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SUMMARY

Argillaceous lithologies with a potential for generating significant

quantities of oil have not been identified in this well, neither are optimum

levels of maturity attained by either oil- or gas-prone organic matter. Prolific

gas generation could be anticipated from the Lower Miocene and Oligocene at

optimum levels of thermal maturity. Generation of gas, possibly with minor

oil, could be expected at optimum thermal maturity from parts of the Danian,

Palaeocene and Eocene; much contamination is present through these horizons,

however, and any oil source rocks present may not have been located.

*~ i

tOBERTSOIl
•RESEARCH



INTRODUCTION

A geochemical study of the 1/9-4 Norwegian North Sea well has been

undertaken on behalf of S t a t o i l . The study has involved both maturat ion and

source rock p o t e n t i a l evaluat ions of the i n t e r v a l 153 to 3,710 metres . Maturity

has been ascer ta ined using the following methods: l i g h t hydrocarbon a n a l y s i s ,

including airspace gas analysis, spore colouration and vitrinite reflectivity.

Evaluation of the source rock potential of the section has incorporated the

use of organic carbon determinations and extraction with fractionation of the

C-,-. hydrocarbons.

A total of 128 fresh, unwashed ditch cuttings in sealed metal cans were

available at 30 metre intervals through the analysed sections; these included

3 samples from sidetrack ST (2,963 to 3,050 metres), 5 samples from sidetrack

ST 2 (3,020 to 3,200 metres), and 23 samples from sidetrack ST 3 (3,059 to

3,710 metres)'. Samples for the maturation analyses were selected as follows:

128 headspace gas analyses were carried out on the canned samples at intervals

of 30 metres; spore colouration and vitrinite reflectivity analyses were

carried out on 41 samples at intervals of approximately 90 metres. For the

source rock analyses 128 organic carbon determinations were made on all the

canned ditch cuttings samples containing argillaceous lithologies; extraction

and fractionation were carried out at approximately 90 metre intervals

depending on the results of the organic carbon determinations arid the

suitability and quantity of available material (total of 36 samples). In

addition, 4 organic carbon determinations were carried out on hand-picked

lithologies, in the more mixed lithology samples, as a supplement to the source

rock analyses. Samples have been analysed from the sidetrack section,

particularly where these penetrate different lithologies, or to provide extra

controlling data for the maturation studies. Sidetrack 3 is taken to be the

" mm. 1 • »
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continuation of the main hole below 3,080 metres.

Detailed stratigraphic information is available for this well under the

Robertson Research Project Number RRI/778/IIA/1258; briefly, the well section

penetrates a thick Tertiary sequence, reaches Cretaceous and bottoms in either

Lower Cretaceous or Permo-Triassic.

- 2 -
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II

RESULTS AND INTERPRETATION

The r e s u l t s of the geochemical evaluat ion of the 1/9-4 well are presented

in Tables 1 to 6, and are represented graphical ly in Figures 1 to 8 and the

Enclosures .

A. MATURATION EVALUATION

The leve ls of thermal maturity a t ta ined through the well sect ion have been

es tab l i shed using a number of techniques . Below, each method i s discussed in

turn , followed by a general appra i sa l and comparison of the data with our

overa l l conclusions.

A.I LIGHT HYDROCARBONS (Tables 1 and 2, and Figures 1, 2 and 3)

Hydrocarbons presented in the can a i r - space gases were analysed, followed

by analysis of the gaseous and gasoline range hydrocarbons in the di tch

cuttings.

a. Headspace Gas Analysis

Prior to unsealing the canned samples, an aliquot of headspace gas

was removed and analysed for gaseous C.. to C, hydrocarbons. The results of

these analyses are presented in Table 1 and Figure 1.

The abundance of gaseous hydrocarbons, though by no means uniform, shows

a general increase from approximately 5,000 ppm (0.5%) near the surface to

50,000 ppm (5%) at the top of the Cretaceous (approximately 3,000 metres).

