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I

INTRODUCTICON

- A study of light hydrocarbon content, vitrinite reflectivity, spore
colouration, maximum palaeotemperature and source rock potential has been
_ carried out on samples from the section 5,480 to 9,500 feet of the Mobil
Norway 33/12-4 Well. .

Initially the organic richness of the samples was measured at intervals
of fifty feét and, after reviewing these results aﬁd selecting samples by
quality, source rock evaluation was carried out, usually at one hundred foot
intervals.

Light hydrocarbon analysis, vitrinite reflectivity and spore colouration
analysis have been carried out on selected samples throughout the well
section and at intervals of up to two hundred and thirty feet. Maximum
palaeotemberaturé analysis was carried out to coincide with the source rock
sampling. Within the interval 8,090 to 8,600 feet many samples had been
considerably contaminated by plastic, rubber and walnut shell additives
and the samples were githér poor or too small for geochemical ;nalysis.

Apart from this interval, the samples, all obtained as wet ditch
cuttings, were considered to be of fair to good quality for geochemical
analysis after washing in cold water to remove drilling mud.

The age of the section ranges from Palaeocene to Upper Triassic.



Il

" 'RESULTS AND INTERPRETATION

A, MATURITY EVALUATION

rFour methods have been used to give an integrated evaluation éf the
‘ﬁaturation state within this well. They are gaseous and gasoline hydro-
carbon analysis, vitrinite reflectivity determination, spore colouration
and maximuﬁ palaeotemperature analjsis.

1. Gaseous and Gasoline Hydrocarbon Analysis (Table 1 and Figures 1 & 2)

" Hydrocarbons of the gaseous (Cl to Cé) and gasoline range (C5 to C7)
have been analysed to determine their quantities and relative proportions.
Twenty-six samples have been analysea through the well section.

a) Gaseous Hydrocarbons

40h1y very small quantities of hydrocarbons in the range Cl to C4
(methane to n-butane) were found in the samples; in all samples less than
1 pért per million was measured. It is probable that a loss of hydrocarbons
has occurred, but it is believed that those remaining could still exhibit
their original relative proportions and can be considered for the
.evaluation. | |

The‘results are presented in Table 1 aﬂd Figure 1. Over the interval
5,880 to 6,440 feet none of the gaseous hydrocarbons were recorded, while
over the larger interval 5,480 to 7,340 feet only methane was recorded,
bin quantities not exceeding 26 ppb; From 7;440 feet the hydrocarbons from
tﬁE'CZ to C4 range were found, though with increasing depth down to 9,340
feet the total Cl to Cg gas content never exceeded 685 ppb. Within this
interval fiom 7,760 to 8,540 feet only trace amounts of gases other than
methane were noted from the samples. Apart from these samples the remainder

‘of the interval showed methane ranging proportionally from 73% to 1% of the



total gas with the lowest proportions towards the basé of the section. Two
further samples from 7,540 and 9,340 feet showed only methane.

To conclude, in view of the rising total gas content and the
- decreasing proportion of methane, the section is thought to be transitionally
mature at about 7,400 feet and mature from about 7,600.feet downwards.

b) Gasoline Hydrocarbons

Maturity is usually indicated when all the gasolines within the series
C5 to C, as listed in Table 1 are present in approximately equal proportions.
Immature sediments often contain only a few of the components, making up a
total gas content of generally less than 100 ppb.

‘From Figure 2 it can be seen that the total quantity of gasolines is
low from 5,480 to 6,840 feety not exceeding 3%4 ppb, while many of the
~ component gasélines'ﬁere not found; From 7;040 feet to 7,340 feet, the
_gasolines content iﬁcreaSes from 710 ppb to 2;435 ppb and the number of
~ component hydroéarﬁoné iﬁcreaSes; From 7:440 to 9,340 feet tﬁe relative
proportions of the hydrocarbons is within the acceptable range fof a mature
sediment. Some of the component gasolines do appear to be absent through
parfs of this section, particularly 2-methyl hexane, 3-ethyl pentane and
dimethyl pentane. This appears to be a particular feature and shows a
similarity to the section 8,300 to 9,800 feet of the 33/9-3 well in that
carre8ponding C5 to 07 hydrocarbons were absent in that well also.

In conclusion it is indicated by both these analyses that the section
is immature to a depth of about 7,100 feet, transitionally mature from
7;100 to 7,600 feet and mature beléw 7,600 feeﬁ.

2. Vitrinite Reflectivity (Tables 2 & 3 and Figure 3)

From Table 2 and Figure 2 it can be seen that the great range in

vitrinite reflectivity wvalues for each sample presents a complicated

picture. Reworked material is common in all the samples analysed and



pepulations with feflectivities éf around O.?6Z and from 0.867 t070.962

are particularly evident. Down the interval from 6,180 to around 8,800
fegt, in the Tertiary-Cretaceous portion of the énalysed section, a trend
"in vitrinite reflectivities is seen witﬁ values of 0,367 at the top and
0;522 at the base, This would indicate that the humic organic material
becomes mature a little above the unconformity at which vitrinite

- reflectivity values of about 0.5% are reached. Below 8;900 feet the
results are complicated by the large quantity of reworked material and

low reflecting organic material. The latter material, with reflectivities
of from 0.277 to around 0.492, is thought to be composed of resins and |
spores which dominate the exinitic material below 8,900 feet. Reflectivity
: Values'of from 0,557 to 0.667Z have been measured on vitrinite particles
belbuf8,900 feet and aré c&n;idefed té be indigenous. From these
results a distinct curve in the refleétivity gradient is interpreted, and
indicates an increased rate of change of maturation with depth through the
Jurassic and Triassic analysed sections of the well. From 8,900 feet depth,
the section is cogsidered quite mature for the sourcing of gaseous hydro*

carbons from source rocks containing sufficient humic matter.

Examination in Ultraviolet light (Table 2)

On examination in ultraviolet light many samples showed variable
fluorescence between one sample and another, spores being common in almost
Aievery sample analyséd: fﬁeée spores fluoresced yellow and orange in most
"samplesi tﬁqugﬁ yelloW'fluoreSCence seeied dominant above 8,000 feet.
Spores and resins found below 8;900 feet fluoresced brown and seem
iﬁdicative ofra more increased state of maturity beneath the Cretaceous/
juréssic unconformity than above it. Only low to moderate contents of
exinite were observed in most samples, though high contents of exinite

were observed in samples from 7,290, 7,590, 7,690 and 9,140 feet.



3. Spore Colouration Analysis {(Table 3 and Figure 4)

One effect of the maturation of sporopellenin is the increase in the

. visible colour piémenﬁaﬁién éf Qpéropollenin from pale yellow through orange

‘and'hrqwnﬁto black, - A tén point séale of éolour indices has been used in
this study which has spanned the section from 5,480 to 9,400 feet.

| With increasing depth from 5,480 feet, spore colour indices show an
almost uniform increase from about 4.5 to 6.5 at the base of the analysed
section; There appéars to be‘ﬁo flﬁcﬁuétion betﬁeen the spore colours on
either side of the Cretaceous/Jurassic unconformity. These result;
indicate that oil-prome types of organic matter will be mature below about

6,500 feet where spore colour indices of 5 are attained.

4. Maximum Palaeotemperature Analysis (Table 3 and Figure 5)

Results of the maximum paliectemperature analysis show a large
variation in palaeotemperatures, no particular trend being indicated with
increasing depth. This is probably due to the large contributions of
reworked kerogen in the total kerogen available in the analysis. A
tentative palaeothermal gradient of low value gas been interpreted,but is
not considered to be an absolutelf true plot of the palaeogeothermal
gradient. The majority of the samples gave palacotemperatures lying
petween ZZSOF and 265°F, and indicating that the section, at least below
7,000 feet, has reached the optimum temperature for the generation of medium
and/or light oil.

5. Comparison of Maturation Indices (Table 3 and Figure 6)

From Figure 6 it can be seen that the plots of the vitrinite reflect-
ivity, spore colouration and maximum palaeotemperature approach coincidence
towards 10,500 feet. However, spore colouration analysis is in fairly
_ good,agreement with the proposed maximum palaeotemperatﬁre gradient

through the analysed section. The maturity of humic, gas—prone material



is characterised by vitrinite reflectivity measurement and the maturation
of oil-prone sapropelic material is characterised by the other two maturity
indices., The reflectivity results alone seem to shoﬁ the effects of the
Crétaceous/Jurassic unconformity; it is suggested that the time interval
represented by the unconformity was sufficient to affect the development of
thé vitrinite reflectivity,but the effect hgs been masked by a stronger
heating event in more recent times shown by the more uniform maturation
gradient exhibited by spore colours and the kerogen materials analysed

for their maximum palaeotemperature. However, the vitrinite reflectivity
data does suggest that gas-promne organic matter will be mature from about
8,600 feet.

Spore colouration, maximum palaeotemperature and gaseous and gasoline
range hydrocarbons are in agreement that the section is immature for oil-
prone types of material above.7,000 feet, The analysis of these light
hydrocarbons has indicated a probable zone of transitional maturity to
7,600 feet from which dep;h the section becomes mature for oil to be

sourced by appropriately keroéen rich sediments. .

B. SOURCE ROCK EVALUATION (Table 4 and Figures 7, 8 and 9)

On the basis of organic carbon content, the section as a whole has been
divided into four particular intervals for source rock evaluation.

a) ’Interval 5,480 to 6,950 feet (Samples 1 to 30)

‘This interval is répresented by light‘olive—grey'and light grey shalés
of Tertiary age. ‘The organic carbon content of these shales is below
average and ranges from 0.31%7 to 0.497. The extractability of the organic
matter in solvents ranges from 2.07 to 8.9%Z, except for samples 20, 22 and
26 from which higher extractabilities of 15.3%7 to 21.0% were recorded.
Hydrocarbon contents are generally very low throughouf the interval, the
majority of samples having hydrocarbon abundances of less than 50 ppm.

Sample 20, 6,440~50 feet, alone gave an average hydrocarbon content with
: “ -



170 ppm hydrocarbons.

