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Abstract

The Late Triassic (Norian) Dan River basin, is a continuous gas assessment unit (AU). The rift-
lacustrine basin, formed from the opening of the Atlantic Ocean, is lled with Triassic strata di-
vided into ve formations that in ascending stratigraphic order are: 1) the Pine Hall, 2) Walnut
Cove, 3) Dry Fork, 4) Cow Branch and 5) Stoneville formations.

The North Carolina Geological Survey s (NCGS) 2015 Town of Walnut Cove drill hole (SO-C-
01-15) was continuously cored to a depth of 1,477 ft ending in metamorphic basement rocks
(Reid and others, 2015). The core hole investigated the basins unconventional hydrocarbon re-
source potential, apparently cored all the Pine Hall Formation, and a orded the opportunity to
designate its type section.

We designated the Pine Hall Formation type section from a depth of 423.7 ft to 1,451.2 ft,
Including a basal pebble conglomerate from a depth of 1,414.5 ft to 1,451.2 ft immediately
above the unconformable Paleozoic metamorphic basement contact. Most of the Pine Hall For-
mation consists of recurring ning upward packages of gray, medium- to coarse-grained sand-
stone (frequently calcareous) deposited as 4-6-inch high foreset cross bed packages (~1-10 ft-
thick) capped by either red siltstone, or gray- to black, organic-rich siltstone or mudstone with
diverse pedogenic features. Moderate porosity and permeability suggest the Pine Hall Forma-
tion as a potential reservoir for continuous hydrocarbon accumulations. The shale and siltstone
beds that are interbedded with coarser-grained strata may act as e ective seals.

Earlier studies did not designate a type section due to lack of stratigraphically informative,
continuous sections. Olsen and others (2015) designated a lectostratotype from 573.0-806.2 ft
core depth in nearby core hole SO-C-02-81, where it consists primarily of red clastic rocks with
abundant carbonate nodules and mottled strata of pedogenic origin.

Geologic map of the Dan River basin (from Reid and others, 2017).

Map showing geology of the southern portions of Dan River basin in North Carolina. Three
1981 core holes (SO-C-01-81; SO-C-02-81; RC-C-01-81) along with The Town of Walnut
Cove stratigraphic core hole SO-C-01-15 and sidetrack SO-C-01A-15 drilled in June 2015.
Generalized cross section line location shown as orange line.

Town of Walnut Cove parcels in area of interest (bordered in red). The Town of Walnut
Cove (SO-C-01-15) stratigraphic core hole was drilled on the triangular-shaped parcel
(center right of eld of view). A railroad track and the Town Fork Creek lies immediately
to the northwest of the parcel.

Wire line core drill used for the Town of Walnut Cove (SO-C-01-15) stratigraphic core
hole. The drill rig is a truck mounted Christianson CT-14 core drill. Visible in the
photograph are support vehicles, some of the drill rods, cement (covered with black
plastic), and logging table (under white tent).
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Stratigraphy for the Deep River and Dan River basins; this is slightly di erent than that

used by Milici and others, 2012. The lacustrine strata are colored gray in the Deep River

basin part of the gure, and colored green for the Dan River basin portion of the gure.

The Cumnock Formation (Deep River basin) and the Cow Branch and Walnut Cove

formations (Dan River basin) are the organic source rocks and unconventional reservoirs
NW SE (red ovals).

The Deep River basin stratigraphy is from Reinemund (1955), and the stratigraphy
for the Dan River basin is from Olsen and others (2015). The Cumnock Formation and Walnut

. . . . Cove Formation are interpreted as early Norian Age (225-227 Ma); the Cow Branch Formation
Generalized cross section across the Dan River basin (from Olsen and others, 2015). Its is late-early to middle Norian Age (217-222 Ma) (Olsen and others, 2015).

location, shown in the gure immediately above is from the eastern basin margin to the
basins western margin. A thin coal and carbonaceous interval is present in North
Carolina but not in the Virginia portion of the basin.

