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It is not uncommon to observe that vitrinite retlectance results from coal samples with equal maturity 
and type of vitrinite are distributed over a range of up to 0.20-0.25 %Rm for maturity levels around 0.5 
to 1 .0  %Rm. It is  demonstrated that the variations may be related to microlithotype composition of the 
samples and accordingly to the depositional environment. A practical consequence is that uncritical 
interpretation of data may gi ve misleading results. However, improved precision can be obtained by 
increasing the number of samples, and by considering microlithotype composition. 

T. Throndsen, Institutt for energiteknikk, P. O. Box 40, N-2007 Kjeller, Norway. 

Introduction 
The quality of vitrinite refiectance data from cias
tie sediments has often been questioned due to 
such factors as uncertain identification of vitrinite, 
poor particle quality, and variable origin and 
refiectance properties of material considered to 
be vitrinite. Such disadvantages are normally non-

existent for coaly lithologies. Still, there is fre
quently an unexpected wide range in measured 
vitrinite reftectance between coal samples in thin 
coal-bearing intervals and even between samples 
in the same coal bed. This has been observed by 
several previous workers (Table 1 ) ,  and the range 
may exceed 0.20 %Rm for maturity levels around 
0.5 to 1 .0  %Rm. 

Table l. Some published results on the range in vitrinite retlectance between coal samples in the same coal-bearing interval 
(indicated by *) and between samples in the same coal bed. The data laken from Jones et al. {1972), Durand et al. {1986) and 
Littke {1987) are laken from text figures and may be subject to minor inaccuracies. Note also that Jones et al. {1972) used a 
rotating stage technique. Abbreviations used in the ta ble : %Rm = average vitrinite retlectance, � %Rm = range in vitrinite 
retlectance, N = number of samples. Average vitrinite retlectance is the mean of all samples in each interval or coal bed. 

Vitrinite retlectance Thickness of 
sample 
interval 

Reference %Rm (�%Rm) N m 

Bostick & Foster (1975), Bostick (1986) 0 .59 (0.22) 10 45.0* 

Durand et al. (1986) 0 .53 (0.08) 17 1 .3  

Fermont (1988) 0.73 (0. 19) 10 45.2* 
Fermont {1988) 0.81 (0.23) 4 44.2* 
Fermont {1988) 1 .22 (0.42) 8 51.9* 

Jones et al. {1972) 0.63 (0. 16) 29 0.3 
Jones et al. (1972) 0.67 (0. 17) 33 0.3 
Jones et al . (1972) 0.99 (0.28) 18 0.9 
Jones et al. (1972) 1 .05 (0.07) 11 1 . 3  

Littke ( 1987) 0.65 (0. 10) 61 1 .2  
Littke (1987) 0.72 (0. 10) 65 1 .3  
Littke (1987) 0.87 (0. 15) 52 l .  O 
Littke ( 1987) 0.91 (0.10) 23 0.5 
Littke ( 1987) 0.95 (0.07) 21 0.4 
Littke ( 1987) 0.97 (0. 15) 42 0.8 
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The purpose of this paper is to indicate the 
precision that can be expected from analysis of 
coal samples from North Sea wells. It is further 
demonstrated that the wide variations occasion
ally seen may be related to microlithotype or 
maceral composition of the samples and accord
ingly to the depositional environment. 

Material and analytical techniques 
The vitrinite reftectance data in the present study 
were measured on 178 core samples of Jurassic 
coals from 19 exploration wells in the Norwegian 
sector of the northem North Sea. All samples 
were humic coals and typically banded, with vitri
nite as the dominant maceral; inertinite was more 
common than exinite in the majority of the 
samples. Alginite , which is known to deplete the 
reftectance of vitrinite (Hutton & Cook 1980; 
Wolf & Wolff-Fischer 1984} , was not present in 
significant amounts in any of the samples. 

