Stratigraphy, Geochemistry, and Organic petrology from the Esso Hatteras Light #1 and the Mobil State of North Carolina #3 and their effect
on hydrocarbon prospectivity in Coastal North Carolina Open-File Report 2018-06
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Liaht #1 well dded 2014 - Coleman et al. used uid inclusion stratigraphy
atteras Light Well spudde (FIS) to examine the Mobil State of North Carolina #3.
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Hydrocarbon species found are summarized to right of
well log (below).

Esso #1 Hatteras Light

Socony Mobil Oll. Co., Inc.
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Abstract

The North Carolina (NC) Geological Survey undertook a geochemical study to determine: (1) if hydrocarbons reported in a uid inclusion
stratigraphic study in the Mobil State of North Carolina #3 (NC#3) (Coleman et al., 2014), and oil shows reported in post-drilling examination
of cuttings and cores in the Esso Hatteras Light #1 (HL#1) well were In situ or migrated, and (2) to provide new data on the petroleum
potential of the U.S. OCS o shore NC. Drilling for oil/gas in coastal NC began in 1921. Oil and/or gas shows have been reported in wells, S2EcCHNMERE NI SRR RN wet gas - gas condensate: 12%
and oll occurrences were described in local, early 20th century newspapers. No reports of oil/gas have been found in wells in similar gas condensate - oil: 3%

: : low hydrocarbon responses: 82%
settings in VA, SC, and GA.
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1946 - Esso Hatteras Light #1 well spudded 1007 ft to 1990 ft:
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Hydrocarbon species to C11 are preserved
in this section. There are no proximity to
gas indications in this zone.
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The study focused on intervals where hydrocarbons had been reported. Analyses included %TOC, %Ro, programmed pyrolysis, organic
petrology, and biomarkers. The NC#3 penetrated 7,222’ of Tertiary and Cretaceous strata overlying Precambrian granite. The down-dip
HL#1, the deepest well drilled on the NC Atlantic Coastal Plain, encountered 9,878’ of Tertiary and Cretaceous strata above granite.
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Geological and geochemical data indicate sampled intervals are too thin, organically lean, and immature to source commercial |
conventional or unconventional hydrocarbons in the onshore or state waters of NC. Anomalously high %Ro values in the HL#1 may be i
due to allochthonous kerogen from nearby exposed Triassic rift basins of the Piedmont. Analyses of these basins indicate ~3,300’ — = ==
~10,000’ of syn-rift strata were removed during their inversion, exhumation, and erosion.
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The In situ or migrated nature of the hydrocarbons remains problematic. Biomarkers suggest an in situ origin. However, in the HL#1,
Interpreted mobile hydrocarbons were detected at ~815’ in Tertiary strata, and solid bitumen and migrabitumen sporadically were %
iIdenti ed in Cretaceous rocks. These, the lack of viable source rocks, and low level of thermal maturity suggest their relation to a g~
migration pathway(s), the “Carolina Ridge Complex”. Both interpretations suggest better hydrocarbon source rock potential and =
generation—expulsion—migration may have existed farther o shore in deep waters of the Atlantic OCS. Sea-surface hydrocarbon

seepage slicks identi ed on satellite synthetic aperture radar images, and hydrocarbon-related diagenetic zones and “chimneys” g
Interpreted on re ection seismic data suggest vertical hydrocarbon migration in this area (Post et al., 2018). ‘ —

Mobil State of North Carolina #3 Esso Hatteras Light #1 T.hese 1946 photographs.show the test well that Standard Oil of New Jersey drilled near t_he Capg !—Iatteras
Lighthouse. In 1999 the lighthouse was relocated 2,900 ft to the southwest to the approximate drilling
location shown in this photograph to preserve it because of beach erosion. Photographs courtesy of the
Standard Oil (New Jersey) Collection, University of Louisville Photographic Archives -

URL http://digital.library.louisville.edu/cdm/description/collection/sonj. The left image is #SONJ 30750; ! ,1
the right image is #SONJ 30744. =
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Geological overview of Eastern North Carolina
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List of wells with recorded hydrocarbon shows (map number in table keyed to map above). Other hydrocarbon Mobil State of North Carolina #3 and Esso Hatteras Light #1 well locations. Map shows locations of other hydrocarbon exploration
wells along the coast not shown for clarity. wells drilled on the North Carolina coastal plain.

Intra-Albian marker

The geology of eastern North Carolina consists of an eastward thickening veneer of siliciclastic and carbonate sedimentary rocks and
coastal plain sediments, which range in age from Cretaceous to Recent. This coastal plain section has a relatively simple structural
geology, with few faults and structures. These sediments typically overlie a complex of folded and faulted meta-igneous and meta-
sedimentary rocks of Early Paleozoic to Late Proterozoic age.

