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Discussion DR1: Supporting data for Raman spectroscopy on carbonaceous material (RSCM)
thermometry
Multiple grains of carbonaceous material (CM) were analyzed from each sample. The
center positions, heights, widths, and areas of four first-order Raman peaks, including the G peak
and three defect bands, D1, D2, and D3, are shown for individual analyses on Table DR1. These
parameters were determined using a peak fitting program written in Matlab by E. Soignard,
which allowed peak shapes to be fit by a combination of gaussian and lorentzian peaks, and
background slope to be removed by using a 1st-order polynomial. R1 and R2 correspond to the
height and area ratios as defined in equations 1 and 2 of Rahl et al. (2005), and the peak
temperature (Tpeak) for each analysis is calculated from equation 3 of Rahl et al. (2005). Analyses
of each sample on Table DR1 are ordered from low to high peak temperature. Standard means of
R1, R2, and Tpeak for all analyses from each sample are shown. The internal variation of R1, R2,
and Tpeak from each sample is represented by 1 standard deviation on the mean. However, the
calibration equation of Rahl et al. (2005) also introduces an external ±50°C uncertainty in Tpeak.
Therefore, after Cooper et al. (2013), in order to present a more representative uncertainty, we
calculated a propagated standard error (SE) by adding internal and external uncertainties
quadratically, and dividing by the square root of the number of analyses (n). Mean Tpeak with this
propagated 2 SE uncertainty is reported for each sample on Table 1 in the text.

Table DR1: Supporting data for RSCM peak temperature determinations.
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Discussion DR2: Supporting data for vitrinite reflectance thermometry
Multiple random reflectance measurements on solid bitumen (RSB) were made from each
sample, as no primary vitrinite fragments were identified. Data from individual analyses from
each sample are shown on Table DR2. These RSB values were converted into equivalent vitrinite
reflectance (RVE) values using the equation of Jacob (1989) (RVE = 0.618*RSB + 0.40). The mean
and 1 standard deviation for all RSB and RVE data from each sample are shown at the bottom of
Table DR2. Peak temperatures and uncertainties are shown on Table 2 in the text, and were
obtained from the mean RVE value plus or minus 2 standard deviations, using the equation for
burial heating from Barker and Pawlewicz (1994): (Tpeak = (ln(RVE) + 1.68) / 0.0124).
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Table DR2: Supporting data for peak temperature determinations from vitrinite reflectance.

Discussion DR3: Supporting data for Rock-Eval pyrolysis thermometry
Supporting data for Rock-Eval pyrolysis analyses, including measured parameters such
as the S1, S2, and S3 peaks, and Tmax, are shown in Table DR3. Tmax was converted into cal. RV
using the equation: cal. RV = 0.0180*Tmax – 7.16 (Jarvie et al., 2001), and Tpeak was calculated
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from cal. RV using the equation: Tpeak = (ln(cal. RV) + 1.68) / 0.0124 (Barker and Pawlewicz,
1994). Errors of ±0.2 cal. RV were assigned to Tpeak estimates, which results in a typical error
range of ±15-30°C, which is comparable to the typical ±2σ error range for vitrinite reflectance
peak temperature estimates.
Table DR3: Supporting data for peak temperature determinations from Rock-Eval pyrolysis.
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Figure DR1: Pyrograms for Rock-Eval pyrolysis analysis of each sample (Abbreviation: FID =
flame ionization detector).
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