The preparation and analytical techniques were 
standardized for all of the samples. Whole rock 
samples were embedded in epoxy resin to make 
briquettes. These were subsequently ground flat 
and polished. The analytical equipment was a 
Zeiss MPM 03 photometer microscope equipped 
with an epiplan-neoftuoar 40.0/0.90 oil objective. 
The sensitive measuring spot was about 2.5 11m in 
diameter. The measurements were made in oil 
immersion, through a green band pass filter 
(546 nm} , without a polarizer and using a station
ary stage. This procedure is called measurement 
of random reftectance (%Rm). Davis (1978} , Ting 
(1978} , Stach et al.  (1982) and Bustin et al . (1985} 
provide further information on these techniques. 
A minimum of 50 vitrinite spots were measured 
in each sample , and the readings were performed 
exclusively on telocollinite. 

Results and discussion 
The results are given in Table 2 and Fig. lA. 
Fig. lA illustrates the distribution of vitrinite 
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Table 2. Range in vitrinite reftectance between samples in the 
same coal-bearing interval in North Sea wells. Each sample 
interval is coded for reasons of confidentiality. Abbreviations 
used in the table: %Rm = average vitrinite reftectance, 
fl% Rm = range in vitrinite reftectance, N = number of samples. 
Average vitrinite reftectance is the mean of all samples in each 
interval. 

Vitrinite reftectance Thickness of 
Sample sample 
interval interval 

code %Rm (ll%Rm) N m 

A 0.38 (0.08) 10 66.4 
B 0.40 (0.08) 9 58.0 
c 0.41 (0. 12) 11 80. 1 

D 0.42 (0. 12) 6 75.2 

E 0.50 (0. 13) 11  74.9 

F 0.52 (0. 10) 5 6. 1 

G 0.53 (0.10) 13 87 .0 

H 0.53 (0.10) 7 66.5 

I 0.59 (0.20) 10 91.5 

J 0.66 (0.06) 6 74.8 

K 0.67 (0. 16) 6 23.9 

L 0.68 (0.23) 11  87.3 
M 0.68 (0.08) 6 29 .5 
N 0.70 (0. 10) 6 17. 1 

o 0.71 (0. 12) 5 61.4 

p 0.72 (0. 16) 10 40.9 

Q 0.73 (0. 19) 10 91 . 1  

R 0.76 (0. 19) 6 71 .6  

s 0.89 (0.05) 7 67 . 1  

T 0.91 (0. 15) 5 53.2 

u 0.99 (0.26) 12 54.6 

reftectance between samples in thin coal-bearing 
intervals for various levels of average vitrinite 
reftectance. Average reftectance as indicated by 
the solid line diagonally across the diagram is the 
arithmetic mean of all samples in each interval. 
The intervals are all less than 100 m thick and 
thus the maturity leve! within each interval can be 
assumed to be approximately constant. General 
experience from North Sea wells is that the 
increase in vitrinite reftectance with depth for the 
depths and maturity levels of relevance in this 
study is less than 0.04 %Rm per 100 m. At !east 
five samples are included from each interval, and 
each sample displays a narrow gaussian dis
tribution of readings with standard deviations 
between 0.02 and 0.04 %Rm. The results show 

Fig. l. Distribution of vitrinite retlectance values among coal samples in !hin coal-bearing intervals (less than 100 m in thickness) 
for various levels of average vitrinite reftectance. (A) Vitrinite reftectance for all samples plotted versus average reftectance, i.e. 
mean of all samples from each coal-bearing interval. The line diagonally across the diagram is the: average vitrinite reftectance. 
(B-F) The samples are classified according to predominant microlithotype, and vitrinite reftectance for individual samples in each 
coal-bearing interval is plotted versus average reftectance for the duroclarite-I (DCJ-I) category samples in each interval. The line 
diagonally across each diagram is the average of the duroclarite-I samples. 
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that the difference in vitrinite refiectance between 
samples from the same coal-bearing interval can 
be surprisingly wide, up to 0.26 %Rm, and a 
range between 0. 10 and 0.20 %Rm appears to be 
the rute rather than the exception. Moreover , the 
range appears to be fairly constant with increasing 
vitrinite refiectance. These fiuctuations are in 
accordance with observations made by other 
workers, and they are far too wide to be explained 
by differences in maturity. 