Oil / gas show chronology

Table listing shows and well attributes. Numbers and/or well names correspond to location maps (above); study wells highlighted. The following Is a chronology of indications and shows of oil and gas in the NC coastal Sinclair Oil sample log => ol stains (highlighted | =

o _ | _ | _ | _ plain. This sequence with the pamphlet excerpt (circa 1919), and newspaper articles in red).
Late Triassic—Early Jurassic syn-rift strata are exposed on the surface in the Deep River basin >150 mi west-northwest and updip from (1924, 1931, 1960), post card (1953), and photographs of the Esso Hatteras Light #1 well

the NC#3 and HL#1 wells. Approximately 80 mi northwest, beneath onlapping Cretaceous and younger coastal plain strata, a single
well (Weems et al., 2007) penetrates what may be Late Triassic—Early Jurassic (L Tr—E J) syn-rift strata beneath Cretaceous and younger
age sediments in easternmost North Carolina.

66666

L. Albian - Berriasian

being drilled provides a historical perspective for interest in hydrocarbon exploration “Esso Standard Oil Company spudded its Hatteras Light well No. 1. On July 19, 1946,
along the North Carolina coastline. Recent studies (Coleman et al., 2014), and the presettie well was o cially abandoned as a dry hole at the total depth of 10,054 feet. No
study employed modern methods to gain an improved understanding of the presence occurrences of oil or gas were fourigSpangler, 1950, p. 105). [Spangler was a
of oil and gas shows. Hairr’'s (2011) account of nineteenth century oil exploration in geologist with Esso Standard Oil Company in 1949 when he submitted the original
North Carolina focused mostly on the on-land Triassic rift basins and is noted here for manuscript to the North Carolina State Geologist with permission of Esso Standard
completeness. Oil Company.]

Indications of Petroleum - ? circa 1919
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Top Crystalline
Basement

LTD: 7266’
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A large, linear, negative aeromagnetic anomaly strike-parallel and seaward of the Deep River basin (~150 mi southwest of the NC#3
and the HL#1) was interpreted to indicate a large L Tr—E J rift basin, the “Cumberland-Marlboro” rift basin (Reid et al., 2016). The North
Carolina Geological Survey (NCGS) drilled three rotasonic drill holes to basement (Reid et al., 2016) to evaluate this anomaly. At depths
ranging from 185 to 334 ft below the present surface, all the drill holes recovered metavolcanic and metasedimentary basement roc 1919
along the tested strike extent of the anomaly. Consequently, the interpreted “Cumberland-Marlboro” basin does not exist (Reid et al., Right - Composite Esso Hatteras
2016), and the use of aeromagnetics to de ne Late Triassic—Early Jurassic rift basins is questionable. Light #1 (HL#1) well log showing
avallable cores, %Rand hydro-
Most of the wells drilled within and around Pamlico Sound reached total depth in a high grade metamorphic basement composed carbon occurrences (see inset for
of metavolcanic and volcanogenic metasedimentary rocks of the Roanoke Rapids terrane and metamorphic plutonic rocks of the 1953 enhanced color symbol explanation). =
Hatteras terrane (Horton et al., 1991). With the possible exception of a hypothesized and undrilled Triassic-Jurassic rift basin in Jones,
Craven, and Pitt Counties, NC, there is no likely local source rock kitchen to provide petroleum to available reservoirs

stratigraphic zonation
adapted from Almy,
1987
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O- location of samples with reported insoluble alphaltic materials
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Background and Study Objectives The Ch rOnO|Ogy Of O| I/g asS

Coleman et al. (2014) con rmed the presence of hydrocarbons in the Mobil State of North Carolina #3 (NC#3) well located in Dare i i
County, NC, using Fluid Inclusion Stratigraphy (FIS). FIS is a patented technique that was used for the NC#3 study. FIS allows rapid In COaStaI North CarOIIna
analysis for formation uids trapped as inclusions in cuttings, core, or outcrop samples. Coleman et al. (2014) hypothesized an o shdre i i '
source for these hydrocarbons, implying that these represent migrated hydrocarbons. However, they could not preclude locally IS dOCU mented In th IS
generated and expelled hydrocarbons. At least nineteen wells (right) have reported shows, oil and/or gas shows including the Esso
Hatteras Light #1 (HL#1), drilled in 1946 as a stratigraphic test on the easternmost promentory of Cape Hatteras to a total measured
depth of 10,054 ft, is the deepest well drilled on the Atlantic Coastal Plain.
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section beginning ~1919.
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Malinconico and Weems (2010) examined the thermal maturity of the U.S. East Coast Atlantic legacy wells including the HL#1 well and

concluded that all onshore and state water wells in eastern North Carolina are either thermally immature or just marginally Carolina Petroleum Co., 1919-? (see URL in references). \
mature for hydrocarbon generation. However, no “standard” geochemical analysis including determination of Total Organic Carbon =
(TOC) and Rock-Eval pyrolysis of samples, organic petrographic analysis and interpretations of biomarkers were ever performed on 1924
either well.
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, Petroleum uid inclusions - Mobil State of North Carolina #3 (NC#3).
; Several low gravity petroleum inclusions are recorded at a depth of
= 7,040 ft (above). Several occurrences of gas prone kerogen, and

“ several occurrences of oil prone kerogen are observed (below)
(from Coleman et al., 2014). The original uid inclusion stratigraphy
data is in Reid 2018a.

