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Summary  

Alkylphenols are small hydroxylated aromatic compounds that are ubiquitously present in conventional oils 

and gas condensates at concentrations up to hundreds, or even thousands, of ppm and are found at 

equilibrium in oil field waters in contact with phenol containing petroleums. They are known to display 

unique partition behavior within the crude oil / brine / rock phases in petroleum systems, having high vapor 

pressures, low oil/water partition coefficients and some affinity for solid sorption and these partition 

properties have been described under reservoir conditions. Alkylphenols can impact fluid rock interactions 

and reservoir system wettability and it has been shown that they can also change wettability if added to 

reservoir systems during fluid floods. Generated initially by alkylation and isomerisation reactions in source 

rocks during petroleum generation, they are removed from petroleum during long range petroleum 

secondary migration and by advanced levels of in reservoir biodegradation. They can however, be generated 

by thermal alteration of crude oil polar fractions, including asphaltenes at elevated temperatures. In this 

paper we review over 30 years of our work on the source rock and high temperature thermal origins, 

thermodynamics and partition behavior of phenols and also their kinetics of generation at high temperatures 

during thermal alteration of organic matter. We show how the charged oils to the L. Cretaceous oil sands 

reservoirs in Alberta, all likely originally contained alkylphenols when sourced, but that the long distances 

migrated and the heavy and severe biodegradation levels of the oils in the oil sands result in the oils being, 

now, low molecular weight (C0-C3) phenol free! We also discuss how alkylphenols added to bitumen 

thermal recovery process fluid streams via injection, or generated during thermal recovery, can impact 

reservoir state or be used as quantitative tracers of reservoir phase and flow behavior. 

Review and methods 

Alkylphenols are small hydroxylated aromatic compounds, including the parent molecule phenol and with 

increasing addition of alkyl groups are known as cresols (C1 alkylphenols) and xylenols (C2 alkylphenols) 

that are ubiquitously present in conventional oils and gas condensates, at concentrations up to hundreds or 

even thousands of ppm. They can be quantitatively analysed to a high degree of accuracy and precision 

using solid phase extraction and gcms methods (Bennett et al., 1996; 2007). They are found at equilibrium 

concentrations in oil field and produced waters in contact with phenol containing petroleums (Dale et al, 

1997a; Taylor et al, 1997) and their thermodynamic properties under reservoir conditions have been 

reported (Dale et al, 1997b). They have unique partition behavior between the solid, liquid and gaseous 

phases in petroleum systems(Taylor et al, 1997), having high vapor pressures, low oil/water partition 

coefficients(high water solubility) and some affinity for solid sorption and these partition properties have 
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been described under reservoir conditions using a novel equilibration system (Bennett et al, 1997; 2003). 

Alkylphenols can impact fluid rock interactions and reservoir system wettability (Bennett et al,  2007; 2010) 

and it has been shown that they can also change wettability if added to reservoir systems during fluid floods 

(Larter et al, 2000, 2007), potentially even generating oil wet, leaky seals (Aplin and Larter, 2005). We have 

shown previously how alkylphenol distributions in produced oils and waters can be used to constrain 

reservoir simulations and production processes (Bennett et al, 2007). 

 

Generated initially by catalytic alkylation and isomerisation reactions in source rocks during petroleum 

generation (Ioppolo-Armanios, 1995; Taylor et al, 1997), they are effective migration tracers(Larter et al, 

1996a), being removed by and constraining long range petroleum secondary migration (Larter and Aplin, 

1995, Larter et al, 1996b;  Lucach et al., 2002; Bennett et al, 2007). They are also removed by advanced 

levels of in reservoir biodegradation (Taylor et al, 1997 and figure 1). Fig 1 shows the C0-C3 alkylphenol 

distributions and summed concentrations in two putative oil sands contributor source oils, a long range 

migrated  oil from the W. Canada heavy oil belt, a moderately  biodegraded oil from the Peace River area 

and a severely biodegraded oil sand bitumen from the Athabasca oil sands. Note the absence of 

alkylphenols in the native reservoired Athabasca bitumen, while the non-biodegraded oils show appreciable 

quantities of alkylphenols. This non occurrence of phenols in native oil sands bitumens, may well account 

for the strongly water wet nature of the reservoir as alkylphenols have been shown to impact the occurrence 

of oil wet states in reservoirs (Bennett et al, 2007; van Duin and Larter, 2001).  