During the sample analysis it became evident 
that the scatter in vitrinite refiectance to a large 
extent could be related to differences in the 
microlithotype or maceral composition of the 
samples .  Stach et al . (1982) and Bustin et al . 
(1985) give details on definition and classification 
of microlithotypes (Fig. 2) . The relationship 
between microlithotype composition and vitrinite 
reflectance properties was studied in 99 samples 
from 14 of the wells. Each sample was classified 
using visual estimates according to predominant 
microlithotype except for samples with more than 
95% vitrinite. These were classified according to 
the second-most important microlithotype. A few 
samples consisting purely of vitrinite were classi
fied as vitrite. The samples in this study fell into 
one of the following classes: clarite-V, duro
clarite-E, duroclarite-1 , vitrinertite and vitrite. 
The microlithotype composition of a coat is an 
indicator of the depositional environment, and 
the categories above refiect according to Stach et 
al. (1982) a trend of increasing redox potential of 
the depositional environment when going from 
clarite-V as o ne end-member via duroclarite-E 
and duroclarite-1 to vitrinertite as the other. The 

VITRINITE 

INERTIN ITE 

Fig; 2. Diagrammatic representation of microlithotype classifi
cation (slightly modified after Bustin et al. 1985) .  
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vitrite category is in this context ambiguous. The 
reason is that this category consists solely of a 
piece of a single band of vitrinite. The relative 
distribution of the associated exinite and inertinite 
that possibly exist in the matrix next to the band 
is unknown. It is therefore impossible to indicate 
the position of this category along the redox axis. 
It may in fact belong to any of the other 
categories. 

In Tab le 3 and Fig. lB-F the samples are classi
fied according to the scheme given above. In 
Fig. lB-F the vitrinite reftectance for individual 
samples from each coal-bearing interval is plotted 
versus average vitrinite reftectance. Average vitri
nite reftectance as indicated by the solid line diag
onally across the diagrams is in this context the 
mean of all duroclarite-1 samples from each inter
val. Duroclarite-1 is chosen as the reference cate
gory because it is the only category that is present 
in all of the intervals, and it is the most common 
category among the samples in this study. The 
distributions of data-points in Fig. lB-F show that 
the range in refiectance for each microlithotype 
category is significantly lower than the overall 
range given in Fig. lA. The widest range seen for 
the various categories is 0.11 %Rm which is less 
than half of the maximum overall range of 0.26 
%Rm. 

The results in Fig. lB-F also indicate that there 
is a link between microlithotype composition and 
vitrinite reftectance properties. The vitrinite in 
the vitrinertite category samples has on average 
the highest reftectance, whereas the reftectance 
of vitrinite in the duroclarite-1 samples is slightly 
lower. The reftectance of vitrinite in the duro
clarite-E and clarite-V category samples is sig
nificantly lower, while the vitrite category samples 
show no clear systematic deviation. 

The results above support the statements of 
Stach et al. (1982) and Littke (1987) that the 
depositional environment is a main factor con
trolling the scatter in vitrinite reftectance and that 
the reftectance increases with increasing redox 
potential. 

Conclusion 

The results of this study on North Sea coals con
firm that surprisingly wide differences in reftec
tance which cannot be related to differences in 
maturity or vitrinite type may occur between coal 
samples. Differences between samples of up to 
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0.20--0.25 %Rm is not uncommon for maturity 
levels around 0.5 to 1.0 %Rm and, moreover, a 
range wider than 0.10 %Rm appears to be the 
rule rather than the exception. The scatter, how
ever, can be related to microlithotype com
position and consequently to the depositional 
environment. The scatter within each micro
lithotype category is much lower than the overall 
scatter. 

A practical consequence is that coal is still a 
preferred type of lithology for vitrinite reftectance 
analysis giving unambiguous and narrow dis
tributions of measurements. However, maturity 
interpretations based on only one or a few sam
ples may give imprecise results. Precise deter
minations, on the other hand, can be obtained by 
increasing the number of samples in order to fil! 
up a scatter range of approximately 0.25 %Rm 
and take the median as the correct value. The 
precision can be further improved by taking 
microlithotype or maceral composition into 
account. A rough estimate of the predominant 
microlithotype is very simple and can be made 
simultaneously with the vitrinite reftectance 
measurements with little extra investment of time. 
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