Below approximately 3,300 metres, the abundance falls rapidly to less than

5,000 ppm (0.5%) through the organically lean chalk sections. An anomaly

occurs over the interval 2,150 to 2,750 metres where abundances increase

suddenly to the order of 500,000 ppm (50%). Several reasons may be put forward

to explain this anomaly; either i t relates to the increase in organic matter

through the Oligocene, to the presence of non-indigenous hydrocarbon material,

or to the differences in preservation/storage conditions for this individual

- 3 -
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sample batch.

The most significant parameter to be obtained from the airspace gas

analyses is the proportion of wet gases (CL to C.) in the gaseous hydrocarbon

fraction (C. to C,); only methane is found in immature sediments, with the

wet gases being generated as maturity is reached. Low wet gas contents are

encountered down to a depth of approximately 1,100 metres. Between 1,100 and

1,400 metres the proportion of wet gases increases to between 10% and 30%,

suggesting that the transition zone from immature to mature sediments has

been reached. Below 1,400 metres the proportion of wet gases increases relatively

steadily, reaching a maximum of 90-100% between 3,000*.and 3,500 metres; a

slight increase is noted within the organically rich Oligocene shales. Below

approximately 3,500 metres the proportion of wet gases decreases substantially,

which in this case, is attributed to a distinct lack of organic matter with

hydrocarbon generating capability in the chalk interval.

b. Gaseous Hydrocarbons (C. to C.) .

As with the airspace gas analyses i t is possible to use the

proportion of wet gases, in the gaseous hydrocarbons liberated from the ditch

cuttings, to estimate the maturity of a section. The wet gas contents through

the section are less than 5% down to a depth of 890 metres (immature sediments);

from 980 metres they exceed 40%, indicating the onset of maturity. A decrease

is noted from below 3,440 metres, though this is considered to represent the

presence of organically lean chalk.

Absolute abundance is low, less than 100 ppb, down to a depth of 1,160

metres, rises to between 300 and 3,000 ppb over the interval 1,250 to 1,880

metres, increases to a maximum of around 20,000 ppb around 2,500 metres, and

then falls rapidly again to less than 100 ppb towards the base of the section.

The point of maximum abundance corresponds with the base of the organically

rich Oligocene shales and may, in part, relate to the presence of non-indigenous

hydrocarbons.

- 4 -
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c. Gasoline Range (C,, to C.,) Hydrocarbons

Maturity is normally indicated by the C to C? hydrocarbons when the

constituent gasolines (Table 2) are found to be present in approximately equal

proportions. Immature sediments on the other hand show certain components of

marked abundance but with an overall low total hydrocarbon abundance (less than

100 ppb) .

Figure 3 shows an immature section down to a depth of 890 metres, where

no significant gasoline range hydrocarbons are present. Between 980 and

2,060 metres, gasolines appear,but their abundance rarely exceeds 100 ppb;

this part of the section is considered to be transitional in i t s abundance and

relative proportions of constituent gasolines. Below 2,180 metres abundances

rise to a maximum in excess of 100,000 ppb, the richer sections being in the

Palaeocene (sands and shales) and at the top of the Danian chalk section;

these high values are attributed to migrated non-indigenous hydrocarbons.

A.2 SPORE COLOURATION (Table 3 and Figure 4)

The level of maturity in oil-prone organic matter in the analysed

sediments has been assessed by a visual examination of the indigenous

sporomorphs. The colouration of spores i with increasing thermal maturity,

changes from pale yellow, through orange and brown, to black. Spore colouration

indices used in this report are based on the Robertson Research scale of 1

to 10, with values of 3 to 3.5 representing the narrow zone of transition

between immature and mature sediments.

Data were obtained from all but 6 of the 41-analysed samples. Spore

assemblages are fair down to a depth of approximately 2,000 metres and then,

with a few localised exceptions, generally poor. Few spores were encountered

through the chalk sections. Some reworked Jurassic with spore colours up

to 5, was observed in the upper 2,000 metres of the well section.

