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Abstract: This study investigates the hydrocarbon potential of the organic matter-rich Triassic rocks of the Newark basin in
the USA. The development of anoxic conditions during the Late Triassic led to the accumulation and preservation of the
organic matter during the deposition of the Lockatong formation in a lacustrine setting. The total organic carbon (TOC) values
of the black shale samples from the Nursery and Titusville cores of this formation range from 0.50 to 2.72% (avg.=1.2%),
indicating a fair to good source rock. On the Hydrogen Index (HI) vs the Oxygen Index (OI) diagram, the studied samples plot
at the end of the evolutionary paths of kerogen types I, II, and III. This indicates that the organic matter is overmature and is in
the dry gas window. This degree of maturity is also consistent with the Tmax values ranging from 506°C to 547°C and is
confirmed by published vitrinite reflectance values (%Ro) which vary between 1.95 and 2.69%. This overmaturity is the result
of an active subsidence during the Late Triassic-early Jurassic in relation with the reactivation with the deep-seated regional
NE-SW-trending faults. Although the overmaturity of the organic matter renders the identification of the type of organic matter
difficult, the organic matter is likely kerogen II-III type. On the basis of the available data, it is concluded that this formation
has no generative liquid hydrocarbon potential.

Keywords: Source Rock, Lockatong Formation, Organic Matter, Hydrocarbon Potential, Newark Basin

1. Introduction
The geology of the Newark basin has been studied by
numerous geologists [1-4]. During 1980’s, the Early
Mesozoic basin program was launched by US Geological
survey to assess the distribution and richness of organic
matter in outcrops, and the hydrocarbon potential of this
eastern Mesozoic basin. The Newark basin was one of the
targeted basins owing to organic matter-rich Triassic and
Jurassic formations. The Jurassic formations were found to
be good source rocks for hydrocarbons and their organic
matter content reached the oil window [5, 6]. The
hydrocarbon potential of the Triassic rocks that cropped out
in the Hartford and Newark basins were assessed [7]. These
authors reached the conclusion that the Triassic rocks in
Harford basin are thermally mature with respect to petroleum
generation. With the availability of 6770 m of a core from the
Newark Basin Coring Project (NBCP), it is possible to
thoroughly evaluate the hydrocarbon potential of the Newark

basin. The present study characterizes the quantity and
quality of the black shale of the Triassic Lockatong
Formation. Total organic carbon (TOC) is analyzed to
evaluate the richness of organic matter and the maturity of
the organic matter is assessed through the Rock-Eval
technique. The quality of organic matter (Type I, II, and or III
Kerogen) is also attempted.

2. Geological Background of the Newark
Basin
The early Mesozoic Newark basin is one of the most
studied Newark supergroup rift basins in the northeastern
United States (Figure 1). The Newark basin is an elongated
half-graben over of 190 km long and up to 50 km across [2].
The Precambrian and early Paleozoic rocks representing the
southwestern Appalachian part of the New England upland
border the Newark basin to the Northeast. To the southeast,
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the basin is bordered by the Paleozoic and Precambrian
Appalachian highlands of the Blue Ridge and Piedmont
Provinces [8]. The Appalachian highlands are the result of
collisions between the North American continent and various
Gondwanan fragments, including Africa, during the
Paleozoic, leading to the formation of the supercontinent
Pangea [9].

gray to red mudstone, siltstone, and sandstone facies
with intercalations of argillaceous carbonates [1, 2].
3. Passaic Formation (2800 m) – mainly consists of red
mudstones and sandstone containing evaporites with
few lacustrine black shale levels.
4. Jurassic formations (300 – 400 m) – The Feltville,
Towaco, and Boonton formations consist of detrital
lacustrine sedimentary rocks intercalated with basaltic
flows and intrusive diabase.
The Post-rift inversion, tilting, and erosion led to the
current extent of the present-day Newark basin [13].

3. Lithostratigraphic Description of the
Studied Cores
The samples for this study were collected from the Walls
Islands Member and the Byram Member which, represent the
upper and lower organic matter- rich sections of the
Lockatong Formation, respectively (Figure 2). Two cores
were chosen for this project: the Titusville and Nursery cores
(Figure 2).

Figure 1. (a) Reconstruction of Pangea for the middle Norian showing the
zone of early Mesozoic rifting (shaded) and the preserved basins of the
Newark Supergroup (green). (b) Early Mesozoic rift basins of eastern North
America.

