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INTRODUCTION 

 
The Deep River Triassic basin has one of the long-

est recorded histories of geologic research in North 
Carolina, starting with the work of Olmsted in 1820. 
Since that time, numerous investigations have at-
tempted to unravel the complex nature of the basin’s 
geology and mineral resources. As a result, varying 
methods of geologic mapping and stratigraphic no-
menclature are found throughout the published litera-
ture. These differences typically manifest themselves 
by one particular map area using one particular system 
of stratigraphic nomenclature, with an adjacent map 
area using a different and incompatible system of no-
menclature. Because of these incompatibilities, no ba-
sin-wide compilation of the entire Deep River basin 
has ever been produced using one standard system of 
map units and stratigraphic nomenclature. 

This article highlights recent work to develop a 
standardized method of mapping that is flexible 
enough for the wide variety of lithologies and deposi-
tional environments encountered throughout the Deep 
River basin. Smoot and others (1988) proposed a sys-
tem of uniform map symbols for all of the Mesozoic 
rift basins along the Atlantic margin of North America. 
The North Carolina Geological Survey (NCGS) 
adopted this system during recent geologic mapping in 
the Durham basin. This system uses map units called 
lithofacies, which can be composed of one to several 
different rock types (e.g., sandstone, siltstone, and 
mudstone). Similar lithofacies can be grouped together 
to form a lithofacies association, based on both lithol-
ogy and interpreted depositional environment.  

The lithofacies system of mapping differs slightly 
in organization and definition from the more traditional 
North American Stratigraphic Code units of formation, 
member, and bed. The Deep River basin lacks an 

abundance of good maker beds or horizons for assign-
ing strata to a specific formation or member. This is 
primarily due to the gradational nature of lithologic 
contacts common in rift basin environments. Facies are 
laterally gradational and the same lithostratigraphic 
unit can vary from conglomerate to siltstone across the 
basin. Since the lithofacies system of stratigraphic no-
menclature is unfamiliar to many geologists, this arti-
cle compares and contrasts the various systems of geo-
logic mapping currently used in the Deep River basin. 
 

GENERAL GEOLOGIC SETTING 
 

The Deep River basin, located in the east central 
Piedmont of North Carolina, resulted from early Meso-
zoic rifting of the supercontinent Pangea. This rifting 
created a series of irregularly-shaped half-graben along 
the Atlantic margin of North America. The Deep River 
basin is the southern-most exposed of these basins 
(Fig. 1). During rifting, the basin filled with a variety 
of Late Triassic clastic sediments, their depositional 
environments strongly controlled by local basin tecton-
ics. Alluvial fans prograded into the basin from the 
topographically-higher, faulted margins. Sediment was 
transported along the basin axis by meandering river 
systems and deposited in large alluvial plains. Fresh-
water lakes formed in basin depocenters, accumulating 
deltaic (delta), lacustrine (lake), and paludal (swamp) 
deposits. 

The deposits of the Deep River basin were buried 
and lithified, and are now recognized as the Chatham 
Group, part of the Newark Supergroup (Fig. 1) as de-
fined by Olsen (1978) and Luttrell (1989). The 
Chatham Group in the Deep River basin consists of 
varying amounts of conglomerate, sandstone, siltstone, 
claystone, shale, coal, and small amounts of limestone 
and chert (and gypsum in cuttings from several wells). 
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Bedding generally dips east to southeast, but local 
variations are common, especially near faults and 
dikes. Thus, the lowermost (oldest) strata typically oc-
cur on the western side of the basin and the uppermost 
(youngest) strata occur on the east. 

 
Figure 1. Exposed early Mesozoic basins of the Newark Su-

pergroup. Note the Deep River basin (9) is listed by its 
three component basins (Durham, Sanford, and Wades-
boro). Figure from McDonald (1996), after Unger 
(1988). 

The Deep River basin is a north to northeast trend-
ing half graben. It is bordered on the east by the 
Jonesboro fault, a west-dipping high-angle, normal 
fault (Campbell and Kimball, 1923) that separates the 
Triassic sedimentary rocks from the Raleigh metamor-
phic belt and the Carolina zone metavolcanic and me-
tasedimentary rocks (Fig. 2). The total amount of dis-
placement along the fault is unknown but estimated to 
be a minimum of 3.0 to 4.5 kilometers of dip-slip dis-
placement, depending on location (Campbell and Kim-
ball, 1923; Reinemund, 1955; Bain and Harvey, 1977; 
Parker, 1979; Bain and Brown, 1980; Hoffman and 
Gallagher, 1989). Bain and Brown (1980) suggested 
that the Jonesboro is actually a fault zone, character-
ized by step faulting along numerous individual faults, 
with rider blocks occurring between these faults. Clark 
(1998) showed that the Jonesboro fault plane itself is 
extremely sharp, commonly with a 1-3 meter wide 
gouge zone of clay and foliated breccia in the footwall. 

Several intra-basinal faults, both synthetic and an-
tithetic to the Jonesboro, are also recognized through-
out the basin (Fig. 2). Along the basin’s western mar-
gin, sedimentary rocks of the basin unconformably 
overlie Late Proterozoic and Cambrian metavolcanic 
and metasedimentary rocks (NCGS, 1985). Minor 
(post-depositional?) faults also form the basin bound-
ary locally along the western border. 

 
 

 
 
Figure 2. Generalized geologic map of the Deep River basin, NC. Modified from Reinemund (1955), Bain and Harvey 

(1977), NCGS (1985), Olsen and others (1989, 1991), Hoffman and Gallagher (1989), Clark (1998), and Watson (1998). 
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The Deep River basin is subdivided into three 
smaller basins, the Durham, Sanford, and Wadesboro 
basins, from north to south, respectively (Fig. 2). The 
boundaries of these smaller, component basins are un-
defined. The width of the Deep River basin dramati-
cally narrows at the Colon cross-structure (Fig. 2), a 
basement high that separates the Durham basin from 
the Sanford basin (Campbell and Kimball, 1923). 

The Colon cross-structure is well constrained by 
field mapping and seismic reflection data. Analyses of 
these data suggest that it formed by differential subsi-
dence of the Durham and Sanford basins (Reinemund, 
1955, Bain and Harvey, 1977, Dittmar, 1979). Slightly 
different lithologies occur on either side of the Colon 
cross-structure, suggesting that it may have acted as a 
barrier to sedimentation. A similar structure, the Pekin 
cross-structure, has been proposed between the Sanford 
and Wadesboro basins (Fig. 2). The existence of the 
Pekin cross-structure is speculative due to a thin veneer 
of Atlantic Coastal Plain sediments that blankets the 
area, as well as a lack of good subsurface data. 
 

DEVELOPMENT OF MAP UNITS 
 

A quick perusal of nineteenth and early twentieth 
century geologic literature in North Carolina reveals 
that the Deep River basin has received a tremendous 
amount of attention, second only, perhaps, to the gold 
deposits of the Carolina slate belt. This interest is at-
tributed to the discovery of coal along the Deep River 
and the extensive efforts to determine its extent and 
recoverability. While these early researchers’ primary 
interests were the coal deposits, many other important 
discoveries, observations, and hypotheses resulted 
from their investigations. The most noteworthy contri-
butions are by Olmsted (1820, 1824), Emmons 
(1852,1856), and Wilkes (1858). 

Emmons (1852) was the first to recognize and map 
lithologic units in the Sanford basin. He identified an 
upper and lower unit of red sandstone and conglomer-
ate separated by a finer-grained unit of gray sandstone, 
black shale, and coal. Campbell and Kimball (1923) 
modified Emmons’ work and formally named the three 
units the Pekin, Cumnock, and Sanford Formations, 
providing type localities for each of the formations 
(Fig. 3). Although Campbell and Kimball applied these 
names throughout the Deep River basin, their use today 
is applied only to the Sanford basin. 

Campbell and Kimball (1923) also identified and 

described type localities of the Jonesboro, Deep River, 
and Carbonton faults. Although an inadequate under-
standing of rift basin development flawed many of 
their conclusions, the work of Campbell and Kimball 
should be regarded as the first modern foundation in 
our understanding of the Sanford basin.  

Reinemund (1955) built on Campbell and Kim-
ball’s stratigraphic framework with the addition of de-
tailed surface mapping and subsurface data from 
coalmines and exploratory coreholes. The U.S. Bureau 
of Mines drilled 8 coreholes totaling 11,890 feet into 
the Cumnock Formation between 1944 and 1948. In 
addition, Walter Bledsoe and Company drilled 11 
coreholes in 1945-1946. This data, combined with ob-
servations from the numerous coal mines in the area, 
greatly increased the understanding of the basin’s sub-
surface. 