An examination of Figure 4 shows that spore colour indices are interpreted

to rise from 1.0-1.5 at 153 metres to 4.5 at total depth. This indicates

- 5
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that oil-prone organic matter passes from immaturity to early maturity over the

transition zone between approximately 1,000 and 2,000 metres. The base of the

analysed section is in the early stages of thermal maturity and capable of

generating gas and heavy oil where suitably rich oil-prone sediments are present.

The breaks in the spore colour gradient line at 200 and 950 metres are not

supported by biostratigraphic evidence; the true spore colour gradient may in

fact be interpreted as a larger rate of increase in spore colours over the

first 1,000 metres of the well.

The kerogen generally consists of fine-grained humic material, principally

inertinite and vitrinite; sapropel does occur,but rarely in significant

proportions.

A ' 3 VITRINITE REFLECTIVITY (Table 3, Figure 5 and the Enclosures)

The examination of vitrinite particles in shales is now a frequently

used extension of coal rank studies. Vitrinite is not an important oil source

and i ts maturation, unlike oil-prone organic matter, is strongly dependant on

length of time of heating: however, i t is the only reliable maturation indicator

in the organically metamorphosed zone. Humic, gas-prone organic matter is

considered to be transitionally mature over the reflectivity range 0.4% to 0.5%,

but would not be expected to yield prolific gas until levels in excess of 0.8%

to 1.0% have been reached. In an early Tertiary sequence, oil-prone organic

matter would be expected to being generating hydrocarbons at vitrinite

reflectivities of 0.4% and above.

Vitrinite reflectivity measurements have been carried out on 41 ditch

cuttings samples; the majority of the measurements were made on kerogen

concentrates since many of the cuttings were either too soft to polish effectively

or deficient in organic matter. The sample blocks were prepared by mounting

the dry cuttings in an epoxy resin, followed by polishing with carborundum and

alumina. Kerogen concentrates were prepared by standard palynological techniques,

followed by mounting in resin on glass slides, and polishing as for the

- 6 -
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cuttings. The results presented in Table 3 are those mean values interpreted

as being indigenous; the figures in brackets indicate those mean values based

on less than 10 measurements. A detailed compilation of al l the vi t r ini te

reflectivity data is given in the enclosures.

Overall, sample coverage of the analysed well section was good, though

data obtained were a l i t t l e sparse above 1,800 metres and below 3,100 metres.

Quality of the data was good through the Oligocene section.

Reflectivity levels for indigenous vi t r ini te increase steadily from

around 0.2% at 500 metres, to around 0.55% at 3,600 metres. This implies that

for gas-prone humic organic matter, the transition from immature to mature

sediments occurs over the approximate interval 2,100 to 3,100 metres; minor

gaseous hydrocarbons could be generated below these depths. Reflectivity

levels sufficient for the generation of prolific quantities of gaseous

hydrocarbons (in excess of 0.8%) are not attained by the base of the analysed

section.

An examination of the organic matter under blue light shows fluorescence

colours compatible with those observed during the spore colouration analyses.

A.4 COMPARISON OF MATURATION INDICES (Table 3 and Figure 8)

A number of parameters have been used to assess the maturation state of

the analysed well section including light hydrocarbon analysis, spore colouration

and vi t r ini te reflectivity.

Spore colouration data indicate that the zone of transitional maturity

for oil-prone organic matter occurs over the approximate interval 1,000 to

2,000 metres. Light hydrocarbon analyses concern with this , indicating a

transitional zone of maturity between approximately 990 and 1,480 metres.

Both spore colouration and light hydrocarbon analyses suggest an early,, tending

towards middle stage of thermal maturity has been reached at the base of the

analysed section. Heavy oil could be expected to be generated below a depth

of approximately 2,000 metres, assuming the presence of suitably rich oil-prone
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