The Newark rift basin formed during the break-up of
Pangea and the opening of the Atlantic Ocean [10]. During
this continental rifting, the Triassic-Jurassic extensional
tectonic activity led to the reactivation of Paleozoic NE-SWtrending major faults, and subsequently the formation of a
half-graben [3, 4]. This basin was filled with 6 to 8 km of
non-marine, fluvio-lacustrine sediments intercalated with few
basaltic flows [2]. These non-marine sediments derived from
the weathering and erosion of the surrounding Precambrian
and Paleozoic highlands [11]. The latter consisted mainly of
granitic gneiss, schists, and minor mafic rocks [12].
Overlying the Precambrian-Paleozoic basement are the
Triassic-Jurassic fluvio-lacustrine formations [2], which are
listed and briefly described below from oldest to youngest:
1. Stockton Formation (1800 m) – consists of
alluvial/fluvial arkosic and sandstone facies.
2. Lockatong Formation (1000 – 2000 m) – mainly
consists of cyclic organic matter-rich black shales and

Figure 2. Geologic cross section A-B in the Newar basin showing the
Titusville and Nursery cores (A) and location of A-B cross section in the
Newark basin (B) (after [2]) with permission).

These cores represent part of 6770 m of core obtained
from the Newark Basin Continental Drilling Project
(NBCDP). The Walls Island and Byram members, described
in Figures 3 and 4, consist mainly of black shale intercalated
with gray to light gray shale and pinkish-gray shale. This
succession reflects the development of small-scale anoxic
events (black shale) separated by oxic to suboxic events
(light gray to pinkish-gray shale). The black shale, typically
rich in organic matter, contain pyrite that occurs as
disseminated, euhedral to subhedral, millimeter- to
centimeter-size crystals, and as small horizontal veins. The
light gray to pinkish-gray shales commonly host numerous
bitumen– filled fractures typically associated with calcite.
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Figure 3. Log of the Walls Island Member and the Byram Member of the Lockatong Formation in the Nursery core, Newark basin.

Figure 4. Log of the Walls Island Member of the Lockatong Formation in the Titusville core, Newark basin.
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4. Sampling and Method
A total of twelve black shale samples were collected from
the Nursery and Titusville cores at different depths in the
Lockatong Formation (Figure 2). The total organic carbon
(TOC) analysis of the black shales using the Rock-Eval
technique was performed at Acta Laboratories. The COrganic is calculated according to the following: C-Organic
= Total C – CCO2 – CGraphitic. Rock-Eval 6 programmed
pyrolysis was performed at Weatherford Laboratories. The
reader is referred to a detailed description of the Rock-Eval
technique [14]. Pyrolyzed hydrocarbons and carbon dioxide
were measured as a function of temperature, where S1
represents free hydrocarbons in the kerogen, and S2
represents pyrolyzable hydrocarbons generated by pyrolysis
and related to the petroleum-generating potential of the
sediment. S2 is normalized to TOC to calculate the hydrogen

index (HI), which is proportional to the kerogen elemental
H/C ratio. In a similar way, the pyrolyzable CO2 was
measured and normalized to TOC to determine the oxygen
index (OI), which is sometimes proportional to the kerogen
elemental O/C ratio. The S3 value expresses the milligrams of
carbon dioxide produced from a gram of rock during
temperature programming up to 390°C. Tmax is the
temperature at the maximum of the S2 peak.

5. Results and Discussion
5.1. Quantity Evaluation
Total organic carbon (TOC) is a good indication of the
organic matter richness of source rocks. The TOC values vary
between 0.5 and 2.1% and between 0.8 and 1.6% in Nursery
and Titusville cores, respectively (Table 1, Figure 5A).

Figure 5. Plots of TOC vs depth (A), HI vs depth (B), and S1/TOC * 100 vs depth (C) in the Nursery (brown circles), and the Titusville (yellow squares) cores,
Newark basin.
Table 1. Rock Eval data for the pyrolyzed black shale samples from the Nursery and Titusville cores, Newark basin. Detection limit for TOC is 0.5%.
Core

Sample

N362.4**
N381.3**
N383.7**
N429**
Nursery N1916.15
N2035.8
N2048.7
N2371.5
N2603.5
T2671**
Titusville T2693**
T2727.6**

Depth
(m)
110.5
116.2
117
130.8
584.04
620.51
624.4
722.8
793.5
814.1
820.8
831.4