Reinemund’s compilation of this information 
(1955) includes a thorough mining history of the area 
as well as technical data on coal quality and mine con-
ditions. In addition to the three-sheet color geologic 
map of the region, the report presents detailed geologic 
surface mapping and subsurface mine mapping of the 
Carolina mine, concentrating on the extent and thick-
ness of coal, faulting, and diabase intrusions. Reine-
mund also provides detailed discussions of the Pekin, 
Cumnock, and Sanford Formations and their deposi-
tional environments. This all-encompassing compila-
tion still stands today as the most comprehensive report 
about the Sanford basin. At the time of this writing, 
copies were still available from both the U.S. Geologi-
cal Survey and the North Carolina Geological Survey. 

Later researchers learned that the three-layer sys-
tem of formations in the Sanford basin was not present 
in the Durham or Wadesboro basins. Randazzo and 
others (1970) did recognize a “coarse-fine-coarse” se-
quence similar to that of the Sanford basin (Fig. 3), but 
did not produce any detailed geologic maps depicting 
the extent of the deposits. No other investigations of 
the Wadesboro basin have occurred since that time.  

In the Durham basin, Bain and Harvey (1977) 
identified seven mappable “facies” (Fig. 3). These fa-
cies were later consolidated into four facies during 
compilation of the 1985 State Geologic Map (NCGS, 
1985). These facies were subsequently replaced en-
tirely during NCGS geologic mapping of the southern 
and central Durham basin using the Smoot and others 
(1988) lithofacies system of nomenclature. 
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Figure 3.  Stratigraphy of the Chatham Group in the Deep River basin of North Carolina and South Carolina. Modified after 

Olsen and others (1991), Huber and others (1993), Olsen and Huber (1997), and Clark (1998). 
 
 

In the 1980’s, multiple investigators conducted 
abundant sedimentological and paleontological work in 
the in the Sanford and Durham basin. Gore (1986) pro-
vides a good compilation of these researchers' work 
along with site-specific details at several locations 
throughout both basins. Their work refined the deposi-
tional framework of the Sanford and Durham basins 
within the context of the two different systems of 
stratigraphic nomenclature currently in place. Since 
none of these investigations included detailed geologic 
mapping, no new map units were produced. 

Hoffman and Gallagher (1989) conducted detailed 
geologic mapping in the central Durham basin utilizing 
the lithofacies system of Smoot and others (1988). Fur-
ther mapping by Clark (1998) and Watson (1998) ex-
tended Hoffman and Gallaghers’s lithofacies map units 
from the central Durham basin south to the Colon 
cross-structure. Here, the lithofacies mapping of Clark 
(1998) abuts the formation mapping of Reinemund 

(1955), resulting in an incompatible match of map 
units. The mapping of Bain and Harvey (1977) is still 
used in the northern Durham basin since detailed geo-
logic mapping there is not yet underway. Detailed geo-
logic mapping is completely absent from the Wades-
boro basin and stratigraphic units are only generally 
defined (Randazzo and others, 1970). 

As a result of these different styles and types of 
mapping, no basin-wide system of stratigraphic no-
menclature exists for the Deep River basin. This work 
is an attempt to link these systems of stratigraphic no-
menclature in the Sanford and Durham basins together 
through the use of lithologic descriptions, correlation 
diagrams, and map patterns, all derived from detailed 
geologic mapping. The stratigraphic units of the 
Sanford and Durham basin are presented first, followed 
by a brief summary discussion of the stratigraphic cor-
relation between the two basins. 
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STRATIGRAPHY OF THE SANFORD BASIN 
 

The three formations currently recognized in the 
Sanford basin are the Pekin, Cumnock, and Sanford 
Formations, in ascending stratigraphic order (Fig. 4). 
The Pekin and Sanford Formations are dominated by 
fluvial and alluvial fan deposits and the Cumnock 
Formation is dominated by lacustrine (lake) and 
paludal (swamp) deposits. These formations grade into 
one another, and are in part lateral facies equivalents 
(Gore, 1986). The best descriptions of Pekin, Cum-
nock, and Sanford Formations are provided by Gore 
(1986) and are summarized below. 
 

 
 
Figure 4.  Generalized cross section of the Sanford basin 

showing the Pekin, Cumnock, and Sanford Formations 
and the approximate locations of the Jonesboro and 
Deep River faults. Based largely on seismic profiles and 
deep drill hole data. Modified from Olsen (1991). 

 
The formations can be traced northeastward to-

wards the Colon cross-structure but the Cumnock 
grades into coarser-grained sediments very similar to 
the Pekin and Sanford Formations, and cannot be 
traced into the Durham basin (Fig. 2). The Cumnock is 
absent throughout most of the Colon cross-structure, 
and the contact between the Pekin and Sanford Forma-
tions is difficult to position because of their lithologic 
similarity.  

Herein lies one of the failings of the traditional 
system of formational, stratigraphic nomenclature. The 

Pekin and Sanford Formations are so lithologically 
similar, that they cannot be discerned from one another 
except when the Cumnock Formation is present be-
tween them. 

 
Pekin Formation 

 
The Pekin Formation is present along the western 

border of the Sanford basin and is dominated by red 
terrigenous clastics. The formation is between 542 to 
1240 meters thick, depending on location in the basin. 
The base of the Pekin contains a distinctive gray, 
quartz-rich conglomerate, up to 10 m thick, known as 
the “millstone grit” (Reinemund, 1955). Stagg (1984) 
determined the “millstone grit” was derived from the 
Carolina zone to the west. The “millstone grit” is inter-
preted as an alluvial fan deposit that formed under hu-
mid conditions (Textoris and others, 1986). The re-
mainder of the Pekin Formation is dominated by red, 
brown, and maroon cross-stratified sandstone, silt-
stone, and mudstone with minor conglomerate and 
shale, interpreted as fluvial and floodplain deposits 
(Reinemund, 1955). Wells near the center of the basin 
(Butler #1 well, V. R. Groce #1 well) show nodular 
and bedded gypsum associated with light brown to red 
shales and conglomerates in the lower Pekin Forma-
tion, interpreted as playa lake deposits. Near the center 
of the Pekin Formation in the northern part of the basin 
near Gulf, gray sandstone, siltstone, and shale are pre-
sent indicating deposition in a reducing environment, 
probably in a shallow floodplain lake. 

Spectacular plant fossils occur in gray siltstone 
beds of the Pekin Formation at the Boren Clay Com-
pany pit (STOP 1) near Gulf (Hope and Patterson, 
1969a; Delevoryas, 1970; Hope, 1970; Hope and Pat-
terson, 1970; Delevoryas and Hope, 1971, 1973; 
Schultz and Hope, 1973; Hope, 1975, 1977; Gensel, 
1986). Several vertebrate fauna, footprints, and track-
ways have also been described in the area (Baird and 
Patterson, 1967; Patterson, 1969; Olsen and Galton, 
1977; Olsen and others, 1989; Olsen and others, 1991). 
A reconsideration of these flora and fauna assemblages 
by Olsen and Huber (1997) suggests an early Tuvalian 
(early Late Carnian) age for the middle Pekin Forma-
tion. They also hypothesized that a syn-rift 
unconformity exists between the middle Pekin and the 
upper Pekin, largely based on vertebrate biostratigra-
phy. A similar syn-rift unconformity is recognized in 
the Newark, Richmond, Taylorsville, and Fundy basins 
of the Newark Supergroup and the Argana basin of 
Morocco (Olsen, 1997). 
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Cumnock Formation 
 

The Cumnock Formation overlies the Pekin For-
mation in the middle and northeastern portions of the 
Sanford basin. The Cumnock is a distinctive unit ap-
proximately 230 to 250 m thick, dominated by black 
and dark gray shale, with associated gray sandstone 
and coal (Reinemund, 1955). The lower part of the 
Cumnock is dominated by gray siltstone and fine sand-
stone with minor shale and claystone. These beds are 
in part laterally equivalent to the upper Pekin Forma-
tion and probably represent a deltaic complex (Gore, 
1986; Olsen and Huber, 1997).  