 

 

 

 

 

 

 

Figure 1: Partial reconstructed summed 

mass chromatograms (m/z 166, 180, 194 

and 208) representing the C0-3 

alkylphenol distributions (analysed as 

TMS-ethers) and concentrations in 2 

putative oil sands source oils (derived 

from Exshaw and Duvernay formations) 

and a moderately biodegraded Peace 

River oil, a severely biodegraded 

McMurray Fm oil sands bitumen and a 

long range migrated heavy oil. PM = 

level of biodegradation assessed using 

the Peters and Moldowan scale of 

biodegradation, PM0 = pristine oil, 

PM10 = very severely biodegraded; P = 

phenol, o- = ortho-cresol, p- = para-

cresol, m- = meta-cresol. 
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While alkylphenols in crude oils are generated during catagenetic processes in the source rock, they can also 

be generated by anhydrous or hydrous pyrolysis of polar crude oil fractions containing phenolic or arylether 

species, including most crude oil asphaltenes (Larter and Douglas, 1980; Larter and Horsfield, 1993; 

Eglinton et al, 1991; Stalker et al, 1994) and are sometimes present in oils recovered from thermal recovery 

processes. The distributed activation energy kinetics of low molecular weight alkylphenol generation from 

coals under maturation processes are very well understood (Senftle et al, 1986; Larter, 1988, 1989) and if 

used as an analog for phenol generation from resins and asphaltenes and extrapolated to high temperature 

bitumen thermal recovery operation temperatures, this indicates alkylphenols would be expected as 

generated products of some high temperature thermal bitumen recovery processes. In general, while native 

bitumens contains C0-C3 alkylphenols at concentrations of typically less than 0.5ppm, thermally processed 

(e.g. pyrolysis) heavy oils and bitumens, or their polar fractions,  can sometimes contain substantial 

concentrations of alkylphenols.  

 

The four phase partition of alkyphenols in the system gas, oil, water, mineral has been studied (Taylor et al, 

1997; Bennett et al, 1997; Bennett et al.,2003) and the high and carbon number variable vapor pressures of 

the C0-C3 alkylphenols, their high and carbon number variable water solubility and their carbon number 

variable solid phase partitioning characteristics, plus their neogenerated nature in some thermal recovery 

operations, means they are potentially uniquely able to constrain many aspects of recovery process system 

description including steam chamber saturations and fluid flow corridor geometries in an analogous manner 

as they have been used to monitor petroleum migration( Larter et al, 1996b).  We discuss, using that 

theoretical model, how alkylphenols added to bitumen thermal recovery process fluid streams via injection, 

or generation during thermal recovery, might impact reservoir state or be used as quantitative tracers of 

reservoir state and multiphase flow behavior. 

Conclusions 

Phenols are small hydrophilic molecules that tell us much about the petroleum systems of Alberta and may 

have an important role in monitoring thermal recovery operations. 

 

References 

Aplin AC, Larter SR. 2005, Fluid Flow, Pore Pressure, Wettability and Leakage in Mudstone Cap Rocks. In: Boult P; Kaldi J, ed. Evaluating 

Fault and Cap Rock Seals. Tulsa, Oklahoma: American Association of Petroleum Geologists, , pp. 1-12. 

Bennett B., Bowler B.F. & Larter S.R. (1996) Rapid methods for determination of C0-C3 alkylphenols in crude oils and waters. Analytical 

Chemistry Vol. 68, No. 20 pp. 3697-3702. 

Bennett, B., Dale, J.J., Bowler, B., Larter, S.R., (1996) A rapid method for the assessment of subsurface oil-water partition behaviour for 
phenols and BTEX in petroleum systems. Abstracts Of Papers Of The American Chemical Society, 211, 105-GEOC. 

Bennett B. & Larter S.R. (1997) Partition behaviour of alkylphenols in crude oil/brine systems under subsurface conditions. Geochimica et 
Cosmochimica Acta Vol. 61, No. 20, pp. 4393 - 4402.  

Bennett, B., Aplin, A.C. & Larter S.R. (2003) Measurement of partition coefficients of phenol and cresols in gas charged crude oil / water 
systems. Organic Geochemistry 34, 1581-1590. 

Bennett, B., Buckman, J.O., Bowler, B.F.J. & Larter, S.R. (2004) Wettability alteration in petroleum systems: The role of polar non-
hydrocarbons. Petroleum Geoscience 10, 271-277.  

Bennett, B., Noke, K.J. & Larter, S.R. (2007). The accurate determination of C0-C3-phenols in crude oils. International Journal of 
Environmental and Analytical Chemistry 87, 307-320.  

Dale, J.D., Shock, E.L., MacLeod, G., Aplin, A.C., Larter, S.R., (1997) Standard partial molal properties of aqueous alkylphenols at high 

pressures and temperatures. Geochimica et Cosmochimica Acta, 61(19), 4017-4024. 

Dale, J.D., Bennett, B., Aplin, A.C., Larter, S.R., (1997) The partition behaviour of alkylphenols and aromatic hydrocarbons in North Sea crude 

oil and coexisting water. In: Geofluids II '07: Second International Conference on Fluid Evolution, Migration and Interaction in Sedimentary 



 

  
Recovery – 2011 CSPG CSEG CWLS Convention 4 

Basins and Orenic Belts, Extended Abstracts eds: J. Hendry, P. P. Carey, J. Parnell, A. Ruffell and R. Worden, March 10-14, pages 283-286, 
Belfast, Northern Irland, United Kingdom. 