The stratigraphic scheme (in ascending stratigraphic order) used here is based on
Olsen and others (2015) and slightly di erent from that used by Milici and others (2012).
Abbreviations are:

- TRScg, Stoneville Formation conglomerate facies;

- TRSs-slt, Stoneville Formation, sandstone-siltstone facies;

- TRCb, Cow Branch Formation;

- TRCbcg, Cow Branch Formation, conglomerate facies;

- TRdf, Dry Fork Formation;

- TRdfcg, Dry Fork Formation conglomerate facies;

- TRWc, Walnut Cove Formation;

- TRWccg, Walnut Cove Formation, conglomerate facies

- THPh, Pine Hall Formation; and

- TRPhcg, Pine Hall Formation conglomerate facies.

Pine Hall Formation - Panel 1

(a) () (€)

Photomicrographs of the Pine Hall Formation from core hole SO-C-01-15: (a) coarse-grained
portion of the Pine Hall Formation (cross polarized light - depth 1,284 ft); (b),(c) faulted pebbles
In the Pine Hall Formation (SO-C-01-15; depth 1,437 ft) conglomerate (depth 1,437.5 ft). Faults
show o setandare lled with carbonate minerals. The faulted nature of the pebbles is
consistent with eld relations that indicate post lithi cation faulting of the conglomerates.

Dan River basin scienti c drilling objectives

State-funded continuous wire line diamond drill coring in the Dan River basin was under-
taken in June 2015 to further evaluate the States Triassic rift / lacustrine basins for on-shore
hydrocarbon potential. Drilling objectives were to provide scienti ¢ and technical data to
Improve the understanding of the Dan River basin including portions of Stokes County, NC.

Reid and others (2015) provided preliminary information about this core hole. The extensive
organic-rich, thermally mature lacustrine rocks are a potential gas resource, are gas prone,
and are a petroleum system.

Core hole (S0-C-01-15) Town of Walnut Cove, was drilled in June 2015 on land owned by
the Town of Walnut Cove, and was the basins rst core hole since 1981. The core hole is
located at 36°17 30.62 N., -80°07 36.87 W. with an approximate collar elevation of 604 ft
above sea level. The main core hole was drilled to a depth of 1,477 ft. A sidetrack core
(SO-C-01A-15) was drilled from the same collar at 2° from vertical to a depth of 277 ft. The
cores are down dip, basinward, and slightly northeast of core (SO-C-02-81) drilled in 1981.
There are no known seismic lines or oil and gas wells in this basin.

The core hole penetrated the basement (probable metavolcanic rocks) at a depth of
1,451.2 ft and reached a total depth of 1,477 ft. A pebble conglomerate beginning
at a depth of 1,414.2 ft indicated the approaching basement contact. The entire Pine Hall
Formation was penetrated. The Pine Hall Formation as cored by this drill hole is designated
the new type section for that formation as described herein. The Pine Hall Formation contains
previously unknown thin intervals of organic mudstone, more extensive coal, and coaly intervals
than noted in earlier geologic reports. It is unknown if these re ect limited local deposition, or
more widespread lacustrine strata basinward a hypothesis to be tested by future drilling.
About 325 ft of organic lacustrine sediment (apparently the entire Walnut Cove Formation)
was penetrated between 98 ft to 423.7 ft.

The side track core hole (SO-C-01A-15) was drilled about 2° from vertical, and was
advanced to a total depth of 277 ft to fully recover a coal and coaly section previously
penetrated but partly lost in the main core hole. Beginning at a depth of 253.1 ft, coring
recovered at least three feet of coal followed by organic mudstone, and coaly black organic
matter and silt stones. Fluid inclusion stratigraphy con rmed the presence of hydrocarbons
and helium, and a total petroleum system.

Organic analyses, mineralogy, rock mechanics data, and high pressure air / mercury capillary
pressure (MICP) porosity and permeabiltiy data were obtained.