Approximately 60 to 80 m above the base of the 
Cumnock, two major coal seams (and several thinner 
seams) are present (STOP 2). The lower Gulf coal 
seam consists of one bed ranging from a few centime-
ters to nearly 1 m thick. The upper Cumnock coal seam 
consists of three beds ranging from 1 to 3 m thick. The 
coal beds are thickest in the northwestern part of the 
Sanford basin, approximately 5 km northeast and 
southwest of Gulf (Reinemund, 1955). The coal-
bearing interval is overlain by 150 to 155 m of locally 
calcareous and carbonaceous gray and black shale with 
minor claystone, siltstone, and sandstone (Reinemund, 
1955). The middle Cumnock Formation was deposited 
in a large, hydrologically-open, quiet-water lacustrine 
environment (Gore, 1986; Gore 1989). The thick se-
quence of black lacustrine shale overlying the coal ap-
pears to represent a profundal (deep-water) lacustrine 
environment, apparently uninterrupted by major trans-
gressions and regressions, subaerial exposure, paleosol 
development, or fluvial deposition (Gore, 1989).  The 
open-basin model is also based on the absence of 
evaporites in the Cumnock, and the presence of siderite 
concretions, which form in low-sulfate, freshwater 
lakes (Gore, 1989). 

The upper part of the Cumnock is dominated by 
gray shale, siltstone and fine sandstone, grading up-
ward into red and brown fluvial deposits of the Sanford 
Formation. This probably represents a delta or shore-
line prograding into the lake from the southeast. 

Hu and Textoris (1994) found evidence of sedi-
mentary cycles in wells through the Cumnock Forma-
tion, using gamma-ray logs. They interpreted these 
cycles to be related to astronomically-controlled cli-
mate change, corresponding to the Van Houten cycles 
noted in other Newark Supergroup basins (Olsen, 
1996). Astronomically-induced climate changes led to  
 

changes in precipitation, which caused the expansion 
and contraction of a hydrologically-open lake. The 
climate did not become dry enough, however, to pro-
duce red evaporitic subaerial cycles that are found in 
some of the northern Newark Supergroup basins (Hu 
and Textoris, 1994). Hu and Textoris (1994) also iden-
tified five lithofacies within the Cumnock, interpreted 
as lacustrine deposits, turbidites, deltaic deposits, 
paludal or swamp deposits, and basin-margin sands. 

Abundant non-marine invertebrate and vertebrate 
fossils are documented in the Cumnock (Emmons, 
1852, 1856, 1860; Baird and Patterson, 1967; Patter-
son, 1969; Swain and Brown, 1972; Olsen and others, 
1982; Gore, 1985a, 1985b). The invertebrates include 
conchostracans or clam shrimp, ostracodes, and in-
sects. Vertebrates include fish, amphibians, reptiles, 
dinosaurs, and mammal-like reptiles.  Vertebrae, ribs, 
teeth, and portions of a cranium of the phytosaur Ru-
tiodon have been collected from coaly shale in the 
lower Cumnock Formation. Traverse (1986) and Rob-
bins and Textoris (1986) reported a late Julian (middle 
Carnian) age based on pollen and spores, but Olsen and 
Huber (1997) reassigned the Cumnock (and uppermost 
Pekin) as late Tuvalian (middle to late Carnian).  
 

Sanford Formation 
 

The Sanford Formation conformably overlies the 
Cumnock Formation and is exposed in the central and 
southeastern part of the Sanford basin. The Sanford 
Formation is a 930 to 1240 m thick sequence domi-
nated by lenticular beds of red to brown terrigenous 
clastics, including claystone, mudstone, siltstone, fine-
grained sandstone, and conglomerate (Reinemund, 
1955). There are few distinctive beds, and no consis-
tently mappable subdivisions within the formation 
(Reinemund, 1955). Lenticular beds of gray, coarse-
grained to conglomeratic, arkosic sandstone are present 
in the lower 425 to 490 m of the formation, decreasing 
towards the southwest. Red to brown, coarse-grained, 
arkosic sandstone and conglomerate, with associated 
claystone, siltstone, and fine-grained sandstone domi-
nate the upper 300 meters of the Sanford Formation. 
Grain size coarsens to the southeast, and conglomerate 
units, interpreted as alluvial fan deposits, are present 
along the southeastern edge of the basin adjacent to the 
Jonesboro fault. Fossils are scarce in the Sanford For-
mation. Gore (1986) documented one the few known 
fossil localities. 
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STRATIGRAPHY OF THE DURHAM BASIN 
 

The map units recognized in the Durham basin dif-
fer greatly from those of the Sanford basin. Unlike the 
Sanford basin, no formal formations are identified in 
the Durham basin, largely due to the absence of good 
marker beds equivalent to the Cumnock Formation.  

Bain and Harvey (1977) proposed the first map 
units internal to the Durham basin, based on reconnais-
sance-level mapping. The NCGS (1985) later consoli-
dated these into four facies for the State Geologic Map. 
These four facies are 1) Tan arkosic sandstone facies, 
2) Red sandstone-mudstone facies, 3) Chert-limestone-
mudstone facies, and 4) Border conglomerate facies. 
However, during detailed geologic mapping of the cen-
tral Durham basin (Southeast and Southwest Durham 
7.5-minute quadrangles), Hoffman and Gallagher 
(1989) found these facies, as defined, inadequate for 
describing the rocks in their map area. They found that 
several of these facies could be subdivided even further 
into more specific map units. They subsequently 
adopted Smoot and others’ (1988) lithofacies system of 
nomenclature for consistency with other geologic 
mapping throughout the Newark Supergroup. 

As a result of their mapping, Hoffman and Galla-
gher (1989) identified seven distinct lithofacies in the 
central Durham basin. These lithofacies were grouped 
in three lithofacies associations, labeled Lithofacies 
Association I (LA I), Lithofacies Association II (LA 
II), and Lithofacies Association III (LA III), roughly in 
ascending stratigraphic order (Fig. 5). Olsen and Huber 
(1997) proposed an unconformity might exist between 
LA I and LA II based on vertebrate fossil assemblages 
(see figure 3). An intertonguing relationship likely ex-
ists between LA II and LA III. 

In general, LA I contains interbedded sandstone 
and siltstone and is interpreted as braided stream de-
posits (Fig. 5). LA II also contains interbedded sand-
stone and siltstone, but it is interpreted as a meandering 
fluvial system surrounded by a vegetated floodplain 
(Fig. 5). LA III contains poorly sorted sandstone, peb-
bly sandstone, and conglomerate. LA III is interpreted 
as alluvial fan complexes characterized by broad, shal-
low channels with high sediment concentrations, and 
locally, high-energy debris flows (Fig. 5). 

The lithofacies terminology of Smoot and others 
(1988) used by Hoffman and Gallagher (1989) names 
individual lithofacies by combining the unit’s age,

Figure 5.  Schematic block diagram illustrating a conceptual model for the distribution of lithofacies associations in the cen-
tral Durham basin. Lithofacies Association I represents braided stream deposits, Lithofacies Association II represents a 
meandering river system in a vegetated floodplain, and Lithofacies Association III represents alluvial fan deposits (from 
Hoffman, 1994). 
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group, and lithology into one map unit abbreviation. 
The prefixes for age (Tr = Triassic) and group (c = 
Chatham Group) are common to all Triassic lithofacies 
in the Durham basin. The remainder of the unit name is 
reserved for the dominant lithology (i.e., si = siltstone, 
s = sandstone, sc = pebbly sandstone, c = conglomer-
ate). Interbedded lithologies are separated by a slash, 
dominant lithology given first (i.e., s/c = interbedded 
sandstone and conglomerate). Similar lithofacies of 
different lithofacies associations are notated by sub-
script numerals (i.e., Trcs/si1 vs. Trcs/si2). 

Mapping by Watson (1998) extended some of 
Hoffman and Gallagher's lithofacies into the central 
Durham basin (Green Level 7.5-minute quadrangle). 
Clark (1998) also utilized the lithofacies system in the 
southern Durham basin (Cary, New Hill, Cokesbury, 
Apex, and Fuquay-Varina 7.5-minute quadrangles). 
Clark (1998) found that two lithofacies of Hoffman 
and Gallagher (1989), Trcs (sandstone) and Trcsc 
(pebbly sandstone), were so intermixed in map pattern 
that he combined them into one mappable unit, Trcs 
(interbedded sandstone and pebbly sandstone). All 
other map units are consistent with Hoffman and Gal-
lagher (1989) and Watson (1998). 

A discussion of each of the map units in the central 
and southern Durham basin, along with their inter-
preted depositional environments, follows. 
 

Lithofacies Association I 
 

Lithofacies Association I is interpreted as sandy, 
braided channel belts intercalated within thick se-
quences of heavily bioturbated siltstones, mudstones, 
and fine-grained sandstone lenses representing vege-
tated, flood basin facies (Hoffman and Gallagher, 
1989; Watson, 1998). They further interpret LA I as 
representing deposition by anastomosing streams on a 
muddy floodplain (Fig. 5). LA I consists of a single, 
mappable lithofacies: sandstone with interbedded silt-
stone (Trcs/si1). 

