or more are com100-7 1.6
mon. Although possibly not evident in the road
cut, gradations from coarse to finer sizes can be
found, suggesting that graded bedding occurs
and that top directions will aid in mapping the
isoclinal folds that probably occur here. The
fragments are predominately much altered fel-
sic volcanic rocks but some fragments of other
lithologies can be found.

Near the west end of the outcrop is a deeply
weathered metamorphosed dike consisting of
very fine biotite and feldspar with probably
some hornblende. The saprolite suggests that
the dike rock is poorly foliated at an angle to its
contacts. In the next rock cut to the east is an
unaltered typical diabase dike.

Continue west on Road 29-88.

TURN LEFT onto Road 29-95, at Oakhurst
Church sign.

Exposures on right are felsic meta-pyroclastic
rock with abundant disseminated pyrite cubes.

STOP SIGN, TURN LEFT onto U. S.521
toward Kershaw.

Intersection with U. S. 521 bhy-pass, CON-
TINUE on U. S. 521 business into Kershaw.

TRAFFIC LIGHT in Kershaw, TURN LEFT 101.1 0.4
onto U. S. 601 north.

Cross Lynches Creek.

BEAR RIGHT onto S. C. 265; U. S. 601 con-
tinues left.

102.7 1.6

104.7 2.0

Granite of Pageland pluton exposed neatV>-> 0.8
stream, old quarry on right. Coastal Plain sedi-
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ments cover interfluves.

STOP SIGN, intersection with S. C. 903;
CONTINUE STRAIGHT on S. C. 265.

Cross Lynches River, enter Chesterfield

County.
Jefferson city limit.

STOP SIGN, intersection with S.C. 151 in Jef-
ferson, CONTINUE STRAIGHT on S. C. 265.

TURN RIGHT onto Road 13-410, just east of
I.G.A. grocery.

STOP SIGN, intersection with 13-65, CON-
TINUE on 29-410.

STOP SIGN, intersection with Road 13-571,
CONTINUE on Road 13-410. Thick “surficial”
sands at intersection.

STOP 7 Giant cross-beds in Pinehurst Forma-
tion, Road 13-410 south of Big Black Creek,
7.1 mi. east of Jefferson, S. C.

This clean sand displays prominent bedding
and cross bedding. It greatly resembles the type
Pinehurst Formation of the Sandhills region of
North Carolina, which also lies only to the west
of the Orangeburg scarp. This outcrop lies at an
elevation of about 430 feet. The apparent fine
grain, in contrast with the coarser Middendorf
and the much coarser “Citronelle” Formation,
the large scale cross-stratification, and the
loose white sands of the A-horizon on top of
any outcrop, all give an appearance of eolian
origin. Yet, the typical sand bed is medium-fine
to medium-grained; some beds range up to
very coarse sand. The cross-stratification is
very striking and overlaps the range of dips of
dune bedding. The grain size is, at least, one
phi unit too coarse to be typical dune sand.

Some of the finer grained beds could be wind
deposited. But, most of the sand was probably
deposited by streams in an area of modest gra-
dient nest to an abundant sand source or in a lit-
toral environment.

Continue east on Road 13-410.

Weathered argillite in ditch on left; valley is
sand clogged.

STOP SIGN; TURN RIGHT onto Road 13-
138.

BEAR LEFT onto Road 13-159.

Creek, argillite corps out to left in foundation
of mill and dam. BEAR RIGHT just beyond
bridge.
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106.5 1.0
107.2 0.7
1115 4.3

116.1 4.6

1165 0.4

117.2 0.7
117.9 0.7

BEAR LEFT, road becomes 13-138.
STOP SIGN, TURN RIGHT onto S. C. 109.

STOP SIGN, intersection with S. C. 145,
CONTINUE STRAIGHT on Road 13-29.

TURN LEFT sharply onto sand road 13-63
(Scotch road).

TURN RIGHT onto sand road to Sugar Loaf
Mountain. 1193

Recreation lake and picnic area.