TOC%
2.72
0.6
1.71
0.79
0.96
0.97
0.92
1.28
0.5
1.9
0.8
1.2

S1
mg/g
0.07
0.05
0.08
0.03
0.03
0.02
0.02
0.05
0.03
0.11
0.04
0.06

S2
mg/g
0.39
0.19
0.31
0.18
0.18
0.19
0.16
0.15
0.12
0.15
0.13
0.16

S3
mg/g
0.34
0.2
0.25
0.22
0.27
0.2
0.21
0.19
0.23
0.26
0.25
0.18

Tmax
(°C)
595
510
542
522
594
581
590
604
345
304
332
608

R0*
(°C)

1.94

2.69

2.39

Tmax*
HI
(°C)
14.3
31.8
506 18.2
22.7
18.7
19.6
17.4
547 11.7
543 24.1
8
16.1
531 13.9

OI

S2/S3

12.5
33.4
14.7
27.7
28
20.6
22.8
14.8
46.2
13.9
31
15.7

1.15
0.95
1.24
0.82
0.67
0.95
0.76
0.79
0.52
0.6
0.5
0.9

(S1/TOC)
* 100
2.57
8.36
4.69
3.78
3.11
2.06
2.17
3.91
6.02
5.9
5
5.2

PI
0.15
0.21
0.21
0.14
0.14
0.1
0.11
0.25
0.2
0.4
0.2
0.3

PC
wt%
0.04
0.02
0.03
0.02
0.02
0.02
0.01
0.02
0.01
0.02
0.01
0.02

RC
wt%
2.68
0.58
1.67
0.78
0.95
0.95
0.91
1.26
0.49
1.84
0.79
1.13

GP
wt%
0.46
0.24
0.39
0.21
0.21
0.21
0.18
0.2
0.15
0.26
0.17
0.22

Notes: TOC: Total Organic Carbon, wt%; S1: Volatile/free hydrocarbon (HC); S2: Remaining HC generative potential, mg HC/ g rock; S3: Carbon dioxide
content, mg CO2/g rock; Tmax *: Temperature of peak S maximum,°C; Ro *: Vitrinite reflectance from [15]; Tmax: Calculated Tmax based on Ro using Ro +
7.16)/0.018 equation,°C; HI: Hydrogen Index = (S2 × 100)/TOC, mg HC/g TOC; OI: Oxygen Index = (S3 × 100)/ TOC, mg CO2/g TOC; PI: Production Index
= S1/(S1 + S2); PC: Pyrolyzable Organic Carbon = ((S1 + S2)/10) x 0.83, wt%; RC: Residual Organic Carbon = TOC – PC, wt%; GP: Genetic Potential= S1 +
S2; **: Data from [16].

These values indicate that the black shales are relatively
rich in organic matter and are considered as fair to a good
source of hydrocarbons. The plot of the data on the TOC vs

S2 diagram, further confirms this conclusion (Figure 6). The
overmaturity of organic matter may have reduced the TOC
content. Hence, TOC values may be higher than 2.1%. The
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organic matter-rich layers reflect anoxic conditions
developed during the Late Triassic time. These anoxic
conditions resulted in the accumulation and preservation of
the organic matter preserved in the Lockatong Formation.
This is consistent with the abundance of diagenetic
bacteriogenic-derived pyrite which formed in an
anoxic/euxinic environment (Figure 7) [16]. These anoxic
events are separated by oxic to suboxic events marked by
light gray to pinkish-gray shale layers [16].

Figure 6. TOC vs S2 in the Nursery (brown circles) and Titusville (yellow
squares) cores, Newark basin.
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overmaturity. The hydrogen index (HI) of the analyzed
samples is less than 200 mg HC/g TOC and is due to the
organic matter maturity. The Tmax values are widespread
(304-608°C) and are unreliable due to the very low S2 values.
Using Jarvies’s equation Tmax = (R0 +7.16)/0.018 [17]) and
the available R0 data (1.94 to 2.69%, [17]), the calculated
Tmax range for measured vitrinite reflectance values is 506 547°C (Tmax avg. = 527°C) and 531°C for the Nursery and
Titusville cores, respectively (Table 1). These Tmax values
indicate that the organic matter of the analyzed samples is
overmature with respect to liquid hydrocarbons. In fact, the
variation of (S1/TOC) *100 ratio with TOC content in the
Nursery core, which has enough data, shows a hyperbolic
curve (Figure 9). This reveals the accumulation of free
bitumen in the OM-relatively poor lithological facies and
confirms the migration of the hydrocarbons from OM-rich
black shales to OM-poor facies (Figure 7). Organic matter
overmaturity is confirmed by the very low genetic potential
(GP= S1+S2) values ranging from 0.15 to 0.46 mg HC/g TOC
and the low S2/S3 ratio (0.5 – 1.24). The plot of the data on
S1/TOC * 100 vs depth (Figure 5C) and the low PI values
further confirms that the studied core samples are
overmature. At this stage, organic matter is thermally
exhausted and has poor generative potential. The positioning
of the data on HI vs OI diagram at the end of the
evolutionary paths of kerogen types I, II, and III (Figure 8) is
characteristic of overmaturity.

