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Supplementary Figures

Supplementary Fig. 1 Rempstone shale showing types (a) Il, (b) Ill and (c) IV kerogens.
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Supplementary Fig. 2 Calculation of GIP for the entire Bowland Shale using the same net shale

volume as Andrews.




Supplementary Tables

Supplementary Table 1 Rock-Eval pyrolysis, moisture content and vitrinite reflectance for the
shale investigated.

Sample Moisture S1 S2 HI Tmax Pyrolysable  Residual TOC  Mean VR
content (%) (mgg’) (mg/gh) (mg(g  (°C) C (%) C (%) %) (% Ro)
TOC™)
Rempstone 5.3 1.22 27.65 413 436 247 4.23 6.69  0.58 (10)°
(442)* (0.71)°
Grange Hill 2.1 0.04 0.29 9 580 0.03 3.34 3.37 1.95 (16)

4T .ax Value obtained after removal of the suppression from 436 °C obtained from initial analysis.
® Values in bracket are the numbers of vitrinite particles measured.
°VR value obtained after removal of suppression from 0.58% Ro initially measured.



Supplementary Table 2 Hydrocarbon gas, expelled and retained oil/bitumen yields (normalised to mg (g of final rock TOC)™), TOC, HI (mg (g of final
rock TOC)™) and vitrinite reflectance (before and after each test) for the sequential high pressure water pyrolysis experiments at 300 and 800 bar for
non-extracted and extracted (after stage 3), and the anhydrous experiment for Rempstone shale.

Sample TOC Hlnga®  Tmax  VRiga CHs CoHs CoHs CsHsg CsHs Cu= CsHiw Cs= CsHi  Total % VRina TOC Expoil’ Retoil’ Hlfina Tinax
(%)? (°C* (% Ro)? Ci-Cs  CHs (% R0)" (%" ey
Anhydrous
350 °C, 24 h 6.69 413 441 071 2.89 0.07 265 020 244 021 1.77 0.15 1.16 115 25 0.86 6.00 O 188 236 442
380 °C, 24 h 6.00 236 442  0.86 6.71 0.06 6.18 0.25 520 0.29 340 024 221 24.5 27 1.26 576 0 177 93 447
420°C, 24 h 573 93 447  1.26 23.38 0.09 13.56 0.30 10.72 0.35 6.61  0.30 3.29 58.6 40 2.05 524 0 12 15 574
420°C, 48 h 524 15 574  2.05 13.96 0.03 3.28 005 181 0.04 085 0.01 0.25 20.3 69 2.41 498 0 10 8 590
420°C,120h 498 8 500 2.41 14.74 0.00 401 0.00 239 0.00 097 0.00 0.22 22.3 66 2.62 554 0 2 7 605
HPWP 300 bar
350 °C, 24 h 6.69 413 441 071 404 014 350 0.26 299 042 272 050 3.10 17.7 23 1.03 596 31 263 230 443
380 °C, 24 h 596 230 443  1.03 594 0.02 4.40 0.02 347 020 248 0.18 1.45 18.2 33 1.41 459 189 81 45 462
420°C, 24 h 459 45 462  1.41 12.71 0.01 4.04 000 222 0.05 1.69 007 1.29 22.1 58 2.23 436 24 21 11 582
420 °C, 48 h 436 11 582  2.23 513 0.00 071 0.08 0.20 0.00 0.14 0.00 0.08 6.3 81 2.44 419 5 22 7 602
420°C,120h 419 7 602 2.44 2.70 0.00 0.27 0.00 0.08 0.00 0.05 0.13 0.00 3.2 84 2.54 426 2 14 6 607
HPWP 800 bar
350 °C, 24 h 6.69 413 441 071 342 001 262 0.01 209 003 1.76 0.02 1.88 11.8 29 0.95 595 13 266 254 444
380°C,24h 595 254 444 095 4.47 001 297 0.02 229 003 157 0.05 0093 12.3 36 1.26 478 131 90 65 459
420°C, 24 h 478 65 459  1.26 9.94 000 3581 0.01 310 0.02 3.07 003 201 22.0 45 2.03 456 19 43 16 580
420 °C, 48 h 456 16 580 2.03 6.09 0.00 095 0.00 030 0.00 0.21 0.00 0.10 7.6 80 2.25 445 2 29 8 600
420°C,120h 445 8 600 2.25 441 0.00 0.37 0.00 0.07 0.00 0.03 0.00 0.00 4.6 90 2.34 456 2 13 6 605
HPWP 800 bar extracted
420 °C, 24 h 472 37 459  1.26 6.94 0.00 1.82 0.00 1.07 0.01 0.92 0.00 0.50 11.26 62 2.03 435 5 22 17 593
420°C, 48 h 435 17 593  2.03 6.96 0.00 042 0.00 0.12 0.00 0.07 008 0.02 7.67 91 2.25 417 0 6 12 604
420°C,120h 417 12 604 2.25 6.10 0.00 0.37 0.00 0.08 0.00 0.00 0.03 0.00 6.60 92 2.34 393 0 2 9 605

2 |nitial sample; ® Sample after each test. Exp oil denoted Expelled oil and Ret oil denotes Retained oil/bitumen, C4 = denotes butenes and Cs = denotes pentenes.

