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Evidence that These Molecules Originate Predominately from Indigen-
ous Vascular Plants. The saturate fraction of extractions from
multiple samples from the Hartford-Newark and St. Audrie’s
Bay section (Datasets S1 and S3) show an odd-over-even prefer-
ence for the C25–31 n-alkanes, characteristic of an origin from vas-
cular plant cuticular waxes (1). Further evidence of this origin is
indicated by their high carbon preference index (CPI) and
relatively low thermal alteration, consistent with published data
that indicates that much of the Jurassic Newark–Hartford section
in the upper part of the oil window and that the St. Audrie’s
section is thermally immature (Fig. S1 and Dataset S3). Newark
and Hartford extractions generally have less obvious carbon
preference, and some have CPIs characteristic of hydrocarbons
generated from the organic matter (Fig. S1 and Dataset S1). Be-
cause of the very high Newark and Hartford basin accumulation
rates, the relatively very small volumes of organic rich strata and
the observed differences in n-alkane FID chromatograms and
δ13C values between samples only a few meters apart (Fig. S1),
the Newark and Hartford δ13Calk values represent local, in situ
hydrocarbons from indigenous organic matter. They are thus
most simply interpreted as representative of the original n-alkane
values. This is consistent with published thermalmaturity data that
indicate low thermal maturity (R0 ¼ 0.4 − 1.0; see refs. 2–4) of
Newark and Hartford samples, just within the oil window.

Supporting Paleomagnetic Correlations. Hounslow et al. (5) docu-
ment the presence of a thin reverse interval above the initial ex-
cursion (zone SA5r), with the rest of their postinitial sampled
stratigraphy being of normal polarity. It is our contention that
this reverse polarity zone should correlate to the section imme-
diately above the Orange Mountain Basalt, but no reverse polar-
ity zones were found in the Newark basin coring project sampling
of that interval (lower Feltville Formation). Three lines of evi-
dence lead us to argue they may have been missed by the initial
sampling. First, the lower Feltville Formation is largely gray and
black beds that were not sampled by Kent et al. (1995) because of
their less favorable magnetic behavior compared to red beds, and
thus most of the lower Feltville was not sampled. Second, the
lower Feltville Formation in the Martinsville no. 1 core is highly
condensed compared to elsewhere in the basin (Olsen et al.,
1996a) and the reverse zone could easily be omitted. Third,
two thin zones of reverse polarity have been identified in inter-
bedded cyclical lacustrine strata and Central Atlantic magmatic
province (CAMP) basalts of the Central High Atlas, Morocco
(Knight et al., 2004) correlative to the lower Feltville Formation
(Whiteside et al., 2007), and three thin zones of reverse polarity
occur close to and above the extinction level in the Moncornet
core in the Paris basin (6). Such stratigraphically thin polarity
zones are easy to miss and difficult to interpret, but their presence
in multiple sections leads us to interpret reverse polarity zone
SA5r at St. Audrie’s as correlative with one of the two, probably
the upper, reverse zone in the Central High Atlas and one of the
upper two in the Moncornet core. Additional sampling of eastern
North American strata is underway to locate these polarity zones
within the Newark and Fundy basin sections.

n-Alkane Data from Newark and Hartford Basins and St. Audrie’s Bay.
For the Newark and Hartford basins (Datasets S1 and S2), the

data are placed in the orbitally calibrated time scale of Whiteside
et al. (7) and Kent and Olsen (8). Samples are registered into the
detailed litho- and cyclostratigraphy from each basin section, for
the most part based on core or long outcrop transects. A synthetic
target climatic precession curve, described in ref. 7, was con-
structed using the values for k (precessional constant, from ref. 9)
for the Late Triassic–Early Jurassic (approximately 200 Ma) and
values of g3 and g4 (fundamental frequencies of Earth andMars),
derived from the empirical observations of the frequency of
the beat cycle (g3–g4) of these frequencies visible in the Newark
basin record (10). Inasmuch as there are infinite solutions to the
g3–g4 equation for a single value (two variables and two un-
knowns), we use the average within the chaotic zone as defined
by Laskar et al. (11), for the empirical value for g3–g4 of
1∕1.75 m.y. (10), with amplitudes derived from ref, 12. The sec-
tions in the depth domain were then tuned to the target curve
using the linage option of Analyseries (13) assuming that the peak
values in depth ranks correspond to precessional maxima. The St
Audrie’s Bay data (Dataset S3) are placed within the depth scale
of Ruhl et al. (14, 15).

CPI and Average Chain Length.CPI was calculated using a modified
version of the “improved” (CPI2) method (16) using the follow-
ing formula:

1∕2ð½ðA25 þA27 þA29Þ∕ðA26 þA28 þA30Þ�
þ ½ðA27 þA29 þA31Þ∕ðA26 þA28 þA30Þ�Þ: [S1]

Average chain length (ACL) was calculated using a formula
modified from ref. 17as follows:

ACL ¼ ½ð25�A25Þ þ ð27�A27Þ þ ð29�A29Þ
þ ð31�A31Þ�∕ðA25 þA27 þA29 þA31Þ: [S2]

In both Eqs. S1 and S2, A is the area under the chromatographic
peak for each n-alkane of a specific chain length and for Eq. S2,
25, 27, 29, and 31 are the individual n-alkane chain lengths.