Figure 8. Plot HI vs OI in Nursery (brown circles) and Titusville (yellow
square) cores of the Newark basin.
Figure 7. Alternating black shale rich in pyrite and gray shale rich in
bitumen.

5.2. Quality Evaluation and Organic Matter Maturity
The Hydrogen Index (HI) versus Oxygen Index (OI)
diagram provides information regarding the type of kerogen.
The plot of the data in the HI vs OI diagram put the studied
samples at the end of the evolutionary paths of Type I, II, and
III (Figure 8). The position of the data is due to the
overmaturity of organic matter. Based on HI values, the
organic matter seems to be of type III (Figure 5B). However,
it is difficult to determine the type of organic matter due to its

Figure 9. Plot TOC vs (S1/TOC) x100 in the Nursery core of the Newark
basin.
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The pyrolyzable organic carbon (PC = ((S1+S2)/10) x 0.83)
represents the portion of the TOC that is or can be converted
to hydrocarbons. Residual carbon (RC = TOC- PC)
represents the non-pyrolyzable fraction of the TOC. The
calculated PC values are very low ranging from 0.01 to 0.04
wt% (avg. = 0.03 wt%) and from 0.01 to 0.02 wt% (avg. =
0.015 wt%) for Nursery and Titusville, respectively.
Conversely, the calculated RC values are high, varying
between 0.49 and 2.68 wt% (avg. = 1.6 wt%) and between
0.79 and 1.84 wt% (avg.= 1.3 wt%) for Nursery and
Titusville, respectively. The plot of RC vs TOC reveals a
linear trend (RC= 0.99 TOC − 0.008) (Figure 10). This
equation can be simplified to RC≈TOC, indicating that
almost all organic carbon left is the residual organic carbon
and that there is no generative potential left in the analyzed
samples.

The overmaturity of the organic matter of the analyzed
samples had tremendously reduced its hydrogen content, and
thus Hydrogen Index. This renders the identification of the
type of kerogen difficult. The identifying of the kerogen is,
therefore, attempted using Zetaware software [18, 19]. With a
maximum TOC of 2.72 wt%, an estimated PI of 90% - given
the overmaturity of OM -, and the maximum HI of 32 mg
HC/mg of rock, the calculated initial HI (HI0) value was
about 320 mg HC/mg rock. This initial HI value falls within
the HI range of Type II/III kerogen. Hence, it is concluded
that the organic matter preserved in the Lockatong Formation
is of type II/III. This is consistent with the study carried on
the basis of the solid-state nuclear magnetic resonance and
the carbon stable isotope, which suggests that the organic
matter preserved in this formation is of type II/III (lacustrinealgal debris and vascular plant debris) [5].

6. Conclusions

Figure 10. Total organic carbon (TOC) vs Residual carbon (RC) in the
Nursery (brown circles) and Titusville (yellow squares) cores, Newark basin.

On the basis of the foregoing discussion, it can be concluded
that the organic matter preserved in the Lockatong Formation
is in the dry gas window, above the liquid oil generation
window. The reactivation of the regional NE-SW-trending
normal faults led to the active subsidence of the basin during
the Late Triassic-early Jurassic [4]. The Lockatong Formation
reached a maximum average depth of about 5300 m and a
temperature of 210°C based on the depth-time-temperature
burial curve (Figure 11) [15]. This subsidence buried the
Lockatong Formation leading to the overmaturity of the
organic matter preserved in this formation.

During the Late Triassic-early Jurassic time, the organic
matter of the Lockatong Formation accumulated and
preserved in an anoxic lacustrine environment. The TOC
analysis of the black shale samples of this formation revealed
that they may be fair to good source rock of hydrocarbons.
The subsidence of the Newark basin during the Late Triassicearly Jurassic led to the burial and overmaturity of the
organic matter. This subsidence was caused by the
reactivation of the regional NE-SW-trending normal faults.
Due to this overmaturity, determined by Rock-Eval pyrolysis,
the organic matter of black shale samples from this formation
have no more liquid hydrocarbon potential.
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