7 Due to ;he low proportion of hydrocarbons in the extracts of fhese
samples; gas 1is tﬁe mésﬁ 1ikel§ ﬁydrqéarbon product.  However, aé the

‘ 6fganic carbon coﬁtents are low, (less than 1.57), these samples indicate
that the sediments are insufficiently rich to source hydrocarbons.

b) Interval 6,990 to 8,600 feet (Samples 31 to 62)

At the top of this interval organic carbon contents rise shafply
across the Tertiéry*Upper Cretaceous boundary, contents inereasing from
0,607 at 6;990~7;OOO feet to 1.157 at 7,240-50 feet. Below this latter
depth organic carbon contents are fairly uniform down to 8,550 feet, ranging
from 0.77Z to 1.70%, good average contents. An above average carbon
- content of 2.70% wés recorded from sample 38, 7,340-530 feet.

Within the portion.7,840 to 8,660 feet of this interval, most of the
samples contained contamiﬁants and as a result only small quantities of
material were isolated for analysis.  Furthermore, véry large extracts
were recorded on some samples probably arising from residual particles of
rubber and plastic which could not be separated physically. Uncontaminated
samples gavé'extractabilities of 3.8% to 6.7% in the small interval 7,040
to 7,650 feet. A high value of 45.0% was recorded for sample 46, 7,760-70
féet, though in view of the very large organic extract of 5,130 ppm,
céntamination cannot be ruled out. The only reliable result from within
the badly contaminated interval was an extractability of 9.27 from sample
61, 8,540-50 feet.

Over the small interval 7,040 to 7,770 feet, hydrocarbon contents are
rgeﬁerally below average (less than 100 ppm); thdugh average contents were
':ecorded for sample 38, (7,340-50 feet) with 150 ppm hydrocarbons, and

sample 46, (7,760-7,770 feet) with 240 ppm, though this latter sample could
be contaminated. From 7,84& to 8,500 feet samples gave hydrocarbon‘

contents ranging from 100 ppm to 570 ppm, average to above average contents,



but possibly affected to some extent by contamination. A result of a

240 ppm hydrocarbon in sample 61, 8,540-50 feet,is considered reliéble and
- indicates a good average hydrocarbon abundance.

On considering likely ﬁydrocarbon products from this interval, at least
: down't0'7;770 feet; éagﬁpréné typés of éréanié matter seem dominant.
Samples 38 to 40, 7,340 to 7,450 feet are sufficiently rich to source gas,
but do not appear to be at an optimum state of maturation for the

‘ éeneration of this product. The samples analysed between 7,890 and 8,300
feeé have provided insufficient results for their hydrocarbon product and
richness to be reliably predicted, though if the hydrocarbon contents are
:represéntatiVe of the in gitu'ﬁréaﬁié material then they indicate a tendency
for oil rather than éaé-domiﬁagt prédﬁcﬁs; Iﬁdeed, tﬁe ricﬁness of
samples 49, 50 and 51, and 55 znd 56 would indicate fair to good pptential
oil sources. Sample 61, 8,540-50 feet, from which good results were
obtained, indicates sediments with a fair potential for sourcing oil.

¢) Interval 8,640 to 9,050 feet (Samples 63 to 70)

Within this interval dark grey shales of Lower Cretaceous and Jurassic
age were encountered. Organic carbon contents increase sharply, the
eight samples having generally above average contents which range from
1.947% to 3.28Z. An iﬁdividual, hand-picked dark grey shale from 8,790~
8,800 feet, (sample 66), gave an organic carbon content of 7.4Z.

The extractability of these samples is rather variable; values of
from 1.9%7 to 23.07 being obtained. Hydrocarbon abundances are also
erratic with a low 45 ppm content in sample 64 and above average contents
of 350 ppm in sample 67, and 410 ppm in the composited samples 68 and 69.

A very high value of 3,270 ppm hydrocarbons was measured on sample 70,

9,040-50 feet.

On considering likely hydrocarbon products and the richness of these



mature source beds, the following points are noted: a) samples 64,
(8,690-8,700 feet), 66, (8,790-8,800 feet) and 67, (8,840-50 feet),
indicate sediments with sufficient organic richness, and probable vertical
" extent, to provide good sources of gas, possibly witﬁ a little associated
~o0il; b) the composite sample 68-69; (8;940*9;000 feet) is indicative of
source rocks with a fair potential for sourcing gas and associated o0ilj
c)>sample 70, (9,040-50 feet), in view of its high hydrocarbon content,
indicates a source rock with a very good potential for oil, although the
very high proportion of "hydrocarbons in tﬁe extract does not rule out -
stéining by non-indigenous hydrocarbons.

d) Interval 9,090 to 9,500 feet (Samples 71 to 79)

The shales, mudstones and sands encountered in this interval
characterise the boundary of tha Lower Jurassic and the Triassic. Organic
carbon contents are highly variable, ranging from 0.217 to 1.807 in these
samples. The extractability of the samples varies from 7.07 to 14.77%,
-while the hydrocarbon contents are low and not exceeding 105 ppm in any
of the samples fully analysed. |

Gaseous products are most likely from this interval, though only C

sample 78, (9,440-50 feet), marking the occurrence of coal, has

sufficient organic richness to provide a gas source.



III

* CONCLUSIONS
As a result of the maturation study and source rock evaluation of

the Mobil 33/12-4 Well, the following conclusions Have been reached:

i) The interval 5,480 to 6,950 feet is immature and contains
sediments with only low contents of organic carbon and ﬁydrocarbons.

For these reasons the interval appears devoid df'any prospéctive source
rocks, : .

ii) Oil-prone types of organic material reach maturity within
the interval 6,990 to 8,600 feet. Considerable contamination of the
samples has occurred in the lower portion of the interval and the true
potential of the source rocks cannot be recognised, though some potential
for gilwlike products seems to exist. The upper portion of the section
seems dominated by gas~prone organic material and some gas may have been
 generated. |

(iii) The interval 8,640 to 9,050 feet appeérs to be mature for
~oil~prone and gas~prone types of organic material. Organic carbon
‘contents are generally high and between 8,690 and 9,000 feet the
sediments are prospective for gas with some associated oil. A sample from
9,040~50 feet has shown a very high content of hydrocarbons,but it is
uncertain whether they are indigenous.

iv) The interval 9,090 to 9,500 feet is generally mature,but
appears to contain little hydrocarbon source material apart from traces

of coal which may source some gas.



TABLE 1

GASEOUS AND GASOLINE RANGE HYDROCARBONS

cuieny_.. MOBIL wee . 33/12-4 LocaTion NORTH SEA
GAS (Ci- Ca)
SAMPLE NO. 1 5 9 13
DEPTH FEET 5480 - 5690 5880 6080
P.PB. {%C,-C,| PP B.|%C-C,| P.RB. [%C,~C | PP.B. |%cC,-C,
¢ 13 100 8 100 * * % *
¢ % * * * * % * *
s % * * * * * * *
iCa * * * * * * * *
nCs * * * * % * * *
TOTAL 13 100 8 100 * % % *
"GASOLINE RANGE (Cs~Cy)
SAMPLE NO. 1 5 g 13
DEPTH FEET 5480 5650 " 5880 6080
P.P.B. |%Cs-C,| P.P.B. |%CsC,| PPB | %C-C, | PP.B. | %Ci"C,y
1SO-PENTANE 3 4 5 6 tr * 3 3
M- PENTANE * * 20 . 23 20 15 15 12
CYCLOPENTANE * * * * 45 33 50 39
2- ME. PENTANE * * 3 3 tr * tr *
3-ME. PENTANE * * 3 3 tr % tr *
N-HEXANE 85 96 35 40 50 37 45 35
ME. CYCLOPENTANE % % 7 8 3 8 6
CYCLOHEXANE * * * * * % %
2-ME. HEXANE * * * * * #* * *
3-ME. HEXANE * % % % tr % % %
3-ETHYLPENTANE * * * * * * * *
N-HEPTANE * * 15 17 tr * * *
BENZENE % * " * tr *
DIME. PENTANE * * * * * * * *
ME. CYCLOMEXANE * * Py * 15 11 8 6
TOTAL 88 100 88 (100) | 135 (100) | 129 (100)




TABLE 1 (Cont'd)

GASEOUS AND GASOLINE RANGE HYDROCARBONS

CLIENT... MOBIL weey o 33/12-4 LocaTion .. NORTE SEA
GAS (Ci-Ca)
SAMPLE NO. 16 20 24 28
DEPTH FEET 6220 6440 6640 6840
P.PB. |%C,-C,t P.PB. |%C,-C,| P.PB. |%C,\~C, | PPB. |%C,-C,
o * * * * 37 100 19 100
Cz * x * * tr % * &
Cs * % # * * % tr %
ice * * * * * * * *
nCa * * * * % * * %
TOTAL # * * % 37 100 19 100
"'GASOLINE RANGE (Cs - Cy)
SAMPLE NO. 16 20 24 28
DEPTH FEET 6220 6440 6640 6840
P.P.B. |%Cs-Cy| P.P.B. |%Cs Cy| PP.B | %CsC, | PP.B. | %Cs Cy
1SQ-PENTANE 20 5 3 2 tr * 15 6
N-PENTANE 30 8 25 14 15 21 25 10
CYCLOPE N'TANE tr * tr * * * tr *
2-ME. PEN"rANE 25 6 8 6 * * 15 6
3-ME. PENTANE 9 2 3 2 6 8 4 2
N-HEX ANE 190 48 110 59 50 71 125 52
ME. CYCLOPENTANE 40 10 8 6 * % 15 6
CYCLOHEXANE tr %* * * * * * %
2-ME. HEXANE * * * * * * * %
3-ME.HEXANE tr * * * * * % *
3-ETHYLPENTANE % % ok * * * * *
N- HEPTANE 10 3 5 3 * * 10 4
BENZENE 15 4 8 6 % * 9 4
DIME. FENTANE * * * % * * * *
ME. CYCLOHEXANE 55 14 15 8 * * 20 8
TOTAL 394 (100) 185 (100) 71 (100) 238 (100)