 
Trcs/si1 - Sandstone with Interbedded Siltstone 
 

This lithofacies consists of 1) pinkish-gray to light-
gray, fine- to medium-grained, micaceous arkoses and 
lithic arkoses; 2) pale red, muddy, fine-grained sand-
stones; and 3) reddish-brown, bioturbated siltstones 
and mudstones. Fine-grained biotite and very fine-
grained heavy minerals are distinctive accessories. 
Fine- to coarse-grained muscovite is also common, 

though not diagnostic to this facies. 
Sequences of sandstone, one- to more than five-

meters thick, contain fining-upward cosets of trough 
crossbeds (Fig. 6). Individual cosets decrease in thick-
ness from the base of a sequence to the upper portions. 
The base of these sequences is sharp or scoured. Sand-
stone overlying the erosional base is pebbly, granular, 
or very coarse-grained, and contains abundant mud-
stone intraclasts scattered along scour surfaces. Lo-
cally, along the shoreline of Jordan Lake, the tough 
crossbedded sandstone fines upward into ripple-
laminated, very fine-grained sandstone and siltstone 
(STOP 4). 

Bioturbation is extensive in the finer-grained silt-
stones and mudstones and within the thinner, sandy 
beds of this facies. Light greenish-gray, threadlike bi-
furcating horizontal mottles and/or vertical to oblique 
mottles (elliptical in diameter and interpreted as root 
marks) are common to ubiquitous. Meniscate Scoyenia 
burrows and other sand or mud in-filled burrows are 
common, extending downward from the upper surfaces 
of beds. Locally, thin zones of carbonate nodules (in-
terpreted as caliche and indicating an arid to semi-arid 
climate), ferric concretions, and platy to curved frac-
tures occur within the sequences of finer-grained strata 
(interpreted as paleosols?). 
 

Lithofacies Association II 
 

Lithofacies Association II is interpreted as deposits 
of a meandering fluvial system flowing into a deltaic 
and lacustrine depositional environment (Fig. 5). LA II 
is dominated by 1 to 4 meter-thick, fining-upward, 
trough cross-bedded channel sequences scoured into 
underlying fine-grained siltstone (Fig. 6). Grain size of 
the deposits gradually increases from west to east in 
the area west of the town of Apex until the siltstone 
component can no longer be found. Conglomeratic ba-
sal lags in these channel complexes can have clasts in 
excess of 20 cm in diameter. 

Lithofacies Association II consists of two similar 
lithofacies: 1) sandstone with interbedded siltstone 
(Trcs/si2) and 2) siltstone with interbedded sandstone 
(Trcsi/s). The subscript numeral 2 differentiates the 
Trcs/si2 lithofacies from the similar sandstone and in-
terbedded siltstone (Trcs/si1) of Lithofacies Associa-
tion I. An arbitrary break of 50% sandstone verses silt-
stone separates LA II into its two component lithofa-
cies.  
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Figure 6. Lithofacies found in the Durham basin. Lithofacies Association I is interpreted as braided stream deposits. Lithofa-

cies Association II is interpreted as a meandering fluvial system. Lithofacies Association III is interpreted as alluvial fan 
and related deposits. Based on interpretations of Hoffman and Gallagher (1989). 
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Trcs/si2 - Sandstone with Interbedded Siltstone 
 

This unit consists of cyclical depositional se-
quences composed of whitish-yellow to grayish-pink to 
pale red, coarse- to very coarse-grained, trough cross-
bedded lithic arkose that fines upward through yellow 
to reddish-brown, medium- to fine-grained sandstone, 
to reddish-brown, burrowed and rooted siltstone (Fig. 
6). Bioturbation is usually surrounded by greenish-blue 
to gray reduction halos. Coarse-grained portions con-
tain abundant muscovite, and basal gravel lags consist 
of clasts of quartz, bluish-gray quartz crystal tuff, and 
mudstone rip-ups. 

Exposures of the Trcs/si2 lithofacies are deeply 
weathered owing to the unit's high feldspar and mus-
covite content. The high feldspar content suggests that 
the lithofacies was derived from a different source area 
than LA III. Exposures are usually limited to man-
made outcrops, creating large data gaps in areas of lit-
tle human disturbance. Topography in the Trcs/si2 map 
unit generally consists of low, rounded ridges with few 
surface streams. This unit is one of the few in the entire 
Deep River basin suitable for farming. The boundaries 
of this map unit can be crudely determined by tracing 
on a U. S. Geological Survey topographic map the ex-
tent of the "white areas", which indicate open areas 
(usually farms). 
 
Trcsi/s - Siltstone with Interbedded Sandstone 
 

This unit consists of reddish-brown, extensively 
bioturbated, muscovite-bearing, siltstone interbedded 
with tan to brown, fine- to medium-grained, musco-
vite-bearing, arkosic sandstone, usually less than one 
meter thick (Fig. 6). Siltstones can contain abundant, 
bedded, calcareous concretions (interpreted as caliche) 
and iron nodules. Bioturbation is usually surrounded 
by greenish-blue to gray reduction halos.  

The Trcsi/s lithofacies, due to its fine grain size, is 
not very resistant to erosion. Topography in this map 
unit usually consists of broad, flat areas, with little to 
no surface streams. The unit is poorly exposed except 
for excavations in brick pits. 

The Triangle Brick pit in the Trcsi/s lithofacies is a 
world-class locality for both continental invertebrates 
and vertebrates, particularly reptiles (Olsen, 1977; 
Renwick, 1988; Gore and Renwick, 1987; Olsen and 
others, 1989; Good and Huber, 1995, Olsen and Huber, 
1997). Recovered specimens include fragmentary 
plants, clams, crayfish, fish, reptile (phytosaur) teeth, 
and abundant coprolites. 

Olsen (1977), Olsen and others (1982), and Olsen 
and others (1989) argued that the presence of the fish 
Turseodus in the Triangle Brick quarry indicated a late 
Carnian age, similar to that of the Cumnock Formation 
in the Sanford basin. However, Huber and others 
(1993) pointed out that Turseodus ranges throughout 
the Carnian and Norian, and therefore was of limited 
time-stratigraphic value. Huber and others (1993) in-
stead suggested that the presence of Stegomus in the 
Triangle Brick quarry indicated an early to middle (?) 
Norian age (Olsen and Huber, 1997). If the Triangle 
Brick quarry deposits are indeed Norian in age, they 
are significantly younger than Cumnock Formation of 
late Carnian age. 
 

Lithofacies Association III 
 

Lithofacies Association III, as defined by Hoffman 
and Gallagher (1989), consists of four lithofacies: 1) 
sandstone (Trcs); 2) pebbly sandstone (Trcsc); 3) sand-
stone with interbedded conglomerate (Trcs/c); and 4) 
conglomerate (Trcc). Clark (1998) found the sandstone 
and pebbly sandstone lithofacies so intermixed in the 
southern Durham basin, he combined them into one 
map unit. This lithofacies is termed Trcs - interbedded 
sandstone and pebbly sandstone. 

LA III is interpreted as an alluvial fan complex 
(Fig. 5). Outcrops contain good examples of chaoti-
cally-bedded, broad, shallow channels, with numerous 
scour surfaces, characteristic of high-energy fan envi-
ronments.  

Surface widths of LA III map units vary greatly. 
LA III obtains a maximum surface width of several 
kilometers around the Harris Reservoir (Cokesbury 
quadrangle) and near the Raleigh Durham (RDU) air-
port (Cary quadrangle). Conglomerate clast size in-
creases eastward at these locations as well, with clasts 
locally in excess of 1 meter in diameter. 

LA III is almost non-existent in the southern Dur-
ham basin (near the town of Apex), Small "jogs" in the 
surface trace of the Jonesboro fault suggest this area 
may contain several non-overlapping faults segments. 
These "jogs" could be small relay ramps where fault 
displacement was minimal. This condition would result 
in a topographic low along the border fault, which 
would be an ideal location for sediment-carrying rivers 
and streams to enter the basin. The coarse-grained flu-
vial nature of LA II rocks in close proximity to the 
Jonesboro fault at this location supports this hypothe-
sis. 