Additional Carbonate and Bulk Organic δ13C Records.The δ13Corg and
δ13Ccarb patterns seen in the three marine sections shown in Fig, 2
of the main text are not limited to those localities. Here, we show
seven other examples, all with consistent biological patterns at
the extinction level (Fig. S2). These additional localities are
Kuhjoch, Austria [the global stratotype section and point (GSSP)
for the base Jurassic] (18, 19); Tiefengraben, Austria (20, 21); New
York Canyon, Nevada (22); the Mingolsheim Core, Germany
(23); and the Dorset Coast (24). We also provide new δ13Corg data
from the marine Blue Lias Formation at Lyme Regis, Dorset,
England (collected by J.H.W.; see Table S1). The important
feature to note is the initial excursion, similarity of the smaller
positive excursion present at the higher resolution (St. Audrie’s
Bay, Kuhjoch, Tiefengraben, New York Canyon), and different
degrees of a gradual positive excursion (Fig. S2) seen in themiddle
Hettangian in the long sections in both bulk organic and carbonate
δ13C (Lyme Regis, Mingolsheim, Dorset Coast, Kennecott
Point, Val Adrara; refs. 23, 25) and seen in the Newark and
Hartford data.
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Fig. S1. Comparison between flame ion detector traces of samples from St. Audrie’s Bay (above), and the Hartford basin (below) (from Dataset S1).

Whiteside et al. www.pnas.org/cgi/doi/10.1073/pnas.1001706107 3 of 4

http://www.pnas.org/content/vol0/issue2010/images/data/1001706107/DCSupplemental/SD1.xls
http://www.pnas.org/cgi/doi/10.1073/pnas.1001706107


Fig. S2. Auxillary sections of δ13Corg and δ13Ccarb from various localities compared to the Newark–Hartford, St. Audrie’s Bay, and Kennecott Point and Val
Adrara data. These are: Lyme Regis, Dorset, England (see Table S1); the Dorset Coast (24); Mingolsheim Core, Germany (23); Kuhjoch, Austria (the GSSP for the
base Jurassic) (18); Tiefengraben, Austria (20); New York Canyon, Nevada (22); and Val Adrara, Italy (23). Red lines are the Hettangian–Sinemurian boundary
above and the main extinction level below. The blue curve in the Val Adrara data is from ref. 25 added by ref. 23 to their data. The δ13Ccarb samples for Val
Adrara are bulk carbonate, but those for the Dorset Coast are nonscreened oysters (24). All the short sections and St. Audrie’s Bay were correlated following
refs. 21 or 22. The other correlations are original. Black arrows point to the initial excursion; blue arrows indicate the position of the first appearance of the
ammonite Psiloceras spelae, which has been picked as the taxon marking the base of the Jurassic at the newly identified GSSP (19) except at St. Audrie’s Bay
where it represents the correlative position of where it should occur based on ref. (21); red arrows mark the last appearance of Rhaetipollis germanicus; and
purple arrows mark the last occurrence of conodonts. Abbreviations are BA, Blue Anchor Formation; buck Z, bucklandi Zone; cm, last occurence of the Triassic
ammonite Choristoceras; ha, P. hagenowi; jo, C. johnstoni; L, Lilstock Formation; la, A. laqueus; M, main isotopic excursion; pla Z, planorbis Zone; Westb,
Westbury Formation. Other symbols, colors, and notation as in main text Fig. 4.

Table S1. δ13Corg data from Lyme Regis

Midpoints, m δ13C Sample identification number Midpoints, m δ13C Sample identification number

0 14.70 -25.78 15.10.05.16
2.12 −26.26 15.10.05.50 14.80 −26.18 15.10.05.17
2.32 −25.18 15.10.05.51 14.95 −27.10 15.10.05.18
2.50 −26.18 15.10.05.52 15.25 −24.74 15.10.05.19
2.68 −26.10 15.10.05.a1 15.55 −27.19 15.10.05.20
2.85 −26.32 15.10.05.a2 15.85 −26.77 15.10.05.21
3.11 −26.43 15.10.05.a3 ss 16.15 −26.26 15.10.05.50
3.36 −26.10 15.10.05.A4 16.57 −24.24 15.10.05.23
3.54 −26.07 15.10.05.a5 16.73 −26.02 15.10.05.24
3.82 −25.19 17.10.05 16.92 −24.29 15.10.05.24b
4.45 −28.94 17.10.05.p3 17.59 −24.34 15.10.05.25
5.02 −27.92 17.10.05.p4 18.19 −24.45 15.10.05.26
5.63 −27.12 17.10.05.pb2 18.64 −24.83 15.10.05.27
6.21 −27.33 15.10.05.01 19.20 −25.64 15.10.05.28
7.20 −26.63 17.10.05.pb 2B 19.55 −25.93 15.10.05.29
7.59 −26.29 17.10.05.pb 2a 20.01 −25.99 15.10.05.30
7.75 −27.27 17.10.05.pb 20.56 −26.18 15.10.05.31
9.49 −28.97 15.10.05.02 21.22 −27.82 15.10.05.31
10.03 −26.92 15.10.05.03 21.87 −27.35 15.10.05.32
10.69 −25.73 15.10.05.04 22.41 −25.37 15.10.05.33
10.92 −27.53 15.10.05.5 22.85 −28.07 15.10.05.34
11.59 −25.02 15.10.05.06 23.01 −28.74 16.10.05.0
12.25 −24.16 15.10.05.07 23.14 −28.72 15.10.05.34B
12.61 −26.17 15.10.05.08 23.34 −27.17 15.10.05.35
12.95 −25.52 15.10.05.09 23.66 −27.85 16.10.05.01
13.59 −24.83 15.10.05.10 24.01 −27.21 15.10.05.36b
13.95 −27.38 15.10.05.11 24.16 −25.92 15.10.05.37
14.13 −27.51 15.10.05.12 24.46 −25.84 15.10.05.47
14.33 −26.72 15.10.05.13 24.81 −27.32 16.10.05.04
14.50 −26.17 15.10.05.14 25.08 −27.31 16.10.05.05
14.63 −26.45 15.10.05.15 25.33 −27.22 16.10.05.07
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Dataset S3 (XLS)
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