TABLE 1 (Cont'd)

GASEOUS AND GASOLINE RANGE HYDROCARBONS

crignT.. MOBIL wery . >3/12-4 LocATION .. NORTH SEA
GAS (Ci~ Ca)
SAMPLE NO. " 32 36 38 40
DEPTH FEET 7040 7240 7340 7440
P.P.B, |%C,-C,] P.PB. |%C,~C,4| P.PB. |%C-C, | PPB. |%C,-C,
o 16 100 26 100 * * 35 ?3
Ca % * * * * * 3 6
cs % % * % * * * *.
iCa * * % * * * 4 g
nCa % * * * * * 6 12
TOTAL 16 100 26 100 % & 48 100
"GASOLINE RANGE (Cs~Cv)
SAMPLE NO. 32 36 38 40
DEPTH FEET 7040 7240 7340 7440
P.P.B. [%Cs~C, ]| P.P.B. [%CyC,| P.P.B %Cs~C; | PP.B. | %CsCy
ISO-PENTANE 50 7 85 13 85 3 135 10
N- PENTANE 135 19 140 20 145 235 17
CYCLOPE NTANE 75 11 45 7 50 g 1
2- ME. PENTANE &0 6 65 10 55 2 205 15
3-ME. PENTANE 10 1 35 5 30 1 100 7
N-HEXANE 145 20 105 15 375 15 240 17
ME. CYCLOPENTANE 15 2 35 285 12 &0
CYCLOHEXANE 5 1 * - 430 18 35
2-ME. HEXANE 10 1 tr * * * 50 4
3-ME.HEXANE 5 tr * 80 75
3-ETHYLAENTANE * * _tr * tr 25
N-HEPTANE 150 21 55 8 215 9 115 8
BENZENE 15 2 10 235 10 25 2
'} DIME. PENTANE * * % * tr * * *
ME- CYCLOHEXANE 55 8 105 15 450 18 85 6
TOTAL 710 (100) 680 (100) 2435 (100) 1374 (100)




TABLE 1 (Cont'd)

GASEOUS AND GASOLINE RANGE HYDRO‘CARBONS_

cLiEnT.. MOBIL WELL ... 33/1274 LocaTion . NORTH SEA
GAS (Ci- Ca)
SAMPLE NO. 42 44 46 51
DEPYH FEET 7540 7640 7760 7990
P.PB. |%C,~C,| P.PB. |%C,~C,] P.PB. [%C,-C, | PPB. |%C,-C,
Cy 39 100 27 28 108 100 37 100
Csp % * rr % tr 4' * * *
Cs. * * * * % %* % *
iCa * * 5 5 * * * *
nCs * * 65 67 | * * * %
TOTAL 39 100 97 100 | 108 100 37 100
‘GASOLINE RANGE (Cs~-C7)
SAMPLE NO. 42 b4 : 51
DEPTH FEET 7540 7640 7760 7990
P.P.B. |%Cs C,| P.P.B. |%Cq C,| P.P.B | %CsC; | PP.B. | %CsC,
1S0-PENTANE 45 7 84 14 tr D 195 5
N* PENTANE 85 13 134 21 10 4 275 7
CYCLOPENTANE * * tr % | * * 15 <1
2-ME. PENTANE 65 10 65 10 10 4 280 7
3-ME. PENTANE 35 5 33 5 10 4 150 4
N-HEX ANE 135 20 106 17 55 23 520 14
ME. CYCLOPENTANE 25 4 37 6 tr * 180 5
CYCLOHEXANE 30 35 15 35
2-ME, HEXANE % * tr 15 160 4
3-ME. HEXANE 50 8 26 4 30 13 210 5
‘3-ETHYLPENTANE * * L tr * * * 310 8
N-HEPTANE 85 13 36 6 & % 770 20
BENZENE 35 5 tr * 15 6 tr *
I oIME. PENTANE % % tr % * % tr %
ME. CYCLOHEXANE 75 11 67 11 80 33 715 19
TOTAL 663 (100) 623 (100) 240 (100) 3815 (100)




TABLE 1 (Cont'd)

GASEOUS AND GASOLINE RANGE HYDROCARBONS

CLIENT...... MOBIL weLL . 33/1274 Location ... NORTH SEA
GAS (Ci~- Ca)
SAMPLE NO. 58 61 63 65
DEPTH FEET 8330 8540 8640 8740
P.P.B. |%C,-C,| PP.B.|%C,-C,| PPB. |%C-C,| PPB. |%C,-C,
Cy 33 100 10 100 25 160 14 11
Cs * * * % * * * *
Cs * * * * * * 11 g
iCa * * * * * * i3 10
nCa * * er * * * 88 70
TOTAL 33 100 10 100 25 100 126 100
'GASOLINE RANGE (Cs ~ C7)
SAMPLE NO. 58 61
DEPTH FEET 8390 8540 8640 8740
P.P.B. |%Cg Cy| P.P.B. |%CsoCyr| PPB | %CsmC, | PP.B. | %CsCy
1ISO-PENTANE 15 4 45 10 40 10 255 21
N-PENTANE 33 8 125 28 70 17 280 23
CYCLOPENTANE 6 9 2 tr * 45 4
Z<ME. PENTANE 27 6 25 6 35 110
3-ME. PENTANE 11 3 9 2 20 5 45
N-HEXANE 63 15 110 25 70 17 110 9
ME. CYCLOPENTANE 16 4 20 5 35 9. 140 11
CYCLOHEXANE 14 3 15 3 35 9. 110 9
2-ME. HE XANE 17 4 tr * tr * tx *
3-ME. HEXANE 20 5 15 15 4 25 2
3.ETHYLPENTARE tr * . tr * tr % tr *
N-HEPTANE 86 20 45 10 25 60 5
BENIENE 59 14 30 7 8 40 3
DIME. PENTANE * * * * * | * % *
ME. CYCLOHEXANE 67 16 15 8 55 14 tr *
TOTAL 424 100 442 100 408 100 1220 100




TABLE 1 (Cont'd)

GASEOUS AND GASOLINE RANGE HYDROCARBONS

cLiENT... MOBIL - wee (33/12-4 LocATiON . ORI SEA
GAS (Ci- Ca)
SAMPLE NO. 66 68 70 72
DEPTH FEET 8790 8940 9040 9140
P.PB, |%cC,-C,| P.PB.!%C,-C,} PPB. |%cC-Cc,| PPB. |%cC,~C,
¢ 7 1 6 13 16 9 10 38
o tr * * * * * * *
Cs 139 20 tr * 19 11 tr *
ic4 79 12 tr * 15 8 tr *
nC4 460 68 39 87 130 72 16 62
ToTAL 685 100 475‘ 100 180 100 26 160
"GASOLINE RANGE (Cs-Cy)
SAMPLE NO. 66 68 70 72
DEPTH FEET 8790 8940 9040 9140
PPB. |%CsC,| PP.B. |%CsCy| PPB | %CsCy| PP.B. | %CsCy
1SO-PENTANE 35 10 90 12 203 10 80 12
N PENTANE 45 13 130 18 315 15 120 18
CYCLOPE NTANE 10 15 43 15 2
2-ME. PENTANE 20 55 135 6 45
3-ME. PENTANE 10 3 30 4 80 4 25 4
N-HEXANE 30 9 95 _ 13 212 10 85 13
ME. CYCLOPENTANE 35 10 75 10 186 9. 65 10
CYCLOHEXANE 35 10 75 10 183 9 65 10
2-ME. HE XANE % * tr * 57 tr *
3-ME.HEXANE 15 4 20 83 15
3-ETHYLPENTANE tr * % 79 * *
N-HEPTANE 35 10 30 4 167 8 25 4
BENZENE 10 3 15 2 67 3 18 3
DIME. PENTANE * * * % * | * tr *
ME. CYCLOHEXANE 75 21 100 13 295 14 90 14
TOTAL 355 . 100 730 | 100 2105 100‘ 648 100




TABLE 1 (Cont'd) |
" GASEOUS AND GASOLINE RANGE HYDROCARBONS

‘cLignt... MOBIL ‘ WELL 33/12-4 LOCATION __NORTH SEA

GAS (Ci- Ca)

SAMPLE NO. 74 76
DEPTH FEET 9240 . 9340
P.PB., |%C,~C,} PP B.|%C,-C,l PRM |%C-C, ]| PPM |[%C,-C,
¢, 150 63 14 100
Cz ty * * *
Cs. 30 12 * *
iC4 5 2 * *
nCa 54 23 * %
TOTAL 239 100 14 160

‘GASOLINE RANGE (Cs~-Cv)

SAMPLE NO. 74 : 76
DEPTH  FEET 9240 9340
PPB. |%CsC,f P.P.B. |%Cs C,| P.PB | %CsCy| PP.B. | %CsC,

1SO-PENTANE 225 25 37 9 —
N- PENTANE 275 31 53 13
CYCLOPENTANE 35 4 8 2
2-ME. PEN%&NE ty * 27 7
3-ME. PENTANE 85 10 ' 19 5
N-HEXANE 45 5 59 15
ME. CYCLOPENTANE 55 6 35 9
CYCLOREXANE k. * 32 8 .
2-ME. HEXANE 85 10 17 4
3-ME. HEX ANE % % 8 i 2
3-ETHYLPENTANE * * A 1
N- HEPTANE tr * ‘25 6
BENZENE * * 16
DIME. PENTANE tr * *
ME. CYCLOREXANE 80 g 59 15

TOTAL 885 100 399 100




VITRINITE REFLECTIVITY AND FLUORESCENCE DATA

TABLE 2.