The variability of the surface widths of LA III map 
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units can be explained in several ways. First, variabil-
ity in shape can occur as a result of the lobe-shaped 
depositional nature of alluvial fans. Interfingering of 
multiple fans can produce complicated map patterns. 
Second, Clark (1998) reported several broad, open an-
ticlines and synclines, which are most likely superim-
posed on the lobe-shaped alluvial fans. A third factor 
may lie in the definition of the map units themselves. 
All the contacts between lithofacies internal to LA III 
are gradational in nature, and components of one litho-
facies can occur within another map unit, only not in 
great abundance. Owing to the high amount of vegeta-
tion and the lack of numerous surface streams, poor 
data density can strongly influence the location of geo-
logic contacts. 

Topography in LA III is generally steep and rug-
ged in the Trcs/c and Trcc lithofacies. Erosion-resistant 
bedding holds up both ridges and waterfalls. In some 
cases, strikes of parallel ridges and first-order drain-
ages can be used to predict bedding strike in areas of 
sparse outcrop data. Topography usually decreases in 
elevation and gradient as one moves away from the 
Jonesboro fault. The rocky nature of the deposits and 
the steep terrain limit the agricultural potential, and as 
such, the area is sparsely populated and few roads exist 
in this isolated region of the basin. 
 
Trcs - Interbedded Sandstone/Pebbly Sandstone 
 

This unit consists of reddish-brown to dark brown, 
irregularly bedded to massive, poorly to moderately 
sorted, medium- to coarse-grained, muddy lithic arko-
ses, with occasional, matrix-supported granules and 
pebbles or as 1-5 cm thick basal layers (Fig. 6). Mus-
covite is common to absent. Occasional bioturbation is 
usually surrounded by greenish-blue to gray reduction 
halos. Beds are tabular, 1-3 meters thick, with good 
lateral continuity. This unit grades eastward into 
Trcs/c. 
 
Trcs/c - Sandstone w/ Interbedded Conglomerate 
 

This unit consists of reddish-brown to dark brown, 
irregularly bedded, poorly sorted, coarse-grained to 
pebbly, muddy lithic sandstones with interbedded peb-
ble to cobble conglomerate (Fig. 6). Muscovite is rare 
to absent in the matrix. Well-defined conglomerate 
beds distinguish this unit from conglomerate basal lags 
of Trcs. An arbitrary cut-off of less than 50 percent 
conglomerate distinguishes this unit from the Trcc 
conglomerate facies. Clasts are chiefly miscellaneous 

felsic and intermediate metavolcanic rocks, quartz, 
epidote, bluish-gray quartz crystal tuff, muscovite 
schist, and meta-granitic material, with rare banded 
gneiss (Raleigh gneiss?) near the town of Apex. Con-
glomerate beds are channel-shaped and scour into the 
underlying sandstone beds. This unit grades eastward 
into Trcc. 
 
Trcc – Conglomerate 
 

This unit consists of reddish-brown to dark brown, 
irregularly bedded, poorly sorted, cobble to boulder 
conglomerate (Fig. 6). Muscovite is rare to absent in 
the very coarse-grained to gravelly matrix. An arbitrary 
cut-off of greater than 50 percent conglomerate distin-
guishes this unit from the Trcs/c facies.  

Clasts are chiefly miscellaneous felsic and inter-
mediate metavolcanic rocks, quartz, epidote, bluish-
gray quartz crystal tuff, muscovite schist, and rare 
meta-granitic material. Maximum clast diameters are in 
excess of 1 meter along the shore of Harris Reservoir 
and in excess of 2 m along Haleys Branch east of the 
RDU airport. These large clast sizes suggest paleo-
relief along the Jonesboro fault scarp was great enough 
to produce high stream gradients capable of transport-
ing boulders-sized clasts.  

 
CORRELATION OF MAP UNITS 

 
A thorough attempt to correlate between the 

Sanford and Durham basins cannot be performed until 
additional geologic mapping is conducted. This article 
merely attempts to document the current state of map-
ping and interpretations in the Deep River basin. How-
ever, several general observations can be made at this 
time regarding correlation between the Sanford and 
Durham basins. 

There is not a one-to-one match between the three 
formations in the Sanford basin and the three lithofa-
cies associations in the Durham basin. For example, 
the top and bottom of the Cumnock Formation is de-
fined by the first occurrence of gray shale. This defini-
tion excludes any of the reddish-brown siltstone or 
purple mudstone above or below the first gray shale, 
but all of these units have a similar depositional envi-
ronment. In the lithofacies mapping system, the gray 
shale would be combined with the reddish-brown silt-
stone and purple mudstone as part of one map unit, 
namely the Trcsi/s lithofacies.  

Another example of this incompatibility exists in 
the coarser-grained sections. By definition, the Sanford 
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Formation includes everything stratigraphically higher 
than the last gray shale of the Cumnock, including both 
fluvial sediments and alluvial fan conglomerates. In the 
lithofacies system of mapping, fluvial and alluvial fan 
sediments are separated into two completely different 
lithofacies associations, namely LA II and LA III.  

This incompatibility between map units is further 
complicated by the apparent temporal differences be-
tween the basins. As stated previously, Olsen (1977), 
Olsen and others (1982), and Olsen and others (1989) 
argued that the Trcsi/s sediments at Triangle Brick 
(central Durham basin) indicated a late Carnian age, 
similar to that of the Cumnock Formation in the 
Sanford basin. However, Huber and others (1993) sug-
gested an early to middle (?) Norian age (Olsen and 
Huber, 1997). If the Triangle Brick quarry deposits are 
indeed Norian in age, they are significantly younger 
than Cumnock Formation of late Carnian age. In con-
trast, Clark (1998) mapped Trcsi/s sediments nearly 
identical to the Triangle sediments in the extreme 
southern Durham basin that preliminarily appear to be 
Cumnock equivalents (P.E. Olsen, personal commun.). 
Therefore, lithology certainly cannot be used alone in 
assigning stratigraphic order, let alone age. 

If indeed there is missing section between LA I 
and LA II in the Durham basin, and between the mid-
dle and uppermost Pekin in the Sanford basin, as Olsen 
suggests, then where is the unconformity? Does it 
manifest itself as a period of non-deposition between 
conformably map units? Is it an angular unconforma-
bly not yet recognized? Has basin-longitudinal faulting 
played a role? These are questions without easy an-
swers. Unfortunately, the LA I/LA II contact is either 
concealed by Jordan Lake or occurs in an area of poor 
exposure. Additional mapping is needed along the ba-
sin’s western border to clarify the nature of the contact. 
Even then, the issue probably won’t be resolved with-
out subsurface data or new fossil finds. 

The opportunities are limited for new fossil finds 
in the Durham basin for comparison with the Sanford 
basin. The Durham basin sediments are coarser-grained  

than the Sanford basin and there is no evidence for a 
large paleolake like the one responsible for the fossil-
rich Cumnock Formation.  

The next step in correlating between the two basins 
is to revisit many of the outcrops along the “mismatch” 
between Reinemund (1955) and Clark (1998). Special 
care should be given to the Cumnock Formation and its 
fine-grained equivalents in the northern Colon cross-
structure. 

In conclusion, it is premature to attempt any strati-
graphic correlation between the Sanford and Durham 
basin at this time. Additional geological mapping is 
needed, coupled with any supporting data that might 
present itself in areas of poor exposure. A thorough 
link between the formation mapping of the Sanford 
basin and the lithofacies mapping in the Durham basin 
will require a multidisciplinary approach of field map-
ping and supporting data such as fossils, pollen, sub-
surface coring, and geophysics. 
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FIELD STOPS 
 

INTRODUCTION 
 

This one-day field trip consists of six stops: two in 
the Sanford basin and four in the Durham basin. The 
objectives of this field trip are to show a variety of rock 
sequences throughout the Deep River basin and com-
pare the different styles of map units currently used.  
All stop locations are shown on the regional index map 
(previous page).  Individual stop locations are shown 
on reproductions of 7.5-minute quadrangle maps.  
North is toward the top in all figures.  The field trip 
leaders appreciate the cooperation of representatives of 
Boren Clay Products and all of the private landowners 
who graciously permitted us on their property. 
 

STOP 1:  Pekin Formation 
Boren Clay Products, Gulf, NC 

(Pamela Gore and Tyler Clark) 
 

The Boren Clay Products pits are located about 1.5 
miles east of the western border of the Sanford basin 
on both sides of US 421. Written permission must be 
gained from Boren Clay Products before entering the 
property. The pits expose strata of the middle Pekin 
Formation that are being mined to produce bricks and 
drainpipes (Gore, 1986). The Boren operations consist 
of several old pits northeast of US 421, as well as the 
old Pomona Pipe Works on the southwestern side of 
US 421 (now occupied by the lake in Figure 7).  At 
present, quarrying is concentrated on the southwestern 
side of US 421, (Fig. 7). 

