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Compound-specific carbon isotope analysis of long-chain n-alkanes
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Fig. S1. Representative GC-MS trace of a total ion chromatogram (TIC) of an aliphatic hydrocarbon

fraction. Note the clear dominance of n-alkanes in the aliphatic hydrocarbon fraction.
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Fig. S2. Representative m/z 85, m/z 191 and m/z 257 traces for long-chain n-alkanes, hopanes and dia-
sterenes, respectively. Relative abundances of the single compound classes are given in percentage
corrected for the individual response factors. Co-elution only occurs for the n-alkane nCs1 that elutes
between hopanoids. However, due to the clear dominance of the n-alkanes over the cyclic compounds,

a strong effect on the n-alkane §'3C can be excluded.



Calculation on pCO: levels

Calculation of pCO: levels prior to the CIE (pCOx2inity) and during the climax of the CIE
(pCO2cie)) follows the approach by Schubert & Jahren (ref.') that is based on the
observation that the §'3C of C3 plants shows a hyperbolic relationship with atmospheric

CO2 levels (CO: effect). This relation is expressed by the equation 1:

13, _ AB)([PC02+C)
AGTC = A+(B)(pCO,+C) (1)

where A, B and C are constants derived from experimental data (A = 28.21; B = 0.21;
C =25)".

The CO: effect results in a larger magnitude of a CIE recorded in terrestrial substrates
(land plants) (ClEterrestrial) versus marine substrates (ClEmarine) (ACIE = ClEterrestrial -
ClEmarine). The ACIE is expressed by the equation 2:

_ (AB)@PCO(ininy+ €)  (AB)(PCOz(ciE) +C)

ACIE = (2)

A+(B)(pCO4(inin+ C)  A+(BY(PCOy(cip)+C)

Where, pCOxinity and pCO2ciey are the atmospheric CO2 levels immediately before the
CIE and at the height of the CIE, respectively. Knowledge of ACIE can then be used
to calculate pCOqinity and pCO2ciE), but requires an estimate for the change in pCO-
(ApCO2):

ApCO; = pCOyciey — PCOz(inir) (3)

Estimates for ApCO- can be calculated from mass balance equations (equation 4) and

will depend on the §'3C values of the source?:

ApCO, = —(CIEmarine) (Minit)(0.3) "

513 Cinit— 613 Csource

where ClEmaine is the magnitude of the CIE recorded in marine substrates (here
carbonates), Mint is an estimate for the initial size of the exchangeable C-reservoir

(here approx. 45000 Gt??), §'3Cinitis the initial isotopic signature of the exchangeable



reservoir (+2%o)>2, §'%Crinalis the §13C value at the CIE (5'3Cfinai = §"*Cinitial + ClEmarine)
and §"3Csource is the §'3C value of the source causing the CIE. Estimates for ApCO2
were calculated for i) strongly '>C-enriched C-sources (methane emissions from
thawing permafrost and wetlands: §'3C = -70%.*° and marine gas hydrates: §'°C = -
60%o¢°, ii) a C-source moderately enriched in '°C (e.g. thermogenic methane: 3'3C = -
35%0°) and iii) a C-source not significantly enriched in '>C (volcanic CO2 emission: 3'3C
> -10%o? ). Note: thawing permafrost here refers to methane emissions from reservoirs
trapped within and below by permafrost. The &'3C value of CO; originating from
permafrost decomposition is about -30%.'. An addition of 1 Gt C will result in an

increase in pCO2 by 0.3 ppmyv, which is indicated by the constant of 0.3".
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Fig. S3. Positive and negative errors of pCOz2 reconstructions that are based on changes in the '3C of
land palnts’. The green shaded area reflects uncertainties resulting from unknown paleoenvironmental
conditions under which plants grew. For details in the assessment on methodological uncertainties we
refer to Cui and Schubert (ref.).



3'13C values of Toarcian and recent land plant constituents
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Fig. S4. Stable carbon isotope values of Toarcian and recent land plant constituents. Data are shown
for the bulk organic matter of land plants (brown bars) and for long-chain n-alkanes (nCz7 to nCss). Bulk
wood data for the Toarcian are form McElwain et al. (ref.”), Hesselbo et al. (ref.?), Hesselbo &
Pienkowski (ref.?), Pienkowski et al. (ref.’?). Compound specific §'*C data are from French et al. (ref.'?),
Xu et al. (ref.’?) and this study. §'3C data of recent bulk plant material and n-alkanes (C3 plants only)
are from Collister et al., (ref.’®), Bi et al. (ref.'*), Chikaraishi & Naraoka (ref.’®), Garcin et al. (ref.®),
Badewien et al. (ref.'”) and Schwab et al. (ref.’®). C3 plant growing under more arid conditions show a
stronger enrichment in "3C in both the bulk organic matter and the n-alkanes'®. §'3Cwood and 8'3*Ch-aikane
data from the Triassic-Jurassic (T-J) boundary are more enriched in '>C when compared with data from
the early Toarcian'®2°, which can be explained by higher pCO: levels during the T-J event (pCO2 data
are from Steinthorsdottir et al., (ref.?")) then during the early Toarcian (pCO2 data are from McElwain et
al. (ref.”. Cooler climates and lower pCO: levels during the late Middle to Late Jurassic (see Dera et al.,

(ref.?2)) might also be reflected by the stronger '>C depletion of aromatic land plant markers?.
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