- DEPTH AVERAGE REFLECTIVITIES
IN FEET AND RANGES IN PERCENT
6,080 0.28 - 1.19
6,180 0.36 - 0.87
6,280 0.36 - 0.87
7,290 0.40 - 0.88

" 7,390 0.44; 0.68; 1.01
7,490 0.35; 0.76; 0.98
7,590 0.45; 0.64; 0.91
7,690 0.56; 0.82; 1.08
7,790 0.45; 0.56; 1.04
7,990 0.45; 0.57 = 1.20
8,390 0.43; 0.65 - 1.52
8,540 0.58; 0.75 - 1.46
8,640 0.77
8,690 0.65
8,790 0.29; 0.52; 0.79
8,840 0.31; 0.52; 1.01

8,940 0.365 0.49; 0.91
9,040 0.27; 0.49; 0.68 - 0.90
9,090 0.33; 0.55; 0.86
9,140 0.45; 0.60; 0.88

. 9,190 0.49; 0.66; 0.88
9,240 0.37; 0.54; 0.66; 0.72-1.44
9,290 0.52; 0.76; 0.96
9,340 0.37; 0.49; 0.91; 1.5
9,390 0.45; 0.79; 0.96 - 1.6

ORGANIC CONTENT

moderate so high
moderate

low to moderate
high
moderate'tqlhigh

moderate

~low

low

low

low

" low

low

moderate

moderate

moderate
moderate
moderate to high
low

moderate
moderate

low

moderate

FLUORE

SCENCE,

COLOURS OF SPORES

AND RE

SINS ETC.

orange

orange

yellow and orange

yellow and orange

orange

yellow and orange

yellow and orange

yellow and orange

yellow and orange

none
none

brown
brown
brown
brown
brown
brown
brown
none

none

none

resins
resins
resins
spores
spérés
spores

spores

yellow spores



TABLE 3

MATURATION EVALUATION DATA

COMPANY : MOBIL NORWAY WELL: 33/12-4 LOCATION: NORTH SEA
SANMPLE CEPTH . MAXIMUM VITRINITE SPORE T
SAMPLE GEMERALISED
¢ FEO%T ' rvPE PALAEOTEMP- | meFLECTIVITY COLOURATION LoHT
NOTATION LiTHOLOGY - ERATURE °F o (1-10) HYDROCARBONS
1. 5480~ Ctgs |Lt olsgy sl calc - - 4.5 Immature
‘500 sh+507 1t bru-gy
sl calc sh E
2. 5540~ " Ditto+60% ditto+ <274 - - -
60 mnr wht sltst
3. 5580~ " Ditto+507% ditto+ - - 5 -
600 mnr wht,.sltst
4. 5640 " Ditto+207 ditto+ < 281 - - -
: 60 mnr ditto
5. 5690~ " Ditto+307% ol-gy sl -~ ~ 5 Immature
700 cale mdst
6. 5740~ " Ditto+307 ol-gy 243 - - -
50 sl calc mdst
7. 5720~ " Ditto+607% ditto+ - - 4.5 -
800 10Z sltc '
8. 5850~ " Ditto+mnr ditto 245 - - -
60 .
9. 5880- " Ditto - - 5.5 Immature
900
-§10.5920~ " Ditto 245 - - -
40
11.5980- " Ditto - - 5 -
6000 .
12.6020~- " Ditto 250 - - -
40 ' '
13.6080~ " Ditto - 0.28 5 Immature
100
14,6120~ " Ditto+40Z 1t gn- 264 - - -
40 gy sh
15.6180- " Ditto - 0.36 5 -
200
16.6220- " Ditto 253 - - Immature
40 -
17.6280~ " Ditto+mnr 1t brn— - 0.36 5 -
300 gy sh
18.6340~ i Ditto+407 1t gn— 253 - - -
50 gy sh .
19.63%0- " Lt gn-gy sh+mnr - - 5 -
400 1t brn-gy sh I
20,6440~ " Lt ol-gy calc sh 246 - - Immature
50




_TAELE 3 {Cont'd)

MATURATION EVALUATION DATA

COMPANY : MOBIL NORWAY wELL: 33/12-4 LOCATION: NORTH SEA
SAMRLE OERTH | GENERALISED o v seore Lont
oR - ECTIVITY COLOURATION
NOTATION TYPE LITHOLOGY H -ERATURE °F % t1-10) HYDROGARBONS
21.6490- Ctgs Lt ol-gy calc sh - - 5 -
500 +mnr 1t brn-gy sh
22.6520~ " Ditto 223 - - -
40
23.6580- " Ditto +(mnr chk?) - - 5 -
600
24,6640~ " Lt gy calc sh 240 - - Immature
60
25.6690— " Ditto - - 4.5 -
700 ' 1
26.6740~ " Lt gy calc sh+10% 238 - - -
50 snd
27.6790- " Ditto+15% 1t bro- - - 5 -
800 gy sh
28.6840~- " Ditto+15% ditto 223 - - Tmmature
. 50
29,6890~ " Ditto+107 ditto - - 5 -
900 ‘
30.6940- " Ditto 243 - - -
50
31.6990- " Ditto - - 5 -
7000
32,7040~ " Ditto 248 - - Immature
50
33. 7090- " Ditto+mica - - 5-5.5 -
' 100
34. 7140- " Medium 1t gy sh+ - - - -
50 mica+walnut shell
35. 7190~ " Ditto+ditto 218 - 5 -
200
36. 7240~ | Med gy sl calc sh - - - Transitional
50 , |
37. 7290- " Med 1t gy sl calc 210 0.40 5.5-6 -
300 sh ‘ “
38. 7340~ " Med 1t gy .sh+ <264 - - ITransitionall
50 walnut shell
39. 7390- " Ditto - 0.44 5-5.5 -
400 ' o
40, 7440- " Dittot+walnut 221 - - Transitionall
50 shell
41, 7490~ | " Ditto - 0.35 5-5.5 -
500




TABLE 3 (Cont'd)

MATURATION EVALUATION DATA

NORTH SEA

_ COMPANY: MOBIL NORWAY WELL:  33/12-4 LOCATION :
SAM%LE DEPTH SAMPLE GENERALISED MAXIMUM VITRINGTE SPORE et ]
{ o ] - PALAEOTEMP.- REFLECTIVITY COLOURATION - L
NOTATION TYPE LITHOLOGY -ERATURE °F o 110 HYDROCARBONS
42, 7540~ Ctgs Med 1t gy sh+ 221 - - I'ransitional]
50 walnut shell
600
44, 7640~ " Ditto 227 - - Mature
50
45. 7690- " Ditto ° - 0.56 5.5-6 -
700
46, 7760- " Ditto 231 - - Mature
70
470 7790- " Ditto - 0045 505"6 -
800
48, 7840~ " Med gy sh 239 - - -
30
49, 7890~ n | Ditto 228 - - -
~ 900
50, 7940- " Ditto - - - -
50
51. 7990~ n Ditto/sl slt 266 0.45 6 Mature
8000
52. 8040~ " Ditto - - - -
50
53. 8090~ " Ditto+mica - - - -
100
54, 8190~ " Ditto walnut - - - -
200 shell
55. 8240~ " Med gy/dk gy sh <274 - - -
50
- §56, 8290~ " Insufficient - - - -
300
57. 8340- " Med gy sh - - - -
50
58. 8390~ " Ditto - 0.43 6 Mature
400
59. B440- " Insufficient - - - -
50
60, 8490~ " Gy sh small - - - -
500
61. 8540~ " Med gy sl calce 290 0.58 6 Mature
50 sh
62..8590~ " Cement - - - -
600




TABLE

3 (Cont'd)

MATURATION EVALUATION DATA

NORTH SEA

COMPANY : MOBIL NORWAY WELL: 33/12-4 LOCATION:
SA{MPL& DEP;TH SAMPLE GENERALESED MAXIMUM VITRINITE SPORE LIGHT
Fzggr PALAEOTEMP- | REFLECTIVITY COLOURATION
NOTATION TYPE LITHOLOGY -ERATURE °F % C1-10) HYDROCARBONS
63. 8640~ Ctgs [Med dk gy sl calc - 0.77 5.5-6 Mature
50 sh :
64, 8690- " Ditto+30% wht < 255 0.65 6 -
700 1stn+30%Z red calce
mdst
65. 8740- " Ditto+507 red/brn - - 6 Mature
50 calc mdst
66. 8790- " Med gy sh+307 dk 258 0.52 5.5-6 Mature
800 gy sh ’
67. 8840- " Med dk gy sh 258 0.52 - -
50 .
68. 8940~ " Ditto - 0.49 - Mature
_ 50 :
69. 8990- " Ditto - - - -
9000
70, 9040~ " Ditto 222 0.49 - Mature
50
71. 9090- " Med gy sh+307 - 0.55 - -
100 yell/brn mdst
72. 9140~ " Ditto+107% brn 261 0.60 - i Mature
) 50 mdst '
73. 9190- " Ditto+30% ditto+ - 0.66 5.5-6 -
200 107 wht calc sst '
74. 9240- " Ditto+80% yell/ - 0.66 6 Mature
50 brn calc clyst
75. 9290- " Ditto+607 yell/ 248 0.52 6.5 -
300 brn/pp sl calc
' jmdst
76. 9340- " Mtl pp/yell sl - .0.49-0.91 6.5 Mature
50 calc mdst ’
77. 9390- " Ditto+20% caved 242 0.45-0.79 6.5 -
400 sh ,
78. 9440~ " Red brn slty - - - -
50 mdst+207% 1t gy sh
+tr coal
79. 9490- " Ditto+157% ditto 238 - - -
500 :




