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2D NMR-based quantitative characterization of oil contents in shales of
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Abstract: Shale oil development is facing challenges in accurately quantifying oil-bearing properties and determining
key parameters. In this study, focusing on frozen core samples from the Paleogene Hetaoyuan Formation in the Nanyang
Sag, Nanxiang Basin, we improve the experimental method for two-dimensional nuclear magnetic resonance (2D
NMR). Based on systematic oil-water calibration experiments, we conduct 2D NMR experiments, Rock-Eval pyrolysis,
multi-step temperature-programmed pyrolysis, and azeotropic distillation on the samples. The experimental results
reveal that the crude oil and pore water with different occurrence states in shales can be quantitatively characterized by
determining the 2D NMR T'-T, spectrum-based evaluation chart for shale oil, combined with calibration experiments.

The results indicate that the contents of free and adsorbed oil calculated using 2D NMR slightly exceed those of free and
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adsorbed hydrocarbons determined by temperature-programmed pyrolysis, with strong positive correlations observed
between the counterparts. These findings demonstrate that 2D NMR enables more effective hydrocarbon retention. In
contrast, the effective porosity and oil saturation calculated using 2D NMR exhibit relatively weak correlations with gas
logging-derived porosity and azeotropic distillation-derived oil saturation, respectively, reflecting the influence of
sample properties and experimental methods. 2D NMR technology offers the effective retention of light hydrocarbons in
shale oil. Meanwhile, this technology can yield oil-water saturation and multiple key parameters for quantitative shale
oil evaluation, including the contents of free oil, adsorbed oil, and pore water. These advantages highlight the
significant technical advantages and great application potential of 2D NMR in the geological assessment of shale oil.

Key words: two-dimensional nuclear magnetic resonance (2D NMR) , evaluation of oil-bearing properties, shale oil
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Fig. 1 Regional geological overview (a) and stratigraphic lithology (b) of the Nanyang Sag (modified after reference [31])
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Fig. 2

Oil-bearing properties (a) and oil-water saturation (b) of shale samples from the Hetaoyuan Formation, Nanyang Sag
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Table 2 2D NMR-derived key parameters including the oil and water contents of shale samples from the Hetaoyuan Formation,

Nanyang Sag
FEMS W/ (mglg) Wz Btk 7 i/ (mg/g) FLBK & &/ (mg/g) BB /% IR AR % KM AIEE (%
Z1-1 1.05 1.06 6.83 2.48 27.16 72.84
71-2 1.20 1.40 5.07 2.18 38. 19 61.81
71-3 0.97 0.91 13.36 4.14 14.54 85.46
71-4 0.72 1.35 11.25 3.64 18. 14 81. 86
71-5 0.94 2.56 14.22 4.89 22.87 77.13
71-6 0.70 1. 65 5.20 2.13 35.25 64.75
71-7 1.79 1.75 14.25 4.91 23.04 76.96
71-8 1.44 0. 85 7.83 2.81 26. 05 73.95
71-9 0.67 0.02 16.09 4.48 4.88 95.12
Z1-10 0.25 0. 30 10. 22 2. 88 6. 04 93.96
Z1-11 1.11 0.49 22.27 6.41 7.94 92. 06
7Z1-12 0.93 0.12 24. 14 6.73 4.97 95.03
72-1 5.28 3.57 18.75 7.79 36.25 63.75
72-2 0. 62 0. 48 24.28 6.79 5.21 94.79
72-3 1.79 0. 06 18. 61 5.52 10. 72 89.28
72-4 0. 80 0 12. 56 3.58 7.12 92. 88
72-5 1. 64 0.30 24.03 6.99 8. 87 91.13
72-6 1.03 0.52 7.28 2.43 20. 46 79. 54
72-17 0.54 0.21 21.54 5.95 4.02 95.98
72-8 1.21 0.08 5.36 1.83 22.43 77.57
72-9 4.26 0.43 7.52 3.49 42.92 57.08
72-10 2.18 0 13.42 4.25 16. 34 83. 66
73-1 1.37 0.09 24.36 6.92 6.72 93.28
73-2 1.92 1. 14 14. 60 4.85 20. 17 79.83
73-3 0.88 1.19 18.50 5.56 11.90 88. 10
73-4 1.24 0 18. 41 5.28 7.51 92.49
73-5 0.74 0 14. 66 4.12 5.73 94.27
73-6 1. 69 1.03 21.04 6. 44 13.48 86.52
6.0 . 4.0 b
[5) )
50 V=1.262 7x
30k R*=0.446 5

e by
o o
T T

]
R B B (mg/g)
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P
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Fig. 8 Correlations of the free and absorbed oil contents derived using 2D NMR with the free and absorbed hydrocarbon contents

determined using multi-step heating-programmed pyrolysis, respectively for shale samples from the Hetaoyuan Formation, Nanyang Sag
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