Eglinton, T.I., Larter, S.R., Boon, J.J., (1991) Characterization Of  Kerogens, Coals And Asphaltenes By Quantitative Pyrolysis Mass-
Spectrometry. Journal Of Analytical And Applied Pyrolysis, 20, 25-45. 

Huseby, O., Haugan, A., Sagen, J., Muller, J., Bennett, B., Larter, S., Kikkinides, E.S., Stubos, A.K., Yousefian, F., Thovert, J.-F. & Adler, P.M. 

(2003) Transport of organic components from immobile and bypassed oil in porous media. Applied Chemical Engineering 49, 1085-

1094Ioppolo-Armanios M., Alexander R. and Kagi R.I. (1995). Geosynthesis of organic compounds: I. Alkylphenols. Geochim. Cosmochim. 
Acta  59, 14, 3017-3027. 

Larter, S.R., Douglas, A.G., (1980) A pyrolysis-gas chromatographic method for kerogen typing. Physics and Chemistry of The Earth - 
Proceedings of the Ninth International Meeting on Organic Geochemistry, 12, 579-583. 

Larter, S., (1988) Some Pragmatic Perspectives In Source Rock Geochemistry. Marine And Petroleum Geology, 5(3), 195-204. 

Larter, S., (1989) Chemical-Models Of Vitrinite Reflectance Evolution. Geologische Rundschau, 78(1), 349-359. 

Larter, S.R., Horsfield, B. (1993).  Determination of structural components of kerogens by the use of analytical pyrolysis.   In: Organic 

Geochemistry (Eds.  Engel, M.H., Macko S.A.). Plenum Press, pp. 271-287. 

Larter, S.R., Aplin, A.C., (1995) Reservoir geochemistry: methods, applications and opportunities. Geological Society, London, Special 

Publications, 86, 5-32. 

Larter, S.R., Bowler, B.F.J., Li, M., Chen, M., Brincat, D., Bennett, B., Noke, K., Donohoe, P., Simmons, D., Kohnen, M., Allan, J., Telnaes, 

N., Horstad, I.  (1996). Molecular indicators of secondary oil migration distances.  Nature 383, 593-597. 

Larter, S.R., Taylor, P., Chen, M., Bowler, B., Ringrose, P., Horstad, I., (1996) Secondary migration - visualizing the invisible - what can 

geochemistry potentially do? In: K.W. Glennie, A. Hurst (Eds.), NW Europe's Hydrocarbon Industry (Ed. by K.W. Glennie, A. Hurst), pp. 137-
143. Geological Society of London. 

Larter, S., Bowler, B., Clarke, E., Wilson, C., Moffatt, B., Bennett, B., Yardley, G., Carruthers, D., (2000) An experimental investigation of 

geochromatography during secondary migration of petroleum performed under subsurface conditions with a real rock. Geochemical 
Transactions, 1, 54-60. 

Larter, S.R., Gates, I.D., Adams, J.J., Jiang, C., Snowdon, L., Bennett, B., and Huang, H. Preconditioning an oilfield reservoir (BRUTUS). U.S. Full Patent Filed 

2007.  

Lucach, S.O., Bowler, B.F.J., Frewin, N., Larter, S.R., 2002. Variation in alkylphenol distributions in a homogeneous oil suite from the 
Dhahaban petroleum system of Oman. Organic Geochemistry 33, 581-594. 

Senftle, J.T., Larter, S.R., Bromley, B.W., Brown, J.H., (1986) Quantitative Chemical Characterization Of Vitrinite Concentrates Using 
Pyrolysis-Gas Chromatography - Rank Variation Of Pyrolysis Products. Organic Geochemistry, 9(6), 345-350. 

Stalker, L., Farrimond, P., Larter, S.R., (1994) Water As An Oxygen Source For The Production Of Oxygenated Compounds (Including CO2 
Precursors) During Kerogen Maturation. Organic Geochemistry, 22(3-5), 477-486. 

Taylor, P.N., Larter, S.R., Jones, M., Dale, J.D., Horstad, I. (1997).  The effect of oil-water-rock partitioning on the occurrence of alkylphenols 
in petroleum systems. Geochimica et Cosmochimica Acta 61, 1899-1910. 

Taylor, P.N., Bennett, B., Jones, D.M. & Larter, S.R. (2001) The effect of biodegradation and water washing on the occurrence of alkylphenols 

in crude oils. Organic Geochemistry 32, 341-358. 

van Duin, A.C.T., Larter, S.R., (2001) Molecular dynamics investigation into the adsorption of organic compounds on kaolinite surfaces. 

Organic Geochemistry, 32(1), 143-150. 

 

Acknowledgements 

PRG, NRG and team members for 30 years of phenol geochemical studies. 

 

 

 