TABLE 4

SOURCE ROCK EVALUATION DATA

COMPANY : MOBIL NORWAY WELL:  33/12-4 LOCATION : NORTH SEA
5“’: %‘}i’}ﬂgf ET " SAMPLE ANALYSED c;ﬁ;:: ' i . 512:;:7 5’2::3:{ ‘&Eg'éﬁ; ci;%i%s iﬁfﬁﬁts
NOTgTION TYPE LITHOLOGY OF ROCK PPM. cfnséw Rz:éfr é}m‘é? &:;gi%
1. 5480- Ctgs Lt ol-gy sl calc sh+ 0.37 - - - - -
500 50% 1t brn-gy sl calc
sh
2. 5540~ " ‘Ditto+60% ditto+mnr 0.42 210 5.0 80 36 81
60 wht gltst
3. 5580- " Ditto+50% ditto+mnr 0.31 - - - - -
600 wht sltst
4, 5640~ " Ditto+207 ditto+mnr 0.45 200 4.4 20 11 100
60 ditto
5. 5690~ " Ditto+307 ol-gy sl 0.38 -~ - - - -
700 cale mdst
6. 5740~ " Ditto+30% ol-gy sl 0.35 180 5.1 20 * %
50 cale mdst
7. 5799~ " Ditto+60%Z ditto+10Z 0.39 - - - - -
800 glt
8. 5850- " Ditto+mnr ditto 0.40 | 230 | 5.8 | 20 8 82
60 '
9. 5880~ " Ditto 0.32 - - - - -
900
10,5920~ " Ditto 0.34 180 5.3 25 14 86
40 ‘
11.5980- " Ditto 0.36 - - - - -
6000
12.6020- " Ditto 0.38] 23| 6.0] 40 18 88
40
13.6080~ " Ditto 0.33 - - - - -
100 ]
14,6120~ " Ditto+407 1t gn—gy 0.34 230 6.8 25 12 100
40 sh
15.6180- " Ditto | o.s0] - - - - -
200 ' ' _ .
16.6220~ " Ditto 0.42 210 5.0 20 9 78
40 ' )
17.6280~ " Ditto+mnr 1t brn 0.40 - - - - -
300 ~gy: sh
18,6340~ " Ditto+40Z 1t gn-gy sh 0.44 390 8.9 45 12 a5
50
19.6390- " Lt gn—gy sh+mnr 1t 0.42 - - - - -
400 brn-gy sh
20,6440~ " Lt ol-gy calc sh 0.46 860 18.7 170 20 72
50




- r—— A .

TABLE 4 (Cont'd)

SOURCE ROCK EVALUATION DATA

. COMPANY : MOBIL NORWAY WELL:  33/12-4 LOCATION : NORTH SEA
T | e aALYSED o T vore, Tegmeer T ore. T oo T rome
NOTg?ION TYPE L!THOLOGY OF ROCK BPM. O?AG::CI):I P;g!(g'?F é’;mﬁ%’; (/;'22223054
21.6490- Ctgs Lt ol-gy calc shimnr 0.37 - - - - -
500 1t brn-gy sh
22.6520~- . Ditto 0.40 | 840 | 21,0 | 110 | 12 91
40 )
23.6580~ " Ditto+(mnr chk?) 0.42 - - - - -
600
24,6640~ " Lt gy calc sh 0.41 80 | 2.0 20 & *
60
25.6690~ - Ditto 0.45 - - - - -
700
26.6740~ " Lt gy calc sh+10Z fn 0.49 750 15.3 75 10 88
50 snd
27.6790~ " Ditto+l57 1t brn-gy 0.43 - - - - -
80C sh H
28.6840~ " Ditto+15% ditto . 1 0.41 270 6.6 20 7 100
50
29,6890~ " Ditto+10Z ditto 0.44 - - - - -
900
30.6940- " Ditto 0.43 260 6.0 45 17 100
50
31.6990- " | Ditto 0.60 - - - - -
7000 “ |
32,7040~ " Ditto 0.77 370 4.8 25 7 100
50 ,
33.7090~- " Ditto+mica 1.07 - - - - -
100 , '
34,7140~ " Medium 1t gy sh+mica 0.60 - - - - -
50 7 + walnut shell
35.7190- n Ditto+ditto 0.93 480 5.2 50 11 100
200
36.7240~ " Med gy sl calc sh 1.15 - - - - -
50
37.7290~ " Med 1t gy sl calc sh 1.44 550 3.8 30 6 100
300 ”
38.7340~ " Med 1t gy shtwalnut 2.70 | 1290 4.8 150 12 92
50 shell
39. 7390~ " Ditto 1.64 - - - - -
E 400 ‘ .
|40.7440- " Ditto+walnut shell 1.65 | 1200 | 6.7 | 100 9 | 95
50 : -
41,7490~ " Ditto 1.47 - - - - -
500




TABLE 4 (Cont'd)

' SOURCE ROCK EVALUATION DATA

50

" COMPANY : MOBIL NORWAY WELL: 33/12-4 LOCATION : NORTH SEA
S SAMPLE ANALYSED C;R:::'i/ E;‘;:";T % of | camoons | emeonte | TS
¢ ORGANIC PEM. 5 9/ HYORO-
NOT STION TYPE LITHOLOGY OF  ROCK PPM. CARBON Rotk | xrrans | Bnbone
42, 7540~ Ctgs Med 1t gy sh+walnut -|| 1.23 €90 5.6 75 i1 }100
50 shell
43. 7590~ " Ditto 1.42 - - - - -
600
44, 7640- " Ditto 1.37 650 4.7 75 12 100
50
45. 7690~ " Ditto 0.91 - - - - -
700 .
46. 7760~ " Ditto 1.14 5130 45.0 240 5 100
70
47. 7790- " Ditto 0.81 - - - - -
800 |
48. 7840- " Med gy sh 1.14 * * 100 * {80
50 )
49. 789%90- " 1 Ditto H 1.32 * * 420 * {»80
900
50. 7940~ " Ditto 0.80 - - - - -
50 :
51. 7990~ " Ditto 0.74) * * ) *
8000 ) 200 >80
52, 8040- " Ditto 1.20) * * P *
50
53. 8090~ " Ditto+mica 1.10 - - - - -
100
54, 8190~ " Ditto walnat shell 1.19 - - - - -
200
55. 8240~ " Med gy/dk gy sh 1.00 * * b * )
50 - D570 ) >80
300 D
57. 8340~ " Med gy sh 1.20 | - - - -] -
50
58. 8390~ " Ditto 1.20 - - - - -
400 ’
59. 8440- " Ditto 1.55 - - - - -
50 ) f
60. 8490- " Gy sh small 1.69 - - - - -
500
61. 8540- " Med gy sl cale sh 0.77 710 9.2 {240 33 90




TABLE 4 (cont'd)

SOURCE ROCK EVALUATION DATA

NORTH SEA

COMPANY : MOBIL NORWAY WELL:  33/12-4 LOCATION :
T | saame AALYSED orene T vorw ot | oo, | oo | oree,
° R P.M. s, e/ RO~
NOT g?lON TYPE . LITHOLOGY OF  ROCK PPM, ocf::ég f PR:C!?F E{;TRA%F;' éf::;guos
62. 8590~ Ctgs Cement - - - - - -
~ 600
63. 8640~ " Med dk gy sh calc sh 2.61 - - - - -
50 :
64. 8690~ B Ditto+307 wht lstn+ 3.08 | 600 1.9 45 8 100
700 30%7 red calc mdst
65, 8740- " Ditto+50% red/brn 2.48 - - - - -
50 calc mdst _
66. 8790~ " Med gy sh+30% dk gy 2.68 {2560 9.6 250 10 81
800 sh
67. 8840- " Med dk gy sh 1.94 |4460 [23.0 | 350 8 87
50
68. 8940- " Ditto 3.28)
30 yl1880 [15.9 410 | 22 | 78
69. 8990~ " Ditto 1 2.24)
S000
70. 9040- " Ditto 3.06 {3910 }12.8 |3270 84 40
50
71. 9090- " Med gy sh+30% yell/ 0.69 | 480 7.0 105 22 | 87
100 brn mdst _
72. 9140- " Ditto+10% brn mdst 1.44 (1960 [13.6 70 4 80
50 ' .
73. 9190~ " Ditto+30Z ditto+l10% 1.23 - - - - -
200 wht calc sst
74. 9240~ " Ditto+807% yell/brn 0.21 - - - - -
" 50 calc clyst
75. 9290- v Ditto+60% yell/brn/ppil 0.62 | 900 [14.5 20 2 100
300 sl calc mdst
76. 9340~ " Mtl pp/yell sl cale 0,18 - - - - -
50 mdst
77. 9390~ oo Ditto+20% caved sh 0.57 | 810 |[14.7 30 4 68
, 400
178. 9440~ " Red brn slty mdst+20%|| 1.80 - - - - -
50 1t gy sh+tr coal
179. 9490~ " Ditto+15% ditto 0.80 | 620 7.8 70 11 56
500 -
ORGANIC| CARBON DEZ'I‘ERMINATION:
66. 8790~ Ctgs Dk gy sh ‘7.4
800 '




FIGURE

- GASEOUS (C;~Ca) HYDROCARBONS

COMPANY « MOBIL NORWAY WELL « 33/12-4
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FIGURE 2

GASOLINE RANGE (Cs-C7) HYDROCARBONS
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DEPTR { THOUSANDS OF FEET )

FIGURE 3
VITRINITE REFLECTANCE AGAINST DEPTH

COMPANY : MOBIL HORWAY WELL : 33/12-4 LOCATION : NORTH SEA
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DEPTH ( THOUSANDS OF FEET )

FIGURE 4 o
SPORE COLOURATION INDICES AGAINST DEPTH

COMPANY : MOBIL 'NORWAY WELL:33/12-4 LOCATION: NORTH SEA
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"FIGURE 5

MAXIMUM PALAEOTEMPERATURE AGAINST DEPTH
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{ THOUSANDS oOF FEET)

DEPTH .

COMPANY : MOBIL NORWAY

FIGURE ©

MATURATION INDICES AGAINST DEPTH
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HYDROCARBONS % OF EXTRACT ‘ -
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- FIGURE 8

MATURE  SOURCE ROCK RICHNESS

© COMPANY : MOBIL NORWAY WELL : 33/12-4 ' LOCATION : NORTH SEA
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APPENDIX IT

DESCRIPTION OF ANALYTICAL AND INTERPRETATIVE TECHNIQUES

SOURCE ROCK POTENTIAL ANALYSIS

Definition of Problem

a. ‘Type of Hydrocarbon

Compared with their ancient counterparts, recent sediments have low
hydrocarbon contents and many of the hydrocarbons which are present not
only in ancient sediments, but also in crude oils, are absent. This is
particularly true of the hydrocarbons with between two and fourteen .
carbon atoms in the molecule (Sokolov, 1959; Dunton and Hunt, 1962;
Kvenvolden, 1962) which constitute about 50% of most crudes, C(learly,
recent sediments cannot yield compounds whi;h they do not contain and
:_cherefore cannot source oil (Erdman, 1961). The Russians report
accumulations of biologically-generated dry gaslat relatively shallow
depths (age uncertain) but thesg occurrences are anomalous and non-
predictable. With the possible exception of methane, recent sediments
do not possess a present source potential for hy&rocarbons.