Designation of the Pine Hall Formation type section

Olsen and others (2015) who rede ned the stratigraphy of the Dan River basin, described
the Pine Hall Formation as The basal formation of the Dan River basin is the Pine Hall Format-
lon, established by Thayer (1970) that consists largely of coarse clastic rocks and interbedded
sandstones and red mudstones. We intend its use to be similar to that intended by Thayer (1970)

and Thayer and others (1970). In most areas, there is a lower conglomeritic, largely tan portion and

an upper mostly red sandstone and mudstone interval. Locally, silici ed logs are present in the
tan sandstone dominated units (Emmons, 1856; Stone, 1910; Thayer, 1970; Thayer and others,
1970) and reptile bones occur locally (P. Huber, pers. comm., 2014). The Pine Hall Formation is
about 200 m thick in the area of its lectostratotype (below).

The contact with the overlying Walnut Cove Formation is marked by the presence of gray
sandstone and mudstone with a much lower frequency of red mudstone. This transition can be
seen in detail in both SO-C-01-81 and SO-C-02-81 cores. Where the Walnut Cove Formation is
absent, Pine Hall clastic rocks can be di erentiated from the overlying Dry Fork Formation by the
presence of more abundant red strata in in the Pine Hall. The Pine Hall Formation appears to
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pinch out against basement in the northern half of the Virginia segment of the Dan River
Basin....

Thayer (1970) did not designate a type section for the Pine Hall Formation due to
lack of stratigraphically-informative, continuous sections. Therefore, we designate a
lectostratotype for the Pine Hall Formation from 174.7-245.7 m (573.0-806.2 ft.)
core depth, corresponding to 167.8-236.2 m stratigraphic depth, in the SO-C-02-81
core, where it consists primarily of red clastic rocks with abundant carbonate nodules
and mottled strata of probable pedogenic origin....

We designated the Pine Hall Formation type section from a depth of 423.7 ft to
1,451.2 ft, including a basal pebble conglomerate from a depth of 1,414.5 ft to 1,451.2 ft
Immediately above the unconformable Paleozoic metamorphic basement contact. This
designation takes priority over the lectostratotype of Olsen and others (2015).

Moderate porosity and permeability may indicate the Pine Hall Formation as a
potential reservoir for continuous hydrocarbon accumulations. The shale and siltstone
beds that are interbedded with coarser-grained strata may act as e ective seals. See
photomicrograph (lower left - this panel) of the typical coarse-grained sandstone of the
Pine Hall Formation.

Pine Hall Formation description in the type section

Reid and others (2015; 2017a,b) described the Pine Hall Formation in this drill hole.
The basal pebble conglomerate of the Pine Hall Formation above the basement elevation
was penetrated at 1,451.2 feet. The pebble conglomerate extends upward to 1,415.5 feet
(about 35.7 feet of thickness). There is an abrupt transition at that point upward into red
siltstone with laminations and very small scale cross-bedding. Rooting, mottling, and
pedogenic features are common.

Most of the Pine Hall Formation consists of recurring ning upward packages of gray,
medium- to coarse-grained sandstone (frequently calcareous) deposited as 4-6-inch high
foreset cross bed packages ~1-10 ft-thick) capped by either red siltstone or gray to black,
organic-rich siltstone or mudstone with diverse pedogenic feature. Individual foreset cross
beds ne upward and into planar beds as water currents waned. The upper portion of the
siltstone sequence frequently exhibits mottled, rooted, and burrowed pedogenic features
that range from ve to about 40 feet thick.

The succeeding depositional package begins with a similar sandstone package, indi-
cating the beginning of the next ning upward sequence scours into the top of the prev-
lous siltstone. The base of nearly all packages is marked by gravely and / or coarse-grained
sandstone. Water depths were very shallow. The sandstones probably represent braided
channels, and in some cases, very thin, or isolated, distal distributary channels in lacustrine
strata.

The gray- to black organic-rich mudstone average about 1-3 feet in thickness. They are
commonly laminated; individual laminae ne upward, and there are numerous small-scale
cross beds. The gray- to black organic-rich mudstones may occur with or without a red
siltstone. Where they occur with a red siltstone, they most commonly cap a ning-upward
sequence. Like the red siltstones, they are frequently mottled, rooted and exhibit pedogenic
features. Where pedogenic features are extensive, the color of the rock becomes purple or
red purple. It is unknown if the organic mudstone was deposited only locally on a fan delta
surface, or if it portends thicker organic strata basinward. A step-out basinward core drill
hole would be needed to test this.