Supplementary Table 3 Hydrocarbon gas, expelled and retained oil/bitumen yields (normalised to mg (g of final rock TOC)™), TOC, HI (mg (g of final
rock TOC)™) and vitrinite reflectance (before and after each test) for the sequential high pressure water pyrolysis experiment at 300 bar for the
Grange Hill shale.

Sample TOC  Hlna®  Tmax  VRitw CHs CoHs CoHg CsHg CsHs Cus= CsHie Cs= CsHi,  Total % VRiina TOC Expoi®’ Retoil Hlfina” Tinax

(%) (°C)* (% Ro)? Ci-Cs CHy, (%R0)° (%) ccy
420°C, 24 h 337 9 580 1.95 351 0.00 082 015 060 0.00 026 0.02 0.14 5.51 64 2.12 338 3 14 2 603
420 °C, 48 h 338 2 603  2.12 6.72 0.00 0.15 0.00 0.08 0.00 0.02 0.00 0.00 6.97 96 2.29 352 2 9 3 603
420°C,120h 352 3 603  2.55 1.65 0.00 0.10 0.00 0.03 0.00 0.01 0.00 0.02 1.81 91 2.55 339 1 4 3 603

% Initial sample; b Sample after each test. Exp oil denoted Expelled oil and Ret oil denotes Retained oil/bitumen, C4 = denotes butenes and Cs = denotes pentenes.



Supplementary Table 4 N, adsorption isotherm results for Grange Hill shale and the HPWP matured
samples.

Sample BET SA (mz gl) Vimeso (Cmd gl) Vimicro (Cmd gl)
50% RH Dry 50% RH Dry 50% RH Dry

Grange Hill 0.22 0.32 0.0002 0.0003 0.00005 0.00014
Grange Hill 0.10 341 0.0001 0.0024 0.00002 0.00117
Extracted

Stage 3 161 9.06 0.0026 0.0073 0.00030 0.00291
Stage 4 2.82 10.85 0.0046 0.0090 0.00050 0.00381
Stage 5 3.42 10.46 0.0053 0.0087 0.00048 0.00330

Supplementary Table 5 Comparison of the N, adsorption isotherm and MIP pore volume
measurements for the initial Grange Hill shale and after stage 5 from sequential HPWP.

Sample BET SA Vmicro VTotaI Vmeso (MIP) Vmacro MIP Vtotal MIP
m’gh)  (em’gh)  (em’g?) em’gh)  (em’gh)  (em’g?)

Grange Hill initial

50% RH 0.22 0.00005 0.0003

Dry 0.32 0.00014 0.0005 0.0018 0.0024 0.0042

Grange Hill 300 bar 420 °C 120 h (stage 5)

50% RH 3.42 0.00048 0.0058

Dry 10.46 0.00330 0.0120 0.0203 0.0085 0.0288

Supplementary Table 6 Comparison of XRCT pore volume measurements for the initial Grange Hill
and after stage 5 from sequential HPWP pyrolysis, and comparisons to macropore volumes from MIP.

Sample Porosity: Volume: Porosity: Volume: Volume:
All pores (%)  All pores (cm®g™h) 2.75-40 um (%)  2.75-40 ym (cm>g™)  2.75-40 um from
MIP (cm® g™
Initial 0.41 0.01134 0.32 0.00878 0.00136
HPWP stage5 1.66 0.04595 0.41 0.01127 0.02064

Supplementary Table 7 High pressure CH,4 adsorption capacities (including mono-layer capacities
Qm) for the initial Grange Hill shale and after HPWP (stage 5).

Initial Grange Hill 100 bar (mg g™) 300 bar (mg g™) Qm (mg g™)
Dry 25 °C 0.55 0.57 0.58
Dry 100 °C 0.22 0.23 0.23
Grange Hill stage 5 100 bar (mg g™) 300 bar (mg g™) Qm (mg g™
50% RH 25 °C 0.89 0.97 1.00
Dry 25 °C 1.25 1.33 1.37
50% RH 60 °C 0.63 0.68 0.71
Dry 60 °C 0.88 0.93 0.97
100% RH 100 °C 0.14 0.15 0.15
50% RH 100 °C 0.29 0.30 0.31

Dry 100 °C 0.49 0.52 0.53




Supplementary Table 8 Total Upper bound (from unextracted Rempstone HPWP experiment) and
Lower bound (from extracted Rempstone HPWP experiment) gas generation estimations for the
Upper and Lower Bowland shales using maturity range estimates, gas generation from 800 bar HPWP
and Andrews (2013) net shale volume.

Upper Bound Estimation (TCF) Lower Bound Estimation (TCF)

Upper Bowland Shale

1.3-2% Ro 13.2+4.9 8.1+3.1
>2% Ro 149 +6.0 13.2+5.2
Lower Bowland Shale

1.3-2% Ro 52.9+19.9 325+12.2
>2% Ro 59.6 + 23.8 52.7+21.1
Total Bowland Shale 140.7 £ 54.6 106.5+41.6
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