With increasing burial, it is observeé that not only are the
missing hydrocarbons forméd,but the total Bydrocarbon abundance
increases (Philippi, 1965). This process is called maturation, The
“ hydrocarbons are generated either from kerogen (insoluble organic
matter) via non-hydrocarbon intermediaries (Tissot et al,, 1971) oz
directly from the non-hydrocarbons which were originally present.

In both cases, the non-hydrocé&bons are the common denominator and
hence source rock evaluation must consider the total soluble extract,
which isithe sum of the non-hydrocarbons (future potential) and the
hydrocarbons (present potential), Catalytic cracking is probably

+
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APPENDIX 1

ABBREVIATIONS USED IN ANALYTICAL DATA SHEETS -
- - Sample not analysed
* C - No results obtained
C.M.T. - Cement : . L.C.M, - Lost circulation material
Cht - Chert ' Qtz -  Quartz
Snd - Sand . Sst - Sandstone
Sit - Silt . Sltst ~ Siltstome
Cgl - Conglomerate Mdst -  Mudstone
Clyst - Claystone . Cly -  Clay
Sh - Shale Dol - Dolomite
Lstn - Limestone ] Chk - Chalk
Lig : - Lignite Musc - Muscovite
Sndy - Sandy - Slty - Silty
Shly - Shaly Arg -~ Argillaceous
Aren - "Arenaceous Carb - Carbonaceous
Calc - Calcareous Mic - Micaceous
Ool - Oolitic Sii1 - Siliceous
Fer - Ferruginous Lam -  Laminae/laminated
Frags - Fragments Pp - -  Purple
Brn - Brown Yel -  Yellow
Gy - Grey Gn . =  Green
01 - Olive Blk - Black
Wht - White ' Bi -  Blue
Mtl - Mottled - Vgt -~ Variegated
Sft - Soft : Hd - Hard
Tr - Trace Occ -  Occasional
Sl - Slightly v -«  Very
Lt - Light bk - Dark
Med - Medium Crs . = Qoarse
Mnr - Minor (< 10%) Pyr -  Pyrite/pyritic
Gy~gn - Greyish green Gn-gy - Greenish grey
Gn/gy - Green and/to grey :



significant in hydrocarbon generatiom, particularly in explaining
differences between argillaceous and calcareous rocks, but the
preference for normal hydrocarbons rather than their branched isomers

shows that thermal cracking is dominant in maturation.

Hence, in response to the greater temperatures generated by
increasing depths of burial, a negligible source potential is gradually
replaced by a realisable potential for hydrocarbons. The first matura-
tion reactions to occur are those which have low activation energies,
such as the thermal generation of dry gas (methane). Light liquid
hydrocarbons ar; still absent at this level of maturation which is
tefmed IMMATURE. Immature rocks cannot source o0il and only limited
amounts of dry gas should be anticipated.

At higher temperatures, light liquid hydrocarbons are formed
by the thermal cracking of larger moleculesl(Rogers and Koomns, 1971;
Bailey et al., 1973a; Durand and Espitalie, 1972), The sediments are
now MATURE. The.initial hydrocarbon liquids which are available for
migration away from mature source rocks are heavy condensates (Savvina
and Velikhovskii, 1968) and young oils with gravities of approximately
20°AP1 (Rogers, Bailey et al., 1972), Tars result from the alteration
of pre-existing crude oils and are not a priﬁary producf (Bailey et
al., 1973b). As thermal maturation proceeds, more and more of the
lighter hydrocarbons are cracked off the heavier compounds and the
vsource rocks yield lighter crudes which ultimately, are replaced
| by light condensates, Hydrocarbon liquids can only be yielded by
mature source rocks and the most prolific generation probably occurs
in the centre of the maturation range between approximately 175°F and 275°F
(Kartsev et al., 19713 :Kontorovich, 1968; Radchenko, 1968; etc.).
Although:gas may also be found in rocks other than those which are

mature, it is within the mature and more advanced stages that the most

:
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copious production occurs (Modelevskiy eé al., 1972). Some sediments
are gas-prone at levels of thermal alteration equivalent to the mature
" stage (Staplin, 1969; see below). .

At advanﬁed levels of thermal alteration ORGANIC METAMORPHISM
destroys not only the ability ﬁf source rocks to yield liquid
hydrocarbons but also any liquids which had previously accumulated in
reservoirs, Only dry gas, which may contain significant amounts of

H,S and CO, can now be generated. With progressive metamorphism, the

2 2
kerogen becomes increasingly rich in carbon and a poorer gas source
until eventually it is converted into graphite and loses all potential
even for dry gas. The mature level is replaced by the orzanic meta-
morphic state at a temperature approximately 150°F lower than that
necessary for greenschist metamorphism (Evans and Staplin, 1971) and
. hence thousands of feet above the first conventional metamorphism
readily visible in hand specimen.

By definition, kerogen is that fraction of the total organic
matter (commonly over 90%) which is insoluble in §rganic solvents,
It consists of the organic matter whiéh was sedimented and survived
diagenesis, modified by the products of bacterial metabolism. Kerogen
varies in character as a function of the proximity of the basin of
deposition to sources of land plant and algal (freshwater or marine)
debris. Although source rocks are laid down sub-aqueously rather than
subaerially, their organic matter may originate either within the
water body or from land (Rodionova and Maximov, 1970). This in turn
affects the type of hydrocarbons which the sediment will yield :
woody organic matter tends to be gas«prone regardless of its level of
maturation (Staplin, Bailey et al., 1973); epicuticular plant waxes
are airich source of paraffinic~base crudes (Hedberg, 1968; Biederman,

1969; Reed, 1969), and the associated plant material is a more prolific
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source of gas than algal debris, which is primarily a rich source of more
normal crudes.

b. Source Richness

Good source rocksAmust contain abundant hydrocarbons which are
.able to migrate into the reservoir. Migration is most efficient when
‘thg source and reservoir facies are interfingered. Thick shale
intervals arxe less suitablé.

Petroleum geochemistry is concerned ﬁith the source richnesé aspect,
Lean rocks are unable to yield commercial amounts of hydrocarbons to the
reservoir. Aé major hydrocarbon accumulations are the exception rather
than the rule it is likely that the most favourable sources are of abo&e
aferage richness (i.e. shales with more than 1.14% organic carbon and 96
ppm heavy hydrocarbons (Gehman, 1962), and this is borne out by
expefience. Although carbonates and particularlyargillaceous carbonates,
can source oil, the best sources are generally shales and siltstones.
Sandstounes are seldom significant as their organic matter content is not
only low but has been oxidised during depositign, thus largely destroying
its hydrocarbon potential. The lagoonal sands described by Palacas et
al. (1972) are exceptional in the quality of their organic matter but
are still lean,

As the soluble fraction of organic matter (soluble extract or
bitumen) is génerally less than 10% of the total and of this less
than one half is hydrocarbons, sediments with less than approximately
0.3% organic carbon can be ignored. The best sources have more
than approximately 2% organic cafbon but excessively rich rocks such
as oil shales and cannel coals may not realise their anticipated
potential for oil (humic coals may be prolific gas sources), This is
because migration of the liquid hydrocarbons may be prevented by their

adsorption upon the abundant organic matter (Erdman, 1961; Philippi,
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1965). As a result, a rock with 100 ppm heavy hydrocarbons (i.e. average
shale) may have some source potential for oil if if contains 0.8% organic
carbon but not at 8% organic carbon when the hydrocarbon to organic carbon
ratio is an order of magnitude léwer.

The higher the hydrocarbon to organic carbon ratio, the better the
source (Erdman, 1961; Philippi, 1965). Immature rocks may be potentiélly
rich sources but at their present level of maturation have low hydro-
carbon to organic carbon ratios. This problem of evaluating future source
potentisl is overcome by considering the ratio of soluble extract to
organic carbon.

Source richness is also a function of kerogen type. Algal debris
is commonly richer than land plant debris but nevertheless the latter
is a perfectly valid exploration objective.

C, | Coﬁclugions

Source rock evaluation must include consideration of both the
richness of the source and the type of hydrocarbon it will yield in
its present maturation state. This necessitétes analytical data on
the total soluble extract, the proportion of hydrocarbons within it,

and the organic carbon content.

Analytical Techniques

The analytical laboratory of Robertson Research International Limited

is supervised by a qualified chemist., High standards are maintained and

blanks are run routinely., Prior to submission for analysis, the samples

are washed free from drilling mud and hand picked to remove obvious cavings

and particuiate contamination reflecting the drilling techniques employed

(lost circulation material, paint etc.). Samples are crushed to minus

60 mesh and split into two, one portion being used for organic carbon

determination and the other for extraction,
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Carbonate material is removed from the first split by acid attack and
the organic carbon content then measured with a Leco carbon analyser in
which the amount of CO2

in thermal conductivity.

generatéd by heating is calibrated by the change

The other sample portion is Soxhlet extracted for 12 hours with 2:1
benzene-methanol to give the total soluble extract (saturates, aromatics
and resins plus asphaltenes). The extract is then redissolved in n-pentane
and saturates and aromatics separated and measured by high pressure liquid
chromatography using a carbon specific FID detector for quantitification,
This.technique is more rapid than conventional liquid chromatography and can

handle smaller samples,

3, Presentation and Interpretation of Data

The geochemical interpretation includes graphical presentations to
highlight the exploration significance of the data.