The rocks in the Boren pits are dominantly red-
dish-brown, siltstone and sandstone. Tan to white, 
arkosic channel sands and purple mudstones are also 
present in lesser amounts. Plant fragments are present 
in some of the finer-grained units. Most units are over-
printed by Scoyenia bioturbation, including large back-
filled burrows (up to 1.0 cm wide and 50 cm long), 
probably attributable to a decapod such as a crayfish 
(Gore, 1986). Vertebrate tracks are also present. Inver-
tebrate fossils are scarce, but present locally, including 
conchostracans or clam shrimp and small freshwater 
bivalves. 

Thin diabase dikes are present in the pits on both 
sides of US 421. A diabase dike along the northeastern 
wall of the new pit has thermally metamorphosed the 
sediments, accentuating the bioturbation. The diabase 
weathers to a yellowish-orange color, contrasting with 
the surrounding grayish red and reddish-brown strata. 

 

Figure 7. Boren Clay Products brick pits. Goldston 7.5- 
minute topographic map. 

 
Drag folding, faulting, and intense fracturing are com-
mon near the dike. 

Field trips led by Gore (1986) and Olsen and oth-
ers (1989) visited the quarry on the northeastern side of 
US 421, which was active at the time, but which is now 
abandoned. This pit is one of the premier sites for Tri-
assic plant fossils in the eastern US. The plant fossils 
are found in gray siltstone and shale units and yellow-
tan siltstones, which are not exposed in the new pits on 
the southwestern side of US 421. The old pits contain 
abundant stems, roots, cones, and leaves of a variety of 
seed and non-seed plants (Fig. 8).  

Gensel (1986) provided a thorough description of 
these fossil plants, which include ferns, horsetail 
rushes, cycads, cycadeoids, and conifers. One of the 
most unusual plant fossil finds is the only known intact 
specimen of Leptocycas gracilis, one of the oldest 
known cycads, a gymnosperm sometimes called the 
sago palm (News release, NC State University, 2000). 
The plant fossils suggest a tropical to subtropical cli-
mate (Gensel, 1986). Fern spores and conifer pollen 
are present in the gray shales and siltstones. These pa-
lynomorphs were interpreted by Traverse (1986) as 
Julian (middle Carnian) in age.  
 

The Pomona Pipe quarry on the southwestern side, 
of US 421 (now filled with water) has yielded verte-
brate fossils from reddish-brown clayshales. The most 
abundant vertebrate is a crocodile-like phytosaur, 
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Figure 8. Examples of plant fossils from the Boren Clay pits. 

 
Rutiodon, known from teeth and bones. Also present 
are: Typothorax, a 2.5 meter-long armored pseudosu-
chian similar to a horned toad and previously unknown 
east of Texas; teeth of a large carnivorous theropod 
dinosaurand; and several specimens of Placerias, a 
herbivorous, dicynodont, mammal-like reptile (Baird 
and Patterson, 1967; Patterson, 1969). Fish remains, 
including undetermined redfieldiid scales and bones 
also occur (Olsen and others, 1989). 

The Pomona Pipe quarry has also yielded the old-
est vertebrate track assemblage in the Late Triassic of 
eastern North America (Olsen and Huber, 1997. Tracks 
include both three- and five- toed forms, ranging in 
size from 10 to 30 cm (Olsen and Huber, 1997). The 
tracks are apparently dinosaurian, making them among 
the oldest known dinosaurian tracks in the world (Ol-
sen and Huber, 1997).  

The vertebrate assemblage indicates an early Tu-
valian (early Late Carnian) age, and correlates with the 
Vinita Formation of the Richmond basin and the Fal-
ling Creek Member of the Taylorsville basin (Huber 
and others, 1993). 
 

STOP 2:  Cumnock Formation 
Black Diamond Coal Mine 

Indian Creek, near Carbonton, NC 
(Pamela Gore and Tyler Clark) 

 
The Black Diamond coal mine and exposures of 

the Cumnock Formation occur in a heavily forested 
area on the top and side of a large bluff on the south 
side of Indian Creek (Fig. 9), approximately 300 me-
ters east of the intersection of Indian Creek and SR 
2306 (Goldston-Carbonton Rd.), and about 2 km NE of 

Carbonton, NC. Approximately 25 m of nearly con-
tinuous section, consisting of black and gray shales, 
coal beds, and a diabase intrusion, are exposed along 
the base of the bluff at the edge of the stream. Both the 
Gulf and the Cumnock coal beds are exposed. This is 
the largest natural exposure of the Cumnock Formation 
in the Deep River basin (O. F. Patterson, personal 
communication, 1988). The beds are steeply dipping, 
compared with most exposures in the basin, with a 42-
degree southeastern dip. Evidence of extensive mine 
operations are present along the top of the bluff. 
 

 
 
Figure 9. Black Diamond coal mine. Goldston 7.5-minute 

topographic map. 
 

The coal exposed in this outcrop can be traced over 
25 km across the northwestern part of the Sanford ba-
sin, along and near the Deep River. In total, seven beds 
of coal are present in the lower to middle Cumnock 
Formation. There are two main seams, the lower Gulf 
coal seam and the upper Cumnock coal seam, sepa-
rated by 8.5 to 12 m of black to gray shale and siltstone 
(Robbins and Textoris, 1986). The Gulf coal seam 
typically consists of one bed ranging from a few cen-
timeters to nearly 1 m thick, and in places it is under-
lain by a rooted underclay (Hope, 1975) or by sand-
stone. The upper Cumnock coal seam consists of three 
beds, together ranging from 1 to 3 m thick.  

At the Indian Creek stream-cut near the Black 
Diamond Mine, a diabase intrusion (nearly 1 m thick) 
is present near the base of the section. The Gulf coal 
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seam is exposed roughly 3 m above the diabase (meas-
ured section in Reinemund, 1955, plate 8). At this lo-
cality, the lower Gulf coal seam consists of approxi-
mately 40 cm of coal to bony or shaley coal, overlain 
and underlain by blackband (ferruginous black shale 
with siderite nodules). The blackband is overlain by 
shale and carbonaceous shale. About 2 m above the 
Gulf coal seam there are several thin beds of coal rang-
ing from about 5 to 15 cm thick (Fig. 10).  
 

 
 
Figure 10. Outcrop of coal, shaley coal, and black shale 

along Indian Creek.  Rock hammer for scale. 
 

About a meter above these thin beds (as measured 
within the mine nearby) is a west-dipping high-angle 
normal fault with associated drag folding. Approxi-
mately 4 m above the fault, the Cumnock coal crops 
out in three main seams (measured by John McIvor in 
1933, as reported by Reinemund, 1955, plate 8). The 
lower of the three coal seams is 50 cm thick, overlain 
by about 10 cm of black shale. This is overlain by 
about 30 cm of coal, topped by 50 cm of blackband. 
The upper bed of the three (main bench of the Cum-
nock coal) overlies the blackband and is about 50 cm 
thick. The main bench of the Cumnock coal seam is 
overlain by several meters of shale, which contains two 
thin (less than 10 cm) coal beds associated with black-
band and carbonaceous shale (section description 
based on measured section from Black Diamond Mine, 
in Reinemund, 1955, plate 8).  

Coal in the Cumnock Formation is interpreted as 
evidence for a tropical paleoclimate with high precipi-

tation and/or humidity in a lake-fringing swamp envi-
ronment with low rates of clastic sedimentation (Hope, 
1975; Gensel, 1986; Textoris and others, 1989). The 
blackband siderite deposits associated with the coal 
indicate anoxic, low sulfate waters (Berner, 1981). The 
black shales are interpreted as offshore lacustrine de-
posits in a large, hydrologically-open, perennially-
stratified lake (Gore, 1986, 1989). 

This section has not been adequately studied, but 
elsewhere in the Cumnock Formation, fossils are ex-
tremely common, including plants, conchostracans or 
clam shrimp (Cyzicus), ostracodes (Darwinula), in-
sects, freshwater unionid bivalves, fish (Sinorichthys, 
Cionichthys, and cf. Pariostegus or Diplurus - a coela-
canth), labyrinthodont amphibians (Dictyocephalus), 
reptiles, dinosaurs, and mammal-like reptiles (Dro-
matherium and Microconodon) (Olsen and others, 
1989; Olsen and others, 1991). The coals and adjacent 
blackband layers produce abundant vertebrate fossils 
(Olsen and others, 1991). 