Environmental
Qualit

Persistent thin coals or thin coaly beds or laminae recur throughout the Pine Hall
Formation but mostly below a depth of 1,289 feet. Previous workers described some thin
coals in the Dan River basin (Stone, 1910; Chance, 1885). However, the coals and coaly
Intervals encountered in this drill hole are somewhat thicker and more frequent than
previously reported.

A few high angle fractures occur in these strata. They are fully healed, up to several
Inches in length, generally less than one-eigth-inch-wide, and are lled initially with a
carbonate mineral followed by vein-center quartz. The transition stratigraphically upward
Into the Walnut Cove Formation occurs at a core hole depth of about 423 feet where coarse
foreset gray cross bedded sandstone gives way to dark gray- to black organic-rich strata
of the Walnut Cove Formation. The entire Pine Hall Formation was penetrated.

The lectostratotype for the Pine Hall Formation is from 573.0-806.2 feet core depth in
drill hole SO-C-02-81, where it consists primarily of red clastic rocks with abundant
carbonate nodules and mottled strata of probable pedogenic origin (Olsen and others,
2015).

Interpreted depositional features

Examples of interpreted depositional features of the Pine Hall Formation are shown in
the drill core intervals. The yellow background surrounding the core corresponds to the
Pine Hall Formation as shown in the drill log.

The upper core interval shows a typical ning upward sequence. Coarse, basal gravels
are incised into the top of the preceding mudstone sequence that capped a previous
depositional interval. The gravels ne upward quickly to coarse sand that was transported
and deposited in braided streams. Rapidly falling water levels across the tops of the
deposited sand features result in planar bedding and small amplitude cross beds.

When active sand deposition ceased, silt and mud started to be deposited in shallow,
oxygenated water. Small-scale cross-beds and planar features re ect deposition in realtively
guiet water. Rooting and burrowing increased as active sediment deposition ceased.

The upper part of the depositional sequence may be red or black re ecting the
amount of available organic matter. A pulse of coarse gravel and / or coarse-grained sand-
stone downcutting into the top of the previous cycle initiates the next ning upward
sequence.

Composition of the basal conglomerate

The Pine Hall Formation conglomerate consists of approximately 62% rock clasts and
fragments and 38% matrix, with trace quartz veins with calcite. Of the rock fragments and
clasts 82% were igneous, metavolcanic, metasedimentary, and sedimentary rock fragments,
17% white quartz clasts and fragments, and 1% other, which includes mudstone and
carbonate. The size of rock fragments and clasts ranged from 3 mm by 2 mm to
approximately 100 mm by 46 mm; numerous clasts were truncated in size by the core
barrel. Carbonate- lled fractures in some pebbles document post lithi cation faulting.

Point counting was conducted on the entire length of the Pine Hall Formation conglomerate
penetrated in drill hole SO-C-01-15. A total of 1,055 points were counted.

The matrix (37.8%) is composed of red-brown, grey, and grey-black mudstone to grey

ne-, neto medium-, and medium to coarse-grained sandstone, with a minor carbonaceous
(coaly) interval. The sandstone matrix is generally grey in color, contains well-rounded grains,
has trace amounts of mica and heavy minerals, trace amounts of pyrite, and minor iron oxide
staining. The coarser grained sandstone intervals commonly contain larger fragments of rock
and quartz that are subangular- to subrounded. Minor carbonaceous intervals are black in
color and commonly contain pyrite bands. Some quartz veins, with possibly calcite (positive
dilute HCI reaction), were observed and comprise approximately 0.4% of the Pine Hall
Formation conglomerate.
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Approximate contact between the Pine Hall
Formation and basement.

Black bar on stratigraphic column

1440.9-1450.2 ft. (Box 151

SO-C-1-15,

corresponds to cores.
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