Three diagrams are involved in the evaluation of source rock potential.
The first of these ("Type of Hydrocérbon Product from Source Rocks') deals
with the type of hydrocarbon (gas, oil) which the samples can yield at the
present time. The two axes are the proportion of hydrocarbons in the total
soluble extract and the proportion of the total organic carbon which the soluble
extract constitutes - i,e, it is a plot of maturation state {incorporating
the influence of different typés of organic matter) against richness. Samples
which are heavily oil-stained, or contaminated with other non-indigenous
hydrocarbons (e;g. pipe dope etc.) can be recognised and the remainder
qualified in terms of the type of hydrocarbon for which they have present
potential., This decision is a function of the proportion of hydrocarbons
in ;he total extract; with increasing maturation, the proportion of
hydrocarbons increases (Tissot et al., 1971, etc.) indicﬁting the onset and

continued enhancement of oil source potential, Naturally there are “grey"



areas between fields; within the central field, oil potentiai increases at
the expense of gas in an upwards direction., The ratio of saturated (paraffins)
to aromatic hydrocarbons is also consideredbut does not appear in the
diagram. If a sample has some oil potentialy its richmess can be evaluated
with the next diagram. ’
The source fichness-of samples which are sufficiently mature to

yield oil can be determined directly from a plot of hydrocarbon abundance
against organic carbon content ("Mature Source Rock Richness"). An
~estimate cau also be made of the potential richness of immature samples
. {i.e., richness if the sample were mature in a down-dip position). The plot
is'divided into fields wﬁich are labelled to facilitate an evaluation of the
relative amounts of liquid hydrocarbons which can be anticipated from a
particular sedimeﬁt. Samples with less than 0.3% organic carbon and 100 ppm
hydrocarbons aré considered to be too lean to constitute an effective source.
0il potential is divided from gas-with-minor-oil potential by the 100 ppm
hydrocarbon line up to an organic carbon content of 1% using the reasoning
that an effective oil source must be richer than the average shale

(96 ppm hydrocarbons, 1.14% organic carbon; Gehman, 1962)., In more
organically-rich sediments, natural chromatography may prevent the

rélease of liquid hydrocarbons into the reservoir and hence the extension

of the boundary follows a hydrocarbon to organic carbon ratio value of 0.01.
Tﬁe oil field is divided into fair (commercial oil in non-frontier areas),
good (major oil, commercial in all areas) corresponding closely with Philippi's
(1965) definition of a source rock, and very good (highiy desirable) source
rocks. If the hydrocarbon to organic carbon ratio is above 0.2, the sample
is oil-stained or otherwise contaminated with non~indigenous hydrocarbons.
Naturally, lesser contamination may be present in saﬁpleswhich apparently
possess oil source potential, The recognition of such effects requires an

experience factor. Samples which fall into the gas-with-oil or gas field
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may contain significant quantities of heavy hydrocarbons but cannot source
significant oil due to natural chromatography or the inadequate generatiom
of the lighter liquid hydrocarbons necessary for migratiom. . The potential
of mature (oil-prone) samples equivélent to the immature (gas-prone) samples
. which were analysed can be estimated by assuming that ultimately, approxi-
mately 507 of the total extract will be converted into hydrocarbous,

The final diagram ("Source Rock Summary Chart') integrates the lithology
of the samples as analysed, with certain analytical results (organic carbon
content and hydrocarbon abundance with appropriate cut-offs, and EPOC,
extract percent of organic carbon, which is the percentage of the organic
carbon soluble in organic solvents), and the interpretations derived above
(richness and product type). Maximum palaeotemperature measurements are
included for ease of reference and comparison. The data are plotted
agai#st depth and the good source intervals can be recognised at a glance,
EPOC is a measure of the potential source quality of immature samples, and
the required additional burial to achieve maturity can be estimated from
the temperatures necessary for maturity and the palaeogeothermal gradient.
Using the same reasoning, the depth to organic metamorphism (and hence dry
gas potential) can be estimated. If a section is gas-prome the maximum
pélaeotemperature can indicate why : immaturity,'metamorphism,or organic

matter unfavourable for oil generation,

’

Following the discovery of liquid hydrocarbons, it is important for
future play evaluations to recognise those intervalswhich have demonstrated

their oil potential.
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APPENDIX TIT

MAXIMUM PALAEOTEMPERATURE ANALYSIS

1. Definition of Problem

Recent sediments not only have a lower total abundance of‘hydrocarbons
than more ancient sedimentary rocks, but those hydrocarbons with between two
"and fourteen carbon atoms in the molecule which are present in ancient
sediments and which constitute up to fifty percent of a typical crude oil,
are largely absent (Sokolov, 1957; Dunton and Hunt, 1962; kvenvolden, 1962).
Hence such rocks are unable to source oil (Erdman, 1961) but may have a
limited potential for dry gas. Russian authors have reported accurmulations
of biologically-generated (biogenic) gas from young sediments but such
instances are anomalous, non-predictable and cannot form the basis of an
exploration play. With burial; hydrocarbon abundance increases (Philippi,
1965; Tissot et al., 1971) and more significantly, the previously absent
lighter liquid hydrocarbons appear (Rogers and Koons, 1972; Durand and
Espitalie, 1973; Bailey et al., 1973). This process is called maturatiomn,
Although catalytic cracking is undoubtedly significant, particularly in
explaining differences between argillaceous and calcareous source rocks, the
preference displayed for straight-chain compounds rather than their branched
isomers indicates that maturation is dominated by the thermal cracking
of pre-existing large molecules; In other ﬁo:ds, it is temperature
éepeydent. |

As tﬁe formation temperétu;es due to burial increase, but prior to the
appearance of all the C2 to'C14 hydrocarbons, the rocks develop some, but still
1imited,potential for dry gas. At this level of maturation they are still
described as "IMMATURE".

When a complete spectrum of hydrocarbons has been generated, the sedi-

ments possess the ability to source liquid hydrocarbons and are termed



“MATURE". The initialproducts are heavy condensates (Savvina and

Velikhovskii, 1968), and young oils (nol tars) with gravities of around

- 20%P1 (Rogers, Bailey et al,, 1972). As the maturation process proceeds,

lighter oils are generated ﬁntil eventually the heavier molecules are
largely broken down and a potential for light condensate results. Naturally,
the oil;condensate boundary is tramsitiomal. Liquid hydrocarbons can only
be sourced by mature sediments, The most prolific gas sources correspond
either to the mature or more advanced 1§vels of thermal alteration
(Modelevsky et al., 1972), With further thermal alteration only the
ligh£est hydrocarbon, méthane, is left and the source rocks onlf have a
potential for dry gas. This is termed the level of "ORGANIC METAMORPHIS&"
and again, is transitional to the mature stage. Particularly in carbonates,
the gas may be sour (Kozlov, 1950). Organic metamorphism occurs at

temperatures approximately 150°F lower than those corresponding to the onset

of the greenschist facies of conventional metamorphism (Evans and Staplin,

1971). The organic matter in "sediments" which have suffered greenschist
facies metamorphism is converted to graphite and does not retain any potential
for hydrocarbons.

Cas may be sourced without oil but o0il is always accompanied by gas

"and hence the term "oil potential®™ is purely relative. Some sediments which

should be sufficiently mature to source oil are in fact gas-prone due to the

‘character of the kerogen which they contain (Staplin, 1969; Staplin, Bailey

et al., 1973). Woody kerogen tends to yield dominantly gas whilst non-woody

land plant material and algal debris are both oil-prone if mature, although

the former yields more asscciated gas and requires a somewhat higher tempera-

ture to become mature (Nalivkin et al,, 1967; Kontorovich, 1968). The

influence of organic matter iype is evaluated by integrating maximum palaeo-
temperature with source rock potential analysis unless a palynological

examination is requested.
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The length of time over which a sediment is exposed to a given

temperature is also important as time and temperature are to some degree

- exchangeable and a reaction will proceed more nearly to completion if

a longer time is allowed (Lopatin, 1971; Welte, 1972). The effect of time

can be gauged from the fact that a Cretaceous sediment becomesmature at a

temperature approximately 10°F lower than that necessary for a comparable

Miocene rock. | |
Although the effects of kerogen type and time must be recognised,

temperature dominates the maturation process. Approximate values.:can

be applied to the various levels of maturation discussed above :

150°F for the immature gas to mature transition (Correia, 1969; Kartsev et

al,, 1971; Louis and Tissot, 1967; Kontorovich, 1968), 300°F for the oil to

light condensate transition (Momper, 1972) and 350°F for~the condensate to

metamorphosed dry gas transition (Evans and Staplin, 1971; Momper, 1972).

If the temperature to which a rock has been exposed can be measured, the

sediment can be fitted into the correct slot (immature, mature, metamorphosed)

-and predictions can be made concerning neighbouring sections with different

burial histories.

2. Analytical Techniques

Samples are washed and hand-picked to reméve both contamination introduced
during drilling and caved material, before being described and then submitted
for analysis., The inorganic material is qualitatively removed by digésting
the samples with acid and the kerogen concentrate is washed with an organic
solvent to remove non~indigen§us hydrocarbons,

During thermal éraéking, ffee radicals (with unpaired electrons) are
generated (Duchesne et al,, 1961; Rethfsky et al., 1968; Marchand et al.,
1969); Those which are éssociated with aromatic ring structures are

protected from further reaction and provide a record of the thermal history



of the kercgen. Hence, the higher the maximum temperatures té which the
sample is exposéd, the greater the number of unpaired electrons per unit of
kerogen, These unpaired electrons are studied with an electron spin resonance
spectrometer which measures-the absorption, by kerogen placed in a varying

magretic field, of a fixed microwave frequency. Three parameters are obtained:

a. Ng - the number of unpaired electrons per gramme
of organic carbon;

b. g =~ the spectroscopic splitting fac;or;

¢c. W ~ the width of the resonance signal in gauss,

Several hundred samples which, from geological and palaeontological
reasoning, are believed to be at their maximum depth of burial at this time,
have been selected as standards, Their formation temperatures are known from
reliabie formation and drillstem tests and from E-log measurements. The
three ESR parameters discussed above have been calibrated against these
formation temperatures and hence the maximum palaeotémperatures of unknown
samples can be established. The practical applicétion of ESR techniqges has
been discussed by Pusey (1973).