STOP 8. Sugar Loaf Mountain Recreation 119 g
area, Sandhills State Forest, 4.3 miles west of
Patrick, S. C. 120.7

Sugar Loaf Mountain, 513 ft. above sea level,

is a small knob of sands, clays, clayey sands,

and cemented sandstones of the Middendorf22-0
Formation (Upper Cretaceous). Capped by fer-
ruginous sandstone, Sugar Loaf Mountain lies

on the edge of a 100 ft. erosional escarpment22.7
which extends southeast from Ruby, S. C. and
joins the Citronelle (Orangeburg) scarp nearqos 4
Hartsville, S. C. and may represent a Miocene
oceanic inlet or embayment in the Citronelle
(Orangeburg) scarp. To the northwest, vaIIey5126'
are as low as 180 ft. above sea level within one
mile of Sugar Loaf Mountain. West of Sugar
Loaf Mountain, ridges range locally as high as127.4
600 ft. high and valleys are seldom lower than; g 4
300 ft. above sea level, except for larger
streams such as the Lynches River and Black
Creek. West of this escarpment sands probabl);L35'8
correlating with the Pinehurst Formation of 137.5
North Carolina are common with thicknesses

up to 50 ft. Between Sugar Loaf Mountain and 39 g
the Pee Dee River, a distance of almost 20
miles, little Tertiary sand is found and is always

quite thin (less than 10 ft. thick). 139.9

The stratigraphy of Sugar Loaf Mountain is as
follows:

513 feet Ferruginous sandstone, limonite-

hematite-cemented, unsorted sands.

503 feet Crossbedded sands, interlayered with
thin beds or clay or clay-rich sand.

420 feet Surface of road.

402 feet Clean,
unknown thickness.

tight kaolinitic clay or

Locally on Sugar Loaf Mountain, crossbedded
sands of fluvial origin are common. Some thin,
clean clay beds of kaolinite and abundant lay-
ers of clayey sand or sand with large (to max.’vI
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1.4

0.5
0.9

1.3

0.7

2.7

915

0.5
2.0

6.4
1.7

2.3

0.1

% cm) mica (?) flakes are found. Slump or
compaction structures (contorted cross beds
and layering) are seen in the ferruginous sand-
stone and sides of Sugar Loaf Mountain.

Horse Shoe Mountain across the road affords
another exposure of the ferruginous sandstone.
Turn around and return to Road 13-29.

STOP SIGN, TURN LEFT onto Road 13-63.

Good exposures of cross-bedded Middendorf
Formation 60 yds. West of intersection.

STOP SIGN, TURN LEFT onto Road 13-29.

Cross Wire Road, which was a major artery
from colonial times until U. S. 1 was builtin
the early 1900'’s.

Overpass, cuts along RR are the type locality
of the Middendorf Formation, but it is no
longer a particularly good exposure.

STOP SIGN, TURN LEFT (northeast) onto U.
S.1.

Resistant bed of Kaolin-cemented sandstone in
Middendorf Formation.

Gravel road across RR tracks to left leads to
excellent new Middendorf exposures in RR cut
about ¥ mi. to west.

Patrick city limits.

Good exposure of Middendorf Formation on
left across RR.

Entrance on right to Cheraw State Park.

MERGE with U. S. 52 traffic, continue on U.
S. 1 north.

YIELD at intersection with S. C. 9, turn right
onto U. S. 1-52.

Ingram Motel in Cheraw.

FIELD TRIP LOG FOR THE SECOND DAY

October 6, 1974

ASSEMBLE at Ingram Motel, U. S. Highways

1 and 52, Cheraw, S. C. The trip will start
promptly at 8:00 a.m. You should have suffi-

cient fuel for 70 miles of the field rip and 20

more miles to get back to a large town. The
route follows that of the first day until a point

past Stop 1. The field trip disbands about lunch
time near White Store, N. C., about 13 mi.
southwest of Wadesboro, N. C. and 12 mi.
northeast of Pageland, S. C.
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Parking lot of Ingram Motel. TURN LEFT
onto U. S. 1-52 north, toward Cheraw business
district. 275

TRAFFIC LIGHT in downtown Cheraw,
TURN LEFT following U. S. 1-52 north.

TRAFFIC LIGHT, continue STRAIGHT on U. 27.8
S. 52 north, U. S. 1 turns to right.

Passing Stop 1 of previous day's field trip.
North Carolina state line.
Morven city limit.

CAUTION LIGHT, intersection with N. C. 145
in center of Morven.