1953 post card showing North Carolina coastal plain drilling rig;
Exhaustive literature research as part of this study increased the number of wells with shows in Coastal NC compared to Coleman et al. source: https://lwww. ickr.com/photos/unclibraries_commons/23072234206

(2014). The majority of these shows occur in Cretaceous sediments.
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Questions to be addressed in this study

1960

Did the hydrocarbons in the Esso Hatteras Light #1 (HL#1) and the Mobil State of North Carolina #3 (NC#3) wells form in situ or did they §
migrate from another area (presumably further basinward - likely o shore and eastward)?
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Possible Extension to Other Wells with Shows

This two-well study sheds light on reported hydrocarbon shows (primarily in Creaceous-age strata) in nineteen wells from coastal NC. “very rich oil sand was struck....

In his initial examination, Richards (1954) questioned the formation at total depth for the Foreman #1 (DuGrandlee) as possibly being at Havelock. . ” %
Triassic. However, Richards (1967) upon correlation and subsequent 1965 drilling at the Blair-Weyerhaeuser well 300 ft from the
Foreman #1 penetrated unguestionable diabase. Its well records are unclear and there are no modern studies con rming the
stratigraphy / lithology at total depth.
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The Enterprise, September 30, 1924, p. 1, Volume XXV — Number 66
URL h @://newspapers.digitalnc.org/lccn/sn92073995/ 1924-09-30/ ed-1/ seq-1/
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Now nearly ve years after Coleman et al. (2014), our additional work has uncovered additional wells with shows. However, several of

these were drilled by the Carolina Petroleum Company to basement in Carteret County, NC, with “Slight odor of gas and oil and ether

cuts of oil and uorescence cuts..., but these reported showings have not been proved beyond question to be petroleum” (Richards,

1947). Not all the wells in coastal NC had hydrocarbon shows reported until recently examined, e.g., HL#1. This raises a signi cant

guestion: Why were no shows ever reported in exploration wells in adjacent states (VA, SC, and GA), like many of those in coastal NC. What
IS di erent about coastal NC?
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NC #3 well - Marginally mature oil-prone kerogen;
depth 7,040 ft.

1931 |9ncethat Ynea B == ..
total of 30 wells
have been sunk in
the Coastal Plain,
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but no oll or natura 2 — .5
The nearest, best quality, and documented potential source rock intervals are in the DSDP Well 603B, ~200 miles o shore and are of gas has yet been | —

Cretaceous age. There might be a link between these shows and potential mature source rocks elsewhere in the basin. Gas detections discovered. ,
In the shallow portions of the nineteen onshore coastal wells might be biogenic gas similar to that detected in the NC#3 FIS analysis { = ?
(Coleman et al., 2014; Reid, 2018a). = .

&— oo o000 9,009

M

[ HARE TN

Potential Signi cance of Results —_—

The In situ or migrated nature of the hydrocarbons remains problematic. Lines of evidence discussed in this contribution suggest that
better hydrocarbon source rock potential and generation-expulsion-migration may have existed farther o shore in deep waters of
the Atlantic OCS where the sedimentary interval is also thicker.
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Sea-surface hydrocarbon seepage slicks identi ed on satellite synthetic aperture radar images, and hydrocarbon-related diagenetic Carteret County News-Times (March 25, 1960)

zones and “chimneys” interpreted on re ection seismic data suggest vertical hydrocarbon migration in parts of this area (Post et al., Morehead th_and Beaufort,
2018). N.C,p. 6, Sec Yon 2.

URL h @://newspapers.digitalnc.org/lccn/ sn94058246/ 1960-03-25/ ed-1/ seq-12/
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Cross plot vs. depth of optical re ectance from various organic
materials sampled from the Esso Hatteras Light #1 well. Regression

line is derived from average of representative vitrinite re ectance : : )
("Repr. Vitrinite”) values O?“y_ P NC #3 well - Petroleum inclusions (plane and UV light);

Panel 1 - Regional geology, oil shows, historical hydrocarbon exploration history, and fluid inclusion stratigraphy. P&?}ﬁéﬁ&%ﬂrﬂggﬁﬁgl Cﬁgfggggggfgg‘lgg&‘{'ﬂf‘ég‘edd%';';’(;’g/“bef5’ 1931, p. 3 depth 7,040 ft.