Many of the mines in this area operated intermit-
tently and unsuccessfully due to a complex system of 
faults which have displaced the coal, and related dia-
base intrusives, which have metamorphosed it from 
bituminous coal to anthracite or semianthracite, locally 
associated with natural coke (Reinemund, 1955, p. 
101-104). Anthracite and coke are most extensive near 
Carbonton (approximately 2 km SW of the Black Dia-
mond mine) where the diabase intrusives are largest 
and nearest the coal (Reinemund, 1955, p. 104). 

Reinemund (1955) summarized the history of coal 
mining in the Sanford basin. The coal has been used 
locally since Revolutionary War times. By 1850, many 
prospects and small mines had opened along the coal 
outcrop. The first commercial shaft mines were opened 
in the 1850's. The Cumnock (or Egypt) Mine (located 
approximately 10 km to the northeast) penetrated the 
coal at a depth of 430 feet (Campbell and Kimball, 
1923). The plan was to haul the coal to the Deep River 
and ship it downstream on barges, however the Civil 
War broke out just as the construction of locks and 
dams along the Deep River was completed. During the 
Civil War, the Confederate Army took over some of 
the mines, and the Black Diamond mine (among oth-
ers) supplied coal for ships of blockade runners in 
Wilmington, NC. Some of the mines were sealed near 
the end of the Civil War to prevent the Union armies 
from exploiting the coal. 

Reinemund (1955, p. 91) stated that the Black 
Diamond mine was referred to by Chance (1885, p. 43) 
as the 'slope at the Evans place'. It has also been called 

Coal and  
shaley coal 

Black shale 

Coal 

Black shale 
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the Carbonton mine. Chance (1885) stated that all of 
the workings of the Black Diamond mine were con-
fined to the lower two benches of the Cumnock coal 
bed. The mine was worked during the Civil War, but 
was not used much afterward. The mine was opened 
several times during the 1930's, but it has been closed 
since then. The combined production of the Black 
Diamond mine and some other pits in the area probably 
did not exceed 15,000 or 20,000 tons, according to es-
timates (Reinemund, 1955, p. 94). Reinemund (1955, 
p. 93) apparently visited the site in 1949 and issued the 
following assessment of the mine. “The workings con-
sist of an old slope (now caved), a shaft, and an airway; 
all of these are connected by a gangway that joins the 
slope at a slant depth of about 93 feet. The airway was 
open in 1949, but it was flooded to within 10 feet of 
the portal. There are a great many surface prospect pits 
in the vicinity” (Reinemund, 1955, p. 93). Today all 
that visibly remains is the sloped entrance to the mine, 
a spoil pile, a caved shaft, and several small trenches 
and pits. Care should be used around any old mine 
workings! 

The coal mines in the Cumnock Formation are as-
sociated with large amounts of methane gas. A gas ex-
plosion in the Carolina mine, about 13 km to the east 
of this site, killed 53 men in the mine in 1929 (Reine-
mund, 1955). Over the years, gas explosions in the ba-
sin killed more than 200 miners. The coal beds were 
tested as a possible commercial source of methane for 
use by the local brick-making industry in the early 
1980's (Hoffman and Beutel, 1991). Data suggested 
that as much as 40,000 cubic feet of methane could be 
produced per day (Hoffman and Beutel, 1991).  

Renewed interest in the Deep River basin coals oc-
curred around the end of World War II with the growth 
of industry in central North Carolina. The US Bureau 
of Mines and a private company drilled several holes in 
the coal field during the 1940's to test the coal. The 
Carolina mine was reopened in 1947, and by 1950 was 
producing more than 100 tons of coal per day, most of 
which was sold to the Carolina Power Company 
(Reinemund, 1955). The last major mine was flooded 
and closed in 1953 (Textoris, 1985).  

In all, more than 2 million tons of coal were pro-
duced from the Deep River coal field (Robbins and 
Textoris, 1986). Textoris (1985) calculated the remain-
ing coal resources to be about 140,000,000 short tons. 
A test pit (approximately 30 m by 70 m) was opened in 
late 1987 by the Chatham Coal Company near Gulf, 
NC as part of a short-lived investigation into strip-
mining the coal (Olsen and others, 1989, p. 27). 

STOP 3:  Lithofacies Association II 
Trcs/si2: Sandstone w/ Interbedded Siltstone 
Martha’s Chapel outcrops, Jordan Lake, NC 

Intersection of SR 1752 and SR 1008 
(Mary Watson and Tyler Clark) 

 
This outcrop exposes a 100-meter continuous sec-

tion of the Trcs/si2 lithofacies. Wave action has 
sculpted the shoreline into a continuous cliff exposure 
of fresh-surfaced rock, allowing an excellent view into 
the architecture of the rocks (Fig. 11).   

 

  
 
Figure 11. Martha’s Chapel outcrops. Farrington 7.5-minute 

topographic map. 
 

This site is typified by consistent, rhythmic fining 
upward sequences in which coarse to very coarse-
grained pebbly sandstones overlie scoured surfaces 
(Fig. 12).  Bed thickness at this location ranges from 
less than one meter to more than six meters.  Beds 
strike north northeast to northeast with an average dip 
of 15 degrees. A striking color contrast exists between 
the light colored sandstones and the darker hued finer 
grained mudstones and siltstones.  The sandstones are 
commonly cross-bedded and contain rip-up clasts.  The 
sandstones grade upward into mottled siltstones and 
mudstones. 

The arkoses and lithic arkoses contain abundant 
coarse-grained muscovite and pink feldspar, which are 
identifying characteristics of this facies. The 

Stop 3 
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Stop 4 

 
 

Figure 12. Martha’s Chapel outcrops showing scoured con-
tact between sandstone (light color) and siltstone (dark 
color). 
 

sandstones are dominantly light in color, variously yel-
low, white, pink, or pinkish gray.  Low angle, high 
amplitude cross bedding is characteristic of the sand-
stones at this outcrop.  Both trough and tabular cross 
bedding occurs.  Sharp, scoured contacts are found at 
the base of the sandstones beds.  Rip-up clasts and 
lithic pebbles can be observed scattered throughout the 
sandstone beds but are concentrated at the base above 
the scoured contact.  Trains of imbricated pebbles can 
be observed in several sandstone beds.  Preliminary 
examinations of paleocurrent indicate transport direc-
tions conformable with axial basin trends.  Many sand-
stones are bioturbated, a phenomena that intensifies at 
the overlying contact with the fine-grained sediments.  
Macerated plant fragments were noted in one sand-
stone bed at this location. 

The siltstones and mudstones are varicolored rang-
ing in hue from dark red, purplish red, light red and are 
invariably drably mottled light greenish gray.  The 
mottles are elliptical, mainly vertical and generally ex-
tend from four to ten centimeters in length.  The degree 
of mottling varies from about 10 to 100%. Mottled fab-
ric is interpreted to arise from rooting of plants and the 
burrowing of organisms.  The finer grained sediments 
are very poorly sorted and in many cases original fab-
ric has been obliterated by bioturbation. 

Preliminary observation suggests that this section 

is faulted at several places (possibly three) along the 
section.  The fault planes trend northeast and are 
marked by a zone of very fine silty green clay. The 
section is interpreted to represent lateral point bar ag-
gradation and crevasse splays within an axial fluvial 
system surrounded by a vegetated floodplain (Fig. 5). 
 

STOP 4:  Lithofacies Association I 
Trcs/si1: Sandstone w/ Interbedded Siltstone 

and Post-Chatham (TKu) Unit, Jordan Lake, NC 
(Mary Watson and Tyler Clark) 

 
Stop 4 occurs on the point of a peninsula along the 

shoreline of B. Everrett Jordan Lake (Fig. 13).  Park 
along the side of NC 751 just north of the lake and 
walk west along a dirt road until it ends in a field. 
Walk through the woods to the shoreline and the out-
crop. 

Geologic mapping of Watson (1998) identified 
rocks of Late Triassic age overlain uncomformably by 
deposits younger than the Chatham Group (Fig. 14). 
These deposits are provisionally designated as the TKu 
map unit: post-Chatham Group undifferentiated sedi-
ments. The age, Cretaceous (?) to Tertiary (?), of the 
deposit is uncertain.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 13.  Location of Stop 4 on the Green Level 7.5-
minute topographic map. 
 
The deposits are dark-yellowish-orange, or 

brownish-yellow to yellow-gray; friable to moderately 
indurated; granular, pebbly, or cobbly; clayey, me-
dium- to very coarse-grained, subarkosic sandstone.  
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Figure 14. Rick Wooten points his finger to the Trias-

sic/post-Triassic unconformity at STOP 4. The 
unconformity is nearly horizontal, while the Triassic 
beds dip 15 degrees to the east-southeast (left to right). 