STOP 9. Lilesville granite, U. S. 52, 1.7 mi.
northwest of Morven, N. C. The roadcuts
expose typical fresh Lilesville granite inthe
southwestern part of the pluton. The porphy-
ritic coarse-grained rock has pink microcline
phenocrysts and is composed mainly of plagio-
clase, microcline, quartz, and biotite. Horn-
blende is present in some samples. The
accessories are opaqgue minerals, apatite, zir-
con, and sphene. White mica, chlorite, and epi-
dote are minor alteration products. A few dark
biotite-rich, round-to-spindle-shaped xenoliths
are present in the granite. Geophysical data
suggests that the granite intrusion is a tongue-
shaped mass emplaced in an anticline of argil-
lite and felsic volcanic rocks (Waskom and
Butler, 1971). A large area of biotite gneiss in
the south-central part of the pluton is probably,g ¢
part of the floor of the intrusion. A gabbro
body cuts the eastern part of the Lilesville
granite and is responsible for the large pOSitiV€30'5

gravity anomaly observed in this region. 34.4
Continue northwest on U. S. 52. 35.0
South Fork Jones Creek.

36.3

TURN RIGHT onto Road 1121.

STOP SIGN, intersection with Road 1821,
CONTINUE STRAIGHT on dirt road 1121.

STOP SIGN, TURN LEFT onto Road 1812.

Gravels in roadcut on left, north of intersection.37 5
BEAR RIGHT at Y-intersection on Road 1733.

STOP SIGN, TURN RIGHT onto U.S. 74
toward Rockingham.

Outcrops of Lilesville granite in south edge of42.5
Lilesville.

Picnic area (“Welcome Center”) at intersection
with Road 1744. Workings in Lilesville gravels
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on both sides of road, active pits to south of
road.

SLOW and PULL RIGHT onto field road par-
allel to U. S. 74 just east of Ruby Orchard
packing shed.

STOP 10. Granite saprolite nonconformably
overlain by Middendorf Formation unconform-
ably overlain by Lilesville gravels (“Cit-
ronelle” Formation), U. S. 74, 8.5 mi. east of
Wadesboro, N. C.

Saprolite of the Lilesville granite is exposed in
ditches south of the highway. The granite is
overlain by about 8 ft. of cross-bedded sand-
stone and conglomerate that is probably Mid-
dendorf Formation (Upper Cretaceous).
Lilesville gravels up to 25 ft. thick unconform-
ably overlie the Middendorf (?); a very photo-
genic unconformity occurs north of the
highway. Cooley (1970) mapped the Lilesville
gravels as part of the “Citronelle” Formation
(Pliocene?). Clasts in the gravels are mainly
metaquartzite (about 80 percent) and vein
quartz, The metaquartzite pebbles normally
have a pitted surface. The gravels have been
extensively worked in the region near this stop
and there are large tracts of unreclaimed work-
ings. The “Citronelle” gravel is more than 98
percent silica and is one of the finest silica
deposits in eastern U. S.

Turn around and proceed on U. S. 74.

CAUTION; CROSS TO RIGHT LANE of U.
S. 74 and continue west.

Lilesville city limit.
Wadesboro city limit.

TRAFFIC LIGHT, Intersection with U. S. 52,
CONTINUE west on U. S. 74-52.

TRAFFIC LIGHT, major intersection in
Wadesboro, CONTINUE west on U. S. 74-52,
N. C. 742-109.

BEAR RIGHT on U. S. 52 and N. C. 742, U. S.
74 continues to left.

BEAR LEFT on N. C. 742, U. S. 52 continues
to right. Eastward-dipping Triassic sedimen-
tary rocks are exposed at intervals for the next
2 miles.

STOP 11.Triassic arkosic conglomerate, N. C.
742, 6.2 mi. northwest of Wadesboro, 0.2 mi.
southeast of Brown Creek.

The outcrop consists of eastward-dipping sand-
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stones, conglomerate, and red siltstone as well conspicuous lenses of coarse red sandstone
as a diabase dike. The focus of the stop is a with scattered pebbles show the generally
coarse arkosic conglomerate, so rich in feld- southeastern dip.

spar that it could be called a granite wash. The Continue south on Road 1240.

outcrop is about a quarter mile east of a splinter
horst of slate belt rocks, yet the source of the>3-2
feldspar clasts is the outcrop of Lilesville gran-

ite porphyry, at least 9 mi. to the southeast53.8 0.6 REAR RIGHT onto Road 1252; Triassic rocks

0.6 Outcrops of argillite in south rim of Triassic
sliver.

Feldspar clasts as much as an inch in diameter occur at intersection and to south.

are found. 575 3.7 STOP SIGN, intersection with Road 1236,
Continue northwest on N. C. 742. CONTINUE south onto 1236.

