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CHAPTER 8: CONCLUSIONS 

 

(1) In brief, it can state that the organic matter of the investigated New Zealand 

coals contains mainly terrestrial higher plant material, with a more or less 

constant background supply of bacterial biomass. The depositional environment 

of investigated samples is more oxidising.  

(2) Based on the relation of diterpenoids and angiosperm-derived triterpenoids in 

extractable organic matters, it shows that angiosperms contributed higher 

proportion than gymnosperms in the investigated samples. Gymnosperms, 

particularly the Podocarpaceae, Cupressaceae, Taxodiaceae, Pinanceae and 

Araucariaceae conifer species, still dominated, in some cases, through 

Cretaceous.  

(3) The investigated coals have high content of extractable organic matter that due 

to the high content of in situ biogenic constituents whose majority made of 

unaltered functionalized biogenic lipids. The decreasing trend of extraction 

yields as a function of rank has been explained by the lost of these in situ 

biogenic constituents during diagenesis. They can be degradated by microbial 

activities, or lost during insolubilization processe occurring between lower 

molecular weight components with each other, and/or with the macromolecules.  

(4) The concentration of total isoprenoids increases with maturation can be 

explained by isoprenoids are generated from kerogen during diagenesis. The 

great majority of pristane as well as phytane are formed at higher rank within 

the early stage of oil window. This implies that the generation of pristane and 

phytane is rather from asphaltenes and/ or kerogen than by simple 

transformation of free molecular as normally depicted to explain the preferred 

formation of pristane and phytane under more oxidising or more reducing 

environments respectively. The concentrations of pristane and phytane would 

differ from differences in their formation as well as decomposition rates. It is 

suggested in this study that the dependence of Pr/Ph ratio on the redox 
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conditions is more likely due to an influence of possible conditions mode where 

phytol and/ or its derivations incorporated into the macromolecular matrix.  

(5) The high CPI values (e.g. 1.3- 20.8) confirm the immature character of the 

investigated coals. The decrease in CPI values during maturation (i.e. R0 ~ 0.2 

to 1.8%) has been explained by the thermal cracking of kerogen, the shift from 

predominance of long-chain n-alkanes to shorter chain members, and the 

reduction of n-fatty acids and alcohols from waxes during diagenesis to 

generate even-carbon-numbered n-alkanes. The more rapidly decreasing trend 

of CPI values at the immature range (i.e. R0 ranging from 0.2 to 0.6%) could be 

related to (1) the higher concentration of waxes ester components in coals 

extracts at the low rank. Hence, there are more n-fatty acids and alcohols 

participate in the defunctionalization of acids, alcohols, therefore more diluting 

n-alkanes are produced during early diagenesis. (2) The odd-carbon-numbered 

long-chain n-alkanes directly synthesized by plants remain at higher amount in 

immature organic matter, so that the shifting of these long-chain n-alkanes to 

shorter chain members might occur more abundantly in this maturity range. 

(6) Most of the molecular maturity indicators confirm for the maturity range of 

investigated coals which are at the low maturity stage. The trends of CPI25-31 

values and the 22S/ (22S+ 22R) ratios of the C31-, C32- 17α(H), 21ß(H)-

homohopane conform and support those in the literature. A new observation has 

been obtained from the trend of ßß C31 hopane proportion at the immature 

stage, which is resulted from the different content of C31 αß hopane presusors in 

organic matter. The variations of total n-alkanes contents likely reflect changes 

in maturity, and/or defunctionalisation of functional group compounds to form 

n-alkanes. Contents of pristane, phytane as well as total isoprenoids behave as 

the function of maturation. Almost of above mentioned alterations with 

maturation start to take place at Rank(Sr) around 6-7, i.e. R0 ~ 0.45- 0.5%. 

(7) Based on the C, H and O elemental composition and the use of Van Krevelen 

diagram, New Zealand coals are defined as kerogen type III, still they have 

ability to generate liquid hydrocarbons. It also presents in the Van Krevelen 

diagram a significant decrease in atomic O/C values with increasing maturity 

that is a convinced evidence of the oxygen loss during coalification. The loss of 
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oxygen also appears as loss of carbonyl carbon content, the fall in oxygen index 

values, and the decrease of moisture content during maturation. 

(8) In this dissertation, a Transformation Ratio of CO2 (TRCO2) has been evaluated 

in order to quantify the loss of CO2 during maturation and expressed by the 

following equation:   
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where  OI0 = oxygen index of immature sample 

    OIx = oxygen index of mature sample 

3600 represents the reciprocal (times 1000) of 0.27, 

the proportion of carbon in CO2 

It allows to quantify the feeding potential for deep biosphere ecosystems from 

the drop of OI values during coalification of any given coal type. 

(9) The investigated New Zealand coals have Rock-Eval measured hydrogen index 

values increasing from 120 to 280 (mg hydrocarbons/g TOC) with maturation 

that has been explained by the loss of oxygen during maturation (see 7). 

(10) The pyrolysate composition yields (mg/g TOC) present the overall increasing 

petroleum potential of New Zealand coals as function of rank. With increasing 

rank, the primary gas potential increases from 30 to 50 (mg/g TOC), the C6+ 

liquid hydrocarbon potential, especially in the C15+ range (40- 100 mg/g TOC), 

increases from 100 to 150 (mg/g TOC) that is consequently equivalent to 

increasing secondary gas yields, which is around 70- 100 (mg/g TOC). Total 

gas potential increases from 100 to 180 (mg/g TOC) with increasing maturity 

(R0 = 0.2- 0.8%). However, yields of C6-14 ranging around 40- 60 mg/g TOC do 

not show any significant increasing yield with maturation. 

(11) The comparative investigation with previously studied higher rank 

Carboniferous German coals helps to complete the picture of macromolecular 

structural evolution during coalification, from peat to anthracite. The 

enrichment of aliphatic structures, accompanied by an increase in the average 

aliphatic chain length, occurs in low rank, R0 < 0.9%, then decreases with 
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further maturation. Meanwhile, the content of protonated aromatic carbons 

increases until R0 ~ 1.6%, then decreases with further maturation. 

(12) The important role of bitumen in defining the petroleum generation potential 

was elucidated. There are interactions between kerogen and bitumen occurring 

during pyrolysis, which reduce the primary gas yield, but increase the oil yield, 

consequently the potential of secondary gas yield. Bitumen acting as the 

hydrogen transfer agents that prevent the recombination/ repolymerization 

processes. It therefore preserves the original petroleum generating potential of 

source rocks. It is proposed to do not remove bitumen before pyrolize source 

rocks, especially those are enriched in extractable organic matter, e.g. coals, in 

order to obtain precise structural information of kerogen, type and yield of 

pyrolysate products generated from source rocks and coals. 

 

 