 
The base of the unit is an angular unconformity overly-
ing the Triassic rocks (Fig. 15). Above this contact 
typically lies a 10-30 cm zone of small pebbles and 
granules. Thin, scattered zones of quartz and/or lithic 
pebbles or cobbles, locally imbricated, are widespread. 

Cosets, 5-10 cm thick, of graded or cross-stratified 
strata are common. The deposit is speckled with feld-
spar grains that are generally bright white and altered 
to kaolin (Fig. 15). Other distinctive constituents in-
clude rose quartz; very fine-grained heavy minerals 
(ilmenite and euhedral garnets); cobbles of white, foli-
ated, kaolinitic, siliceous metamorphic rocks; and pet-
rified wood. 

On drainage divides, irregular, linear or patchy, 
outliers of tan to reddish-orange; very fine to very 
coarse grained; subrounded to rounded quartz sandy 
soil or clayey, quartz sandy soil occurs. This soil 
ranges in thickness from less than one meter up to 
greater than three meters. Subrounded to rounded 
quartz pebbles ranging from 0.5 to 6.0 cm are com-
mon, found either as surface float or above a noncon-
formable base of the sandy soil. In places, the sediment 
rests on older rocks in indistinct contact. Rose quartz 
pebbles and very fine-grained heavy mineral are com-
mon to abundant. The provisional limits of the undif-
ferentiated sediments are indefinite. Road cuts and 

 
 
Figure 15. Close-up view of the Triassic/post-Triassic 

unconformity at STOP 4. Above the unconformity lies a 
10-30 cm zone of small pebbles and granules. Camera 
lens cover for scale. 

 
eroded hill slopes have revealed a few scattered out-
crops. 

 
STOP 5:  Bonsal-Morrisville Fault Zone 

and LA II Sediments, Cary/Morrisville, NC 
(Tyler Clark) 

 
This excellent exposure of faulted Triassic sand-

stone occurs along a small tributary of Kit Creek, ap-
proximately 1000 feet north of SR 1632 (Fig. 16). The 
faulting is interpreted as part of the Bonsal-Morrisville 
fault zone, a west-dipping, intra-basinal normal fault 
(Bain and Harvey, 1977)  

The two main rock units at this location include: 1) 
medium-grained, moderately sorted, lithic arkoses con-
taining 10-15% lithic grains and pebbles which consist 
of schists, gneisses, slates, phyllites, and metavolcanics 
(in order of abundance) with index minerals such as 
garnet, magnetite, myrmekitic feldspar, and epidote; 
and 2) reddish-brown, poorly to moderately sorted, 
matrix-supported, muddy sandstone. These rocks are 
provisionally correlated with Trcs map unit of Lithofa-
cies Association III, interpreted as distal alluvial fan 
deposits in which sandstone units were deposited in 
broad shallow channels incised into muddy flats 
(Hoffman and Gallagher, 1989; Hoffman, 1994). The 
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Figure 16. Location of the Bonsal-Morrisville fault. Cary 

7.5-minute topographic map. 
 
average strike and dip of these units is N.30°W. 10-
15°NE. 

The small creek has undercut the steep hillside, 
creating a 5-m high by 20-m wide outcrop. Blocks of 
rock have recently fallen from the hillside, exposing a 
left-lateral, oblique-slip (?) main fault and numerous 
small-scale, strike-slip faults in both the footwall and 
hanging wall of the main fault (Fig. 17). 

The main fault is oriented N.48°E. 76°W. and is 
defined by a 5 cm wide foliated breccia. Foliated 
clayey components of the breccia wrap around more 
resistant, rounded sandstone clasts. 

The numerous small-scale, strike-slip faults have 
very undulatory and slickensided surfaces. Kinematic 
indicators along these surfaces include lunate fractures 
and “step faulting.” Slickenlines plunge to the north-
east with 15-24° rakes. These faults exhibit both left- 
and right-lateral sense of movement. Most of the faults 
strike N.02°E. to N.30°E. and dip 75-90° to both the 
northwest and southeast. 

Compositional layering (clay drapes and gravel 
layers) in the sandstones serve as excellent marker ho-
rizons for measuring small offsets along the faults. 
Most of the faults have little to no dip-slip component 
of offset, but a few show dip-slip offset of as much as 
0.5 m. In relationship to the main fault, the orientations 
of these small-scale faults suggest they might be  

 
 
Figure 17. Close-up photograph of the Bonsal-Morrisville 

fault.  Arrows show sense of slip. Rock hammer for 
scale. 
 

synthetic Riedel shears in a left-lateral shear zone. 
The location of the outcrop is directly along the 

projected N.40°E. strike of the Bonsal-Morrisville fault 
(see figure 2) of Bain and Harvey (1977). They inter-
preted the Bonsal-Morrisville fault as a basin-
longitudinal normal fault with approximately 600-1200 
m of vertical offset. Large variations in the strike and 
dip of closely spaced bedding measurements occur in 
the fault projection area (Clark, 1998). In addition, 
strong anomalies exist in the fault projection area on 
aeromagnetic surveys (U.S. Geological Survey, 1974), 
gravity surveys (Mann and Zablocki, 1961), and elec-
trical resistivity surveys (Ackerman, Bain, and Zohdy, 
1976). Finally, a large anomaly exists on an east-west 
seismic line (Texaco line 85SD11) in the area of the 
fault. It is certainly not unreasonable to suggest that the 
fault here is probably a related structure. 

 
 

Bonsal-
Morrisville 
fault zone 

Stop 5 
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STOP 6:  Lithofacies Association III 
Trcc: Conglomerate, Haleys Branch, Cary, NC 

(Tyler Clark) 
 

Exit I-40 at Aviation Parkway, turn right, and fol-
low the signs to Park and Ride 3.  Park just past the 
parking lot on the east side of the road.  Follow the 
chain link fence east to Haleys Branch.  The first out-
crop is immediately behind Park and Ride 3 on the 
west side of the creek; the second outcrop is down-
stream on the east side of the creek (Fig. 18). 

This stop views some of the coarsest-grained boul-
der conglomerate in the Deep River rift basin. Progres-
sive movement along the Jonesboro fault created a sig-
nificant topographic gradient, perhaps several thousand 
meters, between the basin and crystalline rocks to the 
east. This gradient allowed for development of large 
alluvial fan complexes that prograded into deepening 
basin depocenters. One such alluvial fan complex is 
centered near the present location of the Raleigh-
Durham airport (Hoffman and Gallagher, 1989; Clark, 
1998). This stop is mapped as part of the Trcc lithofa-
cies of Lithofacies Association III (Clark, 1998).  

The units at this stop are mostly reddish-brown, 
massive and chaotically bedded, cobble to boulder 
conglomerate, having a very coarse-grained to gravelly 
sandstone matrix (Fig. 19).  
 

 
 
Figure 18. Haleys Branch boulder conglomerate. Cary 7.5-

minute topographic map. 

 
 
Figure 19.  Boulder-sized polymictic conglomerate along 

Haleys Branch.  The dominant clast lithology is Big 
Lake-Raven Rock Schist.  Imbricated clasts display a 
southwest dip (to the left) within a red-brown pebbly 
sandstone matrix.  View to the west. 
 
The sandstone also occurs as small beds and 

lenses. Crude imbrication of clasts is locally preserved. 
Beds are typically several meters thick, and sandstone 
interbeds and lenses are between 10-50 cm thick. Bed-
ding contacts are scour surfaces, making precise de-
termination of strike and dip difficult. These units are 
interpreted as debris flow deposits originating from the 
topographically-higher rocks to the east.  

The conglomerate clasts at this stop are the largest 
identified in the Deep River basin, with several clasts 
exceeding 2 meters in diameter. Clast size more com-
monly ranges from 1-30 cm in diameter. Preliminary 
provenance studies indicate that most of the clasts 
originated from the Carolina terranes immediately to 
the east. The majority of these clasts are derived from 
the Big Lake-Raven Rock Schist and metamorphosed 
Reedy Creek Granodiorite, with lesser amounts of 
greenstone and epidosite from the Sycamore Lake 
Greenstone. Schist and greenstone clasts are typically 
angular to lenticular, while metagranodiorite is 
rounded to subrounded. The large, angular clast size 
and nearby source area support the interpretation that 
these deposits were laid down in a high-energy, allu-
vial fan environment. 

 
END OF FIELD TRIP - RETURN TO 

SHERATON IMPERIAL CENTER 

Stop 6 
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