Internal standards are run constantly and reproducibility is excellent

+

& 15 °p).

3. Presentation and Interpretation of Data

The maximum palaeotemperature values are presented in tabular form and
are illustrated graphically in two diégrams to facilitate their direct correla-
tion with other geological data,

The first diagram is a plot of maximum palaeotemperature values against
present-day depth of burial. A regression line is fitted to the data
points and its correlation coefficient calculated (the data may indicate

several legs rather than a single regression line). Its slope gives the
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palaeothermal gradient and the temperature at which it intercepts the surface
is also quoted, Surface‘intercepts significantly higher than the temperatures
prevailing in the basin of deposition, and jumps within the subsurface data
points, both indicate the removal of section by erosion. Igneous activity may
. be recognised by distortion of the»data.

The reievance of maximum palaeotemperature measurements to petroleum
geochemistty'is illustrated by the second diagram ("Source Rock Product
as a Function of Thermal Alteration') which is a plot of temperature against
the age of the rock (in millions of years). Uphole samples are plotted
towards the top of the diagram and those which have experienced higher
temperatures occur lower down.

The diagramis divided into’three major fields all of which are transi-
ﬁional one to the other, but within each of which there is a most likely

product

1. The immature field has a potential only for dr§ gas and not for
oil or other liquid hydrocarbons. Indeed, except at higher temperatures,

it generally has'a poor potential even for gas.

2. The mature field is the only cne from which liquid hydrocarbons can be
sourcea. At the low temperature end it is prone to yield heavy
condensates and young oils with gravities around 20°4PI. With:higher
tehpératures, lighter oils are sourced until eventually, the oil field
phasesAinto the light condensate field within which the probability
rof.oil diminishes progressively and that of gas increases., O0il
potential is probably maximal between 175°F and 275°F., 0il generation is

always accompanied by gas.

3. The field of organic metamorphism has a potential only for dry gas-
sometimes with significant non-hydrocarbon contents. In carbonates

the gas may be sour. At more advanced levels of metamorphism the



[———

kerogen becomes increasingly carbon-rich and possesses a lower potential
‘which is effectively destroyed prior to the onset of greenschist meta-

[

" moxrphism.

0il may be accumulated in an immature section if the reservoir is in
communication with mature source rocks downdip. In contrast, organic
metamorphism destroys not only the oil potential of source rocks but also
any liquid hydrocarbons which had accumuiated in reservoirs and hence |
me tamorphosed sections are always dry gas objectives.

In addition to evaluating the present maturation state of a section,
maximum palaeotemperature measurements can also be used predictively. For

example, if a well only penetrated immature strata, the palaeothermal

-gradient can be projected (assuming constancy) downwards to estiwate the

depths at which the temperatures necessary for the onset of maturation and
also organic metamorphism are achieved, thus defining the "oil envelope".
Such predictions can also be extrapolated to include potential plays in
nearby areas with similar depositional histories to provide pre-drill
information.

It should be noted that interpretations discussed above may not

- apply to over-pressured sections due to the restraints imposed upon

Al

migration in such intervals,
A simplified composite of these two'diagrams:is included in the Source
Rock Summary Chart to facilitate the integration of the total data

pertaining to source rock evaluation.
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VITRINITE REFLECTIVITY ANALYSIS

1. Definition of Problem

Recent and very immature sediments can yield biologically-generated
dry gas (which is only trapped under unusual conditions such as gas hydrate
formation) but canuoﬁ source either o©il or condensate., In respénse to the
higher temperatures resulting from increased depths of burial, immature
‘rocks become mature and then, at even higher temperatures,-organically
metamorphosed. This is discussed in greater detail in the 'Source Rock
Potential"section. As immature sediments genefally have little economic
significance, whereas only mature sediments can yield oil, and metamorphosed
sediments have a potential only for dry gas (often in major amounts), it is
important to reéognise the maturation state of the source rocks in the
".section, |

This can be achieved by measuring the reflectivity (i.e. the proportion
6f the light‘from the light source which is reflected by the polished surface)
qf vitrinite macerals within the total kerogén. As the level of maturation
increases, so too do the vitrinitereflectivity values, which can therefore

be used to estimate the maturation state of the kerogen.

2, Analytical Technigues

The rock cuttings are mounted in a ome-inch block of cleai pléstic resin
and‘then grouﬁd and polished using successively finer grades of alumina until
& good surface is achieved.

Reflectivity deteéminations are carried out on a Leitz M.P.V, micro;
phbfometer using optical glasses as séandards. The field of measurement
is adgusted to the size of the particle ﬁuﬁuis generally in the.order of

2-3 microns. All measurements are made at a wavelength of 546 nm in oil of

R.I. 1.516.
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Whenever possible, twenty vitrinite particles are measurad in sediment
samples and the results used to construct a histogram and to calculate the
mean value of the sample,

Using the whole sediment sample rather than a kerogen concentrate has the

" following advantages

- it is easier to distinguish vitrinite from the other kerogen

ot macerals, the measurement of which would give incorrect

~ resultsy

- reworked and caved material can be more easily recoguised

and avoided;

'« the possibility of alteration (oxidation) of the vitrinite

- during concentration is eliminated;

- oxidation caused by the excessive heating inherent in incorrect
sample drying techniques (e.g, infra-red lamps) at the wellsite

can be recognised and avoided,

3. Presentation and Interpretation of Data

An advantage of this method is that individual macerals can be examined
and only those whiﬁh are truly representative (i.e. iénoring reworked, caved
and artificially oxidised material) recorded. Reworked material is commonly
present and is a serious disadvantage of all‘the methods which involve
the examination and measurement of the gross kerogen rather than of its
individual macerals, as maturation levels significantly too high may be
indicated, If this is the case.then,for example, an uninteresting immature
interval may be interpreted to be a prospective mature horizon., The same would
be true if an interpretation were based upon artificially oxidised material
whereas the-use of caved sediments would underestimate the true level of

maturation.



The analytical data, a histogram of these reflectivity detef&inafions
and the mean values for each sample are presented. In some cases three
mean values are quoted; one referring to those mgaéurements which are
considered to be representative of the indigenous, unoxidised vitrinite
(underlined), one referring to measurements on caved material,‘and one
referring to reworked material. In most cases only one or two values
will be quoted depending on the depth in'the section. In addition,

..the eéuivalent, dry-ash-free carbon content of an equivalent ;oal is
supplied for comparison with the work of Teichmuller (1971). Two
diagrams are involved in;the interpretation of the results.r The
first is a plot of the change in vitrinite reflectance with depth in
the well section. Reflectivity determinations based upon indigenous
material are distinguished from those which are judged to be cavea
or reworked. A line is fitted to the selected data points., The secon&

-diagram is a plot of depth in the well section against the carbon content
of an eéuivalent coal oﬁ the dry-ash-free basis. This diagram is

included to give an indication of the ‘rank' gradient down the hole.
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LICHT HYDROCARBON ANALYSIS

1. Definition of Problem

Recent and immature sediments either do not contain the light
hydrocarbons with between two and fourteen carbon atoms or contain
only a few of the isomers which are present in mature sediments and
crude oils. Yet the;e hydrocarbons which are absent or largely
absent from immature sediments commonly constitute up to 50% of a
crude o0il and are totally dominant in condemsates. Furthermore,
in Qil and condensates the relative proportions of the individual
hydrocarbons are totally different from those in recent s:diwments.
Clearly, immature sediments cannot yield something which they do
not contain and hence cannot source oil and condensate to associated

reservoirs,

’ Mature sediments however, resemble crudes in that all of the
light hydfocarbons are present and hence, by virtue of this, are able
to source liquid hydrocarbons, This is the most definitive method of
determining whether or not a source rock has a potential for oil.

The richness of the rock and hence the amount of oil it can yiéld
is reflected in the abundance of the light hydrocarbons, although
‘the heavyAhydrocafbons are a better measure of richness.

The changes in the total CZ-C14 fraction can conveniently be
traced by observing the C, to C7 hydrocarbons.

This reasoning is developed more fully in the section dealing

with the Source Rock Potential Analysis,

LY



3.

Analytical Techniques

The C, through C, hydrocarbons which are gaseous at room temperature,

1 4
are released by blending the washed sample to a fine powder in é modified
coffee grinder, The abuﬁdance and composition of the freed gases are
measured gas chromatographically. This analysis provides a quantitative
measure of the sample as received, but unless the samples are canned most
of these gases are lost before the samples are received at the laboratory.

A semi-quantitative measure of the C5 through C7 hydrocarbons can
be provided on samples which have not dried out and for this analysis,

camning is not necessary., These hydrocarbons are released from the

washed sample by heating and, as before, measured gas chromatographically.

Presentation and Interpretation of the Data

The Cl-C;,anQ CS—C7 data are tabulated as p.,p.m. or p.p.b. of the

rock and each compound is expressed as a peréentage of the total Cl'CA

- oxr C.~C. hydrocarbons.

577
Two diagrams are involved in the interpretation, That for the

Cl-C4 gaseous hydrocarbons illustrates the change in abundance and
compoéition (% C, and % CZ-CA) with increasing depth, The second
diagram involves the C5-C7 gasoline range hydrocarbons and is a plot

of the abundance of the total C hydrocarbons and of the chromatogram

5-7
type against depth in the well, The chromatograms are described as
types A, B, or C, Type A is immature and such source rocks do not
have a potentialvfor liquid hydrocarbons. Type B is t?ansitional
betwe;n types A and C and indicates that maturation has started to
generate the lighter hydrocarbons. Type C chromatograms are typical
of mature séurce rocks which have a potential for liquid hydrocarbons
or of sediments which have beén affeéted by migrated hydrocarbons.
These gasoline range data give a very definitive evaluation of the

potential of the section ( oil or gas) and of its richness.
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