Main bridge over Brown Creek. Argillite 59.2 1.7 Brown Creek

occurs just west of bridge. 59.6 0.7 TURN RIGHT at White Store intersection onto
TURN LEFT onto Road 1431. Road 1228.

STOP SIGN, TURN LEFT onto Road 1418. 60.6 1.0 STOP 13.Triassic lithic conglomerate, 1.0 mi.
southwest of White Store on Road 1228,
Anson Co. N. C.

The deposit consists of 2/3 pebbles and cobbles
and 1/3 sand, silt and clay matrix. The great
rounding of the clasts in such a coarse deposit
is unusual in Triassic basin deposits. The clasts
Peachland city limit. are dominantly of the Upper Precambrian-

STOP SIGN. TURN LEFT onto Road 1404 Lower Paleozoic metavolcanic rocks (Carolina
(Boston St.). Good exposures of argillite in RR slate belt rocks) found in the adjacent Piedmont
cuts below overpass both west and east of the basin. Of the large

clasts about 90 percent are slate belt lithologies
STOP SIGN, TURN RIGHT onto Road 1403 and 10 percent are quartz. A few clasts of Tri-
(Passiac St.).

assic sandstone are noted. The depositis

Polkton city limit.

TURN RIGHT onto N. C. 218 (Polk St.)in
center of Polkton.

TURN LEFT onto Road 1416 (Moore St.), go
through thin graben of Triassic rocks.

TURN LEFT onto Road 1240 (Clinton Ave.) in regarded as having been deposited near the tow
Peachland center. of a large alluvial fan.

BEAR LEFT at south end of bridge over U. S. Disband.

74, CONTINUE on Road 1240.

STOP 12.Triassic fanglomerate, about 0.7 mi. REFERENCES CITED

south of Peachland, N. C. on Road 1240. Bartlett, C. S. Jr., 1967, Geology of the Southern Pines quadrangle:
This excellent example of fanglomerate is  unpubl. M.S. thesis, Univ. of N. C., at Chapel Hill, 101 p.
strikingly similar to the massive fanglomerates Bell, Henry, 1ll, Marvin, R. F., and Mehnert, H. H., 1972, Potas-

of the east side of the Durham and Sanford Sium-argon ages from areas of hydrothermal alterations in
basins. But, this fanglomerate is on the west South Carolina: U.S. Geol. Survey Prof. Paper 800-D, p. D117-

side of the Wadesboro basin. This particularB Ijlle. L 1965 Contact met hism in L ter Count
deposit lies within a very narrow splinter gra- unay, . - » ~ontact metamorphism in ~ancaster tounty,

b bout ¥ mi id d7mil di South Carolina: M.S. thesis, Univ. of S. C., 61 p.
€n about 2 mi. wide an m|'. ong andis g, yer, 3. R., and Ragland, P. C., 1969, A petrochemical survey of
completely surrounded by Carolina slate belt

plutonic intrusions in the Piedmont, Southeastern Appala-
rock and is filled wall to wall with fanglomer- chians, U.S.A.: Contrib. Mineral. And Petrol., v. 24, p. 164-
ate (and a few sandstone interbeds). The suban- 190,

gular pebbles and cobbles (and a few boulders¥onley, J. F., 1962, Geology and mineral resources of Moore
are dominantly the rocks of the adjacent slate County, North Carolina: Div. Min. Res., Dept. Conserv. and
belt with less than 10 percent of quarts pebbles. Devel., Bull. 76, 40 p.

At least a fourth of the clasts are more than ;;Zonley, J.F., and Bain, G. L., 1965, Geology of the Carolina slate
inches in diameter. The Carolina slate belt peb- belt west of the Deep River-Wadesboro Triassic basin, North

bles are generally rectangular with the IongC (llarqllir\l/?/: %out?g?gte;n ?((a:olclgy,v.& p.tllt'7-138h. i ol
direction parallel to their cleavage. Small but o0ley, - WV, -, , Post-Lretaceous stratigraphy of the centra

Sandhills region, North and South Carolina: Ph.D. dissert.,
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